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THANK YOU TO OUR 
PATREON SUPPORTERS!

Being the seniors afflicted with 
chronic senioritis that we are, we 
sincerely hope this is published 
in the spring and not after we’ve 
started college. Shout out to the 
Catapulta officers, we really hope 
they know what they’re doing, be-
cause we certainly don’t. 

Anyway, much has happened in the 
STEM world since the winter, and 
appropriately, this is not only our 
last issue of the year but our lon-
gest one as well. Thank you to ev-
eryone who reads and contributes 
to Catapulta, and we hope that you 
continue to do so for many years to 
come! UWU
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CBD HEALTH BENEFITS
FACT OR FRAUD   ?

Until the 
government 

takes further 
action, CBD’s 
effectiveness, 

safety, and 
legal status 

remain 
ambiguous

Cannabidiol, commonly abbreviated as 
CBD, is a natural compound found in 
the flower of the cannabis plant. There 
are two major species of the plant that are 
cultivated: hemp and marijuana. While 
CBD is closely related to tetrahydrocan-
nabinol (THC), it is non-addictive and 
does not have the same psychoactive ef-
fect. The most significant difference be-
tween hemp and marijuana is the amount 
of THC, with mari-
juana plants having 
a significantly greater 
amount of THC than 
hemp. As of recent, 
the market has ex-
ploded with CBD-
containing products 
ranging from makeup 
to food. Analysts pre-
dict that the CBD 
market in the United 
States will skyrocket 
from 512 million dol-
lars in 2018 to almost 
twenty billion dol-
lars by 2022. Many 
people looking for 
a natural alternative to pharmaceutical 
drugs with severe side effects turn to can-
nabis. CBD is often sold as a natural rem-
edy for a wide assortment of health issues 
from acne to Alzheimer’s to even cancer. 

Contrary to popular belief, however, 
there is not enough scientific evidence to 
back up any of those health claims except 

for one: treating childhood epilepsy. In June 
2018, the US Food and Drug Administra-
tion (FDA) approved the CBD medication 
Epidiolex to treat two rare and extremely 
severe forms of childhood epilepsy, Lennox-
Gastaut Syndrome and Dravet Syndrome, 
which generally do not respond to anti-
seizure medication. Neurologist Elizabeth 
Thiele of the Massachusetts General Hos-
pital in Boston found in a fourteen week 

clinical trial that patients 
taking the drug saw a 
median drop of about 
44 percent in month-
ly seizure frequency.

Interestingly, CBD does 
not latch onto the same 
chemical receptor as 
THC. Instead scientists 
think that it attaches 
to two different tar-
gets: Transient Recep-
tor Potential Vanilloid 
1 (TRPV1), which is 
known to play a role in 
pain sensation, and G 
Protein-Coupled Recep-

tor 55 (GPR55), which may change the ac-
tivity level of nerve cells in the brain, possi-
bly leading to the reduced seizures in Thiele’s 
trial. Data from 92 out of 171 of Thiele’s pa-
tients, however, indicated that the benefits of 
CBD began to dwindle after seven months 
on Epidiolex. 

The critical question is whether CBD is safe 

?

?

?

?

?

?

CATAPULTA // SPRING 201904

CBD’s structural 
formula

or not. Because the precise legal sta-
tus of CBD is in flux, the FDA does 
not currently regulate the safety or 
purity of dietary CBD supplements. 
This means that no one can know 
for certain what those supplements 
contain. States are beginning to 
put regulations in place, but they 
do not have the financial capability 
of the federal government. A 2017 
study led by Marcel Bonn-Miller 
of the University of Pennsylvania 

School of Medicine found that around one in 
five CBD products contained the pot chemical 
THC. Although experiments have had mixed 
results, THC has been associated with perma-
nent functional impairment of cognitive abili-
ties, worsening of seizures, and increased anxiety.

An unregulated CBD product could potentially 
contain something even worse. From 2017 to 
2018, 52 people got sick in Utah with symptoms 
such as hallucinations and seizures after taking 
a product labeled “Yolo CBD Oil” that held a 
synthetic cannabinoid which poisoned them. Al-
though the product contained no CBD, lack of 
regulation allows it to be sold as a CBD product.

In most parts of the US, CBD is easily obtain-
able. All fifty states have legalized CBD with 
different levels of regulation, but the federal 
government’s stance on CBD remains unclear. 
Technically, CBD is regarded to be in the same 
class as marijuana, but the law is not usually im-
posed upon it. The government’s position will 
come down to whether CBD is derived from 
hemp or marijuana to determine its legality.

