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Have you ever wondered how the universe was really created? Through.cosmology—the study P la st ' c s
- “of the hiitor\ rz'lhd evolution of the universe — there exists two explanations-for how the

universe was ueated IellGIOU\ dﬂd suentlfu 16‘}\0111110 R€]1§510US lGd.\OIllﬂ%_, is Lased on

[l

creationism, \VhlL'} 1 Su gg Sts ¢ rhlt'(JOd or a }1101161 powel ueated the umvelse Sc 1ent1f1g

X e ® . .
Teasoning tries’to e\phm how the universe was created usmé science and phvmwl - CurrenﬂY' the world prOduceS Over.‘|30 metric tons of pqu'l'IC
. . : gt e g S annually — more than the total weight of all the humans on
" . . _evidence.
: S 8 ST e r Earth.
Histarically, there have been dwo
- Only 9% of this waste is recycled, however. Reducing the production of plastics and other types of waste has

5l:lent|fil: Explaniltmns fnr tl'lE

remained at the forefront of the global effort to combat steadily increasing global warming.

l!ngms of the universe: the ﬁteal:ly

In recent years, there has been a push to increase the usage of biodegradable plastics to curb the

.!‘n_tate _thepry and thE Elg Bam_:..; '

environmental impacts of regular plastics such as polyethylene. Biodegradable plastics such as

-
. .

. T-he @tezidv State théOl‘ ates tl &t the llaneI se } nas 1\\"1\'\ ween the same

(] ’ . & o P o > o o
peanuts and coffee cups, seeming to offer consumers a way to lower their carbon footprint. In reality, these
—no b]\* €Iupt10nb, no Lham,es i evolyribm. 1t vas always just thele mﬂ\m{,

polyhydroxyalkanoates (PHAs) and polylactic acid (PLAs) have become available in products such as packing

1 3 ] ' alternatives don't have much of an effect. Though these currently available plastic alternatives contain
A Loup e new atoms at a time in the midst of emptiness. In contrast, the Big

natural materials like vegetable oil, food waste, and sawdust, they are still manufactured in the same way as
- Bang suggests tl at the universe e\ploded from a “cosmic egg. Fhis smgulant\

1 conventional fossil-based plastics and, therefore, produce carbon emissions. Furthermore, many
point fevealed simplé forms of matter such as plBton\ and electrons ‘hich then

biodegradable plastics only break down under certain conditions. For example, polylactic acid only degrades
fused to'become the first atomig nudel of mainly h\'dl oben and helmm for & p Y P [P0 y aeg

in industrial compost settings:; it cannot be conventionally recycled as it can
deudes, scientists* h’we debated these theones until evidence ft om the 1992 Loxmm p &% Yy recy

contaminate other plastics in the bin. When bioplastics do end up in
B’ad\m ound E\p orer ((JOBE) pIOVGd the measur ements h om the BlU Bang theow p p p

3 recycling bins, they often make their way eventually into rivers and
true. In 2013, the Atacama Large Ml]llmetelZsubml]]lmetm L\nav (r\LM#\) radio yeng » L€y y y

] ; oceans, as most landfills don't do industrial composting. In some
-+ “telescope found younger stars and’ gala\les light years away, fur thel eonfir ming’ the
' ; g e cases, these plastics even end up being incinerated, releasing toxic
Big BmU theorv as the standard model for LOsmolwv - . : ’ p P & 2 &

chemicals and greenhouse gases into the environment regardless of

~In 2021, NASA laulich'ed'a new tele$cope into spacg: the James Webb Space Telescope.

how “environmentally-friendly” they may be advertised as.

. ‘\X ]11]6- it _was sent to LOﬂf'Ill’ﬂ our LL111€I1t fmdmgs, d%tOUﬂdll‘lU (| 1dente was sent bdt]\

; While this industry has not made sufficient progress yet, man
mstead It reve caled th: hat our gala noht be ex andmU faster than we e\pegted wi L]’l LOU]d Y progress yet, Yy

: are working towards better replacements. Researchers at the
- 1efute the Hubble constant — the measurement of how quickly different g é&]d\leh are e\pandmv & p

