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The News 

Introduction 
 

Since January, when our team first took the reins of 

Natural Sciences Society, we have been thrilled to see it 

flourish. The past months have brought with them an 

impressive array of talks, delivered both by our 

astoundingly knowledgeable and passionate members 

and by accomplished external speakers. We are pleased 

to say that our audience is still at its dedicated best, and 

that interest has varied right from Year 10 to Year 13. We 

have also been increasingly active on social media, having 

set up an Instagram account (@olavesnaturalsciences). 

Now, we are proud to present our first journal; indeed, it 

is the 12th issue in the society’s series, a remarkable feat. 

The Articles 

The talent and expertise displayed in this issue of the 

Natural Sciences Journal has been incredibly humbling. 

Ranging across all three sciences, placing articles in 

context with other subjects and incorporating both 

abstract and real-world concepts, together the articles 

create a fascinating read that will take you from the 

moral dubiousness of genetic engineering to the 

peculiarity of universal mirrors in just a few pages. We 

would like to thank all the contributors, whom in their 

articles have exhibited such enthusiasm for each of their 

topics. 

The Society’s Meetings 

We started the calendar year with our first group 

presentation on the topic ‘Could Captain America Exist?’. 

By detailing the biological aspects of the superhero and 

then proposing a series of recreations that ranged from 

engineering hearing devices to psychologically and 

chemically overcoming physical barriers, this talk 

somewhat set the tone for the rest of the term by 

extending the definition of “natural sciences” ever so 

slightly to encompass more real-world applications of 

scientific concepts. We were treated to a talk on ‘Angular 

Momentum’ from Physics teacher Dr Fox, who brought in 

a bicycle wheel to demonstrate its effects, as well as an 

incredibly detailed and rather humorous presentation on 

the ‘Standard Model’ by Manav Babel, which somehow 

managed to make the unbelievably confusing concepts of 

theoretical particles completely understandable. 

Priyanka Patel, our current president, then delivered a 

talk on ‘The Myth of the Biological Gender Binary’, which 

explored how both sex and gender can be considered a 

spectrum. Finishing off the half term, we welcomed our 

first guest, Chris Kanani, who delivered a talk on his work 

in developing sustainable solar energy sources in Africa. 

The second half term was kicked off by Phoebe Foster, 

Melisa Yurdakul, Selina Yan and our own Vice-President 

Abigail Dufeu, who presented on the ‘Blood-Brain 

Barrier’, dubbed by some as “neuroscience’s worst 

enemy.” This was followed by former president William 

To, who gave a talk on ‘The Science of Creatine’, which 

helpfully tied in to the A Level Biology course. The term 

was ended with back-to-back talks from two more 

external speakers. First, Dr Andrew Ashley of Imperial 

University gave us an insight into ‘Feeding and Fuelling 

the Future’ through the chemistry of catalysis. Finally, 

another former president, Abhishek Patel, who recently  

2 



OLAVIAN NATURAL SCIENCES SOCIETY JOURNAL Issue No.12, January 2018 
 

 

 

graduated from his Natural Sciences course at Cambridge 

University, presented on ‘Multi-drug Resistance: what 

actually goes on in the lab?’. Both talks were highly 

intellectual but made completely accessible and thus 

stimulating for our audience. 

The summer term featured Medics Society president 

Shouvik Chakraborty delivering a fascinating 

presentation on ‘Homeopathy’, that delved into both the 

science and history behind the medical practice. Rather 

unusually, our first Year 10 speaker, Mikayel Suvaryan, 

also presented on ‘The Effects of Mixed Martial Arts on 

the Human Body and Mind’; this was a talk that explored 

many different physical, psychological and social effects 

of MMA and displayed an impressive amount of 

knowledge and expertise for a GCSE student. This was 

followed by ‘Paracetamol: Problems with the Painkiller’, 

a talk by Oliver Farrell that explained both the biology and 

chemistry of the drug. Manav then returned to serenade 

us with the wonders of ‘Practical Astronomy’. 

After a stressful exam period, we welcomed back our 

members with a talk on ‘The Physics of Extreme 

Conditions’ from Joseph Fihosy, which taught us some 

incredible facts about supernovas and black holes. Our 

term was concluded with a back to back double session 

from Maciek Szczyrba, who taught us all about the 

‘Cordyceps Fungus’, and Contemporary Issues Society 

president Skai Campbell, who opened our eyes to the 

tragic rise of ‘Coral Bleaching’. 

Since beginning the new academic year in September, 

there has been tremendous dedication shown both by 

Year 13 members amidst UCAS stress and new Year 12 

members, who participated with great enthusiasm in 

presentations on ‘Immortality’ and ‘Quantum Biology’, 

and have already informed us of their interest in 

delivering talks themselves this term. We have also 

expanded our horizons with more collaborations with our 

fellow societies, including Philosophy, Chemistry and 

Contemporary Issues – we hope that this trend of uniting 

Biology, Chemistry and Physics with each other and with 

other societies will help to shape the new face of Natural 

Sciences Society, as we start to consider who may be a 

part of the new presidency team. 
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Quadruple Helix DNA 
 

Introduction

In April 1953, one of science's most famous 

understatements, “This structure has novel features which 

are of considerable biological interest”, appeared in the 

scientific paper where James Watson and Francis Crick 

presented the double helix structure of DNA. Nine years 

later, in 1962, they were awarded the Nobel Prize for their 

discovery, along with Maurice Wilkins. Now, a few decades 

later, new important implications of this contribution to 

science, such as the quadruple helix and the indication that 

the human body has the potential to carry even twelve 

strands of DNA, are still emerging.  

Discovery of G-quadruplex 

Quadruple helices that intertwine four DNA strands, rather 

than two, have been researched for decades. These 

structures are called G-quadruplexes because they form in 

regions of DNA where guanine, one of DNA’s four nitrogen 

bases, exists in substantial quantities. The structure 

comprises of four guanines held together by a type of 

hydrogen bonding to form a square-like shape. They have 

been made synthetically in the lab, but development had 

been stalled since there was no evidence that they formed 

naturally. Yet now, they have been identified for the first 

time in human cells.  

Numerous geneticists believe that humans are going 

through a leap of evolution, although they are not sure what 

we are evolving into; this is why our DNA is changing faster 

than normal. Some of the 98.8 percent of our “junk DNA”, 

which refers to regions of DNA that are non-coding, is also 

becoming more active, which could be one of the reasons 

why we are becoming more intuitive and intelligent. This 

mutation of DNA from a double helix into a quadruple helix 

is predicted to have many effects on human life, including 

added perception and awareness. These mutations could 

also help us understand the origin of life. 

Aid in the development of cancer treatments 

Research published in ‘Nature Chemistry’ and funded by 

‘Cancer Research UK’ goes on to show clear links between 

concentrations of G-quadruplexes and the process of DNA 

replication. By controlling these structures, through 

preventing cells from replicating their DNA and 

consequently blocking cell division, scientists believe it may 

be possible to use these structures to provide novel ways to 

fight cancer. Moreover, the quadruple helix might be a 

feature unique to cancer cells, since cancer cells divide so 

rapidly, and often have defects in their telomeres. This 

means that any treatments that target them will not harm 

healthy cells. 

Professor Shankar Balasubramanian, from the University of 

Cambridge’s Department of Chemistry and the ‘Cambridge 

Research Institute’, whose group produced the research, 

declared, “We are seeing links between trapping the 

quadruplexes with molecules and the ability to stop cells 

dividing, which is hugely exciting. The research indicates 

that quadruplexes are more likely to occur in genes of cells 

that are rapidly dividing, such as cancer cells. For us, it 

strongly supports a new paradigm to be investigated – using 

these four-stranded structures as targets for personalised 

treatments in the future.” 
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A team led by Giulia Biffi, a researcher in Balasubramanian’s 

lab at the ‘Cambridge Research Institute’, generated 

antibodies that specifically detected and bound to areas of 

human DNA that were rich in quadruplex structures but no 

other DNA structures. These antibodies were labelled with 

a fluorescence marker so that they could be observed in a 

microscope, and used to track the formation and location of 

G-quadruplex structures during the cell cycle. Although 

quadruple helix DNA was found fairly consistently 

throughout the cycle, a marked increase was shown when 

the fluorescent staining grew more intense during the “s-

phase” – the point at which DNA is separated into two single 

strands and copied prior to cell division. This observation 

suggests that G-quadruplexes are important for cellular 

replication.  

Furthermore, the number of G-quadruplex structures 

present in human cells can be increased by a small molecule 

called pyridostatin, which traps quadruple helices wherever 

they form. This same molecule can also stop the growth of 

human cancer cells by damaging parts of the DNA that are 

important for replication.  

Professor Balasubramanian said that if the G-quadruplex 

could be implicated in the development of some cancers, it 

might be possible “to make synthetic molecules that 

contained the structure and blocked the runaway cell 

proliferation at the root of tumours.” 

Discovery in yeast species 

Researchers at Umeå University in Sweden have discovered 

that specific DNA sequences that are rich in the nitrogen 

base called guanine are found in the yeast species called 

Schizosaccharomyces pombe, which can form quadruple 

helix DNA. 

Until now, there were very few studies about these 

structures in Schizosaccharomyces pombe. It was also not 

known which protein is responsible for the unfolding of the  

 

G-quadruplex structures. However, in a study published in 

the journal ‘Nucleic Acids Research’, the researchers 

showed that the motor protein Pfh1 can unfold these DNA 

structures and hence contribute to maintaining an intact 

genome. 

Nasim Sabouri, Assistant Professor at the Department of 

Medical Biochemistry and Biophysics at Umeå University, 

said “An interesting research area is the development of 

molecules with the specific ability to bind to and stabilise G4 

structures. This could potentially be used to turn off the 

expression of certain genes that are involved in tumour 

formations."  

With the discovery of the quadruple helix just 65 years after 

the double helix structure was presented, further research 

to gain an even better understanding will help lead to a new 

gateway in science. 

Kirstie Leung 
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The Controversial Aspects of Genetic 
Engineering 

 
Genetic engineering is the modification of the 

characteristics of an organism by deliberately altering its 

genetic material. It is a powerful biological tool, with the 

potential to create crops which have larger yields, withstand 

harsh conditions or be a desirable colour and shape. In 

animals, genetic engineering has the potential to remove 

genetic diseases in embryos, give humans desired eye, hair 

and skin colour, and even a higher IQ. However, the 

technology gets lots of negative press in the media, 

especially surrounding genetically modified crops, as well as 

fears of dystopian futures with designer humans, leading to 

many controversies surrounding the ethics of genetic 

engineering. 

Types of Genetic Engineering: 

Genetic engineering is a practice which has been going on 

for much longer than most people may think and has 

variable complexity. Earlier forms of genetic engineering 

and modification are the simplest, whereas modern 

methods are much more complicated, but can create much 

more specific and sophisticated results. 

Selective Breeding: 

Selective breeding is one of the earliest and simplest types 

of genetic modification. Its most common use is for farmers 

to create crops or animals which have desired 

characteristics. The process of selective breeding involves 

the manual crossing of plants or animals with a desired 

phenotype via sexual reproduction in the hope of creating 

offspring with the same phenotype. Punnet squares are 

useful for predicting the outcomes of crosses where the 

genotypes of the parents are known and can be used to 

estimate the amount of desired phenotype that will be 

produced from the cross. If it is known that both parents in 

the cross are homozygous dominant for a specific trait, then 

there is a 100% probability that this trait will be passed on 

to the offspring of the cross, unless a random mutation 

prevents some offspring to carry the desired trait. In the 

same way, if the parents of the cross are heterozygous 

dominant in the desired characteristic, then it is predicted 

that only 75% of the offspring will carry that trait in the 

phenotype, and 25% of the offspring will express the 

phenotype caused by the recessive allele. These predictions 

are based on the Mendelian laws of inheritance, which are 

critical in making the use of selective breeding the most 

efficient, to get higher yields of crops or animals with the 

desired characteristic. 

A punnet square showing 
the crossing of two 

heterozygous parents. 

A punnet square showing 
the crossing of two 

homozygous parents. 
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Selective breeding is a process which was discussed in 

Charles Darwin’s 1859 book “On the Origin of a Species”, 

where he labelled it “artificial selection”, which could be 

used to drive the evolutionary process into a certain 

direction. However, while is it an early form of humans 

purposefully interfering and therefore altering the genome 

of an organism to produce another organism with the 

desired characteristics, it would not be considered 

contemporary genetic engineering, as this usually involves 

more direct action, such as the insertion and extraction of 

DNA from the cells of an organism. 

Transgenic Organisms and Recombinant DNA: 

Recombinant DNA is DNA which has been produced by 

laboratory methods and has been created by the 

combination of at least two different strands of DNA from 

different organisms. Recombinant DNA was first achieved 

by Nobel Prize winning biochemist Paul Berg at Stanford 

University in 1972. It can be used to produce organisms 

which have new, desired characteristics. For example, 

recombinant DNA in plasmids in bacteria can be used to 

produce bacteria which are able to make human insulin, 

which can be used to help diabetics. Organisms, such as 

these bacteria, which contain recombinant DNA, are known 

as transgenic organisms, as they contain artificially 

introduced genetic material from an unrelated organism. 

The first transgenic organism was produced in 1973 by Herb 

Boyer and Stanley Cohen, which was a strain of E. Coli that 

was resistant to antibiotics. Furthermore, the first 

transgenic animal was produced in 1974 by German 

biologist Rudolf Jaenisch, which was a mouse. 

 

The method of producing transgenic organisms involves the  

manufacturing of the recombinant DNA, building DNA 

molecules containing the desired gene, a vector, and 

promoter and enhancer sequences. A vector is a DNA 

molecule which can carry foreign genetic material into the 

cell without being prevented from doing so. Promoter and 

enhancer sequences are crucial, as they allow the gene to 

be expressed by the host cell, because it allows 

transcription, the first phase of protein synthesis, to occur. 

Next, identical cultured embryonic stem cells are exposed to 

the new recombinant DNA, with the hope that some of the 

cells will take up the DNA for transcription. The cells which 

successfully take up the recombinant DNA are injected into 

the blastocyst of the organism. After multiple of these have 

been produced, a pseudo-pregnant mouse is produced, 

stimulated by mating an infertile male mouse with the 

surrogate, to cause the hormonal changes required to make 

the uterus able to house an embryo. The blastocysts 

containing the cells which have recombinant DNA are then 

transferred into the surrogate mother’s uterus. However, 

only a third are likely to develop. Once the offspring are born 

and grown, tissue from the tails of each mouse is tested to 

see if it contains the recombinant DNA. Any of the mice 

which do contain the desired gene, which will be a low 

percentage, will be heterozygous. Two of the heterozygous 

organisms will mate, and 25% of the offspring will be 

homozygous for the desired gene. These offspring are the 

transgenic strain. Transgenic organisms can be both plants 

and animals, and several of these organisms are making an 

impact on the commercial market. 

 

Genetically Modified Products: 

Genetic engineering is extremely useful in the commercial 

market, specifically food. Plants and animals can be 

genetically engineered to have specific properties which 

make them more attractive to both consumers and 

retailers. These kinds of foods are known as GMOs 

(genetically modified organisms) and spark much social 

debate about whether they are safe to consume. The first 

genetically engineered food which was granted licence for  

The title page of Charles 
Darwin’s book “On the 

Origin of a Species”, 
published in 1859, which 
acted as the foundation 
for evolutionary biology. 

The process of 
making 

recombinant DNA 
is shown here. 

Transgenic mice expressing a 
green florescence protein 

when under blue light. 
Florescence can be seen in the 
eyes, ears and tail of the outer 
2 mice, with the middle mouse 

acting as a control. 
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human consumption was the “Flavr Savr” tomato in 1994, 

which was a tomato that had an antisense gene added to it, 

which prevents the production of the enzyme 

polygalacturonase, which would normally break down the 

pectins which are in the middle lamella between plant cell 

walls, and therefore its absence prevents the plant from 

rotting as fast. This meant that the tomato had a longer shelf 

life, and a longer best-before date, which was beneficial to 

both consumers and retailers.  

Genetic engineering has been used to make plant crops 

which have more desirable qualities, such as resistance to 

pathogens, higher crop yields, and higher nutrient levels. An 

example of this is in golden rice, which is engineered to 

produce beta-carotene, which is the precursor to vitamin A, 

meaning that the rice is more nutritious. Golden rice could 

be the answer to the large public health issue of vitamin A 

deficiency in Africa and Southeast Asia and was approved 

for use in the Philippines in 2013.  

Animal produce can also be affected positively by genetic 

modification. For example, animals such as pigs and 

chickens can be modified to develop more quickly (e.g. fish 

such as salmon), release less methane gas (e.g. cows) or be 

featherless (e.g. chickens, so less time needs to be spent 

plucking them for retail). Genetic modification can have a 

positive impact on the food market. However, negative 

press and concerns about its safety could prevent it from 

properly realising its full potential. 

The Future of Genetic Engineering: 

Genetic engineering is a tool that is constantly advancing, 

becoming more precise and less expensive to run. A modern 

technology known as “CRISPR Cas-9” is one of the latest 

revolutions in genome editing technology. The CRISPR locus  

 

was discovered by Francisco Mojica in 1993 at the University 

of Alicante in Spain. His discovery led to many more 

scientists becoming involved in the field, notably Jennifer 

Doudna and Emmanuelle Charpentier, who were key figures 

in developing the CRISPR technology so that it could be 

harnessed for genome editing. 

The development of genetic engineering via CRISPR starts 

with the bacterial immune system, where many 

microbiologists had noticed a locus of Clusters of Regularly 

Interspaced Short Palindromic Repeats (hence the acronym 

“CRISPR”). Between each repeat, there was a sequence of 

viral DNA, and so it became a hypothesis that the CRISPR 

locus on the bacterial chromosome was a part of a 

prokaryotic immune system. Research proved that strands 

of the viral DNA from the CRISPR locus are transcribed into 

RNA molecules, which then bind to proteins encoded by CAS 

(CRISPR associated) genes to form interference complexes 

which use the viral RNA to base pair with the corresponding 

invading viral DNA, thus turning the virus’s genetic 

information against itself.  

 

This is where Jennifer Doudna and Emmanuelle Charpentier 

became involved; they researched a species of bacteria that 

was infectious to humans, which had a CRISPR system with 

a gene encoding the protein Cas-9, which was required for 

the CRISPR system to function in that bacteria. The two 

women combined their resources and research to discover 

that Cas-9 can generate a double-stranded break in the DNA 

double helix, at specific parts of the DNA which match a 

sequence of guide RNA that has been fed into the Cas-9 

protein. The guide RNA must interact with another kind of 

RNA, known as tracrRNA, to allow the Cas-9 RNA complex to 

work and produce cuts in the double helix of DNA.  

“MacGregor’s Tomatoes: 
Grown from Genetically 

Engineered Seed” – These 
were the tomatoes grown 

from “Flavr Savr” seeds. 

Golden rice compared to 
white rice. Golden rice 
produces beta-carotene, 
which is the precursor to 
vitamin A. 

Simplified diagram 
showing the location 

of a bacterial 
chromosome, the 

CRISPR locus and the 
location of the CAS 

genes. 

A simplified diagram of the CRISPR Cas-9 DNA double helix cutting 
enzyme matching guide RNA to DNA. 
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Doudna and Charpentier wanted to try and make this 

system simpler, by linking the guide RNA and tracrRNA to 

create a system which was a single piece of RNA and a 

protein. They did a simple experiment to test their new 

biotechnology, by producing guide RNAs which would cause 

double helical cuts in specific parts of DNA in a plasmid. The 

experiment was done with several guide RNA’s for various 

parts of the plasmid, and when the experiment concluded, 

the researchers discovered that every molecule of DNA 

which has been cut out of the plasmid directly corresponded 

to a piece of guide RNA which they had fed into the CRISPR 

Cas-9 system. This meant that Doudna and Charpentier had 

successfully discovered a DNA-cutting enzyme which was 

able to be programmed by humans to make cuts at specific 

points on the DNA.  

 

This was extremely exciting because of the methods in 

which cells repair double stranded breaks in DNA, which 

lead to changes in the genetic code. One method the cell 

uses is bonding the two broken ends of the DNA together, 

but the more interesting method is homology-directed 

repair, which is the idea that a donor DNA molecule, with 

matching ends to the ends of DNA which were cut, can be 

inserted into the DNA strand, thus introducing new genetic 

information to the genome of that organism. Therefore, if it 

is known where a mutation which causes a disease occurs, 

then the CRISPR Cas-9 technology could be used to generate 

a double stranded break in the DNA at the site of the 

mutation, and force the cell to repair the DNA, which could 

fix the mutation, meaning the organism no longer has the 

disease. 

CRISPR Cas-9 is the simplest method of producing double 

stranded DNA breaks, as it does not require any protein 

engineering, and relies on RNA-based recognition of DNA 

instead. The relative simplicity of the system means that 

scientists with simple molecular biology training will be able 

to harness the system for their own research. The CRISPR 

technology has already been used in medicine to help cure  

 

people of diseases, for example, CRISPR was used to remove 

over 50% of the HIV virus from cells in the body of a rat, and 

ongoing research points towards a CRISPR related response 

to cancer, by making white blood cells more effective at 

locating and destroying cancer cells, and in 2016, a clinical 

trial for a CRISPR cancer treatment was authorised in the 

United States. 

The Controversies of Genetic Engineering: 

 

Despite genetic engineering having a multitude of benefits, 

there are still several issues with the practice, regarding the 

safety and ethics of its use on plants and animals. One of the 

biggest controversies related to genetic engineering is the 

safety of consuming genetically modified organisms. Some 

research has suggested that there is a positive correlation 

between an increase in the use of genetically modified 

organisms and the incidence of diseases such as liver 

disease, bladder cancer and hypertension (leading to 

cardiovascular disease). Some researchers and media 

outlets claim that this correlation points to a causal link 

between the production of modified organisms and the 

increased incidence of disease, but it is also possible that the 

increase in these diseases could be linked to the cultural and 

lifestyle changes happening alongside the GMO revolution, 

such as poorer countries becoming more developed. It is 

hard to provide conclusive evidence that GMOs lead to 

these diseases, because they have not been around long 

enough to produce long term studies which can explore the 

side effects of genetic engineering in food. 

 

As well as the debate on the safety of consuming GMOs, 

there are also discussions surrounding the ethics of  

A simplified diagram showing the two ways in which cells repair 
double stranded breaks in the DNA. “NHEJ” stands for “non-
homologous end joining, and “HR” stands for homologous repair. 

The headline of an article published in a scientific journal in 2016. 

