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What is BSURP?

The BioScientific Undergraduate Research Publication (BSURP) is a collection of

summaries detailing research projects that were undertaken by Biological Sciences
undergraduate students at the University of Calgary. As one of the top research
universities in Canada, the University of Calgary provides many students with incredible
opportunities to conduct innovative research in many diverse areas. Many students in the
Biological Sciences have taken up research as part of summer programs or as courses
for their degree.

The Biology Students’ Association (BSA) began the BSURP during the 2020-21 academic
year in order to highlight the amazing research being done by our fellow Biological
Sciences students. Students from diverse backgrounds, both academic and non-
academic, have been proudly represented in the publication. Projects were conducted in
research labs both within and outside the Biological Sciences department, covering a
diverse range of interesting and ground-breaking topics.

All previous publications of the BSURP are also available to view on the BSA website at
https://www.bsaucalgary.ca/bsurp. We hope this publication not only showcases the
fantastic work of Biological Sciences students over the years and encourages other
students to get involved in research, but also provides insight into what research is about
and what students can achieve.

Eligibility

To be eligible to submit to the BSURP, applicants must have been undergraduate
Biological Sciences students at the University of Calgary for the duration of their projects.
The project must have taken place between May 2022 and May 2024, and both research
courses (e.g. 507/528/530) and non-credit projects were acceptable. Research could
have occurred in any department so long as the student was a Biological Sciences
student.
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BSURP Research Summaries

Plasmid encoded sugar catabolism genes in the nitrogen fixing
bacterium Rhizobium leguminosarum

Type of project: 528 (CMMB)
Supervisor(s): Dr. Michael F. Hynes

About the Researcher

Kylie Jensen

My name is Kylie Jensen and | graduated in 2023 with a BSc degree from the University
of Calgary. Throughout my degree | have especially focused on courses in microbiology
and infectious diseases which is what drew me to my project. | am currently working as
a math/science tutor at Sylvan learning and am enrolled in a program to become a
medical laboratory assistant with the hopes of going to medical school and one day
becoming a doctor and working in medical research. Working in a microbiology lab this
year solidified my passion for research, | enjoyed all aspects of completing this project
such as learning valuable laboratory techniques like PCR and cosmid complementation,
as well as meeting and interacting with a wide variety of people in the microbiology field
from a range of backgrounds and education levels. If | were to give one piece of advice
to someone just starting their research project, it would be to take very detailed notes.
Seriously, write down every single thing you do each day, write down any results you
get even the negative ones, and take photos of everything; it will save you so much
hassle when you are writing your final paper. Outside of science, | love doing anything
active from kayaking and hiking to strength training at the gym.
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Background

Rhizobium leguminosarum is a Gram-negative alphaproteobacteria that falls into
the family Rhizobiaceae whose members have been collectively given the name rhizobia
because they all possess the ability to form a mutualistic symbiotic relationship with
leguminous plants such as beans, peas, and lentils (Wielbo et al., 2007; Vanderlinde et
al., 2014). In this relationship, rhizobia form nodules on plant roots and fix atmospheric
nitrogen (N2) into ammonium (NHa4) via the enzyme nitrogenase which is needed by the
plants in order to grow (Wheatley et al., 2017). Rhizobia that do not exist in nodules are
motile, and live freely in the nutrient rich soil that is found within close proximity of the
plant roots called the rhizosphere (Vanderlinde et al., 2014; Garcia-Fraile et al., 2015).
These bacteria are able to survive in the rhizosphere due to a broad range of chemicals
secreted by the plant roots which can be metabolize as a carbon and energy source for
rhizobia (Vanderlinde et al., 2014). This abundance of nutrients in the rhizosphere results
in high interspecific competition for survival and for root occupancy to form nodules
(Richardson et al., 2004) therefore placing high importance on competitive ability. It has
been found that metabolic versatility, particularly the ability to utilize rare sugars as a
carbon source, is the most important factor that determines competitiveness in the
rhizosphere (Wielbo et al., 2007; Vanderlinde et al., 2014).

The genome of R. leguminosarum is large and highly complex which is one of the
main reasons why this bacterium can survive in the fluctuating conditions of the
rhizosphere (Stasiak et al., 2014). Aside from the main chromosome, the genome is
partitioned into multiple independent replicons called plasmids which may comprise as
much as 35-40% of the Rhizobium genome (Yip et al., 2015; Buhlers, 2019). The strain
of interest in this research, VF39SM, has up to 6 plasmids that range in size from 130kb
to 900kb (Zhang et al., 2001) and are denoted pRleVF39a — pRIeVF39f in order of
increasing size (Buhlers, 2019). These plasmids are not essential for survival but do
confer significant competitive advantages (Buhlers, 2019) by encoding genes for
chemotaxis/motility, bacteriocin  production, vitamin synthesis, cell surface
polysaccharide production, and carbon source utilization (Stasiak et al., 2014
Vanderlinde et al., 2014). Common substrate utilization such as glucose, glycerol, and
rhamnose is a significant factor for rhizosphere survival, however, utilization of difficult
substrates such as organic and amino acids is much more important to competitiveness
and is generally only seen in highly competitive species (Wielbo et al., 2007; Vanderlinde
et al., 2014). Currently, many plasmid encoded catabolism operons have been classified
in VF39SM including the glycerol glp operon on pRIeVF39c, two ribitol operons on
pRIeVF39c and pRIeVF39d, and the erythritol ery operon on pRIleVF39f.
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A main goal of this research is to determine what happens to rare sugar catabolism
abilities when certain plasmids are removed from R. leguminosarum VF39SM, to assess
if the wildtype and the cured derivative strains can grow on rare sugars which like L-
arabitol and D-tagatose which have not yet been tested, and finally to isolate specific
genes involved in these catabolic processes and determine if these abilities ultimately
affect Rhizobium competitiveness in the rhizosphere.

Methods

Initial tests to determine if plasmid encoded catabolism abilities were affected by
plasmid loss was done by testing growth of the wildtype VF39SM and various cured
strains, which are missing certain plasmids, in Robertsen’s minimal media (Robertsen et
al., 1981) containing 0.2% of the sugar of interest as a sole carbon source and incubated
at 30°C. Curing procedures are outlined by Quandt and Hynes (1993) and Yip (2013).
When needed, the following concentrations of antibiotics were added to the media:
500ug/mL streptomycin as all the VF39SM strains used with have Sm resistance,
100ug/mL neomycin, 20ug/mL gentamycin, and 5ug/mL tetracycline.