; University of Wisconsin are developing a new biodegradable plastic
away. Thew 1mp11catlon< eould thrbw oiour whols undelxtandmﬁ of ‘the universe. TOCLl\ Y pmg & p

based on corn cobs. This plastic would be more readily biodegradable
scientists are. ficed with o choice: nyake adjustments to the existing standard mode] of, the J

and may be a suitable replacement for standard polyethylene.

more CLlUﬂtll’l OPUOH t]lIO\V out 6\'61\‘(]1111” we've ,Oufld Aﬂd start agam.
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At the University of California, Davis, another biodegradable alternative based on
cheese waste byproducts is being developed. While these advances are

working towards tackling the issue of creating degradable plastic, the cost
remains a challenge in bringing such products to market. At

Virginia Tech, researchers are working on a firsc-of-its-kind

project to develop an affordable molecular bio-processing

system to produce biodegradable plastics from food waste.

This system will use microorganisms to convert food waste

to fats, which will then be processed into bioplastics. As

this process is similar to fermentation, it would ensure that

the produced materials are easily compostable.

Even though bioplastics are still
three to four times more
expensive to produce than
traditional plastics, the industry
is expected to hit a value of §57
billion by 2032

This projection is primarily due to the pledges of various nations and 1arge companies to shift away from
single-use plastics. For instance, Starbucks announced in January 2024 its goal to make 100% of its cups
compostable, recyclable, or reusable by 2030. Additionally, Coca-Cola, the current most significant known
contributor to branded global plastic waste, signed the U.S. Plastics Pact in 2021, pledging to use 100%
biodegradable, recyclable, and compostable packaging materials by 2030. These steps show signs of a

promising future for biodegradable plastics and the environment.
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The Microbiota-Gut-Brain Axis

“All disease begins in the gut." - Hippocrates of Kos (c. 460-370 BCE)

These were the words hailed by Hippocrates — the “father of modern medicine” — 2,400 years ago. Regardless of
the statement’s dubious truth, Hippocrates’s wisdom still rings true in the microbiota-gut-brain axis theory, where

small disruptions in the symbiosis of gut bacteria and their hosts can negatively affect human health.

2
1
A

5= ia, What is the Microbiota-Gut-Brain Axis? g j‘g\
v o By

20,000 genes. 3 billion base pairs. Numbers cannot fully depict the scope of the human genome: a centuries-long
mystery only uncovered after over a decade of research and the efforts of scientists internationally in the Human
Genome Project.

Now, compare that to the gut microbiota. Despite comprising a small section of the human body, the gut is
inhabited by some of the body’s most diverse microbial communities: bacteria, fungi, viruses, and archaea. Scientists
estimate that the gut microbiota contains 150 times more genes than the human genome. This can be attributed to
the myriad of tiny microbe species in the gut.

So what is the microbiota-gut-brain axis? It refers to the bilateral biochemical signaling between the gut microbiota
and the human central nervous system. With the stresses of everyday life and constant pollutants and toxins from
medications or food, the main factor that impacts the gut is our diet. This is problematic because gut microbiota
contribute to forming the blood-brain barrier and brain cells themselves.

The microbiota-gut-brain axis serves as one of the most interesting regulators of the human body. For instance,
small Changes in the gut microbiota are associated with the development of neurodegenerative disorders such as
anxiety, depression, and autism, and play a role in the development of preclinical Alzheimer’s disease and

Parkinson’s disease.

Microbiota-Gut-Brain Axis in Research Q00

During the past few years, the microbiota-gut-brain axis has become a hot area of research, and for good reason. For
scientists, the axis's role as a key target in preventing the progression of neurodegenerative diseases emerges as an
exciting area of research.

Additionally, the microbiota-gut-brain axis works as a critical regulator in glial

.
P ¥
. . . . o
functions, which helps form the blood-brain barrier and that support and connect il N T
3 = TS
neurons. Microglial activation and neuroinflammation are typical characteristics AR ESARC L
~ . . . . . - 3 I
of neurodegenerative diseases. With new developments, only time will tell where ¢ \ L B 4
0’ :
= 3 2

. . . .. . —
this research leads. By understanding how the gut “talks” with the brain, we hope
to gain insight into better treatment and prevention of neurodegenerative diseases

through improving our diet. After all, “you are what you cat!”
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) SOFT CELLS:

RETHAGIING HYMANITY'S GRASP OF THE 3
of lava. While this disast
dened rock would contribute to W

as been fully explored.