Until the government takes further action, CBD’s 
effectiveness, safety, and legal status remain am-
biguous.
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Frogs are known for their incredible jumping abil-
ity—the farthest recorded frog jump was over thirty 
feet! On the other hand, toads can only hop short dis-
tances, which means they cannot escape danger as eas-
ily as frogs can. To combat this, toads have developed 
some impressive defense mechanisms. In order to 
deter predators, they can secrete a foul-tasting toxin, 
puff themselves up to appear more intimidating, or 
play dead.

Perhaps the most amazing adaptation can be found in 
the Oreophrynella nigra, better known as the pebble 
toad. Native to Venezuela, these toads do not grow 
very large: adults generally peak at one inch in length. 
Since they live in rough mountainous terrain, hiding 
is not always an option. At the first sign of danger, 
pebble toads will tuck in their limbs as close to their 

body as possible. Gravity takes care of the rest, and the 
toads can tumble away down the mountain at impres-
sive speeds.

Interestingly enough, an animal in an entirely different 
environment has also adapted the same streamlining 
strategy. To get away from predators, the wheel spider 
draws in its legs. Since it lives in the desert, however, 
its speed comes not only from gravity, but also from 
desert gusts. They regularly reach speeds of one meter 
per second. The wheel spider is also one of the species 
of spiders that do not build webs. They instead dig bur-
rows in the sand, moving up to eighty thousand times 
their body weight in the process. Thankfully, these 
tumbling terrors only grow up to twenty millimeters, 
or about 0.8 inches. Moreover, these spiders are native 
to South Africa, so arachnophobes can rest easy.

TUMBLING TERRORS

Anita Radini, an archaeologist at 
the University of York, discovered 
these brilliant particles while dis-
solving dental plaque in a weak 
acid. Dental plaque is a film that 
coats your teeth and is made up of 
the natural bacteria in your mouth 
mixed with food byproducts, 
which later hardens into tartar 
if it is not removed. Dr. Radini’s 
work primarily focuses on study-
ing fossilized plaque and the traces 
of food that are found within it in 
order to determine the diet of that 
time period. Occasionally, she 
finds things like fibers from tex-
tiles or pollen, which help scien-
tists figure out what the daily lives 

Parents often tell 
you to refrain 
from eating paint, 
but the discovery 
of blue paint in a 
medieval woman’s 
teeth has actually 
changed the way 
females from the 
Middle Ages are 
viewed. 

of these individuals would have 
been like. 

In the case of B78, a German 
nun whose skeleton dates back 
to around 997 to 1162 A.D., Dr. 
Radini found particles unlike any 
she had seen before. After consult-
ing with physicists from the Uni-
versity of York, they concluded 
that the particles were ultramarine, 
a blue substance derived from la-
pis lazuli. This particular pigment 
was once worth its weight in gold, 
as it could only be sourced from a 
specific part of Afghanistan. It was 
often used to produce books and 
manuscripts.

Researchers believe that the pigment most likely ended 
up on her teeth from the process of shaping a paintbrush 
with her mouth. The fact that there were layers of pig-
ment found throughout her plaque implies that she had 
painted quite a lot of books. This discovery was deemed 
as important because it proved that some women were 
considered skilled enough to use such a valuable mate-
rial. Ordinarily, only monks were entrusted with ultra-
marine, so the possibility of skilled female artists begs the 
question of whether women were able to pursue other 
high-level positions in jobs.

BLUETOOTH?
MEDIEVAL
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As the name suggests, the urchin 
crab has a two-way relationship 
with sea urchins. Even  with their 
tough shells and dangerous claws, 
crabs are still unable to guard 
against all predators. Urchin crabs 
have been observed picking up sea 
urchins and carrying them above 
their heads for defense. In return, 
the normally stationary sea ur-
chins get a free ride to new feeding 
grounds.

Urchin Crab and 
Sea Urchin

MAGICAL
MUTUALISM

	 Symbiosis is a term referring to the interaction between two different organ-
isms, and mutualism is the type of symbiosis in which both organisms benefit. Fa-
miliar examples include clownfish and sea anemones, humans and digestive bacte-
ria, and species of cleaner shrimp and most aquatic animals. The Earth, however, 
boasts some rather unbelievable instances of mutualism that frequently go unnoticed. 
Some of these unexpected pairings may leave you shaking your head in disbelief.
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Coyote and Badger

Colombian Lesserblack 
Tarantula and Dotted 

Humming Frog

Ants and Aphids
Aphids, or ant cows, are treated by ants exactly as their name suggests. Ants protect the aphids and their 
eggs, and even relocate them if needed. This is because aphids produce honeydew, a sugary liquid, when 
they feed, which under normal conditions, simply falls to the ground. Ants, however, love this hon-
eydew and collect it from the aphids, similar to how humans allow cows to graze in return for milk. 

