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P1 
A COMPARISON OF LYTIC PHAGE CHIP AND 
TEMPERATE PHAGE ANNABEL LEE   
Harris Bendel, Lea Brody-Heine, Schasny Osteroos, & 
Gabrielle Soto 

A bacteriophage is a virus that infects bacterial cells. 
Lytic phages can be used in the medical field to kill bacteria 
but very little is known about the use of temperate phages. 
Plaque assays, electron microscopy and restriction digests 
were done on the phages. Phage Annabel Lee showed halo-
like turbid plaques that indicate a temperate phage. Phage 
Chip showed a clear round morphology, indicating a lytic 
phage. Both phages showed a long tail length between 100-
200 nm, indicating siphoviridae phages. Overall, the main 
results were the life cycles of the phages and the type of 
phage identified. These results contribute to the growing 
knowledge of the many uses of phage, which can include the 
medical field. 
 
P2 
FUNCTIONAL ANNOTATION OF P1 
BACTERIOPHAGE, ATCOO, REVEALS FTSK-LIKE 
AND RUSA-LIKE GENES ARE NOT FOUND IN 
OTHER P SUB CLUSTERS 
Jade Ponder 

In this study, we used PCR to confirm the cluster of 
P1 bacteriophage, Atcoo, which was sequenced at the 
University of Pittsburgh as part of a DOGEMS sequencing 
pool. Then we completed the functional annotation of 
Atcoo’s genome to assign gene functions. A genomic 
comparison of Atcoo (P1) to phage from the two other P sub 
clusters, Tortellini (P2) and Xavia (P3), shows strong 
similarity in the first half of the genomes but high divergence 
in the second half, most notably that Atcoo and the P1 sub 
cluster as a whole, have two recombination genes (FtsK-like 
and RusA) that are not conserved in P2 and P3. This work 
continues to add to the growing database of bacteriophage, 
where numerous phage annotations and information are 
collected. It can provide baseline data for future research 
projects involving phage and further our knowledge about 
the diverse properties and contributions of these entities. 
 
P3 
ELECTRON MICROSCOPY SUGGESTS ADOPTED 
PHAGE 1 AND 11 HAVE MYOVIRIDAE 
MORPHOLOGY 
Morgan Baciu, Mimi Peirson, Jake Siller, & William 
Williston 

This project focused on the collection and 
classification of individual phages.  These phages were 
tested and analyzed to determine the high titer and 
morphology using an electron microscope.  We believed that 
with each of the tests performed, further phage classification 
can be seen.  The result of each classification will end in the 
eventual use to combat antibiotic resistant bacterial.  One of 
the main classification of phages is the use of plaque 
formation.  Clear plaques were seen in phage 1 (Figure 3) 
suggesting a lytic life cycle.  Turbid plaques represent a 
temperate life cycle as demonstrated by phage 11 (Figure 2). 
The morphology of our phages appear to 

resemble the Myoviridae group (Figure 4,5).  Lastly the titer 
of each phage was performed indicating prevalence of phage 
in each plaque (Figure 2,3).  The findings of life cycle, 
morphology, and titer has allowed for a Myoviridae 
morphology and evidence of lytic and a temperate life cycle. 
 
P4 
CHARACTERIZING AND CATEGORIZING TWO 
SIPHOVIRIDAE MYCOBACTERIOPHAGES AND 
THEIR EFFECT ON M. SMEG  
Steven Sloan, Kelly VandeKoppel, Jake Weissgold, 
&Jennifer Yang  

Two phages isolated from different soil samples in 
Colorado indicated a lytic phage, Oddball, and lysogenic 
phage, Jelli, from direct isolation on a lawn of Mycobacterium 
smegmatis. Lytic phages lyse the cell immediately while 
lysogenic phages replicate their genome with the host. Many 
M. smeg infecting phages exist, but most have not been 
isolated and analyzed. After isolating and checking both 
phages’ DNA, they were viewed under an electron 
microscope. By performing an electron microscopy of both 
phages, we were informed that the lytic and lysogenic 
phages were both siphoviridae.  
 
P5 
THE ISOLATION AND DISCOVERY OF 
MYCOBACTERIOPHAGE CEELO AND KEYSTONE 
ARE CLASSIFIED AS LYTIC AND SIPHOVIRIDAE 
C.C. Canepa, Lauren Olsen, & Gregory Prahl 

M. tuberculosis is a contagious, bacterial disease that 
can be fatal. Today we face a huge issue because bacterial 
diseases, like tuberculosis, are resistant to antibiotics. This 
resistance has lead researchers on a persuit to find an 
alternative option for treating patients. Mycobacterium 
smegatis is a non-pathogenic bacterium similar to M. 
Tuberculosis. Due to the presence of similar receptors on 
different strains of bacteria, or the mutations in their 
receptor binding protein, some bacteriophage that infect M. 
Smeg may be capable of infecting M. Tuberculosis. Therefore, 
because of the similarities, discovering mycobacteriophage 
gives researchers a possible treatment for patients with TB. 
Soil samples were collected from the environment, 
incubated on L-agar plates, and the bacteriophages were 
isolated through multiple purification techniques. The series 
of techniques concluded that morphology and classification 
of two phages: CeeLo and Keystone. They contained lytic 
properties due to their clear, small plaques. They also belong 
in the siphoviridae family. These are both imperative results 
and are useful to the scientific community when it comes to 
phage therapy.  
 
P6 
TWO TEMPERATE BACTERIOPHAGES 
DEMONSTRATE SIPHOVIRIDAE MORPHOLOGY 
MYCOBACTERIOPHAGES PERDU AND PHAGE 15 
Olivia Davis, Ben Dinges, Emily Jacobs, & Christopher 
Pate 

Isolating and archiving a phage capable of infecting 
a range of hosts has a number of promising uses. They can 
be used to detect pathogens, sanitize agricultural products to 
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ensure safe consumption, and most importantly, antibiotic 
therapy, especially for drug resistant bacterial strains. The 
effectiveness of bacteriophages and their use in treating 
infections has long been known, and due to the emergence 
of antibiotic-resistant bacterial epidemics, development of 
therapeutic phage has gained quite a lot of attention. During 
this experiment, two mycobacteriophage, Perdu and Phage 
15, that infect M. smegmatis (M. smeg) were isolated from soil 
samples collected in Boulder, CO and characterized based 
on their plaque morphology, transmission electron 
micrograph (TEM), and restriction digests results. Titer 
assays yielded 2mm plaques characteristic of a temperate 
phage belonging to Perdu, and ~0.5mm plaques resembling 
a lytic phage belonging to Phage 15. TEM revealed a 
Siphoviridae morphotype for both phages, and a restriction 
digest with enzymes BamHI, ClaI, EcoRI, HaeIII, HindIII, 
and SalI suggest Perdu might belong in cluster K or N, and 
Phage 15 is known to belong to cluster P2. Further research 
with Perdu and Phage 15 could prove to be promising 
candidates for phage therapy against multi-drug resistant 
strains of Mycobacterium tuberculosis.  
 
P7 
SUSPECTED F1 CLUSTER BACTERIOPHAGES 
ISOLATED FROM UNIVERSITY OF COLORADO AT 
BOULDER CAMPUS 
John Carter, John Fanning, Sarah Grout, & Declan 
Mulcahy 

Bacteriophage offer a potential replacement for 
antibiotics with the growing emergence of antibiotic-
resistant bacteria; the challenge presented requires 
researchers to discover answers as to how these 
bacteriophages will operate in human environments, thus 
requiring more information about the species.  The goal of 
the project was to isolate and characterize a novel 
bacteriophage. Electron microscopy showed both 
bacteriophage resembling siphoviridae and PCR showed a 
positive result when the bacteriophage “Fat Cat” DNA was 
run with F1 primers; however, “Floyd” PCR results were 
inconclusive. The information collected from these 
experiments will hopefully serve as part of the catalyst to 
push phage therapy into standard medicine practice. 
 
P8 
CLASSIFICATION OF LYTIC BACTERIOPHAGES 
LIGMA AND #17 THROUGH ISOLATION OF SOIL 
SAMPLES 
Muzette Mercer, Oliver Chow, Zella Thomas, & Abigail 
Graham 

Bacteriophages are viruses that are able to infect 
bacteria and use them as host cells for reproductive growth. 
Through isolation of soil samples two different phages were 
found and their characteristics were determined. To 
understand what kind of phages were found, a titer assay 
was used to determine bacteriophages Ligma and #17. They 
were both classified as Lytic phages due to their clear ring. 
Ligma and #17 morphologies were then found to be 
siphoviridae, this was determined through electron 
microscopy. To see if our bacteriophages DNA was isolated 
a DNA check through Gel electrophoresis was used. Due to 
similar morphologies it can be determined that they belong 

to the same genomic cluster.  We have deduced that through 
phage therapy, it is possible to combat bacterial infections 
and replace antibiotics. 
 
P9 
ISOLATION OF ADOPTED BACTERIOPHAGE FOR 
POTENTIAL TUBERCULOSIS TREATMENT 
Kevin Duff, Abbey Marye, Margaret Patterson, & Dylan 
Ramsey 

Phage research is a relatively new field of study that 
does not attract a lot of attention like other sciences. 
However, phage play an important and inconspicuous role 
in our daily lives. For example, in a field of study called 
phage therapy, phage can be vital to the treatment of 
bacterial infections and diseases – especially those that have 
become immune or resistant to current antibiotics. 
Discovering new phage is necessary to continue this new 
field of science that may have incredible medical 
breakthroughs with continuing research. 
After adopting phage, the primary purpose of our 
experiments is to learn more about the intricacies and 
features of our phages and how they could possibly be 
implemented in phage therapy or other biology research. 
Another purpose of this research is to promote the research 
of my colleagues and the University, especially those that 
are working with new, unclassified phage species. 
 
P10 
BACTERIOPHAGES THEONE AND ALTASNOW ARE 
FOUND TO BE LYTIC 
Conrad Tempel, Cooper Lewis, & Emily Hite 

Both TheOne and AltaSnow were found to be lytic 
based on the reults of the Titer Assay experiment. The 
isolation of phage DNA allowed for the performance of a 
restriction digest to find what cluster the adopted phage 
might belong to. The cut sites by the restriction enzymes in a 
restriction digest provided data to base a cluster hypotheses 
off of, but a PCR experiment will be determined to negate or 
support these hypotheses. Thus far, the most important 
finding would be the location of the cut sites in the genome, 
because these are what help us to compare to other known 
phages. The discovery and identification of phage is 
extremely important and relevant to today’s society because 
of the future they could hold in science and medicine with 
antibiotic resistant bacteria.  
 
P11 
DISCOVERY OF THE LYTIC PHAGE ENRIQUE AND 
LYSOGENIC PHAGE GODOT IN THE SIPHOVIRIDAE 
BACTERIOPHAGE FAMILY 
Rachel Duggan, Reilly Ernst, Sonjia Hadley, Scott Litwiler, 
& Morgan Murrell 

Bacteriophage are genetically diverse viruses that 
infect bacteria and are specific to the bacteria they infect. 
We aimed to determine the morphology of two 
bacteriophage, Enrique and Godot that were isolated from 
soil samples in Boulder, CO. The phage were grown using 
Mycobacterium Smegmatis as the host bacteria. They were 
then purified through plaque assays and determined lytic or 
lysogenic by observing the morphologies of the plaques. The 
Electron Micrographs (EM) was used to determine that both 
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bacteriophage were Siphoviridae.Based on our data Enrique 
is hypothesized as a cluster O phage. Phage genomics could 
provide viable candidates in phage therapy.  
 
P12 
CHARACTERIZATION OF LYTIC PHAGE 
YAGOOBIAN AND TEMPERATE PHAGE YE 
MORANDARTE AS A3 CLUSTER PHAGE 
Meghan Skalicky, Sierra Szeto, Abby Ulrich, & Amy Ye  

M. tuberculosis is dangerous due to its ability to infect 
humans and adapt to resist the effects of antibiotics. 
Bacteriophage are a type of virus which can infect and kill 
bacteria. This experiment tests how Yagoobian and Ye 
Morandarte will infect M. tuberculosis by testing on M. 
smegmatis since it is similar but cannot affect humans. Our 
main goal was to isolate a novel phage, which may aid in 
the progression of medical treatments. Yagoobian was able 
to successfully infect and lyse M. smegmatis, producing 
clear plaques of about 3mm, indicating a lytic 
lifecycle.  Electron microscopy images showed 
Yagoobian’s  head ranged between 70 and 78 nm and the 
tail ranged between 268 and 299 nm. Ye Mornadarte 
produced plaques that were cloudy around the edges and 
4mm in diameter. Restriction digest results lead us to the 
hypothesis that Ye Morandarte is either an A3 or A5 cluster 
phage. The data suggests Yagoobian and Ye 
Mornadarte  may be able to lyse M. tuberculosis. 
 
P13 
IDENTIFICATION AND CLASSIFICATION OF 
SIPHOVIRIDAE PHAGES DANKNMUSTY AND 
MCKENZEMON 
Haydyn Goring, Tamar Hedeshian, McKenzie Furman, & 
Cameron Mestek 

Antibiotic resistant strains of bacteria are becoming 
more prevalent due over-prescription of antibiotics. The 
ability to infect and kill Mycobacterium smegmatis would 
indicate that this phage could be useful for treating resistant 
pathogenic infections like tuberculosis or leprosy, both 
found in the mycobacterium family. Mycobacteriophage 
Danknmusty and Mckenzemon were isolated from soil in 
Boulder, Colorado. Characterization of the phage was done 
by Polymerase Chain Reaction analysis and restriction 
digest in order to determine its cluster. 
 
P14 
ISOLATION OF 2 BACTERIOPHAGE ON 
MYCOBACTERIUM SMEGMATIS 
Jack Carter, Ben Levett, Zach Rotblatt, & Melody Tovar  

In this experiment, bacteriophages Ciri and Phage 
#19 were isolated on Mycobacterium Smegmatis. This was 
done by enriching bacteriophage from soil samples and 
plating them on a bacterial lawn of M. smegmatis. The 
phages’ ability to infect M. smegmatis indicates it may also be 
able to infect M. tuberculosis and M. Leprae, two pathogenic 
bacteria in the Mycobacterium family. Both of the phages are 
lytic phages, indicated by their clear plaque morphology, 
which makes them perfect candidates for potential  phage 
therapy. As antibiotic resistance becomes more and more of 
a problem, the need for alternative forms of treatment 
grows, one of which is phage therapy.  

 
P15 
LYTIC MYCOBACTERIOPHAGES WITH THE 
ABILITY TO INFECT MYCOBACTERIUM SMEGMATIS 
ISOLATED FROM SOIL SAMPLES 
Jessica Hall, Heather Harris, Hanalei Lintag, & Bryn Tran  

Mycobacterium smegmatis is a model bacterium that 
allows humans to tests the effectivity of phage therapy ideas 
on Mycobacterium leprae, the cause of leprosy, 
and  Mycobacterium tuberculosis, a bacteria known to cause 
tuberculosis (Fillman, 2018). Both Blessica and Jimothy 
were found to create clear plaques on a Mycobacterium 
smegmatis lawn, indicating that both are lytic phage, which 
lyse the host cell. The discovery of more lytic phage with the 
ability to infect M. smeg may contribute to the war against 
the antibiotic-resistant bacteria M. leprae and the many 
strains of M. tuberculosis.  
 
P16 
THE PREDICTION OF TEMPERATE PHAGES IN 
CLUSTER A 
Elyssa Hanley, Klaudya Jacobs, Joshua Peterson, & Madi 
Starling 

Two temperate siphoviridae bacteriophage, that are 
capable of infecting Mycobacterium smegmatis , were 
successfully isolated from the soil obtained on the campus of 
University of Colorado at Boulder. Further analysis of 
these phage will be focus on the conclusively placing these 
phage into their correct clusters and testing their viability for 
the use in phage treatment for diseases such as 
tuberculosis. "Currently, the only phages known to have the 
ability to infect M.smegmatis and M. tuberculosis are 
those belonging to Cluster A and K," (Jacob-Sera). After 
a successful restriction digest, the phage, Arpie, is 
predicted to belong to either cluster A, V, or Y. Phage 
therapy can have advantages over antibiotics because it is a 
less invasive way of curing specific diseases, but there has 
not been enough research in modern medicine to 
determine the effects of phage therapy.  
 
P17 
CLASSIFICATION OF PHAGE 18 BY PLAQUE AND 
VIRION MORPHOLOGY 
Luis Deschamps & Sam Schiff 

Mycobacteriophages are viruses with remarkable 
genetic diversity, which target mycobacterial strains such as 
Mycobacterium tuberculosis and Mycobacterium smegmatis for 
replication at the cost of the bacterial host. The benign 
nature of mycobacteriophages and other mycobacterium 
strains such as M. smegmatis to human hosts makes phage 
research readily accessible. No novel phages were isolated 
from this procedure, but the methods presented can be 
utilized for the discovery of new phage types and genomic 
sequences. Phage 18 produced halo plaque morphology with 
turbid edges suggesting that phage 18 is a lysogenic 
bacteriophage. Electron microscopy revealed it to belong to 
the Siphoviridae family. 
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P18 
TEMPERATE MYCOBACTERIOPHAGES 
PHRUSTRATION AND RUPHLYPH ISOLATED 
FROM BOULDER, COLORADO ABLE TO INFECT 
MYCOBACTERIUM SMEGMATIS  
Margaret Ivy, Rigel Lee-Findling, Natalie Luna, & Natalya 
Moore  

Antibiotic resistance is arguably one of the most 
critical threats to society right now. Limited numbers of new 
antibiotics are being created, and bacteria are evolving to 
evade death from those currently used. Bacteriophage may 
be the solution to this crisis by utilizing their ability to 
selectively infect and lyse a specific bacterium. We isolated 
mycobacteriophage that had the ability to infect 
Mycobacterium smegmatis. We believe that these 
bacteriophage may also hold the ability to infect the 
tuberculosis pathogen; one of the most critically antibiotic 
resistant bacteria. After isolation we purified our phage to 
remove possible contamination, followed by creating a high 
titer lysate that could be archived and imaged through 
electron microscopy. Through purification the phage 
RuphLyph was found to be temperate, while the phage 
Phrustration was found to also be temperate, with the 
additional ability to induce a lytic lifestyle when stimulated 
by an unknown stressor. While temperate phages are 
typically not favored in the prospect of clinical use, it is 
possible that they could be used to deactivate the pathogenic 
cell as well, although this would require further research. 
 
