Abstract
The purpose of our study was to create a self sufficient light
cube, powered by the bioluminescent capabilities of the bacteria
Vibrio fischeri, that would be able to produce light, when needed,
without an electrical current. Initially, varying concentrations of
photobacterium broth were created and inoculated. Samples were
aerated and incubated at various temperatures for 24 hours.
Successful cultures were transferred into cuvettes and
fluorescence was measured using a Vernier Spectrovis Plus
Spectrometer. It was concluded that .66g of dehydrated medium,
combined with 10mls of distilled water, kept at 25℃ and aerated
continuously, produced the ideal growth conditions that
optimized fluorescence of V. fischeri. This data was used to
design a prototype with the intent to store, grow, and optimize the
bioluminescent tendencies of V. Fischeri to create a sustainable
light without the need of electricity. Within our prototype, we
mixed the broth and V. fischeri and used two water bottles to
make an air pump that does not need electricity to provide the
bacteria with oxygen to keep it alive and growing.

Introduction
In the United States, 219 billion kilowatt-hours of electricity
were used to produce light in 2020(US EIA). Most of the energy
used to create electricity was produced by burning fossil fuels which
negatively impacts the environment. The cost of electricity and its
impact on the environment has caused the use of batteries to
increase each year (Gallegos). However, the improper disposal of
batteries leads to toxic chemicals, such as mercury and lead, being
released into the environment (Gallegos).
Vibrio Fischeri is a marine, bioluminescent bacteria that is often
found to have a symbiotic relationship with the squid, Euprymna
Scolopes (Norsworthy, Visick). In this relationship, V. Fischeri
inhabit the light organ of the squid and make light for the squid,
while the squid provides a nutrient rich habitat for the bacteria
(Norsworthy, Visick). V. Fischeri is able to make this light through
the process of Quorum sensing. Quorum sensing works when the
bacteria release small molecules, called autoinducers, into the
surrounding environment and as the population density increases
the amount of autoinducers goes up (Pérez, Hagen). When there is a
large accumulation of autoinducers it causes the transcriptional
regulators of bioluminescence to activate and produce light (Pérez,
Hagen).
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Production and purification
of Vibrio fischeri:
An effort to create a
self-sustaining light cube
Methodology
Stage One: Preparing the Growth Median and
Growing the Bacteria
The dehydrated photobacterium broth and a plate
of living Vibrio Fischeri was ordered and received from
Carolina. Next, water was heated to 50℃ and distributed
into six test tubes, two with volumes of 5ml, two with
10ml, and two with 15ml. After the water was added to
the test tubes, .66g of the dehydrated broth was added to
each and the solution was combined by shaking and
stirring using a stirring rod, until the broth is fully
dissolved and no particulate matter is visible in the
solution. Using a sterile inoculating loop, transfer the V.
Fischeri into the solutions. Place all of the solutions into
an incubator at 25℃, and connect each solution to a
bubbler to ensure that the bacteria get ample oxygen.
Finally, allow the V. Fischeri to grow for 18-24 hours to
maximize light emissions. Repeat this stage with the
incubator set to 20℃ and 30℃.

Discussion
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Results

As it can be identified in the graphs, the V. Fischeri solutions that
were grown at 25℃ with a bubbler emitted more light than any of
the other tested temperatures. Originally, we tested the solutions at
25℃ without a bubbler, but when the solutions were tested, no light
was observed in the solutions. None of the solutions produced
relative light emissions above .75nm which is the level visible to the
human eye. After producing no visible light in the first round of
testing, we modified our experiments to include a bubbler so that the
bacteria would get the oxygen needed to grow and thus produce
light. In the following test at 25℃ with the bubbler, we were able to
achieve light in both of the 10ml solutions, but not in any of the
15ml and 5ml solutions. Next we tested the solutions at 30℃ with a
bubbler. The solutions at this temperature emitted the least amount
of light relative to the other temperatures. This can be seen in the
graph because none of the solutions exceeded a relative nm of .3,
well below the required .75nm for visible light and below the nm of
the other tests. The final temperature we tested was at 20℃, the tests
at this temperature also did not provide a nm above .75. However, it
did provide a greater nm than the tests at 30℃. Each graph showed
that the 10ml solutions produced more light than any of the other
solutions at every temperature. The 10ml solutions also were the
only solutions that created visible light, exceeding .75nm. After all
of the tests were run, the best temperature and broth combination
was determined to be 10ml at 25℃.

