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BY TAEEON KONG

HRR Pathway:

The Custodian of DNA

S

ubway stations and bus stops become quite messy after a busy day, and
maintenance workers constantly work
to keep them clean. Similarly, human DNA is frequently damaged by a
myriad of internal and external factors, and
such DNA damages are commonly referred
to as “genetic mutations.” Groups of proteins
work together in biological pathways to repair such damages, and some major pathways
include homologous recombination repair,
mismatch repair, and non-homologous end-joining.
A pathway of particular interest in recent
research has been homologous recombination
repair (HHR) due to its close association with
breast cancer, one of the most prevalent types
of cancer in the United States. To understand
the reasons behind the linkage, however, one
must first examine the role and mechanisms
of the HRR pathway.
Homologous recombination is used to repair a specific type of genetic damage called
double-strand breaks (DBSs), which results
from UV radiation, genotoxic chemicals, erroneous DNA replication. In DBSs, significant
genetic information could be permanently lost
with an unreliable repair, because a portion
from both strands of DNA are missing. This
is why HRR uses an identical chromosome as
spare parts to repair the faulty chromosome.
More specifically, the HRR pathway initiates when the Mre11-Rad50-Nbs1 (MRN)
protein complex locates the DSB, and consequently recruit a protein kinase called Ataxia
Telangiectasia Mutated to power the pathway
through phosphorylation. Once other necessary proteins are gathered at the breakage,
MRN and a sensor protein called CtIP resects
the nucleotides at the two ends of the breakage

to essentially “clean up” the site. Immediately
following the resection, replicative protein A
(RPA) binds to both ends of the single-strand
DNA (ssDNA) tails to protect them. Consequently, BRCA1/2 proteins replace RPA with
Rad51, a nucleoprotein necessary for homology search. Once Rad51 binds to the ssDNA
tail, it stretches and searches in an intact
chromosome to find the sequence of nucleotides that are missing in the damaged chromosome. Once it is found, Rad51 assists in
forming a physical connection between the
two nucleotides, which results in a structure
called displacement loop (D-loop). Once the
D-loop intermediate is resolved, the repair is
complete.
The HRR is a complex repair pathway involving many different proteins. Each protein
plays a specific role in the process, and if
some major ones are dysfunctional, the entire
pathway may be compromised. BRCA1/2 are
such major proteins. As previously explained,
they play a critical role in allowing Rad51 to
bind to the ssDNA, and thus, genetic mutations in BRCA1/2 disable the pathway. This
condition is called homologous recombination repair deficiency (HRD), and it means
that the cells are unable to repair its damaged
DNA. This often leads to toxic accumulation
of genetic variants and consequently causes
carcinogenesis.
The research on HRR and its mechanisms
allows for immense developments in cancer treatment. Rebecca Arend, a professor
of gynecologic oncology at the University of
Alabama-Birmingham explains: “it used to
be that all women with ovarian cancer got
exactly the same therapy, and that’s not the
case anymore.” Now, physicians can choose different courses of treatment that would
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be most effective for patients. Using the fact
that cancer cells with HRD are vulnerable to
double-strand breaks, physicians disclosed
that treatment with PARP inhibitors may be
effective for some cases of breast and ovarian
cancer. “PARP inhibitors play a role to selectively disrupt DNA repair in cells with absent
or dysfunctional BRCA genes” explains Craig
Underhill, a researcher at the Insitut Bergonié
Cancer Center. By undermining the cancer cells’ other means of DNA repair, physicians can
selectively eliminate tumor cells.
Evidently, continuing to research and understand the unexplored aspects of cellular
mechanisms is crucial for medical developments in the future. Many researchers are
continuously studying and analyzing data to
provide crucial insights that could facilitate
cancer treatment, and the BRCA exchange and
the COSMIC database one of them. The BRCA
Exchange aims to create a database of BRCA1/2
variants, which will allow physicians to easily
look up specific genetic variants to check for
pathogenicity. The COSMIC database organizes
genetic variants into groups called “mutational
signatures” which facilitate the diagnosis and
identification of mutational processes.
Many researchers transcended not only
institutional, but also continental boundaries
to work together on a common goal: to cure
cancer. Though finding a “cure to cancer” is often seen as something unachievable, the continued efforts of thousands of researchers give
hope to the cancer patients around the world,
and eventually, the day will come when patients no longer tremble at the news of cancer.
no longer tremble at the news of cancer.