P19 
PREDICTIONS OF CLUSTERS DETERMINED FOR 
LYTIC AND TEMPERATE BACTERIOPHAGES, 
SATORI AND DIRTY SNOWBALL. 
Morgan Halenkamp, Ite Lobung, Grant Touchton, & Tessa 
Youmans  

Mycobacteriophages are viruses that infect 
mycobacterium such as Mycobacterium smegmatis and 
Mycobacterium tuberculosis, and may have applications in 
phage therapy. We researched both lytic and temperate 
phage life cycles, morphologies, and cluster types of the 
phages: Dirty Snowball and Satori. We distinguished the 
types of phage from the plaque morphology. Through 
restriction digestion, we hypothesized that the temperate 
phage Dirty Snowball, was either in cluster A or K. We 
hypothesized that the lytic phage Satori, is a cluster A 
phage and A2 sub-cluster, based on restriction digestion 
patterns, plaque morphology, and electron microscopy 
images. Two novel phages were isolated during this 
research, and are important in testing phage effectiveness 
against M. tuberculosis. It is not yet known if our phages can 
infect M. tuberculosis directly. 
 
P20 
PHAGES PERRITO AND TRASH ISOLATED BY 
ENRICHMENT DETERMINED TO BE LYTIC AND 
TEMPERATE RESPECTIVELY 
Antara Wagle, Elisa V. Hobson, Rachel Lee, & Steven 
Usuga 

Phage identification practices for use in phage 
therapy such as observing plaque morphology and phage 
morphology were utilized to identify phages capable of 

infecting M. smegmatis, a bacterium that is infected by the 
same phages as the pathogenic bacterium, M. tuberculosis. 
The phages, named Perrito and Trash, were isolated by 
enrichment from a soil sample in Boulder Colorado on the 
University of Colorado campus. Perrito was identified as 
lytic by its clear plaque morphology on both a plaque assay 
and a plaque streak plate with plaques 0.5 mm-2.7 mm. 
Trash has a plaque size around 2 mm-6 mm and had turbid 
edges. Visualization under an electron microscope revealed 
Perrito and Trash to have siphoviridae morphologies.  
 
P21 
ISOLATION AND CHARACTERIZATION OF 2 
RAPIDLY DEGRADING TEMPERATE 
BACTERIOPHAGE INFECTING MYCOBACTERIUM 
SMEGMATIS  
Jack Davis, Jared Bozzone, Joshua Wild, & Josie Wagner 

Two novel bacteriophage infecting Mycobacterium 
smegmatis (M. smeg) were isolated from soil samples. Both 
phage appeared to be temperate and degrade rapidly once 
isolated, meaning the concentration of functional phage 
dropped over time. Isolated phage Judson and SoggyTree 
were isolated from  Longmont, CO at 40.181, 45.118 and 
40.008,-105.272, respectively. Judson displayed turbid 
plaques 3-4mm in diameter. Soggytree also displayed a 
turbid morphology with plaques varying between 1-5mm in 
diameter. Bacteriophage have been observed to vary in 
stability when stored in different conditions between species 
(Ly-Chatain, M. H. (2014). Because both phage appeared 
unstable in the storage conditions used, the concentration of 
phage dropped rapidly in lysate and further genetic 
classification was not possible. 
 
P22 
TEMPERATE, K4 MYCOBACTERIOPHAGE 
TARANIS ISOLATED FROM SAN DIEGO, CA 
James Joseph Williams III 

The name of the phage I isolated is Taranis. In my 
research I discovered that Taranis is a temperate phage and 
shows a Siphoviridae morphotype. The plaque morphology is 
circular and ≈3mm in diameter. A PCR was performed with 
A3, A5, A8, and K4 primers that were chosen from the 
restriction digest data. The PCR produced a PCR band with 
K4 primers indicating a K4 phage. Temperate phages can be 
used for bacterial detection and bacterial gene editing. 
 
P23 
TITER OF TEMPERATE MYCOBACTERIOPHAGES 
“BALJEET” AND “NEM0” UPON INFECTION OF 
MYCOBACTERIUM SMEGMATIS 
Katie Jiang, Lillian Loi, Jennifer Luzhanski, & Karishma 
Reddy 

Antibiotic-resistant bacteria such as tuberculosis 
are re-occurring at alarming rates. To counter the increasing 
threat, bacteriophages can be utilized as an alternative 
treatment option to antibiotics, due to their ability to lyse 
bacterial cells. In this study two temperate 
mycobacteriophages, “Nem0” and “Baljeet”, were isolated 
from soil samples collected from the University of Colorado 
Boulder, with titers discerned as 8.0 x 109 pfu/mL and 6.3 x 
109 pfu/mL, respectively. These findings allow for further 
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investigation, characterization, and sequencing in hopes of 
discovering if they can infect M. tuberculosis- a bacteria very 
similar to non-pathogenic Mycobacterium smegmatis, which 
can already be infected by Nem0 and Baljeet or aid in 
research about evolutionary biology. 
 
P24 
HIGH-QUALITY PHAGE DNA ISOLATED FROM 
TWO DIFFERENT SOIL SAMPLES 
Max Eddy, Daniel Feeny, Braden Griebel, & Michael Kirby 
          In this lab, two mycobacteriophage species were 
isolated from random soil samples collected in Boulder, near 
the north end of CU campus. The two species of isolated 
phage were demonstrated to effectively colonize M. 
smegmatis, a species of mycobacterium similar to M. 
tuberculosis. A series of steps were taken to confirm that only 
one phage was present, and that phage was subsequently 
cultured and collected en masse, and its DNA was isolated 
for characterization. This research demonstrated the 
presence of a single, lytic phage capable of infecting M. 
smegmatis and a single temperate phage capable of infecting 
M. smegmatis. 
 
P25 
ENRICHMENT OF SOIL SAMPLES LEADS TO 
DISCOVERY OF TEMPERATE PHAGE JALOLO AND 
C1 CLUSTER, LYTIC PHAGE MAMBO 
Maddie Allen, Shloka Dhar, Jake Hinson, & Cristina Lau 

Tuberculosis has become increasingly resistant to 
antibiotics causing a movement to utilize phages to treat 
against antibiotic resistant bacteria in a process known as 
phage therapy. In this study, phages Jalolo and Mambo – 
discovered from enriched soil samples from Boulder, 
Colorado – were isolated and characterized through 
restriction digestion, PCR, and electron microscopy in 
efforts to be candidates for use in phage therapy. Both 
phages were able to infect Mycobacterium smegmatis. Jalolo is 
a temperate phage in the Siphoviridae family and has a titer 
of 6.7 x 10⁹ pfu/mL. Mambo is a lytic phage in the 
Myoviridae family and has a titer of 2.2 x 10⁹ pfu/mL. 
Mambo is predicted to be in the C1 cluster. Further 
experimentation will help determine the degree of 
effectiveness these phages posses in treating antibiotic 
resistant bacterium. 
 
P26 
THE ISOLATION AND ANALYSIS OF 
MYCOBACTERIOPHAGE OF DONK AND NOMAD  
Curtis Bowling, Evgeni Dimitrov, Michael Moyer, & 
Timothy Vallejos  

It is known that bacteriophage can be used to 
minimize the spread and even eradicate pathogenic bacteria. 
A bacteriophage is a type of virus that infects and kills a 
bacterial host cell by replicating within the cell, then 
proceeding to lyse it. Bacteriophages Nomad and Donk are 
both temperate phages meaning they have the option to 
perform the lytic and lysogenic lifecycles depending on 
environmental conditions. Both of these phages were 
isolated from soil samples in Boulder, Colorado. After 
plating these phages on a bacterial lawn turbid plagues were 
formed allowing for the identification of temperate phage. 

Electron microscopy revealed both of these mycobacterial 
phages to be apart of the siphoviridae morphotype. 
Although Nomad and Donk were found in relatively the 
same location, a number of differences stood out such as the 
diversity in tail length (Nomad: 117.84nm, Donk: 312.6nm) 
and capsid diameter (Nomad: 63.63nm, Donk: 
73.64nm).  Another difference is in the size of plaques 
(Nomad: 6-7mm, Donk: 1-2mm) on the bacterial lawn. 
 
P27 
THE ISOLATION AND CHARACTERIZATION OF 
TWO MEMBERS OF THE SIPHOVIRIDAE FAMILY: 
THE TEMPERATE PHAGE NATURAL20, AND THE B 
CLUSTER LYTIC PHAGE LAZYPANDA  
Bailey Cox, Jordan Kassanoff, Sophie Nabb, & Winfred 
Sanaki 

Mycobacteriophages (i.e. phages) are viruses that 
infect bacteria (Fillman 2018). Bacteriophages Lazypanda 
and Natural20 were isolated from soil samples collected 
from a garden in Boulder, Colorado. It was determined that 
Lazypanda is a lytic phage, only undergoing the lytic life 
cycle; Natural20 is a temperate phage which, depending on 
environmental factors, can undergo either the lytic or 
lysogenic life cycle. A restriction digest was completed on 
Lazypanda, suggesting that it is in the B cluster. Both 
Natural20 and Lazypanda are in the siphoviridae family 
based on electron microscopy photos. Studying phages can 
lead to new medical treatments such as phage therapy. 
 
P28 
CLASSIFICATION OF TEMPERATE 
MYCOBACTERIOPHAGES APATHY AND 
BADDYJEAN AS SIPHOVIRIDAE 
Chiara Dart, Riley Hatchell, Danny Jean, & Daniel Petito 
Phages are viruses, which infect and kill bacterial cells 
(Doss. et. al. 2017). Currently of thousands of phages have 
been identified, however this represents only a small subset 
of the estimated number of phages in existence (Clokie et. 
al., 2011). The isolation and characterization of novel 
phages is important for identification of phages that can be 
used to treat bacterial infections of tuberculosis and leprosy, 
diseases related to our host bacterium Mycobacterium 
smegmatis. This study attempted to characterize two novel 
phages isolated from soil samples and purified over various 
agar plates. DNA was isolated from phages and subjected to 
restriction digestion and PCR followed by agarose gel 
electrophoresis to determine their potential cluster. Electron 
micrographs were taken of each phage as supplemental data 
to support cluster hypotheses. Two temperate phages of the 
Siphoviridae family were identified, which are likely in the 
B6 and F1 clusters. 
 
P29 
TEMPERATE BACTERIOPHAGE BIGBOIII IS IN THE 
SIPHOVIRIDAE FAMILY 
Genevieve Glenn, Troy Jabur, & Alexandra Quinn 

Isolating bacteriophages (phages) that are effective 
at lysing Mycobacterium smegmatis (M. smeg) could be effective 
at lysing multi-drug resistant Mycobacterium 
tuberculosis.  Phage BigBoiii was isolated from a soil sample 
at the University of Colorado Boulder. BigBoiii was effective 
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at lysing M. smeg and produced turbid plaques, indicating a 
temperate nature. Electron microscopy images characterize 
BigBoiii into the Siphoviridae family because of the long non- 
contractile tails and icosahedral heads. The temperate nature 
of BigBoiii could help identify mechanisms of phage DNA 
integration into bacterial cell genomes that enable 
adaptations for a bacteria to become drug-resistant. 
 
P30 
CLASSIFICATION OF BOTH LYTIC AND TEMPERATE 
MYCOBACTERIOPHAGE INTO CLUSTERS BASED ON 
MORPHOLOGY, RESTRICTION DIGESTION, AND 
ELECTRON MICROSCOPY.  
Isa Demorat, Jessica Perez, Alli Siclair, & Hendrick van 
Leuwen 

The study of bacteriophage is continually growing, 
as there are some bacteria in our bodies that are antibiotic 
resistant and could be treated using phage. This specific 
experiment focuses on novel mycobacteriophage that infect 
M. smegmatis, a close relative to the pathogenic M. 
tuberculosis.  This process revealed two new bacteriophage. 
Hess, isolated in Boulder, CO, produced clear plaques 
indicating a lytic life cycle. Lil’dude, isolated from Fort 
Collins, CO, resulted in turbid plaques indicating a 
lysogenic life cycle. After purification and isolation of the 
phage DNA, a restriction digest was run in order to 
hypothesize that Hess belongs to clusters A1, F1, or O, 
while Lil’dude was hypothesized to be part of A, E, and L1 
clusters. Electron microscopy images showed that both are a 
part of the siphoviridae family, which is important because it 
supported the cluster designations.  
 
P31 
ISOLATING LYTIC AND LYSOGENIC 
MYCOBACTERIOPHAGES PARKSATTORNEY AND 
REGGIE12 FROM SOIL SAMPLES 
Conor O’Hara, Sasha Price, Tylor Thai, & Jack Zhou 

The number of isolated bacteriophages has 
exponentially increased, but there are still lots of phages that 
have not been isolated. ParksAttorney, a lytic phage, was 
isolated from the University of Colorado-Boulder‘s soil 
sample and Reggie12, which is a temperate phage, was 
isolated from soil at Spruce St. in Boulder, CO. Both 
isolations were done with M. smeg. Using electron 
microscopes (EM), both phages are found to have 
Siphoviridae morphotypes (long tail, proportional head 
size). Results could help determine the cluster of the phages 
 
P32 
DISCOVERY OF SIPHOVIRIDAE BACTERIOPHAGES 
OZZY AND OSWALD VIA ENRICHMENT WITH 
MYCOBACTERIA SMEGMATIS 
Alex Haberman, Many Muhr, Leia Vadeen, & Genevieve 
Waller 

Bacteriophage are known to infect bacteria, kill host 
bacteria they infect and potentially be used to kill antibiotic 
resistant bacteria. There has been significant research on 
bacteriophage in recent years in order to try and understand 
the effects of using phage instead of antibiotics to kill 
bacteria. Unfortunately, there is a lot of unknown things 
about phage, such as the number of clusters, the number of 

bacteriophage, and how they impact human health. Using 
Electron Microscope images and the morphology was a new 
lytic phage, Ozzy, and a lysogenic phage, Oswald, both in 
the Siphoviridae morphology. 
 
P33 
ISOLATION AND CHARACTERIZATION OF K5 
CLUSTER MYCOBACTERIOPHAGES HARRYBEAR 
AND PIGGOESOINK 
Jason Caplin, Jeremy Muehe, Nathan Murray, & Noopur 
Naik  

Mycobacterium smegmatis (M. smeg) is a strain of 
bacteria found in soil and water.  Bacteriophage that are 
capable of infecting Mycobacterium smegmatis are also often 
capable of infecting Mycobacterium tuberculosis and 
Mycobacterium leprae, so if a phage is capable of infecting M. 
smeg, it may also infect the pathogenic bacteria. The 
mycobacteriophages Piggoesoink and HarryBear were isolated 
via direct isolation, and both were also determined to be 
temperate phages. HarryBear is most likely a member of 
subcluster K5, while the cluster of Piggoesoink has not yet 
been hypothesized. 
 
P34 
BACTERIOPHAGES ASAP & LASAGNA ARE LYTIC 
SIPHOVIRIDAE, LASAGNA IS PROBABLE CLUSTER 
A OR F 
Samuel Allsup, Aislinn Concha, Isabelle Echelman, & 
Seana Thompson 

Two phage were isolated from CU Boulder campus. 
Both ASAP and Lasagna were found to be lytic phage and 
electron microscopy placed them both in the Siphoviridae 
family. Lasagna was found to probably be in either the A or 
F clusters, based on cut sites on a restriction digest. 
 
P35 
THE CLASSIFICATION OF ADOPTED LYTIC 
PHAGES  
Olivia Muzylowski, Yongze Chen, Bandon Coultrip, & 
Yuto Yano 

Tuberculosis is a bacterial infection that over that 
past years has been on the rise. In the past antibiotics have 
been the obvious cure for bacterial infections but because 
antibiotic resistance has also been on the rise tuberculosis 
and other bacterial infections have started to become harder 
to treat. A new cure for bacterial infections was discovered 
called phage therapy. It was discovered that phages attack 
bacteria and either integrate its DNA into the bacteria's 
DNA or lyses and destroys the cell. Phage therapy has been 
proven a successful replacement for antibiotics but the FDA 
has yet to approve it. In phage labs across America 
scientists, graduates, and undergraduates are working to 
discover new clusters of phages and more information about 
phages by collecting soil samples, examining for 
bacteriophages, then testing how the phages will affect the 
bacteria  M.smegmatis, because M.smegmatis is similar to 
Tuberculosis but safer to work with. Specifically the soil 
samples being examined in this lab were collected in 
Boulder, CO in enriched soil in a mulch flowerbed and 
Westminster, CO in enriched soil in in a mulch garden. The 
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most important discovery made in both experiments was 
that our phages are lytic. 
 
P36 
SEINFELD AND CORNELIUS4 BACTERIOPHAGES 
ARE IN THE SIPHOVIRIDAE FAMILY  
Chase Herrick, Allison Jackson, Taylor Kring, Amy 
Malacalza 

The phages Seinfeld and Cornelius4 are lytic and 
temperate respectively, and were both discovered in different 
backyards in Boulder, CO. The goal of our research is to 
isolate phage to expand the research pool for industries 
interested in adapting phage therapy as an alternative to 
antibiotics. The lytic phage Seinfeld  is a siphoviridae 
capable of infecting the M. Smeg bacteria. When performing 
a plaque assay, the plaques were clear (showing the phage is 
lytic) and 0.5 cm in diameter. The small diameter of the 
plaques shows that the phage has a large genome. When 
running a restriction digest experiment, we concluded the 
cluster is either A, B, or K. The morphology of the plaque of 
Cornelius4 was turbid with a clear center and cloudy outside 
ring, making the phage a temperate phage. Cornelius4 is 
part of the siphoviridae family revealed by the long tail 
shown on the EM. The phage DNA was isolated; however, 
the DNA check gel was unsuccessful three times. For both 
phages, further research must be completed in order to 
determine the cluster of the phage. 
 
P37 
MYCOBACTERIOPHAGES MOCCASIN AND 
CHEESECAKE FOUND TO BE TEMPERATE 
Ashlynn Barnes, Kit-Kat Carlson, Justin Mares, Brian 
Reagan 

Due to growing interest in phage therapy 
application, research on bacteriophage continues to expand. 
Currently, 29 clusters of phage have been discovered2, 
broken into separate families and morphologies. With more 
attention directed towards phage therapy, it is hypothesized 
that new treatments for antibiotic-resistant bacteria will be 
found in the form of these viral particles. From our own 
experiments, two more Mycobacteriophages, Moccasin and 
Cheesecake, were isolated at 40.0071, -105.2548 and 
40.0150, -105.280 respectively. Moccasin displayed 
temperate morphology and a siphoviridae morphotype. 
Cheesecake is also temperate, but is myoviridae in 
morphotype. These have been added to the 
actinobacteriophage database, proving the notion that 
bacteriophage exist in every corner of the planet. 
 
