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Expression of anti-neurodegeneration genes in mutant
Caenorhabditis elegans using CRISPR-Cas9 improves
behavior associated with Alzheimer’s Disease

Roshni Mishra, Leya Joykutty, and Kepa Oyarbide
American Heritage School, Plantation, FL

SUMMARY

Alzheimer’s is ranked as the 6th leading cause of
death in the United States, and mainly presented as
neurodegeneration. In order to begin to understand
its physiology, the specific role of proteins in
neurodegeneration, LRP1 and AQP4, need to be
studied. This study tested the effect of using the
CRISPR-Cas9 system to overexpress the LRP1 and
AQP4 proteins, associated with transport of materials
and waste across the cellmembrane,in Caenorhabditis
elegans to assess effects on neurodegeneration,
such as chemosensation, size, and average speed
phenotypes. | hypothesized that combinatorial
overexpression of AQP4 and LRP1 would have the
greatest effect on reducing neurodegeneration. |
tested chemosensory behavior using a chemotaxis
test, revealing a decrease in neurodegeneration
when both LRP1 and AQP4 were overexpressed.
The size of the C. elegans did not change, but the
speed increased in the strain expressing amyloid
beta in the muscle, suggesting that a decrease in
amyloid beta allowed muscles more room to contract.
These results support our hypothesis and show
that the overexpression of LRP1 and AQP4 proteins
decrease neurodegeneration and allow C. elegans to
preserve their olfactory retention. This study will help
demonstrate the role of LRP1 and AQP4 in Alzheimer’s
and determine whether they benefit the system once
they are overexpressed.

INTRODUCTION

Approximately 5.7 million people worldwide have
Alzheimer's Disease, which eventually causes loss of mental
function and memory in those affected. There are a few main
hypotheses that try to explain Alzheimer's disease, including
the amyloid hypothesis and the Tau hypothesis. The amyloid
hypothesis proposes that a protein in the cell membranes of
neurons called the amyloid precursor protein (APP) helps
transmit signals from the inside of the cell to its environment.
APP is eventually broken down by alpha, beta, and gamma
secretases. Alpha and gamma secretases break down the
protein into a soluble state, but beta secretase activity leads
to insoluble APP. Buildup of insoluble APP can generate an
amyloid beta plaque that inhibits the connections between
neurons (1). Alternatively, the Tau hypothesis suggests that,

in Alzheimer’'s Disease, the Tau protein, which normally
stabilizes microtubules, instead separates from these
microtubules, causing them to fall apart. The strands of
Tau cause tangles, which disable the transport system and
destroy the cell (2).

The LDL receptor family functions to bind ligands for
internalization and degradation, as well as for cholesterol
metabolism. Previous research suggested that LRP1-APP
interactions favor APP processing through the amyloidogenic
pathway due to LRP1 binding with sAPP770, an isoform of
APP. Recent studies have shown that areas of the brain that
have decreased amounts of low-density lipoprotein receptor-
related protein 1 (LRP1) have an increased amount of amyloid
beta plaques. When the activation of LRP1 is inhibited, there
is lethality due to molting defects during the L3-L4 transitions.
LRP1 has been suggested to aid in the uptake of cholesterol
from the environment in Caenorhabditis elegans (C. elegans)
(3).

Aquaporin 4 (AQP4) is a water channel in the central
nervous system and plays a vital role in the balance of water
and ions in the brain. AQP4 deficiency in the brain leads to
deficits in memory and ability to learn (4). Scientists agree
that expression of AQP4 protects the brain from amyloid beta
plaques. An association of AQP4 and GLT1, a glutamate
transporter, is present in plasma membranes and may
function as a dynamic signaling platform. When this signal is
disrupted, it can cause neural impairment (5).

LRP1 plays critical roles in amyloid beta metabolism and
clearance in neurons. LRP1 knockdown results in decreased
uptake and degradation of amyloid beta. Similarly, the
deletion of AQP4 exacerbates cognitive defects and induces
an increase in amyloid beta accumulation (6). Furthermore,
a deficiency in AQP4 results in the decreased upregulation
of LRP1 and consequently the decreased uptake of amyloid
beta. This suggests that AQP4 is important in the upregulation
of LRP1 and clearance of amyloid beta (7).

C. elegans are often used as a model organism for
studying Alzheimer’s Disease. These animals reproduce
quickly, as the period from fertilization to hatching only lasts
12 hours. They mature into adults over the course of 3 days,
and then lay about 300 eggs over the course of the next 3
days. Furthermore, amyloid beta plaques in Alzheimer’s
Disease are caused by the APP gene in humans, which is
homologous to the apl-1 gene in C. elegans.

The current treatments of Alzheimer’s Disease interfere
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Figure 1: Simplified diagram of CRISPR-Cas9. A double-stranded
break is made in the DNA by Cas9, and then the cDNA is inserted.
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Figure 2: LRP1 and AQP4 plasmid diagrams. Plasmids were
commercially obtained. Plasmids were then digested with enzymes
depicted to remove the cDNA insert of LRP1(Aflll and EcoRV) or
AQP4 (Notl and Aatl).

with other associated diseases and do not improve cognitive
impairment. For example, neprilysin is utilized to break down
amyloid beta plaques, but patients with cardiac conditions
take a drug called LCZ696 which inhibits neprilysin. Therefore,
new therapeutic options are necessary for those that cannot
use neprilysin (9).+

A method called CRISPR-Cas9 has been recently
implemented to use for gene editing (Figure 1). CRISPR-
Cas9 requires a single guide RNA (sgRNA) which can be
generated from a CRISPR design program. Additionally,
a single-stranded oligonucleotide (ssODN) with 5 and 3’
homology arms are designed to contain the gene of interest
and restriction sites (10). In addition, the Cas9 recombinant
protein is used. In this study, the CRISPR Cas9 system was
used for gene knock in of LRP1 and/or AQP4.

Plasmids containing genes of interest were microinjected
into the C. elegans (Figure 2).This is the most widely used form
of gene editing in C. elegans to create transgenic worms. The
DNA is inserted into the distal gonad syncytium or directly into
the embryos. Transformation markers are inserted with the
gene of interest in order to identify the transgenic worms. In
order to see which worms show the phenotype, a GFP vector
is also inserted which makes the worm or egg glow green to
show the presence of the trait (12).

In the study, primers were added to LRP1and AQP4 genes
matching the insertion site in the C. elegans genome. Once
this construct was developed, the genes were microinjected
into the C. elegans with Cas9 and a site-specific guide RNA.
The effects of the addition of the genes were then tested

by running chemosensory, size, and speed assays. The
negative control hypothesis was that adding no gene to the
C. elegans would have no effect on the chemotaxis abilities,
brood size, or locomotion. The alternative hypothesis was
that given only LRP1 or AQP4 was inserted downstream of
the apl-1 promoter, there would be a reduced effect on the
chemotaxis abilities, brood size, and locomotion compared
to inserting both LRP1 and AQP4 downstream of the apl-1
promoter in conjunction. When both LRP1 and AQP4 are
overexpressed, | predict a significant increase in the uptake
of beta amyloid, as evidenced by increases in chemotaxis,
brood size, and locomotion. This study could be a major
step in the research to develop a better method of curing
Alzheimer’s at the source, which is a DNA mutation. Once
the proteins are overexpressed, the primary presentation of
Alzheimer’s, neurodegeneration, will be limited.

RESULTS

A GFP plasmid was microinjected in conjunction with
the LRP1 and AQP4 genes. The fluorescence of the injected
C. elegans confirmed that the LRP1 and AQP4 genes were
being expressed. To assay the predicted changes in the C.
elegans after the addition of the APQ4 and LRP1 genes, |
measured chemotaxis abilities, size, and locomotion. The
chemotaxis assay was run using known attractant of C.
elegans to measure sensory ability. The chemotaxis index
shows an increase in chemosensory ability by moving away
or towards certain smells. Because neuronal amyloid beta
expression is known to induce defects in chemotaxis, |
expected that a chemotaxis assay would be an appropriate
measure of the effects of various proteins on amyloid beta
levels (13). Additionally, apl-1 mutations cause defects in
movement and brood size, which correlates with the effects
of LRP1 and AQP4 on the apl-1 mutation in Alzheimer’s.

