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Schedule of Events 
 

Time Event Location 

10:30 - 11:30 AM 
Guest Speaker: Dr. Paul Fidel, LSUHSC 

The Damage Response Continuum Pertaining to 
Mucosal Candidiasis: It’s All About the Tissue! 

Student Union, Room 417 - Exhibit Room 2 

11:30 AM -  
1:30 PM Lunch for Presenters with Invited Speaker Hideaway Pizza 

2:00 - 3:30 PM Graduate Student Poster Presentation* 
Noble Research Center Atrium 

 3:30 - 5:00 PM Undergraduate Student Poster Presentation* 

5:00 - 5:30 PM Award Presentation and Closing Remarks 

*Posters may be setup any time after 9:00 AM 
 

Invited Speaker 
 
Dr. Paul Fidel, Jr., Ph.D. 
Associate Dean for Research 
Adjunct Professor, Microbiology, Immunology & Parasitology 
Director, Center of Excellence in Oral and Craniofacial Biology 
School of Dentistry 
Louisiana State University Health Sciences Center 
 
 
Biographical Sketch 
 
Dr. Paul Fidel, Jr. graduated from Allegheny College in 
Pennsylvania with a B.S. degree in Biology in 1984. He then 
attended the University of Oklahoma where he continued his 
studies, and received a M.S. and finally Ph.D. degree in 
Microbiology in 1988. He joined the Wayne State University School of Medicine in Detroit, 
Michigan as a postdoctoral fellow in the department of Immunology and Microbiology and was 
eventually appointed Assistant Professor of Medicine in the Department of Medicine, Division of 
Infectious Disease in 1990. In 1995, Dr. Fidel came to the Louisiana State University Medical 
Center in New Orleans to serve as an Associate Professor of Microbiology, Immunology, and 
Parasitology. He was granted tenure in 1997 and promoted to Professor in 1999. In 2001 Dr. Paul 
Fidel was named holder of the Carl Baldridge Chair in Oral and Craniofacial Biology and 
appointed the director of the Center of Excellence in Oral and Craniofacial Biology. Dr. Fidel has 
mentored numerous Ph.D students, medical/dental students, and junior faculty. He has authored 
over 160 publications and has served as Principal Investigator for over 20 research grants totaling 
over $30 million, 15 of which were from the National Institutes of Health. He was also recently 
inducted into the American Academy of Microbiology. 



Poster Arrangement 
 

Poster 
Number Name Title 

1 Nina Baggett Effects of Putative Cyclic Nucleotide-Binding Motifs on the Function of a Biofilm 
Regulator 

2 Anton P. Avramov In vitro Studies of the Light Driven Photoassembly of Photosystem II 
3 Brody Barton The Role of Metabolic Processes in A22 Resistant Cells 
4 Savannah Beakley Anitfungal Activity of Dendritic Cell Lysosomal Proteins 

5 Melissa Brewer Efficacy of Intranasal Immunization with Whole-Cell Fixed Coxiella burnetii Nine 
Mile Phase I on Subsequent Pathogenesis using a Guinea Pig Model 

6 Kaylea Bixler Identifying and Understanding Multidrug Resistant Pathogens Isolated from Cystic 
Fibrosis Patients 

7 Nicholas Boyne How Different RsbR Paralogs in Bacillus subtilis Affect Cell Viability When 
Exposed to Environmental Stress 

8 Sudhir Doranga NFkB Signaling Pathway Components Are Associated with Coxiella burnetii 
Growth and Development during Infection of Host Cells 

9 Reygan Braga The Role of β-Carbonic anhydrase, psCA1 in virulence of Pseudomonas aeruginosa 
10 Adam Bronson Determining the Mechanism of a Putative Biofilm Regulator, PA14_54940 

11 Justin Bowen Characterization of the Nitrogen Assimilation Regulator (glnG) Role in Escherichia 
coli Colonization of the Mammalian Intestines 

