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1. Scarless CRISPR gene editing of human lipoxygenases in iPSCs for the 
study of oxylipin function in congenital heart disease 
 
Brian Amburn, Aitor Aguirre 
Department of Biochemistry and Molecular Biology, and Department of Microbiology and 
Molecular Genetics 
 
Congenital heart defects (CHD) are the most common cause of birth defects in humans. Although 
under high scrutiny for decades, the majority of the underlying causes leading to CHD are 
unknown. Using liquid chromatography?mass spectrometry (LC-MS) based lipidomics, we have 
recently discovered a novel family of oxylipins -a class of bioactive lipids with powerful biological 
activities- that contribute to CHD. To study the molecular mechanism of oxylipin involvement in 
CHD, we decided to use state-of-the-art scarless CRISPR/Cas9 gene editing to knockout the 
enzymes Arachidonate 12-Lipoxygenase (ALOX12) and Arachidonate 15-Lipoxygenase 
(ALOX15) in human pluripotent stem cell lines. These new cell lines can be used to model human 
cardiovascular development in vitro and study the role of oxylipins and ALOX12/15 on CHD. Non-
integrative plasmids containing CRISPR/Cas9, an sgRNA for ALOX12 or ALOX15, and 
puromycin resistance will be electroporated into iPSCs using the Neon transfection system. Cells 
carrying the transient plasmid will be selected for with puromycin exposure, yielding scarless 
ALOX12 and ALOX15 knockout stem cell lines. Knockouts will be plated at low clonal density, 
and the clones will be selected, grown, and DNA-sequenced for confirmation of the knockout. 
These cell lines can be used for more in depth studying of CHD and oxylipin interactions, 
potentially through differentiation of the knockout lines into cardiomyocytes, generation of cardiac 
organoids, and observation of the resulting phenotypes. 

 

2. SLAMF7 Signaling in IFN-⍺-Stimulated Human Monocytes Upregulates the 
4-1BB-Adaptor Protein of our Gene of Interest 
 
Ariana Angarita Medrano, Patrick O’Connell, Yuliya Pepelyayeva, Maja Blake, Sean Hyslop, 
Cristiane N. Pereira-Hicks, Sarah G. Roosa, Andrea Amalfitano, and Yasser A. Aldhamen 
Department of Microbiology & Molecular Genetics 
 
The signaling lymphocytic activation molecule F7 (SLAMF7) is known to be upregulated in 
diseases characterized by chronic immune activation, such as HIV. We found that the SLAMF7 
receptor has a critical immunomodulatory role during type I interferon stimulation of human 
monocytes of HIV patients. SLAMF7 signaling counteracts IFN receptor-mediated alpha 
chemokines production, and prevents HIV viral infection of human monocytes. The objective of 
this study is to investigate the molecular mechanism of SLAMF7 receptor signaling in activated 
human monocytes. Our targeted gene contributes to the control of chronic viral infection and can 
limit inflammation by associating with the T cell co-stimulatory molecule, 4-1BB. Previous 
investigations demonstrated that viral infection reduces the expression of our gene of interest in T 
cells, causing them to become exhausted and non-responsive. To study SLAMF7's role in human 
monocytes, CD14+ cells were isolated from peripheral blood mononuclear cells (PBMCs) by 
magnetic beads negative selection kit. The cells were then stimulated with IFN-alpha (100 IU/ml) 
in the presence or absence of SLAMF7-activating antibody. After 6 hours, total RNA was isolated 
and the expression level of target genes was evaluated by qRT-PCR. Interestingly, our study 
revealed that, unlike several genes that were inhibited by SLAMF7, the expression levels of the 
targeted gene were significantly (p<0.001) higher in SLAMF7-activated cells, as compared to 
cells stimulated with IFN-alpha alone. Our data suggest that SLAMF7-mediated upregulation of 
the gene of interest could be a novel immunotherapeutic strategy for enhancing T cell responses 
to cancer and infectious diseases-derived antigens. 



 
3. Using Image Analysis software to Identify Objects in the 3D Mouse Uterus 

Jacob Bloom and Ripla Arora 
Department of Obstetrics, Gynecology, and Reproductive Biology 

The mouse is a valuable model system in reproductive and implantation biology in order to 
understand how embryos and innate objects such as beads travel through the uterine horn and 
interact with their surrounding environment. The mouse uterus was fluorescently stained using 
markers of epithelium (E-Cadherin) and uterine glands (FOXA2) and Hoechst to label all nuclei. 
This allowed us to differentiate between different cell-types when performing confocal imaging. 
Using image analysis software IMARIS we then identified surfaces and 3D renderings of the 
uterine epithelium, the glands, the embryos and beads within the uterus to better understand 
different questions relevant to implantation in the mouse. Using 3D renderings created for the 
objects (embryos or beads) as well as the uterine lumen, we were successfully able to identify 
location of these objects along the uterine horn. One limitation of the location analysis tool is that 
it heavily relies on the quality of immunofluorescence staining of the different cell types as well as 
embryos in the uterus. This location tool is an effective way to examine embryo implantation sites 
in different genetic mouse mutants, mice treated with hormones or inhibitors. This tool will also 
help identify embryo or bead location with respect to each other to understand spacing of objects 
along the uterine horn, which will allow us to examine the phenomenon of embryo spacing in 
greater detail. 