Tomeasuretheneurologicalchangesafteroverexpression
of the candidate genes, | assayed chemotaxis, brood size,
and locomotion. | tested these phenotypes in three different
strains of C. elegans, including N2 (wildtype), CL2006, a
strain that expresses amyloid beta plaques, and VC1246,
a strain that expresses mutant apl-1. The chemosensory
assay showed that when the C. elegans were microinjected
with LRP1 or AQP4, there was no significant effect on the
chemotaxis index. But, when they were microinjected
in conjunction, there was a significant increase in the
chemotaxis index in all strains. The VC1246 strain showed
an increase in the chemotaxis index by 0.5 when both LRP1
and AQP4 were microinjected ((p= 0.006785), p-value <
0.05, student's t-test). Whereas, the CL2006 strain showed
an increase of 0.12 in the chemotaxis index with both LRP1
and AQP4 overexpressed (Figure 3; p=0.007554, p-value
< 0.05, student's t-test). This was expected and supports
the hypothesis that together, LRP1 and AQP4 improve
chemotaxis abilities. The simultaneous overexpression of
LRP1 and AQP4 improved the neurodegenerative phenotype,
but did not completely rescue the phenotype to wildtype levels.
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The brood size assay showed that there was no significant
increase in brood size for any strains, microinjected with
LRP1 or AQP4, or both (Figure 4). This was unexpected
since the expression of beta amyloid is known to decrease
the brood size, and therefore with the addition of LRP1 and
AQP4, the brood size should have increased (14). Brood size
may have increased growth after a few days and could be
tested in the future. In the speed assay, the speed of the C.
elegans did not increase with the microinjection of LRP1 or
AQP4.But when they were microinjected in conjunction, the
speed in the VC1246 strain increased significantly by about
20 pm/s overexpressed (Figure 5; p=0.0269, p-value <
0.05, student's t-test).This was expected for this strain and
suggests that the uptake of the beta amyloid by LRP1 and
AQP4 allowed the muscle to contract more efficiently, thereby
enabling the animals to move faster. The N2 control did not
show a significant increase when microinjected with either of
the two genes. Thus, the results support the hypothesis that
combined overexpression of LRP1 and AQP4 would increase
chemotaxis ability and locomotion more significantly than
either protein overexpressed alone.

Overall, the study revealed an increase in the neurological
ability of C. elegans microinjected with both LRP1 and AQP4
as assessed by an increase in chemosensory ability and
speed. These results show that individually, the LRP1 and
AQP4 proteins had no significant effect on chemosensation,
but when overexpressed in conjunction, they increased the
chemosensory capacity of the VC1246, the strain with the
apl-1 mutation, and CL2006, the strain with beta amyloid
plaques present.

DISCUSSION

Alzheimer’s Disease, a disease with an unclear
physiology, is a global health issue of increasing importance.
Current treatments focus on mitigating side effects, but do
not address the underlying mechanism of disease, which
is hypothesized to be caused by accumulation of beta
amyloid plaques. The results showed that when LRP1 and
AQP4 were given in conjunction, this treatment significantly
reduces amyloid beta plaques, as seen through the increase
in chemotaxis ability and increase in speed in the strain of C.
elegans that expresses plaques in their muscle. | conclude
that LRP1 and AQP4 function in conjunction to reduce the
formation of additional amyloid beta plaques and break down
the buildup of these plaques that were previously formed.
Since the APP mutation in humans results in the depletion
of AQP4 and LRP1, replacing these proteins could contribute
to a better sense of environment as seen in the VC1246
worms (15). Our analysis suggests that the C. elegans
overexpressing both LRP1 and AQP4 had the greatest
reduction of neurodegeneration, while overexpression of
LRP1 or AQP4 alone only improved it to a lesser degree.

Limits on time, budget, and experience restricted the
extent of the experiment. The last steps of a gene editing
study are to typically sequence the genome and check mMRNA
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Figure 3: Chemotaxis indexes of different strains after injection.
The graph depicts chemotaxis index scores for each strain tested
(n=500 for each strain). Error bars represent standard error, and
asterisks (*) denote statistical significance (p-value < 0.05, student's
t-test).
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Figure 4: Average size of N2, VC1246, and CL2006 strains
microinjected with LRP1 and AQP4. The graph depicts average
brood sizes for each strain tests (n=100 for each strain), Error
bars represent standard error, and asterisks (*) denote statistical
significance (p-value < 0.05, student's t-test).

Average Speed of N2, VC1246, and CL2006 strain microinjected with
AQP4 and LRP1
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Figure 5: Average speed of N2, VC1246, and CL2006 strains
microinjected with LRP1 and AQP4. The graph depicts average
speed for each strain tests (n=100 for each strain). Error bars
represent standard error, and asterisks (*) denote statistical
significance (p-value < 0.05, student's t-test).

and protein expression. These methods were not available
due to time and monetary constraints. The expression of the
GFP protein, however, suggests a successful edit. Testing
of the CRISPR-Cas9 system demonstrated up to an 86%
precise genome editing efficiency; while this is high for the
current methods of genome editing that exist, it is not perfect
(16). Furthermore, genome editing has potential side effects.
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The additional copies of LRP1 and AQP4 could potentially
interact with other proteins in unknown manners.

Although the data suggests an increase in sensory ability
and movement under our experimental manipulations, future
research can assess the long-term effects as the worms
age, as well as effects on their progeny. The CRISPR-Cas9
system can also be applied to a plethora of other diseases
by allowing the correction of many missense mutations.
The effect of correcting these mutations can then be
studied on a larger scale in other model organisms, such
as mice, to assess the potential for reversal of the disease
(17). In addition, other genes such as CR1 that control the
flow of proteins and waste across cellular membranes can
be microinjected to test other possible proteins that could
decrease neurodegeneration (18). RNAI feeding strains can
also be used to knock out genes to show if the removal of
the apl-1 gene influences neurodegeneration. Other strains
of C. elegans expressing different phenotypes associated
with Alzheimer’s Disease can be further tested to account
for the many different hypotheses currently being debated.
Additionally, other properties can be assayed in the future,
such as serotonin sensitivity, which can further establish the
phenotypic effects of neurodegeneration.

METHODS
C. elegans strains

All strains of C. elegans were obtained from the
Caenorhabditis Genetics Centeratthe University of Minnesota.
The N2 strain of C. elegans is the wildtype strain. The VC1246
strain has the apl-1 gene mutated, which is homologous to
an APP gene mutation in humans. The CL2006 strain is
categorized with Alzheimer’s Disease with the addition of the
UNC-54 gene, which codes for amyloid beta in humans. This
strain presents amyloid beta in their muscles. The CL2006
strain is temperature-sensitive, meaning that paralysis and
egg-laying deficiencies arise when organisms are raised at
20°C.

Transformation of AQP4 and LRP1 plasmids into E. coli
with ampicillin selection

Highly Competent DH5alpha E. coli (New England
Biolabs, NEB) was thawed on ice and 50 pl were added to
LRP1/AQP4 DNA (genomics-online). The reaction was mixed
gently by pipetting and flicking the tube 4-5 times. The mixture
was placed on ice for 30 min, then heat shocked at 42°C for
30 sec. 950 pl of LB media (NEB) was added, and the tube
was placed in a shaking incubator at 37°C for 1 hr. From
each culture, 50-100 pl of bacteria were spread onto plates
and incubated overnight. The transformed cells were grown
on ampicillin plates to select for successfully transformed,
ampicillin-resistant bacteria.
DNA extraction

Plasmid DNA was extracted from the transformed
bacteria using the Monarch plasmid miniprep kit according to
the manufacturer’s protocol (NEB).