BY ESZTER KUN
WHAT IS AQUAPONICS?

A

quaponics is a food-producing
method that integrates aquaculture with hydroponics (Diver &
Rinehart, 2000). In other words,
it combines fish breeding with
soilless crop production. This method makes
it possible to naturally satiate plants’ nutrient
requirements and therefore avoid artificial nutrient solutions used in hydroponics. In addition, ammonia, which is a large component of
nutrient solutions used in aquaponics, is toxic
to the fish and it would poison them if allowed
to accumulate within the water supply.
Aquaponics systems are dependent upon
the nitrogen cycle, which occurs between the
atmosphere and the soil, to make nutrients
available to crops (Wongkiew et al., 2017). The
system utilizes waste ammonia produced by
fish as a byproduct of respiration. Nitrification
is a two-step oxidation process: first, AOB-type
bacteria convert waste ammonia into nitrites;
then, NOB-type bacteria convert those nitrites
into nitrates—an available form of nitrogen for
plants (United States Environmental Protection Agency, 2002).

Growing Plants, Growing
Minds with Educational
Aquaponics Systems
WHAT ARE THE MAIN BENEFITS?

BUILDING AN AQUAPONICS SYSTEM THAT
COULD BE USED IN EDUCATION

Aquaponics is an innovative approach to
water management as well as water protection.
As the same water is used for raising fish and
growing food, according to Nelson and Pade
Ict., this technology can provide 8 times more
food per acre using 1/6th of the water compared to traditional agriculture, which means
about 90% less water is used throughout the
whole process. Furthermore, as the biological
processes ensure enough nutrients, aquaponics can also protect our rivers and lakes from
water pollution by eliminating the use of artificial nutrient solutions, fertilizers, and pesticides (Nichols & Savidov, 2011, May).

After careful research on aquaponics, I
decided to start my own aquaponics project.
First, I built an experimental Deep Water Culture (DWC), Non-Recirculating Aquaponics
System (1). Then, in order to improve use of the
nutrient and water mix, I used a water pump
to create a Recirculating (RAS) Closed-Loop-type system (2). While managing the system,
I detected meso- and micro-element deficiencies, but found that these deficits can be solved
using worm composting. I also discovered that
using water circulating systems results in more
efficient management and facilitation of growth in plant samples.

Using what I have learned from this initial phase, I created a new system design, which I believe is capable of functioning in
education as a teaching tool (3). The basics are similar to the experimental RAS system, and it has the parameters shown below
(4). The system’s water tank contains 10 liters of water boiled then cooled to eliminate chlorine. The grow bed is filled with 6
liters of dried clay growing media. In order to achieve a dynamic water recirculation, a 4W, 250 liters/hour water pump is used,
which keeps the water level at 70% in the grow bed. Additionally, a LED grow-lamp system was built and installed. The lighting
is turned on for 12 hours a day, while the water pump runs continuously. In the system, Endler’s livebearers (Poecilia wingei)
fish are bred. Dendrobaena Veneta sp. Composting worms were also introduced to the grow beds.
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The success of an aquaponics system depends on certain water quality and plant growth
factors. I monitored these factors using JBL Ammonia/Ammonium and JBL EasyTest 6in1
water tests, Parrot Flower Power Bluetooth soils sensors, and EasySense VISION digital data
loggers. I measured the values of ammonia, nitrates, and nitrites during the initial 30-day
cycling period, when the nitrogen cycle stabilized. Then, I monitored chlorine, pH, general hardness (GH), carbonate hardness (KH), dissolved oxygen (DO), temperature (T), light
intensity, and the appearance of solid waste in the water (5). To further demonstrate the
educational aspects of aquaponics, I implied the Winkler Titration Method to measure DO,
monitored the germination speed of different seeds, and visually detected nutrient deficiencies.