 

4. Influence of Oxybenzone on Mammary Tumor Proliferation Rates 

Mitchell Borin, Dr Anastasia Kariagina, Dr Richard C. Schwartz, and Dr Sandra Z. Haslam 
1Department of Microbiology and Molecular Genetics, 2Department of Physiology, Michigan 
State University, East Lansing, MI 
 
Oxybenzone (benzophenone-3; BP-3) is a common ingredient in many North American skincare 
products including sunscreen. Previous research in the lab showed this chemical to increase cell 
proliferation in normal mouse mammary glands. The goal of the current study is to see whether 
BP-3 influences tumor growth in p53 knockout mammary glands, already prone to tumor 
development. BP-3 impact was examined alongside that of diet, specifically content of saturated 
fat from red meat. Mice were either given low fat diet (10% calories from fat; LFD) or high fat diet 
(60% calories from fat; HFD) and either maintained on LFD their entire life or switched from one 
diet to the other at puberty (10 weeks of age). These 3 diet groups were fed with or without BP-3 
compounded into their food (70 mg/kg of body weight). When tumors reached 1 cm in diameter, 
mice were treated with the nucleotide analog BrdU, and then tumors were harvested for 
sectioning, stained with antibody to BrdU, and counterstained with DAPI. DAPI stains the DNA of 
all cells and BrdU specifically indicates cells actively synthesizing DNA. This allows analysis of 
the proportion of proliferating cells. Analysis was performed separately for different tumor 
histopathologies, spindle cell and epithelial. Increased proliferation was found in most BP-3 
treated groups across both histopathological tumor types, with more pronounced effects in mice 
fed high fat diet with BP-3. These data suggest that BP-3 may increase tumor proliferation and 
that products with BP-3 should be used with caution. 

 



 
5. EMS Mutagenesis of Arabidopsis thaliana Double Mutant 

 
Elizabeth Brooks, Sang-Jin Kim, Starla Zemelis-Durfee, and Federica Brandizzi 
2MSU-DOE Plant Research Laboratory 
 
A useful approach to discovering gene functions in organisms is to induce mutations, producing 
different phenotypes by disturbing biological functions. The cell wall is crucial to the structural 
support of a plant and acts as a filtering mechanism. Pectins are polysaccharides of the cell wall 
that are important to cell wall strength and overall plant growth. Our lab has demonstrated that 
the cotton Golgi-‐related 3 (CGR3) and its close homolog CGR2 are critical to pectin biosynthesis 
and methylesterification, which can effect plant growth and development in Arabidopsis thaliana. 
The CGR2 and CGR3 double knockout showed reduced levels of pectin methylesterification, as 
well as dwarfism and defects in hypocotyl elongation. The purpose of this study is to discover 
components that generate pleiotropic effect on the model plant Arabidopsis thaliana using ethyl 
methanesulfonate (EMS) mutagenesis. By using EMS mutagenesis on the cgr2/3 double 
knockout mutant, we can identify genes that complement cgr2/3 growth phenotype in order to 
better understand the role of pectin and plant growth. In observations of EMS mutated plants’ 
growth, multiple plant lines were observed as having improved growth whilst maintaining the 
cgr2/3 double mutant background. Further studies will be needed to determine the mutated sites 
and biological pathways in the EMS mutated cgr2/3 plants that can improve plant growth. 
 

 
 
 

6. Antigenic Complementarity: Identifying Microbial Triggers of Type 1 
Diabetes Using Protein Homology 
 
Kaylie Chiles, Miah Turke, and Robert Root-Bernstein, Ph.D. 
Department of Physiology, Department of Microbiology & Molecular Genetics 