Attempts to amplify hypothetical catabolism loci in order to determine specific
genes involved in these processes was done via polymerase chain reaction [PCR] using
Q5 high-fidelity 2x master mix (BioLabs) with annealing temperatures calculated by
BioLabs’ NEB Tm calculator. This was done using a variety of primers for different loci
including the ery locus and a hypothetical tagatose catabolism locus on pRIeVF39f, the
hypothetical melibiose regulatory locus, an idonate, and beta-galactosidase polyol loci.

Attempts to isolate catabolism genes which have not yet been characterized in the
wildtype, such as for L-arabitol, was done via cosmid complementation. pRK7813
cosmids were taken from the cosmid library made by Ding and others created using
methods described in his paper (2012) and conjugated from the E. coli S17-1 mobilization
strain into R. leguminosarum Alb4-1 which cannot normally grow on L-arabitol. The
cosmids contained 35-45kb inserts of random sequences in the VF39SM genome and
~1200 samples were used resulting in nearly complete genome coverage. The mating
spots were tested for their ability to grow on L-arabitol which would indicate that the
cosmid contained genes involved in catabolism. Cosmids of interest were electroporated
back into R. leguminosarum and their DNA was isolated using the EZ-10 spin column
plasmid DNA miniprep kit (Bio Basic), and digested with EcoRI before imaging on an
agarose gel for analysis.
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Results

All of the cured R. leguminosarum strains outlined in table 1 were able to catabolize
the following substrates: D-arabitol, D-melibiose, D-raffinose, D-trehalose, xylitol, and D-
xylose; the results of which are summarized in table 2. The experiments which only
showed minimal growth were re-inoculated on RMM agar plates, and these plates also
showed growth thus confirming that catabolism was possible for these strains and growth
wasn’t just a result of nutrient carryover from the TY pre-cultures.

At low frequencies, some of the strains missing pRleVF39c and pRIleVF39d such
as A3b1-1 were found growing on ribitol control plates, which is unexpected as the ribitol
catabolism loci are on these two missing plasmids. Hypothetically, the ery catabolism
locus on pRIeVF39f may have acquired a mutation conferring the additional function of
ribitol catabolism due to the high interconnectedness between these two catabolic paths,
therefore attempts to amplify the wildtype and mutant ery locus using PCR was done in
order to compare the sequence. However, all the attempts to amplify this large locus were
unsuccessful (figure 1) due to off-target binding of the primers elsewhere in the genome,
product overlap, or the large size of the locus in general.

The mating spots grown on L-arabitol RMM from cosmid complementation into
strain Alb4-1, which cannot normally catabolize L-arabitol, revealed a number of colonies
that grew with the expected wildtype morphology (figure 2) indicating these cells
contained cosmids with wildtype genes involved in L-arabitol catabolism.

Experiments in D-tagatose revealed that the wildtype VF39SM can grow using this
sugar, hypothetically via a catabolism locus on pRIeVF39f. Surprisingly, ABf strains
missing pRIeVF39f were also able to grow on D-tagatose which is unexpected, however,
Eckhardt gel results revealed that RecA recombinase activity in these strains allowed
pRIeVF39f to be preserved in the genome. BAf strains which are RecA- could not grow
on D-tagatose as they were completely cured of pRIeVF39f (figure 3).

Significance

The ability of cured strains to maintain catabolic ability of rare sugar substrates
demonstrates the importance of genomic redundancy for survival as well as
competitiveness in the rhizosphere, which is important because Rhizobium genomes are
unstable and therefore prone to rapid change. However, these results also revealed the
important implications of redundancy during experiments such as PCR as sequence
similarity throughout the genome can cause off-target primer binding resulting in non-
specific products. This highlights the need for long primers in order to increase specificity,
but also further PCR optimization in general in order to successfully amplify
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long loci, an important future direction for study of this bacterium. Finally, this research
confirmed the roles of pRIeVF39c / pRIeVF39d in L-arabitol catabolism using cosmid
complementation, as well as the role of pRIeVF39f in tagatose catabolism. Current
studies are underway to isolate specific genes involved as well as to classify their
functions, an important step towards labelling unknown genome products. In terms of
broad implications, the amount of bioavailable nitrogen compounds in the rhizosphere is
directly proportional to the plant shoot height (Wielbo et al., 2007), therefore nitrogen
fixing Rhizobium species are crucial for growth and sustainability of crops we rely on for
food (Goyal et al., 2021). The problem is that native soil strains are better adapted to life
in the rhizosphere and therefore outcome Rhizobium, but are inefficient at fixing nitrogen
(Goyal et al.,, 2021). In order to improve competitiveness of Rhizobium species and
therefore increase crop yield, it is important to determine how rare sugars are catabolized
with the hopes of producing elite strains that are highly efficient at nitrogen fixation and
top competitors in specific soil conditions for ultimate use as biofertilizers (Goyal et al.,
2021). This is also an important step in limiting the use of nitrogen fertilizers to prevent
harmful effects of eutrophication on ecosystems.
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Table 1: Summary of all the strains used in this research.

Strain

Features

VF39SM
VF39SM*
Alb4-1

A3b1-1

Bla2

B3a2

ABf3-1 (3-2, 3-3)

BAf8-1 (8-2, 8-5)

R. leguminosarum bv. viciae

Only has pRIeVF39e, Sm’

Only has pRIeVF39e, recA, Sm'

Plasmids pRIleVF39a — pRIeVF39f, recA”, Sm’

Only has pRIeVF39e and pRIeVF39f, Sm'
Only has pRIeVF39e and pRIeVF39f, recA,, Sm’

Only has pRIeVF39e and pRIeVF39f, recA,, Sm’

Only has largest plasmids pRIeVF39e and pRIeVF39f, Sm'

Wildtype strain with plasmids pRIeVF39a — pRIeVF39f, Sm’

E. coli
S17.1

For conjugation, RP4 tra region (Buhlers, 2019)

Plasmids

PRK7813

pJQ200SK (for plasmid curing)

sacB, Gm', repABC operon of interest

Tc', lac operon, VF39SM genomic insert

Table 2: Summary of the level of growth of various strains of R. leguminosarum bv.
viciae in liquid RMM with different substrates as the sole carbon source.