By monitoring these factors in all three of my systems, I was able to create optimal conditions for the bacteria, worms, fish, and plants, which interacted in the way shown in the
diagram below (6). I grew common sorrel (Rumex acetosa), Red leaf lettuce (Lactuca sativa
var. secalinum), Curly parsley (Petroselinum crispum var. crispum), and Sweet basil (Ocimum basilicum) plants from seeds and seedlings in the working system.
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USING THE SYSTEM IN EDUCATION

Using aquaponics systems in education has
a lot of potential. The measurements, experiments, and monitoring that take place during
the building and managing processes offer
new ways of interactive learning through multiple disciplines (Emily et al., 2014).
This system can be used for teaching in
two different ways. One is to hold 15-60 minutes presentations with a built-in seminar-style discussion. I held mini-lectures like this at
multiple schools and conferences for students
from 1-12 grades (7). Every lecture is designed for the appropriate age group in a given
time frame. However, generally, each lecture begins with getting to know the definition
and the basics of aquaponics, after which we
focus on an important scientific concept that
connects to aquaponics, such as the nitrogen
cycle. All lessons then end with a discussion
on water-related and environmental problems
and sustainability. As tools, I use my aquaponics system, illustrative representations of it,
and an interactive game.
My aquaponics system can also be used in
longer learning periods. In these conditions,
students can build and manage their own system using the design I have provided for them.
They get the opportunity to research the topics, create building plans, and conduct measurements themselves. Each student can choose
the parts they are most interested in and work
on those, while still working in a group with
others. In order to support using my system
in longer classes, I provide a detailed system
design, financial plan, and additional teaching
materials.

CONCLUSION

I designed and built an aquaponics system that can be sustainably used in classrooms with the following benefits:
It provides learning opportunities on different levels, from
the basics of nitrification to plant nutrition and nutrient
transport, and subjects, such as biology, chemistry, physics,
and agricultural studies.
As it is an interactive and enjoyable teaching material, it
can also offer solutions to problems in education, like monotony and lack of hands-on experience.
The introduction to the usually unknown environmental
benefits of aquaponics is advantageous, too: aquaponics can
increase water awareness among students and even motivate them to innovate projects related to water sustainability of
their own.
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2020 NOBEL PRIZES AWARDED
STEPHEN COOLEY

T

he Nobel Prize Organization announced on 12 October the final prize
in it’s lineup of 2020 laureates. Every
year, the organization nominates people or organizations who, as the Statutes of the Nobel
Organization say, “during the preceding year,
shall have conferred the greatest benefit to humankind.” The five original prizes are awarded
in the areas of Physics, Chemistry, Medicine,
Literature, and Peace, with one additional prize added by the Swedish central bank for the
most outstanding discovery in economic sciences.
The importance of the Nobel prizes is a direct consequence of the long and complex history of the Nobel Foundation. It was founded
by the will of Alfred Nobel, a prominent Swedish chemist and inventor born on 21 October
1833 in Stockholm. The owner of 355 patents,
he was constantly coming up with new ideas,
and is quoted as saying, “Home is where I work
and I work everywhere.” Perhaps his most notable discovery, though, was that of dynamite
- patented in 1867, dynamite was revolutionary
in the world of explosives. At the time, nitroglycerin was commonly used for blasting both
in mining and other applications, but it was
so sensitive to both heat and shock that it was
incredibly dangerous to work with. It could
explode simply from being dropped, making
it impractical for most uses. Alfred Nobel, according to Encyclopedia Britannica, combined
the nitroglycerin with a type of porous rock called Kieselguhr to get a solid substance much
more resistant to shock than pure nitroglycerin - meaning it could be transported and used
much more safely. He quickly made a fortune
producing dynamite, and according to the Nobel Organization, was worth over $31 million
Sweedish Krona by the time he died in 1896 about $265 million USD today.
In addition to his talents in the sciences,
he also had an interest in poetry, drama, and
other forms of literature, with the Nobel Organization going so far as to say that “literature
occupied a central role” in his life. The foundation also remarked that with his knack for
literature came an interest in philosophy that
led him to be quite “interested in social and
peace-related issues, and [he] held views that
were considered radical during his time,” but
that he feared that his legacy would be one of