Type 1 diabetes mellitus (T1DM) afflicts over a million Americans, with an estimated 40,000 new 
cases every year. T1DM is characterized by the body's failure to produce insulin, which results 
from autoimmunity against pancreatic beta cells. The exact cause of this autoimmune attack is 
unknown, but the theory of antigenic complementarity provides a potential explanation. In the 
context of T1DM, this theory suggests that coinfection by two different microbes bearing antigens 
that mimic human insulin and the insulin receptor triggers the immune system to produce 
antibodies against these self-antigens. Homology searching yielded a list of bacteria and viruses 
with proteins that closely resemble insulin and its receptor. Top hits included clostridium 
compared to insulin and coxsackievirus compared to the insulin receptor. Blood serum from 
T1DM patients was analyzed for the presence of antibodies against clostridium and 
coxsackievirus; binding affinity of these antibodies for their complementary self-antigens was 
assessed. The degree to which antibodies bind to one another is determined using an enzyme-
linked immunosorbent assay (ELISA), which provides a detectable color change to indicate 
binding. To ensure that binding between the serum antibodies (which are complementary to 
clostridia and coxsackievirus antigens) and the insulin and receptor self-antigens is not a fluke, 
negative controls were run to show lack of binding between the antibodies of interest and other 
targets. Binding between antibodies against microbial antigens and human insulin and insulin 
receptor proteins suggests that coinfection by clostridia and coxsackievirus may be a trigger for 
the autoimmune attack against the body's insulin-producing cells. 



7. Destabilization of the Plant Microbiome Adversely Impacts Host Health 
 
Franchesca Dion, Caitlin Thireault, and Dr. Sheng Yang He 
Department of Plant Biology 
 
The plant microbiome promotes host health and disease resistance. While the microbiome is 
generally beneficial to plant health, our lab has identified several Arabidopsis mutants from an 
EMS screen that appear to develop disease-like symptoms in the presence of a naturally 
occurring microbial community. This initial observation was made apparent when our lab 
compared EMS 326 and EMS 223-4 grown under a germ-free environment and a colonized 
environment. While germ-free mutants remained healthy, colonized mutants would die off. By 
contrast, the parent and wild-type are typically even more productive in a colonized environment 
than germ-free. We are interested in investigating whether these mutants have lost the ability to 
selectively inhibit harmful microbial community members. Microbial colonization of EMS 326 and 
EMS 223-4 will be quantified and compared to the parent, and rRNA sequencing will be 
performed to identify bacterial community members present on the leaf. Identification of present 
bacteria will help reveal whether the mutants support a different community than the parent. 
Preliminary evidence indicates that the mutants carry a much higher endophytic bacterial load in 
leaf tissue as compared to the parent, and host different bacterial species. 

 
 
 
 

8. Characterizing MMTV Myc and E2F5 Conditional Knockout Mouse Model of 
Breast Cancer 
 
Caleb Dulak, Briana To, and Eran Andrechek 
Department of Physiology 
 
Breast cancer is the second leading cause of cancer death among women. With recent research, 
patient prognosis is constantly improving. This is partially due to findings characterizing the 
genetic mechanisms of cancer, leading to more effective treatments. One gene causing breast 
cancer without an effective treatment is the Myc oncogene. Overexpression of Myc in a mouse 
model results in mammary tumors after roughly 6 months. Additionally, previous studies using 
bioinformatics and molecular techniques have demonstrated the importance of the E2F 
transcription factor family in tumor development in the MMTV Myc mouse model. Specifically, loss 
of E2F1 or E2F2 leads to increased tumor metastasis in the MMTV Myc model. Although the 
roles of the transcriptional activators E2F1 and E2F2 have been well studied, the role of the 
transcriptional repressor E2F5 is poorly understood. Given that E2F5 knockout forms 
spontaneous mammary tumors and metastasis, I hypothesize that the loss of E2F5 along with 
Myc amplification in mice will result in decreased tumor latency and increased tumor metastasis. 
Initial histological analysis indicates increased lung metastasis in the Myc amplification and E2F5 
knockout strain. To further characterize this mouse model, we will evaluate apoptotic activity in 
mammary tumors and observe for differences in tumor latency and tumor growth rate. The 
purpose of this study is to further understand the mechanisms of E2F5 and Myc in human breast 
cancer, possibly leading to the identification of new therapeutic targets. 
 

 
 
 
 



9. Investigation of Flavonoid Compound Accumulation in Mature Seeds 
Across a Set of Diverse Maize Lines 
 
Mine Gezgin, Lina A. Gomez Cano, Erich Grotewold, and Addie Thompson 
Department of Microbiology & Molecular Genetics, Department of Biochemistry & Molecular 
Biology, Department of Plant, Soil, Microbial Sciences 
 
Flavonoids are an extensive group of polyphenolic compounds that are found in almost every 
plant. These compounds play a role in development, abiotic stress tolerance and defense against 
pathogens and insect herbivory. They are also considered one of the largest groups of 
phytonutrients, and demonstrated to have crucial health benefits, such as anti-inflammatory and 
anti-oxidant properties. The goal of our research is to utilize liquid chromatography-mass 
spectrometry (LC-MS) to analyze a variety of flavonoids in different maize genotypes across the 
Wisconsin Diversity Panel and the recent Expired Plant Variety Protection lines. This will enable 
us to compare flavonoid variety in approximately 800 maize genotypes, and investigate the 
genetic control of polymerization inhibition of polyphenolic compounds in mature maize kernels 
for an increased accumulation of bioavailable beneficial flavonoids in maize seeds. 
 