Substrate
Strain
D- D- D- D- Xylitol D- Dulcitol
raffinose melibiose arabitol trehalose xylose
VF39SM Growth Growth Growth Growth Growth  Growth Growth
VF39SM*  Growth Growth Growth Growth Growth  Growth n.d.
Alb4-1 Growth Growth Growth Growth Growth n.d. n.d.
A3bl-1 Growth Growth Growth Growth Growth n.d. n.d.
Bla2* Growth Growth Growth Growth Growth n.d. n.d.
B3a2* Growth Growth Growth Growth Growth n.d. n.d.
ABf3-1 Minimal Minimal  Minimal  Minimal Minimal Minimal n.d.
growth growth growth growth growth  growth
BAf3-1* Minimal Minimal  Minimal  Minimal Minimal Minimal n.d.
growth growth growth growth growth  growth

*: recA mutant

n.d.: no data (not tested)
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Figure 1: Agarose gel results of the PCR products containing attempted amplification of
the ery locus in both wildtype VF39SM and A3b1-1 ribitol* mutants. A) First attempt shows
smudged bands around 20kb for VF39SM (lane 2) and A3b1-1 (lane 3) which matches
the estimated size of the locus. B) Amplification of the ery locus in two parts with the
additional EryMid primers. First half of the locus (lanes 2 and 3, VF39SM and A3bl-1
respectively) appeared as wide smudges in both strains while the second half (lanes 4
and 5) produced distinct bands but smaller than expected (<1000bp). C) Results of ery
amplification using the longer primers, lane 4 is VF39SM and lane 5 and 6 are A3bl-1
ribitol* mutants, all have one faint band at 1500bp suggested improved specificity but lots
of unreacted primer at the bottom of the gel.

13
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Figure 2: Colony growth of R. leguminosarum Alb4-1 on Sm/Tc L-arabitol RMM plates
after mating with E. coli S17-1 to receive the cosmids. Results produced two distinct
colony morphologies: majority are very small, white colonies representing cells which are
not capable of growth on L-arabitol, and larger yellowish coloured colonies matching the
expected phenotype for the wildtype strain suggesting these cells contain cosmids that
encode L-arabitol catabolism genes.

-

14
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Figure 3: Level of growth of VF39SM and various cured strains in liquid RMM containing
only D-tagatose as a carbon source. VF39SM as well as ABf3-1 and 3-2 tubes are turbid
suggesting growth is possible in the media while the BAf tubes are clear indicating no
growth occurred. ABf3-3 tubes are slightly turbid and much slower growing than the other
ABf and wildtype strains as only parts of pRIeVF39f were preserved. These results are
consistent across both experiments.

15
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Investigating fibrosis in the infrapatellar fat pad of female Sprague-

Dawley rats using a diet-induced obesity model

Type of project: 530 (BIOL)
Supervisor(s): Dr. Walter Herzog and Dr. Kelsey Lucas

About the Researcher

Davis Dickson

DN Py

My name is Davis Dickson. | am a fourth-year honours undergraduate student, and | am
hoping to pursue a career in the field of medicine! I'm interested in joints and muscles
and developing ways to keep them healthy. What | enjoyed most was presenting my
work. It felt very satisfying to show people what | had worked so hard on all year.
Outside of science | enjoy sports, outdoors, photography, and music.
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Background

Osteoarthritis (OA) is a degenerative joint disease that leads to stiffness of the joint,
limited mobility, pain, and joint degeneration (Mora et al., 2016). A singular cause of OA
is difficult to pin-point because it is a multifactorial disease with many factors that
contribute to its development (Mora et al., 2016). Some of these factors include obesity,
age, injury-related trauma, and fibrosis (Belluzzi et al., 2019; Rim & Ju, 2021). The primary
focus of this study is on a specific phenotype of OA called metabolic OA which is related
to obesity, systemic inflammation, and fibrosis of the infrapatellar fat pad (IFP) (Belluzzi
et al., 2019; Collins et al., 2018). More specifically, we looked at the IFP in the knee joint
to determine a relationship between these three factors.

Obesity has been linked to metabolic OA because it leads to dysbiosis, higher
permeability of the intestinal lining and increased size of adipose stores (Collins et al.,
2018; Jaaskelainen et al., 2023). Dysbiosis and increased intestinal permeability allow
bacteria to escape into the bloodstream resulting in endotoxemia which can lead to
systemic inflammatory secretions (Ansari et al., 2020; Collins et al., 2018). Adipocytes
expand to accommodate the higher storage demands on the increased lipid content in
the body (Longo et al., 2019). In response to the cellular expansion and increased
secretions of adipocytes, they increase collagen production and deposition into the
extracellular matrix (ECM) to limit the growth of the cells (Ja&skelainen et al., 2023; Longo
et al., 2019). The increase of collagen and inflammatory secretions contribute to the
development of fibrosis which leads to stiffness and pain in joints in cases of OA (Belluzzi
et al., 2019; Longo et al., 2019; Rim & Ju, 2021).

The IFP sits below the patella and has many roles in the knee joint (Belluzzi et al.,
2019). It is involved in structural support of the knee, healing response, and vascular
supply to surrounding tissues (Belluzzi et al., 2019). It provides structural support during
articular activity by distributing synovial fluid throughout the joint as well as acting like a
cushion itself (Belluzzi et al., 2019). This reduces wear and tear on the joint during
articular activity (Belluzzi et al., 2019).

A previous study by Rios et al. (2019) showed that feeding male rats a HFS diet
supplemented with a prebiotic fibre intervention protected the knee joint from
degeneration and the development of OA (Rios et al., 2019). Prebiotic fibre has been
reported to bind to short chain fatty acids and stimulate hormones associated with
reduction in appetite in rats (Rios et al., 2019). It also promotes gut health and reduces
intestinal permeability, which reduces systemic inflammation (Rios et al., 2019). The aim
of this study was to determine if these protective effects of prebiotic fibre intervention
would be observed in the IFP of female Sprague-Dawley rats on a HFS diet-induced
obesity model. Female rats were used to investigate any potential sex dependent
differences when exposed to the diet-induced obesity model and the prebiotic fibre

17
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intervention. We hypothesized that prebiotic fibre intervention would limit the adipocyte
size increase and collagen content in the IFP that is observed in rats exposed to a high
fat and high sucrose (HFS) diet. We expected to see larger adipocytes and higher
collagen content in rats on the HFS diet than in rats receiving the fibre supplementation.