Conclusion
AfOriginally, we did not know that the bacteria would not get the oxygen it

Stage Three: Build a Prototype
Once light was produced and the optimal growth
conditions were identified, a prototype device that was
able to store the V. Fischeri was designed and built. At
the base of two plastic water bottles cut two adjacent
holes. In two holes in opposite bottes, a three inch tube
was connected to an air flow switch in each bottle. Then
another tube that can reach the top of the bottle was
placed into the other holes and attached the tubes
together using a tee connector and attached to a third
tube which was placed in the broth with the V. Fischeri.
Next all the holes were sealed so no water could leak
out. A hole was drilled into the cap of each bottle and
attached together using hot glue. One bottle was filled to
the top with water and attached to the caps to each
bottle. The bottles were flipped, so the one with the
water was on top of the empty bottle. After the flow
switch was opened on the bottle with water in it, the
water was completely drained and quickly before
closing the switch, the bottles were flipped around and
the process was repeated.

Stage Two: Testing the Light
After the Vibrio Fischeri had been
given enough time to grow, the solutions
were brought into a completely dark
room to see if bioluminescent light was
produced. Next, 1.5 ml of the bacteria
and broth was transferred into a cuvette.
Place each cuvette into the Spectrovis
Plus spectrometer along with an
additional cuvette with just 1.5 ml of
water, to serve as the contro

needed to grow and emit light while in the broth. As a result of this, our first broth
trial produced no light, even though the agar plates we were using to subculture
were glowing. After doing some more research, we discovered that the V. Fischeri
requires oxygen to glow. As a result of this finding, in our following experiments we
connected a bubbler to each tube of broth. After adding the bubblers to the solutions,
we were able to generate light. Next we tested different temperatures and broth
concentrations to find the one that created the optimal growth conditions for the V.
Fischeri to create light. We concluded that the ideal temperature was 25℃ and that
the ideal solution was .66g of dehydrated broth per 10 ml of distilled water. Using
this information we designed a prototype light that would be able to store the broth
and V. fischeri; while also creating light without electricity. We first tried to make
this product using the push and pull of magnets, but soon realized this would not
last. Instead, we thought of products that are found in the majority of houses and we
came upon our final product. The final product consisted of two bottles and tubing
that used the flow of air and water to oxygenate the solution. The bottles require the
user to flip the bottle, allowing for the water to flow, causing the solution to bubble.
Once the water has slowly filtered through, it is as easy as just flipping the bottle the
other way and the whole system repeats. This constant flow of air provided the
bacteria with sufficient oxygen to keep the V. Fischeri growing and glowing.

Limitations/Further Studies
While conducting this project, we encountered a limitation that hindered our ability to test
completely. Initially when we tried to order the Vibrio Fischeri in early January, Carolina
Biological Supply Co. said that they could not ship the bacteria because of the cold
weather. This problem persisted until the first week of February when the weather warmed
up and they were finally able to send us the bacteria. The shipping delay caused our testing
to be delayed and as a result of this we were unable to run as many trials as we would have
liked. Also, the delays did not allow us to test variations to our experiments; for example,
we noticed that the V. Fischeri was growing on the surface tension of the broth.
Consequently, we wanted to see if placing an object in the solution would cause the
bacteria to grow on the object and maybe cause there to be more bacteria growth, thus
more light. Another variation to our experiment we would have liked to test was different
bubbler rates, to see if this provided a significant change in the light emitted. Finally, we
would have liked to see how long the bacteria would last in our prototype and also how the
questions we were unable to test would have changed the design of our prototype.