A 2012 
newspaper 
headline 
considering 
the safety of 
genetically 
modified 
organisms. 
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genetically engineering humans, and the various 

implications that may have. With successful trials taking 

place on human embryos in China, the idea of preventing 

genetic diseases from being passed on by genetic 

engineering is becoming more tangible. However, there are 

many concerns about the “slippery slope” which genetically 

enhancing our own species could lead to. For example, 

there is little point in cosmetic surgery when you can 

genetically engineer an embryo to have specific traits, 

leading to questions about whether it is ethical to alter the 

genetic makeup of an embryo without its consent. There are 

other arguments that suggest it is not ethical to withhold 

the treatments for genetic diseases which will then 

condemn the person to a lower quality of life, and that if we 

have the power to cure genetic disease, then it should be 

utilised. To discuss these topics and allow conversations 

about the ethics of genetically engineering humans to be 

started, the discoverers of the CRISPR Cas-9 technology, 

Jennifer Doudna, Emmanuelle Charpentier and their 

colleagues, called for a worldwide pause in the clinical 

applications of the technology in human embryos in late 

2015, to allow all the implications of using such technologies 

to be considered. This mirrors the discussions which took 

place in the 1970s about the safety and ethics of cloning 

animals, until those technologies could be tested carefully. 

Conclusion: 

Genetic engineering is a rapidly evolving technology in the 

biological world and has the power to do incredible things 

within society, but also to be detrimental. This means that 

despite the exciting research that continues to go on 

surrounding genetic engineering, it should always be used 

in moderation, after going through multiple tests and trials 

to validate its safety. The practice should be investigated 

fully both with the genetically modified food we consume, 

or the genetic modifications we can make on ourselves due 

to the advancements of modern technologies. 

Oliver Farrell 

 
References: 

www.genome.gov/25520302 

Last accessed: 12/04/2018 

www.knowgenetics.org/transgenic-organisms 

Last accessed: 14/04/2018 

www.biology-pages.info/T/TransgenicAnimals.html#step_1 

Last accessed: 12/04/2018 

www.genome.gov/25520366 

Last accessed: 12/04/2018 

www.ibiology.org/genetics-and-gene-regulation/crispr-

cas9 

Last accessed: 15/04/2018 

www.doudnalab.org/research_areas/crispr-system/ 

Last accessed: 15/04/2018 

www.quarkmag.com/the-controversy-surrounding-

genetically-modified-organisms-gmos-94790741ca24 

Last accessed: 14/04/2018 

www.sage.buckinstitute.org/ethical-implications-of-

human-genetic-engineering-2/ 

Last accessed: 14/04/2018 

Jennifer Doudna 
(left) and 
Emmanuelle 
Charpentier 
(right) were two 
of Time’s 100 
most influential 
people 

10 

http://www.genome.gov/25520302
http://www.knowgenetics.org/transgenic-organisms
http://www.biology-pages.info/T/TransgenicAnimals.html#step_1
http://www.genome.gov/25520366
http://www.ibiology.org/genetics-and-gene-regulation/crispr-cas9
http://www.ibiology.org/genetics-and-gene-regulation/crispr-cas9
http://www.doudnalab.org/research_areas/crispr-system/
http://www.quarkmag.com/the-controversy-surrounding-genetically-modified-organisms-gmos-94790741ca24
http://www.quarkmag.com/the-controversy-surrounding-genetically-modified-organisms-gmos-94790741ca24
http://www.sage.buckinstitute.org/ethical-implications-of-human-genetic-engineering-2/
http://www.sage.buckinstitute.org/ethical-implications-of-human-genetic-engineering-2/


OLAVIAN NATURAL SCIENCES SOCIETY JOURNAL Issue No.12, January 2018 

11 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 
Some of the Most Bizarre Medical Disorders 

 

We currently live in a world where a certain few diseases or 

disorders are reported in the media. Often, we see very 

similar symptoms like a fever, vomiting, or diarrhoea, which 

are common phenomena. However, disorders are not 

limited to this and can often have extraordinary 

consequences. 

Alien Hand Syndrome 

This is an extremely rare and odd disorder, which involves 

your hands moving and doing activities like stroking one’s 

head or flinging in random directions without being in 

control of your person. These kinds of attacks last for at least 

thirty minutes at a time (could potentially be a few weeks) 

and can horrify physicians and especially patients. After 

these attacks, patients notice that their limbs can be numb 

at times. 

A case was reported of a woman whose left hand was 

moving without her own will and after transthoracic and 

transoesophageal echocardiograms (diagnostic tests of the 

heart which test the rhythm and activity of the heart), it was 

found there was no thrombus (clotting) despite there being 

dead regions found in the brain in CT and MRI scans. The 

woman was diagnosed with a stroke due to cardioembolism 

where the heart pumps unwanted and toxic materials into 

the aorta which can then lead to the brain. She was advised 

to keep taking anticoagulants at all times.  

Alien hand is frequently reported after surgery on the 

corpus callosm when treating extreme cases of epilepsy (the 

largest connective pathway in the brain that connects the 

left and right hemispheres of the brain), brain tumours or 

aneurysms. The damaged regions in the brain which are 

considered to be responsible for alien hand syndrome 

include the corpus callosm, the posterior parietal cortex and 

the anterior cingulate cortex. 

Scientists who studied those with alien hand syndrome, 

using MRI scans, found that far less nervous pathways were 

activated for someone with alien hand syndrome compared 

to a normal individual. In fact, those with this disorder have 

an isolated activation of the contralateral primary motor 

cortex due to damage to the posterior parietal cortex. The 

parietal lobe is also essential to proprioception, which is the 

understanding of where your body is in space, and therefore 

damage to this sector of the brain can cause patients to be 

unaware of certain movements. The combination of the two 

factors can result in movements without the patient’s will. 

The extremes of this disorder can result in the alien hand 

grabbing things which it won’t let go of unless there is use 

of the other limb. It  can even more seriously be used to 

suffocate the patient. This disease has no treatment and can 

last for several days or even several years. This condition 

was discovered in the 1900s and there have only been 40-

50 cases since, which has led to infrequent research. 

However, in 2007, Swiss doctors did attempt to research 

more about this mysterious disorder, and what they found 

is that for planned movements, signals originated in the 

frontal lobe and then were sent to the motor strip, whereas  
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for alien movements there were no signals in the frontal 

lobe. The motor strip had signals originate there and then it 

wouldn’t be sent back to the frontal lobe, leaving victims 

unaware of their movements. Often it has been found to be 

lesions in the supplementary motor area that are associated 

with this disease. These are found in the medial surface of 

the frontal lobes and are again associated with turning 

intentions into activity. 

Hypertrichosis (Human Werewolf Syndrome) 

This term is used whenever a person has excessive growth 

of hair compared to a person of the same age, sex and 

gender. It is often called werewolf syndrome as the 

individuals look similar to werewolves. The results of this 

syndrome can have extreme emotional burdens on patients, 

and so managing it is essential. Treatments and therapy are 

not universal, or always satisfactory. The treatment very 

much often depends on the amount of hair grown and the 

area in which it is grown. The treatment includes cosmetic 

procedures like plucking, trimming and shaving, or laser 

removal, the latter of which is the most effective long-term 

hair removal method available right now. A new treatment 

of this disorder involves topical eflornithine which inhibits 

the enzyme ornithine decarboxylase which is essential for 

hair growth. It does this by irreversibly binding to this 

enzyme during the anagen phase of hair growth, preventing 

the natural substrate ornithine from binding, and so 

stopping hair growth. 

The main cause of congenital hypertrichosis is that it is a 

genetic disorder which is linked to the X-chromosome. This 

X-chromosome mutation was found by groups of scientists 

who investigated Chinese and Mexican families in which 

congenital hyper trichosis was passed on through many 

generations. A common phenotype feature that was found 

was that males had hair covering their entire face, including 

eyelids, and also their upper body. Females, on the other 

hand, had thick patches of hair on their bodies. The 

scientists found that this extremely rare disorder was 

caused when a part of chromosome 4/5 was inserted into  

 

the X chromosome. This extra DNA sequence turns on a 

gene which causes excess hair growth. Scientists are not 

exactly sure of which gene this is, but predict that it is SOX3, 

which is involved in hair growth. In all cases, it was found by 

the scientists that the insertion was by a palindrome, a 

feature of DNA where bases read exactly the same as their 

complementary bases but in reverse order. Some scientists 

believe that if they later understand more about the 

mechanism in which an inserted sequence can trigger 

excessive hair growth, they could potentially treat baldness 

in the future by engineering drugs to insert an extra 

sequence into the X-chromosome. 

A different form of hypertrichosis is ‘acquired hypertrichosis 

lanuginosa’, where individuals with some form of cancer get 

hypertrichosis. It is still very much unknown how cancer 

causes excessive hair growth. Further causes of acquired 

hypertrichosis involve certain drugs including 

immunosuppressants, hair growth drugs and androgenic 

steroids, which are steroids that synthetically provide the 

male hormone testosterone and helps build strength. 

Conclusion 

These two strange, rare and unbelievable disorders 

highlight the unpredictable and exciting nature of the 

medical field. What is interesting is that the supernatural 

phenomena which people are fascinated by are displayed in 

the disorders we explored, and actually exist to be worked 

with by medical professionals. 

Shouvik Chakraborty 
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The Flight of the Bumblebee
Introduction 

For decades, the pseudoscientific myth that the bumblebee 

should not be able to fly whilst obeying the laws of 

aerodynamics has persisted in our society. Having first been 

perpetuated in 1934 by French engineer and zoologist 

Antoine Magnan, who noticed that the chaotic movement 

of a bee’s wings should make its flight impossible, the theory 

has wormed its way into everything from articles about drag 

racing to anti-procrastination guide books by Barry Siskind 

and Robert Cormier, and perhaps most notably, 2007’s 

infamous ‘Bee Movie’. Indeed, if the flight of the bumblebee 

is to be modelled after an aeroplane, then perhaps the myth 

rings true. As one of the most popular citations amongst 

those who wish to demean the reputability of science, the 

lack of understanding behind how bees fly had long since 

frustrated scientists. However, the early 21st century 

brought with it the beginnings of an explanation. 

How do planes fly? 

An aeroplane, and indeed any object that wishes to fly, 

achieves its flight through a precise balance of the four 

forces acting upon it. Vertically, lift must balance weight, 

whilst horizontally, thrust has to exceed drag, in order to 

provide horizontal motion at a steady altitude, as shown by 

Figure I. Lift is created by differences in air pressure due to 

the wings – for an aircraft, this means that the velocity of  

 

displaced air moving over the top of the wing is larger than 

the velocity at which it moves under the bottom, leading to 

greater pressure below the wing than above it, propelling 

upwards. Thrust is created through the engines, and the 

streamlined shape and lightweight materials (mostly 

aluminium) of aeroplanes help to reduce drag and weight 

respectively, thereby lowering the amount of fuel needed as 

well as the size of the wings. It is easy to overlook the sheer 

engineering genius that goes into the design of any aircraft, 

but perhaps even easier to ignore the brilliance of Mother 

Nature in her creation of animals that can balance the four 

forces of flight without nothing but their own bodies. 

 

If planes need to generate extra thrust to accelerate, or slow 

down by increasing drag, they can angle their wings up or 

down, and most birds also do this (Figure II), but this 

approach was thought not to work for bees due to their 

relatively small wings, and so the mystery of their flight has 

baffled many. A bee’s wings are remarkably tiny compared 

to its large body and the added weight of carrying pollen and 

nectar. The average bee has a mass of 0.11g, and a wingspan  

Figure I 

Figure II 
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of just 0.028m. Planes have a large enough wingspan that 

they do not need to flap up and down to produce enough 

lift, but bees do not; flapping their wings to increase speed 

and lift also increases the level of drag. Additionally, the 

4.5ms-1 average speed of a bee does not come anywhere 

close to the 82ms-1 take-off speed of a Boeing 747, and so 

they do not produce enough thrust to counteract drag, nor 

lift to counteract weight; simply put, they are not 

aerodynamically efficient enough to fly like planes. 

Dynamic stall 

Fortunately, they do not take to the skies in the same way 

that planes do. Dynamic stall plays an important part in 

understanding this. It states that ‘aerodynamic bodies 

subjected to pitching motions or oscillations exhibit a stalling 

behaviour different from that observed when the flow [of air] 

over a wing at a fixed angle of attack separates’ – in other 

words, a flying body that moves its wings, like a bee, 

experiences different reductions in lift as it moves 

compared to a body that has its wings in a fixed position, like 

a plane. The concept of dynamic stall is still fairly unknown 

in the world of physics, despite its important role in 

understanding aviation and thus developing more secure 

aircraft, but in its simplest form can be used to explain why 

bees cannot be held subject to the same rules by which 

aircraft flight is modelled. 

The way that air separates as it hits a fixed wing leads to lift 

being generated, but as the air flows over the wings, there 

are slight decreases in the net lift produced. These slight 

decreases in lift are called stall. When air hits a wing that 

itself is moving, the decreases in lift are different and so the 

formulae used to model motion must also be different. That 

is why when Mr Magnan theorised bumblebee flight to be 

impossible, he was wrong; he based his calculations on 

fixed-wing flight, without taking into account the rather 

unique way in which a bee’s wings move, and how that 

would affect changes in lift as the creature flies. 

How bee wings move 

It has since been revealed that the method of flight bees use 

is radically different. For one, they don’t have rigid and stiff 

wings, and they actually don’t flap vertically. Indeed, a 

popular misconception concerning most birds and flying 

insects is that they flap their wings up and down, when in 

reality they flap back and forth at an angle to the horizontal.  

 

Smaller insects compensate for their large weight and 

decreased aerodynamic performance by moving their wings 

faster, like the fruit fly, which flaps its wings 200 times per 

second. As a larger insect, it is surprising that the bee also 

flaps incredibly fast – for example, honeybees flap their 

wings even faster, at 230 times per second, despite having 

a body mass 80 times that of a fruit fly. 

Seemingly in line with its convention of being unique, the 

bee also rejects the expectation of beating its wings in a 

wide, sweeping arc that spans nearly half a circle, like other 

flying bugs of its size do. What the bee instead does is flip its 

wings over mid-beat, flapping in a figure of eight. This allows 

it to push its wings through the air twice per flap, creating 

two sets of lift with each wingbeat. The rotation of the wings 

creates pockets of lower air pressure, in turn leading to 

small eddies, or circular movements of air. Essentially, bees 

fly by harnessing the power of mini hurricanes, favouring 

brute force over aerodynamic efficiency. Figure III shows the 

path of a bee wing during flight. Their left and right wings 

flap independently, and although the air splits as it flows 

around either side of a bee’s body, the two streams never 

join again once the bee has passed, which would help it 

move through the air more easily. This extreme air 

separation between its left and right wings places the bee in 

a different category to other flying creatures, which are 

designed to be more efficient. They fuel this brute force 

through nectar rich in energy from sugars like sucrose, 

glucose and fructose. This is aided by a wide thorax to 

produce greater power per wingbeat. 

The bumblebee’s evolution towards power over efficiency 

makes sense from a biological perspective as well. In a hive, 

its role as a nectar and pollen transporter would have 

automatically ruled out aerodynamic efficiency as an 

evolutionary path, as its weight would always end up being 

extremely large. Also, it appears to have inherited flight 

muscles that are rather peculiar compared to other insects 

– they require a fast and steady frequency of wing oscillation 

in order to generate enough power to fly. Rather than 

evolving to produce such muscles, they seem to have 

evolved around such muscles to produce their unique flight. 

Figure III 
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Experimental evidence  

The way that bees fly has been documented in several ways. 

After modelling flight through the movement insect wings 

computationally, scientists realised that they were being too 

simplistic, and so resolved to go back to the insects 

themselves. In 2009, Oxford University ran an experiment 

using a wind tunnel and high-speed cameras to observe the 

free flight of a bumblebee. After training bumblebees to 

move from the hive to the flowers at one end of the tunnel, 

they blew streams of strokes at the bees, simulating air 

currents, and recorded the results with cameras that took 

2000 images per second. The airflow was thus visualised 

over the flapping of the wings. 

Bioengineering professor Michael Dickinson took a slightly 

different approach in 2005, using an amalgamation of high-

speed digital photography and a giant robotic reproduction 

of a bee wing. Their study concluded that the unusual 

combination of short wing strokes, wing rotation and an 

extremely quick wingbeat frequency gives the bee its ability 

to fly. The speed of their flapping was a source of surprise, 

due to the aforementioned belief that insects decrease their 

wing-speed as they increase in size. 

Other, more colourful experiments have also been run. A 

2001 Chinese research team from Tsinghua University 

attached glass fragments to bees with an adhesive and let 

them fly freely in an array of lasers. They then tracked the 

light reflected off the bees to obtain a reasonable 

approximation of the bees’ flight paths, which enabled them 

to further understand how they had flown. 

Now that the basics have been discovered, future 

investigations are already being planned to try and work out 

the intricate details, particularly in how bees control their 

flight mid-air. One way this knowledge is trying to be 

uncovered is through the development of a mass of robotic 

flying insects, including Harvard University’s RoboBees 

(Figure IV) – their first RoboBee took flight in 2012. 

 

Additionally, whilst it is now accepted that the bee’s basic 

physiology is not the most efficient, Australia’s Vision Centre 

discovered in 2013 that honeybees actually use their 

antennae and eyes to calculate the best position to 

maximise the swiftness of their flight. This helps them to be 

as fuel-efficient as possible by taking into account 

information like the incoming airspeed and shape of airflow, 

all detected by their antennae. 

Conclusion 

It has been known for quite some years now that the secrets 

to the flight of the bumblebee do not involve law-breaking, 

game-changing physics. However, its supposed mystery 

continues to be perpetuated in our popular culture. One can 

only hope that as scientists begin to more wholly 

understand the mechanics of bee flight, the myth will finally 

be debunked in the rest of society. 

Priyanka Patel 
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Progeria 

 

What is it? 

Progeria (more specifically Hutchinson-

Gilford Progeria Syndrome) is a genetic condition 

characterized by an appearance of rapid ageing combined 

with dwarfism. It is extremely rare, with about one in twenty 

million people being affected by it. On average, children 

with the disease live till the age of around 14. The disease is 

not always obvious in affected babies and small infants at 

first, but gradually shows itself more and more as the person 

ages – around the 18-24-month-old stage, it becomes much 

more noticeable. For example, the child will grow slower 

than other children and have a height and weight below 

average. Other symptoms include: a narrowed face, thin 

lips, smaller lower jaw, a beaked nose, disproportionately 

large head, prominent eyes, wrinkles and hair loss; these are 

just a few of the many signs of progeria. However, the 

condition does not affect intellectual development or 

development of motor skills such as walking. Later, progeria 

causes atherosclerosis, kidney failure, loss of eyesight and 

cardiovascular problems. Scleroderma, a tightening and 

hardening of the skin, is prevalent too. Children with HGPS 

also have distinctive skeletal defects. These could include 

delayed closure of the ‘soft spot’ at the front of the skull 

(calvaria), an abnormally thin ‘dome-like’ portion of the 

skull, and even the absence of certain air-filled cavities 

within the skull that open into the nose. Children with 

progeria are genetically predisposed to premature, 

progressive heart disease. Despite the similarities to ageing, 

the symptoms aren’t exactly the same – for example, the 

carriers don’t experience Alzheimer’s disease, cataracts, or 

cancers typical of ageing. 

Causes 

Scientists have found that HGPS is due to a sporadic 

autosomal dominant mutation in the LMNA gene on 

chromosome 1 that codes for lamin A, in which cytosine is 

replaced with thymine. It is almost always not inherited 

since the carriers usually do not live long enough to 

reproduce and therefore do not pass on their mutated 

genes. This mutation results in an irregularly short mature 

mRNA transcript. When translated, this strand produces an 

abnormal form of the prelamin A protein, which has been 

named progerin. Progerin is permanently attached to the 

nuclear rim since its farnesyl group cannot be removed and 

therefore it cannot become part of the nuclear lamina. This 

mutation doesn’t happen in all cells; only in a small 

percentage. Since LMNA is not expressed by brain cells, the 

condition doesn’t affect carriers’ brain functionalities. 

In normal conditions, prelamin A’s final form is lamin A, and 

this protein is needed to make up the nuclear lamina and 

provide structural support to the nucleus along with lamin B 

and lamin C. Progeria sufferers do not produce lamin A, 

therefore the nuclear lamina is unable to provide the 

nuclear envelope with sufficient structural support, 

resulting in it taking on a distorted shape. This structural 

support is necessary for the organisation of chromatin 

during mitosis, so the weakening of the nuclear lamina limits 

the ability of the cell to divide. Despite this, the specific 

underlying cause of accelerated ageing in HGPS is not yet 

known. It is suspected that the inability to adequately repair 

DNA damages due to Lamin A may cause aspects of 

premature ageing. 
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It is thought that progerin also plays a role in normal human 

ageing, and this new discovery has opened the doors of 

scientific exploration into how this molecule may play a role 

in heart disease and ageing in the general population. 

Treatments 

Unfortunately, no cure has been found thus far. Since 

people with this condition largely die from effects of 

atherosclerosis, treatment options have been focused 

mainly on reducing complications, such as cardiovascular 

disease which is treated through coronary bypass surgery 

and low-dose aspirin.  

In September 2012, the results of the first-ever clinical drug 

trial for children with progeria revealed that Lonafarnib, a 

type of farnesyltransferase inhibitor (FTI) originally 

developed to treat cancer, was shown to be effective for 

progeria. Every child showed improvement in one or more 

of four ways: gaining additional weight, better hearing, 

improved bone structure, and perhaps most importantly, 

increased flexibility of blood vessels. A second clinical trial 

funded by the Progeria Research Foundation and the 

National Institutes of Health is under way, while more are 

expected to follow. Investigators plan to continue 

researching FTIs and their effects, which may help lead to 

more information about cardiovascular disease as well as 

the normal aging process that affects every population. 

Growth hormone treatment has also been attempted, 

however nothing majorly important has arisen from this. 

 

 

From research conducted on mice, it has been implied 

recently that it is the build-up of prelamin A in the wrong 

pace, rather than the loss of the normal function of lamin A, 

that is the real cause of the disease, as lamin A does not 

actually appear to be necessary for life. 

Conclusion 

A lot of research is currently being conducted on progeria to 

learn more about the disease, and this is giving scientists 

more insight into the best way to potentially treat it, but also 

gives more information about the causes of ageing 

generally. Hopefully a cure will soon be found to ensure no 

one suffers at the hands of this condition. 

Viyana Karimi 
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The Rise of Genetic Modification in Agriculture 

 

Introduction 

We have been altering crops genetically for centuries, 

through selectively breeding wild plants into domesticated 

crops with more profitable traits. Wild vegetables were bred 

to be larger, tastier and more profitable over many years, 

giving us the recognisable, modern produce we have today. 

We have been farming using such methods for years, and 

newer technologies and techniques can now allow us to 

speed up this process dramatically and precisely, bringing 

new possibilities to the world of farming. 