AQP4 and LRP1 double digests

Using the restriction enzymes around the insertion site,
an overnight double digest was run to cut out the cDNA from
the cloning vector. For the AQP4 plasmid, the restriction
enzymes Notl and Aatll (NEB) were used. For the LRP1
plasmid, the restriction enzymes Aflll and EcoRV (NEB) were
used. Digests were composed of 4ul Multi Core Buffer, 0.2 pl
BSA, 10 yL DNA, 1 pl of each enzyme, and 4.8 pl of sterile
water and kept in the fridge overnight. To confirm digestion,
ethidium bromide (Biolabs) gels were made with 1X TAE
Buffer (Biolabs) and then placed into 1X TAE Buffer to run.
1 pl of loading dye and 5 pl of DNA were added per lane.
Gels were run at 150 V for an hour. UV light was then used to
visualize bands.

PCR and Gibson Assembly to attach primers and DNA
fragments

A 25 pl mixture was made with 2.5 pl 10X standard
TagReaction Buffer (NEB), 0.5 pyl 10nM dNTPs (NEB), 0.5
pl 10 pyM Forward Primers, 0.5 pyl 10 yM Reverse Primer,
brought up to 25 pl with Template DNA. The reaction was
gently mixed and put in the PCR machine. The cycle was
95°C for 30 seconds, 30 cycles of 95°C for 20 seconds, then
60°C for 30 seconds, then 68°C for 1 minute, then 68°C for 5
minutes and finally held at 4°C.

For the Gibson Assembly mix, 1 pmol of DNA fragment,
10 pl of Gibson Assembly Master Mix (NEB), and 10 pl of
deionized water were added to a tube and incubated in the
thermocycler at 50°C for 60 minutes.

Microinjection

Microinjection was done with the nanoliter (World
Precision Instruments) and paraffin oil was used to ensure
worms stayed still. A single guide target RNA sequence was
created by SYNTHEGO to place the DNA inserts downstream
from the apl-1 promoter. The Cas9 protein was obtained from
Sigma Aldrich. The final injection mixture was: 5 pmol of single
guide RNA, 5 pmol of Cas9 nuclease, 50 ng/ul of DNA insert
and GFP plasmid. These components were homogeneously
mixed by gentle pipetting. The mixture was loaded into
needles and C. elegans were injected at the gonad syncytium
and then transferred to new NGM plates after recovery.

Chemotaxis Assay

Chemotaxis plates were first labeled with the center in
the middle, control on one side, and attractant on the other
side. Approximately 100 worms were washed using M9 Buffer
three times and then placed in the center, with one drop of
sterile water on one end of the plate and a known attractant on
the other side of the plate at the marked areas. A disposable
plastic pipette was used as the dropper. 2 pl of 0.5M sodium
azide (Biolabs) were put on both sides to paralyze the worms.
After 1 hour, the plates were chilled at 4°C for 15 minutes
to stop worms from moving and then worms on both sides
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of the plate were counted and recorded. The data was then
analyzed, and the chemotaxis index was determined. The
chemotaxis index is calculated by (number of worms at
attractant — number of worms at the control)/ (total number of
worms).

Locomotion Assay

Thirty second videos of worms crawling on NGM plates
were taken using a microscope. The speed of the worms was
quantified by the worm tracker extension in ImageJ.

Measuring Brood Size

Brood size was measured using an application called
Imaged. Images taken of the C. elegans were traced using a
tool on ImagedJ, and the brood size was measured. The sizes
were then downscaled based on the amount of zoom in the
pictures.

Statistical Testing

T-tests were performed comparing the data to the wildtype
and the p values were analyzed in Excel to determine which
values were under 5% and therefore statistically significant.
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Utilizing a wastewater-based medium for engineered
Saccharomyces cerevisiae for the biological production
of fatty alcohols and carboxylic acids to replace

petrochemicals

Rajat Ramesh, Leya M. Joykutty
American Heritage School, Plantation, Florida

SUMMARY

Personal care items, pharmaceutical formulations,
food additives, detergents, plasticizers, and industrial
solvents manufactured from artificially synthesized
acids or petrochemicals can be produced with more
sustainable methods. The metabolic engineering of
microbial hosts, specifically the heterotrophic yeast
Saccharomyces cerevisiae, using a cost-effective
wastewater-based growth medium could potentially
provide a solution. Upregulation of the fatty acid
biosynthesis (FAS) pathway present in this species
is key to increasing all fatty acid-derived products.
Three plasmids containing genes responsible for the
production of the enzymes acetyl-CoA carboxylase
(ACC1), fatty acid synthase (FAS), and fatty acid
reductase (Far1), were transformed into S. cerevisiae
cells using the PEG-LiOAc method. Transformation
was conducted separately and together to optimize
efficiency. We hypothesized that transformed cells
would display more varied fatty acid and fatty alcohol
profiles, and an increased ability to grow in a modified
wastewater-based medium while degrading dissolved
organics. A spectrophotometric assay predicated on
the oxidation of NADPH to NADP* was performed to
determine the activity of the overexpressed enzymes.
High performance liquid chromatography (HPLC)
analysis underscored the presence of C-16 and C-18
fatty alcohols and fatty acids present in the yeast.
Finally, a gas chromatography-mass spectrometry
(GC-MS) analysis portrayed a reduction in organic
compounds in wastewater media that was metabolized
by S. cerevisiae while evidence of ethanol production
via fermentation was seen. The study adds to
research on renewable energy alternatives, but more
importantly, demonstrates an effective method in
which S. cerevisiae can biologically produce valuable
specialty and commodity chemicals to mitigate
petroleum use while removing organic content from
wastewater.

INTRODUCTION

In recent years, biofuels have received growing interest
as an alternative fuel source due to concern about the
environmental impact of fossil fuels. While extensive
research has been done on utilizing microalgae for biofuel
production, methods available constrain its prospects as
a source for future energy. The commercial production of

biofuel is not yet economically viable due to slow rates of
production from microalgae and the expensive apparatus
needed for algal growth, namely gas exchange equipment.
Some yeast species, though in need of carbon sources, can
produce lipids at higher efficiencies compared to microalgal
species. Therefore, transitioning to yeast, which can be
grown anaerobically, provides a promising alternative for fuel
production for the future (1).

Currently, there are two practical bio-based options that
can replace fossil fuels at least to some degree: bioethanol
for gasoline and biodiesel for diesel (2). Saccharomyces
cerevisiae, or baker’s yeast, remains the preferred cell factory
for production of bioethanol. While S. cerevisiae is responsible
for nearly 100% of all bioethanol produced, its promise as a
source of fatty alcohols, key in the production of specialty and
commodity items, has not been exploited (3). In general, the
growth of oleaginous (fatty acid-containing) yeast species is
slower compared to that of bioethanol-producing yeast like
S. cerevisiae, and biolipid production by oleaginous yeasts
requires a long period to produce any optimal yield (1).

One of the major advantages of S. cerevisiae is the vast
knowledge available about its metabolism, which has opened
opportunities for metabolic engineering approaches (3).
Biolipids, including triacylglycerol produced by oleaginous
yeast, are one of the most important feedstocks for biodiesel
production. The first step towards increasing the fatty alcohol
production potential, and thereby commodity chemical
potential of S. cerevisiae, is the upregulation of the fatty acid
biosynthesis (3). In fatty acid biosynthesis, fatty acids are
generated from three hydrocarbon chains esterified with a
glycerol backbone (4). Malonyl-CoA is used in this process to
elongate acyl-CoA chains and is synthesized by the enzyme
acetyl-CoA carboxylase (ACC1) (5). Overexpression of the
gene encoding for this rate-limiting enzyme could possibly
increase production of malonyl-CoA and fatty acid-derived
products. Second in the biosynthesis pathway, C-16 fatty acid
(palmitic acid) assembly is initiated with the use of fatty acid
synthase (FAS) (6). Finally, the introduction of a synthetic fatty
acid reductase (Far1) allows for the reduction of fatty acids
to fatty alcohols (7,8). Fatty alcohols provide an ideal class
of chemicals that can replace petrochemicals in specialty
and commodity chemical production due to their amphipathic
nature, and act as non-ionic surfactants.