Tessellations, the specific arrangement of shapes so that they fill a surface with no overlaps or gaps, have

intrigued humans since ancient Mesopotamia. Even though it is prominentiy featured in architecture and

d due to the eruption, preventing archaeologists for, i '
puion, p & & artwork throughout the ages, there secems to be a shortage of thinkers who have seriously pondered the

q gl chey could hold. The potential for'gheses H various nuances revolving around tinkering with tiles. What is the least amount of vertices a shape could

OW e'of cla ] at led rescarchers from the University of Kentuck

j ave been owned by Julius Caesar’s father-in-law held

h d yet still ¢l face?
arly 2023, where participa asked with uncovering we the papyrus for a e e s A

What is the least amount of verfices a shape could have and vet still tile a
surface?

vas Casey Handmer's discovery of substantial evide
s led to che first w being deciphered in August o

I . : , @ »
QIVETSITY g D ASRd od called *vireu This thought has led a group of Hungarian mathematicians to uncover an entirely new set of shapes,

unde e Vesuvius RECIL 1 g sparking a discussion that can potentially revolutionize our perception of space-filling shapes and how they

sca ogy to take scz connect with the natural world.

le patterns, Farritor d

ed ten letters on the papy
h “Soft cells,” or shapes that can fill a space with no
whi

overlaps or gaps, serve to answer the question that
d?m has plagued Domokos, a Hungarian mathematician.
er get The first step to finding how they work in three
gazcherire ) dimensions was to take a step back and observe them

- in the two dimensional world. Utilizing curves and
“all observing the rules governing mosaics, Domokos
found that it was impossible for the average number
of vertices (sharp corners) in a tile to be lower than The spirals of the nautilus shell are an example of soft
two. Using this observation, he concluded that a cells found in nature.

monohedral tessellation, or a tessellation made up of el —

monotiles (which fill the plane with copies of itself), A A

couldn’t have fewer than two vertices either. In » VAV

collaboration with Akos G. Horvath, they devised an P~y _ —r—

algorithm that could successfully deform tilings of ' ' | ” ‘_ ‘ ’ .

regular polygons like triangles, squares, or hexagons _ ' L L] |
@ o e

into monohedral tessellations made of two-vertex

tiles. . ) .

Source: Nature
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Regos attempted to convert the seemingly random warping of soft cells into mathemartical language. She noticed
that every polyhedron has a dual, that is, another polyhedron with corresponding faces and edges. If one were to
find a path along the “mirrored” polyhedron that goes through all the vertices exactly once, it would also be possible
to distort that shape into a soft cell. The phenomenon of locating a path that visits each of the corners on a dual
polyhedron is called a Hamiltonian circuit. Horvath plans to use the established conditions to devise an algorithm

to prove that there is a corresponding set of soft cells to the infinite category of polyhedrons.

QAs comphicated as a sof 1 cell may be, it may be a surprise that sof1 cells exist
all over the world, from zebra stripes to river estuaries to heads to wheat to
ammonite shell chambers.

As complicated as a soft cell may be, it may be a surprise that soft cells exist all over the world, from zebra stripes to
river estuaries to heads to wheat to ammonite shell chambers. This formal classification of shapes, which humans
have used unknowingly for centuries, may also serve a practical use. On top of minimizing sharp edges, a reliable
understanding of “soft matter” for biologists would allow them to accurately model cellular material by utilizing
nature’s disdain for straight edges and corners. As for where soft cells may directly land in the scientific landscape,

the answer only lies in the future.

Aristotle

Then came the challenge: applying this newly discovered class of shapes to the three-dimensional space. 3D
tessellations have been of interest since ancient Greece, when mathematicians such as Plato and Aristotle began
imagining solids. Plato famously came up with the five “Platonic Solids” and centered his entire model of the
universe around it. He was incorrect in his assumption that these five solids are able to form tessellations as
monotiles, as only the cube meets the criteria. Later, in the 19th century, Russian mathematicians were able to
catalog a new set of five shapes named “Parallelohedra” that also fit the standard for monotiles. However, all these
shapes consisted of flat surfaces, with even the occasional proposed shapes bounded by curves having obvious sharp

corners or vertices.