The science behind and the reputation of genetically 

modified crops 

Transgenic genetic modification (GM) uses DNA from a 

separate organism with a desired trait and singles out the 

gene that causes this characteristic; restriction enzymes are 

then used to cut out the necessary genes and also the 

unwanted genes in the crops to be modified. Another 

enzyme, such as ligase, is used to join the new gene into the 

chromosomes of the crop, creating a GM organism. The 

genes inserted into GM crops can potentially come from any 

organism with the required trait, meaning a potential for 

greater variations of crops that could be produced than 

would be possible with traditional methods of selective 

breeding and crossbreeding only similar species of crops.  

However, despite our history of altering crops to be more 

beneficial for us, the comparatively recent rise of GM has 

been met with fear and scepticism. There are many 

objections to the use of GM crops due to the possibility of 

unknown long-term effects on both on the population  

 

consuming them, and the potential risk to the environment 

a GM modified plant could pose. Debate between whether 

we should allow the creation of GM organisms continues as 

the potential of GM crops for improving global health and 

agriculture is pitted against ethical questioning and fears 

over the effects of the mutated organisms. Progress in the 

field of genetic modification faces much resistance and 

public disapproval, however many people have unknowingly 

consumed genetically altered products, an estimated ‘60%-

70%’ (David Tal, April 2015) of food on the shelves already 

contains GM ingredients such as soy, corn and rapeseed oil.  

Despite the opposition genetic modification is becoming 

increasingly important in our daily lives and is continually 

developing our global agriculture.  

 

Providing essential nutrients for populations of 

developing countries 

Many people in lower-income countries are limited as to 

which foodstuffs they can consume, such as meat and other  
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general protein sources being too expensive to afford, 

leading to large numbers of the population missing out on 

essential micronutrients. Cases of micronutrient 

malnutrition are especially prevalent in women and children 

and often lead to diseases such as anaemia, diarrhoea and 

even blindness. With varied and balanced diets being largely 

unavailable due to high poverty rates, there is a great 

dependence on staple crops like rice, maize and cassava in 

Africa, which provide little nutritional value.  

A viable solution to malnutrition in Africa would be bio-

fortification of staple foods, to boost vitamin and mineral 

levels whilst keeping them affordable and thus improving 

the diets of poorer regions. Projects such as BioCassava Plus 

(BC +) have already received funding to create bio-fortified 

cassava with a focus on increasing iron, zinc and vitamin A 

levels, which could potentially improve the health of poorer 

families in Africa. Bio-fortification would be done through 

conventional methods of selective breeding and newer 

techniques such as genetic modification. Selectively 

breeding crops has been proven to safely build desirable 

traits into produce over time and can be done by any 

farmer, although it is a slow process that would take 

decades of effort to produce the nutrient rich crops needed 

and can be impossible in cases of rare genetic traits which 

can’t feasibly be introduced to a larger scale of crops. GM or 

transgenic methods can greatly increase food quality in a 

comparably short time; however, it would require more 

intense research and funding due to the large amount of 

experimentation and lab work required. GM crops have 

been successfully produced in the past, like high protein 

potatoes and rice with higher carotene levels, dubbed 

‘golden rice’; these show promise for the likelihood of a 

useful GM cassava being produced which could be grown on 

a large scale in the future. 

Creating real-life ‘superfoods’ 

Different plants contain many different compounds that aid 

our health, and consuming adequate amounts of varying 

fruits and vegetables generally provides for many of our 

nutritional needs. A proven decrease in major diseases such 

as heart attacks has been linked to improved diets with 

larger fruit and vegetable intakes, leading to famous “5 a 

day” schemes encouraging a minimum of 5 different types 

of produce each day. Increasingly it has become a major 

selling point for foods to be full of vitamins, minerals and 

antioxidants and many of such have popularly been named  

 

‘’superfoods’’. Blueberries, broccoli, pomegranates, and 

more have all been recently classified as superfoods by the 

media and often exaggerated health promises are attached 

to them. Realistically we do not eat enough of these foods 

to get results akin to the fantastical claims being tagged 

onto them, especially since buying large amounts of berries 

or greens are not affordable to many. 

Plants naturally contain many useful nutrients; one kind 

being phenolic compounds which have been believed to be 

one of the key compounds in plants, with varying properties 

such as an antioxidant effect and helping reduce illness.  

Recent developments on better incorporating these 

products into the average diet has led to the creation of the 

‘’purple tomato’’, a GM crop containing high levels of 

certain phenolic compounds like anthocyanin to increase 

the produces health benefits. Anthocyanin is a pigment also 

found in blueberries and blackberries, which in the case of 

these tomatoes causes a deep purple colour, but more 

importantly has antioxidant and anti-cancer properties. 

Tests have already proven an increase of 30% on the 

lifespan of cancer-prone and diseased mice, compared to a 

slight increase in lifespan that regular tomatoes showed. 

These purple tomatoes have been engineered to have 

higher levels of anthocyanin than would naturally occur in 

other crops, giving them an increased health benefit over 

regular tomatoes. Genetic modification methods used 

include experimenting with ‘transcription factors, 

biosynthetic genes and RNAi with the availability of natural 

tomato mutants’ to produce the tomatoes. Other sources of 

anthocyanin such as berries are generally expensive and 

seasonal, meaning commercially sold GM purple tomatoes 

would be more available and affordable.  The purple 

tomatoes have been grown in greenhouses in Canada with 

a focus on testing the claims made around their health 

benefits, and not their GM origin due to more accepting  
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regulations than elsewhere. As currently the effects of GM 

crops incorporating into the environment are unknown, 

precautions have been taken such as only juice forms being 

available for regulatory approval so that no seeds of the 

purple tomatoes escape and create new plants. 

Conclusion 

The many successful projects of GM food feeding people all 

over the world shows promise for the possibilities of food in 

the future. If we continue to experiment and develop this 

technique, in time plants could be resistant to droughts and 

pests, as well as provide larger quantities of more nutritious 

food. With GM crops already on the market, it seems 

inevitable that they will come to play an increasingly 

important role in the food on our table in the foreseeable 

future, regardless of current qualms about them. 

Charlotte Jones 
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Viruses in the Ocean: could we live without 
them?

 

The ocean covers 70% of our planet’s surface, and the 

organisms that spring to the majority of people’s minds 

when they think of this vast expanse are often very large 

ones, such as the blue whale. However, 98% of the ocean’s 

life by mass is microbial, and in every teaspoonful of 

seawater, there are an estimated 10 million viruses. They 

are the most abundant lifeform in these bodies of water. 

Consequently, it is not surprising that marine viruses have 

an impact on the ocean, and since the ocean plays a role in 

regulating Earth’s climate, viruses are playing a part that is 

becoming increasingly better understood, both in terms of 

importance and mechanism, in the biogeochemical cycles 

that help to keep us (and many other organisms) alive and 

shape the diverse ecosystems of our oceans. While it is likely 

that the loss of all marine viruses would be an event that we 

could cope with through engineering, it could have severe 

impacts on our climate and marine ecosystems. 

Arguably the most important function of marine viruses is 

the turnover of the organic matter in oceans through 

infecting and lysing host cells, especially bacteria. The type 

of virus that does this is called a bacteriophage, and every 

second there are an estimated 1023 viral infections taking 

place in the ocean. The lytic cycle is one of two ways that 

bacteriophages can use to reproduce (the other being 

lysogenic), and this is the process that results in the release 

of organic matter. The phage injects its DNA into the 

bacterium, and this DNA moves to the nucleus where DNA 

replication occurs. This DNA is transcribed into mRNA and 

translated at the ribosomes of the bacterium, where the  

 

proteins that make up the virus are made, such as the capsid 

proteins that form the “shell” of a virus. When these are 

assembled, the bacterium bursts, releasing its contents, 

including its biomolecules and the viruses. 20–50% of 

microbial biomass is turned over each day in the ocean by 

viral infection. This process is known as the viral shunt, and 

it results in the organic matter being taken up by other 

micro-organisms, rather than ones at a higher trophic level. 

Consequently, if all marine viruses were removed, the 

primary production in the ocean would slow down 

significantly, as bacterial cells releasing their organic 

compounds would be have to mostly occur due to lack of 

nutrients, as opposed to lysis. This reduction in the amount 

of available nutrients could have huge impacts for the food 

webs of the oceans, since it would make it more difficult for 

organisms at the base of the food chain to grow and divide. 

Phytoplankton are unicellular organisms dependent on 

viruses, and they are photoautotrophs: they make their own 

food by photosynthesis. They are important for almost the 

entirety of the marine food web because they are – directly 

or indirectly – the source of food for almost all ocean 

animals. Phytoplankton are consumed by zooplankton (e.g. 

krill, eaten by baleen whales), which are subsequently eaten 

by smaller fish, then larger fish and other marine species. 

They are dependent on viruses not only for the 

biomolecules such as nucleic acids that lysed bacterial cells 

release, but also for iron, which is required for the synthesis 

of chlorophyll. A study published in 2004 found that in some 

marine systems, viruses assist in the recycling of iron  
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compounds that support up to 90% of the primary 

production in areas that are “high-nutrient low-

chlorophyll”. Low iron concentrations have been shown to 

limit the primary production that phytoplankton are 

responsible for, which means that there would be less 

biomass at the lowest tropic level if all marine viruses 

disappeared: a reduction which would subsequently occur 

in all higher levels, which would be likely if there were fewer 

sources of iron, due to an absence of viruses. Therefore, 

viruses are indirectly important for the marine food chains 

through making iron bioavailable. Without viruses, there 

would likely be fewer phytoplankton, since this turnover of 

matter would not be able to happen on the same scale as it 

does with them present. Furthermore, a reduction in the 

amount of nutrients could result in smaller, less nutritious 

phytoplankton, which would percolate up through the food 

chain, resulting in fewer and smaller fish. This would 

eventually impact fish stocks, potentially resulting in food 

scarcity: while unlikely to threaten the survival of our 

species, it would significantly reduce quality of life for many 

people. The FAO estimates that fishery jobs support 10-12 

percent of the world’s population (World Bank, 2017). 

Therefore, viruses are likely to indirectly support a huge 

number of people’s survival, as it enables them to earn a 

living and obtain food: the oceans are the primary protein 

source for over 3 billion people worldwide (United Nations, 

2017).  

Viruses and phytoplankton are also key players in the 

biological pump: this is the biogeochemical cycle in which 

carbon dioxide from the atmosphere is taken up by marine 

photosynthetic organisms such as phytoplankton (as well as 

organisms that use carbon dioxide to make their calcium 

carbonate skeletons). They “fix” this carbon, and when they 

die, some of the carbon is recycled and is used for new 

organisms (just like the products of viral lysis), while some 

particles form aggregates and sink (known as marine snow), 

and can remain at the bottom of the ocean for millions of 

years: this results in carbon sequestration, which is how 

atmospheric CO2 levels can maintain an equilibrium. 

According to Sallie W. Chisholm, a biological oceanographer 

at MIT, with no phytoplankton, the concentration of CO2 in 

the atmosphere would more than double, so if we had a 

reduction in phytoplankton due to lack of marine viruses, we 

would almost definitely see a significant increase in global 

temperature. Recently, oceanographers and virologists such 

as Professor Curtis Suttle have proposed that viruses 

increase the efficiency of the biological pump because of the  

 

viral shunt, which results in more carbon sequestration, and 

that viruses are responsible for the biggest flux of carbon 

annually in the biological pump: 3 gigatons. Additionally, 

without the biological pump, it has been estimated that 

atmospheric CO2 would rise to about 550 ppm (compared 

to the current 360 ppm). While a loss of ocean viruses would 

be unlikely to result in the end of the biological pump since 

there would still be other micro-organisms (albeit in smaller 

numbers probably), it could result in a significant decrease 

in efficiency, since there would be fewer microbes to cause 

this sequestration of carbon, so more carbon would likely 

remain in the atmosphere. This would result in sea level rise 

due to ice melting and thermal expansions, which could 

cause mass emigration from coastal areas which would get 

flooded. This is unlikely to be a serious threat to our survival, 

since if everyone lived as densely as they do in Manhattan, 

everyone on the planet could live in a land mass the size of 

New Zealand. However, on a local-community level, it would 

cause devastation. 

Coral reefs support around a quarter of marine life and have 

a close relationship with algae and viruses in the ocean. 

Zooxanthellae algae provide the nutrients for coral in a 

symbiotic relationship: this type of algae lives in the coral 

polyps and photosynthesises, providing nutrients as well as 

the majority of the carbon necessary for the formation of 

the calcium carbonate skeleton of the coral, which 

contributes to carbon sequestration. However, viruses help 

to provide the initial nutrients for algae through the bursting 

of bacterial cells. Without viruses, there could potentially be 

a reduction in the amount of algae on corals since they 

themselves rely on the nutrients such as nitrates and 

phosphates released by lysis. Also, while there are viruses 

(such as ones very similar to the herpes virus which can 

infect humans) which have been found to be contributing to 

the death of coral, some bacteriophages have been found 

to provide “non-host derived immunity to coral reefs”. Coral  
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secretes mucus which can trap phages, so if a bacterial 

pathogen tries to infect the coral, the phages will lyse the 

bacteria, thus protecting the coral and being able to 

reproduce. This is a symbiotic relationship, as the viruses get 

better access to the bacteria which they can reproduce 

inside, and the coral does not get infected. Vibrio 

coralliilyticus is a bacterial pathogen which has been 

associated with being one of the causes of coral bleaching - 

when coral loses its algae endosymbiont and then dies due 

to lack of nutrients - as well as white syndrome disease, 

which results in up to 100cm2 of the coral’s skeleton 

becoming exposed per day, which also causes coral death.  

In a 2013 study, a bacteriophage specific to V. coralliilyticus 

was introduced to the coral; it prevented the tissue lysis and 

destruction of the essential algae that this pathogen would 

usually cause. This means that we could potentially treat 

infected corals with marine viruses: if all viruses in the ocean 

were to disappear, we would have even less of a chance of 

protecting these valuable ecosystems which have been 

estimated that to provide goods and services worth $375 

billion each year. Coral reefs are critical to the livelihoods of 

many people, since they provide a habitat for fish which 

leads to many jobs in coastal areas, as well as a major food 

source. Coral protects people, both physically and 

financially. It can act as a buffer against the erosive power 

of the waves, which helps reduce the damage to coastal 

communities during storms, both in terms of infrastructure 

and loss of life. Once again, the impact of the loss of marine 

viruses would be unlikely to result in human extinction, 

however it could result in deaths through starvation due to 

lack of food and/or money. 

 

In terms of whether we would survive, it depends on who 

specifically we is/are. If “we” is only humanity, then the 

answer to whether we would survive or not is mostly likely 

that we could. We have the capability to adapt to our 

surroundings without the need for evolution or natural 

selection, and we have a habit of developing methods of  

 

living in extreme environments through engineering, for 

example in the International Space Station. Therefore it is 

far from impossible that we would be able to cope without 

viruses, however it would involve a huge amount of 

international co-operation combined with global-scale 

engineering. In terms of the survival other species, that is far 

less certain. Considering the impact that viral lysis has on the 

food web through phytoplankton, it is likely that there 

would be a decline in the population size of many, if not all 

species due to the interconnected, interdependent nature 

of all animals (as well as plants and other kingdoms). It is a 

possibility that the disappearance of marine viruses could 

result in the loss of marine species at all trophic levels, 

depending on the release of nutrient release from bacteria 

that would occur without viral lysis. If competition for 

nutrients in the ocean becomes more competitive, it is 

incredibly likely that at least some species will lose out and 

go extinct. 

Finally, if all marine viruses were to suddenly disappear, the 

main problem facing us as a species could be the fact that 

we simply do not know enough about them. At this point in 

time we have yet explore around 95% of our oceans, which 

suggests that there are many more marine viruses that we 

are not aware of, some of which could play a significant role 

– unbeknown to us - in maintaining Earth’s delicate 

equilibrium. We are likely to be oblivious to many processes 

that they are involved in. It becomes very difficult to 

engineer a solution if we don’t really know the extent of the 

problem facing us. Since we know so little about out oceans, 

we also don’t know how any proposed solutions would play 

out. Unintended consequences could be severe. Due to 

these unknowns, there would almost certainly be conflict, 

because we wouldn’t know what the implications of any 

actions would be. For example, in response to declining fish 

stocks and rising atmospheric CO2, a geo-engineering 

technique known as “iron fertilisation” has been proposed 

by several scientists, which involved putting iron 

compounds into the sea, in order to increase the number of 

phytoplankton photosynthesising, so that more carbon 

dioxide from the atmosphere can be sequestered. However, 

many scientists raised alarm when this was carried out off 

the coast of British Columbia in 2012 by a US entrepreneur 

to boost salmon populations, and in the years since, 

scientists haven’t seen any evidence of the experiments 

predicted impacts occurring. A similar method could be 

proposed if marine viruses disappeared, in order to replace 

the material released by viral lysis by generating it ourselves,  
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and then introducing it into the ocean, so that 

phytoplankton levels wouldn’t decline due to insufficient 

nutrients. However, this could result in a harmful algal 

bloom, cause by the rapid growth of phytoplankton. These 

happen currently due to both the natural cycles of the 

oceans as well as humans, however they can have disastrous 

impacts. Over 100 species of phytoplankton are known to 

produce toxins lethal to humans, fish and other animals. 

Once the bloom declines, it causes further problems by 

creating a “dead zone” with insufficient oxygen in the water, 

making it difficult for the ecosystem to recover. Without 

viruses, the problems that have the most significant impacts 

may be partially due of our own making. 

In conclusion, it is clear that viruses in the ocean play a 

hugely significant role in the ecological webs and cycles of 

our planet, however the actual consequences of this event 

remain a mystery to us all, at least for now. With so much 

unknown, it is impossible to estimate the impact that the 

loss of all marine viruses would have, but considering that 

they are the ocean’s most abundant type of organism, it is 

almost certain that their erasure would have some sort of 

consequence for us. As climate change increasingly 

becomes a more pressing matter for all of us, the 

prominence of ocean viruses is not to be underestimated, 

and further research into them and their impact will benefit 

us all. If all the viruses were to disappear from our oceans, it 

is possible that our survival would not be threatened by the 

loss of them, but rather due to a lack of knowledge and co-

operation. It could be our own actions that cause the decline 

of species including and other than ours. While the sudden 

disappearance of such a large group of organisms may seem 

preposterous, it is a reality that we will be increasingly faced 

with, without global co-operation to protect our planet from 

further damage. 

Seren Ford 
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Why Are Some Molecules So Poisonous? 

 

Poison, the word elicits underground espionage, murders 

most foul, and the inevitable destruction of the human 

body. Since the beginning of human life, death has become 

an unlikely sought-after commodity, and poisons have 

emerged as efficient catalysts of this process. It is apparent, 

from the connotations of the word in modern society, that 

the entire concept of a poison revolves around the killing of 

an antagonist. [1] However, why these substances work is a 

question often glossed over in favour of the tale behind 

their administration, and their visually impactful symptoms. 

Behind their deadly effects are a vast array of biological and 

chemical processes. Other factors may influence the 

number of lives a poison can take, but fundamentally, it is 

their disruptive biochemical effects within the body that 

drive their function. 

Dosage and Definition 

In the early 16th century, Swiss scientist Paracelsus was the 

first to apply ideas about poisons to chemistry and 

medicine. [2] His pioneering work has since credited him with 

the nickname “father of modern toxicology”, and his 

innovations in the field can be succinctly summed up in one 

phrase: “the dose makes the poison”. [3][4] This rule dictates 

that any chemical can act as a poison if administered in high 

enough of a concentration.  

Nowadays, Paraclesus’ work has been transformed into an 

ordered system. The toxicity of a chemical is commonly 

measured using the ‘Median Lethal Dose’, which is 

abbreviated to LD50. This is the amount of a substance that 

can be expected to cause the death of 50% of the test 

population and is measured in milligrams per kilogram of 

bodyweight (mg/kg). The lower the LD50 value, the more 

poisonous a chemical is. Due to human testing being 

unethical, laboratory mice and rats are most commonly 

used to find an LD50 value. [5] 

Although the LD50 provides a clear-cut method of 

measuring toxicity, it is only one of many factors that must 

be taken into account when determining how poisonous a 

molecule is. There are, in fact, two types of toxicity. Acute 

toxicity refers to the lethal effects of a substance after a 

single concentrated dose, and chronic toxicity describes the 

adverse effects of long term exposure to smaller quantities 

of said substance. [6][7] Although these definitions differ, 

they both return to the idea that poisons are defined by 

their ability to harm human beings. This is supported by the 

dictionary definition of ‘poison’ - “a substance that, through 

its chemical action usually kills, injures, or impairs an 

organism”. [1] However, exposure to poisons is heavily 

influenced by society and culture; it could be said that the 

most poisonous molecules are the ones we encounter in our 

daily lives, as these are the ones that take the most lives. 

Based on the definitions and connotations of the term 

‘poisonous’, it is reasonable to argue that the overall 

poisonousness of a molecule should be measured not just 

by how easily it kills one person, but by how much total 

harm it is capable of causing in the global population. That 

is to say, the most poisonous molecules are those that are 

capable of/already have taken many lives. 

Toxins in Nature – Botulinum Toxin 

In any comparison of the LD50 of various molecules, 

botulinum toxin emerges victorious. There are 8 subtypes 

(A-H) of botulinum, all produced by the bacteria species  
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Clostridium botulinum. However, it is botulinum type H that 

steals the spotlight. [8] This is the most acutely lethal 

substance ever discovered and, with a LD50 value of 2 

ng/kg, means that a mere 2-3kg of the toxin would be 

enough to wipe out the entire population of the planet. [9] 

Botulinum is a neurotoxin that blocks the release of 

acetylcholine, an important neurotransmitter that controls 

voluntary and skeletal muscle contractions. [10] When 

activated by the bacteria, the botulinum consists of a larger 

'heavy' chain and a smaller 'light' chain connected by a 

disulphide bridge. The poison targets nerve cells, specifically 

the axon terminals where acetylcholine would normally be 

released to diffuse across a synapse. [11] 

After arriving at the terminal via the bloodstream, the 

botulinum proteins are endocytosed into the nerve cell, the 

process facilitated by the heavy chain. The light chain then 

targets and disrupts the SNARE proteins; these protein 

complexes enable the vesicles of acetylcholine, to fuse with 

the nerve cell membrane. [11] By cleaving the SNARE protein, 

the vesicles are prevented from fusing and the acetylcholine 

is unable to be exocytosed from the cell, resulting in the 

electrical impulse being blocked from reaching the muscle. 
[10] [12] This causes flaccid paralysis, where muscles 

throughout the body relax. When these effects reach the 

torso and the muscles required for gas exchange are 

affected, the victim succumbs to respiratory failure from the 

build-up of carbon dioxide. [13]  

As well as its lethal capabilities, botulinum also exemplifies 

Paracelsus’ aged wisdom. BTX types A and B are used in 

Botox treatments; diluted with saline to non-harmful 

concentrations, it is predominantly used in cosmetic 

procedures to relax various facial muscles in order to  

 

smooth out wrinkles. Other medical uses include the relief 

of eye disorders, migraines and unwanted muscle spasms. 
[14] 

The emergence of such a potent toxin within nature is 

driven by evolution and natural selection. Within nature, 

bacteria must compete with each other for space, food, 

water and other limited resources. By evolving mechanisms, 

such as toxigenesis, to overcome surrounding competition, 

they are more likely to be successful. [15] Any mutations that 

prove to be advantageous are naturally selected, and this 

has produced a complex arsenal of poisons targeted at 

different bacteria and their features. Due to the rapid 

replication of bacteria, even those of the same strain can 

end up producing different toxins. [16] This is also why so 

many of our antibiotics originate from nature - it is simpler 

to screen for existing antibiotics than to come up with 

entirely new ones.  