While using yeast for lipid and ethanol production has
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Time (minutes)
0 5 10 15 20 25 30
Control 0.0543 0.34578 0.84203 | 0.234235| 0.10777 | 0.045443 0.02435
ACC 0 0.17153 0.38653 0.13897 | 0.04467 | 0.031241 0.022435
FAS 0 0.15342 | 0.345924 | 0.124422 | 0.05362 0.04257 0.02907
FAR 0| 0.124215 0.27688 | 0.116478 | 0.05589 0.04864 | 0.025651
ACC + FAS 0 0.09535 0.19245 | 0.105852 | 0.04648 | 0.039842 | 0.024385
ACC + FAR 0 | 0.066346 | 0.165624 0.07324 | 0.04467 | 0.031241 0.018493
ACC + FAS + FAR 0| 0.024364 | 0.121234 0.05866 | 0.03362 0.02257 0.01947

Table 1: Average absorbance of transformed S. cerevisiae cell lysates (ten replicates of separate 30 minute intervals). Values are given in

absorbance units.

distinctive advantages in terms of lipid quality, cultivation ease,
and overall productivity, the heterotrophic nature of yeast
like S. cerevisiae reduces its competitiveness as a biodiesel
source (10). It is this reason that there have been attempts
to utilize wastewater as a free source of water, nutrients, and
even carbon sources (11). The practical use of wastewater
requires a prior treatment that eliminates contaminants and
most significant malevolent bacteria, as well as balances
nutrient composition (11).

Here, S. cerevisiae was metabolically engineered for
enhanced fatty alcohol and free carboxylic acid production
while utilizing wastewater as a cost-effective nutrient culture
source. We show that if the ACC17 (encoding a deregulated
acetyl-CoA carboxylase), FAS, and Far1 (Mus musculus)
genes are overexpressed in S. cerevisiae in vitro via
plasmid-based expression, then fatty acid, fatty alcohol, and
ethanol content accumulated. By the same token, it was also
predicted that if mixed liquor was utilized as a carbon source,
after sterilization and nutrient balance, then yeast cell viability
persisted in wastewater media, and organics in the media
were degraded (12).

RESULTS
Determination of Activity of ACC1, FAS, and Far1
Enzymatic Products

We used a lithium acetate heat shock method to transform
the three plasmids containing the ACC1, FAS, Far1genes and
confirmed transformation with selection for the URA-3 or LEU-
2 nitrogenous base markers. However, to ensure enzymatic
activity of acetyl-CoA carboxylase, fatty acid synthase, and
fatty alcohol reductase, we monitored the oxidation of NADPH
to NADP* indicative of three steps involving the enzymes in
the S. cerevisiae fatty acid metabolism. Around 10 minutes
after the start of the reaction, the oxidation of NADPH to
NADP* for all S. cerevisiae strain lysates was lowest in the
wildtype control yeast based on elevated absorbance values
(Figure/Table 1). Transformed S. cerevisiae cell lysates had
a consistently lower absorbance than the control, with the
lowest observed in the ACC1 + FAS + Far1 strain (one-tailed
t-test, p<0.05). This indicated that not only was NADPH being
converted to NADP* in the FAS pathway, but it also suggested
greater enzymatic activity in the transformed cells (Figure/
Table 1).

Quantification of Fatty Acid Metabolites

We used high-performance liquid chromatography
(HPLC) to demonstrate the presence of C-16 and C-18
fatty alcohols and fatty acids, which we induced with the
overexpression of ACC1, FAS, and Far1. Before running cell
pellet extracts containing lipids from engineered strains, we
analyzed standards of hydroxy-palmitic acid, palmitic acid,
1-hexadecanol, and stearyl alcohol, and recorded elution
times to compare against the samples. We ran a control
S. cerevisiae strain which outputted minimal detection of
palmitic acid (Figure 2). However, in the strain transformed
with just the Far? gene, C-16 fatty alcohol, 1-hexadecanol,
and palmitic acid were identified (Figure 3). Furthermore,
the strain that was transformed with the ACC1, FAS, and
Far1 genes demonstrated concentrations of 1-hexadecanol,
hydroxy palmitic acid and in fact, even C-18 fatty alcohol,
stearyl alcohol was identified (Figure 4). This HPLC analysis
provided evidence of intracellular fatty-derived components.

Gas Chromatography-Mass Spectrometry (GC-MS)

We used gas chromatography using a silica-based
capillary column connected to a spectrometric interface to
quantify metabolites present in metabolized mixed liquor. The
data suggested, in comparison between the two tables, that

Absorbance (au)

0 5 10 15 20 25 30
Time (minutes)

==@== Contro|l ==@==ACC FAS em@uefFAR e=@ueACC+FAS e=@u=ACC+FAR «=@==ACC+FAS+FAR

Figure 1. Enzymatic activity of S. cerevisiae. The reduction of
NADPH to NADP* was seen around 10 minutes into the reaction for
all S. cerevisiae strain lysates. Optimal absorbance was indicated at
the peak of the reaction (where NADPH was being reduced). Values
are given in absorbance units.
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Figure 2. Fatty-derived products of non-transformed cells. A
control S. cerevisiae strain was run through the silica-based column,
which outputted minimal detection of palmitic acid and hydroxy-
palmitic acid. PA refers to palmitic acid.

an overall reduction in phenolic, volatile organic compounds
(VOCs), and aromatics was seen, while concentrations of
succinic acid, malic acid, and oxalic acid (all carboxylic acids)
and increased concentrations of acetone and ethanol were
identified after “treatment” with yeast (Table 2 and 3). This
indicates an ability of S. cerevisiae to effectively remove
organics from wastewater while utilizing the organics to grow.
We found acetone, ethanol, methanol, and acetaldehyde
in much larger quantities than other metabolites, while
phenolic compounds (namely pentachlorophenol and 4-tert-
Butylphenol) and aromatics (benzene, bromomethane, and
chloroethane) were found in much smaller quantities (Table
3).

DISCUSSION

The goal of this study was to successfully transform the
ACCT1, FAS, and Far1 plasmids into S. cerevisiae to create a
viable microbial strain that could treat wastewater while also
producing specialty and commodity chemicals in the form
of fatty alcohols. In this project, we examined the role of the
fatty acid biosynthesis pathway in the production of lipids and
bioethanol, and the potential use of wastewater organic content
as a suitable nutrient source for yeast-related industries. To
address this, we successfully transform S. cerevisiae with
plasmids the enzymes acetyl-CoA carboxylase, fatty acid
synthase, and fatty acid reductase, as demonstrated by
the spectrophotometric enzymatic assay. Transformed S.
cerevisiae demonstrated increased oxidation of NADPH to
NADP* compared with non-transformed strains. A final lipid
extraction and HPLC analysis allowed for the identification
of stearyl alcohol, 1-hexadecanol, hydroxy-palmitic acid, and
palmitic acid, supporting the notion that the transformation
of the plasmids would allow for the overexpression of the
three enzymes (first hypothesis). An analysis utilizing GC-MS
of a viable S. cerevisiae culture in wastewater-based media
indicated a reduction VOCs, aromatic hydrocarbons, and
phenolics, while carboxylic acids and ethanol concentrations
were determined. We demonstrate that the hypotheses,

which stated that plasmid overexpression would lead to
fatty alcohol production and yeast viability would persist in
wastewater-based media while organics were degraded, were
effectively supported based on successful transformation and
expression of the three recombinant plasmids and reduction
of volatile organics in mixed liquor used as growth media.