violence for his invention of an explosive with
the power to kill many when used maliciously in wars. To combat this, he outlined in his
will an idea for an organization which would
reward the greatest contributions to humanity over the past year. Using the interest on his
money, prizes would be paid out in equal parts
to the people or organizations behind the outstanding achievements.
This year, the Physics award went to Roger
Penrose for his work on the formation of black holes, and to Reinhard Genzel and Andrea
Ghez for their research in proving that the center of the Milky Way is, in fact, a supermassive
black hole.
Penrose is no stranger to important scientific discoveries. He worked with famous astrophysicist Stephen Hawking in the 1960s to
prove that the matter in the center of a black
hole collapses into a singularity, a single point
which has infinite density and zero volume. He
also contributed to the world of Mathematics,
discovering a pattern of shapes that perfectly
tiles a 2D plane that never repeats. His work
for this year’s award further affirmed that black holes must exist under Einstein’s theories,
and he once again worked closely with Stephen Hawking on the research. Many people
were disappointed that Hawking was unable to
share the prize, as he passed away in 2018, and
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Nobel Prizes cannot be given posthumously.
The other prizes went out to people who
had greatly contributed to their fields, too - the
Medicine prize went to Dr. Harvey J. Alter, Dr.
Michael Houghton, and Dr. Charles M. Rice for
their discovery of Hepatitis C, with the Nobel
committee remarking that they had “made possible blood tests and new medicines that have
saved millions of lives.” The Chemistry prize
went to Emmanuelle Charpentier and Jennifer
A. Doudna for their work surrounding CRISPR,
a powerful method of editing genes, and the
recipient of the Literature award was Louise
Glück, who the Nobel committee said had an
“unmistakable poetic voice that with austere
beauty makes individual existence universal.”
Perhaps the most recognizable of the prizes, the Peace Prize, went to the World Food
Program for working to feed those struggling
with hunger in developing countries amid
the COVID-19 pandemic. The organization,
run by the United Nations, provided food to
100 million people last year, with significantly
more beneficiaries expected for this year as
more people fall into dangerous levels of food
insecurity. Executive Director of the program
David Basely said when he received the award,
“It’s the first time in my life I’m speechless-” a
sentiment that was shared among all this year’s
winners as everyone works through this difficult time.

The 2020 Chemistry
Nobel Prize:

CRISPR EDITION
EMMA SUDO

On the morning of October 7, the Royal Swedish
Academy of Sciences was silent as Göran K.
Hansson announced the 2020 Chemistry Nobel
Prize laureates. Who was so gifted that they could,
in Professor Hannson’s words, “rewrite the code of
life”? As Professor Hansson announced the names,
Emmanuelle Charpentier and Jennifer A. Doudna,
applause (albeit virtually) filled the room. Their
work in discovering tracrRNA and simplifying
CRISPR-Cas9 was not only groundbreaking, but
the fact that this was the first time two women
were awarded a Nobel Prize for scientific discovery
made it even moreso.
NEWS MAGAZINE
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O