 
 
 
 
 

10. Second Messenger Regulation of HrpS Controls on Hrp-Type III Secretion 
System in Erwinia amylovora 
 
Jacob Hieber, Brian Hsueh, and Christopher Waters 
Department of Microbiology and Molecular Genetics 
 
The ubiquitous second messenger molecule, cyclic-di-GMP (c-di-GMP), regulates a wide variety 
of cellular behaviors in many bacterial species. The Gram-negative plant pathogen Erwinia 
amylovora transitions between survival in biofilms to systemic plant infection via the Hrp-Type III 
Secretion System (T3SS). Evidence suggests that c-di-GMP plays a role in this transition by 
regulating biofilm formation, motility, and the T3SS. The Hrp-T3SS is regulated by the protein 
HrpS, an enhancer-binding protein (EBPs). Previous research in our lab has indicated that c-di-
GMP interacts with EBPs in other bacteria to regulate downstream pathways, including the 
activation of biofilms and inhibition of motility. I hypothesize that HrpS interacts with c-di-GMP, or 
its derivatives, to regulate T3SS in E. amylovora. Preliminary findings indicate that pGpG, the 
breakdown product of c-di-GMP by EAL-containing phosphodiesterases, outcompetes c-di-GMP 
when binding to HrpS. I hypothesize that c-di-GMP and pGpG may competitively bind to the HrpS 
protein, thereby inhibiting or activating its function, respectively. The proposed interplay between 
c-di-GMP and pGpG regulation of the hrpS-induced T3SS suggests that modulation of c-di-GMP 
and pGpG is vital to the pathogenesis of E. amylovora. Through a reporter system, I can test 
second messenger regulation of the HrpS protein, and therefore regulation of its target genes. 
Furthermore, this system can be used to determine the HrpS binding sites on hrpS. If this model 
is verified, it would be the first evidence of pGpG interacting with an effector protein to regulate 
genes and could lead to important discoveries of pGpG’s signaling role in other related bacteria. 
 
 
 
 



11. Acetyl phosphate links central metabolism to biofilm formation in Vibrio 
cholerae 
 
Niklas Kiel and Chris Waters 
Department of Microbiology and Molecular Genetics 
 
Vibrio cholerae, the causative agent of diarrheal disease cholera, is a Gram-negative, rod-shaped 
pathogen. Switching between a motile, planktonic state and an sessile biofilm is critical for V. 
cholerae survival in their environment and the host. Biofilms are communities of bacteria encased 
in an extracellular matrix secreted by the bacteria, and they act as a physical barrier between 
bacteria and the environment. Biofilms are problematic in both medicine and industry, and thus it 
is critical to understand how they are formed. In V. cholerae VpsR is the master transcription 
factor that regulates biofilm formation. In order to activate transcription of the biofilm forming 
genes, VpsR requires two signals: the second messenger cyclic di-GMP (c-di-GMP), which 
responds to environmental changes, and phosphorylation of a key amino acid at the N-terminal 
domain of the protein. While interaction of c-di-GMP with VpsR has been well characterized, the 
source of VpsR phosphorylation remained a mystery as it is not associated with a partner kinase. 
Based on in vitro analysis of VpsR, we hypothesize, that VspR is directly phosphorylated by the 
high-energy metabolite acetyl-phosphate. To test this hypothesis, I will delete the V. cholerae 
genes required to synthesize acetyl-phosphate. We predict that VpsR activity, and consequently 
the expression of biofilm forming genes and biofilm formation itself, will decrease dramatically in 
strains unable to synthesize acetyl-phosphate. Additionally, I will generate V. cholerae mutants in 
which acetyl-phosphate levels increase and I predict that biofilm formation will likewise be 
induced. Finally, I will test if mutants that lock VpsR in a constitutively active phosphorylated state 
will be epistatic to the loss of acetyl-phosphate. My studies will probe the connection between 
central metabolism, via acetyl-phosphate, and biofilm formation in V. cholerae, and solve a 
decades old mystery of how VpsR is phosphorylated. These studies will lead to a better 
understanding of how bacteria form biofilms. 
 