Thus, we demonstrate the creation of metabolically
engineered S. cerevisiae strains that successfully grew in a
nutrient-balanced, synthetic wastewater-based media. While
the study reinforces the ability of S. cerevisiae to replace
algae in renewable energy developments, the implications
are far-reaching. The project effectively underscores the
value of microbial hosts, in that they can produce important
bio-based chemicals through engineering of cell metabolism.
The fatty alcohols, fatty acids, and carboxylic acids identified
in the project can be used to produce a variety of important
items, including cosmetics, shampoos, toothpastes, concrete
additives, pest control formulations, pharmaceutical
formulations, food additives, textiles, biopolymers and
bioplastics, detergents, industrial solvents, and plasticizers.
Furthermore, conventional production of these very same
fatty-acid derived chemicals using petroleum or artificial
synthesis is environmentally harmful. As such, the prices of
these chemicals fluctuate with the price of petroleum and will
become more expensive and scarce as the non-renewable
petroleum supply dwindles.

Furthermore, the utilization of wastewater as a cost-
effective media is key to implementing chemical production
from yeast on a commercial scale. Our wastewater method
is less expensive in comparison to standard yeast peptone
dextrose-based full medium, as expensive nutrients and
trace element supplements are not needed. We further reveal
that while S. cerevisiae utilizes the media to grow, the study
reveals that a plethora of organics were degraded in the
wastewater. Excreted acids and ethanol can be harvested
from the wastewater with industrial processes like liquid-
liquid microextraction, and bioethanol factories that already
currently use S. cerevisiae can be retrofitted to produce these
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Figure 3. Fatty-derived products of FAR-transformed cells.
In the S. cerevisiae strain transformed with just the Far? gene,
concentrations of C-16 fatty alcohol, 1-hexadecanol, and palmitic
acid were identified. PA refers to palmitic acid and HD refers to
hexadecanol (C-16 fatty alcohol).
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Figure 4. Fatty-derived products of ACC1, FAS, and FAR-
transformed cells. The strain that was transformed with the ACC1,
FAS, and Far1 genes demonstrated a presence of 1-hexadecanol,
and in fact, even C-18 fatty alcohol, stearyl alcohol was identified. PA
refers to palmitic acid, HPA refers to hydroxy-palmitic acid, HD refers
to hexadecanol (C-16 fatty alcohol), and SA refers to stearyl alcohol.

chemicals in metabolically engineered yeast. Expensive
wastewater treatment processes to remove organic content
could possibly be reduced or eliminated. To address any
pathogenic organisms that could be harvested with the yeast,
after lipid extraction, dry cell mass can be heated to high
temperatures and pressures (350°C and 21,000 kPa).

In the future, analyzing the composition of wastewater
through field analysis could improve the means to balance
nutrient composition. In this project, overexpressing different
genes involved in the production of triacylglycerols, linear
saturated, unsaturated, aromatic dicarboxylic acids, and fatty
acid methyl esters would allow for the creation of S. cerevisiae
strains with the potential to replace a great number of artificial

and environmentally harmful chemical production methods.
Utilizing oleaginous yeast species in addition to S. cerevisiae
could identify other microbial candidates for specialty and
commodity chemical production. To develop commercially
viable chemicals, processes such as dispersive liquid—liquid
microextraction, cross-current liquid-liquid microextraction,
or designing hydrophobic ionic liquids could allow for the
isolation of organic acids (carboxylic acids, excreted fatty
acids, and ethanol) from fermentation broth while also
purifying biochemicals from dry yeast mass.

There were several limitations that impeded the
investigation. While carboxylic acids were identified in
wastewater GC-MS analysis, a metabolic engineering
approach was not developed to increase the concentrations
of these biochemicals. It will also be important to test
wastewater from numerous sources to expand applicability
beyond domestic wastewater treatment. While fatty alcohols
and fatty acids were identified, the cost of completely purifying
them into a commercially viable form can be calculated to
assess economic feasibility. Lastly, GC-MS analysis involved
preset parameters, including column thickness and size,
mass spectrometer detector, flow rate, and carrier gas used,
due its limited accessibility. Method development could have
led to cleaner metabolite identification.

METHODS

Saccharomyces cerevisiae (Carolina 173620) was first
inoculated into 25 mL of defined medium (YPD) containing
yeast extract (0.5 g/L), 20 g/L glucose, 5 g/L (NH4),SO,,
14.4 g/L KH,PO,, 0.5 g/L MgSO,-7H,O adjusted to pH 6 (7).
After sterilization, 2 mL/L trace element solution and mL/L
of vitamin solution were added. The culture was grown for

Table 2. Wastewater analysis before treatment. Select organic
compounds identified in the initial wastewater obtained. In analysis
of wastewater used before inoculation of S. cerevisiae, a host of
volatile organics, aromatics, and phenols were identified. The table
includes retention times (RT) and the limits of quantification (LOQ)
for the organic compounds portrayed. ND indicates that the select
organic compound was not detected.

Compound RT (min) LOQ (ng/L) Concentration (ng/L)
Compound RT (min) LOQ (ng/L) Concentration (ng/L) Acetone 1.98 7500 11900
Acetone 2.02 7500 8400 Ethanol 32 7500 27500
Ethanol 3.16 7500 14300 Methanol 2.77 7500 9500
2 2
Methanol 271 7500 7900 Acetaldehyde 1.62 8400 20200
Pentachlorophenol 10.21 1.2 4.6
Acetaldehyde 1.66 8400 10200
4-Tert-Butylphenol 5.76 1.5 2.7
Pentachlorophenol 10.29 1.2 4.5
Bisphenol A ND ND ND
4-Tert-Butylphenol 5.74 1.5 54 -
Tri-phenyl-phosphate ND ND ND
Bisphenol A 14.13 0.3 38
Triphenyl-phosphate 18.92 02 23 Chloromethane 9.57 0.6 33
Benzene 5.58 0.4 1.5
Chloromethane 9.61 0.6 4.1
Bromomethane 5.94 0.8 4.8
Benzene 5.54 0.4 39
Chloroethane 6.78 1.4 4.6
Bromomethane 399 08 46 Chlorobenzene 7.53 0.7 23
Chloroethane 6.78 1.4 5.7 Succinic Acid 1081 15 28
Chlorobenzene 7.61 0.7 3.6 Malic Acid 13.48 1.1 23
Succinic Acid ND ND ND Oxalic Acid 11.69 0.8 1.9
Malic Acid ND ND ND
Oxalic Acid ~D ~D D Table 3. Wastewater analysis after treatment. Select organic

compounds identified after S. cerevisiae cells were inoculated in the
wastewater-based medium over 4 days at 30°C. Phenolics, volatile
organic compounds (VOCs), and aromatics can be seen, while
concentrations of succinic acid, malic acid, and oxalic acid (all trace
carboxylic acids from metabolic pathways) were also found. The
table includes retention times (RT) and the limits of quantification
(LOQ) for the organic compounds portrayed. ND indicates that the
select organic compound was not detected.
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4 days under lights at 25°C with shaking at 150 r.p.m, and
spectrophotometry (OD600) was utilized to monitor cell
density.

The ACC1, FAS and Far1 genes were obtained as
recombinant plasmids which all contained a URA-3 or LEU-2
selection marker, and an IPTG inducible marker. DH5 alpha
cells transformed with plasmids containing FAS, Far1, or
ACC1 were procured from GenScript (FAS and Far1) and
Addgene (ACCT). Once the bacteria were propagated using
ampicillin as the selection marker for cells containing the
respective plasmids, the plasmid DNA was then extracted. An
overnight culture was pelleted after growing the LB medium to
mid-log phase overnight at 37°C. Using a Monarch® Plasmid
DNA Miniprep Kit, the DNA was isolated into 50 pl of elution
buffer and quantified at 260 and 280 nm.

A lithium acetate (LiOAc) transformation procedure was
used to insert the plasmid DNA into the S. cerevisiae cells.
Denatured salmon sperm DNA, lithium sorbitol (LiSorb),
heat shock (at 30°C and 42°C), and PEG (polyethene glycol)
were used to enhance transformation efficiency. Cells were
then grown on nitrogen base agar with supplements to take
advantage of the URA-3 and LEU-2 selection markers.