Overall, botulinum toxin can be compared to a skilled sniper; 

its remarkable ability to precisely target a vital nervous 

process, honed by natural selection, makes it very 

dangerous. Furthermore, only a tiny amount of botulinum is 

required to block each impulse, as each botulinum molecule 

is able to cleave multiple SNARE proteins. [17] Because the 

nervous system is so important for basic survival of a living 

organism, many of the most poisonous molecules target this 

gap in the armour to great effect. Other neurotoxins include 

tetanospasmin, VX nerve gas, and batrachotoxin. [18] 

War and Exposure – TCDD 

Agent Orange is a powerful defoliant, used during the US-

Vietnam war in the 1960’s. Its name has been tainted by the 

horrific effects suffered by those who came into contact 

with it, and nowadays, many Vietnamese citizens still feel 

the effects of its toxicity.  

Agent Orange was made up of 2 different herbicides, 2,4-D 

and 2,4,5-T that were mixed in equal proportions and 

sprayed onto farmland and forest cover. [19] Although the 

ecological degradation done by the two esters to Vietnam’s 

landscape was extensive, the herbicides themselves 

degrade after a short period of 2-3 weeks and leave little 

long-term damage. [20] [21] The main contributor to the 

lasting effects of Agent Orange is a dioxin known as TCDD. 

This was an unintentional by-product of 2,4,5-T as a result 

of accelerated production due to wartime demand and it 

contaminated the Agent Orange stocks. [22] 

Fig. 1 - Normal release of a neurotransmitter at the synapse 
compared to interruption of neurotransmitter release by 
botulinum toxin. Left, after the electrical impulses arrive at the 
axon terminal, vesicles move towards the membrane. They 
fuse with the axon membrane to exocytose the acetylcholine. 
Right, the botulinum prevents the vesicles from fusing. 
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Dioxins are a family of highly toxic chlorinated compounds 

known as persistent environmental pollutants (POP’s), with 

TCDD considered the most toxic of the group. Its acute LD50 

varies between species, and humans are rather resilient to 

its acute toxicity. However, its chronic toxicity causes many 

life-shortening diseases and means that there is no 

minimum non-harmful dose. [23] 

TCDD is poisonous because, like other dioxin compounds, it 

is an endocrine disruptor and carcinogen. [24] This is because 

it has a high affinity for the Ahr within the body. The Ahr is 

a ligand activated receptor that is responsible for a vast 

array of cell functions. [25] Normally, it forms a complex that 

mediates and influences the cell response to xenobiotics 

(foreign chemicals), T-cell production, the oestrogen 

signalling pathway, steroid hormone synthesis, epigenetic 

pathways, tumour suppression, and many other processes, 

some of which remain shrouded in mystery. [24] [26] It also 

controls the renewal and differentiation of various stem 

cells. [27]  

Ahr regulation of gene expression is disrupted by TCDD. This 

results in a myriad of negative health effects that include 

chloracne and other skin diseases, suppression of the 

immune system, increased risk of cancer and Hodgkin’s 

lymphoma, and reproductive problems. Because stem cell 

division and differentiation are also affected, TCDD has a 

huge effect on the development of foetuses. [28] Children 

born to those exposed to TCDD suffer from health issues 

ranging from severe mental and physical disabilities to 

enlarged livers, thymic atrophy and wasting diseases. [27] [29]  

 

This tragedy caused by Agent Orange is felt across Vietnam 

- it is estimated that three million people were exposed to 

Agent Orange and over a million of these suffer serious 

health effects today. The 150,000 born with TCDD-induced 

birth defects have been nicknamed “Agent Orange babies”, 

as their childhoods are marred by a war they did not even 

witness. [30]  

The chemical stability of TCDD contributes towards its 

toxicity. Within the body, it has a half-life of 7-11 years and 

is broken down remarkably slowly. [31] This can result in 

TCDD accumulation in adipose tissues, which subjects 

victim’s bodies to the chronic toxicity of the molecule. 

Within nature, TCDD is not water soluble or taken in by 

plants. It attaches itself to soil and sediment and often ends 

up buried within the earth. Because sunlight is required to 

speed up the breakdown TCDD, this results in a half-life of 

over 100 years where surrounding organisms are constantly 

being bombarded with the poison. [22] 

TCDD is highly poisonous because it disrupts such an 

important multipurpose receptor and because of its 

stability. This allows the molecule to persist in both living 

tissues and the surroundings, as it slowly breaks down the 

body. Although the effects of TCDD are certainly negative, it 

has facilitated extensive research into Ahr function, which 

can be used to develop our knowledge of the human body. 

Such a silver lining, however, has not been worth the cost. 

Unlike Botulinum, TCDD is an entirely synthetic molecule. In 

fact, the presence of most dioxins in our environment is due 

to human activity such as the burning of organic materials 

and organic synthesis. [29] TCDD was produced as a result of 

war, when death as a commodity spikes in demand, and it 

shares this conception with many other highly poisonous 

manmade chemicals. From chlorine and mustard gases in 

WW1, to VX nerve agent used to assassinate Kim Jong-Nam, 

to the Novichok A-234 used in Salisbury; scientists are 

pushed by warfare and conflict to develop continuously 

more poisonous chemicals. [32] [33] As demand controls 

supply, so too does war with poisons.  

Non-Human Organisms – Chocolate 

When the topic of poisons is brought up, chocolate is 

perhaps not the first suggestion. It certainly isn’t toxic to 

humans, evident by our enjoyment of its consumption. 

However, for man’s best friend, it is a serious poison.  

Fig. 2 - when inactive, the Ahr is bound to chaperone 
proteins in the cytoplasm. When the ligand binds to the Ahr, 
it translocates to the nucleus where it dimerizes with the 
Arnt protein. This complex regulates the expression of genes 
by acting as a transcription factor for mRNA.  
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Cocoa contains the methylxanthine alkaloid compound 

theobromine, a stimulant in the same family as caffeine. [34] 

Theobromine is a general adenosine receptor antagonist - 

this means it is able to fit inside the receptor without 

activating it. [35] When receptors are occupied by 

theobromine, they are unavailable for the detection of 

adenosine, a chemical that facilitates sleep. This results in 

increases in neural and metabolic activity which contributes 

to the stimulating effect felt after consuming chocolate. [36] 

Theobromine also causes vasodilation, and subsequently 

increased blood flow and a drop in blood pressure. Heart 

rate and muscle activity increase as blood flow increases 

and electrical impulses in muscle and pacemaker cells are 

enhanced. [37]  

Humans have a high tolerance for theobromine because 

enzymes in the liver are able to metabolise methylxanthines 

efficiently and remove them from the body - in our bodies, 

the half-life of theobromine is around 2-3 hours. In dogs 

however, the half-life is 18 hours. [38] Metabolism in the liver 

occurs more slowly than in humans, as dogs do not possess 

the correct enzymes required to process methylxanthines, 

which means theobromine is able to build up far quicker. 

When there is too much theobromine, its stimulant effects 

are enhanced and the dog suffers from heart arrhythmias, 

muscle spasms, and eventually seizures and death. [39] 

The difference between theobromine’s effects on dogs 

compared to humans can be attributed to differences in 

biology.  Here, theobromine takes advantage of the slower 

rate of metabolism in a dog’s liver and differing enzymes. [40] 

Fundamental differences in biology are the reason poisons 

that may be effective on one living organism may be 

completely harmless on another.  

A more extreme example of this would be the effects of 

antibiotics on bacteria. By targeting vital processes in 

bacterial cells that are not present in human cells, the 

bacteria can be killed with little effect on the rest of the  

 

body. E.g. penicillin weakens and indirectly bursts the cell 

wall of a bacterium to kill it; [41] the absence of cell walls in 

eukaryotic cells means they are minimally affected.  

Furthermore, although chocolate is not highly toxic, 

chocolate poisoning in dogs is relatively common. Cocoa 

and its products are such commonplace in our culture and 

the sheer availability, especially at Christmas and Easter, is 

what facilitates the poisoning of our beloved pets. [42] It 

could, therefore, be said that a molecule’s poisonousness 

can be affected by social factors, and this is further 

discussed in the next section. 

Alternative Factors – Table Salt 

Under ordinary conditions, sodium chloride, or table salt, is 

a remarkably safe compound. In fact, it is an important part 

of our diet that provides sodium ions necessary for the 

transmission of electrical impulses in nerve and muscle cells, 

and aids in the maintenance of homeostasis. [43] However, 

too little salt is a rare problem in modern society. Salt is 

abundant in processed meals and plays a vital part in the 

world of food. Whilst the recommended daily salt intake is 

around 6.0 grams for adults, the average salt intake in the 

UK is around 8.0 grams, and this overshot figure causes a 

range of health issues. [44] 

When there is a high concentration of sodium in the body, 

the kidneys attempt to balance this by retaining water in 

order to dilute it. This increases the volume of fluid in the 

body. Due to blood being around 83% water, this also 

increases in volume, which results in blood vessels and the 

heart being put under increased pressure. Over time, the 

effects of chronic hypertension can damage the artery walls, 

blood clots can form, vessel walls can become stiff or 

narrowed, and the patient’s risk of heart attack or stroke 

increases. [43] 

With a large LD50 of 3g/kg, salt is certainly not considered a 

conventional poison. [45] However, research suggests that in 

2010, the chronic overconsumption of salt influenced 

around 1.65 million deaths and reduced the lifespan of 

many more. [46] Considering that the crude death rate in 

2010 was 7.877 per 1000, it can be approximated that salt 

contributed to over 3% of the total number of deaths in 

2010 globally. [47] The only other substances that kill on such 

a large scale are alcohol and tobacco. For mere table salt, 

such a high death toll means that it could, within reason, be 

considered one of the most poisonous chemicals of all. 

Fig. 3 - caffeine and theobromine are very similar. The only difference is 
that a caffeine molecule has an extra methyl group. Hence, they have very 
similar effects in the body. Caffeine is metabolised into theobromine by 
removing this methyl group. 
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Conclusion 

Everything is poisonous. Any substance, natural or 

synthetic, can function as a poison and it is the dosage of 

said substance that determines the consequences.  

Poisons kill living organisms by targeting and disrupting vital 

processes in the body required to remain alive. This can be 

done in a myriad of ways, but common targets include the 

nervous system (neurotoxins), myocardial tissue 

(cardiotoxins), ribosomes (e.g. cyanide), and cellular 

respiration (e.g. fluoroacetate). When a molecule can do 

this efficiently and effectively, its LD50 is low, and it can be 

considered highly poisonous. These are most dangerous 

poisons.  

Stability is a factor that enhances poisonousness. The longer 

a molecule can remain active in the body or the 

environment, the longer it can expose organisms to its toxic 

effects and the more lives it can affect. 

It is not only scientific factors that should be considered to 

answer this question, and salt and chocolate demonstrate 

this; social factors within modern society affect our 

exposure to different substances. They facilitate the 

overexposure of certain chemicals and unveil their chronic 

toxicity. Their commonplace makes it easy for them to kill.  

Finally, poisons are created when there is a need. Within 

nature, competition creates a need for an advantage that 

leads to the natural selection of dangerous toxins. In society, 

war and conflict, but also the desire to unearth new 

chemicals and antibiotics, pushes the development of 

poisonous chemicals. Some molecules are so poisonous 

because they must be, to fulfil a need. 

Why are some molecules so poisonous? Because their 

sniper-like accuracy in the interference with the human 

body, tailored to their needs and driven by competition, and 

coupled with their exposure to our lives, allow them to claim 

their thrones as masters of death. 

Jennifer Lu 
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Universal Mirrors
 

“Why is nature so nearly symmetrical? No one has any idea 

why.” - Richard Feynman 

Introduction 

We can see symmetry all over the natural world, in our 

animals like starfish, snowflakes and even in the galaxies 

that make up our universe. In Ancient Greece, the circle was 

thought to be the perfect shape, having an infinite number 

of lines of symmetry. To them it was a symbol of the divine. 

For humans, there is innate beauty in symmetry. 

Symmetry 

In everyday life, symmetry is defined as the property of a 

material where identical parts of an object are facing each 

other in relation to a line. In physics, it’s the concept that we 

can perform a transformation onto a system without any 

observable changes occurring within it.  

CPT-symmetry is the symmetry of physical laws under any 

transformations of charge conjugation (C), parity 

transformation (P) and time inversion (T). It states that all 

physical phenomena are identical under these 

transformations. This theorem was first proposed by Julian 

Schwinger in 1951 and alternate proofs were provided by 

Gerhart Lüders and Wolfgang Pauli. 

Charge 

Charge symmetry (or just C-symmetry), for example, is the 

symmetry of all physical laws upon flipping the signs of all 

the quantum numbers of a particle, from positive to 

negative or vice versa. We can consider this as simply 

swapping matter and antimatter. By replacing a particle 

with its antimatter counterpart, we most obviously change 

its charge. A case of C-symmetry is the relationship between 

the elementary particle electron and its aptly named 

positive counterpart, the positron. Both particles have a 

charge magnitude of 1.6x10-19 C and are identical in mass 

and spin. 

Positrons are part of a much wider family of antimatter 

particles, each mirroring a particle in the standard model. 

Antimatter particles are stable in a vacuum, but upon 

colliding with ordinary matter, they go through the process 

of annihilation. During annihilation, both particles disappear 

and release energy equal to the sum of their masses  

Rotating a square by 90°, 180°, 270° and 360° 
has no impact upon what we are able to see 

Chemical reactions produce the same results 
regardless of location in the lab 

Positrons (e+) and electrons (e-) only differ in charge sign 
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multiplied by the square of the speed of light (E=mc2). For 

example, the collision of an electron and positron results in 

two photons, in the form of gamma rays, each with energy 

equal to 0.512 MeV or 8.20x10-14 J. 

Positiveness and negativeness have little consequence past 

the opposite relationship between the two. Inverting the 

charges of positrons, electrons and all other elementary 

particles, or simply changing what we denote as positive and 

negative, produces no change in how our universe would 

function. Living in an alternate anti-universe as an anti-

human reading anti-words on anti-paper would be 

completely indistinguishable from your current situation. 

Parity 

A parity inversion involves changing the sign of one spatial 

co-ordinate and only one. It can also refer to a complete flip 

in all three dimensions. 

One way of thinking about such a transformation is to 

imagine mirroring images. When looking at yourself in a 

mirror, you see an image of yourself that has been laterally 

inverted but remains vertically uniform. 

An interesting example of P-symmetry in the real world is an 

analogue clock. Reading a clock has the same function as 

reading the same clock from behind where an inversion in 

the x-dimension has been made. 

 

 

On the other hand, if a second clock were to be made, in 

which the face has been laterally inverted but the hand 

rotation direction is the same, this would be P-

asymmetrical, as the clock no longer acts in the same way 

as its non-inverted sibling. 

Broken Mirrors 

Less than 10 years after CPT-symmetry’s emergence as a 

valid theorem, exceptions to the rules of C-symmetry and P-

symmetry were discovered. 

Chien-Shiung Wu and her peers performed the cleverly 

named Wu experiment in 1956, which won the Nobel Prize 

in Physics the following year. They showed that the weak 

interaction was the only fundamental force that did not 

follow P-symmetry, the four fundamental forces being the 

strong interaction (which holds the nuclei of atoms 

together), the electromagnetic force (which photons 

mediate), gravity (which attracts masses) and the weak 

interaction (which involves the transmutation of quarks). 

After abandoning a holiday with her husband, the scientists 

set up the experiment involving radioactive cobalt-60 nuclei 

all spinning in the same direction. As these particles decay, 

they emit β-particles (high-speed electrons), which can be 

directed in two different directions. If P-symmetry is to be 

conserved, there should be equal amounts of electrons 

travelling in each direction, but rather astoundingly results 

showed that the left side was favoured; this was an 

unexpected conclusion that diverged from nature’s 

southpaw stance. 

Flipping the y-dimension would have no 

consequence on the universe as we observe it 

Raising your right arm in a mirror causes your 

reflection to raise their left hand 

Reading this inverted clock would still make sense, as 

time travels forwards, from 12 to 3 and then to 6 

This clock does not function the same, as time travels 

backwards, from 12 to 9 
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As described by the standard model, all elementary particles 

have a spin which can either be right-handed or left handed. 

You can work out the handedness of spin by using your 

hands; point your thumb in the direction of the motion of a 

particle, and if your fingers curl in the direction of the spin 

of the particles, it has spins in the orientation of whatever 

hand you used. Neutrinos are a type of elementary particle 

which in ordinary form are left-handed. If we perform a 

parity transformation, they will become right-handed, but 

we have yet to ever observe even a single right-handed 

neutrino. We can thus state that neutrinos violate P-

symmetry. Not only do neutrinos violate one form of 

symmetry, but when taking the charge conjugation of a 

neutrino, C-symmetry is also violated. Left-handed anti-

neutrinos, like right-handed neutrinos, have also never been 

observed. 

Although this does all seem like bad luck, there is a solution 

to this neutrino problem – CP-symmetry. When performing 

both a P-inversion and C-inversion on a neutrino 

simultaneously, you get a right-handed anti-neutrino, which 

do exist! So now, all the laws of physics should function 

identically if all matter is interchanged with its antimatter 

counterpart whilst also inverting its spatial co-ordinates, 

right? Well, kaons provide further problems.  

 

Mesons are composite subatomic particles consisting of a 

quark and antiquark held together by the strong force. 

Kaons, or K mesons, are formed from two quarks, a 

strange/anti-strange quark and up/down quark; they are 

characterised by a property known as ‘strangeness’, in 

which they have a value of ±1. Four versions of kaons exist, 

2 charged (K+ and K-) and 2 neutral (K0 and K0), where neutral 

kaons differ in strangeness. Under the weak force, these 

neutral kaons decay into pions, another type of meson, and 

this decay was shown to violate the combined symmetry of 

charge and parity. This discovery later went on to win the 

Nobel Prize in 1980. A beam of kaons was fired down a long 

tube where short-living kaons decayed before reaching the 

end. At the end of the tube long-living kaons were detected, 

separating long and short kaons. The decay of the long 

kaons did not match what was predicted by CP-symmetry 

and was thus a direct violation. 

Time as the Solution 

Time symmetry refers to reversing the flow of time and still 

observing processes identically. For example, firing a 

gamma photon into a nucleus causes an electron and a 

positron to be ejected. Firing the same pair into the nucleus 

causes a gamma photon to be emitted. However, there are 

rather obvious violations of T-symmetry, one being the 

second law of thermodynamics, which states that the total 

entropy of an isolated system, like our universe, can never 

decrease over time. Entropy is the property of a system 

describing the configuration of the distribution of particles, 

often interpreted as the disorder of a system. 

Our symmetries of charge, parity, charge-parity and time all 

exhibit some examples of invariance. This leads us to rely on 

our final theoretical crutch of CPT-symmetry as a whole. If 

we instead consider charge, parity and time symmetry to be 

separate parts of a larger universal symmetry, CPT-

symmetry has yet to show any apparent violations. In order 

to make a CPT-inversion, simultaneous C, P and T inversions 

must be made, meaning all matter is replaced by antimatter, 

all positions are reflected in one plane and the flow of time 

has been reversed. The universe produced by such a 

transformation would be considered a perfect mirror image 

of our own. 

 

 

Spinning Cobalt-60 emitting electrons in both directions 

Left-handed neutrinos and right-handed anti-neutrinos 

with their long-lost cousins 
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Conclusion 

Symmetry as a feature of our universe is beautiful; we as 

humans are attracted to the idea of symmetry, accepting it 

as some form of perfection. However, as we have explored, 

many things only almost fit our scientific ideas of symmetry. 

This closeness, such a small distinction between the perfect 

and imperfect, is eerie in a sense. For such a large degree of 

physical phenomena, symmetry seems to fit the bill, but 

there are small details that seem to contradict this. What we 

can only hope is that our desire for symmetry does not cloud 

our understanding of the truth. 

Calvin Su 

Further Reading Material: 

Sozzi, M.S. (2008). Discrete symmetries and CP violation.  
 

Griffiths, David J. (1987). Introduction to Elementary 
Particles.  

 
R. F. Streater and A. S. Wightman (1964). PCT, spin and 
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Ultracold Atoms
 

Expanding research in the field of condensed matter, the 

study of the structure and behaviour of atoms which lie in 

between particle theory and astrophysics, and quantum 

states are helping physicists understand infant cosmology. 

Ultracold Atoms 

Ultracold atoms are neutrons which have an energy order 

of 10−7𝑒𝑉 or less and must present with temperatures of 

0K. Reaching absolute zero is practically impossible, because 

this would cause atoms to be completely immobile and 

there would be no net kinetic energy whatsoever. However, 

this cannot be the case since there will be always be a small 

packet of energy present remaining in the system that 

would cause the temperature to rise very slightly over 0K. 

We can also consider Heinsenburg’s uncertainty principle, 

which states, that the more we know a particle’s speed the 

less we know its position and vice versa. That fraction of 

uncertainty would be keeping it above absolute zero, unless 

we used a system as large as our universe.  

If these conditions are met, then we would be able to 

observe the quantum mechanical properties of neutrons.  

Bose-Einstein Condensates 

BEC is a state of matter where gaseous atoms are cooled to 

temperatures of near absolute zero (-273C or 0K), where 

wavefunction interference is visible.  

Gases can freely move and occupy space to fill its container 

and as you lower temperatures towards absolute zero, 

particles lose kinetic energy, moving more slowly.  

But how close can these atoms get?  The Pauli Exclusion 

Principle states that ‘no two electrons in an atom, can be in 

the same state, this is where electrons are occupying a 

subshell such as s, p, d or f, at the same time’. Particles that 

obey the law, known as fermions, have a particle spin of an 

odd half integer, and particles that do not obey this law are 

known as bosons. Bosons are particles with an integer spin 

where they occupy the same quantum state (a system 

characterised by a set of quantum numbers), allowing them 

to exhibit wave-particle duality, where matter presents 

properties of waves and particles at different points in time; 

the entity can be described as both a wave and a particle.  