P38 
ISOLATION AND CLASSIFICATION OF THE 
TEMPERATE PHAGES MOLARBEAR AND DOOBIE 
Alex Barker, Jonathan Daley, Antonio Feula, Evelina 
Reventaite 

The emergence of antibiotic resistant bacteria has 
caused researchers to begin the study of mycobacteriophages 
and their ability to fight bacterial infections. Temperate 
phages, indicated by the turbid nature of their plaques, lead 
lysogenic life cycles and have the ability to inject their DNA 
into a host chromosome. Based on the results from our 
plaque assay, restriction enzyme digest, and electron 

microscopy we have isolated two temperate phages, both 
from the siphoviridae family capable of infecting the 
Mycobacterium smegmatis (M. smeg). M. smeg is similar to 
Mycobacterium tuberculosis and Mycobacterium leprae, the 
bacteria responsible for tuberculosis and leprosy infections, 
respectively. Studies suggest that temperate phages could be 
used to combat bacterial infections, but little is known on 
the most effective ways to do this; more clearly, how 
temperate phages can be used to fight the spread of 
tuberculosis or leprosy. 
 
P39 
RESTRICTION DIGEST FOR CHARACTERIZATION 
OF PURGATORY AS AN A OR N CLUSTER PHAGE 
Leen Abbas, Hunter Fleming, & Kyle Stewart  

Bacteriophages are one of the most diverse living 
organisms on earth. Scientists discovered that they co-evolve 
with their host bacteria, which makes it unlikely for the 
bacteria to develop resistance. Therefore, the HHMI SEA 
PHAGES project aims to identify and characterize new 
mycobacteriophages that have the potential to cure 
tuberculosis. Currently, not much is known about the 
negative effects of phage therapy. The most important result 
of the lab project is that the phage, Purgatory, is a temperate 
mycobacteriophage that belongs to cluster A or N. 
Additionally, Kyle’s phage was found to be a lytic phage via 
a plaque streak procedure. These results were obtained 
through several lab procedures starting with Enrichment, 
Plaque Assay, Plaque Streak for Purification which 
identified Purgatory as a temperate phage. Phage DNA 
isolation followed by Restriction digestion procedure 
identified the cluster of Purgatory to be either A or N. 
 
P40 
PHAGE 7 AND 12 CLASSIFIED UNDER THE 
MORPHOLOGY OF SIPHOVIRIDAE AND 
MYOVIRIDAE, RESPECTIVELY 
Madison Gregory, Kaitlyn Pfeifer, Zoe Smith, & Anna 
Weinstein 

Phages are viruses that infect bacteria through the 
lytic or lysogenic cycle. Phage #7 was defined as a 
temperate phage, which can undergo the lysogenic lifecycle. 
Phage #12 was defined as a lytic phage and undergoes the 
lytic lifecycle. Each phage can react differently to different 
bacteria. Using this information, phages have the potential 
to kill virulent bacteria. Phage #7 has asiphoviridae 
morphology while phage #12 has a myoviridae 
morphology. Through this classification of morphology, we 
can further discover each phages function and further 
improve information necessary for phage therapy (which 
uses bacteriophages in humans and animals to cure bacterial 
diseases. 
 
D1 
MANUKA AND PASTURE HONEY APPEAR TO BE 
LESS EFFECTIVE ANTIBIOTICS AT HIGHER 
CONCENTRATIONS 
Ben Bouchard-Miller, Aubrey MacDougall, & Siena Rohan 
and Sneha Varanasi 

This study focused on testing the antibiotic 
properties of organic pasture and manuka honey, specifically 



 10 

with the aim of the effectiveness of organic pasture honey 
and Manuka honey at varying concentrations and varying 
viscosities against Salmonella Typhimurium, as a model for 
typhoid fever in mice. Salmonella Typhimurium was grown in 
M9 media and then exposed to the liquid forms of these two 
types of honey at varying concentrations. Ampicillin was 
used as the positive control, and PBS (phosphate buffered 
saline) was used as the negative control. The honey was 
diluted to a 2%, 8%, 12% and 18% dilution in PBS and ran 
through a spectrophotometer to get absorbance values for 
the Salmonella produced.  

The data showed a general trend that at higher 
concentrations and viscosities the honey was a less effective 
antibiotic, possibly because of the concentration of sugar in 
these honeys. As well, the data had an issue with 
inconsistencies with the positive and negative control 
indicating a need for further testing and trials, perhaps in a 
different manner. 
 
D2 
THE EFFECT OF USING VENOM OF CROTALUS 
ATROX AND AGKISTRODON PISCIVORUS ON 
SALMONELLA GROWTH 
Simi Karimi, Sudakshina Bhatta, &Ananya Maharjan 

Salmonella Typhimurium is a gram-negative 
bacterium that lives in the host intestines, macrophages, and 
blood. Salmonella Typhimurium causes typhoid fever in mice 
and food poisoning in humans. Salmonella Typhimurium is 
used for later clinical testing on mice to in order to find 
antibiotics that are effective against Salmonella Typhi, which 
causes typhoid fever in humans. Salmonella infection in 
humans can cause severe symptoms and without proper 
treatment, it may cause death. The current effective 
treatments against Salmonella are antibiotics; however, 
Salmonella populations are becoming increasingly resistant to 
these administered antibiotics. 

Through knowledge of previous experiments 
concluding that snake venom can be effective against gram-
negative bacteria, this experiment focuses on the efficacy of 
two species of snakes from the Viperidae family: Agkistrodon 
piscivorus and Crotalus atrox against Salmonella Typhimurium. 
A large range of concentrations from 2.5-5000 ug/mL of 
venom mixed with our negative control, Phosphate-Buffered 
Saline (PBS), was used based on the previous experiments 
that had the same range. It was hypothesized that the potent 
venom, even at low concentration, would completely 
eliminate the Salmonella Typhimurium in the wells. 
However as the venom concentration increased, the 
concentration of Salmonella Typhimurium after 24 hours 
increased as well. Another experiment was conducted at 
unusually extensive high concentrations of the venom, at 
6,000-10,000 ug/mL to confirm that higher concentrations 
result in less killing of Salmonella Typhimurium.  

Agkistrodon piscivorus and Crotalus atrox venom is not 
effective in killing Salmonella Typhimurium and no potential 
hits were found within the large range used. Rather, the 
Salmonella Typhimurium seemed to favor the presence of the 
venom. 
 
 

D3 
THE EFFECTS OF CALCIUM CARBONATE IN AN 
ACIDIC MEDIA ON SALMONELLA GROWTH 
Kasey Duffin, Daniel Bonnecaze, Miranda Trainor, & 
Phoenix Zhang  

Typhoid fever is an acute illness caused by bacteria 
often found in water and food. It can cause high fever, 
weakness, constipation, loss of appetite, severe stomach 
pain, and even death. The mortality rate of typhoid fever is 
incredibly high, leading to over 200,000 worldwide each 
year. This illness is caused by the bacteria Salmonella Typhi. 
Unfortunately, this bacterium has become extremely 
resistant to antibiotics.  

This experiment tested calcium carbonate’s ability 
to raise the pH of the stomach and in turn how it affected 
Salmonella survival rates. Salmonella was grown in a media 
with a pH of 2 and several serial dilutions were created with 
doses varying from 0.5mg/mL to 8mg/mL. These 
concentrations were taken from serving size 
recommendations with respect to the amount of liquid a 
human stomach can hold. All serial dilutions were tested for 
both ability to inhibit Salmonella growth as well as their pH.  

The overall results showed that the serial dilutions 
with the lower pH of 2 were effective against Salmonella 
growth and were hits. The highest two serial dilution 
concentrations with a pH of 2.5 were unable to effectively 
inhibit Salmonella growth or kill it. These results supported 
the hypothesis that an increase in pH would lead to an 
increase in bacterial survival rates and growth. 
 
D4  
THE EFFECT OF MANUKA HONEY AND 
METHYLGLYOXAL ON SALMONELLA 
TYPHIMURIUM GROWTH 
Blair Rancich, Grace Hach & Matthew Brown  

Salmonella Typhi is a bacterium that is responsible 
for Typhoid fever. Salmonella Typhimurium causes a similar 
infection in mice. Upon infection, Salmonella inhabits the 
epithelial cells of the intestinal tract where it multiplies and 
spreads to other parts of the body. The natural immune 
system response is to use macrophages to target and kill the 
bacteria; however, Salmonella has developed adaptations to 
survive the acidic environment inside the macrophages. 
Unfortunately, Salmonella is becoming increasingly resistant 
to antibiotics. Therefore, it is imperative to develop new 
antibiotics to treat these increasingly resistant bacteria.  

This project details an in vitro analysis of honey to 
determine its viability as an antibiotic. Initially two 
experiments were performed using honey with 
methylglyoxal (MGO) and pure MGO. Salmonella was 
grown in M9 Minimal Media to mimic the conditions inside 
a macrophage, and the bacteria were treated with solutions 
containing 1.5-15% model compound to mimic the 
concentrations of a drug in the bloodstream. The results 
were inconclusive at best and seem to be responsible for 
increased levels of bacterial growth. Therefore, a third 
experiment was performed using highly concentrated doses 
of MGO to mimic the conditions of the treatment of an 
external wound. The results indicated that at high 
concentrations, MGO performed as well as ampicillin. 
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Overall, the data seems to indicate that there is 
potential for an MGO based antibiotic in some capacity, 
although further testing must be done to determine 
minimum inhibitory concentration, efficacy, toxicity, and 
metabolic pathway. The Detweiler lab may choose to pursue 
this compound. Should future in vitro experiments prove to 
be successful, a series of in vivo assays with mice as 
biological models may be performed. 
 
D5 
ALLIGATOR BLOOD PEPTIDES AGAINST 
SALMONELLA  
Chioma West, Maria Dunatov, Diana Goron, &Jaqueline 
Macdonald  

In this study, APO5 and APO6 peptides would be 
tested against Salmonella Typhimurium to see if it has a 
effect on killing the bacteria. Multiple tests were conducted 
on Salmonella with APO5 and APO6 peptides in differing 
dilutions and solutions. Each peptide was suspended in 
water and the other was suspended in phosphate buffered 
saline. For the positive control, there was chloramphenicol. 
Using a 96 well plate trails were completed. Showing 
various results. After having consistent results, APO5 
peptide showed a positive effect on eliminating Salmonella. 
 
D6 
THE EFFECT OF SHOGAOL AND GINGEROL ON 
SALMONELLA GROWTH  
Hannah Bernstein, Nehali Deshmukh, Elise Gaskell, & 
Raven Johnson  

Typhoid fever is commonly found in non-
industrialized countries. Countries in Asia, Africa, Eastern 
Europe, and Latin America are especially at risk of this 
infection caused by Salmonella Typhi. Our goal was to 
conduct an experiment to find a compound with preexisting 
history of medical uses that we could test in order to find a 
way to inhibit the growth of this bacterium that causes 
deaths around the world. Because antibiotic resistance is a 
growing problem, new compounds must be discovered in 
order to find other ways to treat typhoid fever. 

Through a series of dilutions, successes, and 
failures, we tested 6-shogaol and 6-gingerol, compounds 
within the ginger root, to see how it reacts when exposed to 
Salmonella Typhimurium. Our results did not turn out the 
way we expected; however, we do understand where our 
experiment went wrong and how it could possibly be further 
tested in the future. We ultimately came to the conclusion 
that ginger compounds do not inhibit the growth of this 
deadly bacterium. 
 
D7 
DOES AN APPLE A DAY REALLY KEEP THE 
DOCTOR AWAY? ANALYSIS OF PECTIN IN A 
BIOLOGICALLY-RELEVANT CULTURE 
 Isabella Anderson, Katie Etter, & Danielle Yedidya  

Antibiotic resistance is an increasing epidemic 
throughout the world, leaving thousands of people dying per 
year. Resistance occurs through genetic mutations that 
prevent the effectiveness of antibiotic drugs that kill or 
inhibit the growth of susceptible bacteria. One such infection 
with increasing instances of resistant properties is typhoid 

fever, which is caused by Salmonella Typhi. Salmonella is a 
gram-negative bacterium that affects the intestinal tract. The 
purpose of this study is to find and examine a compound 
that possesses antimicrobial properties that prohibit 
Salmonella Typhimurium growth. Pectin, a polysaccharide 
found in apples was found to have antibacterial effects on 
Helicobacter Pylori, which is also a gram-negative bacterium; 
therefore, it is hypothesized to have the same effects on 
Salmonella Typhimurium. A dosing series, in which pectin 
was diluted in a 1:2 ratio, making a total of six 
concentrations, was used in respect to the prior research 
examined. However, regardless of the concentration, our 
drug screen revealed there was no hit, and the S. 
Typhimurium continued to grow; therefore, an apple a day 
does not keep the doctor away. 
 
D8 
THE EFFECT OF FORMIC ACID AND CONIFEROUS 
TREE RESINS ON SALMONELLA TYPHIMURIUM 
GROWTH 
Zachary Ehling, Charlie Reed, & Ivan Pina  

Salmonella is a bacterium that specifically targets the 
intestinal region, macrophages, and bloodstream of its host 
organism. Salmonella infections are primarily transmitted 
through food and water contaminated with feces and cause 
a range of symptoms - including abdominal pain, fever, and 
diarrhea - that can develop into the life-threatening typhoid 
fever if they are not properly treated. Antibiotics have been a 
successful means to treat Salmonella infections; however, the 
increasing prevalence of antibiotic resistance among bacteria 
has decreased the effectiveness of these once-dependable 
drugs. 

This study utilized Salmonella Typhimurium, a form 
of Salmonella that causes typhoid fever in mice, to observe 
the potential effectiveness of natural compounds provided 
from the National Cancer Institute as antibiotics. Our 
individual group decided to continue searching for naturally 
occurring antibiotics by researching the bird behavior of 
anting, a form of self-cleansing that utilizes the 
pharmaceutical tendencies of ants to kill off harmful 
microbes.  

We attempted to re-create the specific compound 
produced by a species of wood ant Formica paralugubris 
based on research conducted by the University of Lausanne 
and University of Neuchâtel in Switzerland. By combining 
specific types of tree resins with formic acid, the primary 
component of ant venom, we hoped to create a compound 
that displayed antibiotic properties.  
 
D9 
LACTOBACILUUS ACIDOPHILUS EFFECTS OF 
SALMONELLA 
Ryan Park, Marine Kaufman, & Myles Freeman 
The increasing prevalence of drug-resistant bacteria coupled 
with the rising mortality of bacterial infections underscores 
the need for novel therapies that address the issue of 
antibiotic-resistant bactria. Lactobacillus acidophilus, a lactic 
acid bacterium commonly found in the human GI tract and 
a multitude of dairy products, has demonstrated 
antibacterial properties against several strains of gram-
negative bacteria in-vitro. Evidence also suggests that 
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Lactobacillus acidophilus may be effective in treating and 
preventing inflammatory conditions of the colon like C. 
difficile colitis. We believe that probiotics like Lactobacillus 
acidophilus may serve as a potential source for a new class of 
antibiotic, and hypothesized that the growth of Salmonella 
typhimurium would be inhibited by the presence of 
Lactobacillus acidophilus . We originally attempted to develop 
a culture of Lactobacillus acidophilus using MRS media and 
Lactobacillus acidophilus probiotic capsules but this was 
unsuccessful. We subsequently obtained a liquid culture of 
Lactobacillus 
 
D10 
VAPE JUICE AND ITS COMPOUNDS: ABILITY TO 
KILL SALMONELLA 
 Katie Kramer, Alana McNulty, Jake Carter, & Abby Harris  

By the year 2050 more people are going to die from 
bacterial-related diseases than from cancer. If there 
continues to be a lack of antibiotic discovery, scientist will 
be unable to construct new compounds that can combat 
antibiotic resistant bacteria. This will lead to a world 
epidemic; bacterial infections will become the leading cause 
of death due to their evolving nature and ability to resist the 
current day antibiotics. It is expected that there will be 
approximately 8.2 million deaths from cancer, but 10 
million from antibiotic resistant infections. 

In our study, we tested vape juice, extracted from 
ethanol to see if it would kill Salmonella. Within a Juul pod 
is a substance called e-liquid, which is made up of nicotine, 
glycerol and propylene glycol, benzoic acid. The 
antibacterial properties of nicotine and its complex have 
been compared to three antibiotics; Gentamicin, 
Tetracycline and Tobramycin. 

Due to our findings, it can be seen that vape juice 
demonstrated a lack of growth with Salmonella. This shows 
that components of vape juice have properties able to kill 
Salmonella. In our experiment we cannot completely 
discern that the lack of growth can be fully attributed to the 
vape juice and not the ethanol or glycerol. Our data 
demonstrated growth with the glycerol and ethanol, which 
makes us more confident that the death of Salmonella is due 
to the vape juice and its compounds. In our future studies 
we plan to separate the compounds-nicotine, benzoic acid, 
and menthol- and test each separately to see which aspects 
of vape juice have bacterial resistant properties. 
 
D11 
WHITE WILLOW BARK (SALIX ALBA) INHIBIT 
SALMONELLA GROWTH IN DILUTION SERIES  
Arianna Krzyzkowski, Emily Rogers, & Andrew Molano  

Salmonella Typhimurium is a gram-negative 
bacterium that commonly resides in soil and water. When it 
infects living beings, it resides in macrophages. When mice 
and rats are infected with this strain of Salmonella, typhoid 
fever like symptoms appear and when humans are infected, 
vomiting, fever, and diarrhea are caused by inflammation of 
the gut. Salmonella Typhimurium is being used instead of 
Salmonella Typhi because it has less dangerous effect should 
a disaster happen in the lab.  

The compound of Salix Alba, or more commonly 
known as White willow bark, was chosen because of its 

properties in helping to reduce inflammation. To extract the 
active compounds from the powder, an ethanol extraction 
was done. From there, dilutions of 100%, 75%, 50%, 25%, 
20%, and 10% were made at 10x the desired concentration, 
so when 10 microliters of the dilution was added to 90 
microliters of Salmonella, the concentration of compound 
would be the desired dilution. For the positive control, 
ampicillin was used because it is a known compound that 
kills Salmonella. For the negative control, ethanol was used 
to compare to the data of the dilutions to ensure that it was 
the Salix Alba that was killing the Salmonella and not the 
ethanol. 

After 24 hours of incubation at 37 degrees Celsius, 
the growth of the Salmonella was measured by the 
absorbance of a 620 nm light shined through the well. With 
the high variation of results gathered from the experiment, 
further research and experimentation is necessary for more 
accurate conclusions to be drawn. 
 