We conducted a spectrophotometric assay to assess the
activity of the ACC1, FAS, and Far1 gene products in cell
lysates (the acetyl CoA carboxylase, fatty acid synthase, and
fatty acid reductase enzymes) (6). To do this, the reduction of
NADPH to NADP* was analyzed by measuring absorbance
at 340 nm. A reaction mix consisting of malonyl CoA, acetyl-
CoA, NADPH and PBS was created. This was added to cell
extracts containing protein that was extracted with lysis buffer.
Over the span of 15 minutes, the absorbance of the solution
was taken in 5-minute intervals. Concentrations of enzyme
in each cell lysate was calculated using Beer’'s Law (A= ¢ |
¢, with extinction coefficient 6220 mol'cm-'). Therefore, a
higher absorbance indicated a smaller activity of the enzyme,
as NADPH was reduced less frequently.

To verify the presence of C-16 and C-18 fatty alcohols
and fatty acids, a high-performance liquid chromatography
(HPLC) was conducted. Lipids were extracted from cell pellets
using hexane and petroleum ether. HPLC analyses were
performed using a silica-based column with a flow rate of 1
mL/min, a gradient composition, and compound standards
of palmitic acid, hydroxy-palmitic acid, 1-hexadecanol, and
stearyl alcohol were used.

Finally, mixed liquor (stage 1 wastewater containing
solids and dissolved organic material) was collected from
a local wastewater facility. Once collected, a modified
wastewater-based media was created by adding nutrients,
including vitamin B12, D(+) —biotin, nicotinic acid, calcium
pantothenate, and thiamine-HCI 2H,0. Trace elements were
composed of HCI (1 mL/L), FeCl-4H,0 (15 mg/L), ZnCl, (7
mg/L), MnCl,-4H,0 (1 mg/L), CuCl, -2H,0 (0.02 mg/L), NiCl2-
6H,0 (2.4 mg/L), and Na,MoO, -2H,O (0.36 mg/L). Once
the wastewater media was prepared, S. cerevisiae cells
were grown in the media at 30°C over a period of 4 days and

monitored for cell viability using spectrophotometry (OD600).
Then, the wastewater was analyzed for total phenols, total
phosphorus, total nitrogen, chemical oxygen demand, pH,
purgable aromatics and purgable organics, C4 carboxylic
acids, ethanol, and total hydrocarbons. A gas chromatograph
connected to a mass spectrometer interface (GC-MS) was
used to analyze for organic and aromatic compounds in
association with a trap-and-purge method. We created a
standard curve for each identified organic compound using
external standards at varying concentrations. Each standard
curve was constructed based on outputted peak area of
the external standard, and concentrations of the organic
compounds identified were subsequently determined.
Phenols were identified after extraction from wastewater
using methylene chloride and using a 2-propanol solvent.
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Comparing Consumer Personality and Brand
Personality: Do Fashion Styles Speak of Who You Are?

Brianna Stevenson and Jason Scott
The Neighborhood Academy, Pittsburgh, PA

SUMMARY

Teenagers, especially African American teens, are
an important target market for fashion retailers.
Identifying what type of customer is interested in
which brands is a principal concern. This study
investigated how fashion brand personalities are
similar to people’s personalities and whether people
may prefer a particular clothing brand based on their
own personal traits. We hypothesized that individuals
prefer brands that share similar personality traits to
their own. In particular, we expected that there would
be significant correlations between people’s Big Five
Personality Trait scores and how much they desire
a specific brand personality. All together, we found
that the Big Five Personality Factors are generally not
related to participants’ preferred brand personalities.
Out of the 25 hypothesized relationships, only four
were significant. Extraversion was positively related
to emotive and sociable brands, and agreeableness
was negatively related to sincere or trusted brands.
Therefore, if a brand is marketed as outgoing or
sociable, then investing in attracting extraverted
customers could be useful, and the brand should
target people who are high in extraversion. Otherwise,
brands should consider different factors besides the
Big Five Personality Factors for identifying potential
customers.

INTRODUCTION

One important fashion market is teens; teenagers spend
an average of 36% of their money on fashion clothing,
representing a huge opportunity for businesses. In particular,
African American teens spend about $1.2 trillion annually
(1). Brands cannot maximize profit if they do not target the
right consumers. Furthermore, African Americans’ consumer
choices create a “halo effect” that can affect the purchases of
other social groups, making a study of their brand preferences
important (2).

One common way to determine a person’s personality
is the Big Five personality factors. The Big Five personality
group consists of five primary factors of personalities that
represent nearly all of the basic personality traits (3). The Big
Five is also known by the acronym OCEAN to abbreviate the
five personality factors. The Big Five personality factors are:

openness to experience, conscientiousness, extraversion,
agreeableness, and neuroticism.

Openness to experience is described as an individual's
creativity and how they are disposed to open up and try new
things. Individuals who are high in openness to experience are
more likely to enjoy stepping outside the box and meeting new
people. Individuals who are low in openness to experience
are more likely to stick to what they already know and their
regular routines. Some traits that are commonly related to
openness to experience are creativity, curiosity, and having
a variety of interests.

The second personality factor is conscientiousness. It
is described as an individual’s behavior and how they act in
sociable ways. People who are high in conscientiousness are
more likely to be successful, well-organized, and like to play
by the rules. People who are low in conscientiousness are
more likely to procrastinate and do things on their own. Traits
that describe conscientiousness are hard-working, planner,
ambitious, and reliable.

Extraversion is described as how individuals present their
energy and how they connect with others. Individuals who are
high in extraversion are more likely to interact with others and
be very outgoing. Individuals who are low in extraversion are
more likely to be shy and keep to him or herself. Traits that
are linked to extraversion are socialness, outgoingness, and
high energy.

Agreeableness is described as how people get along and
interact with others. People who are high in agreeableness are
more likely to be caring, be well-liked, and respected. People
who are low in agreeableness are more likely to be rude, blunt,
and sarcastic. The traits that are connected to agreeableness
are trust, loyalty, politeness, and sensitiveness.

Lastly, neuroticism is described as individuals who have
negative traits that deal with their lack of emotional stability.
Individuals who are high in neuroticism are more likely to have
low self-esteem, to be emotional, and be easily angered.
Individuals who are low in neuroticism are more likely to be
very confident and courageous. The traits that are linked to
neuroticism are insecurity, anxiety, moodiness, and lack of
confidence.

Brand personality is a group of human characteristics
that are attributed to a brand by consumers (4,5). There are
five common brand personalities: emotive, trusted, sociable,
exciting, and sincere (4). Common traits of these personalities
are listed in Table 1. Other researchers have proposed other
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Brand Personality ‘Common Traits of Each Brand Personality Type Brands

Emotive Emotional, idealistic Gucci, Pink, Champion

Trusted truthful, reliable, preserving North Face, Lavi, Old Navy

Sociable friendly, creative, outgoing Hollister, Vans, Forever 21

Exciting active, adventurous, cool Nike, Jordan, Adidas

Sincere simple, caring, helpful Polo, Columbia, H&M

Table 1. Common traits and representative brands for different
brand personalities. Previous research suggests these are
common personalities traits of the different brand personalities (4).

brand personalities, although these do not relate directly to
human personality traits (6). A recent meta-analysis on brand
personality found that consumers see their personalities
as matching brand personalities they like, and when that
happens, positive outcomes occur for businesses (5).

Casidy et al. investigated the relationship between
consumer personalities and brand personalities among
college-aged Australian students (4). They found that
there was a significant relationship between some of the
Big Five Personality Factors and their corresponding
brand personalities. People with more neuroticism and
conscientiousness personalities prefer trusted brands. People
high in extraversion and openness to experience preferred
the sociable brand personality. Exciting, sincere, and emotive
brand personalities showed no relationship to any of the Big
Five. Their findings suggest that there is a weak relationship
between personality and brand personality.

Another study by Ayman and Kaya investigated gender
differences in behavior based on branded fashion in a Turkish
cohort (6). The authors found that individuals of a certain type
of personality tend to like similar brands that shared the same
personalities. Also, their study found that individuals associate
with brands with which they share personalities. This is
important to our study because their study concluded that
personality and brand personality have strong relationships,
although they did not use the Big Five personality traits or
standard named brand personalities. Our study will use
different personalities factors and brand personalities, while
also using African American teens to see if personality and
brand personality also have a stronger relationship.