Methods

Thirty-two, twelve-week-old, female Sprague-Dawley rats were randomized into
four diet groups: (i) a Chow control diet (n=8), (ii) a HFS diet (n=8), (iii) a HFS diet
supplemented with prebiotic fibre introduced three weeks after exposure to the HFS diet
(HFS+DF) (n=8), and (iv) a HFS diet supplemented with prebiotic fibre introduced at the
same time as exposure to the HFS diet (HFS+STF) (n=8). The chow diet consisted of 5%
of total weight as fat, 47.5% carbohydrates (only 4% from sucrose), 25% protein, 12.5%
from fibre and micronutrients, and 10% moisture (Lab Diet 5001, United States). The HFS
diet consisted of 20% of total weight as fat, 50% sucrose, 20% protein, and 10% from
fibore and micronutrients (custom Diet #102412, Dyets, United States). Prebiotic fibre
intervention was supplemented at a dose of 10% of body weight (wt/wt, Orafi P95,
BENEO-Orafi, Germany). The diets were implemented at 12 weeks of age, except for the
HFS+DF group, which received HFS at 12 weeks and prebiotic fibre at 15 weeks. Rats
were sacrificed when they were 24 weeks old, and the knee joints were collected, cleaned
from excess muscles, processed, embedded in paraffin wax to preserve the tissue, and
cut into 10 ym sections using a microtome.

Knee joints were deparaffinized with Xylene and rehydrated in distilled water. One
midline, sagittal section of the knee joint was selected and analyzed per rat. The sections
were stained using Picro Sirius Red and then imaged using Rasa style imaging. Adipocyte
size and collagen content of the IFP were determined using ImageJ (version 1.54i). Two
thousand random cells were used to assess changes in adipocyte size. Adipocyte sizes
were grouped into area bins of 250um?2. Collagen content was determined using colour
thresholding and was analyzed as a percentage of the scanned area of the IFP.
Independent-Samples Kruskal-Wallis tests were conducted to detect differences between
the groups (p<0.05). Significance values were adjusted using Bonferroni correction for
multiple analyses.

Results

The results for adipocyte size showed that there was no significant difference in
cell size between chow and HFS+STF diet group rats in any of the bins. There were
significantly more cells with an area of less than 250um? in the chow (p=0.003), HFS+STF
(p=0.003), and HFS+DF (p=0.028) group rats compared to the HFS group rats (Figure 1).
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The HFS and HFS+DF diet groups had significantly fewer cells than chow (p=0.006,
p=0.05) and HFS+STF (p=0.004, p=0.031) diet groups for cells that were within 250um?
and 500um?2. Only the HFS group rats had significantly fewer cells than the chow group
rats (p=0.05) for cells between 500um? and 750um?2. There was no significant difference
between any of the diet groups for cells between 750um? and 1000pm?2. HFS diet group
rats had significantly more large cells in each bin larger than and including 1000um? when
compared to chow and HFS+STF group rats. The HFS+DF group rats had significantly
more cells between 1250pum? and 1750pm? than the chow diet group rats. For cells larger
than 1750um?, HFS+DF group rats had more cells than chow and HFS+STF diet groups,
but these last results were not statistically significant. The overall trend of these results
shows that chow and HFS+STF diet groups had fewer small adipocytes and HFS group
rats had more large adipocytes. The HFS+DF diet group had an intermediate amount of
small and large cells between chow and HFS diet groups (Figure 1).

Collagen content was significantly lower in HFS and HFS+DF diet groups
compared to chow (p=0.022, p=0.018) and HFS+STF (p=0.011, p=0.011) diet groups.
The mean collagen percentage in the chow, HFS, HFS+DF, and HFS+STF group rats
was 8.5%, 5.7%, 5.7%, and 9.4% respectively. There was no significant difference
between chow and HFS+STF, nor was there a significant difference between HFS and
HFS+DF group rats (Figure 2). When we considered the collagen content results with the
adipocyte size results in a linear regression, there was a negative relationship between
the percentage of collagen in the IFP and the size of the adipocytes (p=0.009) (Figure 3).

Significance

The results for adipocyte size are consistent with other studies showing adipocyte
expansion in obese conditions in rats (Jaaskelainen et al., 2023; Longo et al., 2019). Rats
on the HFS had the highest number of large cells and chow and HFS+STF diets had the
fewest, as expected. The high fat and sugar content in the HFS diet led to the expansion
of the adipocytes in the IFP. However, the prebiotic fibre intervention prevented this effect
in a time dependent manner. The same-time prebiotic fibre intervention group rats and
chow control group rats had a similar number of cells in each cell area bin, indicating that
the prebiotic fibre intervention sufficiently protected the adipose tissue from adipocyte
expansion when exposed to the HFS diet. However, the delayed prebiotic fibre had an
increased number of large cells compared to the chow and HFS+STF group rats.

Even though the increase of large adipocytes in HFS+DF group rats was not
statistically significant, it indicates that the delayed prebiotic fibre intervention provides
some level of protection against obesity-induced changes in the IFP. This result shows
that the timing of the fibre intervention is important for preventing changes induced by
obesity. In a study by Yang et al. (2012) there were significant changes in white adipose
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tissue of mice within 2 weeks of administering a HFS diet. With such rapid changes in the
tissues and metabolism of these animals on the HFS diet, it is likely that the three-week
period in which the HFS+DF group rats were on the HFS diet without the fibre
supplementation led to irreversible changes (Collins et al., 2018; Yang et al., 2012).