In most situations, a tarantula would not 
hesitate to devour any frog unwise enough 
to come within its reach. Nevertheless, this 
tarantula actually tolerates dotted hum-
ming frogs to the point of sharing a home. 
Tarantulas have even been observed picking 
frogs up, then releasing them unharmed. 
The frog defends the nest and any spider 
eggs from flying pests with its impressive 
tongue. In return, the frog gets a nice cozy 
home and protection from the tarantula.

At first glance, the coyote and badger seem 
like an incredibly unlikely pairing. But con-
sider this: coyotes hunt on grassland simply 
by chasing down their prey as fast as possible. 
Potential meals like prairie dogs can get away 
by simply diving into their burrows. Badgers 
wait underground for prey that’s fleeing from 
coyotes. Although both animals enjoy gener-
ally solitary lives, this hunting combination is 
just too good to pass up.
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transcribed hachimoji DNA into 
hachimoji RNA, which reacted 
to produce a green fluorophore. 
	 The discovery of these new 
synthetic nucleotides gives rise to 
wide-reaching implications. In 
the field of biology and cancer re-
search, Benner and his team 
have found that the synthetic 
pairs P and Z are more effective 
at binding to cancer cells than 
any of the four standard bases. 
This indicates that the base 
pairs could be incorporated 
into developing new and more 
sensitive diagnostic tools for 
cancer as well as in immunother-
apy, where molecules can be used 
to target and destroy cancer cells. 
	 Outside of biology, how-
ever, the hachimoji DNA is a 
major breakthrough in the effort 
to store digital data into genetic 
material. The expanded DNA al-

phabet gives rise to higher storage 
capacity and more complex stor-
ing capabilities as scientists try to 
convert binary information into 
genetic code. DNA is an ideal can-
didate for this type of data stor-
age, as it is able to last centuries 

and will likely never become ob-
solete, unlike other digital devices. 
	 Arguably most interesting 
of all, however, is hachimoji DNA’s 
implication on the genetics of ex-
traterrestrial life. The discovery of 
these base pairs support the idea 
that our natural base pairs may 

not be the only chemicals of life’s 
code in the entire universe. Rather, 
these chemicals were readily avail-
able at the advent of life on Earth 
and could sustain the storage and 
transfer of genetic material. There-
fore, alien life could have followed 

an entirely different path of 
genetics and used a different 
set of nucleotides than those 
on Earth, such as hachimoji. 
	 Adapting the DNA for 
clinical use is a challenge as 
it currently cannot sustain it-
self outside of the laboratory. 
This hinders its applications 

in healthcare, particularly its pos-
sible role in detecting and treating 
cancer. Despite this, the expan-
sion of the DNA alphabet from 
four bases to eight has the poten-
tial to further our understanding 
of the methods for creating more 
synthetic base pairs and making 
huge changes to a number of fields.

ARGUABLY MOST INTERESTING OF 
ALL, HOWEVER, IS HACHIMOJI DNA’S 
IMPLICATION ON THE GENETICS OF 

EXTRATERRESTRIAL LIFE
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	 In February 2019, a group 
of scientists lead by Steven Ben-
ner created four new nitrogenous 
base pairs, which revolutionize 
our understanding of DNA across 
a wide variety of fields. This was 
more than one hundred years af-
ter Albrecht Kossel discovered 
the four natural DNA nitrog-
enous bases: adenine, thy-
mine, guanine, and cytosine. 
	 Made up of a sugar-
phosphate backbone and ni-
trogenous bases, DNA serves 
as the principal genetic code 
for life. Not only is it used as a tem-
plate for cell division and differen-
tiation, it is also used for the syn-
thesis of important proteins that 
help sustain our bodies. One hun-
dred years after its discovery, sci-
entists have used this genetic code 
to assess risks for certain diseases, 
including certain forms of cancer, 

and to develop synthetic molecules 
used to alleviate those illnesses. 
	 For years, scientists have 
questioned whether the four bases 
that make up the DNA language 
were the only existing bases that are 
capable of encoding the building 
blocks of life. Many have sought 
to create synthetic base pairs, in-