Let’s think about it like this. Picture the Niagara Falls, and 

focus on one droplet of water at the top of the waterfall. 

The droplet of water is a particle from where it began until 

the moment it hits the water at the bottom, where it begins 

to ripple like a wave. That same droplet of water was both a 

particle and a wave, at different times. This is exactly what 

is happening with the bosons.  

The Bose-Einstein Condensate was theorised by Bose and 

Einstein in 1924, yet only demonstrated by physicists Eric A. 

Cornell, Wolfgang Ketterle and Carl. E. Wieman in 1995.  

How did they create the Bose-Einstein Condensate? 

Alkali metal atoms such as sodium and rubidium-87 are 

isolated in a vacuum as a dilute gas and cooled using lasers. 

Alkali atoms are used because they have a single valence 

electron on their outermost shell which can be easily 

manipulated and trapped in fields. Next, six different lasers 

are fired at the atoms from different dimensions, each laser  
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having a frequency just less than the atoms resonate 

frequency. At this frequency, the atoms are able to absorb 

photons released by the laser source due to the electrons 

opposing the motion of the photons. The energy gained by 

the atom is reemitted as another photon in a different 

direction. This causes the atoms to lose energy and 

momentum and the temperature to decrease.  

The next stage is to cool the atoms to 177nK, using a 

technique known as evaporative cooling. Atoms are held in 

magnetic traps. As they cool, the atoms with a greater 

kinetic energy leave the trap, causing the temperature to 

decrease. The depth of the trap decreases as more atoms 

leave the trap.  

Another way of looking at this can be mirrored with an 

action many of us do every day. When we make a cup of 

coffee, boiling water and adding the coffee, the initial 

temperature of the drink is very high, and it would be very 

painful for us to drink it instantly. So, we begin to blow on 

the drink, so it cools down quicker, which causes a 

disturbance to the equilibrium. In the same way, this is 

exactly what the magnetic cooling is doing. The hotter 

atoms leave the trap as they get disturbed by a ‘blow’ of 

radiation, causing the atoms to reach even colder 

temperatures. 

At this point the gaseous atoms almost lose their ‘identities’ 

and begin to form into a matter that is neither a solid, liquid 

nor gas, coalescing into the Bose-Einstein Condensate.  

 

Using the De Broglie equation we know that the wavelength 

is inversely proportional to the momentum of the photon. If 

the velocity of the photon decreases the wavelength 

increases and therefore as we cool the bosons we see them 

increase in size, overlap and form a large quantum entity 

known as the Bose-Einstein Condensate.  

Why are BECs Cool? 

As with all things in physics that leave you in awe, Bose-

Einstein Condensates are helping us truly understand the 

cosmology of our universe and gain an insight into 

numerous phenomena. 

The idea of atoms all being occupied in only one state is 

what allows us to continue pursuing research in mimicking 

the Early Universe, for example. 

Under recent investigations, scientists have begun to create 

ring-shaped Bose Einstein Condensates using ultracold 

atoms; the growth of the expansions came about so fast 

that researchers were able to hear an audible humming, a 

phenomenon we have seen appear in models which 

reconstructed the cosmic inflation period. 

An unbelievable way to think about the fifth state of matter 

is realising that we are able to create temperatures that are 

up to 100,000 times colder than interstellar space by using 

a laser and a magnetic trap.  

Conclusion 

As simply as it can be said, the Bose-Einstein Condensates 

prove a part of our existence, that something as remarkable 

as the Big Bang occurred. That split second can be analysed 

using a state of matter that a hundred years ago we 

wouldn’t have ever placed forward as an idea. From 

quantum to particle, this field ties together all the areas of 

physics. Can things get any cooler? 

Vithunya Chandrakanthan 

Figure 1 - Mechanism of Magnetic/Optic Traps 

Figure 1 Atoms lose their 'identities' as 
exhibit wave properties 
 

Figure 2 De Broglie's Wavelength Equation 
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Nanotechnology 

 

What is it? 

Nanotechnology is the use and control of tiny matter, 

usually referred to as nanoparticles. These particles are 

measured in nanometres (nm), which is equivalent to a 

billionth of a metre. Nanotechnology usually consists of the 

use and manipulation of structures that are 1-100 

nanometres in size. Some of the nanoparticles occur 

naturally e.g. in volcanic ash; others occur by accident e.g. 

during the combustion of fuels, and many occur by design. 

Properties of nanoparticles 

Nanoparticles of a material show vast differences compared 

to larger particles of the same material. The forces of 

attraction between surfaces can appear to be weak on a 

large scale, but on a nanoscale, they are strong. One reason 

for this is the surface area to volume ratio; in nanoparticles, 

this is very large. Atoms on the surface of a material are 

often more reactive than those in the centre, so a larger 

surface area means the material is more reactive. 

Nanoparticles have a very large surface in comparison to 

their volume, which means that nanoparticles can be used 

as catalysts, which can speed up reactions.  

The diagram below (Figure 2) represents this idea. The cube 

on the left has the same volume as the smaller cubes added 

together. However, the total surface area of the smaller 

cubes is much larger than the surface area of the larger 

cube. Nanoparticles can have the same dimensions as 

biological molecules such as proteins. 

Molecular manufacturing 

Atoms and molecules stick together, as they have 

complementary shapes that lock together or opposite 

charges which attract each other (a positive charge attracts 

to a negative charge). Millions of these particles are attached 

to each other by nanomachines and a product will begin to 

take shape. The overall goal of this kind of manufacturing is 

to alter atoms and place them individually in a pattern to 

produce a desired structure.  

Figure 1 – Examples of nanoparticles 

Figure 2 – Surface area comparison 
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The initial step to be able to create products on such a 

molecular level would be to create nanoscopic machines 

that can be programmed to manipulate atoms and 

molecules at will – these are called assemblers. Trillions of 

assemblers could work simultaneously and eventually 

create products. Using these methods could completely 

remove traditional labour methods. This theoretically would 

decrease the manufacturing costs, thereby making 

consumer goods in a larger stock, cheaper and stronger. It 

is said that over time, through more advancements in 

nanotechnology it may be possible to replicate anything 

from diamonds to water and food. 

Uses of nanoparticles 

Nanoparticles have many uses and are used in many 

“everyday” products. Some are listed below: 

• Sports equipment: nanoparticles are added to some 

materials to make them stronger, as well as lighter. 

They are often used in tennis rackets, golf clubs and 

shoes.  

• Clothing: silver nanoparticles have been added to 

socks. This stops them from absorbing the smell of 

sweaty feet as the nanoparticles have antibacterial 

properties. 

• Healthcare: nanoparticles are also used in 

sunscreens. They offer protection and can be 

rubbed in so there are no white marks. 

• Cells: nanoparticles can be used to deliver genes to 

cells, to treat cancer as well as in vaccinations. 

Nanotechnology could have a massive impact on the 

medical industry, for example patients could drink fluids 

containing nanobots, which could be programmed to attack 

and reconstruct the molecular structure of cancer cells and  

 

viruses. In addition, it is thought that nanobots could be 

programmed to perform delicate surgeries; the benefits of 

this would allow surgeries to be done without leaving any 

scaras. Also, cosmetic surgery could be done by rearranging 

your atoms in a part of your body, which would allow it to 

be altered. 

Nanotechnology is also being researched to help diabetes. 

Researchers are developing methods to release insulin that 

uses a sponge-like matrix that contains insulin as well as 

nanocapsules containing an enzyme. When the glucose level 

rises the nanocapsules release hydrogen ions, which can 

connect to the fibres making up the matrix. These hydrogen 

ions make the fibres positively charged. As all the fibres are 

positively charged, they can repel each other and create 

openings in the matrix through which insulin is released. 

This has only been done successfully in tests with lab mice. 

Also, there has been research on a method to defeat viruses 

using nanoparticles. The way in which this method works is 

that the nanoparticle delivers an enzyme to the virus, which 

prevents the reproduction of viruses’ molecules in the 

bloodstream. 

Nanotechnology against cancer 

Currently, some of the treatments of cancer include: 

• Surgery  

• Chemotherapy 

• Radiation treatment 

Unfortunately, these methods can carry serious side effects, 

for example chemotherapy can cause a variety of 

consequences including hair loss, digestive problems, 

nausea, lack of energy and mouth ulcers. Therefore, there is 

heavy research happening in the nano-technology field. 

Nanotechnologists have come up with methods to cure 

cancer via targeted drug therapies. These methods would 

work if scientists could load their cancer-detecting gold 

nanoparticles with anticancer drugs – then they could attack 

the cancer exactly where it lives. The benefits of such a kind 

of treatment are that there would be fewer side effects and 

overall less medication would be used. Nanoparticles could 

also be adapted to carry targeted and time-release drugs, 

which would allow the medication to be released over a 

planned period to allow for optimum effectiveness whilst 

maintaining the patient’s safety. 

Figure 3 – The actual size of nanoparticles 
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There have been many experiments for the development of 

technology in this field. One experiment used modified 

bacteria cells that were around 20% the size of normal cells. 

These cells were equipped with antibodies that latched onto 

the cancer cells before releasing surges of the anticancer 

drugs they contained. 

Nanoparticles used this way must circulate long distances; 

to achieve this the nanoparticles are conceived to stick to 

cell membranes, get inside specific cells in the body or in the 

tumour, and pass through cells. Therefore, the surfaces of 

the nanoparticles are modified to avoid being recognized 

and eliminated by the immune system. 

It is possible to deliver a drug directly to a specific cell in the 

body by designing the surface of a nanoparticle so that it 

absorbs specifically onto the surface of the target cell. Some 

nanoparticles dissolve easily and the chemicals that they are 

made up of affect the organism, but others accumulate in 

biological systems and stay there for a long period of time, 

which can be dangerous. 

Advantages of nanoparticles 

The size and the surface of nanoparticles can be easily 

manipulated, which can allow for both passive and active 

drug targeting. They can also be made to control and 

maintain the release of a drug during the transportation to 

the target cell and when it has reached the target cell. As 

the amount of the drug can be controlled and altered, it 

allows for very efficient and conserved consumption of the 

drug, which can reduce the side effects endured by the 

patient. Due to the size of the nanoparticles, there are 

various routes of administration, including oral, nasal, 

injection or intra-ocular (within the eyes). Also, as the 

nanoparticles are easily manipulated, targeted drugs may 

have the potential to be developed. 

In addition to the benefits above, nanotechnology has 

potential to bring other major advantages in medicine. For 

example, nanobots could be sent into a patient’s arteries to 

clear away any blockages. Also, with the use of nanobots 

surgeries could become more faster and much more 

accurate, as any injuries could be repaired cell-by-cell. 

Moreover, it could also be possible to heal genetic 

conditions by repairing the damaged genes. Furthermore, it 

could also be possible to tailor drugs at a molecular level to 

make the medication much more effective and reduce side 

effects. 

 

Harmful effects of nanoparticles 

After scientific research, it has been discovered that these 

nanoparticles may be toxic to people. They may be able to 

enter the brain from the bloodstream and cause harm, 

which is why people think that more tests should be 

conducted before the use of nanoparticles of materials are 

used on a wider scale. Nanoparticles can get trapped in 

organs and affect the function of the organ, e.g. the liver. 

The nanoparticles can cross the blood brain barrier, which 

makes them extremely useful to deliver drugs directly to the 

brain; on the other hand, this could be a potential risk as the 

drugs carried to the brain could be toxic to the brain, which 

could lead to serious consequences.   

Some of the dangers that could be caused due to 

nanotechnology include: 

• Economic imbalance due to a lack of cheap 

products  

• Personal risk due to criminal or terrorist 

use/activity  

• Unstable arms race  

• Environmental damage  

• Black market in nanotech 

There is also a huge risk to all the workers that work with or 

using these nanoparticles – it has been made evident from 

US National Institute for Occupational Safety and Health 

(NIOSH) reports that over 2 million Americans are exposed 

to high levels of these particles and this figure is likely to rise 

to 4 million in the future. Additionally, as the use of 

nanobots increases there could be the possibility that new 

toxins and pollutants are created, which could have serious 

consequences. Also, nanotechnology could have adverse 

economic effects, for example, initially the products made 

because of nanotechnology would be expensive and 

luxurious, but once availability increases, older technologies 

and materials may become obsolete, which can cause many 

companies to go out of business. Another economic effect 

that the use of nanotechnology may bring is that there will 

be changes in the manufacturing process, as many of the 

nano-products would be made by machines due to their 

miniature size. This will result in many job losses.  

Furthermore, another risk that could occur due to the 

introduction of nanotechnology is its misuse, e.g. 

nanotechnology could be weaponized, which would mean 

that atomic weapons would be easier to construct and could 

revolutionize bullets. “Smart Bullets” is a potential creation  
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from nanotechnology. They are computerized bullets that 

can be controlled and aimed very accurately. Though this 

kind of bullet would be very advantageous to the military, if 

it fell into the wrong hands then the consequences would 

be dire, hence why many people are firmly against the use 

of nanotechnology. 

As well as the above, another risk of nanoparticles is that 

nanoparticles have a very large surface area compared to 

their volume, which means that they can react very quickly 

and also speed up the rate of reactions. However, it is feared 

that they could speed up reactions in living things in 

unpredictable ways, which could result in illness and death. 

Conclusion 

From the research that I have conducted it is evident that 

nanotechnology has several advantages and can improve 

human life in many ways. For example, due to molecular 

manufacturing it could be possible that food and water can 

be replicated and labour costs of products could be 

completely diminished. Also, the products created by 

nanotechnology would be a lot stronger and cheaper than 

existing products. In addition to this nanotechnology can 

massively benefit the medical field; surgeries could be 

carried out on a molecular level, which would result in no 

scars being formed and allow doctors to conduct surgery on 

a finest level. Also, cosmetic surgery could be improved. On 

the contrary, the use of nanotechnology could have 

negative impacts on human life, such as economic damage, 

job losses and companies going out of business. Moreover, 

the use of nanotechnology could harm the human body. 

Due to their small size, nanoparticles can pass through many 

surfaces, for example into the brain, and cause harm. They 

could also get trapped in organs and cause harm to the 

organ, disrupting its function. Furthermore, another danger 

nanotechnology possesses is misuse, for example this type  

 

of technology could get into the wrong hands and could be 

weaponized and cause harm to humans. Finally, I personally 

believe that before the commercial use of nanotechnology 

begins adequate tests need to be done. 

Karanjot Chhatwal 
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Nanorobotics in Medicine 

 
Nanorobotics: The technology of creating machines or 

robots at or close to the scale of a nanometre. 

This emerging field of robotics is one that will be crucial for 

the development of medicine in the coming years. This is 

because nanorobots, since they are around a nanometre in 

size, will be able to easily move around not only the body, 

but also cells, since nanorobots can be as small as 2 to 3 

orders of magnitude less than most human cells. This will 

allow for completely new, precisely controlled diagnostics 

and treatments of diseases. 

The most promising recent breakthroughs involve the 

directing of swarms of nanorobots using magnetic fields. 

Other attempts using methods such as ultrasound have the 

potential to cause stress to cells, which could cause severe 

damage after many treatments. Fortunately, this does not 

happen with weak magnetic fields. 

One such study in Canada at Polytechnique Montréal, 

Université de Montréal and McGill University involved the 

use of modified Magnetococcus Marinus bacteria as 

nanorobots. The teams added magnetic iron-oxide 

nanocrystals to act as a compass, allowing them to direct 

the nanorobots to the cancerous tumours that they were 

targeting in mice. Using an external magnetic field that they 

generated, they were able to get up to 55% of the 

Magnetococcus Marinus MC1 cells to hypoxic regions of the 

tumours. Hypoxic regions are areas that have depleted 

oxygen, which makes them resistant to standard treatments 

such as radiotherapy. This is a vast improvement over 

current chemotherapy, which targets the whole body, even 

unaffected regions. This means that far fewer 

chemotherapy drugs are required, and they are far more 

effective at damaging the tumour. There are no known side 

effects beyond those of chemotherapy drugs not being 

deployed to the tumour with 100% effectiveness, so 

potentially damaging the cells near the tumour; however, 

without human trials, it is impossible to say for certain if this 

will be the case in a real-life situation. 

The nanorobots used in this study, though, are in some 

senses not ‘true’ nanorobots. They are effectively just pre-

existing cells, with a magnet and some chemotherapy drugs 

attached. The usage of ‘true’ nanorobots lies much farther 

in the future. However, progress towards fully synthetic 

nanorobots is very much being made. At the Center for 

Nano Science and Engineering in India, experiments have 

been done using helical ‘nanomotors’, also using magnetic 

fields to control them. The experiments were done with two 

sizes of structure, one 250 nanometres and the other 400 

nanometres. The team was able to show that by rotating a 

magnetic field, their movement could be controlled. Not 

only could the nanomachines be used as effectors, but they 

could also be used to measure values such as the viscosity 

of the fluid they were in, which is data never seen before in 

medicine. They also found that the smaller structures were 

easier to control, which is encouraging, as it suggests that if 

smaller structures could be made, not only would they be 

able to fit into a greater range of areas, they may also work 

better than larger structures. 

Another barrier to the creation of successful nanorobots, 

however, will be energy. Currently, we do not have power 

sources that are small enough to successfully be attached to 

a nanorobot, allowing it to independently carry out its task. 

This is why the piggybacking of existing bacterial cells that 

already have natural power generation through respiration  
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is so effective – it allows you to effectively skip a large 

proportion of the major barriers with nanorobots: power 

generation, propulsion and materials to use, to name a few. 

In fact, one of the most likely forms of power generation for 

fully artificial nanorobots may be biological power, through 

digesting small amounts of bodily tissue in order to release 

energy to power the nanorobot. The amount of tissue 

needed would be so tiny that it would be insignificant, and 

this would mean the nanorobot would not have to have a 

large, built-in power source, which could drastically increase 

the size of it. 

However, none of the problems with the function of 

nanorobots are as crucial as the issues surround their 

disposal. This becomes rapidly apparent if we consider a 

world where we use nanorobots very frequently in 

diagnostics and treatments. They could be very quickly 

delivered by injection into a vein, from which they would be 

able to travel around the body until they reach their target. 

They would then perform their function, and finally become 

detritus in the bloodstream. After one treatment, this might 

be fine. On the other hand, after repeated treatments, if all 

the nanorobots you had ever used remained in your blood, 

as there is no way to remove and reuse them, there would 

start to be serious issues with circulation and oxygen supply 

to cells. Therefore, nanorobots must be made so that the 

body can dissolve them after they have completed their 

purpose, and either use them as nutrients, or excrete the 

leftover parts, as appropriate. One way to do this would be 

to use silicon nanolayers. As silicon naturally wears 1-3 

nanometres away a day, a nanolayer can disappear in a very 

short amount of time, leaving just silicic acid – found 

naturally in bodily fluids. 

Another good possible material for nanorobots would be 

DNA, since it is found in our bodies normally. Also, since it is 

such a complex molecule, with many different possible 

interactions, it could allow for the complexity required for a 

nanorobot to function, at a small enough scale. A team at 

Caltech have actually already managed to create a 

functioning molecule sorter and mover using DNA. The 

robot works on the principle that one DNA strand with the 

right sequence of bases can cause two partially ‘zipped’ 

sequences to ‘unzip’. Using a molecular ‘pegboard’ they 

were able to cause the robot to (slowly) pull itself around  

 

the board with 2 different ‘legs’, each with different base 

sequences. The sequences on the pegboard would also tell 

the robot if it needed to pick up one of the molecules 

attached to the board, or if it needed to drop one off. This is 

far from a fully functional, independently operating 

nanorobot, but it does show proof of the concept that DNA 

is definitely a viable material to use to create nanorobots, 

not only from the perspective of wanting to use natural 

materials, but also because it can be used to create fully 

functional, complex nanorobots. 

Overall, nanobots are a very exciting technology, that have 

the potential to revolutionise medicine, both through 

diagnostics, and being able to provide us with completely 

new data, that could be highly localised or body wide, and 

through treatment, as they will be able to efficiently and 

actively target very specific regions, in order to perform 

functions of repair, or of direct destruction of harmful cells, 

bacteria or viruses. However, the dream of nanorobots 

being able to treat everything appropriate with ease is 

currently a long way off. There are many independent 

laboratories across the world doing ground-breaking 

research into all different areas of nanorobots, from 

targeting, to production, to materials, hopefully meaning 

that we can make an impact on people’s everyday health 

issues with nanobots as soon as possible. 

Charlie Anderton 
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Sarcoptic Mange 

 

Have you ever seen an animal with drastic hair loss and 

crusted itchy skin? Or noticed those symptoms in your pet 

or yourself? 

Sarcoptic Mange, which can also be known as ‘Canine 

scabies’, is a highly contagious skin disease found commonly 

in canine animals, both domestically and in the wild. At the 

moment it has been recorded that over 100 different 

species suffer in a range of countries from Europe, North 

America, Australia and Africa due to migration of the human 

population and their pets. But did you know that humans 

are also at risk of getting the Sarcoptic Mange? 

 

Sarcoptic Mange is caused by a parasitic mite called 

Sarcoptes Scabiei. An impregnated female burrows into the 

stratum corneum (outermost layer of the epidermis) and 

deposits her eggs, producing very itchy skin rashes. The mite 

uses her mouth parts and cutting surfaces on her front legs 

to burrow and then attach with suckers on her feet. The 

larvae deposited hatch in 3-10 days and live on the hosts’ 

skin through their lifecycle of three to four weeks. Such a 

short lifecycle and quick rate of reproduction means that 

the disease spreads quickly around the organism’s body 

through the help of scratching. After around 30 days of 

being infected, the presence of larvae in the skin activates 

an allergic response, making the skin even more itchy and 

inflamed. 

The diseased animals start to scratch their skin incessantly, 

leading to hair loss. However, affected animals and humans 

are then more prone to secondary infection due to a 

weakened immune system and poor hygiene conditions.  

 

Veterinarians diagnose this condition by taking skin 

scrapings from multiple areas and using a microscope to 

search for an y mites. However, this method is not always 

reliable as mites can be found in very low numbers due to 

being chewed or scratched away by the animal. Here, they 

diagnose the disease by looking at symptoms of infection. 

One simple test called “pedal-pinna reflex” can be used, 

where the dogs moves its hind leg in a circular scratching 

motion whilst being scratched behind the ear. Alternatively, 

a ‘serologic test’ can be used, which is where a sample of 

blood is analysed in search for specific antibodies. 