The collagen content in the IFP of chow and HFS+STF diet group rats was
unexpected. In comparison to the chow and HFS+STF group rats, the collagen content
in HFS and HFS+DF group rats was lower. This result is inconsistent with the literature
(Jaaskelainen et al., 2023; Longo et al., 2019; Zeng et al., 2020). We expected to see
higher collagen content in HFS and HFS+DF group rats. This was the expectation
because the local inflammation caused by increased adipocyte size has been shown to
be correlated with higher levels of fibrosis in adipose tissue (Ja&skelainen et al., 2023;
Longo et al., 2019; Zeng et al., 2020). One reason for the unexpected result of collagen
content could be that the relative area occupied by adipocytes in the scanned images of
the IFP was disproportionately increased compared to collagen content. If it was assumed
that collagen content in the IFP increased at a slower rate than the cells grew, then the
area of collagen would appear to be less (Figure 4). There is also the possibility that the
collagen content per cell increased but was overshadowed by the increase in mean cell
size (Liu et al., 2020; Longo et al., 2019).
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Figure 1. Frequency (%) of cells in defined cell areas (um?) for chow (black, n=8), HFS (blue,
n=8), HFS+DF (yellow, n=8), and HFS+STF (green, n=8) group rats. The cell areas are
defined by bins from smaller than 250um? to larger than 2000um?, increasing by increments
of 250um?2. Different letters indicate statistically significant difference between groups
(p<0.05); same letters indicate non-statistically significant difference.
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Figure 2. Box-and-whisker plot of the percentage of collagen in chow
(black, n=8), HFS (blue, n=8), HFS+DF (yellow, n=8), and HFS+STF
(green, n=8) group rats. Different letters indicate statistically significant
difference (p<0.05) between groups; same letters indicate not statistically
significant.
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Figure 3. Linear regression of collagen content percentage and the
percentage of cells with an area larger than 1000um3.
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Figure 4. Healthy and enlarged adipocytes with constant collagen content in
both clusters of adipocytes. When adipocyte size increases, then the collagen
takes up less of the relative area, but it is still the same amount of collagen.
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Abstract

This study investigates the potential of gold nanoparticles (AuNPs) in the
photothermal treatment of fungal infections, specifically Candida albicans, which cause
health challenges, especially in immunocompromised individuals. Photothermal therapy
is a potential alternative to current treatments that are limited by drug resistance and their
harmful side effects. Through a series of experiments, this research evaluates the
success of AUNPs in inhibiting fungal growth when activated by green LED light. The main
result of this study is that AuNPs, inhibit the growth of Candida albicans, when these
particles are combined with green LED light. This result challenges the current antifungal
treatments, providing an alternative method for managing fungal infections that may
reduce their potential side effects and avoid current issues with drug resistance.

This study offers an outline for future research into the potential use of AUNPSs in
healthcare for different infections. Additional research is required to maximize the
treatment benefits of photothermal therapy using AuNPs.

Background

Funai
Fungi, a distinct classification of living organisms, stand apart from plants, animals,

and bacteria. These unique organisms have their own kingdom in the classification of life,
and have a range of forms, being either unicellular, like yeasts, which are only a few
micrometers in size, or complex multicellular structures such as the vast mycelial mats of
the honey mushroom, the largest known organism on Earth (Adamatzky, 2018). Fungi
are heterotrophic organisms, similar to mammals, as they depend on external resources
for survival, unlike plants which typically synthesize their own food through
photosynthesis (Naranjo-Ortiz & Gabaldén, 2019). While some are useful to humans, like
those that produce penicillin (Clardy et al.,, 2009), others, like Candida albicans,
Aspergillus fumigatus, and Cryptococcus neoformans could be harmful (Spampinato &
Leonardi, 2013b).

Fungal infections

Fungal infections are classified into four types based on their location and the
body's reaction to the fungus. They are classified as superficial (mild infections that impact
the surface layers of the skin or mucous membranes), cutaneous (infections that go
deeper than superficial mycoses, affecting both the skin, hair, and nails), subcutaneous
(expands beyond the outer layers to the subcutaneous tissue, a layer of fat and tissue
that contains bigger blood vessels and nerves), or systemic (deep infections that affect
internal organs and spread through the bloodstream). These infections can spread
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through direct contact with infected people or by contact with contaminated objects
(Walsh & Dixon, 2012).

In healthy individuals, strong immune systems naturally control fungal infections
(Drummond et al., 2014). However, those with compromised immunity, such as transplant
recipients and people with diabetes, face greater challenges in fighting fungal infections.
Transplant medications suppress immune responses to prevent organ rejection,
increasing susceptibility to infections (Hussain & Khan, 2022). High glucose levels in
diabetics impair immune defenses, increasing infection risks (Berbudi et al., 2020).

Antifungals
Antifungal medicines treat a variety of fungal infections that can affect the skin,

nails, mouth, and internal organs (Bryant, 2017). These medications work through
different mechanisms. For instance, polyenes, such as amphotericin B, bind to ergosterol
(the primary sterol in fungal cell membranes that regulates their permeability and fluidity
(Douglas & Konopka, 2014)) in the fungal cell membrane, creating pores in the cell
membrane. This disruption results in the leakage of cellular contents, leading to cell death
(Turecka et al., 2018). Azole antifungals, such as fluconazole and ketoconazole, inhibit
the fungal enzyme 14a-demethylase, essential for ergosterol synthesis, causing a
breakdown of the membrane (Odds et al., 2003).

Antifungal drugs are essential for managing fungal infections but often come with
side effects that vary depending on the patient's age, immune status, infection location,
and severity. Common side effects of topical antifungals include skin irritation, redness,
and a burning sensation at the application site. Oral antifungals, meanwhile, can lead to
systemic issues such as nausea, vomiting, diarrhea, stomach pain, and liver enzyme
problems (lvanov et al., 2022) (Elewski & Tavakkol, 2005).

Another concern is antifungal resistance, which occurs when genetic mutations in
a fungal pathogen make a specific class of antifungal drug less effective, leading to a
higher likelihood of unsuccessful treatment (Arastehfar et al., 2020). Overuse and misuse
of antifungals could result in antifungal resistance (World Health Organization, n.d.),
causing infections harder to treat and leading to higher medical costs, longer hospital
stays, and increased mortality (Prestinaci et al., 2015).

Nanoparticles

Nanoparticles are tiny materials with sizes ranging from 1 to 100 nm (Khan et al.,
2017). They can be categorized into different classes based on their properties, shapes,
or sizes. The different groups include fullerenes, metal NPs, ceramic NPs, and polymeric
NPs (Khan et al., 2017). Nanopatrticles have unique physical and chemical properties due
to their high surface area and nanoscale size. The colors of nanoparticles vary depending
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on their size, as size influences their absorption properties in the visible spectrum (Khan
et al., 2017).