n the morning of October 7,
the Royal Swedish Academy of
Sciences was silent as Göran K.
Hansson announced the 2020
Chemistry Nobel Prize laureates. Who was so gifted that they could, in
Professor Hannson’s words, “rewrite the code
of life”? As Professor Hansson announced the
names, Emmanuelle Charpentier and Jennifer
A. Doudna, applause (albeit virtually) filled the
room. Their work in discovering tracrRNA and
simplifying CRISPR-Cas9 was not only groundbreaking, but the fact that this was the first
time two women were awarded a Nobel Prize
for scientific discovery made it even moreso.
Charpentier is a French microbiologist and Director of the Max Planck Institute
for Infection Biology in Berlin as well as the
founder of the Max Planck Unit for the Science
of Pathogens. Doudna is a professor at the University of California, Berkeley, and an investigator at the Howard Hughes Medical Institute.
Together, they found the last piece of the puzzle that is CRISPR, a component of bacterial
immune systems.
Charpentier met Doudna at a conference
where they formed a partnership. In regards
to their historic breakthrough for women in
science, Charpentier commented, “I think it’s
very important for women to see a clear path. I
think the fact that Jennifer Doudna and I were
awarded this prize today can provide a very
strong message for young girls”.
Doudna said, “I’m proud of my gender. I
think it’s great, especially for younger women,
to see this and to see that women’s work can be
recognized as much as men’s.”
However, their jointly awarded prize is still
met with controversy by many researchers who
expected Feng Zhang, a core member of the
Broad Institute as well as an investigator at the
McGovern Institute for Brain Research at MIT,
to receive one-third of the prize. The Broad
Institute and UC Berkeley are currently in a
patent battle for CRISPR that may have affected the committee’s decision to exclude Zhang.
However, George Church, another CRISPR researcher who worked closely with Zhang at one
point, commented that Zhang’s contribution,
which was to successfully apply the CRISPR
technology in human cells, was “an invention,
and not a discovery.” Typically, Nobel Prizes
are awarded for fundamental discoveries and
not new technology. The committee may have
thought that Feng Zhang was the one to make
CRISPR a technology useful for humans while Charpentier and Doudna were the ones to
complete the discovery of CRISPR in the context of a bacterial immune system.
To make informed decisions about who
deserves credit for CRISPR, it is important to

learn about all of the researchers involved in
its discovery. CRISPR’s discovery started in the
late 80s and early 90s when Yoshizumi Ishino
and Francisco Mojica both observed tandem
repeats (TREPS) in the DNA of archaea and
bacteria. While Mojica and Ruud Jansen were
studying the TREPS, they renamed these repeated sequences CRISPR (Clustered Regularly
Interspaced Short Palindromic Repeats). Mojica observed that in between the repeats there
were spacer regions that had DNA sequences
matching to genomes of different viruses. He
correctly hypothesized that CRISPR acted as an
adaptive immune system for bacteria against
viruses.
But how do these pieces of virus genomes
protect bacteria? Alexander Bolotin got closer
to answering this question by discovering Cas9
and PAM. Cas9 is a part of some CRISPR arrays
and encodes a protein that cleaves DNA. The
PAM, or protospacer adjacent motif, is a sequence at the ends of the viral versions of the
spacer sequences. Cas9 needs the PAM sequence to differentiate between the viral DNA which
has PAM and the CRISPR array which does not
have PAM. Once Cas9 finds the PAM, it knows
to check the sequence next to it to see if it matches the sequence in the spacer region of the
CRISPR array. Then, it will cut the viral DNA to
prevent it from killing the bacteria. However,
Bolotin did not know these details about how
Cas9 and PAM worked at the time.
Next, Philippe Horvath showed that when
bacteria gets infected with a new virus, part of
their DNA, adjacent to the PAM sequence, will
be added to the CRISPR array as a new spacer
region. After this final piece of information, researchers started to piece together how Cas9,
PAM, and CRISPR work together to destroy viral DNA. For example, John van der Oost discovered CRISPR RNA (crRNA) which is the product of transcribing spacer regions and guides
Cas9 to the PAM of the viral DNA. In another
case, Luciano Marraffini and Erik Sontheimer
showed that the target genetic material of
CRISPR-Cas9 is DNA, which opened the possibility of using CRISPR as a tool in non-bacterial
organisms like humans. Sylvain Moineau discovered that Cas9 is the only protein needed to
cut viral DNA in the CRISPR-Cas9 system. This
is what makes CRISPR uniquely efficient and
practical compared to other existing gene-editing tools.
Finally, in 2011 Charpentier discovered tracrRNA, or trans-activating RNA, in the bacteria, Streptococcus pyogenes. TracrRNA combines with crRNA to guide Cas9 to the PAM. This
was the very last piece to the puzzle and Virginijus Siksnys proved that by transferring the
known parts of the CRISPR array into an E. coli
sample which did not have this type of CRISPR.
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“Sylvain Moineau
discovered that Cas9 is
the only protein needed
to cut viral DNA in the
CRISPR-Cas9 system. This
is what makes CRISPR
uniquely efficient and
practical compared
to other existing geneediting tools.