cluding an effort in 1989, which 
was also lead by Benner. These ef-
forts have largely failed because the 
synthesis of new base pairs would 
lead to a modification of the bond-
ing patterns between the pairs, 
which are oftentimes unstable. 
	 The new base pairs, popu-
larly known as hachimoji DNA 

from the Japanese for “eight let-
ter” (the total number of base pairs 
known after the discovery), are the 
first to have fulfilled all the param-
eters of DNA: a double helix struc-
ture, nucleotide stability, and the 
ability to transcribe. The scientists 
demonstrated this by perform-
ing X-ray crystallography in order 

to show that the nucleotides 
maintained a double helix 
structure. Highly-stable hy-
drogen bonding, found in 
both natural and hachimoji 
DNA, achieved the stability 

requirement. Finally, the ability to 
transcribe was demonstrated when 
the team modified T7 polymerase, 
which is a major component in 
DNA replication, to adapt to the 
synthetic alphabet, which is made 
up of complementary base pairs 
P and Z as well as B and S. The 
newly modified T7 polymerase 

HACHIMOJI DNA FROM THE 
JAPANESE FOR “EIGHT LETTER”

A Match 
Made 

in the Lab
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Black holes often feature in sci-fi novels and television, so they might come to mind when you think of 
space or physics. But why are they so important, and how is it just now that one is being seen for the first 
time? What are the images of black holes displayed in movies and science exhibits?

On April 10th, headlines broke when an international team of researchers 
released the product of a year-long project: the first image of a black 
hole ever taken.

B
LACK HOLE IMAGIN

G
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is within the event horizon. The EHT is 
comprised of eight radio telescopes based 
on various points on the Earth’s surface, 
working in conjunction to function as one 
Earth sized, virtual telescope. 
	
The black hole itself cannot actually be 
seen by current technology. Black holes are 
relatively tiny astronomical objects, with 
their masses compressed into proportion-
ally miniscule spaces. The image taken dis-
plays the object’s shadow, which is around 
2.5 times larger than the event horizon of 
the hole. Around the shadow spins a ring 
of highly energized gas and dust, the rem-
nants of the supernova, or explosive death 
of a massive star, which created the black 
hole. This particular body resides in the 
center of Messier 87, a galaxy in the Virgo 
galaxy cluster.

The observations taken from the EHT 
match the theoretical descriptions of black 
holes remarkably well. Researchers are op-
timistic about future breakthroughs re-
garding black holes and informing current 
theoretical understanding with observed 
evidence. 

 To explain, one should first understand 
what black holes are. In 1916, Einstein 
published his theory of general relativity, 
which states that gravity shows how space-
time is shaped. When an object with mass 
exists, it creates curvature or a distortion 
in the otherwise level continuum of space-
time, causing matter and energy, including 
light, to fall towards it. This phenomenon 
is seen in how our feet stick to the ground 
and our atmosphere does not disperse into 
space. In this theory, Einstein predicted 
the existence of objects with density so 
great that they distort the continuum to 
infinite curvature, so that nothing escapes 
their gravity, including light. 
	
Up until now, Einstein’s claim about the 
existence of black holes has been accepted 
by the global scientific community, even 
without a visual sighting of one. How-
ever, their presence has been observed at 
the center of galaxies, as their gravity keeps 
stars and solar systems in orbit. The tech-
nology which enabled the imaging of this 
black hole is called the Event Horizon 
Telescope (EHT). The event horizon is the 
larger boundary region of the black hole 
since no mass or light can escape once it 
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The telescope is highly sensitive 
to radio waves, which can be 
detected across the extreme 
distance of 55 million light-
years from the black hole 
to Earth due to their long 
wavelengths. 
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	 On April 15 6:20 p.m. local time, a fire ignited on the oak spire of the Notre Dame Cathedral in Paris. It 
burned till the next morning, eventually causing both the cathedral’s spire and roof to collapse. In many ways, Notre 
Dame was the perfect storm for such a devastating fire. In an interview with Business Insider, Christopher Marrion, 
the founder of Marrion Fire and Risk Consulting, discussed the factors of the fire.
	 A fire is a form of combustion, or the reaction of a fuel and oxygen. Some initial action, such as a spark, begins 
the reaction. Combustion is usually exothermic which means that the reaction gives off energy. As a result, fires are 
able to sustain themselves if there is available fuel and oxygen.