12. Site Directed Mutagenesis of the Lanthanide Coordinating Aspartic Acid in 
XoxF1 Methanol Dehydrogenase from Methylobacterium extorquens AM1 
 
Andrew Lock and Nathan Good, PhD 
Department of Microbiology & Molecular Genetics 
 
Although historically lanthanides (Ln) were thought to be biologically inert, in the past few years 
several Ln-dependent alcohol dehydrogenases have been discovered and characterized from 
methylotrophs. The model methylotroph Methylobacterium extorquens AM1 possesses three Ln-
dependent alcohol dehydrogenases (XoxF1, XoxF2, & ExaF) and a calcium (a)-dependent 
homolog (MxaFI). Comparative genomics and Density Functional Theory studies revealed these 
Ln-dependent enzymes possess an additional aspartic acid residue within the coordination 
sphere of the Ln ion, differentiating them from Ca-dependent homologs. This residue has been 
proposed as the “Ln-coordinating Aspartate” and is currently the best method for identifying new 
Ln-dependent enzymes. However, the requirement for this residue to coordinate Ln has not been 
tested empirically. We generated constructs to produce wild-type and mutant (D320A) XoxF1 and 
tested them for complementation with methanol as the growth substrate in an M. extorquens AM1 
mutant strain lacking the four native alcohol dehydrogenases (ADH4). Wild-type XoxF1 restored 
growth of the ADH4 mutant with methanol, with and without Ln. XoxF1 D320A, however, 
exhibited a pronounced decrease in growth rate respective to its wild type counterpart in the 
presence of lanthanum. These results demonstrate the necessity of the “Ln-coordinating 
Aspartate” for XoxF1 function, and that this residue can be used as a marker for as yet 



undiscovered Ln-dependent enzymes. However, its requirement for XoxF1 in the absence of Ln 
merits further investigation. 
 
 
 

13. Development of Bovine DNA Fingerprinting Method to Minimize 
Consequences of Outbreaks of Bacterial Contamination in Beef. 
 
Olivia Mackraz and Patrick J. Venta 
Department of Microbiology & Molecular Genetics 
 
Beef plays a large role in most consumer's diets. However, the meat can also be contaminated 
with pathogenic bacteria such as Salmonella and E.coli. If the contaminated beef products could 
be tracked it would make it easier to contain them. It has not been possible to use dinucleotide 
simple tandem repeats (diSTRs) to identify individual animals in mixed samples, such as 
hamburger. This is due to a technical artifact called stutter that is substantial in diSTRs (30%). 
Stutter bands can be mistaken for allele peaks during genetic analysis which can lead to incorrect 
genotyping calls when looking at a samples derived from multiple organisms, such as hamburger. 
In recent studies it has been found that higher number of repeat bases such a tetra-, penta-, and 
hexa-nucleotide repeats, will produce genomic data with significantly less stutter. When these 
markers or animal products in mixed samples were originally developed, it was believed that 
markers with longer motifs (lower stutter) did not exist in cattle. The hypothesis for this research 
was that useful STRs with longer motifs do exist and, if so, to developing a panel of them to 
identify them would prove useful. 
 
 
 

14. Treating infections in cystic fibrosis lungs 
 
Kyle McCoy, Chris Waters, and Alessandra Hunt 
Department of Microbiology and Molecular Genetics 
 
Cystic Fibrosis (CF) is an autosomal recessive disorder caused by a mutation in the CFTR (cystic 
fibrosis transmembrane conductance regulator) gene. The CFTR gene codes for an ion channel 
protein that conducts chloride and thiocyanate ions across epithelial cell membranes. When the 
CFTR is mutated, the resulting protein becomes misfolded affecting chloride ion channel function 
and leading to a dysregulation of epithelial fluid transport in organs like the lungs. The most 
challenging clinical outcome of CF is a chronic biofilm infection in the thick, accumulated mucus 
of the lungs by the bacterium Pseudomonas aeruginosa. Biofilms, which are communities of 
microorganisms embedded in extracellular polysaccharides, often cannot be treated with 
antibiotics due to innate resistance and tolerance mechanisms. We hypothesized that a 
combination of existing antimicrobials with synergistic effects may offer advantages to one 
antibiotic alone. An earlier drug screen we conducted identified that triclosan, a known 
antimicrobial routinely used is soaps, hand sanitizers, and toothpastes, combined with 
tobramycin, a common antibiotic used to treat CF patients, killed in vitro biofilms 100 times better 
than either compound alone. To further develop this potential treatment, we must test is similar 
synergism to kill P. aeruginosa biofilms is observed in the environment of a mammalian lung. 
Therefore, we plan to infect CF mice with a clinical strain of Pseudomonas aeruginosa capable of 
establishing lasting biofilms, treat the infections with either vehicle, tobramycin alone, triclosan 
alone, or the combination, and quantify viable bacteria from lung explants. These experiments will 
help to determine if tobramycin/triclosan can serve as a novel treatment for CF. 
 