D12 
DETERMINATION OF ANTIBACTERIAL EFFECTS 
OF DIFFERENT TYPES OF HONEY ON SALMONELLA 
TYPHIMURIUM 
Renee Draher, Zyad Alhardari, & Natalie List 

Antibacterial resistance is a growing problem in our 
world and research to find new antibiotics is underpowered 
and underfunded. There is a desperate need to continue to 
find new antibiotic classes to combat bacteria that have 
become resistant to our current options. Salmonella 
Typhimurium is a bacterium that can cause typhoid fever in 
humans when infected. Due to the lack of bacterial growth 
in the seemingly ideal environment of a beehive, there has 
long been suspicion of an antibacterial agent in honey. 
Honey, specifically manuka honey, has long been used as a 
dressing for wounds or as a treatment for the common cold. 
There are many different types of honey that all have 
different components, which might contribute to 
antibacterial activity. In this project, manuka honey, natural 
honey, and store bought honey were tested for antibacterial 
properties. Methylglyoxal (MGO), which is a component in 
manuka honey, was also tested for antibacterial properties. 
It was found that none of the honey suppressed the growth 
of Salmonella Typhimurium. In fact, store bought honey 
promoted growth of the bacteria. MGO was found to have 
highly antibacterial effects at all concentrations tested. It is 
suspect that the high concentration of sugar in all types of 
honey overrode any component of the honey that might 
have antibacterial effects. Future research should be 
conducted in order to examine the viability of MGO as an 
antibiotic. The minimal effective concentration needs to be 
determined for killing Salmonella Typhimurium and other 
types of bacteria and research should be done to determine 
its mechanism of action. The option of combination therapy 
of MGO with other known antibiotics should also be 
examined for possible synergistic effects. 
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D13  
BLUE SCORPION VENOM EXTRACT INHIBITS 
SALMONELLA GROWTH IN DOSING SERIES 
Nate Broadfield, Alex Matsumoto, & Kevin Ruttenberg, 
Daniela Adamczyk 

The purpose of this lab has been to develop a 
research project that would hopefully identify novel 
antibiotics for the purpose of effectively killing Salmonella 
Typhimurium. The reasoning behind this was in hopes that 
we could discover an antibiotic that has great potential to 
combat the strain of bacteria that causes typhoid fever 
(Salmonella Typhi). These two strains of bacteria are very 
closely related, which allows us to get a good idea of what 
might combat Salmonella Typhi well while being able to 
more safely do experiments on Salmonella Typhimurium (a 
strain that causes food poisoning like symptoms vs typhoid 
fever). According to the World Health Organization, it is 
estimated that about 25,000 deaths every year are caused by 
typhoid, thus making it a critical point of study. Now, the 
reason that novel antibiotics are so important for this 
purpose is that it is projected that by the year 2050, deaths 
from antimicrobial resistant infections will be greater than 
the deaths caused by cancer. This is namely due to the fact 
that the production of new antibiotics has dropped quite 
significantly since the 1980s. Thus, our lab helps to aid in 
new discoveries to combat this issue. For our experiment, 
we chose to test Blue Scorpion venom as a possible 
candidate for an antibiotic. 
 
D14  
THE EFFECT OF MANUKA HONEY AND 
METHYLGLYOXAL ON SALMONELLA 
TYPHIMURIUM GROWTH 
 Jaida Drame, Kayla Hill, Meg Joyce, & Sophia Forrey  

Salmonella causes typhoid fever, a disease that kills 
25,000 people every year. However, due to the lack of 
antibiotic research and development, bacterial resistance has 
become increasingly more prevalent. Salmonella live in 
human macrophages where it replicates without disruption 
by inhibiting the human immune response. The 
characteristics of Salmonella make it an effective model for 
screening potential antibiotics. 

During the experiment, methylglyoxal (MGO) and 
manuka honey were tested in Salmonella Typhimurium to 
see if the compounds would be effective antibiotics. 
Salmonella Typhimurium was cultured in M9 minimal media 
because it mimics the environment of the inside of a 
macrophage where the Salmonella grow and replicate. The 
compounds were tested at 10% and 5% to see if a lower 
concentration would yield the same effect. Both the manuka 
honey and MGO were effective at killing the Salmonella, the 
most effective being at 10%. Then, MGO was tested along 
with ampicillin using a dosing series at 10%, 5% and 2.5% 
concentration to see if the mixture was more effective than 
the individual compounds. The 2.5% concentration had the 
lowest absorbance value of all concentrations. The results 
showed that MGO and manuka honey were effective 
compounds when treating Salmonella Typhimurium in vitro. 
The information discovered will be sent to the Detweiler 
Lab, and may be chosen to test the compounds further to 

better understand the compounds effectiveness as an 
antibiotic. 
 
D15  
TINOSPORA CARDIFOLIA AND PLUMBAGO 
ZEYLANICA INHIBIT THE GROWTH OF 
SALMONELLA TYPHIMURIUM 
 Anuja Gore, Maria Sacconi, & Anushka Thummalapenta  

By 2050, it is predicted that more people will die 
from antibiotic resistance annually than from cancer. This is 
one of the greatest problems facing the scientific community 
today, and the need for new antibiotics is undeniable. 
Accordingly, this experiment aims to observe whether 
minimally-studied substances used for thousands of years 
within traditional Indian medicine exhibit antimicrobial 
properties. We studied the activities of ethanol extracts of 
Indian Tinospora (Tinospora Cordifolia) and Leadwort 
(Plumbago Zeylanica), compounds historically used to treat 
Typhoid Fever, against Salmonella Typhimurium. In our 
tests, a spectrophotometer recorded absorbance values 
before and after compound was added to Salmonella, 
quantitatively demonstrating the effect of compound on 
bacterial growth. Results suggested that first concentration 
of each compound present to be potential antibiotics. The 
present study therefore supports the use of Tinospora 
Cordifolia and Plumbago Zeylanica in traditional medicine. 
 
D16 
THE EFFECTS OF TRADITIONAL MEDICINALS ON 
THE GROWTH OF SALMONELLA TYPHIMURIUM  
Austin Kemp, Prabil Kaini, Nico Peters, & Nathan Tadele  

Salmonella Typhi is a type of bacteria that has stayed 
a prevalent problem in both developed and underdeveloped 
countries for decades because of it’s growing resistance to 
antibiotic treatment. Typhoid fever is a potentially fatal 
product of Salmonella Typhi and if new antibiotics aren’t 
discovered in the near future, antimicrobial resistant 
infections could become the world’s leading cause of death.  

During this experiment we used spectrophotometry 
to measure the growth of Salmonella Typhimurium in 
different wells containing potential antibiotics. The 
candidates for new antibiotics that were used in this 
experiment are Chaga mushroom and Elderberry. The 
molecule of interest in the Chaga mushroom is Inonotus 
Obliquus and the molecule of interest in Elderberry is 
Anthocyanin. The positive control was the antibiotic 
ampicillin and the negative controls were ethanol and water. 
Extracts of Chaga and Elderberry, along with other 
mushrooms and berries were tested in order to determine if 
they had antibiotic properties. These compounds were of 
interest if their absorbance was two standard deviations 
away from the absorbance of the negative controls. 

None of the tests were hits because they all had 
similar absorbances to water, a negative control, and all the 
Salmonella was killed in the ethanol extracts. This data 
shows that the two used medicinally may not have the 
desired effect. Higher concentrations of these compounds 
may be effective at killing bacteria, although that can’t be 
determined without further experimentation. Isolated 
experimentation with the molecules of interest, Inonotus 
Obliquus and Anthocyanin, may also be valuable. 
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D17 
THE EFFECT OF CAYENNE PEPPER ON 
SALMONELLA TYPHIMURIUM 
Morgan Collins, Sydney Truett, Alison Hall, & Madison 
McFall  

Salmonella is responsible for many deaths 
worldwide. Salmonella thrives within the intestines, blood, 
and macrophages of the body. Antibiotics can be used to 
treat Salmonella, however, it already has many resistant 
stains. Our project used Salmonella Typhimurium, to test 
how compounds present in hot sauce affected the growth of 
the bacteria. We tested dilution series of two different hot 
sauces, Frank’s Redhot and Tabasco. Because hot sauces 
have many ingredients and not just one compound that 
could become a drug, we tested Cayenne pepper extract as 
well. By extracting the cayenne pepper in ethanol we 
isolated the active Capsicum compounds that have been 
shown to have antibacterial properties. Our results showed 
that both hot sauces actually helped the Salmonella to grow 
but the Cayenne extract hindered the growth of the 
Salmonella. Our results could benefit further studies in testing 
the Capsicum compounds in cayenne pepper to make a new 
antibiotic. 
 
D18 
TESTING ANTIBIOTIC PROPERTIES OF LIATRIS 
SILPADA, DELPHINIUM ELATUM, AND 
CHRYSANTHEMUM INDICUM POLLEN  
Hannah Besse, Tom Heckmaster, Brooke Kennedy, 
&Natalie Shelden 

Salmonella Typhimurium is a strain of Salmonella 
bacteria that lives in macrophages of infected organisms. 
This strain of Salmonella causes typhoid fever in mice and 
food poisoning symptoms in humans. In previous studies, 
flower pollen appeared to exhibit antibiotic properties in 
certain strains of bacteria. The purpose of this study is to test 
these properties against Salmonella Typhimurium. 
 Salmonella Typhimurium was first exposed to “Raw 
Colorado Bee Pollen” in a dilution series of 10%, 8%, 6%, 
4%, 2%, with a negative control of 10% ethanol and a 
positive control of ampicillin. No potential hits were 
determined as the dilution absorbance values were similar to 
those of the 10% ethanol, far above the values considered to 
be a “hit”. Salmonella Typhimurium was then exposed to 
Liatris Silpada (purple) pollen, Delphinium elatum (blue) 
pollen, and Chrysanthemum indicum (red) pollen extracts to 
test the effects of flower color on pollen properties, and if 
certain properties attract bees rather than color alone. Each 
pollen from the three colors of flowers were tested in a 
dilution series of 10%, 8%, 6%, 4%, 2%, and each dilution 
was tested in octuplicate. No potential hits were determined 
as these absorbance values were comparable to the 10% 
ethanol values, similar to the initial experiment. Based on 
these two experiments, flower pollen, no matter the 
 
D19 
FILTERED LIME JUICE AND BERGAMOTTIN DOES 
NOT INFLUENCE GROWTH OF SALMONELLA 
TYPHIMURIUM IN A DOSING SERIES 

 Kyle Brock, Chase Gohlke, Melissa Kerman, & Medhane 
Koflom  

As a typhoid fever causing bacterium, Salmonella 
Typhimurium has been at the forefront of this vicious 
disease. It infects the intestines, blood cells, and 
macrophages within the body, which could possible lead to 
death if not treated effectively. We use antibiotics to treat for 
this infection, such as ampicillin. Pure lime concentrate and 
bergamottin were tested to try and effectively treat for 
Salmonella Typhimurium. We conducted the experiment 
with a dosing series of 90%, 75%, 50%, 25%, 10%, 5%, and 
2% solutions for the two possible antibiotics. We then 
observed results by using spectrophotometry to measure the 
amount of salmonella left after incubation of the 96 plate 
wells we used. The positive control used in the experiment 
was ampicillin, an effective antibiotic, and our negative 
control was ethanol. We determine that the possible 
antibiotics tested would be effective if they were at least two 
standard deviations below the absorbance of our negative 
control, ethanol. We determined that none of the 
concentrations of our compounds tested were effective 
antibiotics (statistical hits). They had similar absorbance 
values as to our negative control ethanol, thus we 
determined that they could not be effective antibiotics in the 
current conditions and dosages. 
 
D20  
THE EFFECT OF ECHINACEA ON SALMONELLA 
TYPHIMURIUM USING A DOSING SERIES 
 Smirtee Karmacharya, Cammie Mitchell, Hiba Al Abdali, 
& Jordan Sawaged 
   Salmonella is a bacterium that lives in the intestines 
and macrophages of organisms. Salmonella infection can 
cause symptoms such as fevers, diarrhea, headaches and can 
lead to deaths. The most common way to treat Salmonella 
type infections is by the use of antibiotics, however, as the 
use of antibiotics are increasing Salmonella is becoming more 
resistant to the drugs. Across the globe antibiotic resistant 
bacteria is a phenomenon that poses risk to the health and 
safety of every individual. The CDC predicts that by the 
year 2050 there will be more annual deaths by bacteria than 
cancer. Researchers are faced with a task to develop new 
classes of antibiotics to aid in this fight. Partnering with the 
Detweiler Lab, which is attempting to find new compounds 
to fight Typhoid Fever, we were tasked to do initial 
screenings. Our experimentation focused on the use of 
Echinacea, a flower, to test the compounds within it to look 
for potential hits that can be pursued by the Detweiler Lab. 
Our results showed that there is potential for the compounds 
found in Echinacea to be pursued further in research.  
 
D21  
COPPER SULFATE AND CIPROFLOXACIN 
SYNERGETIC EFFECT ON THE GROWTH OF 
SALMONELLA TYPHIMURIUM 
 Salinger Sarder, Elise Viola, & Katelyn Derlein  

There are about 22 million cases of Typhoid Fever 
each year, resulting in around 200,000 deaths worldwide. 
Our research was to determine if a known antibiotic, 
Ciprofloxacin, when combined with copper (II) sulfate could 
be used together to lower the concentration of both reagents 
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used while still killing the bacteria. These compounds were 
chosen due to their known antibacterial properties. During 
this experiment, testing was performed to determine if it is 
possible to find a point at which the concentration of both 
reagents could be minimized while still maintaining their 
antibacterial properties, allowing for a potential prevention 
of side effects and possible hampering of antibacterial 
resistance in the target bacterium. The two compounds were 
tested in a synergy study using a positive control of 
ampicillin and a negative control of water. Absorbances of 
the individual wells were then analyzed to determine at 
what point the salmonella was sufficiently neutralized. The 
results were somewhat inconclusive due to the absorbance 
being impacted by the blue color of the copper (II) sulfate 
solution. Further testing should be performed in order to 
account for this variable. 
 
D22 
PEPSIN AND PEPSINOGEN A3 INHIBITS GROWTH 
OF SALMONELLA TYPHI 
Julieanna Palacios, Olivia Fite, Virginia Spong, & Izabelle 
Fry 

This experiment was designed to screen and 
research possible antibiotics in order to combat antibiotic 
resistance. We researched homeopathic compounds with 
potentially antibiotic properties and in doing so, we came 
across recent research suggesting that the proenzyme 
Pepsinogen may have antimicrobial properties. Pepsinogen 
is secreted from the stomach wall and is converted into the 
digestive enzyme Pepsin and other fragments; these 
fragments are said to be the components that could be a 
potential antibiotic. We tested both Pepsinogen and Pepsin 
by doing triplicates of each compound with Salmonella 
along with our positive control, Ampicillin, and our 
negative control, distilled water. Our results showed us that 
neither compound had any negative effect on the growth of 
Salmonella. This may have been due to errors including not 
keeping the compounds in the proper temperatures, not 
having enough of the compound, and not having the proper 
resources to analyze each compound efficiently. 
 
D23 
EFFECTS OF SQUID INK AND THE COMPOUND 
TAURINE ON SALMONELLA TYPHIMURIUM  
Lauren Gero, Amy Liden, & Benjamin Ryan  

Antibiotic resistance is a growing issue worldwide. 
People across the globe are being infected with resistant 
strains of bacteria that have potential to cause dangerous 
infections and, in some cases, death. To help solve this 
issue, our program has been testing a library of compounds 
to see their effects on Salmonella Typhimurium, in hopes that 
one of them will kill the bacteria. Salmonella is a bacillus 
shaped gram-negative bacteria, so it has an additional layer 
of lipopolysaccharides as an outer membrane.  

In our experiment, compounds contained within 
squid ink are being tested. We believe that there is a 
component in squid ink that contains anti-microbial 
properties. In a recent experiment, researchers found that 
when squid ink was mixed with certain solvents, different 
compounds would separate from each other within the ink. 
When examining these compounds, it was found that some 

of them contain antimicrobial properties. In our experiment, 
we mixed the ink into an ethanol solvent that separated the 
polar and nonpolar compounds within the mixture. The 
ethanol was then filtered to remove any nonpolar 
components of squid ink and diluted to test with 20% 
ethanol as a negative control. Then we took an active 
compound called Taurine, which is commonly found in 
squid ink, and tested it against salmonella with distilled 
water as a negative control. From there, the compounds 
were tested for absorbance levels when introduced to 
Salmonella Typhimurium. If the compounds have low 
absorbance levels, meaning less Salmonella is present, the 
compound effectively killed the bacteria. We considered a 
hit to be two standard deviations below our mean 
absorbance of our negative control just as we did in our 
current lab. 

Our experiments identified that the average 
absorbance value of the squid ink solution was two standard 
deviations below the negative control, indicating that the 
polar compounds inside squid ink do inhibit bacterial 
growth. However, the polar compounds had greater 
absorbance values than the ampicillin. The Taurine dilutions 
were found to have promoted bacterial growth instead of 
inhibit it. 
 
D24 
TUMERIC AND CURCUMIN INHIBIT SALMONELLA 
GROWTH IN DOSING SERIES 
 Anna Day, Elisabeth Madsen, Jennifer Lee & Tamanna 
Talwar  

Salmonella Typhimurium is a type of salmonella that 
causes typhoid fever in mice. Although this strain causes 
food poisoning in humans, using this strain is a way to study 
typhoid fever in a eukaryotic organism without testing on 
humans. This experiment tested the effects of turmeric and 
the main ingredient of turmeric (curcumin) on Salmonella 
Typhimurium. A spectrophotometer was used to measure 
the absorbance of each drug in salmonella. 

In the first experiment with 1µg/µL of curcumin 
and turmeric being tested, both compounds were identified 
as hits. In the second experiment, a dosage series of 
curcumin and turmeric was tested. The turmeric showed a 
decreasing absorbance trend as the dosage increased. This 
means as the dosage increases, bacterial growth decreases, 
exhibiting a possible antibiotic. The curcumin showed no 
conclusive results because the data was inconsistent. This 
may have been caused by its darker hue. With further 
research, the turmeric could possibly be turned into a drug 
that inhibits the growth of salmonella. Our research shows 
that current turmeric substances on the market could 
potentially help fight Salmonella infections.  
 
D25 
ALPINUM ISOFLAVONE ERYTHRINA VARIEGATA 
LINN  
Kara McKee, Paige Campbell, Breanna Thrower, &Jake 
Price  

Alpinum Isoflavone is a compound commonly 
found in bark of Rinorea welwitschii, which has been 
promising in its tests against parasitic flatworms and was 
found to suppress cancer cells. Due to the promising nature 
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of this compound, it was found to be propitious to test it 
against Salmonella Typhimurium in the hopes that it would 
inhibit the growth or completely eradicate the bacteria. 
During the first trials of testing, Erythrina variegata Linn (a 
herbal tea containing Alpinum Isoflavone), was tested, 
dissolved in DI water at full concentration with Salmonella 
Typhimurium. The results were not comparable to 
ampicillin and resembled Salmonella growth in DI water. 
When a dilution series was conducted, there were no 
indications of decreased concentration of the bacteria. We 
can conclude that Erythrina variegata Linn tea has no effect 
on Salmonella Typhimurium. We do not know the true 
portion of Alpinum Isoflavone in the tea as well as other 
compounds present, so we can not conclude if Alpinum 
Isoflavone has any antibiotic properties.  
 