12 Jacee McCoy Investigation of Calcium-regulated Virulence of Pseudomonas aeruginosa in 
Galleria mellonella 

13 Brinley Cannon Mechanisms of Lysosomal Cathepsin B Degradation of Cryptococcus neoformans 
14 Colleen La Force Cloning and Expression of Chlamydia trachomatis Inclusion Membrane Proteins 

15 Mary Kate 
Morrissey 

Transcriptional Regulation of the Virulence Associated Gene efhP by Calcium 
(Ca2+) in the Human Pathogen Pseudomonas aeruginosa 

16 Brittney Conn EIPE-1, an Eumelanin-Inspired Compound, Potential for Fungicidal Tendencies 
against Cryptococcus neoformans and Candida 

17 Christopher Hamm Environmental Stress Sensors Maintain Characteristic Response Profiles across 
Diverse Stressors 

18 Jonathan Derouen Protein Kinase A Manipulation by Chlamydia trachomatis during Infection 

19 Biraj B. Kayastha A Novel Calcium (Ca2+) Sensor, EfhP, Mediates Ca2+ Regulation of Virulence in 
Pseudomonas aeruginosa 

20 Michelle M. King A Putative Phytase, CarP, Required for Calcium Tolerance and Virulence in P. 
aeruginosa, is Differentially Regulated by Host Factors 

21 Suman Maharjan Suppressor Mutations Responsible for Restoration of Rod Shape in mreD Depleted 
E. coli 

22 Deepali Luthra Effect of High Ca2+ in Enhancing Adherence of Pseudomonas aeruginosa to Lung 
Epithelial Cells 

23 Rosalie Dohmen Sequence Conservation of the Novel Calcium Sensor, EF-hand Protein, EfhP, 
Among Pseudomonads 

24 Radwa A. Hanafy Novel Anaerobic Gut Fungi Genera from Wild and Captive Herbivores Greatly 
Expand the Known Diversity within the Neocallimastigomycota 

25 Kevin Figueroa Does Calcium Regulate Rhamnolipid Production in Pseudomonas aeruginosa? 

26 Anna Khanov Is the carP Gene, Encoding Calcium-Regulated Protein, Unique to Pseudomonas 
aeruginosa? 

27 Ashlee Hawkins Analysis of the Interactions Between Cryptococcus neoformans and Pulmonary 
Macrophages 

28 Sergio Mares Conservation of Calcium-Regulated Protein, CarP, Involved in Virulence, Among 
Clinical and Environmental Isolates of Pseudomonas aeruginosa 

29 Benjamin Nelson Interactions of Cryptococcus neoformans with Human Airway Phagocytes 
30 Emma Maritz Identification of Fungal Pathogens in Cystic Fibrosis Patients 
31 Rachel Martin Psb27 Protein Aids in Photosystem II Reassembly from Light Damage 

32 Sierra Posey Anti-fungal Activity of Lysosomal Proteins and their Effects on Cryptococcus 
neoformans 

33 Ryan Pruitt MreB and A22 Sensitivity in Escherichia coli cells 

34 Casandra Salinas Abnormal Ion Concentration in Cystic Fibrosis Lungs Impact Rhamnolipid 
Production in Pseudomonas aeruginosa 



35 Chelsea L. Murphy The Rich Diversity of Delta Proteobacteria in Zodletone Spring, an Anoxic Sulfide-
Rich Hydrocarbon Seep 

36 Neil Miller Cyanobacterial NDH-1 Complexes Contribute to the Formation of ΔpH across the 
Thylakoid Membrane 

37 William S. Marsh Applying a Halophilic Mixed-Culture to Remediate Hydrocarbon Contaminated 
Produced Water 

38 Ryan Sloan Synthetic Lethal Screen for Novel Bacterial Cell Shape Genes 
39 Addison Grinnell MreB as a Potential Transcription Regulator 