15. Surveillance of Avian Pathogenic Escherichia coli in Poultry and Children 
in Remote Ecuador 
 
NIcholas Monge1, Lixin Zhang1, Hayden Hedman2, and Gabriel Trueba3 

1 Department of Microbiology and Molecular Genetics, Michigan State University, East Lansing, 
Michigan, USA; 
2 University of Michigan, Ann Arbor, Michigan, USA; 3 Instituto de Microbiología, Universidad San 
Francisco de Quito, Quito, Ecuador 
 
Avian Pathogenic Escherichia coli (APEC), is the source of various types of extra-intestinal 
infections in birds and responsible for multimillion-dollar annual losses to the global poultry 
industry. Among low- and middle-income countries (LMICs), APEC disease is often endemic with 
the rapid increase in industrial breeds of poultry. In an environment where humans and chickens 
frequently interact, such as in the rural Ecuador, the risk for transmission of APEC disease to 
human populations is high. Here, we studied the prevalence of several virulence genes as 
markers for detecting APEC. We processed isolates collected from broiler chickens (n = 158), 
backyard chickens (n = 232), and humans (n= 154) in the rural Ecuador by amplifying 5 genes 
strongly associated with APEC disease: iroN [31.65% (n = 50); 27.16%, (n = 63); 10.39% (n = 
16)], ompT [39.87% (n = 63); 41.38% (n = 96); 22.73% (n = 35)], hlyF [41.55% (n = 78); 49.369% 
(n = 78); 22.08% (n = 34)], iss [68.35% (n = 108); 58.62% (n = 136); 79.87% (n = 123)], 
and iutA [70.25% (n = 111); 56.90% (n = 132); 73.38% (n = 113)]. E. coli with four or more these 
genes accounted for 39.24% broiler chickens, 32.32% backyard chickens, and 16.23% human 
isolates, indicating a substantial amount of APEC circulation in our study region. The backyard 
chickens around the households could potentially serve as disease sentinels for detecting APEC 
in the environment. Using GPS units, we also generated geospatial data on the movement 
patterns of backyard chickens. The substantial range of their movement potentially promoted a 
wider spread APEC. In conclusion, using molecular diagnostic tools can improve our 
understanding of animal pathogens in resource limited areas and ultimately better inform our 
public health knowledge. The geospatial data on the chicken movement patterns gives a proxy 
and better understanding to the spread of zoonotic pathogens in the environment. 
 
 

16. Transmembrane Localization of the FISSION1 Protein in Arabidopsis 
thaliana 
 
Megan Mulheron, Stefanie Tietz, and Jianping Hu 
Department of Plant Biology 
 
Mitochondria, chloroplasts, and peroxisomes all play integral roles in the photorespiration cycle, 
thus making their abundance in plants of great importance. While they may appear distinct, it has 
been found that the organelle division machineries in Arabidopsis all share a common tail-
anchored protein, FISSION1 (FIS1), suggesting its unique role as a limiting factor in the fission 
process. Past studies have demonstrated that the overexpression of Arabidopsis FIS1 isomers, 
FIS1A and FIS1B, contribute to an increase in peroxisomal and mitochondrial abundance, and 
that the FIS1A variant localizes to the chloroplast, suggesting triple membrane targeting of the 
FIS1 protein. Thus, our work is directed at developing a more expansive understanding of the role 
the FIS1A variant has in organelle division. The Gateway cloning technique was utilized to 
overexpress yellow fluorescent protein (YFP)-tagged FIS1A under the control of the constitutive 
promoter, CaMV35S, versus the native promoter. Currently, E. coli is successfully transformed 
with YFP-FIS1A, and future work involves an Agrobacterium mediated transformation of 
Arabidopsis to genetically and phenotypically determine the impact FIS1A overexpression has on 
the fission machinery. Additionally, to further uncover specific targeting of FIS1A to different 



organelles, Arabidopsis will be transformed with a YFP-tagged protein to the N- and C-terminal 
domains, to analyze the manner in which FIS1A is directed to different locations. Results are 
expected to mirror prior overexpression studies, with the potential of unveiling novel components 
of the mitochondrial, chloroplast, and peroxisomal division machinery. 
 