Eventually, Domokos and his team managed to identify a solid with just two corners, but soon realized that
applying the assumption of the minimum number of vertices from 2D to 3D was Completely false. He soon found an
example that proved his point; it was possible to fill a space with solids that had no corners. “The shape itself was
the proof,” said Regos, a colleague of Domokos. This discovery sparked immense interest within the scientific
community. Researchers wanted to know the conditions in which such a class of shapes could be made, just like the

algorithm Domokos created earlier.
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Every single person has an "nune system. Used for
combating diseases and illnesses, these immun

e@ms are__ e
crucial, helping ma&tam health and prevenc ill s. Bur @1 °
ho“) our immune systems eliminate these diseases? R . L

2

One of the most powerful forces in our body is the Eeell
Constantly monitoring the body for abnormalities, these

IIs are good at finding and fighting diseases. The T cell

as small receptors (simply named T cell receptors) used
to detect unknown and potentially harmful substances or
pathogens. After binding to one of those pathogens, it sends
a signal through a stimulatory molecule. To work, the T cell
requires another molecule produced by another costimulatory receptor
to confirm that the body is actually under attack because any unnecessary

activation could harm beneficial cells and lead to autoimmune diseases.

After it receives both signals, the T cell will activate and start producing more
T cells. One type of T cell that it produces, called a killer T cell, looks for
infected cells with its T cell receptors. Once found, it will force the cell to
self-destruct and undergo cell death (apoprosis). Following the clearance of all
of the antigens, the T cell will deactivate and remain dormant in your system for
years, activating again when it spots the same pathogen. That ensures immunity against the

pathogen.

One of the biggest downsides to T cells is that T cell receptors can only detect antigens if they
are held by a special receptor known as an MHC molecule, and so, it cannot recognize

cancer-specific antigens not displayed on that receptor.

A therapy called “CAR (chimeric antigen receptor) T cells” resolves that issue. The treatment involves
injecting DNA, usually through a deactivated virus, into a T cell. This DNA produces proteins that are a mix
of T cell and B cell receptors—B cell receptors do not require the presentation of antigens on MHC—that are
able to detect surface cancer proteins and act. This is why it's called chimeric, after the chimera in Greek ’
mythology. The concept sounds simple, yet it is effective. As of 2023, there were 6 CAR T cell theraples for ¥

-

blOOd cancers,ﬁreatmg afﬂlCthl’lS such as 1ymph0ma or leukemla i . *

-
-

. d . . . 9 . » &y A -
However, some issues arise with treatments involving CAR T cells. First, the whole reatment is ificredibl
® expensive. Each type of CAR T cell is individualized, meaning that it has t ailor'—ma
S i egc‘h patient using their own cells. That prevents massive scaleupt f: treal;ment f

Second, the logistics for sending out a personalized prescription are ho-rrlble Sendmg
& & A an incorrect treatment would be horrible for the patient, and thus the proccss Sof L &

- " -
e

delivering and creating it rakes time.»

bstly, research involving CAR T cells is incredibly slow: only a few
rresearch labs can make the therapies, limiting studies to small groups

of participants at local hospitals. For those three reasons, the
overall process takes around 1 month, during which a patient’s

cancer could worsen.

T cells are vital for immunity, and CAR T cell therapy offers a
breakthrough in fighting cancer. However, its high cost hinders
accessibility, emphasizing the need for cheaper, more convenient,
and more effective therapies. Finding such therapies will, therefore,

put us one step closer to the goal of eradicating cancer.

CAR T-cell Therapy

Remove blood from T call [Malm CART cells in the lab
patient to get T cells :
-'I'-",‘;.v«.{f": Insert gene for CAR
g’
_/ \ T cell
—_— -(.pf-m Chimeric antigen
receptor (CAR)
CART cali? bind to cancor| CAR T cell -3g88 3
cells and kill them o N
Lol
Lk 1 r -
. A
Y~ - Gancer cel X"’ =
- a 2 \ A __“Antigens Grow millions of
/ ﬁq e E -~ CART cells
L .« 3 - r
R L ._-.‘. J Gl B 1 CAF& Trcell = _
g k,p_ i f‘/-' e j
L r ek \\:__ i

- Infuse CAR T cells ' i
. Cancercell - into patient

Spurce: Natiqna] Cancer Institute
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Lell Revival

With cell revival, coming back from the dead may be less outrageous than previously thought. In 2022,
scientists at Yale University actempted to bring the bodies of pigs back to life via OrganEx, a system that uses
the circulation of nutrient-rich fluid to restore cell function. Although the pigs did not regain consciousness,

cellular activity indicated that certain organs were indeed regaining function.