Personality, mood, and self-concept play a role in
individual’s clothing choices and clothing preferences.
Individuals tend to make their clothing choices based on the
way they are feeling. Barquet and Balam researched the
effect of clothing preferences on undergraduate students’
clothing decisions based on factors such as mood, personal
style, desire to feel comfortable, and self-esteem (7). They
found that mood, personal style, a desire to feel comfortable,
a presentation during class, and weather influenced clothing
choices. This is important to our current study because if
mood and personality play a role in an individual’s clothing
preferences, people should prefer brands that reflect their
personality.

An additional study found there was a strong relationship
between mood and three out of the five Big Five Personality
Factors and clothing preferences (8). However, she also

found that personality and clothing choice had a very weak
relationship. Although personality and clothing choices do
not have a strong relationship, the relationship between mood
and three out of the five personality factors was strong, which
supports our current study.

Burroughs studied the relationship between clothing and
social identity (9). In his first study, the kind of person the
participant is could be determined based only on clothing, but
only for certain personality traits. In his second study, he found
that brands by themselves do not seem to reflect a person’s
personality (9). Dolich, studied the congruent relationship
between self-images and product brands. The author found
that people preferred brands that were more similar to their
ideal self-image rather than their real self-image (10). This
study is similar to our current study because we are looking
to see if people connect with brands that are similar to their
personality. The study shows that people’s ideal-self connects
with brands that are similar to their personalities.

Another study by Piacentini and Mailer investigated
symbolic consumption, the importance of goods and
consumables in teenagers’ clothing choices (11). They found
that clothing choices made by young people are closely bound
to their self-concept and used as a means of self-expression,
a way of judging people and situations they have faced. They
also found that teens use symbolic consumption to maximize
their ability to belong to a group. This study is helpful because
it discussed how people’s self-concept plays a role in clothing
choices and how they try to fit in to a group.

We investigated how fashion brand personalities are
similar to people’s personalities and how people may prefer a
particular brand based on their own personal traits. Overall,
research suggests that there are some relationships between
how people see themselves and their clothing preferences.
However, there is limited research on how the Big Five
and brand personalities are related, especially with African
American consumers. Our experiment consisted of African
American students from a private college-preparatory high
school called The Neighborhood Academy. We will have a
group of the upperclassmen list a variety of brands that they
prefer or like and categorize them into brand personalities.
Next, we will have the other students take the Big Five
Inventory (BFI) and connect their personalities with The Big
Five personality factors. Then, we will take the list of the
brands and ask students do they or will they prefer or desire
that brand. We hypothesized that individuals prefer brands
that share similar personality traits to their own and that there
would be significant correlations between people’s Big Five
scores and how much they desire a specific brand personality.
This agrees with previous research on personality and self-
concept (4, 5, 7, 10, 11), which found significant but not strong
relationships between people’s personalities and brand
personalities. We are not predicting specific relationships
between the Big Five and individual brand personalities
because many of the brand traits could align with multiple of
the Big Five factors. Our intent is to explore all the possible
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Subject personality factor

(max = 10) Openness Conscientiousness Extraversion Agreeableness MNeuroticism
Mean 70 63 59 61 53

sD 078 0.14 0.14 1.13 07
Preference for brand

personality (max = 5) Trusted Sincere Sociable Excited Emotive
Mean s 33 35 33 31

sSD om 059 071 077 0.64

Personality
Brand Factar cl‘Experience Extraversion Agreeableness Neuroticism
Personality
Trusted 0173 0.022 -0.202 -0.254% 0.109
Sincere -0.081 -0.145 0.119 -0.347 0.050
Sociable 0.048 0.065 0.34° 0.033 0.022
Exciting 0.088 -0.101 0.071 -0.015 0014
Emotive 0.195 017 027 -0.166 0.202

Table 2. Means and Standard Deviations for Big Five Personality
Traits and Brand Personalities.

relationships between the two.

RESULTS

We sought to investigate how fashion brand personalities
are like people’s personalities and how people may prefer
a brand based on their own personal traits. A focus group
of 14 African American teens generated a list of 15 brands,
three for each brand personality. Then, fifty-five African
American teenage participants completed the Big Five
Inventory as well as a survey to measure their preference
towards each of the brands from the focus group. The brand
questionnaire consisted of 15 clothing brands, three for each
brand personality. The participants were to rate each brand
on a scale of one through five with five being very likely to
desire or prefer that specific brand. Each person’s preference
score for each brand personality was found by averaging the
preference score for each brand of the three brands (Table
2). We calculated correlations between subject’s preference
for brands of different brand personalities and the Big Five
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Table 3. Pearson correlation coeffecient matrix between
personality factors and brand personalities. Significant
correlations marked with an asterisk (p < 0.05, n = 55).

personality factors (Table 3, Figure 1).

We observed a significant positive Pearson correlation
coefficient between the extraversion personality factor and the
sociable brand personality (r(53) = 0.339, p = 0.006). People
who are high in extraversion tend to desire a sociable brand.
There was also a significant positive correlation between a
person’s extraversion and desiring of an emotive brand (r(53)
= 0.270, p = 0.02). People who are high in extraversion tend
to prefer an emotive brand. As seen, there was a significant
negative correlation between agreeableness and a trusted
brand (r(53) = -0.254, p = 0.03). People who are high in
agreeableness tend to like, prefer, or desire a less trusted
brand. Lastly, there was a significant negative correlation
between agreeableness and a sincere brand (r(53) = -0.346 ,
p =0.004). People who are high in agreeableness tend to not
like a sincere brand. All other correlations were not significant
(Table 3).

These correlations are significant (p < 0.05) and
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Figure 1. Significant correlations between personality factors and brand personalities. Listed above are the four significant correlations
between personality factors and brand personalities (p<0.05, n=55). Agreeableness was negatively correlated with trusted brands (A) and
sincere brands (C). Extraversion was positively correlated with emotive (B) and sociable brands (D).
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demonstrate a significant relationship between a participant’s
personality factors and their preference for brands of a
certain brand personality type. This suggests that there is a
relationship between how a person views themselves and the
types of brands he/she wishes to buy.

DISCUSSION

We found that some of the Big Five Personality Factors
(openness, conscientiousness, extraversion, agreeableness,
and neuroticism) had a relationship with five common brand
personalities (trusted, sincere, sociable, exciting, and emotive).
Four out of the 25 correlations had a significant relationship
(Table 3). People who reported being more agreeable tended
to dislike a sincere brand or a trusted brand. A person who
was high in extraversion tended to prefer a sociable brand or
an emotive brand (Figure 1).

Our research was partially consistent with prior research
(4). Casidy et al. found that there was a significant relationship
between some of the Big Five and their corresponding
brand personalities. People with higher neuroticism and
conscientiousness personality scores preferred trusted
brands and the sociable brand personality was preferred
by people high in extraversion and openness to experience.
Exciting, sincere, and emotive brand personalities showed no
relationship to any of the Big Five in their study. We found that
there was also a significant relationship between some of the
Big Five and brand personalities. One relationship that we
found in common was that people who are high in extraversion
prefer a sociable brand. Altogether, this was important
because the Big Five Personality Factors are not very useful
when it comes to brands. Unless a brand is outgoing or
sociable, then investing in finding extra customers is useful
and they should target people that are high in extraversion.
Otherwise, brands should consider other factors besides the
Big Five Personality Factors for market segmentation and
advertising.

Our study was also partially consistent with prior research
on personality and clothing preference (6). Ayman and Kaya
found thatindividuals of a certain type of personality tend to like
similar brands that shared the same personalities. We found
that there was also a significant relationship between some
of the Big Five Personality Factors and brand personalities.
Although they did not use the Big Five Personality Factors
or standard named brand personalities, their research was
similar to our study. They concluded that there was a strong
relationship between personality and brand personality,
which we did not find.