Gold nanoparticles (AuNPs) in particular, have shown antifungal activity against
various Candida species, including drug-resistant strains (Ayad Kareem et al., 2021b).
The size-dependent effects of AUNPs play a crucial role, with smaller nanoparticles (7-15
nm) demonstrating higher surface area and stronger antifungal effectiveness compared
to larger AUNPs (Ensieh Lotfali et al., 2020) (Ahmad et al., 2013).

Recent studies have showed the potential of gold nanoparticles in photothermal
therapies, especially in controlling and minimizing the spread of fungal infections. It has
been shown that using gold nanoparticles combined with photosensitizers greatly
improves the inactivation of C. albicans in photodynamic therapy (Sherwani et al., 2015).
These nanoparticles enhance the delivery and activation of photosensitizers, chemical
compounds that when activated by light at specific wavelengths produce reactive oxygen
species (ROS) such as free radicals and singlet oxygen. The generated ROS are highly
reactive and capable of damaging molecules, including damaging the cell wall integrity of
the fungi (Sherwani et al., 2015).

The minimum inhibitory concentrations (the lowest concentration of an
antibacterial agent expressed in mg/L (ug/mL) (Kowalska-Krochmal & Dudek-Wicher,
2021)) of AuNPs have been shown to vary significantly depending on particle size,
concentration, and fungal species that were used. AuNPs at 40.77 ng/ml were shown to
be the MIC for inhibiting Candida albicans using agar well diffusion methods (Ayad
Kareem et al., 2021). Other methods like broth microdilution have been used to determine
MICs for different sizes and concentrations of AUNPs, showing a MIC as low as 0.5 mM
for some nanoparticles (Nidhin M et al., 2019).

Methods

At first for preparing agar for fungal growth, 200 mg of agar was measured and
added to a 20 ml glass vial. Then, 10 ml of distilled water was added into the vial with a
pipette, and the mixture was stirred. The solution was sterilized in an autoclave using
standard sterilization settings (temperature of 121 degrees Celsius and a pressure of 15
psi) for 30 minutes. After sterilization, the agar solution was cooled before being poured
into sterile polycarbonate Petri dishes. The Petri dishes were set aside on the counter to
allow the agar to solidify completely.

The revival process for Candida albicans began with the opening of the ampoule
containing the fungal pellet. 0.5 to 1.0 mL of sterile distilled water was taken out of a test
tube and placed into the pellet. The solution was vortexed and poured back into the
original test tube containing the leftover distilled water. The test tube was left to sit at room
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temperature (approximately 25°C) undisturbed for a minimum of 2 hours. After making
sure that the suspension was well-mixed by vortexing it, several drops were added to the
agar media and was left undisturbed for 3 days.

For the main experiment, the antifungal properties of gold nanoparticles (AuNPS)
against four samples of Candida albicans cultured in broth media were examined (Table
1).

Results

The optical density at 600 nm (OD600) was used to track growth and graphing the
data over time showed initial readings of negative absorbance values (Figure 2,3,4, and
5) likely due to calibration issues or baseline drift of the spectrophotometer. Despite this,
the overall trend illustrates a clear increase in absorbance over time, indicating fungal
growth. A significant increase in OD600 was noted, particularly after the 1200-minute
mark, where the values rose to 1.348, 1.690, 1.825, and 1.932 for each plate, respectively.
By 1260 minutes, these numbers had risen to 1.395, 1.727, 1.861, and 1.954, indicating
growth. Plate 1 treated with both AuNPs, and light demonstrated the greatest growth
inhibition, with a rise in absorbance from 0 at time zero to 1.395 at 1260 minutes (Figure
2). Plate 2, which had only AuNPs, revealed some inhibition, with absorbance values
rising from 0 to 1.727 (Figure 3). Fungal growth was slightly inhibited on Plate 3, which
was exposed to light but did not contain any gold nanopatrticles (AuNPSs); the absorbance
increased to 1.861 (Figure 4). In contrast, Plate 4, which served as the control and was
not exposed to any treatment, had an absorbance of up to 1.954 (Figure 5).

Significance

In summary, this research showed that gold nanoparticles (AuNPSs) are a possible
treatment option for treating fungal infections, with a focus on Candida albicans. The
performed experiments demonstrate the inhibitory effects of AuNPs, particularly when
used in combination with photothermal therapy, demonstrating their ability to limit the
growth of fungi. These results demonstrate the potential of AUNPSs in healthcare settings,
especially as a substitute for traditional antifungal medications that frequently cause
serious side effects and a high risk of resistance. Future research should improve
nanoparticle characteristics and explore how they combine with other treatments to
establish a strong, effective, and safe antifungal treatment.
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Table 1.0 shows the experimental setup for testing the effect of green LED light
exposure on samples with and without gold nanoparticles. The experiment is divided
into four sections, with samples #1 and #3 subjected to LED light and samples #2 and
#4 kept without light exposure. It is possible to compare the effects of light and the
presence of nanoparticles because samples #1 and #2 have 10 nm gold nanoparticles

while samples #3 and #4 do not.
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Figure 1.0 Growth curve of Candida albicans in Plate 1, showing optical density at 600 nm

(OD600) over time in minutes.
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Figure 2.0 Growth curve of Candida albicans in Plate 2, showing optical density at 600 nm
(OD600) over time in minutes.
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Figure 3.0 Growth curve of Candida albicans in Plate 3, showing optical density at 600 nm
(OD600) over time in minutes.
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Figure 4.0 Growth curve of Candida albicans in Plate 4, showing optical density at 600 nm
(OD600) over time in minutes.
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Investigating the effects of selective inhibition of ERK signaling on
protein synthesis in a mouse model of Fragile X Syndrome

Type of project: Summer
Supervisor(s): Dr. Ning Cheng

About the Researcher

| am a third-year undergraduate of Biological Sciences with Honours, concentrating on
Genetics and Evolution at the University of Calgary. | am a research assistant for the
Cheng Lab at the University of Calgary’s Foothills Campus, where | am investigating the
effects of ERK inhibition on protein synthesis in Fragile X models using techniques such
as SUNSET assay and FUNCAT. | am a Medical Office Assistant for Marlborough
Medical Clinic. As well, | am the Vice President of Events for the Children’s Cottage
Ucalgary, where | organize events and festivals for vulnerable families in the Calgary
community. | am currently pursing a career in the medical field of pediatrics or obstetrics
and gynaecology.
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Investigating the effects of selective inhibition of ERK
signaling on protein synthesis in a mouse model of
Fragile X Syndrome