40 Sarah Winburn Bacterial Stress Response Patterns in Bacillus subtilis as Demonstrated by 
Microfluidic Technology 

41 Amal H. Yahya Identifying Proteins with Novel Roles in Pseudomonas aeruginosa Biofilm 
Formation 

42 Archana Yadav Enrichment and Genomic Characterization of a Novel Thermohaloanaerobic 
Bacterial Phylum from a Tertiary Oil Reservoir in Cushing, OK 

43 Tarosha B. 
Salpadoru 

Mechanisms Contributing to Ca2+-Induced Polymyxin B Resistance in 
Pseudomonas aeruginosa 

44 Samantha Shafer and 
Kate Smith 

Finding New Signaling Pathways that Govern Biofilm Formation by Pseudomonas 
aeruginosa 

45 Julia Terrell and 
Somalisa Pan Identifying anti-biofilm targets within Pseudomonas aeruginosa 

46 Avery Dutcher Evaluating the Effect of Promoter Strength on the Complementation of Deletion 
Mutants in Synechocystis sp. PCC 6803 

47 William Colton and 
Griffen Campbell 

Identifying the Regulon of a New DNA-binding Protein Important for Bacterial 
Biofilm Formation 

48 Sid Bush and 
Madeline Toews Stress Competition of RsbR Proteins in Bacillus subtilis under 1M NaCl Stress 

49 Open  
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Graduate Student Abstracts 
 

In vitro Studies of the Light Driven Photoassembly of Photosystem II 
Anton P. Avramov (Doctoral), Minquan J. Hwang, and Robert L. Burnap 

Oklahoma State University Stillwater, OK 
 
Photosystem II (PSII) utilize solar energy to catalyze one of the important and most 
thermodynamically demanding reactions: the oxidation of water into protons and molecular 
oxygen. The PSII continuously experiences damage due to high light intensity resulting in the 
loss of photosynthetic activity. To perform a highly efficient photosynthetic activity, damaged 
D1 protein should be replaced, with consequent reassembly of PSII [1] . The key step in 
obtaining functional PSII de novo is the assembly of Mn 4 CaO 5 core, driven by series of photo- 
oxidative reactions with incorporation of Mn and Ca ions into the coordination environment of 
PSII with the poorly studied rate limiting dark rearrangement step after “first” photooxidation 
event [2] . We developed in vitro technique allowing to study the photoactivation as function of 
inorganic ions accessibility and better understand the role of coordination environment in PSII 
photoassembly. We hypothesize that dark rearrangement is a translocation of the first oxidized Mn 
3+ from the high affinity oxidation site to the specific Mn1 binding site. Presented work aims to 
show the progress in in vitro photoassembly of PSII and the role of Mn 2+ and Ca 2+ ions 
availability and accessibility in the dark rearrangement event. 
 
 

Characterization of the Nitrogen Assimilation Regulator (glnG) Role in Escherichia coli 
Colonization of the Mammalian Intestines 

Justin Bowen (Doctoral), Jerreme Jackson, and Tyrrell Conway 
Oklahoma State University, Stillwater, OK 

 
Nitrogen, often in the form of ammonia, is used by bacteria to generate amino acids. The glnG 
gene in Escherichia coli codes for the nitrogen assimilation regulator transcription factor, NtrC, 
which activates the regulon responsible for survival during ammonia limitation. Under nitrogen 
limited growth conditions NtrC upregulates transcription of glutamine synthetase which, along 
with additional proteins, facilitates transport and degradation of nitrogen containing compounds 
ultimately leading to an increase in intracellular glutamine. While the E. coli transcriptional 
response to nitrogen starvation in vitro has been studied extensively, nitrogen starvation during E. 
coli colonization of the mammalian intestine has received little attention. In this study, we used a 
glnG knockout (∆glnG) mutant to study the role of nitrogen metabolism in MG1655 colonization 
of the mouse intestine. Total RNA from MG1655 recovered from the mucosal lining of the mouse 
intestine was prepared and sequenced by differential RNA-seq analysis, which allows mapping of 
all glnG-dependent promoters. This allows us to target and generate mutants of genes regulated by 
glnG to further study nitrogen metabolism in colonized E. coli. Additionally, metabolites available 
to E. coli in the intestines were analyzed by Mass-spec. The results indicate that E. coli is nitrogen-
limited in the mouse intestine. 
 