	 Prior to the fire, the 12th century cathedral had been undergoing renovation. 
Marrion notes, construction is a common culprit of fires because new sources of risk 
such as equipment and metal materials are introduced to the area during it. Marrion 
also considered the possibility of a fire separation being removed during the construc-
tion process. Fire separations are any barriers specifically placed within a structure to 
prevent the spread of fire.
	 The Notre Dame fire was further worsened by the high Gothic ceilings, which 
provided plenty of air to fuel the fire. In addition, the roof was built mostly of wood 
unlike the stone frame below, and artwork and other combustible items provided even 
more material for the fire to consume.
	 The 141 year old St. Patrick’s Cathedral in New York City also faces the threat 
of fire; in fact, an attempted arsonist was arrested at the cathedral on April 17. The ca-
thedral, however, does have protective measures, which were recently added in a $177 
million renovation. Misting systems were installed inside the building, and the roof was 
coated with a fire retardant.

	 A fire retardant is any chemical that slows down combustion, 
usually by cooling the material via an endothermic reaction. Unlike 
exothermic reactions, endothermic reactions absorb energy, and in 
this case, the energy is in the form of heat. Other retardants prevent 
potential fuel from burning by forming a protective layer.

	 Misting systems also cool down the 
fire. Since the fire is much warmer than the 
liquid water, heat is transferred to the water 
until both are at the same temperature. This 
transfer causes the fire to cool while the water 
evaporates and becomes very hot steam.
	 Despite being able to save much of the 
structure, the fire in Notre Dame is a great loss. 
The structure has seen over eight centuries of 
French history, weathering wars and rebellions 
alike. Nonetheless, rebuilding the church is an 
opportunity to install new fire safety systems 
and ensure that what makes Notre Dame so 
notable does not also cause it to fall. With 
many already making contributions, French 
President Emmanuel Macron has vowed to re-
build the rest of the structure “because that is 
what the French expect”.BURNING DAME

14

Fireproof Wallpaper

	 Chemists in China have invented a new 
type of wallpaper, which is both fireproof and able 
to prompt a fire alarm. Ying-Jie Zhu and a team of 
researchers from the Chinese Academy of Sciences 
developed the wallpaper from a fireproof nanostruc-
tured material. Conventional wallpaper is made 
with a material called cellulose, which ignites easily. 
The smart wallpaper is a network of nanowires and 
is made up of the mineral hydroxyapatite, which is 
highly flexible and fire resistant, thus making it per-
fect for fireproof wallpaper. After forming the wires, 
the team successfully tested their prototype by plac-
ing it next to a flame for a whole day. The nanowires 
that make up the wallpaper are about the thickness 
of a piece of printer paper. The actual paper, however, 
had not yet been created. Scientists poured a liquid 
containing the nanowires into a paper-making ma-
chine, which resulted in a smooth and flexible white 
wallpaper that can be altered into an assortment of 
colors, designs, and patterns.

 	 On the back of this paper, there is a tem-
perature-sensitive sensor that is made from graphene 
oxide, a natural electrical insulator. When the tem-
perature heats up to 129 degrees Celsius or above, 
this material becomes an electrical conductor. This 
means that if there is a fire, which is typically around 
five hundred degrees Celsius, an electrical current 
will form and trigger a fire alarm. This sensor was in-
corporated onto the wallpaper by mixing graphene 
oxide and water, creating an ink to print onto the 
paper. 

	 Although the wallpaper may seem practical, 
it is currently too expensive for consumers. The team 
is looking to work with different companies in the 
hopes of making the wallpaper more affordable in 
the future. 
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New Hope for 
Bubble Boys

—the colloquial name for a person with X-Linked Severe Com-
bined Immunodeficiency (SCID-XI). SCID-X1 is an extremely 
rare genetic disorder that affects approximately one in every 
58,000 people; it stems from a mutation in IL2RG, a gene 
crucial in the translation of a protein called a common 
gamma chain, which plays a role in many cellular recep-
tors involved in the immune system function. As a result, 
those with SCID-X1 have defects in their lymphocytes, 
which cause these cells to either function incorrectly or 
not at all. Lymphocytes are white blood cells, like B-
cells and T-cells, which are responsible for detecting, 
remembering, and destroying foreign threats. For ex-
ample, if you get the flu, a helper T-cell might bind to 
the virus and release signals to recruit B-cells and kill-
er T-cells. The B-cells will generate antibodies for the 
pathogen, and the killer T-cells will destroy it. The next 
time the same virus appears, the antibodies generated by 
the memory B-cells will be used to kill it. This process is 
the basis of the human body’s immune system; without it, 
even the most common colds and infection could put us in 
our deathbeds.