D26 
PSIDIUM GUAJAVA INHIBITS GROWTH OF 
SALMONELLA IN A DOSE-DEPENDENT MANNER 
Ethan Schafer, Maggie O’Grady, Henry Cutting, & Josh 
Raykin  

Typhoid fever is caused by a life-threatening 
bacteria strain of Salmonella. Salmonella Typhimurium is 
responsible for approximately 200,000 deaths each year with 
symptoms related to high fever, irritated blotchy skin, severe 
headache, and gastrointestinal distress including internal 
organ rupture and diarrhea. Typhoid fever can be cured with 
a responsible dosage of antibiotics, however, antibiotic 
resistance is a phenomenon that occurs when bacteria evolve 
and become immune to antibiotic compounds. Experts 
predict that deaths due to resistant strains of bacteria will 
surpass deaths from cancer by 2050.  

In this experiment, we observed the effects of 
Psidium Guajava, popularly known as Guava, of the 
inhibition or bactericidal effects on Salmonella 
Typhimurium. The National Cancer Institute supplied our 
Drug Discovery Lab with various compounds. M9 media 
mirrors the conditions of a human macrophage in which 
Salmonella Typhi replicate in vivo. The Salmonella and Guava 
will be pipetted into a 96 well plate in addition to the 
positive and negative controls. The positive control, 
Ampicillin, and the negative control, Dihydrogen 
Monoxide, will be compared to the results of the various 
dosing series. From the time of exposure to 48 hours post-
treatment, the effects of the compound Psidium Guajava 
was recorded for having inhibited bacterial growth of 
Salmonella Typhi. The data gathered from the plates yielded 
promising effects of inhibiting the growth of the bacteria 
tested. The compound Guava has adequate qualities like 
solubility, soothing pain from diarrhea, and antioxidant 
effects. 
 
D27 
TESTING TRANS-CHALCONE AND NITROCHALCONE 
AGAINST SALMONELLA TYPHIMURIUM 
Macy Davis, Julia Press, Courtney Dobbins, & Ahna Berk  

Antibiotic resistance is an important issue in our 
world today as more bacteria are becoming resistant, while 
at the same time no new antibiotics are being developed to 
help treat them. By the year 2050 deaths from antimicrobial 
resistant infections could outnumber those caused by cancer. 

Unfortunately all of the antibiotics that are being developed 
or are already on the market all target bacteria in a few 
select ways. Bacteria are smart and have figured out how to 
become resistant to these repetitive drugs used to treat them, 
which is why more research is essential to help solve this 
problem. Our world is full of compounds that have yet to be 
tested that have the potential to be used as antibiotics. This 
research is an example of that as a compound group called 
chalcones was tested and showed promising antibiotic 
potential. In order to test antibiotic potential Salmonella 
Typhimurium, a gram-negative bacterium, was used. 
Salmonella Typhimurium causes food poisoning in humans 
and typhoid fever in mice and is known to be antibiotic 
resistant, making it a useful bacterium to study for this 
purpose. Two compounds were tested: Nitrochalcone and 
Trans-Chalcone for antibiotic potential. These compounds 
were chosen based off of previous studies that showed their 
antibacterial, antiviral, and anti-fungal characteristics. To 
test if a compound was a hit, or a potential antibiotic 
candidate, plates were run in a spectrophotometer to 
measure absorbance and the values of each compound were 
compared to two times the standard deviation plus or minus 
the mean to see if it helped or prevented Salmonella from 
growing. The data showed promising values for both 
compounds indicating antibiotic potential that will require 
further investigation. All of the samples tested below two 
standard deviations of the DMSO, indicating that they have 
antibiotic characteristics. 
 
D28 
THE EFFECTS OF COCOA ETHANOL EXTRACT ON 
THE GROWTH OF SALMONELLA TYPHIMURIUM 
Kelly Kuntz, Madi Pill-Kastens, Hailey Voss, & Zoe 
Warren  

Salmonella Typhi is a type of bacterium that is 
responsible for millions of typhoid infections around the 
world each year. Typhoid fever is a systemic infection that 
affects humans and can lead to severe symptoms, including 
death, if left untreated. Antibiotics, such as ampicillin, can 
be used to successfully treat Salmonella infections, but this 
strain of bacteria has become increasingly resistant to certain 
antibiotics over time in order to guarantee its survival and 
transmission from host to host. 

For our experiment we made a cocoa ethanol 
extract and tested it on Salmonella Typhimurium, which 
models typhoid fever in mice. Our initial dosing series 
yielded low absorbance values across our 96-well plate, 
similar to those of ampicillin, indicating that the ethanol 
concentration may have been a factor in inhibiting the 
growth of Salmonella. We decided to do further testing to 
confirm that the compound was responsible for killing the 
Salmonella rather than the ethanol, and a second dosing 
series was created with lower ethanol concentrations. These 
results indicated that a dosing series containing only 40% 
ethanol would have promising results. We created a third 
dosing series with the new ethanol concentrations but our 
data was shown to be inconclusive. The low absorbance 
values found throughout two of our three dosing series 
should not be disregarded. These findings suggest that the 
active ingredients in our cocoa compound have the potential 
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to treat Salmonella infections, but further testing is needed to 
pinpoint the most effective concentration. 

 
D29 
EFFICACY OF CBD, HEMP, AND OREGANO OIL IN 
INHIBITING SALMONELLA TYPHIMURIUM 
Sarah Conway, Eloy Eriksen de Palma, Ivy Kirwan, & 
Kevin Lee  

Salmonella Typhimurium is a strain of Salmonella 
that causes typhoid fever in mice and symptoms similar to 
food poisoning in humans (diarrhea, fever, and headaches). 
They live in macrophages and are typically found in foods 
and soil. It is one of the leading bacteria that poses a threat 
in the growing activity of antibiotic resistance.  

For our experiment, we exposed an ethanol 
extraction of four different concentrations of CBD oil, 
Hemp oil, and Oregano oil, ranging from 0.01% to 10% 
stock in ethanol, to Salmonella Typhimurium. These are 
compounds that have already been tested to be effective 
against inhibiting bacteria. 

Using a spectrophotometer, we observed 
absorbance values of wells to determine the activity of the 
Salmonella after introducing our compounds. Because 
Ampicillin is a known antibiotic, it was used as our positive 
control while ethanol was our negative control because it 
was our extracting agent for each compound. It was 
important for us to observe the activity of the compounds, 
themselves, and not that of the ethanol acting as a poison, so 
testing in doses was done.  
    All compounds and their respective doses came back as 
hits, but only hemp was observed to have the expected 
relationship of increasing absorbance with increasing 
concentration, while the others had a decreasing trend for 
absorbance. Further testing with extra care into eliminating 
error is necessary for a concrete conclusion of whether these 
compounds will successfully inhibit the growth of bacteria in 
a dosable fashion.  
 
D30 
EFFECT OF ACETIC ACID VERSUS APPLE CIDER 
VINEGAR ON SALMONELLA TYPHIMURIUM 
Kori Woods, Rylee Funkhouser, Christina Simaan, &Sarah 
Kreston  

Salmonella Typhimurium is a gram-negative 
bacteriaum that causes gastroenteritis, enteric fever, and 
septicemia in humans and animals. People who are infected 
with Salmonella exhibit food poisoning like symptoms such 
as nausea, vomiting, diarrhea, and abdominal pain.  

In this experiment, four different dilutions and four 
different doses of Apple Cider Vinegar and Acetic Acid were 
tested to see if there was a different element in Apple cider 
vinegar apart from its acetic acid content that had an effect 
on Salmonella Typhimurium. The Apple Cider Vinegar and 
Acetic Acid were diluted to have four different dilutions all 
containing the same acetic acid content for each particular 
dilution. Then, different dosages of Apple Cider Vinegar and 
Acetic Acid were tested to see the varying effects from 
different Salmonella-to-drug ratios. Ampicillin, an already 
discovered antibiotic, was used as the positive control and 
distilled water as the negative control. Three doses of Acetic 
Acid were hits and also killed Salmonella Typhimurium 

better than ampicillin. Further research is needed to test 
lower dosages of these compounds in order to achieve the 
safest, least toxic dosage. 
 
D31 
VARIOUS COLONIES OF SALMONELLA AND THEIR 
EFFECTS ON HIT DETECTION 
Liz Janko, Jordan Summers, & Garrett Potter  

The Drug Discovery lab conducts experiments in 
order to search for and identify “hits”, compounds that 
display antibacterial properties. This project aimed to 
evaluate the dependability of the current protocol used to 
classify a compound as a hit. Hit identification is not 
arbitrary; statistical analysis of  a data set determines a hit. 
Compounds are tested at a series of different concentrations 
to see if they can kill Salmonella. How much Salmonella 
grows in solution with compounds is determined by a 
machine called a spectrophotometer, which uses light 
absorbance to determine concentration of Salmonella. If the 
average of a compound’s absorbance values falls below two 
standard deviations of the mean absorbance value of the 
negative control (DMSO), the compound is declared a hit, 
meaning Salmonella’s lack of growth is statistically 
significant. The standard deviation is derived from the 
absorbance values of DMSO; the greater the variation is 
between absorbance values and the more they differ in 
magnitude, the greater the deviation will be, changing the 
standard for a hit. 47 individual colonies of Salmonella were 
chosen and used to test a dosing series of ampicillin to 
measure variations in absorbance values between solutions 
of Salmonella from different colonies. Different solutions of 
Salmonella were found to yield varying absorbance values; 
however, as more colonies were tested, the smaller the 
standard deviation became. It was concluded that hit 
detection would not be significantly affected in library 
compound screens and would only be affected in 
independent projects if a narrow dosage series was 
performed. 
 
D32 
ASSESSING THE IMPACT OF BERGAMOTTIN 
EPOXIDE ON AMPICILLIN EFFICACY 
Dalton North, Madison Platt, Morgan Quinn, & Emily 
Staker 

Salmonella Typhi is a gram- negative bacterium that 
causes a life threatening illness, typhoid fever. Salmonella 
Typhimurium is the strain of Salmonella being experimented 
on because of its typhoid fever- like symptoms in rats. 
Salmonella Typhimurium is becoming antibiotic resistant, 
and as antibiotic resistance continues to grow as a 
worldwide epidemic, combating the issue through further 
research and drug discovery is necessary now more than 
ever. Salmonella Typhimurium is known to use bacterial 
efflux pumps as a mechanism of defense against 
antimicrobial agents. Bergamottin epoxide (BE), a 
furanocoumarin found in many citrus fruits, has been 
previously proven to interfere with the efflux pumps of 
Staphylococcus Aureus, making the bacteria more susceptible 
to antibiotics. This research provided the rationale to test the 
effect of BE on Salmonella Typhimurium. It was thought that 
by modulating the activity of efflux pumps in S. 
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Typhimurium, bergamottin epoxide would increase the 
efficacy of the known antibiotic ampicillin. While it was 
shown that a high dose of bergamottin epoxide in 
combination with ampicillin killed more Salmonella 
Typhimurium than ampicillin alone, the results were not 
statistically significant. In addition, there was no 
relationship found between rate of Salmonella death and 
concentration of BE as expected. Although the results of this 
experimentation do not prove bergamottin epoxide to be 
clearly effective, the effect of BE at high concentration 
provides justification to perform further research on 
bergamottin epoxide as an agent to improve antibiotic 
efficacy.  
 
D33 
CHEMO AND CHELATORS AND THEIR EFFECTS 
ON SALMONELLA 
 Ana Oldham, Shawn Novak, Eiseec Wong, & Natalie 
Kissner  

Antibiotic resistance is a growing menace across the 
globe, as more bacteria become immune to even the best 
medicines. One of these resistant menaces, Salmonella Typhi, 
causes typhoid fever in humans, resulting in a fever, cough, 
abdominal pain, internal bleeding, and even death. Because 
it is a gram-negative bacteria and infects macrophages, the 
body’s own immune cells, many antibiotics have a harder 
time killing it. In this study, we used Salmonella Typhi’s 
close relative, Salmonella Typhimurium, as our model, as it 
can be used in mice for later clinical trials. We looked at two 
types of chemo drugs, deoxycytidine and carboplatin, which 
had been found to have antibiotic properties in tests in 
previous years. We also tested the metal chelator 
CaNa2EDTA, as this drug binds the nutrients, such as 
calcium, that Salmonella need to grow, and thus starves the 
bacteria. 

We first tested each drug separately at different 
concentrations, to determine how the concentration affected 
the growth or death of Salmonella, and then determined 
which concentration of each drug was most effective at 
killing Salmonella. We combined the most effective chelator 
concentration with the most effective chemo drug 
concentration, by steadily increasing the ratio of chelator to 
chemo drug, to determine if replacing the chemo drug with 
metal chelator would decrease the effectiveness of the 
overall drug mixture, compared to using 100% chemo drug. 
Our results were inconclusive, as no drug exhibited useful 
antibiotic properties (no hits). Of the chemo drugs, we found 
that the highest concentration of deoxycytidine and smallest 
concentration of metal chelator was most effective. 
However, in the later mixtures of the two drugs, a higher 
ratio of metal chelator promoted instead of inhibited growth.  
 
C1   
RELATIONSHIP OF AUTOPHAGY AND BRCA1 
GENE EXPRESSION 
Erin Char, Harsha Kalagana, & Stella Kolavas 

BRCA1, a gene linked to breast and ovarian cancer, 
and autophagy, a method of maintaining cellular 
homeostasis, have an inverse relationship, as BRCA1 is 
shown to inhibit the formation of autophagosomes 
(Amaravadi). In this experiment, it was predicted that 

BRCA1 expression will be low during certain hours of 
starvation. In a series of experiments using Tetrahymena 
thermophila, this relationship was assessed via PCR and gel 
electrophoresis by observing the levels of BRCA1 homolog 
expression during log and starvation states. The data from 
these experiments suggests that BRCA1 expression is low to 
none during various times of starvation, but sizeable 
expression is shown during the log phase. Understanding 
this relationship between autophagy and BRCA1 can give 
insights into the mechanisms behind cancer.  
 
C2   
ATG5 SPECIFIC PRIMERS YIELDED SUCCESSFUL 
AMPLIFICATION OF BOTH CDNA AND GDNA IN 
LOG PHASE TETRAHYMENA THERMOPHILA  
Sabrina Hafeez, Andrew Nong, & Justin Zhang 

It is widely known that the cellular process of 
autophagy is crucial for maintaining homeostasis in 
eukaryotic organisms and is generally upregulated during 
cell stress. The process of autophagy functions to rid the cell 
of misfolded proteins and damaged organelles while 
recycling the building blocks (i.e., amino acids) for use in the 
creation of new proteins or organelles. Aberrant autophagy 
is known to lead to many human diseases, such as cancer, 
neurodegenerative disorders, heart disease, and more, which 
is why the study of autophagy can lead to further insights 
regarding human disease. The model organism, Tetrahymena 
thermophila, was used to study the process of autophagy by 
the investigation of autophagy related gene expression under 
varying conditions. One such autophagy related gene, ATG5 
homolog, which is known to be involved in the formation of 
ATG5-ATG12 conjugates during phagophore expansion, 
was found to be successfully amplified by specific primers in 
log phase cDNA and gDNA of T. thermophila. However, 
there was no expression of the ATG5 homolog in starved (to 
emulate cell stress) T. thermophila.  
 
C3   
EXPRESSION OF LC3- AUTOPHAGY RELATED 
GENE IN TETRAHYMENA THERMOPHILA 
Allison Miller & Taylor Cook  

Autophagy is an important self-degradative cellular 
process that has recently entered the research spotlight. With 
complex mechanisms that are not fully understand, research 
aims to understand the key genes involved in the molecular 
process. Choosing an autophagy related gene to focus on,  
the human homolog LC3 was chosen and tested to gain a 
better understanding for its role in autophagy as well as the 
process in general. Tetrahymena Thermophila cells were used 
as model organisms to test the expression of the autophagy-
involved LC3 gene during starvation-induced autophagy vs. 
Log Phase. Using Gel Electrophoresis and PCR to test 
expression levels, the expression of LC3 appeared to be 
drastically down regulated during autophagy, leading to the 
conclusion that the gene was both a hallmark for autophagy 
and had been turned off following autophagy initiation.  
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C4   
MONITORING THE EXPRESSION OF BECLIN1 
HOMOLOG IN TETRAHYMENA THERMOPHILA 
AUTOPHAGY  
Sierra Hirko, Mallika Kumar, & Michelle Kubicki 

Autophagy is a cellular process characterized by the 
selective degradation of its components in order to promote 
cellular survival.  The cellular process is beneficial to cells 
because during times of stress, cells are able to degrade 
unnecessary organelles and proteins in order to provide 
themselves with the nutrients needed for survival. In 
addition to the recycling of cellular components, autophagy 
allows cells to get rid of damaged organelles and proteins. 
A mutation in any step of autophagy can lead to several 
diseases such as Parkinson’s disease, Alzheimer’s disease 
and Multiple Sclerosis. In our research we focused on 
Alzheimer’s as our disease of interest. Alzheimer’s affects 
millions of Americans’ each year and is characterized by the 
loss of memory and ability to perform mental tasks.  
Within our studies we used Tetrahymena thermophila as our 
model organism. They prove to be a good model organism 
because their populations are easy to maintain, we have lots 
of genetic information on them, and their reproduction is 
cheap and quick. We selected Beclin1 as our target protein 
because Beclin1 and its homologs are death associated 
protein kinases. Our studies were fixated on finding a 
homolog of Beclin1 in Tetrahymena thermophila because once 
identified, Tetrahymena thermophila can pose as a good 
genetic model organism to test possible new Alzheimer’s 
drugs.  
 
C5  
EXPRESSION OF KINASE DOMAIN PROTEIN IN 
TETRAHYMENA THERMOPHILA 
Matt Barry, Miguel Guerrero, & Joel Meyers 

The research conducted was aimed at providing 
further insight into autophagy and its role in the 
pathogenesis of neurodegenerative diseases. Specifically, a 
kinase domain protein was analyzed via PCR to determine a 
gene expression pattern in Tetrahymena thermophila. The 
results of the PCR’s were inconclusive, and no correlation 
could be determined between the kinase domain protein in 
question and its role in the autophagic system. While it is 
evident that the autophagic process has implications in 
several enigmatic diseases such as Alzheimer’s Disease and 
Parkinson’s (Levine, B., et al. 2008), more research is 
necessary to provide a more complete understanding about 
the mechanism of autophagy and its role in various diseases. 
 