Diagnosed animals should be isolated to prevent contact 

with other animals, which could spread the mites.  
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Animals and humans will be most commonly treated by a 

scabicidal shampoo to kill the mites. However, this shampoo 

does not kill the eggs, so an ongoing treatment is required 

to kill all of the mites. There are various forms of different 

‘scabicidal dips’ that are used as treatment such as: 

invermectin, selamectin, and doramectin. Multiple 

treatments may sometimes be used as the mites develop 

resistance. Oral medication can also be an option for 

animals but needs to be carefully regulated by the vet as 

high doses can be toxic to the animal. To prevent the risk of 

any humans getting the Sarcoptic Mange, they should 

thoroughly wash their hands after any contact with affected 

animals. 

Even though the Sarcoptic Mange is easily treated and 

controlled in domestic animals and humans, it is much 

harder to control in wild animals. Because of this, many 

species are lowering in numbers, and this may lead to 

negative consequences if the canine population drastically 

lowers.  Therefore there are many wildlife management  

 

 

projects where veterinarians and other scientists are 

working together to stop the spread of the Sarcoptic mange. 

Maria Fedorova 
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The Hunt for New Earth
 

Prior to 1992, the only planets that astronomers were aware 

of were within our Solar System. It was always assumed that 

others were out there, but yet to be detected and found. 

Today we know of almost a thousand planets orbiting other 

stars. They come in a wide variety of sizes; some are smaller 

than Earth, and others are more massive than Jupiter. Some 

are found around solitary stars, whilst others are located in 

multiple star systems. In those systems, there can be 

individual or even multiple planets in orbit. In fact, recent 

surveys suggest there are planets orbiting every single star 

in the Milky Way Galaxy. 

The first extrasolar planet was discovered in 1995. It was 

found orbiting a pulsar, which is a dead star that rotates 

rapidly, firing out bursts of radiation on an eerily precise 

interval. As the planets orbit the pulsar, they pull it back and 

forth with their gravity. This slightly changes the wavelength 

of the radiation bursts streaming from the exotic star. 

Astronomers were able to measure these changes, and 

calculate the orbits of multiple planets.  

There are various methods by which new planets can be 

detected, one of these being the Radial Velocity Method. 

The golden age of extrasolar planet discovery began in 1995 

when a team from the University of Geneva discovered a 

planet orbiting the nearby star 51 Pegasi. Astronomers used 

spectroscopy to break up the light and reveal the elements 

in its stellar atmosphere. They carefully measured how the 

wavelengths of light were Doppler-shifted over time, and 

used the Radial Velocity Method to calculate the star’s 

average motion. In doing so they discovered slight 

variations, as if something was pulling the star towards and 

away from us. This “something” was soon discovered to be 

a planet. In fact, this planet was unlike anything we have in 

the Solar System. 51 Pegasi B has about half the mass of 

Jupiter and it orbits much closer to its parent star. Closer 

even, than Mercury to the Sun. Before this discovery, 

astronomers did not even think that it was possible for 

planets to orbit this close, and were therefore forced to 

revise their theories on planetary formation. 

Another method that astronomers use to find planets is 

called gravitational microlensing. It works by carefully 

measuring the brightness of one star as it passes in front of 

another. The foreground star acts like a lens, focusing the 

light with its gravity and causing the star to brighten for a 

few hours. If the foreground star has planets, these will 

create a spike in the light signature coming from the event. 

The most successful method is the Transit Method. This is 

where telescopes measure the total amount of light coming 

from a star, and detect a slight variation in brightness as a 

planet passes in front. Using this technique, NASA’s Kepler 

Mission has turned up thousands of candidate planets. 

Including some less massive than Earth, and others in the 

star’s habitable zone. From the Kepler data, it’s just a matter 

of time before a habitable is uncovered, an Earth-sized 

planet, orbiting a Sun-like star within the habitable zone. 

There is another method in the works that would allow for 

the discovery of extrasolar planets – the use of 

coronagraphs. This technique has been used to observe the 

Sun’s atmosphere, but it requires much more precision to 

see distant stars. One idea is to position a sunflower-shaped 

starshade in space, 125,000 km away from the observing 

telescope. This shade would just cover the star, dimming it  
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by a factor of 10-billion. Light from the planets would leak 

around the edges. A sophisticated instrument could even 

study the atmospheres of these planets, and possibly 

provide us with evidence of life. 

So, what makes a planet habitable? In order for a planet to 

sustain life, it has to be a comfortable distance away from a 

star. Around a star, there is a region of space known as the 

‘habitable zone’, where a planet can maintain liquid water 

on its surface. If a planet lies in this region, then there is a 

reasonable chance of life on the surface. However, if life 

could exist without water in a certain part of the universe, 

then the definition of a habitable zone would change 

drastically. Also, since a star becomes more luminous as it 

ages, a planet must be further away from it in the habitable 

zone to sustain life. 

It is important for a planet that its closest stars are stable in 

terms of their luminosity. Although every star’s luminosity 

increases with time, it should not be too severe, or else it 

would result in the burning of its closer orbiting planets. 

Since Earth is a habitable, terrestrial planet, it is assumed 

that a planet must be made up of rocks, and not gases. 

Therefore, we don’t expect to find life on gas giants like 

Jupiter, Saturn and Uranus. Although there could be life on 

the cloud-tops of such planets, it is highly unlikely, as there 

is no surface and the value of g (gravitational field strength) 

on these planets is very high. A planet with low mass is not 

suitable for habitation as low mass means a low value for g. 

Weaker gravity means that the planet will not be able to 

retain an atmosphere, as constituent gases will easily reach 

escape velocity and be lost in open space. However, there 

are some exceptions to this condition; one of Jupiter’s 

moons, lo, is a small celestial body, yet is volcanically 

dynamic and has distant chances of harbouring life. 

A planet must also rotate on its axis, allowing it to revolve 

around its parent star, to be habitable. Furthermore, if life 

on the planet is to be given a chance to evolve, certain other 

conditions have to be met in its rotational motion. For 

example, there should be some axial tilt perpendicular to its 

orbit, which will result in seasons on the planet. To sustain 

any type of life, a planet requires a rapidly rotating magnetic 

field to protect it from flares released by nearby stars. This  

 

 

is what we call the core of the planet. A planetary core is a 

source of geothermal energy, which allows the cycling of 

raw materials, and spawns a magnetic field around the 

planet to protect it from harmful radiation. 

So, have we found a planet capable of sustaining life to the 

degree that Earth has? Not as such, but using the methods 

discussed earlier, we could well be on our way to spreading 

the human race across the universe all too soon. 

Aaron Tse 
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Humanity’s Action to Address Global Warming
 

The unavoidable change required to avert disastrous global 

warming is to reduce global emissions of greenhouse gases, 

mainly carbon dioxide and methane, until we reach a 

carbon-neutral economy. However, current actions to 

mitigate emissions fall short of what is needed, with current 

pledges predicted to bring about 3.6°C of warming. A variety 

of techniques are needed to cut our planet’s addiction to 

the various prosperous systems that belch out greenhouse 

gases, shown by Figure 1.  

Culture 

The last few years have seen a gradual rise in the popularity 

of ‘eco-friendly’ products, such as wood-burning stoves and 

electric and hybrid cars. However, these considerations are 

only th e first steps in climbing a mountain of emissions that 

can be reduced by changes in the public attitude. Changes 

mainly need to be made in the Western culture, which has 

higher emissions by far, per capita, compared to that of 

people in developing countries. 

Some of the biggest culprits of global warming are cattle, 

which emit extraordinary amounts of methane into the 

atmosphere, and account for a large chunk of agricultural 

emissions: “calorie for calorie, beef causes roughly 50x the 

greenhouse emissions of beans or grains”. The populations 

of advanced countries generally eat more red meat than is 

healthy anyway, so a cultural reformation to turn people to 

a diet based more on poultry and vegetarian food could 

have a huge impact in the effort to reduce global warming. 

The world is generally wasteful with its food – incredibly, 1/3 

of all the food produced on the planet gets lost or wasted 

annually, with most of that in the West. UK households 

waste the equivalent of six meals per week, meaning many 

emissions from agriculture are unnecessary; they account 

for almost ¾ of all wasted food. This wastefulness can be 

eliminated through strict meal planning, and also the ban of 

use-by dates. Masses of edible food are thrown out just 

because the use-by date has passed, and fresher food is 

readily, cheaply available. Only four countries in the world 

consider sustainability in their dietary guidelines, so a large 

impact can be made on the culture and reduce agricultural 

emissions in this way – someone eating a standard, meat-

heavy UK diet could reduce their emissions by 17% by 

consuming fewer animal products and more fruit and 

vegetables. Improved efficiency will also mean a small 

reduction in demand for staple foods, which could greatly 

help the world’s poorest food-stressed populations, 

whereas these changes can improve the health of Western 

populations. The benefits of a cultural change in diet are 

massive, there are no disadvantages, so the question isn’t 

should we make an effort to cause this cultural change; it is 

how soon can an impact be made. 

Figure 1 (Environmental Protection Agency) 
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More work can be done in terms of transport and reducing 

emissions there. Air travel is a very carbon-expensive form 

of transport, and Western culture needs to wean itself away 

from the airplanes. For example, businesses can cut both 

costs and emissions through teleconferencing, 

holidaymakers by prioritising local destinations that can be 

reached by train or car. Public transport is ever improving, 

and commuter emissions can be cut massively as people rely 

less on their car and more on trains to get to work. Overall, 

there is potential for culture to make a large impact on 

transport emissions, but moulding transport culture is 

harder than diet – no-one wants to be told where to go on 

holiday – so the effects in this area are likely to be limited. 

The turn towards eco-friendly products reveals the problem 

that we are currently countering; it is simply easier and 

cheaper for the public to choose traditional products with a 

large carbon footprint. People currently suffer from a 

‘tragedy of the commons’ effect, where they feel that any 

effort they make to help the climate will have little or no 

effect on the large scale, and others who do not make an 

effort to help the climate will benefit from cheap products 

and hence gain a higher quality of life – as no-one wants to 

be on the loser’s side, everyone continues with their high-

emission lifestyle despite being perfectly aware of long-

term repercussions. This individual-group relationship is 

actually one of the main drivers of greenhouse gas 

emissions, as not enough people are willing to sacrifice their 

short-term gains for the long-term reduction of global 

warming, which will have the largest effects long after most 

of the current world population is dead.  

How can this culture be changed, as it is so crucial? Culture 

is a resistive force which government regulation has limited 

effect on. Environmental awareness campaigns are a good 

solution, but they need to be conducted with focus on 

emotions as well as facts; the population today too easily 

forgets that it is our children who will shoulder the true 

weight of climate change, yet a significant cultural shift now 

could be life-changing for them. Media such as newspapers 

should be advised to not ignore the reports of how climate 

change is affecting us now – take the recent hurricanes 

Harvey and Irma, which were almost certainly worsened by 

climate change. The public is already aware of climate 

change, but they must be persuaded not to dismiss it as 

some distant doomsday we either can’t or shouldn’t do 

anything about, but as a real, present-day threat that we can 

all do something about. 

 

Electricity 

By far the area technology can most help in reducing 

emissions is the generation of electricity, where 67.2% of 

electricity is from fossil fuels (see Figure 2), which when 

burnt release carbon dioxide into the atmosphere. An 

increase in carbon-free electricity could go a long way to 

cutting emissions in this sector. Biofuels are a new idea for 

a carbon neutral fuel source which will require little change 

in the current fossil fuel-based energy industry; the growing 

of biofuel crops extracts atmospheric carbon dioxide 

through photosynthesis, which is then stored in compounds 

in the plant until burnt as a fuel. Unlike fossil fuels, the CO2 

released from combustion of biofuels has no overall effect 

on the CO2 in the atmosphere as it was extracted in the 

growing. This is a very promising energy solution, although 

there are a few drawbacks: primarily, growing biofuels 

requires arable land that would otherwise be used for food 

production, meaning there is less food in total, worsening 

the food security crisis suffered by millions. Additionally, the 

idea that biofuels are ‘carbon neutral’ is not quite true, since 

there are emissions during transportation of the crops. As a 

result of all these factors, biofuels could be a good way to 

move away from fossil fuels and towards cleaner energy, 

but they are no long-term solution. 

Nuclear power is another option, first capitalised upon in 

the late 20th century; with no greenhouse gas emissions, it 

can generate variable amounts of power required, so in 

terms of climate change it has extremely high potential. 

However, it currently only generates around 12% of energy 

due to a few factors: the technology is linked to weapons of 

mass destruction, the highly radioactive waste is difficult to 

dispose of, and the crucial ingredients uranium and 

plutonium are rare. However, in the coming century the 

need for clean energy may force governments and energy 

providers to deal with the disadvantages of nuclear power.  

Figure 2 – sources of global electricity 2010 
(Centre for Climate and Energy Solutions) 
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The symbol of green energy, wind and solar power, 

currently accounts for only 4.4% of electricity generation, 

simply because the energy generation is unreliable, and 

they are fairly expensive to install. However, the technology 

is improving to make them a cheap, usable alternative to 

fossil fuels. Currently, due to their expense and unreliability, 

there is probably only going to be a gradual, long-term 

increase in generation from these sources, despite them 

having no environmental disadvantages. Perhaps until 

renewable energy can supply a majority of our electricity, it 

would be wise to invest in nuclear power to pick up the slack 

released by fossil fuels for the next century until renewable 

energy is ready for the challenge. 

The rate at which we can cut our energy-related emissions 

is currently limited by economic power and technology. 

Renewables could become a key energy source if high-

efficiency, large-scale batteries are invented that could 

store energy until it is needed, unlocking possibilities for 

massive solar farms in North Africa which export their 

energy around the world. The invention of energy-positive 

fusion would be another silver bullet, a clean source of 

energy with no disadvantages other than cost of installation. 

However, ITER in France is still a long way from achieving 

this, and we are nowhere near super-efficient batteries, so 

the action we plan to reduce greenhouse gas emissions 

must be based on the options that we currently have; using 

a combination of nuclear power and biofuels to sate our 

world’s energy needs until viable renewable options, or 

other technology, becomes available. 

Agriculture, Forestry, and Transportation 

Almost a quarter of global emissions are a result of 

‘agriculture, forestry and other land use’. Although 

biological carbon sequestration (carbon stored in plants and 

soil after photosynthesis) acts as a net sink of GHGs, there is 

still much that should be done in improving land use, to aid 

with controlling the greenhouse effect.  

Deforestation is a serious issue – 46-58 thousand square 

miles of forest are lost each year, through activities such as 

unsustainable logging for timber, clearing land for 

agricultural use, and fires. This deforestation ultimately 

ends in the burning of the plants there, and the release of 

carbon stored in biological molecules. Additionally, the 

destruction of forests means plants that would otherwise 

continue to photosynthesise and extract carbon dioxide  

 

from the atmosphere – mitigating emissions – do not do so, 

hence leading to a preventable rise of carbon in the 

atmosphere. The world needs tougher laws regarding land 

use, to protect the forests and wild areas that remain, in 

order to aid with reducing net GHG emissions – and also 

protect the incredibly diverse habitats of rainforests. 

Additionally, to help forests recover after natural or human-

induced forest disturbances reseeding of vegetation and 

trees can help forests recover more quickly, and extract 

carbon dioxide during their growth. 

Standard arable farming of crops is a good sink of carbon, as 

the constant photosynthesis and growth of plants removes 

carbon dioxide for chemical reactions. However, an overuse 

of fertilisers is the main source of nitrous oxide (N2O, a GHG) 

emissions. It can also lead to eutrophication, which although 

does not affect global warming on any significant scale, is a 

destruction of habitats that should be avoided where 

possible. Governing bodies should introduce more strict 

regulations concerning fertiliser use, perhaps compensating 

with an increased use of crop rotation with legumes, which 

naturally restore nitrogen to the soil.  

Pastoral farming, of cows in particular, leads to emissions of 

methane (CH4) from their flatulence, a GHG which although 

is emitted less than carbon dioxide, is more potent in the 

greenhouse effect. As explained earlier, meat (and dairy) 

farming is a highly polluting agricultural activity. Worst of all 

is the intensive farming of cows, feeding them on grain, 

which leads to a net loss of energy in food due to moving up 

a trophic level, meaning the land is more inefficiently 

farmed than if the crops had been directly used for human 

food. Beef farming is putting increasing pressure on food 

insecure areas through this way, as well as the whopping 

GHG emissions – but previous attempts to alter dietary 

advice to reduce consumption of red meat have been 

thwarted by lobbying from powerful meat producers. As 

soon as 2025, sustainability and environmental wellbeing 

must supersede the needs of wealthy meat companies; a 

substantial reduction in the intensive farming of cattle is 

needed, maybe using goats to provide an alternative to 

dairy products, and a general reduction in beef consumption 

could have huge positive effects for the environment and 

food insecure areas. 

Perhaps the trickiest 14% of global emissions to be cut 

are those from transportation, due to its crucial role in 

our modern economic society. Electric cars are becoming  
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more common, and transport by train is both efficient 

and relies on electricity. However, both of these green 

options are dependent on the improvement of energy 

production to be carbon free, since otherwise this is just 

a convoluted route to carbon emissions in coal power 

stations. This is a likely possibility, with the UK planning 

to ban the sale of new petrol and diesel cars and vans by 

2040, and many other countries considering the same. 

The difficulty comes with ships and airplanes. There is no 

viable alternative technology for either type of vehicle 

that would enable them to be carbon free, although 

there may be potential biofuels for planes. Until then, the 

only change to be made in these areas is a cultural 

reduction in goods shipped in from afar and a reduction 

in air travel. It seems that though much of transport 

emissions can be reduced, culturally and with clean 

technology in public and private transport, planes and 

ships’ emissions cannot be much affected, since these 

routes of transport are essential to the global community. 

Industry 

Over a fifth of global emissions come from industry, an area 

often overlooked, as industrial emissions are tricky to 

reduce, and cannot simply be cut since they are the only way 

that the world produces most of its products. One option is 

to fit Carbon Capture and Storage (CCS) to the most emitting 

factories; however, this is a relatively underdeveloped 

technology that is not in wide circulation. 

Improvements in efficiency are dependent upon companies’ 

R&D, and there are two ways to effectively encourage this. 

Firstly, through culture, as consumers prioritising 

sustainably-produced items, with low carbon footprints, 

provides an economic incentive for the industry to switch to 

more eco-friendly production. This could be aided with the 

creation of a new scheme, which would assess the carbon 

footprint of products and show the result on the packaging, 

so the consumer could make a more informed decision 

about what they buy in the interests of the environment, 

causing a movement towards more low-emissions products. 

If consumers are the ‘donkey’s’ ‘carrot’, then the ‘stick’ 

would be carbon tariffs. This is the idea of putting a ‘carbon 

tax’ on industries that release lots of greenhouse gases, 

hence providing the economic incentive to switch to low-

emission methods of production. Already, these carbon  

 

taxes have been introduced in some places, such as the EU. 

However, these are highly ineffective, as the price on carbon 

is so low – sometimes free – that they have failed to drive 

emissions reductions. Why? They are afraid that carbon 

taxing will make their industries uncompetitive with 

unrestricted foreign producers. This can be solved with the 

use of carbon tariffs on imports from other countries; 

imposing border taxes on imports from abroad, to make the 

price on carbon effective but keep your industries 

competitive. This idea can have a multiplying effect, since as 

soon as enough countries use the carbon tariffs it provides 

an incentive for other countries to do the same; “better to 

collect the carbon tax yourself, than see it go to another 

country from your exports”.  

This method could be used to corral even resistant 

countries, such as Trump’s USA, into moving away from 

emissions-intensive industries, and to have a real effect in 

reducing the industrial greenhouse gas emissions. It is 

dependent upon a large number of countries joining in, 

since a lone country will be exported to less due to the 

border taxes and the price of goods in that country would 

rise; however, an international collaboration to support this 

is very feasible, and would effectively give strength to the 

efforts to cut global greenhouse gas emissions. 

Insulation 

A surprisingly large 6% of emissions come from ‘buildings’, 

meaning “burning fuels for heat in buildings or cooking in 

homes”. This is quite hard to mitigate, but one interview 

reveals a potential course of action. The man explains that 

heating his home in winter uses amounts of fuel comparable 

to that for powering his car, and that the main cause of this 

was poor insulation. Many older buildings are poorly 

insulated, costing owners and the environment much extra 

fuel consumption, by the carbon dioxide released when the 

fuel is burnt for heat. Cooking in homes is also likely to soon 

become less of an issue, due to a rise in popularity for 

electric stoves, which can be carbon-free but are dependent 

upon electricity generation being emissions-free. 

In general, improving the efficiency of buildings is difficult to 

do with retrofits; modern houses are better insulated, and a 

rise in ‘smart’ energy-efficient homes is spreading across 

developed countries. This section of emissions cannot be 

reduced any more than is natural, and through a growing 

cultural demand for high efficiency homes. 
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Developing Countries 

Currently, more developed countries account for the most 

emissions per capita, the highest regions being North 

America, Oceania, Western Europe and Eastern Asia. In 

comparison, the least economically developed countries, 

particularly in Africa and South America, release the least 

emissions per capita. As a result, most of the focus on 

reducing greenhouse gas has rightly been in those with the 

lowest efficiency; in 2012 the top 10 GHG emitters 

accounted for over 2/3 of the total GHG emissions. Reducing 

the wastefulness in this lifestyle and finding alternatives for 

energy generation will be very effective. 

However, the route to slashing emissions and bringing 

warming down to 2 degrees is at risk of jeopardy by 

developing countries. A common perception in less 

developed countries is that the current western lifestyle – 

high energy consumption, a high proportion of meat in the 

diet – is the desirable lifestyle, the ultimate goal after the 

countries develop. This poses a serious risk to efforts to 

prevent climate change; as more countries industrialise, 

they feel that it is ‘their turn’ to enjoy the benefits of mass 

production, just as they have seen China do in the new 

millennium. They are looking to have massive energy 

infrastructures built on electricity from coal burning, to 

enjoy luxurious (wasteful high-emissions) lifestyles. 

This cannot be allowed to happen. Currently 158 countries 

are classified as ‘Emerging and Developing’ or ‘Least 

Developed’. If just ½ of these countries develop this century, 

they will outnumber the current ‘Advanced Countries’ by 2 

to 1, resulting in at least doubling emissions, and sabotaging 

all efforts to reduce the carbon dioxide in the atmosphere. 

A shift in agriculture towards pastoral farming would have 

the same negative effect. Cows in particular release huge 

quantities of methane into the atmosphere, a potent 

greenhouse gas. In addition to this, farming animals is far 

less efficient than crop farming, since far more land is 

required to grow the crops to feed the animals than just 

eating the crops ourselves. This is likely to lead to people in 

these developing countries clearing forests in order to grow 

food for their animals, and clearing forests also causes 

emissions, as now they are no longer sucking carbon out of 

the atmosphere for photosynthesis, but are probably being 

burnt for energy and releasing all the carbon they have 

absorbed back into the atmosphere. 