Demi Ma'23, Seong Eon Ha?, Dorit Moehrle'23, Ning Cheng'23
,Faculty of Veterinary Medicine, University of Calgary; ,Alberta Children’s Hospital Research Institute, Cumming School of Medicine,

UNIVERSITY OF

CALGARY

University of Calgary; ;Hotchkiss Brain Institute, Cumming School of Medicine, University of Calgary

Background

* Fragile X Syndrome (FXS) is caused by
mutations in the Fragile X Messenger
Ribonucleoprotein 1 (FMR1) gene, which
leads to the loss of Fragile X Messenger
Ribonucleoprotein (FMRP) resulting in
secondary increase in protein synthesis’.

* Common symptoms of FXS in humans:
atypical social interactions, seizures, and
heightened anxiety?.

*  Currently, there is no cure for FXS'.

* The extracellular signal-regulated kinase (ERK)
pathway is a signaling cascade that plays a key

role in physiological processes?.

o ERK activation results in increased protein

synthesis3.

o In humans and mouse models of FXS,
ERK signaling is thought to be
upregulated?.

* PD325901 (PD) is a selective inhibitor of the

ERK pathway, preventing the
phosphorylation and activation of ERK*.

Objective

* To determine if using PD can correct

excessive brain protein synthesis in the Fmr1

knockout (KO) mouse model.

Results
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Figure 3. Western Blot images of the HC tissue. Mice 1 & 2 were

incubated in puromycin for 60 minutes and mice 3 & 4 were incubated
in puromycin for 45 minutes. Red represents PD treated tissue and

blue represents vehicle treated tissue.
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allowing for quantification of protein synthesis rates.
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Fluorescent Non-canonical Amino Acid Tagging (FUNCAT):
Provides good spatial resolution and investigation of specific
regions and sub-populations of cells throughout the brain.
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Figure 4. Graphical analysis of western blots using unpaired t-tests
to compare ERK/Actin and Puromycin/Actin ratios for tissues of the
prefrontal cortex (PFC) and HC. Significant p-value of p>0.05.
4A. p=0.0828 4B. p=0.0246 4C. p=0.4677 4D. p=0.9852. Bars

present standard error and “ns” represents non-significant values.

Figure 5. Example of click chemistry labelling using Cy-3 and Azidohomoalanine

(AHA). Image taken from ABP Biosciences. DAPI

PBS-injected

Figure 6. The red circle highlights 3
the Superior Olivary Complex i
(SOC). Image taken from the Allen s £
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Figure 7. DAPI and Cy3 staining taken
under a 10x microscope for the FVB
PBS-injected, FVB AHA-injected,
and Fmr1 KO AHA-injected mice.
DAPI depicts the cell nuclei, while
Cy3 depicts newly synthesized
peptides. The overlay depicts where
the cells are localized.
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Figure 8. Bar graph depicting the Cy3
staining intensity levels between the
FVB PBS-injected, FVB AHA-injected,
and Fmr1 KO AHA-injected mice.

Summary

SUNSET:
* With ERK inhibition, protein synthesis can
still occur; possibly due to other pathways.

* In the hippocampus (HC), there is a trend of
decrease in puromycin signal and significant
decrease in total ERK signalling in PD treated
tissue.

* This suggests that PD may decrease
protein synthesis in the HC.

In the prefrontal cortex (PFC), there is no
direct correlation between protein synthesis
and ERK inhibition.

* PD correction may have different effects
across various brain regions.

FUNCAT:

* When comparing the animals injected with
AHA versus PBS, there are more cells
observed under the Cy3 staining in the AHA-
injected animals.

* Theincreased Cy3 intensity in the Fmr1 KO
mouse compared to the FVB mice indicates
an increase in protein synthesis.

* The Superior Olivary Complex (SOC) is
typically very difficult to extract; therefore,
FUNCAT allows us to study various brain
regions that cannot be achieved through
SUNSET.

Discussion

* Depending on the brain region using SUnSET,
it is promising that PD may be able to
correct excessive protein synthesis.

¢ Combining FUNCAT and specific biomarker
staining, the determination of cell types and
cell localization can be revealed. This allows
us to narrow down the brain region of
interest.

Future Directions

* Optimizing experimental conditions for both
SUNSET and FUNCAT

* Larger sample size for both SUNSET and
FUNCAT.

* Looking at sex differences in both FUNCAT
and SUNSET.

* Examining the effects of PD in FUNCAT.
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The Effect of Prebiotic Fibre Supplementation on Macrophage
Infiltration in Inguinal Adipose Tissue of Male Sprague Dawley Rats

Type of project: Summer
Supervisor(s): Dr. Walter Herzog

About the Researcher

Hi, I am Ayesha Rehan! | recently completed my 3rd year of my Biological Sciences
degree and am preparing to pursue an Honours project in my upcoming final year. From
the outset, biology captivated me by offering a window into the intricate workings of
human systems and the fundamental components of life that shape our existence. My
passion lies in preventative research, exploring ways in which we can proactively
contribute to healthier lifestyles. An ambition for medicine, coupled with the practical
application of scientific knowledge, deeply resonates with me as it bridges the gap
between theory and making a tangible impact. Outside of the realm of science, | enjoy
losing myself in a good book, traveling the world, or experimenting in the kitchen with
new recipes, | value the balance these pursuits bring to my busy life as a university
student. My research journey unfolded for me through a campus club, joining the lab
was a turning point where | found genuine joy in conducting experiments and being an
active participant in scientific discovery. However, navigating the vast expanse of
preliminary research required before delving into my experiments proved a significant
challenge. Reflecting on this experience, | realize the immense value in practically
applying theoretical knowledge—a lesson | will carry forward into my future endeavors.
For those embarking on a similar path, my advice is simple yet invaluable: ask
questions relentlessly and supplement your learning with diligent research. This blend of
curiosity and self-directed inquiry forms the cornerstone of successful research pursuits.
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Effect of Prebiotic Fibre Supplementation on Macrophage Infiliration in Inguinal Adipose