Prior research by Eisend and Stockburger-Sauer, who
did a meta-analysis review on brand personalities, was
also partially consistent with our research (5). They found
that consumers see their personalities as matching brand
personalities. Because of that, positive things may happen,
like building trust and strong brand relationships. This is like
what we found because if a brand is outgoing or sociable,
then investing in finding extraverted customers may be useful,

and brands should target people who are high in extraversion

One surprising result of our study was the negative
correlation between agreeableness and sincere and trusted
brands. Agreeableness is described as when people get
along and interact with others well. People who are high in
agreeableness are more likely to be someone who cares
for others, is well-liked, and respected. The brands that
were categorized by the focus group as sincere were Polo,
Columbia, and H&M and for trusted North Face, Levi, and
Old Navy. We are uncertain why agreeableness had a
negative relationship with sincere and trusted brands. We
hypothesized that they would have a positive relationship
because they shared similar adjectives like trusting, caring,
and helpful. However, both relationships were very weak.
Therefore, we would not recommend that marketers use this
information when reaching customers. It is also possible our
results are unique to the brands the focus group picked, and a
different list of brands might have a different result.

There were two limitations to our study, which might
have affected the results. First, our focus group had difficulty
agreeing on some brand personalities. Our focus group
consisted of 14 high school seniors. During the focus group,
members often could not agree on the designation of a
specific brand to a brand personality group. The group had
to vote to come to a decision. Therefore, the brands in each
category could be different when assigned by a different focus
group. Also, some students complained the questionnaire
was too long. So, it is possible that some of the students
rushed through it, which could have affected our data. We
saw no direct evidence of people randomly circling, but the
complaints do tell us some rushing may have happened.

We recommend future research have other people take
the Big Five Inventory to describe another person instead of
having them take it about him or herself. We believe it would
be interesting to use ratings of personality by friends instead
of self-ratings because they may not be telling the truth,
compared to how a friend would view them. It is possible that
the personality that other people see might be more related to
the brand personalities people prefer, since clothing choices
often reflect the social group to which one wishes that he/she
belonged (9).

In conclusion, the Big Five Personality Factors may not
be useful when describing people’s preferences for brand
relationships. Our study, as well as others, have found few
and weak relationships between the two. We recommend that
marketers and brand promoters use other factors to target
customers who will buy and promote their brands.

METHODS

The participants were students from 9th through 11th grade
from The Neighborhood Academy, a college preparatory,
private high school. There were 60 students invited to
participate in total, 64% female and 36% male. Five students
declined to participate in the study so we had 55 participants
in our study. We also had a focus group with the senior class
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(14 students), in order to develop a list of brand personalities.

The materials were The Big Five Inventory and a self-
created brand survey. The BFI is a personality test that
measures the Big Five dimensions to determine a person’s
personality (3). We modified the test because students did
not understand certain words. Words such as quarrels, aloof,
and assertive were replaced with similar words that students
knew such as argues, not friendly, and demanding.

We also made a brand personality questionnaire, which
14 senior students, acting as a focus group, helped create.
The focus group categorized the brands into different brand
personalities (Table 1).

In the focus group, we had participants each write down
ten clothing brands that they like, desire, or prefer. Then they
placed them into the brand personalities where they best
believe they connect to, and we discussed why they chose
to place the brands where they did. After the discussion, the
group had to agree on three brands for each of the brand
personalities. When the group could not agree, the brand
personality was assigned by voting. At the conclusion of the
focus group session, a total of 15 clothing brands were divided
into brand personality groups with three brands per group.

After the focus group helped created the brand personality
questionnaire, both the BFI and the brand personality
questionnaire were given to the 55 study participants over a
two-week period. On the brand personality questionnaire,
the participants were to rate each brand on a scale of one
through five with five being very likely to desire or prefer that
specific brand. Each person’s preference score for each brand
personality was found by averaging the preference score
for each brand of the three brands. Participants completed
the questionnaires during class time in small groups of 5-10
students. Students who participated were given a few pieces
of candy in exchange for their participation.
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SUMMARY

This paper attempts to contribute to our understanding
of human longevity by focusing on the impact of our
daily life on longevity. In analyzing cross-sectional
data from 174 countries in 2015 that are publicly
available, e.g., from the World Health Organization,
we assumed a simple linear relationship between
life expectancy and behavioral factors when other
factors, e.g., medical and environmental factors, are
held constant. We estimated the parameter values of
the behavioral factors in the equation by representing
the relationships using ordinary least squares. With
the approximately 89% explanatory power in the
variation of longevity in the sample of 174 countries,
we conclude that an average person’s life expectancy
in those 174 countries can increase by more than 3
years if smoking and alcohol consumption is reduced
by a half and weight is decreased by 10%.

INTRODUCTION

The human life span has extended over the past
decades. According to the World Health Organization (WHO),
the average life expectancy at birth has increased from 52.5
years in 1960 to 71.7 years in 2015 (1) (Figure 1).

As life expectancy has extended, the topic of any
influencing factors in longevity has featured prominently in
research, both for medical, commercial, and public reasons.
Research in academia has focused on individual longevity,
e.g., why some individuals live longer than others, and on
average life expectancy, e.g., what factors contribute to the
mean life expectancy of a population (2-4). For individual
longevity, a recent National Institute on Aging study identified a
broad range of social, behavioral, genetic, and environmental
factors that can affect the risk of mortality among older adults
(5). Among those factors, it is notable that approximately
15-25% of the overall variation in human longevity can be
explained by genetic differences. It is also worth noting that
long-lived individuals have fewer chronic diseases, better
mental health, and better physical and cognitive function
than short-lived members of their age cohort. For the mean
longevity of a population, in addition to the factors identified
for longer life spans, social and behavioral factors have been
emphasized as crucial to the average level of longevity in a
given population.

Ongeneticfactors, studies have produced little consensus
on the “maximum” achievable lifespan of an individual. The

traditional view held by the scientific community is that the
maximum life span has not increased, despite the fact that
the average life span has been on the rise for the last several
decades. The ideal average life span is approximately 85
years, and the changes in lifestyle that can postpone chronic
illness can modify the physiological and psychological
markers of aging, causing the morbidity curve to become
more rectangular (6). That is, the percentage of the survived
in the cohort population decreases slowly for most of the life
span, and then drops drastically once it hits a certain point
closer to the average life span. On the contrary, other studies
have disputed the traditional view, arguing that “maximum?” life
expectancies can be raised in the future through advances in
biomedical research, as well as the reduction of age-related
risk factors. It is possible to have a life expectancy of 95 to
100 years with a standard deviation of about 10 years (7). In
fact, this view has already been seen in practice in animal
research; one study reported that a single mutation in the
nematode Caenorhabditis elegans genome doubled life span
(8).

Several studies that focused on both medical and
environmental factors have discussed how life expectancy
has increased over time due to different reasons. Most of the
gain in life expectancy before 1950 was due to reductions in
infant, child, and early adult mortality as a result of improved
standards of living, better public health standards, and the
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Figure 1: Time trend of life expectancy at birth from 1960 to
2016. The dotted line denotes the mean value of life expectancies
of the countries in the world. The shaded area shows one standard
deviation of the life expectancies.
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advancement of medicine, while the increase in life expectancy
since 1950 has largely been due to reductions in mortality at
older ages (2, 9). In particular, the role of medical factors in
mortality is well documented in comparative studies of several
high-income countries (4). In addition to medical factors,
average income levels (GDP per capita) and educational
environment (e.g., rate of literacy) are closely related to the
increase in life expectancy in developing countries (10).

On social and behavioral factors, several studies have
identified that individual behavior in smoking, drinking
alcohol, and eating also affects longevity. First, the harms
of smoking have been near universally acknowledged by
many authorities, like the Center for Disease Control and
Prevention (11), the Royal College of Physicians (12), and
the International Agency for Research on Cancer (13). It was
speculated as early as 1938 that smoking was associated
with 