 

Efficacy of Intranasal Immunization with Whole-Cell Fixed Coxiella burnetii Nine Mile 
Phase I on Subsequent Pathogenesis using a Guinea Pig Model 



Melissa Brewer (Doctoral) and Edward I. Shaw 
Oklahoma State University, Stillwater, OK 

 
Coxiella burnetii is a Gram-negative, pleomorphic, obligate intracellular bacterium and is the 
causative agent of Q fever. The acute form of this disease is characterized by headache, fever, 
photophobia, and pneumonia while chronic disease is often associated with valvular endocarditis 
and hepatitis. Previous studies have shown successful protection of subjects from virulent (phase 
I) C. burnetii exposure when vaccinated with whole cell formalin fixed phase I C. burnetii using 
either intramuscular, sub-cutaneous, or intra-peritoneal routes of administration. In order to 
determine if intranasal immunization would also be protective against C. burnetii infection, guinea 
pigs were immunized with 106 whole-cell formalin fixed Nine-Mile Phase I (NMI) C. burnetii in 
combination with a double mutant of E. coli heat-labile enterotoxin adjuvant. Booster 
immunizations were given at 14 and 28 days following the initial immunization. IgG titers were 
assayed using sera collected prior to immunization and at 14, 28, and 56 days following 
immunization to determine a general measure of the humoral immune response. These titers 
indicated a robust humoral response at 56 days post intranasal immunization. Immunized animals 
also did not develop significant clinical symptoms when challenged with virulent C. burnetii. 
Further defining this physiologically relevant exposure route will aid us in defining a protective 
response to this unusual aerosol acquired pathogen. 
 
 

NFkB Signaling Pathway Components Are Associated with Coxiella burnetii Growth and 
Development during Infection of Host Cells 

Sudhir Doranga (Doctoral) and Edward I. Shaw 
Oklahoma State University, Stillwater, OK 

 
Coxiella burnetii is a Gram negative, obligate intracellular pathogen which causes Q fever in 
humans and animals. After infection of the eukaryotic host cells, it survives and grows in a 
parasitophorous vacuole (PV). The organism possesses a Type 4B Secretion System (T4BSS) with 
which it modulates the host cell from within the PV. Previously, our lab demonstrated that C. 
burnetii modulates NFkB signaling pathway in a T4BSS dependent manner and that this 
modulation is critical for optimal replication of the bacteria.  Our hypothesis is that C. burnetii 
modulates components in the NFkB signaling pathway and that inhibition of these components 
may impact C. burnetii growth and development. Inhibition of IKK on HeLa cells by IKK16 either 
4 hr pre or 16 hr post C. burnetii infection, produced fewer and smaller PVs and contained fewer 
infectious and replicative bacteria than untreated infections. Treatment of cells with an IRAK 
inhibitor pre infection produced fewer vacuoles than controls while treatment post infection 
demonstrated no significant difference. Studies to further characterize and define how C. burnetii 
modulates components of this important signaling pathway and their role in Coxiella growth and 
development will lead to a better understanding of molecular pathogenesis of this pathogen. 
 