“What likely
happened was that
the Nobel Prize
Committee was
recognizing how
without Emmanuelle
Charpentier and
Jennifer Doudna,
the fundamental
understanding of
CRISPR would ever
have been complete. ”

No surprise, the E. coli was able to use CRISPR
successfully!
At this point, the exciting uses of CRISPR
that we know today were in their development
stages. Siksnys, Charpentier, and Doudna
showed that by altering the crRNA sequence,
Cas9 can be directed to any part of the genome.
And now for the big finale, Feng Zhang and
George Church successfully used the CRISPR-Cas9 system in eukaryotic cells including that
of humans!
The point of walking through all of
this research is to show that the discovery and
practical usage of CRISPR-Cas9 was only possible with the collaboration of many, many
scientists. A maximum of three people can
share the Nobel Prize, so some researchers
will always be excluded. What likely happened was that the Nobel Prize Committee was
recognizing how without Emmanuelle Charpentier and Jennifer Doudna, the fundamental
understanding of CRISPR would never have
been complete. It is this fundamental research that is needed before any discovery can be
applied as a form of technology. This is exactly
why Charpentier emphasized in her interview
that it is incredibly important for everyone to
be interested in and continuously support fundamental research.
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“It is incredibly
important for
everyone to be
interested in and
continuously
support fundamental
research.”
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FLOYD-WARSHALL ALGORITHM
SUMMER ZHOU

C

omputer science, or coding, is a powerful tool that can
be used to solve real world problems, and it often involves finding the minimum distance. The word “distance”
implies that the minimum distance is a measured value
between two points—however, it is not a measurement in a strictly
geometric sense. The minimum distance doesn’t have to be strictly
a property of a geographic problem, but can be transformed into
other things like weight, scores, and a variety of numerical information. It also can be an alternative expression of boolean values.
This is a hard concept to explain, so let us illustrate it with a
real-life example: we want to travel from point A to point B on the
subway, and to do so, we may need to transfer at a number of stations. With a map of the subway lines, we want to write a program
that finds the most efficient route between two stations. In this circumstance, we first need to determine if we need to transfer to a different train at a transit station. This information can be recorded as
a boolean value (true or false), and can be represented numerically
(1 if we need to transfer, and 0 otherwise). Therefore, if City Hall
Station is on the same subway line as the Park Station, the “distance”
between them would be zero. On the other hand, if City Hall Station
and Shopping Mall Station are not on the same line (if we need to
transit to a different train), the “distance” between them would be
one. This first step simplified the question from “what is the minimum distance between two stations,” into “how many stations do
I need to transfer at,” allowing us to approach the problem more

conceptually.
This is one among thousands of real world examples where a problematic situation can be interpreted as the “distance” between two
points. Because finding the minimum distance is an essential step
to this method of problem solving, computer scientists presented a
number of algorithms that calculate the minimum distance, and one
of the most popular is Floyd-Warshall.
The essence of Floyd-Warshall is finding a “transition point” and
replacing the original distance with the updated ones. take the graph
below as an example. When the information is first put into our program, it is stored in a two-dimensional array. There are many other
ways to store graphic information, but let us use a simple two-dimensional array (or a list depending on the programming language). At
first, the minimum distance between any two points is the weight of
the line connecting them (or null if there is no line in between). As
we are running the code, the minimum distances will be updated.
In the graph below, we can see that the weight of the line V1V3 is 7.
However, starting from v1, if we visit v2 first before visiting v3, the
distance would be five, which is better than 7. So how do we make
sure that we update this information, and guarantee that the distances stored in the end can not be further updated by transitioning at
some other points? The solution is to make every point on a graph a
“transition point” exactly once. When we assign a point at a “transition point”, we examine if the minimum distance between two points
will become smaller if they transfer from this point.

NEWS MAGAZINE

10

The code of Floyd-Warshall has only five lines.
The C++ version of it is written below:

Compared to other famous algorithms for finding minimum distance like Dijkstra and Bellman-Ford, Floyd-Warshall is the most useful when finding the minimal distance
between any two given points on the graph instead of the
distance relating to one specific point.
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