OrganEx could have several applications, including extending
how long organs are available for transplantation after death and
helping avert heart or brain damage after heart attacks or
strokes.

Prior to this experiment, scientists completed a similar test
using technology called BrainEx, which allowed them to

run the liquid through the brains of dead pigs. Incredibly,
some brain cells recovered activity. Nenad Sestan, who led
both studies, explained their hypothesis: if they could restore
certain cellular functions in regions of the dead brain most
susceptible to ischemia, a lack of blood supply, something similar
could be achieved in other vital, transplantable organs. This led to the creation of OrganEx.

One of the researchers, Zvonimir Vrselja, claimed that dead organs treated with OrganEx were nearly
indistinguishable from healthy organs when viewed under a microscope. Despite the experiment’s relative

success, many experts are skeptical about the technology as the equipment may not be practical for

humans. Some also criticized the procedure as unethical, even with nerve blockers that ensured the pigs’

brains were inactive and prevented pain from being felc.

Putting aside the skepticism, this technology is a definite start toward
transplanting human organs after death. The experiment is also causing
some to reconsider the difference between a dead or alive brain,
since the experiment made it clear that death does not
occur at a certain moment. OrganEx and BrainEx technologies
are key breakthroughs, and while BrainEx has shown promise in
reviving brain cells, OrganEx is an even greater advancement in the
availability of organs for transplantation after death. However, more

research needs to be done before cell revival technology can become
feasible and be deemed ethical for complete usage in animals, let alone for

bringing humans back from the dead.

SCIENCE OF SLEEPING

- B . ] . .
Sleep is important. We've all heard it before. Health officials recommend ac least 8 hours ofusleep eacHnight for

. . e . . = . ~ -
teenagers. But did you know that the quality of your sleep is actually more ithportant than the quantity of your sleep

ZIHANG ZOU - 1I'] 15
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Poor sleep quality can explain why you can still feel tired even after a long sleeping session. To improve the quality of

sleep, you must kearn the science of sleeping. Sleeping is composed of 4, stages: Awak% REM, Light, and Deep.

~When you first fall asleep, the first phase you enter is the Awake Phase, which typically lasts 1-7 minutes. At chis sgage,

. . o I B - . g © s d
your body begins to relax, but can still be easilw dmturbed The next stage is the Light Sleep Stage, which lasgs ten to
twenty-five minutes. Your muscles relax ang your brain activity slows down. This stage acts as a tr ansition phrae to

deeper slup_dnd it is vital for consolidating munmus A person spends around fifty percent of their sleep time indf 1t
=

leht stage.

Then, \“OLIF\Vi” enter I)€Cp s]eep, which ]llStS 20 O 4® minutes, thOngh ihe duration shortens as you continue to S]Gﬁp.

This stage is critical to growing your muscle] tissues, and bong as the body releases growth hormones. It alsg regulates ,

glucose metabolism, which resupplies and stores ATP in your body. At this stage, your body is most relaxed and most
difficultto disturb. Fifteen to twenty pereent of\«*our slecp should be deep sleep. binoil: importdnt stage of your

sleep is REM (Rapid Eye Movement) sleep, which" typieally lasts longer as you continue to sleep. This stage is essential
to “cognitive functions like memory, learning, and creativity.” Brain activities rise to similar levels to when you are

movgrapidly. REM is alss'te

"awake, and your \lblL for \'Bul vivid dreams. T\x enty to twenty-five percent of

youmsléep should be in the REM stage. i

o y -

All these stages combined last around 1.5 hours and go threugh 4-6 cycles in a typical sleep cycle. With that said,
during poér qu:{lity sleep, you spend most of your time pn the Awake and Light stages, which does not significaptly
impréve your recovery. Duripg high quality sleep, you spend forty tQ fifty pexieent in Deep Sleep and REM Sleep
combined, which, on the other ha_lpﬂ, does significantly improve and grow your cognitive and physical health.
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