C6   
THE EFFECT OF CONJUGATION ON EXPRESSION 
OF ATG7 IN T. THERMOPHILA 
Ali Clark-ElSayed, Danielle Baker, & Alyssa Baker 

Throughout the duration of this lab, the role of 
ATG7 in autophagy was analyzed by designing primers, 
which would anneal to the ATG7 sequence in the DNA. 
This allowed for expression to be seen on an agarose gel in 
genomic DNA and complementary DNA, 3-hour 
conjugation as well as log phase. The results of these 
experiments suggest that there is an issue with the design of 
the primers as a lack of annealing of the primers to the DNA 

could be the result of the primers being the wrong sequence. 
Even after PCR optimization was attempted with the use of 
a temperature gradient and different concentrations of 
cDNA, bands were still not visible on the gel. In the future, 
the primers could be re-designed with more attention being 
placed on specific factors of the primers such as the GC% 
and the likelihood of the primers to anneal to itself and form 
a primer dimer. From these results, it cannot be concluded 
whether ATG7 has a prominent role in autophagy due to 
the fact that the designed primers did not anneal to the 
gDNA where every gene is expressed and therefore 
annealing would nto be hindered for any reason. 
 
C7   
ANALYSIS OF POTENTIAL ATG1 HOMOLOG IN 
TETRAHYMENA THERMOPHILA 
Justus Mestas, Lisa Landwehr, & Anthony Kunkel 

Tetrahymena thermophila is a eukaryotic protozoan 
that is a model organism used in biological research. In this 
research, the expression of an ATG1 homolog involved in 
autophagy of Tetrahymena was examined, which has yet to 
be discovered. Autophagy is an evolutionary conserved 
process which plays an extremely vital role in all eukaryotic 
cellular maintenance and survival. It is a survival, recycling 
process in which dysfunctional or unnecessary parts of a cell 
are degraded due to certain conditions within the cell, such 
as nutrient deficiency. The ATG1 protein is used in the 
formation of the autophagosome, a double-membrane 
bound vesicle that encloses cellular components and brings 
them to the lysosome for degradation during autophagy in 
yeast. 
        PCR was used to examine the gene expression of 
Tetrahymena ATG1 TTHERM#_00327100, using specifically 
designed primers, in both log phase cells and cells 
undergoing autophagy conditions. If the expression of the 
chosen gene increases in the autophagy conditioned cells, 
then this could indicate it has a significant role in the 
pathway of autophagy in Tetrahymena. The results showed, 
however, that the ATG1 gene was not upregulated during 
the conditioned (starved) PCR tests, therefore, it can be 
concluded that this gene is most likely not involved in 
autophagy in Tetrahymena thermophila. 
 
C8   
EXPLORATION OF EXPRESSION OF TTHERM 
#00753290 IN TETRAHYMENA THERMOPHILA    
Rachel Melino, Justin Tapper, & Emily Staker 

The free moving ciliate organism, Tetrahymena 
thermophila, is an ideal model organism for examining 
autophagic processes in living organisms due to their clearly 
observable behavior in response to environmental conditions 
and stressors and distinctive cellular biology. Through the 
use of several bioinformatic sources, a Tetrahymena gene 
thought to be involved in autophagy was identified. The 
unnamed gene, TTHERM_00753290, showed increased 
expression during extended periods of starvation and 
contained structural domains associated with vesicular 
trafficking, implicating a role in autophagy. Primers were 
designed to isolate distinctive gDNA and cDNA PCR 
products due to the presence of an intron in the genomic 
sequence.  
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Experimentation revealed the presence of gene 
products for both gDNA and cDNA in the expected 
genomic DNA sample, as shown in Figure 5. Errors in 
experimental design and apparatuses contributed to the 
failure of multiple PCR analyses. While the contamination 
of cDNA in gDNA product confirmed the existence of 
coding DNA of the target gene, experimental errors 
contributed to a lack of assessment of cDNA gene 
expression during periods of starvation. This finding 
warrants further investigation of TTHERM_00753290 
expression in a broader range of environmental expression 
conditions and its overall role in autophagy. 
 
C9   
EXPRESSION OF TOR1/MTOR DURING LOG PHASE 
AND STARVATION IN TETRAHYMENA 
THERMOPHILA   
Brody Seebass, Malaika Bourashed, & Sofia Grant 

mTOR is a protein kinase that inhibits autophagy, a 
process by which cells degrade their own internal contents 
through fusion with a lysosome. Under starvation 
conditions, mTOR activity typically decreases. In cancer 
and other diseases, mTOR and related pathways are 
dysregulated, suggesting a possible treatment approach for 
cancer.  

With the goal of developing an assay to test the 
effects of potential drugs on autophagy, we measured cDNA 
expression for the TOR1 gene in Tetrahymena thermophila 
during log phase, after 24 hours of starvation (S24), and at 3 
hours of conjugation (C3). We used PCR and gel 
electrophoresis to amplify and detect cDNA and measure 
relative levels of gene expression. TOR1 expression was 
expected to increase at S24 compared to log phase. The final 
results were inconclusive, with only gDNA and log cDNA 
bands visible. Continued research with different cDNA 
concentrations is needed in order to understand changes in 
TOR1 expression and understand its implications for 
autophagy in other eukaryotes. 
 
C10   
VPS34 PROTEIN PRODUCT IS EXPRESSED IN LOG 
PHASE AND 3 HOUR STARVED TETRAHYMENA 
THERMOPHILA  
Alina Dayn, Andrew Her, & Nguyen Pham 

In this study, a homolog of the VPS34 gene was 
studied in its role in autophagy. Tetrahymena thermophila was 
used as the model organism as it has a short life span, it's 
easy and inexpensive to take care of, and most importantly, 
its genome has been studied and characterized extensively. 
Primers were designed to amplify the gene using cDNA 
from T. thermophila at different phases in its lifetime. These 
phases included: log phase and starvation at 3 and 24 hours. 
According to a known gene expression chart for the VPS34 
gene in T. thermophila, the protein product for the gene is 
expressed highest at 24 hours in starvation. However, the 
data gathered is inconclusive in regards to this information. 
Based on the data gathered, the gene product is not 
expressed at all in T. thermophila that have been starved for 
24 hours, but is expressed in 3 hour starved and log phase T. 
thermophila. 
 

C11  
TOR1 AS AN INDICATOR FOR AUTOPHAGY IN 
TETRAHYMENA THERMOPHILA 
Manasa Ponnapalli & Will Stritzel 

Autophagy is a cellular mechanism by which 
compounds and molecules from the cell are taken up into 
vesicles that then fuse with lysosomes to degrade the 
contents for use in other cellular processes. During times of 
stress or change for the cell, autophagy can be upregulated 
in order to degrade certain structures that are no longer 
needed, and to provide the cell with building blocks to 
generate new structures . The pathway by which autophagy 
is regulated involves a signaling molecule called mTOR 
(mammalian target of rapamycin). When mTOR is active, it 
can block a signaling cascade which leads to autophagy in 
cells, but when it is inactive, autophagy is increased.  
 
C12  
JNK HOMOLOG EXPRESSION IN TETRAHYMENA 
THERMOPHILA 
Lisa Mitchell, Cecilia Phan, & Ted Hoal 

In this experiment we studied the effects of 
Tetrahymena thermophila’s life cycle on the expression of the 
T. thermophila JNK gene homolog. JNK is a MAP protein 
kinase that is used in activation of apoptosis due to the 
upregulation of pro-apoptotic genes. We studied this by 
designing PCR primers for the T. thermophila JNK homolog 
and using these primers to amplify our gene of interest from 
T. thermophila cDNA from different life stages, then using 
gel electrophoresis to analyze the PCR products. 
Unfortunately, JNK was not found to be expressed in any of 
our cDNA product. However, we found that JNK was 
expressed in T. thermophila gDNA and that the cDNA 
isolation was successful due to our positive primer controls. 
This led us to the conclusion that JNK was not expressed 
during levels of apoptosis in T. thermophila. To continue our 
experiment, we plan on re-isolating cDNA and retesting our 
primers with new cDNA. Another route is possibly re-
designing primers for our gene or focusing on an entirely 
different gene itself. Apoptosis is very prevalent in many 
diseases and the applications our results could have are 
abundant.  
 
C13  
EXPRESSION OF THE APOPTOTIC PROTEIN 
EFFECTOR CASPASES IN TETRAHYMENA 
THERMOPHILA 
Stephen Knight, Gabi Grisoni & Gracie Sapp 

Effector Caspases in Tetrahymena thermophila are 
expected to be expressed most in the conjugation periods as 
well as have some expression in starvation periods, with the 
most expression being seen at 3 hours into the conjugation 
phase. Based on data derived from our experiment, T. 
thermophila showed most expression of these genes during 
the starvation period. Although a little unusual, this data is 
not completely unexpected because some expression is seen 
is starvation, just not as much as in conjugation. We can 
conclude that either our DNA samples were not completely 
clean or our environmental conditions were not ideal for our 
primers to anneal to the conjugation DNA, and thus leading 
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us to see a stronger band in the starvation period than in the 
conjugation period.  
 
C14  
HOMOLOG GENE ATG8 IDENTIFIED IN 
TETRAHYMENA THERMOPHILA IS NECESSARY FOR 
AUTOPHAGY 
Mai Tran, Kayla Marshall, & Jackson Fontaine. 

Autophagy is a vital molecular mechanism by 
which cells eat themselves to degrade old, unnecessary, or 
damaged organelles or proteins. Not all of the genes linked 
to autophagy have been located. This project aimed to test 
gene candidate ATG8 for its role or absence in autophagic 
pathways. This was done through gene candidate 
identification and Polymerase Chain Reaction and Gel 
Electrophoresis under starvation conditions.  

Our gene was found to be upregulated during 
starvation, which is an event that triggers autophagy. Due to 
the upregulation of our gene, it can reasonably be said that 
the gene is involved in autophagy. Many pathologies have 
been linked to macro autophagic processes. Cancer is one 
such pathology. By manipulating autophagic pathways, we 
can control the growth and formation of cancerous tumors, 
potentially saving millions of lives each year, but first, we 
must know the genes present in such pathways. 
 
C15  
GENE EXPRESSION ANALYSIS OF ATG7 IN 
TETRAHYMENA THERMOPHILA 
Sam Farmer, Gabrielle Soto, & Alexandra Spacek   

Macroautophagy is an adaptation to stress or 
starvation which aims to promote cell survival and 
metabolism through self-digestion. Intracellular structures, 
such as damaged organelles and excess proteins, are targeted 
and degraded. Tetrahymena thermophila was used to observe 
the autophagic process, as the organism remains integral to 
research in the field of cellular biology. The gene expression 
of ATG7, an E1-like activating enzyme, was analyzed 
during different phases of T. thermophila growth using cDNA 
to measure expression during the different phases. 
Polymerase chain reactions (PCR) amplified the cDNA 
using primers designed to specifically target the ATG7 gene 
to show expression during the different growth phases. 
 
C16  
AMPLIFICATION OF AUTOPHAGY-RELATED 
GENE: FADD IN MODEL ORGANISM, 
TETRAHYMENA THERMOPHILA 
Trevor Call, Farris ElZaridi, & Kyle McCall 

Using model organism Tetrahymena Thermophila, 
the autophagy-associated FADD gene was amplified to 
provide verification of its expression throughout cell cycling. 
The FADD gene codes for the FADD adaptor protein 
which binds surface receptor proteins to the cellular 
membrane and allows for antigenic identification and signal 
transmission into the intracellular space. This process 
mediates caspase-facilitated immune response of antigenic 
molecules by lymphocytes. Amplification of the FADD 
gene was carried out in T. Thermophila gDNA, cDNA, and 
three-hour conjugative DNA. Experimentation involved the 
procedures of DNA isolation and purification, FADD 

primer design, PCR, and visualization using gel 
electrophoresis. 
 
C17  
MEASURING GENE EXPRESSION OF ATG7 IN 
TETRAHYMENA THERMOPHILA UNDER 
STARVATION AND CONJUGATION CONDITIONS   
Marisa Martin-Wegryn, Hannah Kuhn-Gale, & Harris 
Bendel  

Autophagy is a cellular process for breaking down 
and recycling damaged or unnecessary organelles. ATG7 is 
an autophagy-related gene in Tetrahymena thermophila that 
acts as a Ubiquitin-Like Modifier-Activating Enzyme. We 
studied ATG7 gene expression under different conditions in 
order to develop a better understanding of the protein’s 
function. Primers were designed using bioinformatic testing. 
cDNA libraries were made from log phase cells, cells after 3 
hours of starvation (S3), and cells after 3 hours of 
conjugation (C3). PCR experiments were run to amplify the 
ATG7 mRNA to measure relative expression under the 
three conditions. Product was successfully amplified from 
log phase cDNA although it was longer, approximately 
1300bp, than the expected mRNA product which was 550 
bp. This indicates that the cDNA was likely contaminated 
with gDNA but confirms that the chosen primers 
successfully amplify the ATG7 gene. In additional PCR 
experiments with S3 and C3 cells, no product was visualized 
under any conditions. Therefore, further research is 
necessary to confirm levels gene expression of ATG7 under 
various cellular conditions. 
 
C18  
EXPRESSION OF TETRAHYMENA GENE VPS34 
UNDER DIFFERENT CONDITIONS 
Asmita Jha, Morgan Murrell, & Lauren Gerace 

In this lab, the autophagy-related gene Vps34 in 
Tetrayhymena, our model organism, was exploited. The 
gene was amplified using PCR in an effort to observe the 
expression of Vps34 under different conditions, including 
growth, conjugation and starvation.  These products were 
then imaged using gel electrophoresis. While the Vps34 
primers were successful in annealing  to the gene of interest, 
in its gDNA and cDNA form, the lengths of which were 
interchangeable. Therefore the isolation of cDNA was 
unreliable. Furthermore, Vps34 showed no expression of S3, 
S24, or C3 bands, which contradicts referential databases.  
 
C19  
EXPRESSION OF ATG10 HOMOLOG IN 
TETRAHYMENA THERMOPHILA 
Helen Bassett, Sarah Cates, & Justin Wang 

Autophagy is widely thought to be connected to the 
pathogenesis of diseases such as cancer and 
neurodegenerative disorders. As these  diseases continually 
progress and become more difficult to treat, it is imperative 
to look elsewhere and begin understanding how cellular self-
degradation mechanisms regulate disease pathways. 
ATG10 is an autophagy-related gene used in most 
eukaryotic autophagic pathways. While little is known 
about this gene, research indicates ATG10 is involved in 
two stages of autophagy: membrane isolation and vesicle 
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elongation. Additionally, it likely junctions other ATG 
proteins required for autophagy (Aslan, et al., 2017).  The 
ATG10 ciliate gene expression profile suggests ATG10 
expression is highest during quick-starve and conjugation 
conditions--specifically at S0 and C8. Therefore, ATG10 
cDNA Polymerase Chain Reaction (PCR) results were 
expected to show strong bands during quick-starve 
conditions and conjugation--with perhaps weaker bands 
during later starvation time-points.  
PCRs were performed to indicate expression of the ATG10 
homolog in T. thermophila. ATG10 was only expressed in 
cells during 10 minutes of starvation. 
 
C20  
ANALYSIS OF EXPRESSION OF ATG6 
IN TETRAHYMENA THERMOPHILA SUGGESTS ITS 
INVOLVEMENT IN MEMBRANE CONSTRUCTION 
OF AUTOPHAGOSOMES 
Kayd Donahue & Micklaus Garcia 

Autophagy is the degradation and recycling of non-
essential cellular components during stressful events like 
starvation. The Apg6 protein is involved in the formation of 
autophagosomes during autophagy as well as vacuolar 
protein sorting (Kametaka et al., 1998). Our experiment 
concentrated on finding the precise timing of Apg6 joining 
other autophagy proteins to form the PI3K complex, which 
subsequently serves as the beginnings of the 
autophagosome. Since Apg6 is essential to the formation of 
autophagosomes, accurately identifying the beginning of its 
expression has implications for understanding diseases 
where creation of autophagosomes fails. 
 
C21  
THE ROLE OF ATG4 IN AUTOPHAGY: ANALYZING 
GENE EXPRESSION IN TETRAHYMENA 
THERMOPHILA    
Ben Dinges, Emily Jacobs, & Quinn Mahone 
 Autophagy is the necessary cellular housekeeping 
system that clears or recycles unusable debris, such as 
defective or old proteins, from the cell. The ATG4 protein is 
vital to the autophagy pathway and phagophore formation 
and is the focus of research in these experiments. Genomic 
DNA was isolated from Tetrahymena thermophila, primers 
were designed to amplify the ATG4 gene homolog, and 
gene expression was visualized through PCR and gel 
electrophoresis using log and starvation phase cDNA. 
Though no conclusive results can be made, ATG4 is still a 
promising candidate for future research.  Understanding 
under which conditions ATG4 is expressed can give insights 
into potential drug therapies for autophagy related diseases 
such as Vici Syndrome and Huntington’s Disease. 
 
C22 E 
XPRESSION OF ATG82 IN TETRAHYMENA 
THERMOPHILA IN STARVED AND CONJUGATION 
CONDITIONS 
Alec Stein, Brandon Krzyzkowski, Rorey Markus, & Zhen-
Wei Wu 

Autophagy maintains homeostasis via degradation 
of unnecessary cellular components. The results of 
autophagy malfunction can develop into various 

neurodegenerative diseases, such as Parkinson’s, warranting 
continued investigation. Autophagy is easily studied in the 
model organism Tetrahymena thermophila as these cells 
undergo conjugation. An aspect of this process is 
programmed nuclear death (PND), which utilizes 
autophagy.   Autophagy related gene 8-2 (ATG82) is a 
ubiquitin-like protein shown to be involved in the formation 
and elongation of the phagophore membrane and 
completion of the autophagosomal membrane. Additionally, 
ATG82 T. thermophila knockout cells display slower PND 
than wild type cells, suggesting a critical role of ATG82’s 
involvement in autophagy.  Expression levels of ATG82 in 
T. thermophila were analyzed via polymerase chain reaction 
(PCR) and gel electrophoresis. Analysis included T. 
thermophila in log phase, 10 min. starvation (QS), 3 hours 
into starvation (S3), and 3 hours into conjugation (C3). An 
expression profile obtained from ciliate.org suggests ATG82 
is most highly expressed at these times. Results indicate 
expression is minimally higher in C3 vs either S3 or QS. Log 
phase cDNA indicated the highest expression however, 
these bands matched gDNA sizes which suggests 
contamination. Further research is necessary for re-purifying 
log phase cDNA and optimizing PCR protocol. 
 