Unfortunately, for bubble boys, this line of defense does not ex-
ist—they are at the mercy of all the bacteria and viruses that enter 
their bodies. Millions of years of evolution and selection have provid-

Imagine living a life without friends, a life of con-
stant caution riddled with countless checkups and 
endless prescriptions. Everyday you fear that 
some stranger’s sneeze or some child’s 
cough could be the end of you. Such is 
the life of a bubble boy
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ed us with a strong natural defense against micro-
scopic invaders, and if it does not function, there is 
trouble. Those with the mutation can only engage 
in limited contact with others, have shortened life 
spans, deal with chronic diarrhea and skin rashes, 
and cannot even receive vaccinations. Thus, their 
short existence often becomes a miserable one. The 
treatment for SCID-X1 has traditionally been bone-
marrow transplants. Bone marrow is the site of 
growth and maturation for many lymphocytes, and 
scientists hope that by transplanting healthy stem 
cells, the recipient will be able to generate their own 
B-cells and T-cells, creating their own immune sys-
tem to protect themselves. Unfortunately, the pro-

cedure is tricky and the cells must be taken 
from a closely-related, healthy fam-

ily member, such as a sibling. 

This option, although 
generally regarded 

as the best one 
that these pa-

tients have, 
is only 

a v a i l -

able for approximately twenty percent of those 
affected. That leaves the remaining eighty per-
cent in a rather hopeless situation—or at least, 
it did. Recent research has pointed to the prom-
ise of gene therapy, a new branch of medicine 
in which doctors seek to address the root cause 
of the issue: your DNA. Typically, a retrovirus 
or some other vector is used to replace the mu-
tated gene. In this case IL2RG is replaced with 
a healthy copy of the gene. With a healthy copy, 
the patient would be able to create their own 
functional B-cells and T-cells. According to a 
study published in The New England Journal of 
Medicine, seven children with SCID-X1 have 
returned home after successfully receiving gene 
therapy treatment, and another is expected to 
follow. They have all developed immune systems 
that should allow them to battle most childhood 
diseases on their own. Gene therapy, however, 
is not only for bubble boys. The beauty of gene 
therapy lies in its many possible applications. 
Many scientists foresee a future in which this 
technique could be used to treat a myriad of ge-
netic disorders and even cancers. Mutations in 
the genome are the cause of countless diseases, 
and there are innumerable possibilities of editing 
these mutations—by editing your genome, you 
are literally changing your blueprint. 

With these recent 
discoveries, there 
is now a lot more 

hope for those 
previously deemed 

hopeless.
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When discussing cures for diseases, the defi-
nition of a cured patient seems to be the easi-
est part. Either the disease still remains, or it is 
completely destroyed. Current methods to treat 
the human immunodeficiency virus (HIV) in-
clude taking medications to repress the effects 
of the virus. Many patients, including former 
basketball player Earvin “Magic” Johnson, live 
with HIV simply by taking medication despite 
not being cured. Although a complete cure has 
not yet been discovered, scientists have finally 
made progress in finding a cure for the disease 
after completely curing a patient for the sec-
ond time in the history of the HIV epidemic.

The first time the treatment succeeded, scientists 
were uncertain about the treatment’s efficacy. 
During treatment, the patient went into critical 
condition. Later on, the patient recovered and was 
cured of HIV. Scientists were not sure whether 
this was because of the new treatment or because 
of the near-death experience. A second case of suc-
cess, however, showed that the treatment worked.

The second patient, who wishes to remain 
anonymous, has been dubbed “the London pa-
tient.” In addition to HIV, he was also treated 
for and cured of Hodgkin’s lymphoma, a type 
of cancer. He initially underwent chemother-
apy, but when that did not work, he had bone 
marrow transplants. Although most treatments 
for HIV involve different kinds of antiretrovi-
ral drugs to slow the progress of the infection, 
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these transplants also help treat HIV as well. 

HIV is a virus that attaches to and destroys white 
blood cells, which protect us from disease. When 
the white blood cell count gets too low, even regular 
infections, such as the flu, can become deadly dan-
gerous. A specific genetic mutation called CCR5-
delta 32 alters the receptors of these white blood 
cells and makes it impossible for HIV to attach and 
infect the cells. This mutation, however, is only 
present in about one percent of the population.