 

The behaviour of developing countries cannot be predicted; 

some, such as China, are serious about limiting emissions 

because of detrimental effects to their nation through air 

pollution, rising sea levels and extreme weather. Others may 

be determined to develop, no matter the cost for the world, 

due to a great lack of climate awareness in these countries 

which have for so long had miniscule GHG emissions.  

The only upside to the problem posed by countries that will 

develop this century is that they have not yet built a 

massive, complex society with fossil fuels bound in at every 

point, as is the case in developed countries like the G7. 

Development is good, but there must be international 

collaboration to assist these countries to grow into clean, 

carbon-free economies. Perhaps a new climate summit 

needs to take place to help these countries find alternative 

ways to develop, and trade links to supply them with 

alternative energy production technologies, or the efforts to 

limit global warming are doomed. 

Summary 

Reducing emissions is an absolute must when we consider 

how to address global warming, if we wish to avoid the 

devastating consequences climate change could cause. 

Although there are many routes to stemming global GHG 

emissions, and all should be attempted, there are some 

which are more crucial than others and therefore this is 

where the majority of efforts should be directed. Creating 

an environment-oriented culture must be one of the top 

priorities, since when consumers are concerned by the 

environmental impact of products, large-scale 

improvements are made to help this, such as a reduction in 

meat and dairy consumption could lead to a reduction in 

pastoral cow farming. In fact, culture is the most powerful 

tool we have to reduce emissions as, by a similar 

mechanism, voters who want real action to save the 

environment encourage the governments of nations to take 

significant measures, through legislation and public advice, 

that will reduce our emissions. 

Energy is the other cornerstone needed for a carbon-free 

economy; it directly accounts for the largest proportion of 

GHG emissions, and emission-free electricity is needed to 

make improvements such as electric cars effective. A system 

of carbon-tariffs is also an attractive way to reduce 

emissions, as a hard-and-fast legislative measure that 

requires little economic commitment but could lead to  
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massive reductions in emissions from energy from industry. 

Other than this, there are many gradual improvements in 

efficiency that can be made across many areas, but these 

are likely to naturally follow a cultural change and also the 

natural drive for economic efficiency that is visible today. 

The most important, overarching part of reducing 

emissions, however, is that the efforts made must be done 

internationally. Donald Trump’s announcement that he will 

pull the US out of the Paris Climate Agreement may actually 

be the spur needed to bring nations together to organise 

large scale change, through internationally co-ordinated 

efforts. The Paris Climate Agreement was flawed in that it 

allowed countries to set their own targets, and had no real 

power to enforce change, leading to situations such as in the 

US where countries selfishly allow other countries to 

shoulder the burden of climate change. 

This cannot be accepted, however; the entire world needs 

to reach zero net carbon emissions in order to achieve 2.0°C 

of warming by 2100. More international agreement is 

needed for a unified effort to reduce emissions, including 

those of developing countries, in the form of another 

climate summit or UN convention, so that all countries 

across the world can work to take all of these measures, and 

reach zero emissions for that two-degree target. 

Conclusion 

Global warming is clearly a massive problem, which must be 

tackled as soon as possible, to prevent unnecessary 

expenditures and consequences in the future. It is true, 

though, that because climate change is a long-term issue 

ideally it should not worsen related short-term crises such 

as food security. However, global warming is still a real 

threat that people are taking too long to recognise and 

respond to on any significant scale, which is why a course of 

action is needed that will both transform the global society 

into a carbon-free one, and also reverse the emissions 

already made in order to stabilise the Earth’s climate. By far 

the most important and daunting task for humanity is to 

reduce our colossal emissions to zero; this may already have 

started, with the stable emissions for three years for the first 

time without an economic recession. However, the key 

ingredient for reducing emissions has yet to be fully 

realised: culture. Currently, general culture across the world 

is individual-oriented, so making personal sacrifices to help 

limit climate change is rare. This needs to change above all  

 

else; when people start treating climate change seriously, 

governments and industries will finally take effective large-

scale measures to reduce emissions, with a political or 

economic incentive. Since most emissions come from more 

advanced countries, lifestyle changes here can make a big 

impact on emissions. 

From a top-down perspective a lot can be done as well. In 

general, international co-operation is required for there to 

be any success in implementing ideas on a large scale, in 

particular the use of carbon tariffs as an effective incentive 

for industry to move away from high-emission production 

methods. Energy and transport, too, must receive fiscal 

investment to support a transition away from fossil fuel 

reliance – and the technology to help do this must be spread 

worldwide. International unions and accords also should be 

aware of countries that are rapidly developing through the 

21st century, to make sure that they evolve into carbon-free 

societies and save the massive transformation efforts the 

countries that industrialised earlier are now having to make. 

With a unified, committed effort to reducing emissions, it is 

possible humanity can reach zero net emissions by 2050, 

and secure a two-degree limit to global warming. However, 

the most important condition – a massive cultural shift 

driving all efforts to protect the climate – has yet to be 

achieved, and as a result action to prevent global warming 

may be too late. This is why backup routes to address global 

warming are being developed, and as time passes it seems 

more and more likely they will be needed. Many methods to 

either directly extract GHGs from the atmosphere exist, but 

the most important goal that must be kept in mind whilst 

developing these techniques is that the most cost-effective 

method must always be used, to have the greatest impact 

for the same investment. BECCS has the disadvantage that 

it takes land away from food crops, which could worsen the 

global food crisis – but it may be worth it anyway for its dual 

benefits of carbon dioxide extraction and energy 

generation, often under massive demand in developing 

countries in particular. In comparison, microalgae farms 

could also achieve multiple benefits, as their growth 

extracts carbon dioxide and then can be harvested to either 

feed a population or be burnt as part of BECCS. Selling food 

may be tricky with little current cultural acceptance, but it is 

very possible that a change will happen here, particularly in 

highly food stressed areas. 
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Afforestation is a clean, safe way to extract carbon dioxide 

from the atmosphere, and the use of carbon offsets could 

make this an effective global effort, especially when CO2 

that cannot be cut is compensated for. However, like BECCS, 

afforestation is a land-hungry method, which could 

endanger the food security of poor populations, so must be 

introduced in a strategic, sustainable manner. Another good 

way of extracting carbon is biochar. The public profile of 

these ideas should be raised, as the sooner they are started 

the more effective they are – the decrease in emissions will 

be potentially gentler, so it is less of a shock to the economy.  

Should the necessary measures be not taken in time, it may 

be that humans resort to risky geoengineering. (An 

assessment of the effectiveness, affordability, timeliness 

and safety of various geoengineering techniques is shown in 

Figure 3.) Ocean fertilisation is a similar idea to microalgae 

farms, except without the human control; this idea is cheap, 

but could seriously damage ocean ecosystems and does not 

have the multiple advantages of microalgae farms. Solar 

Radiation Management techniques could buy the world 

time through reducing the amount of incoming sunlight that 

is re-emitted by the earth. Some ideas, such as a space 

reflector or urban albedo, are unlikely to have any 

significant impact at all in proportion to the amount of 

investment required. Others, namely desert and cloud 

albedo, could have massive effects and buy us the ‘grace 

period’ we need to get our emissions in order, but carry the 

risk of disrupting natural ecosystems and geological cycles, 

so should only be used as a last resort. Scientists should 

investigate further into whether geoengineering ideas are 

viable and safe, as they  could be the saving grace of the 

planet, but otherwise the consequences could be worse 

than if we hadn’t meddled with the planet in the first place.  

 

Overall, humanity must address climate change with serious 

conviction with the specific goal of limiting global warming 

to a 2.0°C rise by 2100, in order to stabilise the climate and 

prevent runaway global warming. The focus must be on 

reducing greenhouse gas emissions in all areas, since this is 

the most safe and effective way of preventing global 

warming, and for this to be truly substantial it must be 

driven by a global cultural change towards protecting the 

environment. Some strategies could have a very significant 

impact, so these should be prioritised: in particular, 

international adoption of carbon tariffs. As many of the 

ideas that would have a relatively small impact proposed in 

reducing emissions should be implemented as possible, as 

these can add up to legitimately conquer our addiction to 

carbon fuels. However, should action be too little or too 

late, efforts should be made to reverse some of the effects; 

firstly, using natural methods – mainly increasing the 

populations of photosynthesising species, with 

afforestation, BECCS or microalgae farms – but if all else 

fails, geoengineering should be used with caution. Alan 

Robock sums up what our attitude towards global warming 

must be; we may be forced to remove CO2, “But it’s cheaper 

not to put it in the atmosphere in the first place”; for the 

good of our planet and our species. 

Matthew Perry 
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Borderline Personality Disorder
 

Borderline Personality Disorder (BPD) is a mental illness 

which makes the patients struggle to control their emotions 

and hinders their relationships with other people. The 

patients will have extreme mood swings where they can feel 

suicidal, and afterwards, on top of the world, in the space of 

a few hours. It is called ‘borderline’ as it is the condition “in 

between” neurosis and psychosis; it is especially common in 

teens and young adults. There is evidence that patients tend 

to improve slowly with age. Antisocial behavior and 

impulsiveness, in particular, seem to reduce when the 

patient reaches around 30 to 40 years old.  

 

The main symptoms include wild emotions, disturbed 

thoughts, unstable relationships and unpredictable 

behaviour. Severe mood swings are very common where 

people feel suicidal, rage, sorrow and shame, then a few 

hours later are extremely positive. An impulse to self-harm 

is very common among those with BPD. The most 

dangerous symptoms include hearing voices in your head 

and hallucinations which tell you to harm other people or 

yourself, or that your family are trying to kill you. These 

types of beliefs are a sign that the patient ma y be going 

psychotic. Many patients may feel that people are trying to 

abandon them or are trying to get too close, creating many 

love-hate relationships. 

Patients with BPD have shown a tendency to have a slightly 

different brain structure and activity than those without it. 

The amygdala plays a crucial role in regulating emotions, in 

particular negative ones (fear, aggression, anxiety). The left 

amygdala especially demonstrates unusually strong activity 

when the patients experience a negative emotion; the 

amygdala is generally smaller in BPD patients too. This can 

be seen in the photo below, where the scan on the right 

shows the excessive activity of the amygdala compared to 

that of people without BPD (left image).  

 

The hippocampus and orbitofrontal cortex, both of which 

are associated with behaviour and decision-making, either 

showed abnormal levels of activity or were smaller than 

usual in patients. Thus, patients with BPD are often poor at 

making decisions and controlling behaviour. In a study done 

by the University of California with the use of fMRI scans, 

strong evidence emerged that people with BPD showed 

signs of excess grey matter in the amygdala – the “fear hub” 

of the brain. A group of patients and volunteers were 

showed frightening images; the patients had an overactive 

amygdala and their anterior cingulate cortex, which usually 

increases in activity to dampen an overactive amygdala, 

remained inactive, suggesting poor regulation of emotions. 

These factors may help to explain the extreme emotions 

such as prolonged fear, sadness and heightened sensitivity 

towards other people associated with BPD. 
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The parts of the brain which are thought to cause BPD are 

all heavily developed during childhood and as a result 

external factors at a younger age have a big role to play. 

Being a victim of sexual abuse, exposed to chronic fear or 

neglected as a child are just some factors that could lead to 

the development of BPD. This is because a person’s 

relationship with their parents and family strongly 

influences their beliefs about other people. One study found 

that if one identical twin had BPD, there was a two-in-three 

chance that the other identical twin would also have BPD. 

However, there is no evidence for a gene, so this may be due 

to very similar childhood upbringings which triggered the 

mental illness.  

Mood stabilizers or antipsychotics are sometimes 

prescribed to help mood swings; these are prescribed in 

order to prevent the development of psychosis. These can 

be delivered to the patient in the form of pills with small 

doses, however if the patient demonstrated the inability of 

regularly taking the pills they can be given up to 2-3 week’s 

dose via injection, this slowly releases the relevant 

hormones and chemicals in the blood stream. There is no 

specific medication for BPD however medication for any 

other conditions the patient has is given.  

I had the privilege of working with a few doctors during work 

experience and was placed at a mental health ward for a 

couple of days and this illness in particular struck me as 

there is such a lack of knowledge and lack of medicine and 

many of the patients were repeat patients as they had been 

bought back. Recently mental health has received a lot of 

funding however I think it needs more recognition and more 

support, as there is more pressure on young people now  

 

 

more than ever. Having a disturbed childhood can really ruin 

a future so support must be given to children who suffer 

from abuse, so they have a fair chance of life. 

Manas Soni 
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Lightning
 

Lightning is a natural phenomenon caused by the massive 

build-up of charge in storm clouds which culminates in a 

sudden electrostatic discharge between regions of cloud or 

between the cloud and the ground. On Earth, the lightning 

frequency is approximately 40–50 times a second or nearly 

1.4 billion flashes per year [1]. The average discharge for a 

lightning strike is 30,000 amperes and ranges between 

5,000 and 50,000. Lightning creates light in the form of black 

body radiation from the very hot plasma created by the 

electron flow, and sound in the form of thunder. [2] 

Electrification 

Charge primarily builds up in the central part of a storm with 

rapid updrafts and low temperatures. In the centre, this 

results in small ice crystals rising off the updraft while larger 

material tends to fall resulting in collisions between the 

particles, positively charging the ice crystals and negatively 

charging the larger material. The updraft carries the 

positively charged ice crystals upwards toward the top of 

the storm cloud. The larger and denser graupel is either 

suspended in the middle of the thunderstorm cloud or falls 

toward the lower part of the storm. [3] 

Lightning Leaders 

A “leader” is initiated when the difference in charge 

between the ground and the cloud becomes so great that 

the air begins to ionise. “Leaders” can be positively or 

negatively charged, although they are more commonly the 

latter.  “Leaders” are electrically conductive channels of 

ionised gas that propagate through, or are otherwise 

attracted to, regions with a charge opposite of that of the 

leader tip. The negative end of the bidirectional leader fills 

a positive charge region, also called a well, inside the cloud, 

while the positive end fills a negative well. “Leaders” often 

split, forming branches in a tree-like pattern [4].  

When the differences in charge within the cloud grow large, 

stepped leaders start to develop; the natural insulation 

provided by the air breaks down and the negative charge 

travels down toward the small amount of positive charge at 

the base of the cloud. The excess negative charge flowing 

toward the base of the cloud continues downward in steps 

form of 50m lengths dependent on the state of the 

surrounding charges within 50m [4].  

As a result of the haphazard movement of the “steps”, the 

path that the lightning strike takes is not the path of least 

resistance and is often jagged and branched as it searches 

for the ground. When the lightning strike passes through the 

channel of ionised air the flash generated is more prominent 

along certain branches as a result of the electric field 

surrounding the stepped leader [4]. 

Upwards Streamers 

When a stepped leader approaches the ground, the 

presence of opposite charges there enhances the electric 

field strength [5]. As its branches approach the ground, the 

electrical forces between leader tips and tall objects on the 

ground also increases. The field is strongest on grounded 

objects whose tops are closest to the thundercloud base, 

such as trees and tall buildings [6]. If the electric field is 

strong enough, a positively charged ionic channel, called an 

upward streamer, can form from these points.  

60 



OLAVIAN NATURAL SCIENCES SOCIETY JOURNAL Issue No.12, October 2018 
 

 

 

When the leader makes contact with the upward streamer, 

the channel of ionised air is completed and the charges in 

the cloud flow extremely quickly through the connection. 

The discharge of electricity in a lightning strike after the 

establishment of a channel is measured in microseconds. 

Ball Lightning 

Ball lightning is an incredibly rare natural phenomenon, 

which usually occurs during a thunderstorm and is 

characterised by a colourful glowing blue orb that dances 

randomly through the air, greatly outliving conventional 

lightning. Recently, scientists seem to have generated an 

incredibly similar phenomenon in the lab through the act of 

binding the magnetic fields of a supercooled quantum 

object into a complex knot also known as a “Shankar 

skyrmion”, first theorised in 1977 [7][8][9]. 

The researchers built the skyrmion out of a Bose-Einstein 

condensate to allow the atoms to blend together and to 

cause quantum effects at a scale more easily observed by 

humans. In 1996, a paper published in ‘Nature’ 

hypothesised that ball lightning might be the result of the 

magnetic fields around the plasma of a lightning bolt curling 

into a knot and trapping it within, and put forward a 

potential model [10]. The researchers reported that the fields 

they observed around their skyrmion matched the model 

proposed in that paper, suggesting that ball lightning may 

be a giant, naturally-occurring skyrmion. 

Marcus Finn 
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Artificial Cells
 

Cells are the smallest structural and functional unit of an 

organism. They can be specialised to perform complex 

functions or they can be used for repair or regrowth in the 

form of adult or embryo stem cells. They have many 

different components inside them such as the mitochondria 

for respiration, ribosomes for protein synthesis, and a cell 

membrane for controlling the activity of the cell transferring 

biological materials in and out. The nucleus is the brain of 

the cell and controls all functions. The cell, being just a small 

part of an organism, is in itself very complex and so it was 

very hard to artificially create cells to perform all these 

specific functions in the past. Advancements in technology 

mean it is now possible to create these cells. The design of 

artificial cells is a considerably complex engineering 

challenge being pursued by many research groups across 

the globe.  In this article I will discuss the different uses for 

artificial cells and what they could do to improve healthcare. 

Synthetic cells for anti-cancer drugs within a tumour 

Technion-Israel Institute of Technology researchers have 

successfully treated a cancerous tumour using a "nano-

factory" – a synthetic cell that produces anti-cancer proteins 

within the tumour tissue. The synthetic cells artificially 

produce proteins, and with targeted drug delivery, the 

synthetic cells are directed to abnormal tissues. The 

synthetic cells are artificial systems with capacities similar, 

and at times superior, to those of biological cells. Just as 

human cells can generate a variety of biological molecules, 

synthetic cells can produce a wide range of proteins. These 

systems have great potential in the field of tissue 

engineering and in production of artificial organs. Present 

research, in which an artificial cell serves as a nano-factory 

for generating proteins within abnormal tissue, was led by 

the doctoral student Nitzan Krinsky and Assistant Professor 

Avi Schroeder, at the Wolfson Faculty of Chemical 

Engineering at the Technion. 

The researchers integrated molecular machine systems 

within lipid-based particles resembling the natural 

membrane of biological cells. They engineered the particles 

such that when they "sense" the biological tissue, they are 

activated and produce therapeutic proteins, dictated by an 

integrated artificial DNA template. The particles assemble 

the energy sources and building blocks necessary from the 

external microenvironment (e.g. the tumour tissue). After 

experiments on cell cultures in the lab, the novel technology 

was also tested in mice. When the engineered particles 

reached the tumour, they formed a protein that eradicated 

the cancer cells. The particles and their activity were 

monitored using a green fluorescent protein (GFP) created 

by the particles, and was viewed through a fluorescence 

microscope to check that they are working. Through the use 

of coding, the DNA template can be used to create a variety 

of protein molecules depending on the situation. 

Fusion of artificial and biological cells 

This system, created by a team from Imperial College 

London, encapsulates biological cells within an artificial 

cell. Using this, the natural ability of biological cells can be 

harnessed to process chemicals while protecting them 

from the environment. This system could lead to 

applications such as cellular ‘batteries’ powered by 

photosynthesis, synthesis of drugs inside the body, and 

biological sensors that can withstand harsh conditions.  
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The artificial cells also contain enzymes that work in 

conjunction with the biological cell to produce new 

chemicals. For proof of this experiment, the artificial cell 

systems produced a fluorescent chemical that allowed the 

researchers to confirm all was working as expected. 

Lead researcher Professor Oscar Ces from the Department 

of Chemistry at Imperial said: “Biological cells can perform 

extremely complex functions, but can be difficult to 

control when trying to harness one aspect. Artificial cells 

can be programmed more easily but we cannot yet build 

in much complexity. Our new system bridges the gap 

between these two approaches by fusing whole biological 

cells with artificial ones, so that the machinery of both 

works in concert to produce what we need. This is a 

paradigm shift in thinking about the way we design 

artificial cells, which will help accelerate research on 

applications in healthcare and beyond.” A paradigm shift 

is a change in approach or underlying assumptions to 

scientific disciplines. 

To create the system, microfluids were used, directing 

liquids through small channels. Using water and oil, which 

do not mix, they were able to make droplets of a defined 

size that contained the biological cells and enzymes. They 

then applied an artificial coating to the droplets to provide 

protection, creating an artificial cell environment. They 

tested these artificial cells in a solution high in copper, 

which is usually highly toxic to biological cells. The team 

were still able to detect fluorescent chemicals in the 

majority of the artificial cells, meaning the biological cells 

were still alive and functioning inside. This would be useful 

in the human body, where the artificial cell casing would 

protect the foreign biological cells from attack by the 

body’s immune system. 

First author of the study Dr Yuval Elani, an EPSRC Research 

Fellow from the Department of Chemistry, said: “The 

system we designed is controllable and customisable. You 

can create different sizes of artificial cells in a 

reproducible manner, and there is the potential to add in 

all kinds of cell machinery, such as chloroplasts for 

performing photosynthesis or engineered microbes that 

act as sensors. To improve the functionality of these 

artificial cell systems, the next step, they believe, is to 

engineer the artificial coating to act more like a biological 

membrane, but with special functions. For example, if the 

membrane could be designed to open and release the  

 

chemicals produced within only in response to certain 

signals, they could be used to deliver drugs to specific 

areas of the body. This would be useful for example in 

cancer treatment to release targeted drugs only at the site 

of a tumour, reducing side effects. 

Artificial cells triggered by light 

Artificial cells that release materials when exposed to light 

have been embedded in a durable membrane, allowing 

chemical reactions to be controlled. These structures 

could be used to control the synthesis of drugs in the body 

on demand, as well as to function as microreactors that 

can simplify the production of valuable chemicals.  

Artificial cells are based on containers called vesicles, 

which are built from lipids. They are used by scientists 

because they offer more control over processes than is 

possible with biological cells. Researchers from Imperial 

College London created a series of small vesicles that 

react to light by breaking their membranes, releasing the 

materials inside. The researchers then encased all these 

vesicles in a larger vesicle that does not react to light. This 

created a mini chemical reactor – a container for the 

smaller vesicles so that their released contents can react 

with each other in a confined space. The team also hope 

that by engineering the membranes of the smaller vesicles 

to react to different wavelengths of light, they can 

precisely time the order and length of each reaction step. 

To make the smaller vesicles react to light, the 

membranes were engineered so that when ultraviolet 

light was shone on them, their lipid membranes reacted, 

creating holes for the contents to escape through.  