 

17. Increasing Antibiotic Resistance: Isolation of Antibiotic-Resistant Genes 
from Canadian Geese Fecal Samples 
 
Erica Preblich and Dr. Poorna Viswanathan 
Department of Microbiology and Molecular Genetics 
 
Antibiotic-Resistant (AR) organisms are becoming increasingly problematic due to their 
transmission through Waterfowl, specifically Canadian Geese (Branta canadensis). In particular, 
Escherichia coli (E. coli) and Pseudomonas putida (P. putida) are bacterial organisms whose 
genomes are becoming increasingly antibiotic-resistant. This study hypothesizes that if Canadian 
Geese are excreting AR bacteria in their feces, then there will be in an increase in AR bacterial 
infections in humans therefore posing a threat to public health. In this study, fecal and fecal 
contaminated soil samples were taken from the Okemos pond, located in Okemos, Michigan. The 
samples were grown on LB plates and then tested against multiple antibiotics in order to test for 
resistance. Specific AR genes were isolated and amplified into a TOPO vector, allowing for 
quantification of AR bacterial cells in the original sample. From the qPCR results for the bacterium 
E. coli it was calculated that 0.37% of the fecal sample contained the blaTEM antibiotic resistant 
gene and 1% of the sample contained the tet(W) antibiotic resistant gene. On average, Canadian 
Geese defecate around 1.5 pounds of fecal matter per day. The results found in this study reveal 
that just a small amount of fecal matter contamination can cause a public health hazard risk. If 
someone with a skin abrasion or wound comes in contact with these feces or fecally 
contaminated soil, there is a major concern of not only infection but the possibility of being unable 
to treat the infection due to increasing antibiotic resistance. 
 
 

18. Effects of Bacterially-Derived Short Chain Fatty Acids on Human Colonic 
Epithelial Transporters 
 
Kennedy Sawicki and Dr. Gavin Stewart 
School of Biology & Environmental Science at University College Dublin, Dublin, Ireland 
 
Bacterially derived short chain fatty acids (SCFAs), such as butyrate, in the gastrointestinal tract 
are important in maintaining human health. The transport of these metabolites across colonic 
epithelial cells through monocarboxylate transporter 1 (MCT1) is an important part in the 
maintenance of health. Previous research has used Caco-2 and HT-29 epithelial cells as models 
for the transport of these SCFAs across colonic epithelial cells. The goal of this project was to 
determine if HCT-8 cells are a better model to use going forward. Through Western Blotting with 
various antibodies and End-Point PCR, it was determined that HCT-8 cells act more like cancer 
cells rather than normal cells. This is because in the butyrate treated samples for most cases, 
there was a decrease in the product, meaning that this cell line is effected by butyrate in a 
negative way, as has been shown with cancer cells. Cancer cells use MCTs as lactate 
transporters rather than SCFA transporters and so there is a decrease in MCT1 along with a 
decrease in the other gene products that are involved in this process. While HCT-8 cells have 
been shown to be cancer cell models, they are not as good of a model for cancer cells as the HT-
29 cells are, as seen in previous research. Going forward, more colonic epithelial cell lines need 
to be tested in order to find the best model for a normal cell and the best model for a cancer cell. 



19. Investigating the Regulation of a Multi-Domain Protein that Controls 
Biofilm Formation in Burkholderia cenocepacia 
 
Megan Seyerle, Nico Fernandez, and Chris Waters 
Department of Microbiology & Molecular Genetics 
 
Burkholderia cenocepacia is an environmental Gram-negative bacterium notoriously known for 
causing chronic infections in patients with cystic fibrosis. One important facet of B. cenocepacia 
infection is the ability to form biofilms. Biofilms are complex matrices made of billions of bacteria 
whose formation is regulated by molecular signaling. The gene rpfR, which controls the 
degradation of the biofilm regulatory molecule cyclic dimeric guanosine monophosphate (c-di-
GMP), is important for biofilm formation in B. cenocepacia. Interestingly, experiments in our lab 
demonstrated RpfR could also make c-di-GMP, in contrast to what is reported in the literature. 
This lead us to our hypothesis that there are interacting proteins mitigating synthesis of c-di-GMP 
in B. cenocepacia. To address this hypothesis, we are using the tractable microorganisms Vibrio 
cholerae to co-express RpfR and other B. cenocepacia genes to determine if protein-protein 
interactions disrupt the synthesis of c-di-GMP by RpfR. A review of the literature uncovered two 
potential genes of interest: rpfF and gtrR. When we express RpfR in V. cholerae, we observe a 
wrinkly phenotype, indicative of biofilm formation and high intracellular c-di-GMP levels. When 
RpfR and RpfF are co-expressed, colonies appear wrinkly and dense and are distinct from 
expression of either protein alone. This all suggests that there is variation in activation of certain 
domains of RpfR. Further studies will focus on how co-expression of RpfR and other proteins alter 
activity of RpfR and change intracellular c-di-GMP levels. 
 