Tissue of male Sprague Dawley rats
Averha Rehan', Nada Abughazaleh™**, Ruth-4nne Seerammr, Walter Herzog™*
| Biplogical Sciences, University gf Calgary, ‘Human Performance Laboratory, Facully of Emesiology, University of
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Introduction EBesults
Obesity, along with ifs associated low-level No significant differences in CLS were
systemic inflammation, is linked to an observed among HFS, HFS+F, and chow

elevated susceptibility of ostecarthritis
(OA). Inflammation, stemming from
adipose tissue (AT) expansion, and
subsequent increased mfiliration of
macrophages has been linked to mereased
expression of promflanmmatory cytokines:.
Prebiotic fibre supplementation (PFS) has
previously been shown fo reduce this low-
level chromic mflammation and mitizated
knee joint QA when combined with a high-
fat and high-sucrose (HFS) diet*. Our study
focused on examining macrophage
mfiltration in Inguinal adipose tissue (IAT)
n rats fed a HFS diet with fiber
supplementation mtroduced at age 15 weeks.
We hypothesized that the HFS diet will
result in mcreased macrophage infiltration n
IAT. and that the PFS will reduce
macrophage mfilitation when compared to
the HFS group.

Methods

Twelve-week-old, male Sprague Dawley
rats were randomized nto three groups:
control (chow diet, n=6), high-fathigh-
sucrose diet introduced at age 12 weeks
(HFS, n=6), and HFS diet with a PES
(HFS+F, n=6) introduced at age 15

weeks. Fats were sacrificed at age 24 weeks,
and TAT was collected. Macrophages were
labeled usmg CDV6E-specific antibodies, and
DAPT (4'-6-diamidino-2-phenylindole) was
applied to visualize nucler. Crown-like
structures (CLS), mdicative of macrophage
mfiliration, were quantified mamually and
normalized to the cross-sectional area of the

sample Adipocyte cell size distribution in
these rats was determined using image J.

diet group rats. (Figure 1; p>>0.05). Ratsm
the HES group had more large cells (3000-
6000 pmy) compared to Chow group rats
(p=0.00) and fewer small cells (=300 pm?)
than Chow group rats (p=0.00). Rats mn the
FFS diet group had significantly more small
cells (=300 pm?) than the HFS diet group
rats (p=0.007).

Consumption of a HFS diet for 12 weeks did

not significantly affect macrophage
mfiliration into the AT, despite a significant
increase in the average ad.lpocﬁesmemthe
HFS compared to the control group rats.
FF5 mifigated adipocyte expansion but had
no measurable effect on macrophage
mfiliration.

' Hotarmisligil (201 7) MNature, 542:177.
Tumg et al (2014) Int T Mol Sci, 15:6184,
4Rips etal (2019) Sci Rep, 9:3803
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Background Methods Discussion
* Obesity = Osteoarthritis (OA)* ‘l;vav:vll\:ay-\:laet:k-old, malespraguey « Atrend of reduced CLS formation in the
tissue of rats subjected to the PFS diet

e Control (chow, n=6)

* Weight bearing joints = OA caused by increased 2 : observed
mechanical stress ¢ High-fat/high-sucrose (HFS, n=6)
* HFS with PFS (HFS+F/delayed, n=6). + Potential cause of results > Adipocyte
* Non-weight bearing joints = OA linked to low- = location
level systemic inflammation ~ Rats were sacrificed at twenty-

¢ |AT - situated beneath the skin in the
lower body*

four weeks. ‘

* Adipocyte Expansion = Systemic Inflammation Inguinal adipose tissue (1AT)
* Hypertrophy and Hyperplasia =} wags collecte‘:i i
* Increased macrophage infiltration ‘ * In IAT, indirect release of metabolites

- Crown-like structures (CLS)? into the portal system = Reduced
—— Macrophages were labelled ——— E o
phag inflammation®

* Prebiotic Fiber Supplementation (PFS) > S/CD68 spacHic anboties > matiophige

mitigates obesity by reducing fat content and « DAPI (4-6-diamidino-2-phenylindole) > * Visceral adipose tissue (VAT) = located
improving metabolic health? o s riiclei within the abdominal cavity*
structure
" X * VAT’s proximity to internal organs
Purpose: Investigate CLS were guantified enables direct influence on metabolic

mechanisms of macrophage
infiltration in the inguinal
fat of male Sprague Dawley

o e Image J processes = Increased metabolic

. - 3 4
« Normalized to cross sectional area dysregulation

e Kruskal-Wallis Testing

rats * The absence of significant results in
macrophage infiltration = potentially
Khan et al, 2020 due to IATs lower metabolic activity
Conclusion:
Results * Consumption of a HFS diet for 12
cy3 Overlay weeks = No significant effect on
macrophage infiltration into the IAT
* PFS >
Eull * Mitigated adipocyte
Crown expansion
* No measurable effect
Structure
on macrophage
infiltration.
Future Directions
Partial * Prolonging the study duration =
Ca % enhance macrophage proliferation, as
o roc\:ln the formation of CLS takes more time
ructure compared to other degradation
processes
Images of crown-like structures are presented; full crowns encompass the entirety of the adipocyte, while « Altering the fat and sucrose content in
partial crown-like formations encircle regions around the adipocyte but do not completely encompass the experimental design to observe
0.9 potential influence
o8 First Step = Adipocyte Expansion
£
¥ 07 * The HFS diet group had more larger cells
o
2 06 T compareq to the Chow g.rou.p' (p<0.05) References
H * The PFS diet group had significantly more
S os : smaller cells than the HFS diet group . o
K (p<0.05) Hotamisligil G. S. (2017). Nature, 542, 177—
s 04 p=bs 185
o
'g . .
g03 s Second Step = Macrophage Infiltration 2 Jung et al. (2014). Int J Mol Sci, 15(4), 6184~
g 02 1 . 6223
3 * No significant differences in full crowns
S and partial crown-like structures in the 3Rios et al. (2019). Sci Rep, 9(1):3893
0 HFS, HFS+F, and chow diet groups
HFS  HFS+F  Ch >0.05
. . o - - (p ) 4 Chusyd et al. (2016). Front Nutr. 19;3:10
Figure 1. Graph showing the number of crown-like structures in

three different experimental groups.
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