First author of the study James Hindley hopes to control 

increasingly complex reactions using a series of nested 

vesicles that react to different wavelengths of light. He 

said: “The ability to control the timing and location of 

chemical reactions make these nested vesicles well suited 

for catalytic applications. It also serves as a foundation for 

a second generation of nested vesicles that can be used 

to control multi-step reactions, enabling the production of 

complex molecules for use in… biotechnology.” These 

structures could be directed by ‘phototherapy’, where a 

doctor uses light to trigger vesicles at the right place from 

outside the body or even eventually the vesicles could 

even be induced to begin reactions by sensing chemical 

changes within the body associated with disease. 
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Artificial cells to fight bacteria 

These are built from liposomes, with a lipid membrane and 

purified cellular components including proteins, DNA and 

metabolites. “We demonstrated that artificial cells can 

sense, react and interact with bacteria, as well as function 

as systems that both detect and kill bacteria with little 

dependence on their environment,” researchers said. The 

team’s artificial cells mimic the essential features of live 

cells; however, they are short-lived and cannot divide to 

reproduce themselves. The cells were designed to respond 

to a unique chemical signature on E. coli, and can detect, 

attack and destroy the bacteria in laboratory experiments. 

Artificial cells previously only had been successful in 

nutrient-rich environments. However, by optimizing the 

artificial cells’ membranes, cytosol and genetic circuits, the 

team made them work in a wide variety of environments 

with very limited resources such as water, emphasizing their 

robustness in less-than-ideal or changing conditions. These 

improvements significantly broaden the overall potential 

application of artificial cells. 

These cells have a lot of potential for medical advancements 

as they could be used as an effective and quick way to fight 

off bacteria at specific locations in the body. Antibacterial 

artificial cells might one day be infused into patients to 

tackle infections resistant to other treatments. They might 

also be used to deliver drugs at the specific location and 

time, or as biosensors. 

Arranging artificial cells into tissue structures 

Researchers from Imperial College London and 

Loughborough University have used lasers to connect, 

arrange and merge artificial cells, paving the way for 

networks of artificial cells that act like tissues. Cells are 

capable of working together as a collective when arranged 

into tissues so to do this, cells must be connected and be 

capable of exchanging materials with one another.  By 

altering the membranes of the cells, the team of scientists 

were able to join multiple cells together in new structures. 

These structures could be used to perform functions like 

initiating chemical reactions or moving chemicals around 

networks of artificial and biological cells. This could be 

useful in carrying out chemical reactions in ultra-small 

volumes, in studying the mechanisms through which cells 

communicate with one another, and in the development of  

 

a new generation of smart biomaterials. To get the cells to 

come close enough, the team first had to manipulate the 

cells with 'optical tweezers' that act like mini 'tractor beams' 

dragging and dropping cells into any position. Once 

connected in this way the cells can be moved as one unit. 

With this they were able to create networks of cells 

connected by bio-junctions. By reinserting biological 

components such as proteins in the membrane they could 

get the cells to communicate and exchange material with 

one another. The team were also able to engineer a 'tether' 

between two cells. Here the membranes are not stuck 

together, but a tendril of membrane material links them so 

that they can be moved together. Once they had perfected 

the cell-sticking process, the team was able to build up more 

complex arrangements. These include lines of cells, 2D 

shapes like squares, and 3D shapes like pyramids. Once the 

cells are stuck together, they can be rearranged, and pulled 

by the laser beam as an ensemble. 

Finally, the team were also able to connect two cells, and 

then make them merge into one larger cell. This was 

achieved by coating the membranes with gold 

nanoparticles. When the laser beam at the heart of the 

'optical tweezer' technology was concentrated at the 

junction between the two cells, the nanoparticles 

resonated, breaking the membranes at that point. The 

membrane then changes its properties. Merging cells in this 

way allowed whatever chemicals they were carrying to mix 

within the new, larger cell, kicking off chemical reactions. 

This could be useful, for example, for delivering materials 

such as drugs into cells. 

Conclusion 

Overall the use of artificial cells in the future will be very 

valuable and will help medical advancements, as it is being 

designed to perform functions just like a biological cell, 

but so that we are able to control its functions. This 

control of cells will be very useful in precision in public 

healthcare. 

Indumita Prakash 
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What is the Future of Stem Cell Research?
 

Stem cells offer great hope to medicine, especially in the 

branch of replacing, engineering or regenerating human 

cells, tissues or organs to restore normal function. Despite 

the fact that stem cells have revolutionised the way modern 

scientists and doctors operate, there are still many concerns 

with this type of treatment. 

What are stem cells? 

Stem cells are biological cells of multicellular organisms and 

have the potential to create more stem cells by the division 

of mitosis. They differentiate into various types of cells 

which carry out a specific function. This process is known as 

differentiation. Stem cells are multipotent, pluripotent or 

totipotent. Totipotent stem cells have the ability to 

differentiate into all 216 different cell types. Pluripotent 

stem cells are able to give rise to most cell types (more than 

200). Multipotent stem cells can only differentiate into a 

certain variety of cell types. Oligopotent stem cells can only 

differentiate into very few types of stem cells and unipotent 

stem cells can only differentiate into one type of cell; these 

are extremely rare and uncommonly found. 

Where are stem cells found? 

Totipotent cells are found in zygotes and after three 

complete cell cycles, consisting of 8 identical, totipotent 

stem cells. By five days after conception, the blastocyst 

(hollow ball of cells) forms. The inner cell mass of around 50 

cells are what are known as pluripotent embryonic stem 

cells (the outer blastocyst layer forms the placenta). A few 

pluripotent stem cells can be found post-natal in the 

umbilical fluid. Multipotent adult stem cells can be found in 

other tissues; however, these are rare and small in number. 

The three known accessible places to extract adult stem 

cells are the bone marrow, blood and adipose tissue, but 

these are multipotent and can only differentiate into a few 

cells. 

How are embryonic cells obtained for research? 

 ‘Spare embryo’ is the term used for the embryos from 

which stem cells are to be extracted from. They are 

produced in fertility clinics in which women, struggling to 

give birth, are given drugs to make them super ovulate; they 

produce more eggs needed for in vitro fertilisation 

treatment. These eggs are then fertilised using sperm cells 

and implanted into the female uterus. Often a considerable 

number of embryos are fertilised and the remaining 

embryos that were not implanted are used to obtain stem 

cells. The stem cells are isolated once the embryo is allowed 

to grow to form blastocysts. The stem cells are then cultured 

and left to keep dividing.  

How are stem cells grown in the laboratory? 

Embryonic stem cells are transferred onto a culture 

medium. Scientists used to coat the inner surface of the 

culture medium with mouse skin embryonic stem cells 

specially treated so they will not divide. The coating layer of 

cells is called a feeder layer. The mouse cells at the bottom 

surface provide a sticky layer to which they can attach, 

however we now do not use the mouse cells as viruses can 

infect human cells. A similar strategy is devised however the 

stem cells are repeatedly cultured until many stem cells 

have formed through mitosis. 
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Stem cell uses and treatments 

Stem cells can be used to treat second or third-degree 

burns. The patient’s skin stem cells from an unburned area 

are extracted and cultured. The cells multiply by mitosis 

forming a sheet of cells that cover the bottom of the flask. 

These specialised cells can now be transplanted onto the 

wound in order to give a skin layer. Adult stem cells can also 

be used for bone marrow transplantation which can be used 

for the treatment of leukaemia and related cancers. The 

stem cells move into the patient’s stem cells and produce 

healthy blood cells. Adult stem cells have also been used in 

the production of blood vessels and even a nose for 

transplantation and this can now be done using the patients’ 

own stem cells which was done in 2011 where the first 

synthetic windpipe was built up on a plastic scaffold using 

the patient’s stem cells. Stem cells can also be used in the 

treatment of arthritis as it can repair the damaged cartilage. 

Stem cell research can also help us understand how cancer 

cells develop and how certain birth defects occur. It can also 

provide a source of normal human cells of virtually any 

tissue type for use in screening new drugs. 

Parkinson’s disease and stem cell therapy 

The main disease process in Parkinson’s is the progressive 

loss of cells that produce dopamine. Agonists have been 

tried but because side effects (such as dyskinesias) often 

develops or the drug wears off. Stem cell therapy allows for 

the transplantation of new dopamine producing cells to 

replace neurones that have degenerated. This stem cell 

therapy has not been developed enough for clinical use but 

is a current focus of preclinical research and could 

potentially save lives in the future.  

Therapeutic cloning 

The patient needing a transplant would have one of their 

diploid cells removed which could simply be from their hair 

or any other suitable tissue. This cell or its nucleus would be 

fused with an ovum from which the haploid nucleus has 

been removed in order to form a diploid cell. The cell is then 

stimulated to undergo mitosis by the same way as the cell 

that gave rise to Dolly the sheep. After five days a blastocyst 

would develop and the stem cells could then be isolated 

from this and encouraged to develop into tissues. This 

produces cell lines and later potentially organs for 

transplantation, which would be genetically identical to the  

 

patient from whom the diploid cell was taken. This uniform 

genetic make-up will mean the immune system will not 

recognise these cells as foreign invaders increasing the 

likelihood of the transplantation to become successful. 

Dangers and concerns of stem cells 

It has been found that many patients develop a viral 

infection after receiving an allogeneic stem cell transplant. 

Patients, who also take the treatment also take drugs to 

supress the immune system are more susceptible to the 

virus and can develop serious complications. The virus can 

use the stem cells’ components to form new proteins and 

viruses which can produce many viruses using the lysogenic 

cycle. Another concern with embryonic stem cells is that 

they can be tumorigenic and can multiply rapidly as it is the 

purpose of embryos to keep growing which can have 

devastating impacts. Scientists have to direct and cultivate 

these cells very delicately as the potential risks can be huge.  

Another huge problem with transplantation of tissue by 

embryonic stem cells is rejection. For example, a patient 

may reject the new cells as the body may produce an 

immune response to it. We can give the patient drugs in 

order to supress the immune system before and after the 

treatment. This has a negative impact of the quality of life of 

the patient as the drugs must be taken for the rest of their 

lifetimes and can lead to other complications. We can also 

use tissue typing in which the immunological compatibility 

of the transplantation cells and that of the patient’s cells are 

matching to reduce the likelihood of the immune system 

picking up these cells as foreign invaders. Adult stem cells 

are said to have a much smaller likelihood of initiating 

rejection for transplantation as it can be derived from the 

patient itself. Another approach that can be taken is 

therapeutic cloning.  

Ethical concerns of embryonic stem cells 

Many people hold the opinion that it is unethical and 

unacceptable and that an embryo should be given accorded 

full human status from its creation. Some argue that the 

embryo requires no moral attention at all. Others accept the 

special status of embryos as a potential human being 

however and that the status of the embryo should increase 

as it develops. They believe that in the early stages the 

benefits and risks can be assessed whether or not the 

embryo should be given for research purposes. Many  
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religious views also tend to exist. Islam accepts the research 

as they believe the embryo doesn’t develop a soul till the 

latter stages of its development. Though they do pose 

concern that the research may be used and cloning may 

occur in order to generate parts for transplants. On the 

other hand, Catholics are strongly opposed to the research 

and believe it completely immoral to use the embryos as it 

is destruction of life. Jews support stem cell research as it 

believes it will be used for the improvement of other 

people’s lives, however orthodox Jews may argue this as it 

goes against the 10 commandments.  

Adult vs embryonic stem cells 

Embryonic stem cells are able to differentiate into many 

types of cells however adult stem cells are not which makes 

embryonic stem cells more useful for research purposes as 

treatments such as organ transplantation and does not limit 

the amount of research we can carry out. Embryonic stem 

also cells multiply indefinitely and are very easy to grow 

under lab conditions. On the other hand, adult stem cells are 

used for repairing and replenishing damaged tissue are 

difficult to grow in a laboratory outside of the human body.  

iPSCS 

In 2006, Japanese researchers were successful in the 

reprogramming of mouse somatic cells to make them 

pluripotent. These cells are known as iPSCs which highly 

resemble those of embryonic stem cells. They are derived 

from adult tissue which erases most ethical concerns 

regarding pluripotent stem cells as life is not being 

destroyed. iPSCs have shown to be effective in treatment for 

a range of diseases including sickle cell anaemia, 

haemophilia and ischaemic heart disease. The stem cells can 

also be made in a patient matched manner which means 

that patients can have their own pluripotent stem cell lines 

making rejection much less likely. iPSCs can also be used in 

tissue culture making it as easy as embryonic stem cells to 

cultivate. Once current issue with iPSCs is that the 

reprogramming of their genetics is not yet completely 

perfect leading to them being highly cancerous. 

 

 

 

 

Amniotic stem cells 

Amniotic stem cells are multipotent, found in the amniotic 

fluid, and topic of intensive research at the moment. This is 

mainly because amniotic stem cells defeat arguments posed 

by embryonic stem cells as life is not being taken away. 

Conclusion 

In conclusion, embryonic stem cells are developing and 

being much further researched into treating illnesses and 

damage and revolutionising the medical field. However 

ethical issues posed by creationists make this a controversial 

path of research. Therefore, the introduction of iPSCs may 

be the future of pluripotent stem cell research due to the 

lack of controversy revolving around them. Adult stem cells 

can also be used as they tackle the major issue of immune 

rejection from the fact they can be obtained from the 

patient itself makes it much more immunologically 

compatible than embryonic stem cells. However, the issue 

with adult stem cells is that they are multipotent which 

limits medical research as they cannot be used for all cell 

types and hence not all treatments will work. Amniotic stem 

cells again defeat ethical controversies however due to its 

very minimal number and the difficulty of extraction, it may 

not be deemed as the future of stem cells. 

Prajeeth Sathiyamoorthy 
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Recreating Iron Man
 

From escaping a terrorist group to brawling with Thanos, 

Tony Stark, a wealthy business magnate, has accomplished 

wonders with his mechanised super suit. His intricately 

powered armour gifts him with flight, superhuman strength 

and durability along with a cluster of weapons. Since the 

release of the 2008 live-action Iron Man film, many have 

attempted to recreate this fictional exoskeleton in hopes of 

becoming Earth’s mightiest hero. The original Iron Man 

armour MK I, built in a cave, produced from scrap metal, is 

able to provide protection against high temperatures and 

acid, boosts the user’s strength by 10 times and carries a 

proton beam generator; yet, we are still incapable to 

recreating this basic model. Despite this setback in the 

current technological world, is it truly possible to recreate a 

real-life Iron Man suit at some point in the future? 

Armour 

Being able to defend against physical and 

chemical attacks and generate a force field, 

the armour is arguably the most integral 

part of the suit. In the comics, the Iron Man 

Armour MK I, as seen in Figure 1, is made 

from an iron-magnesium-copper alloy, 

which is a very crude metal alloy. Although 

this alloy is reasonably strong and malleable, it isn’t the best 

alloy for the suit. In the real world, the best ‘high-entropy’ 

metal alloy is forged from a combination of rare metals: 

magnesium, lithium, titanium, aluminium and scandium. 

This nanocrystalline alloy has a density comparable to 

aluminium yet is stronger than titanium alloys. It has a 

unique set of properties, including radiation resistance and 

electromagnetic shielding materials; this property is useful 

concerning the production of electro-magnetic gloves in the 

MK I. Despite this being the ideal alloy, it is made of 20% 

scandium, an extremely rare and expensive metal, and to 

create just one suit from this alloy would be heavily taxing 

on the environment and its finite natural ores – it will also 

cost over £20 million. 

However, a recently discovered magnesium-based alloy 

may provide a more economical solution. The innovative 

metal consists of 86% magnesium and 14% silicon carbide 

particles, in order to create a nanocomposite metal. This 

metal is able to have a high tensile strength and a low 

density due to the dispersion and stabilisation of 

nanoparticles in molten metals. This is also a feasible alloy 

as magnesium is an abundant resource, so scaling up its use 

will not cause environmental damage. To add to this, it 

shows superior stability at high temperatures with 

nanoparticles enhancing the strength of metals without 

damaging their plasticity, a vital feature of the exoskeleton. 

Weapons 

Even if the exterior of the suit was crafted perfectly, a 

mechanised hero is nothing without his weapons. Thanks to 

Stark Industries, Stark has access to a multitude of weapons, 

but for the Mark I the weapons installed were elementary 

yet powerful. There were only three weapons equipped on 

the Mark I: a flamethrower, manually-deployed rockets, and 

electromagnetic gloves. The flamethrower creates a 

destructive 43m-maximum firing range fuelled by a small 

napalm-infused gasoline tank. Reaching temperatures of 

1000°C, the flamethrower gauntlet uses napalm as it quickly 

deoxygenates the surrounding air, leading to smoke  

Figure 1 
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inhalation, an added threat to the opponent. However, for 

the safety of the user, it would be better to use a high-

pressure propane tank as the flames are easier to put on and 

die out faster. The manually-deployed rockets can also be 

easily be recreated with a simple circuit where, with the 

push of a button, a rocket is launched from the arm-piece of 

the armour. The electromagnetic gloves, used to snatch 

opponent’s weapons, likewise can be constructed from a 

simple circuit using an iron core wrapped in a copper coil. 

Despite this array of weapons, none of these will function 

without a sustainable energy source, and for the case of Iron 

Man this energy originates from an arc reactor. 

Arc Reactor 

Iron Man’s signature feature has to be the arc reactor 

embedded in the central area of the chest of Tony Stark. 

Used to power the electromagnet keeping shrapnel from 

reaching his heart and later the Mark I suit, the arc reactor 

is the most problematic element of the suit. The palladium 

mini arc reactor works using nuclear fusion – something 

currently impossible to achieve on Earth. Nonetheless, this 

power core I believe works similar to a multi-isotope decay 

cell; the closest real-life example of this would be the ITER 

fusion reactor project, which can be seen in Figure 2, but it 

weighs around 23000 tonnes and is 6.2 m in radius. This 

reactor works due to the thermonuclear reactions between 

two isotopes of hydrogen, deuterium 

and tritium, which produces a hot 

plasma, alongside a helium atom. The 

plasma in turn produces neutrons which 

have vast amounts of kinetic energy; 

this is apparent as helium and the 

neutron have less mass than deuterium 

and tritium, thus the missing mass is converted to energy. 

However, this has to be carried out at high temperatures 

and pressures, in order to overcome the coulombic 

repulsion between the nuclei being fused. 

For Tony to stay alive whilst the reactor is employed, it must 

be a cold fusion reaction. In the comics, palladium is used, 

and in fact it has some peculiar capture and decay 

properties. The palladium core of the device would most 

likely be Pd-107 as it emits high-energy electrons when it 

decays into a stable isotope of silver. What I believe to be 

proposed by the comics is that the core is composed of Pd-

103 on the outer ring and Pd-107 in the inner ring. The Pd-

103 is ionised by an external electric arc and accelerated in  

 

the outer ring. Pd-107 starts to emit beta radiation as it 

decays into Ag-107. These high energy electrons are 

directed into the outer core in order to create an electric 

potential difference between the inner and outer core. The 

outer ring conjointly has an excess of electrons and the 

inner core has a shortage of electrons, creating a current. 

The excess electrons collide with high-energy Pd-103+ ions, 

causing an instantaneous electron capture, which in turn 

produced an energetic photon emission - gamma rays. The 

emission of gamma rays gets deflected into the inner core 

where it catalyses further electron emission. With this the 

reactor becomes a self-sustainable electrical cell capable of 

generating enormous amounts of electrical power to power 

the suit, exhibiting around 3 gigajoules of energy per 

second. On the other hand, Pd-107 is not very radioactive 

making this process very time consuming. At the moment, 

however, this is the best solution for the arc reactor.  

Conclusion 

Ultimately, with the current state of the scientific world it is 

impossible and impractical to recreate even the original Iron 

Man MK I suit, especially with the major drawbacks of the 

arc reactor. As the first suit is renowned for being the most 

unrefined yet fundamental model in Tony’s arsenal, for us 

to produce this marvel of robotics with a theoretical arc 

reactor would cost around £50 million. Despite the steep 

price tag, this supposed miracle of science continues to 

inspire advancements in the field of robotics. We can only 

hope that scientists begin to uncover the mysteries of 

nuclear fusion, changing the face of military defence with a 

mechanised suit designed to protect the Earth.  

Keerthanan Rajan 
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A Thought Experiment That Implies the 
Sequence of Causally-Connected Events is Not 

Invariant
 

The special theory of relativity postulates that the order of 

causally-connected events is the same for all reference 

frames. [1] However, a thought experiment will be proposed 

in this article that will both imply that causality is 

probabilistic and refute this postulation. 

A qualitative treatment of the effect in special conditions 

The thought experiment concerns two observers, Lucy and 

Poppy, that each perceive the other to be accelerating away 

from them at a constant rate. The below worldlines depict 

the trajectory of one observer relative to the other. 

At 𝑡 = 0, the signal from one observer to the other is 

asymptotic to their trajectory. Therefore, the observer is out 

of the other’s front light cone and they are causally 

disconnected. However, if the signal is emitted at 𝑡 < 0, 

then it reaches the other observer. 

Let us say that this signal was used to measure the 

momentum of the other observer to a precision such that 

its standard deviation is ∆𝑝. The uncertainty principle states 

that the corresponding standard deviation of the observer’s 

momentum is ∆𝑥 =
ℎ

4𝜋Δ𝑝
. [3] 

It should be noted that the reciprocal of the derivative of the 

line is the velocity, and so for a fixed mass, the deviation in 

the momentum means that that the gradient of the line 

either increases or decreases by the same value. Regardless, 

the implications of the conclusions of the thought 

experiment are not affected. 

For the sake of ease, let the probability distribution of each 

observer’s position be such that the probability is 0 beyond 

the bounds of the standard deviation. Here 𝑟 is the distance 

from an arbitrary point. [4] 

Spacetime diagram from 

Lucy’s reference frame  

Spacetime diagram from 

Poppy’s reference frame  

Probability distribution for the position of the observer 
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Thus, the probability that the observer is in the other 

observer’s light cone is 0.5, as is the probability they are not. 

Let us introduce another observer. Wilma is positioned such 

that both Poppy and Lucy are within her light cone. 

Therefore, from her reference frame, there is a certainty 

that Lucy sends a signal to Poppy, who sends it back to Lucy. 

However, from the reference frames of Lucy and Poppy, the 

probabilities that they are both within the other’s light cone 

is (0.5)2. This means if Wilma observes the process to be a 

success then both observers are within each other’s light 

cone, which means the standard deviation of their position 

is halved; this violates the uncertainty principle. 

It is a possibility to suggest that 75% of the time Wilma will 

not observe a successful process, through photon decay or 

some other arbitrary reason that prohibits the transmission 

of a signal and its consequent response; this is an absurdity. 

As such the alternative seems preferable; that Wilma 

observes success 100% of times, while for the observers it is 

only a success 25% of the time. This implies that causality 

has a probabilistic nature. 

 

 

Furthermore, to maintain the uncertainty principle, it is 

possible that Wilma observes a successful transmission and 

response, while Poppy or Lucy observe alternatives others 

from the one permutation where the process is a success. 

This, in turn, implies that the sequence of causally-

connected event is not invariant. 

Robert Sidey 
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