 
20. Heterologous Expression of Lanthanide-Dependent Methanol 

Dehydrogenases in Methylobacterium extorquens AM1 
 
Carly Suriano, Nathan Good, and Norma Cecilia Martinez-Gomez 
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Methylotrophy is the ability to use reduced carbon compounds with no carbon-carbon bonds as 
the sole source of carbon and energy. Lanthanide elements (Ln) serve as cofactors for 
pyrroloquinoline quinone alcohol dehydrogenases, such as XoxF-type methanol dehydrogenases 
(MDH). XoxF-type MDH are ubiquitous in methylotrophic communities and can be divided into 
five distinct phylogenetic clades. Using an MDH genetic knockout strain of model methylotroph 
Methylobacterium extorquens AM1, a functional complementation study was conducted to assess 
the ability of heterologously-expressed divergent XoxF enzymes to restore methylotrophic growth. 
Phenotypic analysis on methanol indicated successful complementation by XoxF enzymes from 
the extremophile methanotroph Methylacidiphilum fumariolicum SolV and a Verrucomicrobium 
mesophile. MDH activity of cell-free extracts from complemented strains were similar to activity 
measurements for the wild-type strain. Growth rates of complemented strains, however, were 
significantly reduced compared to the wild-type strain with methanol. Genomic, biochemical, and 
transcriptional evidence indicate the Type V XoxF of M. extorquens oxidizes methanol to 
formaldehyde, a key intermediate tied to the production of NAD(P)H needed for carbon 
assimilation. The Type II XoxF of M. fumariolicum, on the other hand, fully oxidizes methanol to 
formate in its native host. We hypothesize that the discrepancy in end product of methanol 
oxidation could be the cause of the reduced growth rate observed in our complementation 
studies. Genetic and metabolomic analyses will provide further insight into the underlying 
mechanisms preventing restoration of wild-type growth when functional complementation of MDH 
activity is achieved, providing fundamental knowledge of Ln-dependent MDHs and their impacts 
on methylotrophy. 



21. Understanding the cyclic-GMP-AMP dependent activation of the Vibrio 
cholerae phospholipase CapV using a structural variant 
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Cyclic di-nucleotide (cdN) second messengers are commonly utilized by bacteria to facilitate 
adaptation to changes in their environment through mechanisms from transcription initiation to 
allosteric regulation of effector protein activity. The Gram-negative bacteria Vibrio cholerae, the 
causative agent of cholera diarrheal disease, is a model organism for studying cdN signaling. All 
strains of V. cholerae causing disease today utilize the recently identified cdN cyclic-GMP-AMP 
(cGAMP), and thus far only a single effector protein, the phospholipase CapV, has been identified 
to directly bind and respond to cGAMP. In vivo and in vitro experiments have demonstrated that 
CapV, is specifically activated by cGAMP, and this activation can lead to catastrophic degradation 
of phospholipids from the cell membrane. However, the mechanism by which cGAMP binds and 
activates CapV remains to be understood. Homology modeling suggests that an unstructured 
loop, composed of ten amino acids, may occlude phospholipids from entering CapV’s active site. 
We hypothesize that binding cGAMP distorts this loop which then provides phospholipids with 
access to the active site. To test this hypothesis, we are using Gibson cloning to remove this loop 
from CapV and we will test whether this variant still requires cGAMP activation by measuring cell 
viability following ectopic expression in V. cholerae. Through these experiments, we will gain a 
better understanding of how cGAMP activates CapV as well as elucidate residues and structures 
which will be useful for the identification of other protein effectors regulated by cGAMP. 
 
 

22. Monitoring Nutrients in Synthetic Hydrolyzed Urine Droplets Using 
Nanochromatography 
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Urine contains the bulk of the nitrogen and phosphorous in waste water. To utilize these nutrients, 
a urine diversion reactor has been built to recover nitrogen and phosphorous to use as fertilizer. A 
method is under development to monitor nutrients through the reactor using nanochromatography 
separation, also known as the "coffee ring" effect. Nanochromatography employs the coffee-ring 
effect, to produce residue "fingerprints" that are left behind when water droplets are dried. We 
hypothesize that these "fingerprints" have unique residue features that can be correlate to 
different ion concentrations. To better understand the effects of different solution components, the 
composition of a synthetic hydrolyzed urine solution was altered systematically (total ammonia 
nitrogen concentration, the presence or absence of magnesium chloride, chloride versus 
bicarbonate, pH, sodium chloride concentration). Using an aluminum slide, pipette, jeweler's 
loupe, and cell phone camera images can be taken of these fingerprints and then analyzed. 
Particle analysis, using ImageJ, was used to determine associations between features in the 
residue patterns and concentrations of specific ions. The identity of specific features in the 
residue patterns were evaluated using Raman spectroscopy. Results showed that the fingerprints 
displayed visual differences when the concentration of specific ions was altered. 

 
 
 