C23  
THD14 EXPRESSION UNDER STARVATION 
CONDITIONS IN T. THERMOPHILA 
Christopher Greidanus, Chelsea Martin, & John Moir 

The expression of THD14, a histone deacetylase 
involved in autophagy, was investigated under various 
conditions in T. Thermophila. Primers specific for THD14 
were designed. cDNA quantities were measured to represent 
THD14 expression. It was expected that expression of 
THD14 would be highest under conditions of starvation. 
There were issues with contamination. gDNA was 
commonly found in cDNA preps. The products amplified 
from cDNA and gDNA were the same size in terms of base 
pairs. Furthermore, amplification of cDNA was largely 
unsuccessful. cDNA from log phase, 10 minute starvation, 3 
hour starvation, and 24 hour starvation conditions failed to 
be amplified with designed primers. Due to the lack of 
results, the expression of Thd14 was unable to be 
determined at different conditions. Further study is required 
in order to determine an expression profile. To do so, PCR 
conditions must be optimized such that cDNA can be 
amplified. Likely, cDNA concentration needs to be 
increased overall in each PCR reaction. 
 
C24  
EXPRESSION OF ATG-6 IN T. THERMOPHILA UNDER 
STARVATION CONDITIONS  
Daniel Brunker, Sarah Williams, & Griffin Hicks 

There is no expression profile for Autophagy related 
gene 6 (ATG-6) in Tetrahymena thermophila, so we created an 
experiment to test its expression under various conditions. 
We did this through the use of PCR to amplify our desired 
DNA and an agarose gel to visualize expression. We found 
ATG-6 to not be expressed in log phase, but Tetrahymena 
expressed ATG-6 during starvation, implying this gene is 
expressed in adverse conditions. We found expression of 
ATG-6 to be shown in our Tetrahymena after 24 hour 
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starvation conditions, but was not expressed after 3 hours of 
starvation conditions. We believe this gene could be 
responsible for degradation of certain organelles which 
could be vital to Tetrahymena function so they are preserved 
by the cell until absolutely necessary to be consumed for 
energy which explains why we saw ATG-6 expressed in 24 
hours, but not 3 hours of starvation. 
 
C25  
EXPRESSION OF BECLIN-1 IN TETRAHYMENA 
THERMOPHILIA CDNA AFTER 24 HOURS OF 
STARVATION 
Megan Marsilio & Brianna Yanover 

The Beclin-1 gene has an important role in 
autophagy, and more specifically, its initiation. Starvation is 
an extreme condition that induces autophagy. PCR and gel 
electrophoresis indicated that Beclin-1 was expressed in 24 
hour starved Tetrahymena cDNA. The expression of Beclin-1 
under such a condition is explained by the fact that Beclin-1 
plays a role in autophagy. The 24 hour starved cDNA 
product was smaller than the log phase cDNA product, 
meaning the two conditions caused different DNA splicing. 
Different product lengths could possibly indicate various 
Beclin-1 functions under the two conditions. Future testing 
could be conducted using a variety of starved conditions as 
well as concentrations of this cDNA in order to determine 
when Beclin-1 begins to be expressed during starvation. 
 
C26  
MEASURING VPS34 EXPRESSION LEVELS IN T. 
THERMOPHILA DURING STARVATION 
Santos Navarro, Ashwin Sarwal, & Sophie Bai 

Autophagy is the regulated degradation and 
recycling of cellular organelles that is crucial in maintaining 
cellular homeostasis, and abnormal autophagy is associated 
with various diseases including Parkinson disease, cancer, 
and diabetes. To understand better about the eukaryotic 
cellular autophagy mechanism, the gene expression level of 
Tetrahymena Thermophila VPS34 gene under log phase and 
different period of starvation were measured through PCR 
and gel electrophoresis. However, although VPS34 has a 
hypothetical function in nucleation formation-a critical 
initiation step of autophagy, and the primer designed to 
amplify it was relatively successful, its expression rate in 
cDNA after starvation is still unclear. To determine the role 
of VPS34 in autophagy, further cDNA gene expression level 
after starvation is needed to be studied. 
 
C27  
VARIATION IN ATG3 GENE EXPRESSION IN 
RESPONSE TO DIFFERENT STARVATION 
CONDITIONS 
Andrew Winterfield, Herman Bjornstad, & Zara Boufadize 

Autophagy is defined as a process by which the 
body safely breaks down and deconstruct organelles and 
misfolded proteins. The process plays a critical role in 
maintaining homeostasis and simultaneously degrading and 
recycling unwanted organelles. ATG3 is a conjugating 
enzyme that is vital for the process of vacuole transport  in 
organisms. It is responsible for E-2 covalent binding of 
phosphatidylethanolamine (class of phospholipids found in 

biological membranes) to C-terminal Gly of ATG8-like 
proteins. Additionally, ATG3 plays a critical role in 
mitochondrial homeostasis, and is known to fluctuate in 
correlation with autophagy. Hypothesizing that autophagy 
genes would therefore be expressed higher in genes that 
undergo strain, we identified and located the autophagy-
related gene ATG3 in the unicellular eukaryote Tetrahymena 
thermophila and performed a PCR and gel electrophoresis on 
the DNA of Tetrahymena which had undergone starvation 
for either 24 hours, 3 hours, or 0 hours, for then to compare 
the expression of the ATG3 gene between these conditions. 
Our results were overall inconclusive, likely due to an issue 
originating with the primers used in the PCR, or perhaps 
relating to the length of our chosen gene.  
 
C28  
FADD HOMOLOG EXPRESSION IN TETRAHYMENA 
THERMOPHILIA DURING STARVATION AND 
CONJUGATION 
Eloise Aragon & Tori Glasser 

When a cell is under stressed conditions programed 
cell death occurs, apoptosis. Fas Associated Via Death 
Domain (FADD) gene is highly involved with the initiation 
of apoptosis. The FADD protein acts as an adaptor 
molecule that interacts with cell receptors, which meditates 
apoptosis cell signals. The FADD gene’s expression was 
tested under cDNA starvation and conjugation conditions. 
HHP1 gene, which is highly expressed in Tetrahymena 
thermophila was tested under the same conditions as a 
control for the experiments. PCR and agarose gel 
electrophoresis was performed to achieve results. Our 
agarose gel electrophoresis showed that the FADD gene’s 
primers and the HHP1 gene’s only amplified with isolated 
gDNA from Tetrahymena thermophila during PCR. 
 
C29  
EXPRESSION OF A CYTOCHROME C HOMOLOG IN 
TETRAHYMENA TTHERMOPHILA UNDER STARVED 
CONDITIONS 
Philip Coleman, Hayden Schooley, & Eliana Wieder 

Cytochrome C is a fundamental protein in the 
initiation of the apoptosis pathway, which is used to 
maintain the health of many multicellular organisms and 
prevents the growth of dangerous tumors and cancers. 
Tetrahymena thermophila, which has a homolog to human 
cytochrome C, was used to investigate how the transcription 
of this important precursor protein changed under increasing 
starvation conditions. Although our isolated gDNA and 
designed primers were functional, we cannot conclude how 
the transcription of this protein varies during stressed 
conditions because no cDNA bands were seen on our gels, 
despite multiple trials.  
 
C30  
BCL-XL EXPRESSION UNDER GROWTH, 
STARVATION, AND CONJUGATION CONDITIONS 
IN T. THERMOPHILA     
Natalie Clarke, Lauren Gray, & Marwa Osman  

Autophagy and Apoptosis are normal events that 
occur in cells in order to destroy damaged cells or recycle 
molecules to be used in other cell functions. However, if left 
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unregulated, these processes can cause neurodegenerative 
disorders, rapid cell growth (tumors), and many other lethal 
diseases. Parkinson’s disorder and Alzheimer’s disease are 
neurodegenerative disorders related to apoptosis. In this lab, 
Bcl-Xl homolog, a protein associated with the regulation of 
apoptosis, was studied under different cell conditions in 
T.thermophila, in order to understand where this protein is 
most active. Our results showed that this protein is highly 
expressed in the log phase, despite our hypothesis. We 
predicted that it would be most active under 24-hour 
starvation conditions. 
 
C31  
KHD1 HOMOLOG EXPRESSION WITHIN 
TETRAHYMENA THERMOPHILA: A STUDY ON 
AUTOPHAGY 
Xingyi Jiang, Jane Lund, & Angela Shah 

Autophagy is a set of biological processes that 
regulates and maintains homeostasis within the body 
through lysosome mediated degradation of damaged cellular 
organelles. Autophagy is crucial within multicellular 
organisms and when impaired may lead to a series of 
detrimental illnesses, such Schizophrenia and Crohn’s 
Disease. In order to better understand such processes, we 
identified and isolated KHD1, a gene involved within 
autophagy. Using Tetrahymena thermophila, we were able to 
create various treatment conditions in which we analyzed 
how the expression of KHD1 was altered. We were 
primarily interested in how expression varied within phases 
24 hour starvation, 3 hour conjugation, and log phase. Our 
results showed that KHD1 had the highest amount of gene 
expression within the 24 hour starvation phase, indicating 
that this gene is better expressed in situations where there is 
high stress on the organism. 
 
C32  
ATG-16 HOMOLOG EXPRESSION IN 
T.THERMOPHILA 
Mohammad Alkhamis, Hazim Almotery, Nayef Alotaibi 

Autophagy occurs through forming an 
autophagosome, which is a spherical structure with double 
layer membranes. The formation of this structure is 
regulated by a variety of genes, however. Some are 
inhibitory, while others are responsible for the assembly of 
the structure of the autophagosome. One purpose of 
autophagy is the degradation of non-essential cellular 
components under conditions of stress. We tested the gene 
ATG16 in Tetrahymena hoping to detect it and determine 
whether Tetrahymena have its homologue and is expressed 
during starvation phases. We designed primers that through 
gel electrophoresis showed to have successfully amplified 
both gDNA and cDNA. However, we still have yet to prove 
that the homologue does exist due to the very faint bands we 
obtained from gel electrophoresis. We hypothesize that if we 
were to increase the concentration of the primers, we would 
see brighter bands that answer the question of whether the 
Tetrahymena have express the ATG16 gene during 
starvation. 
 
PY1 

THE ROLE OF RXR IN LIVER HYPERTROPHY IN 
PYTHON BIVITTATUS 
Joshua Zertuche 

Retinoid X Receptor (RXR) characterization began 
with assembling a putative transcript using a reference 
species due to the unannotated genome of the python. After 
designing primers from the transcript, mRNA was isolated 
from liver tissue and synthesized into cDNA for further 
analysis. The primers were tested with the cDNA using semi 
quantitative PCR and the products were visualized on a gel. 
After confirming their integrity, a real time PCR experiment 
was administered using cDNA samples from fasted, 1, 3 and 
10 day post fed pythons. The results indicated that RXR was 
most highly expressed during times of fasting. This is in 
agreement with the hypothesis that RXR is important in 
transcribing downstream proteins involved in steroid 
hormone breakdown because the results correlate with the 
need to have an abundancy of RXR present to initiate 
transcription of the appropriate genes for breakdown. These 
results provide promising insight that RXR has potential to 
be manipulated for further use in the laboratory. 

 
PY2  
FASN EXPRESSION PYTHON TISSUE 
Emily Czarnik 

In the United States, obesity affected 93.3 million of 
American adults from 2015 to 2016. Obesity leads to various 
secondary diseases such as heart disease, obesity, type two 
diabetes, non-alcoholic fatty liver disease (CDC). Its cause is 
multifold as diet, activity level and genetics all affect obesity 
levels, making the targets for treatments hard to identify. 
Novel approaches are critical to understand obesity and to 
develop new treatments. The Burmese Python’s extreme 
physiology offers unique insight into the metabolism of 
extreme amounts of fats that in other species such as 
humans would result in disease such as obesity, heart 
disease, and non-alcoholic liver disease or immediate death. 
The expression of FASN , a gene involved in lipid 
homeostasis,  in pythons during digestion was examined in 
this study. First, RNA from python liver, heart and adipose 
tissue from fasted, 1-day post fed (1DPF), 3 DPF and 10 
DPF was isolated. Then using reverse transcriptase cDNA 
was synthesized. This cDNA was then measured by real 
time PCR to determine the relative amounts of cDNA in 
each sample. After two successful tests, FASN expression in 
3 DPF samples increased 34 fold from the fasted samples 
then returned to fasted levels after 10 days. The qPCR of 
cDNA from heart and fat tissue had little amplification and 
contamination, giving inconclusive results. Thus to 
understand the expression of FASN in the Burmese Python 
heart and adipose tissue during digestion, further 
experiments must be performed.  
 
PY3 
A Step Toward Understanding Fatty Liver Disease 
Pathology:  PPARa expression in Python Bivittatus through 
feeding conditions 
Brighid Bardsley 

Fatty Liver Disease (Hepatic Steatosis) afflicts 
humans alcoholic or sober, despite its absence in Pythons. 
Numerous attempts to overfeed the reptiles have failed in 
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producing any clinical sign of obesity, in defiance with 
trends noticed in humans with similar feeding patterns. This 
study examines the expression of PPARa, a gene involved in 
regulating fatty acids on a cellular level, through real time 
polymerase chain reaction. Primers were manually designed 
and then ordered for manufacture, and cDNA was 
synthesized from fasted, 1, 3, and 10 day post fed Python 
liver tissue. PPARa gene expression was stable from fasted 
and 1 day samples, dropped during day 3, and was largest 
on day 10. Future implications of this data are that PPARa 
regulation may contribute to fat being deposited (or not) in 
the liver.  

 
PY4 
EFFECTS OF THE FASN GENE IN REGULATION OF 
FATTY ACIDS  
Samuel Swisher 

Fatty acid synthase (FASN)is an enzyme that is 
coded for by the gene FASN. Fatty acid synthase is 
primarily used by the body to generate fat for storage. It has 
also been theorized through more modern studies to play a 
role as a signaling molecule for fat metabolism through 
PPAR-alpha. 

In this experiment FASN expression levels was 
tested in Burmese pythons. Pythons were chosen as model 
organisms for this experiment due to their ability to process 
high fat and cholesterol levels in the blood after a large meal, 
as well as the ability for the liver to undergo hyperplasia. 
Tissue samples of fasted and post fed will serve as references 
to help determine the role FASN plays in fat metabolism.  

Through the process of assembling a python 
transcript and specific primers for the transcript, RNA and 
cDNA was synthesized from the tissue samples, which was 
ultimately used in real time PCR to measure changes in 
expression of FASN and provide data on the role of FASN. 

 
PY5 
THE CHOLESTEROL BINDING OF NPC2 IN PYTHON 
BIVITTATUS 
Shin Yee Chiok 

NPC2, which stands for Niemann-Pick disease type 
C2, acts as an intracellular cholesterol transporter along with 
NPC1. In term of structures and functions, they are highly 
similar to each other as they consist of 5 exons which one of 
those corresponds to the cholesterol binding site and the one 
of the others takes the responsibilities to secrete the NPC2.  

During the experiment, we used the liver tissue of 
the Python bivittatus to examine the gene expression level of 
the NPC2 in the liver. As the python genome is still 
unannotated, we started with locating the NPC2 gene in the 
python genome. Then, we designed a forward, reverse and 
control primer that specifically cut the specific regionof the 
DNA in the gene. The tissue was then extracted with the 
RNA and synthesized the cDNA for gel electrophoresis and 
PCR reaction.  

Based on the results, the findings suggest that the 
expression of the NPC2 decreases corresponds to the level of 
cholesterol synthesis available in the liver. The data can be 
further determined with more trials of PCR along with 
another sets of primers of NPC2 gene to test the validity of 
the primers.  

 
PY6 
THE EXPRESSION OF THE APOLIPOPROTEIN C 
GENE IN THE PYTHON BIVITTATUS  
Lindsay Nikolaeff 

Apolipoproteins are amongst the major regulators 
of plasma triglyceride levels. Lower blood triglyceride levels 
correlate to a lower risk of coronary heart disease in 
humans. Specifically the Apolipoprotein C was studied in 
the Python bivittatus to get a clearer picture of its expression 
during the time the snake is expelling mass amounts of 
cholesterol from its body. The ApoC gene is hypothesized to 
be down regulated after the python eats. By designing a 
primer for the ApoC gene in the Python bivittatus, isolating 
its RNA, converting this to cDNA and running RT-PCR the 
expression of this gene was tested.  
 The results are congruent with the hypothesis, 
showing the ApoC gene is down regulated in a post-fed 
python. More specifically, the ApoC gene is down-regulated 
between one day post fed and ten days post fed. This data is 
backed up with the primer annealing temperature and a gel 
showing the product size. To get a fuller picture of this gene, 
genes with interdependent relationships with ApoC were 
also studied. This research could have implications for 
human drug design aimed at reducing the body’s triglyceride 
level after consumption. If successful, said drug could lower 
an individual’s risk of coronary heart disease.  
 
PY7 
EXPRESSION OF CYP7A1 IN HEPATIC CELLS OF 
PYTHON BIVITTATUS 
Andrew Walowitz 
     Python bivittatus is capable of digesting and handling 
enormous quantities of fats as a result of its feeding pattern. 
Because of this, Python bivittatus is an excellent candidate for 
use as an extreme model organism for investigating digestive 
physiology. Data gathered on extreme physiological 
conditions could be applied to chronic human diseases such 
as non-alcoholic fatty liver disease. The gene CYP7A1 is the 
primary regulatory step for the synthesis of bile acids and the 
conversion of cholesterol into bile acid. As such, variations 
in CYP7A1 expression after feeding of Python bivittatus 
could provide crucial information toward the understanding 
of the extreme physiological changes, which the organism 
undergoes after feeding 
 
PY8 
PROTEIN TYROSINE PHOSPHATASE NON-
RECEPTOR 11 (PTPN11) ROLE IN PYTHON 
BIVITTATUS LIVER FUNCTION  
Benjamin Madden 

The Burmese Python, or python bivittatus, is a 
remarkable animal. Upon eating a meal it undergoes 
immense physical changes that allow it to digest pray over 
1.5 times its size, before returning to normal. The pathways 
the python uses are known in humans to cause heart 
disease, fatty liver disease and cancer. However, the python 
escapes all of these ill effects while maintaining healthy 
organs. By studying the python through the use of Real 
Time PCR (RT PCR) we hope to find the answer to the 
question how does the python do this?  
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To answer this question the gene PTPN11 was 
chosen to test if it plays an important role in the pythons 
physiological changes. PTPN11 plays a crucial role in cell 
replication, as well as bile regulation. Primers for the gene 
were created biased on related animals, and the python 
genome. RNA, created from varying days after the python 
was fed (DPF),  was then synthesized in to cDNA and run 
through a RT PCR machine to amplify and analyze it. The 
results were far from conclusive. Rather than follow the 
trend expected of a signaling molecule, PTPN11 was 
downregulated when it was supposed to be up regulated, 
and upregulated when it was supposed to be down 
regulated. Indicating further tests are still needed.  