The donor for the London patient’s bone mar-
row transplants was a carrier of this CCR5 mu-
tation. White blood cells produced by the do-
nated bone marrow were entirely resistant to the 
strain of HIV. After two surgeries, the outcome 
was very similar to that of the first patient. Tests 
showed no signs of HIV in the bloodstream 
and that his white blood cell count was rising. 

Although this treatment has proven to work, it 
has taken more than twelve years of testing in 
between the two cases, and only these two pa-
tients have had success. Despite this, the treat-
ing patients with CCR5-delta 32 transplants 
is not completely effective. Different strains of 
HIV use other methods to attack white blood 
cells, making even those with the  CCR5-delta 
32 mutation vulnerable to HIV. A second suc-
cessful case is a promising step for the future, 
but there is still much more work to be done. 
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Innovation in

Trees are a very important part of our world; they take in carbon dioxide, provide oxygen, and even provide 
beautiful foliage. BioCarbon drones are devices that fly over hillsides and mountains, spraying tree seeds into 
areas struck by deforestation with just enough pressure for the seed to enter the ground snugly. Although plant-
ing seeds by hand is always helpful, BioCarbon drones can plant significantly more seeds in a shorter span of 

time. The company states that they will be able to plant one billion trees per year. 

Many scientists and innovators are taking this climate change initiative in a different direction: renewable en-
ergy sources. A team of researchers is pushing to create a wind turbine farm in the ocean. These wind turbines 
are set to be placed in the ocean because the wind over the ocean is seventy percent stronger than wind over land. 
The wind farm is planned to be the size of Greenland and could potentially power eighteen terawatts, which is 

the amount of electricity all of humanity currently uses. 

As expected, building a wind farm the size of Greenland, which is 836,300 square miles, is no easy task. It will 
be extremely costly for many reasons: purchasing enough materials for this product as well as paying workers for 
construction, troubleshooting the turbines, and connecting them to the world’s electricity grid. Furthermore, 
these windmills will affect the habitat of the creatures living in the ocean. It is not ideal for these sea creatures 
to have to move out of a place the size of Greenland. Wind turbines would also affect flying creatures, such 
as birds. In North America alone, “wind turbines kill an estimated 140,000 to 328,000 birds each year”. This 
makes wind energy the most threatening form of green energy. Many birds migrate across the ocean during the 
winter, and they could be swiped by these wind turbines. This can result in birds changing their migration pat-
tern, which would cause further problems. These wind turbines could also completely alter the ocean climate by 

Many people and organizations can agree that climate change is one 
of the biggest challenges that we face in this era. Scientists and 
innovators are solving this big problem through taking advantage 
of 21st-century technological innovations. Often, their “unicorns-

and-rainbows” products need to be probed as well as reviewed to 
make sure they are reasonable and sustainable. Let’s take a look at 

the current prototypes and products that are out there today. 
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Climate change

Rather than attempting to combat 
problems caused by global warm-
ing, some solutions attempt to 
combat the cause of global warm-
ing itself—the build up of green-
house gases such as methane. Re-
searchers from a company called 
Newlight Technologies are working 
to turn methane into plastic. Their 
AirCarbon plastic material is made 
of forty percent oxygen from the 
atmosphere and sixty percent hy-
drogen and carbon. The carbon is 
sourced from methane produced 
by agricultural operations. The 
AirCarbon would later be used to 
create plastic items, such as phone 
cases and chairs. 

After careful reconsideration and 
evaluation, one can see that these 
products and ideas are useful but 
have some drawbacks. Although 
these scientists and inventors have 
good intentions in creating these 
products, there can be many disad-
vantages that pop up along the way. 
Climate change is a pressing prob-
lem, and despite all the problems 
that get in the way, these scientists 
are working hard to fix it. Their 
technological innovations could 
very well be able to make the world 
a better, smarter place to live in.

More than eighty percent of the 
earth’s marine life is affected by 
climate change, including coral 
reefs. These colorful, vivid reefs 
are quickly becoming dull, plain 
skeletons mainly due to the wa-
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ter in the ocean warming up and 
acidifying because of greenhouse 
gases. Pumping cold water into 
areas of the ocean inhabited by 
coral reefs would cut down on 
the quickly rising temperature of 
the sea and decrease the amount 
of bleaching. Though this prod-
uct might seem like a good solu-
tion, there are many side effects 
to it. For example, it could in-
crease the amount of ocean acidi-
fication, which harms sea life. 

cooling it by about thirteen  de-
grees Celsius. Although there are 
many problems that come with 
this wind farm, it nevertheless 
could still serve as an example of 
smart, useful wind energy.