 
PY9 
ROLE OF PPARG IN FAT STORAGE OF THE 
BURMESE PYTHON 
Savannah  Raskiewicz 

The Burmese python (Python molurus bivittatus) 
serves as a remarkable model for lipid metabolism. The 
drastic physiological changes observed in the postprandial 
python make phenotypic differences easily observed. For 
instance, after ingesting a very large meal, blood serum lipid 
levels and organ size change considerably in response to the 
change in expression of many genes. One particularly 
interesting gene is peroxisome proliferator-activated receptor 
gamma (PPARG), which is a nuclear receptor that regulates 
other genes having to do with lipid storage, adipocyte 
differentiation, lipid breakdown, and glucose homeostasis. 
The expression of PPARG in post-prandial pythons at 
several time intervals provides insight into the mechanisms 
utilized by the snakes to metabolize and store massive 
amounts of fat.  

cDNA was synthesized from variable RNA samples 
taken from post-prandial python hepatic tissue at several 
time points: fasted, three days post fed (DPF), five DPF,  
and ten DPF.  A no-template control was also made to serve 
as a negative control. After conversion of the RNA to 
cDNA, the samples were subjected to real-time PCR 
(qPCR) using primers of our own design as well as a set of 
control primers. The melt curve obtained from qPCR clearly 
shows one product was amplified. Expression of PPARG 
was determined to change during the course of digestion in 
the Burmese python.  
 
PY10 
THE ROLE OF ELOVL1 GENE IN PYTHON 
BIVITTATUS 
Kevin Ruttenberg 
 We were raised on three square meals a day, a 
healthy part of a balanced meal, and taught not to over eat 
in a meal. The Burmese Python (Python bivittatus, hereafter 
called python) needs none of these lessons. Since the python 
only needs to eat once every two weeks the python is 
encouraged to gorge itself on as large a meal as it can. Even 
being able to eat and digest whole alligators (Finnie, Osorio) 
or even humans (BBC). But how could such a lean, and thin 
serpent eat so much relative to its own size? Most people 
already know about the python’s impressive ability to 
unhinge its jaw in order to swallow such large meals, but 
relatively few people know about the python’s growing 

muscles. When the python eats its meal, its liver, heart, 
small intestine, and kidney will grow to be double, or even 
triple their normal size in a day in order to keep up with the 
huge metabolic demand of so much nutrients flowing into 
the body at once (Diamond). This allows the body to 
produce more bile acid to erode the meal. 
 
PY11 
EXPRESSION OF STEAROYL-COA DESATURASE IN 
THE BURMESE PYTHON LIVER 
Mingyang Liu 

Burmese python is an extreme model for 
understanding liver physiology function and lipid 
metabolism. Upon feeding, every organ of Python 
undergoes extreme physiological change, which allows it to 
digest the food. Stearoyl-CoA desaturase (SCD) is a key 
enzyme in fatty acid metabolism, which catalyzing the 
reaction of saturated fatty acid to form monounsaturated 
fatty acid. The expression of SCD is down regulated by high 
fat diet in mice. In the experiment, 18 Pythons are divided 
into 5 experiment groups. Fasted, 1 day post fed (1DPF), 3 
days post fed (3DPF), and 10 days post fed (10DPF). The 
Pythons are fed with rats that are 25% of their body weight 
every 2 weeks. The liver samples were homogenized and 
total RNA will be isolated. Then, total RNA is converted 
into cDNA from rt-PCR reaction. Finally, SCD gene was 
amplified by designed primers, and the relative expression of 
SCD gene can be reveal through real time PCR. The 
regulation of SCD in Python liver after feeding is predicted 
to be down regulated, however, in the result, an immense 
increment of SCD gene was observed on 3DPF. In the 
future, further validations and experiments should be 
preformed in order to examine the pattern of SCD Gene in 
Python liver. 
 
PY12 
LIPOPROTEIN LIPASE AND ITS ROLE IN THE 
BREAKDOWN OF FATS 
Bronwyn Duffy 
Heart disease and fatty liver disease are killing many people 
in the United States. The Python bivitattus is able to eat huge 
amounts of fats and never get obese, fatty liver disease, or 
heart disease. To try to attain the mechanisms behind this 
physiology, gene expression levels of lipoprotein lipase 
(LPL) were observed before and after feeding. It was 
hypothesized that the LPL expression levels would spike 1 
day post fed (DPF) and slowly decline and return back to 
basal levels by 10 DPF. However, the results were much 
different than what was expected. The fasted time point 
expressed the highest amount of LPL and 1 DPF expressed 
the lowest amount of LPL. These results were questionable 
so, the expression levels of ApoC were looked at, because 
ApoC is believed to be a co-activator of LPL. When the 
ApoC expression levels were looked at they were also not 
what the researcher had hypothesized and did not correlate 
with the expression levels observed for LPL. These results 
could indicate that there must be a different protein that 
helps to regulate both LPL and ApoC.  
 
 
M1  
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ANALYSIS OF GNA13 GENE FUNCTION AND 
EXPRESSION IN XENOPUS LAEVIS 
Kate Chenney 

Guanine nucleotide binding protein Alpha 13 (Gna13) is 
implicated in the development of the endothelium of blood 
vessels, the dorsal zone that regulates formation the nervous 
system and regulation of the RhoA cascade important for 
many cell functions such as cell cycle progression. While 
prior research has been conducted in vitro and in mice, 
Gna13 has not been previously studied in Xenopus laevis. X. 
laevis is considered a good model organism because it has 
rapid, external development of the embryo and most 
importantly shares over seventy percent of its genome with 
humans making it a good model for human disease. To 
characterize Gna13 expression X. laevis, I used in situ 
hybridization analysis to determine which tissues express 
Gna13 in early embryos. I amplified a coding exon of Gna13 
by PCR and generated a labeled antisense RNA probe 
specific to Gna13 mRNA showing expression in the early 
ectoderm and later in the head and somites. To characterize 
Gna13 function, I carried out CRISPR-Cas9 mutagenesis by 
designing a single stranded guide RNA (sgRNA) targeting 
Gna13. I ligated target sequence into sgRNA plasmid and 
transformed bacteria with it, then purified and tested the 
plasmid by PCR to confirm Gna13 specific sequence. Gna13 
sgRNA was synthesized by in vitro transcription using this 
plasmid. I injected Gna13 sgRNA together with Cas9 
enzyme into 1-cell stage Xenopus embryos, resulting in high 
rates of lethality during early development. Further 
experiments need to be done to confirm efficiency of 
mutagenesis and to determine the mechanism of lethality. 
 
M2 
CHARACTERIZATION OF CHD7 GENE FUNCTION 
IN XENOPUS LAEVIS 
Aleyna Benson 

Chromosome helicase DNA binding protein 7 
(chd7) is part of the chromatin remodeling complex that 
regulates many other genes and is important for the 
migration and differentiation of neural crest cells. Loss of 
chd7 in mice leads to embryonic lethality and in humans 
results in a neurological disorder, known as CHARGE 
syndrome (Coloboma, Heart disease, Atresia choanae, 
Retarded growth, and Genital and Ear anomalies). 
Interestingly, loss of semaphorins, a family of secreted or 
membrane proteins, have also been shown to lead to 
CHARGE syndrome.  In this project, Xenopus laevis, known 
as the African clawed frog, was utilized as a good model for 
human disease, since they are 70% genetically similar to 
humans, they have a fast life cycle, and produce a large 
amount of eggs that develop externally. In order to 
characterize chd7 gene function, I designed and generated an 
sgRNA targeting chd7. 1-cell stage Xenopus embryos were 
injected with chd7 sgRNA+Cas9 protein, to induce 
mutagenesis. The expected phenotypes of the injected 
tadpoles were abnormal notochords, microcephaly, or 
lethality. The results showed one tadpole with abnormal 
axial development, while others were dead. I also designed 
and generated an RNA probe to detect chd7 expression in 
different developmental stages of embryos and tadpoles and 
carried out in situ hybridization. The results showed low 

levels of expression in the head and the notochord. By 
repeating and verifying these experiments, the chd7's 
mechanism of action can be further understood, and this can 
lead to potential treatment of CHARGE syndrome. 
 
M3 
CRISPR-CAS9 DIRECTED MUTAGENESIS OF ARC IN 
XENOPUS LAEVIS 
Colin Twyman 
Activity-regulated cytoskeleton-associated protein (Arc) is 
an essential regulator of synaptic plasticity in humans. Arc is 
thought to be involved in the regulation of cell growth and 
survival since Arc gene transcription is activated upon 
mitogen-activated protein kinase (MAPK)1 and mitogens 
such as epidermal growth factor, nerve growth factor, and 
brain-derived growth factor can activate postsynaptic 
accumulation of Arc at neuronal dendrites2,3. Although 
Arc’s role in neuronal development is widely characterized, 
its function is not fully understood. Arc is thought to 
mediate intercellular mRNA transport through extracellular 
vesicles4.To analyze Arc’s role in early neural development, 
African clawed frog, Xenopus laevis, was used as the model 
organism. X. laevis has large brood size, sequence homology 
to humans (Xenopus Arc is 61% similar to human ARC), and 
rapid development5. Mutagenesis of Arc was performed by 
microinjections of Cas9 protein together with a single guide 
RNA (sgRNA) molecule to target Arc exonic sequence on 
the long variant of chromosome six. The injections of 
sgRNA targeting Arc lead to noticeable phenotypic changes 
with abnormal heads, short and kinked bodies compared to 
the negative control. This suggests that wildtype Arc is 
critical to normal X. laevis development. The expression 
pattern of Arc mRNA was analyzed by whole-mount in situ 
hybridization using a probe complementary to Arc mRNA. 
Expression specific to Arc was not detected in the 
developmental stages analyzed due to low mRNA levels. 
Analysis of later stages that express higher levels of mRNA 
and higher resolution may be necessary to 
characterize  expression profile. 
 
M4 
EDF1 MUTAGENESIS AND EXPRESSION ANALYSIS 
IN DEVELOPING X. LAEVIS EMBRYOS 
Paul Bryson 

The aim of this project was to discern the function 
of my gene of interest, edf1, in the developing embryos of the 
model organism Xenopus laevis (X. laevis), or African clawed 
frog. X. laevis is an ideal choice for this project since the 
females lay hundreds of eggs at a time, several times a year. 
The embryos are large, develop rapidly and outside of the 
mother; therefore, can be easily manipulated. Furthermore, 
Xenopus genome has about 70% similarity to the human 
genome. Edf1 is a conserved gene that encodes a 
transcription factor and has been associated with endothelial 
differentiation and angiogenesis in humans, though its 
function in Xenopus has yet to be fully established. To 
characterize edf1 function in Xenopus, I designed and 
generated a single stranded guide RNA (sgRNA) to 
specifically target edf1 for mutagenesis by CRISPR-Cas9 
technology. I injected edf1 sgRNA together with Cas9 
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enzyme into 1-cell stage Xenopus embryos and then 
compared the edf1 sgRNA injected embryos to uninjected 
negative control embryos as well as tyrosinase sgRNA 
injected positive controls with the purpose of determining if 
there are any visible and specific phenotype differences in 
the edf1 sgRNA injected embryos. In order to characterize 
spatio-temporal expression of edf1 mRNA during early 
stages of Xenopus development, I designed and generated an 
edf1 specific RNA probe and carried out in situ hybridization 
assay. Here, I will present the results of my mutagenesis and 
gene expression analysis experiments. 
 
M5 
CRISPR/CAS9 MUTAGENESIS OF FUKUTIN IN 
XENOPUS LAEVIS  
Curtis Borski 

Fukutin (FKTN) is thought to be a glycosyl 
transferase localized to the cis-golgi, but its exact function 
has yet to be determined. Human FKTN mutation can 
result in Fukuyama type muscular dystrophy, Walker-
Warberg syndrome, or cardiomyopathy with varying 
degrees of severity. These diseases are thought to be a result 
of hypoglycosylation of α-Dystroglycan (α-DG); a protein 
that plays a role in directing axonal projections during 
nervous system development and connecting skeletal muscle 
cells to surrounding tissue. Better understanding the 
function of Fktn could help us treat these diseases in 
humans. Xenopus laevis were used to study fktn function 
using CRISPR/Cas9 mutagenesis and expression using 
whole-mount in-situ hybridization. An sgRNA was designed 
and generated to target the fourth exon of fktn. Single-cell 
Xenopus embryos were injected with fktn specific sgRNA and 
Cas9 endonuclease. These embryos showed delayed 
development and a boat shaped morphology when 
compared to uninjected controls. In-situ probes designed to 
be complementary to a 242bp sequence in fktn mRNA exon 
four were hybridized with wild-type Xenopus embryos that 
were fixed at varying stages of development. Staining shows 
strong fktn expression in the eye, head, and notochord at 
tadpole stage. Earlier stages show distinct staining in the 
ectoderm. More experiments need to be done to confirm 
whether Cas9 directed fktn mutation in Xenopus were 
successful; however, phenotypes seem similar to fktn 
knockout mice which exhibited delayed early development. 
Coupled with the in-situ hybridization showing expression in 
neuronal tissues, these data prompt further study of Fukutin. 
 
M6 
ANALYSIS OF NPC1 FUNCTION VIA CRISPR/CAS9 
MUTAGENESIS AND IN-SITU HYBRIDIZATION 
USING XENOPUS LAEVIS  
Richard Webb Camp  

NPC1 mediates intracellular cholesterol trafficking 
and regulates the myelination of nerve cells throughout the 
body. NPC1 mutations are rare but can have devastating 
consequences such as Niemann-Pick Disease Type C 
resulting in a wide range of issues including enlarged 
spleens, livers and progressive neurological disease due to 
the demyelination of the nerve cells. Recently NPC1 has 
been discovered to be essential for cell entry by the Ebola 
virus. It is this cell entry function in regards to viral 

hemorrhagic fevers that originally drew me to this particular 
gene and I chose to study this gene in the African clawed 
frog, Xenopus laevis, since no previous research was done on 
NPC1 in Xenopus and NPC1 is highly expressed during early 
embryogenesis. X. laevis is a good model organism due to its 
rapid development and large embryos that are easy to work 
with. To characterize NPC1 function in X. laevis, I designed 
a specific sgRNA to target NPC1 for mutagenesis using 
CRISPR-Cas9 technology and to study gene expression by 
in situ hybridization assay, I generated an antisense probe 
against NPC1. I injected NPC1 sgRNA and Cas9 protein 
into 1-cell Xenopus embryos and allowed them to develop 
further for phenotype analysis. The resulting tadpoles with 
severe deformities strongly suggest that NPC1 is critical for 
normal development of Xenopus. In situ hybridization assay 
showed that NPC1 is expressed in the early ectoderm and 
later in the head, notochord and somites suggesting a role 
for NPC1 in the formation and function of these tissues. 
 
M7 
CRISPR CAS-9 MUTAGENESIS OF DEATH-
ASSOCIATED PROTEIN DAXX IN XENOPUS LAEVIS 
Cassandra Leibson 

CRISPR (Clustered Regularly Interspaced 
Palindromic Repeats)-Cas9  was discovered as a bacterial 
self-defense system against viruses and was then applied as a 
genome-editing technology to induce site specific DNA 
double-strand breaks in any genome. Cas9 is an 
endonuclease that complexes with a single-stranded guide 
RNA (sgRNA) molecule that targets it to DNA, which is 
then cut by Cas9. The cut site is typically repaired by an 
imperfect and error prone mechanism, which causes 
mutations within the targeted sequence of the gene. The 
CRISPR-Cas9 method can be used to effectively mutate a 
gene of interest in which its function can studied in 
development or disease. Xenopus laevis was used a model 
organism  not only for its ability to reproduce quickly and 
frequently, but also because its embryos develop rapidly and 
externally. Its genetic similarity to humans makes it 
important for research.  

Death domain-associated protein 6 (Daxx) is a Fas-
binding protein that activates the JNK pathway through 
signaling cascade and induces apoptosis. Therefore, Daxx 
can regulate apoptosis, transcription, and cellular 
proliferation (2). In order to introduce a mutation to daxx 
gene, CRISPR-Cas9 mutagenesis was carried out in Xenopus 
laevis by designing and generating an sgRNA construct 
containing a ~20 nucleotide daxx homologous sequence 
adjacent to a NGG PAM sequence. Injection of daxx 
sgRNA+Cas9 into 1-cell stage Xenopus embryos resulted in 
cell death suggesting an evolutionarily conserved role. Daxx 
mRNA expression was then visualized by whole mount In 
situ-hybridization that showed expression in the early 
ectoderm and later in the head and somites.  
 
M8 
CRISPR-CAS9 MUTAGENESIS OF HAP1 GENE 
Edward Delgado 
  Huntingtin Associated Protein (HAP1) is a 
transport associated transmembrane protein that assists in 
the transportation of the Huntingtin protein through 
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vesicular trafficking in neurons. Huntingtin is one of the 
major proteins involved in Huntington’s Disease; which is 
characterized by neuronal loss due to the accumulation of 
polyglutamine repeats caused by a repeat of CAG codons in 
the huntingtin gene [2]. HAP1 knockout mice have been 
found to fail to ingest milk,which leads to post-natal death 
[3] which indicates an essential role HAP1 plays in normal 
development possibly distinct from Huntingtin. Here, we 
aim to study the function of HAP1 homolog in Xenopus laevis 
carrying out mutagenesis and gene expression analysis. For 
gene expression, I designed and generated an antisense 
RNA probe specific for Hap1 and showed expression in the 
early ectoderm and later in the brain suggesting a function in 
the nervous system. For mutagenesis, I designed and 
generated a single-stranded guide RNA (sgRNA) targeting 
Hap1 and injected 1-cell stage Xenopus embryos with Hap1 
sgRNA together with Cas9 enzyme. Embryos were allowed 
to develop for 2.5 days while they were observed for 
phenotypes.  Most of Hap1 sgRNA injected embryos 
appeared normal whereas one showed an axial defect. More 
experiments are needed to test whether mutagenesis was 
successful and whether Hap1 in Xenopus acts later in the 
function of the nervous system. The poorly characterized 
function of Hap1 merits more studies to elucidate the 
normal function of Hap1 and the pathogenesis connected 
with its mutations.   
 
 
 