David Suggett from the University 
of Technology Sydney says that the 
pumping of this cold water would 
be more detrimental to the coral 
reefs.  



To answer that, we need to explore the basics. 
The music and noises we hear everyday are 
composed of vibrations travelling through 
the air, known as sound waves. These invis-
ible waves vary in length and speed to create 
different frequencies of sound. The longer 
the wavelength, the lower the pıtch, and the 
shorter the wavelength, the higher the pitch. 
The amplitude, or height, of the wave deter-
mines how loud it is. 

When sound waves collide, they interact to 
create interference patterns, affecting the 
pleasantness of the sound. There are two 
kinds of interference patterns: constructive 
and destructive. Constructive interference 
occurs when two sound waves line up at 
the peaks (maximums) and troughs (mini-
mums). This kind of interference creates a 
grander and more melodious sound. 

On the other hand, destructive interference 

 
occurs when peaks of one sound wave line 
up with troughs of another, thus leading to 
either silence or dissonance. Another way 
to create uncomfortable sounds is through 
nonlinear noise, or inaudible disturbanc-
es, which can be created by high-pitched 
screams or even an animal’s distress calls.

When sound waves interfere with them-
selves in woodwind instruments, standing 
waves are formed. The longest wave that can 
fit in the tube without interfering with itself 
is called the fundamental frequency, and the 
others waves are called the overtones.  The 
fundamental frequency is heard the loudest 
and, therefore, is identified as the pitch of the 
tone. Overtones combine to create sounds of 
the same pitch. Musical instruments make 
their unique sounds due to overtones. For 
example, a violin’s wave is jagged and creates 
a much different sound than a piano, which 
produces a smoother wave. 
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The ability to not only recognize the differ-
ent musical intervals, but also utilize them 
in songwriting is an essential skill for com-
posers and artists. Interference patterns of 
waves create many combinations, but only 
twelve are considered musical. An easy way 
to recognize them is to associate songs with 
each interval. For example, the “Jaws” theme 
is associated with the minor second, which 
creates a dissonant, suspenseful sound. A 
slight change into a major second creates a 
harmonious, happy song like “Happy Birth-
day.” 

Composers and artists utilize constructive 
and destructive interference as well as over-
tones when writing a new piece or song in 
order to control the mood of their audience. 
Although you cannot see them, sound waves, 
shaped by many factors, create not only the 
melodies and harmonies, but also the disso-
nance we hear all around us.

Although science can help clarify one’s understanding of music, 
listeners, unaware of the science, can still determine what sounds 

good. That is what makes music so complex, yet so simple. 

What makes music so fun to listen to, 		        but so hard to create?

DAVID QIAN - IIDAVID QIAN - II



Find the articles’ titles in the word search below (no spaces). Then, 
take the remaining letters from left to right to find a secret list of 

words. Remove any proper nouns to get the final question.

CBD
NEWHOPEFORBUBBLEBOYS

ADVANCESINHIV
MEDIEVALBLUETOOTH

MAGICALMUTUALISM
BLACKHOLEIMAGING

BURNINGDAME
FIREPROOFWALLPAPER

NEWDNABASEPAIRS
TUMBINGTERRORS 

SOUNDOFMUSIC 
CLIMATECHANGE

P O T U M B I N G T E R R O R S P E Y E

S E H T O O T E U L B L A V E I D E M N

D J A N E E Y W R E Y O U C R S P I K F

A C H U A N S H W E R L I U R K E S I G

M K Y W A L K O E R T S O I B I L R A N

B S O B A G G P I N U S A C A T E A D I

P U I L T A S E K M E P R M I P G T V G

T H E L F B R F F O E G E M R A N I A A

L P E R A C U O Y S J A C O K S A O N M

N W H A T U D R A T H A O N O S H A C I

R E S H A N T B N K E F S P E A C R E E

E T H E U H A U A I W R R Y P O E T S L

T E R O T N H B M A N R E E T O T M I O

S A S W D Y E B L L R G B A T M A A N H

N M A W I N G L E O A R D G E W M A H K

S H E I N G P E T O N C R A O N I A I C

L N D M C A D B O N A L I D M T L Y V A

P E S M P O A O N A O F K G A E C T N L

I S S E E V E Y R C B D D E A E N P E B

R S R E P H O S N E C A T A P M U L T S

Send your answer to catapultasciencebls@gmail.com for 
a chance to win a $10 giftcard!PUZZLE