 

MreB as a Potential Transcriptional Regulator 
Addison Grinnell (Masters), Brody Barton, Ryan Pruitt, Ryan Sloan, Suman Maharjan, Randy 

Morgenstein 
Oklahoma State University, Stillwater, OK 



 
Both eukaryotic and prokaryotic cells have a cytoskeleton. One of the main eukaryotic 
cytoskeletal elements is actin, which controls many aspects of cell physiology including cell 
shape, cell movement, and gene regulation. MreB is an essential cytoskeletal protein and main 
actin homolog in rod shaped bacteria that forms polymers along the cell membrane to direct sites 
of cell wall synthesis. Most of the studies of MreB have been related to its role in cell shape 
regulation. Is MreB’s essentiality due solely to its role in cell wall synthesis or does it have 
additional unknown roles in cell physiology? In order to determine if MreB is involved in other 
cellular functions we performed an MreB pulldown, on both MreB polymers and monomers, 
followed by mass-spectrometry. One of the surprising results was the variety of transcription 
factors found to specifically interact with either monomers or polymers. To confirm these results 
we are using RNA-seq to measure global transcription levels in cell with a perturbed or 
unperturbed MreB cytoskeleton. Additionally, we will determine if changes to the polymeric 
state of MreB leads to specific changes in gene transcription. These results will shed new light 
on the role of MreB in cell physiology as well as provide a model for transcriptional regulation 
as actin has been shown to be involved in eukaryotic transcriptional control through a variety of 
mechanisms.  
 
 

Environmental Stress Sensors Maintain Characteristic Response Profiles across Diverse 
Stressors 

Christopher Hamm (Masters) and Matthew T. Cabeen 
Oklahoma State University, Stillwater, OK 

  
The model organism Bacillus subtilis contains large cytoplasmic protein complexes known as 
stressosomes that are responsible for sensing stress through four RsbR (R) protein paralogs and 
then activating a general stress response. Each of these R proteins mediates a distinct, characteristic 
response pattern when exposed to ethanol as a stressor. We thus asked whether these response 
patterns would differ during exposure to other stressors. We engineered strains containing each R 
protein individually. Using a fluorescent reporter in conjunction with microfluidics, we visualized 
the stress response in single cells growing under uniform conditions over hundreds of generations. 
We discovered that each R protein responded with the same characteristic pattern irrespective of 
the stressor used, including ethanol, salt, oxidative stress, acid stress, and antibiotics. This result 
prompted us to ask which region of the protein is responsible for its characteristic response. Each 
R protein contains a conserved core region and a variable sensor region. Engineering hybrid 
proteins with a mix of these conserved and variable gene sequences allows us to ascertain which 
region of the protein truly manages the stress response by comparing the hybrid R protein response 
profiles with the previously observed individual RsbR response profiles. 
 
 

Novel Anaerobic Gut Fungi Genera from Wild and Captive Herbivores Greatly Expand 
the Known Diversity within the Neocallimastigomycota 

Radwa A. Hanafy (Doctoral), Mostafa S. Elshahed, and Noha H. Youssef 
Oklahoma State University, Stillwater, OK 

 



The Anaerobic gut fungi (AGF) (Neocallimastigomycota) are common inhabitants of the 
alimentary tracts of herbivores, where they play an important role in the degradation of ingested 
plant fibers. While the AGF diversity in domesticated hosts has been thoroughly investigated, very 
few studies have sampled AGF populations in wild herbivores. We hypothesized that the host 
animal’s lifestyle greatly impacts the resident AGF community. A multiyear isolation effort from 
27 fecal samples obtained from 11 domesticated, 7 captive, and 9 wild herbivorous species yielded 
200 different AGF isolates that broadly captured both inter- and intra-genus levels diversities 
within the Neocallimastigomycota. We successfully isolated multiple novel representatives of 
80% of the currently described genera. More importantly, 33 of the 200 isolates clustered into five 
distinct novel AGF genera, four of which were exclusively obtained from wild herbivores. 
Members of one of the novel genera isolated from Zebra represent the first cultured representatives 
of the previously uncultured ubiquitous lineage AL1.The isolated novel AGF genera displayed 
multiple interesting microscopic features, including multi-sporangiate thalli, papillated sporangia, 
pseudo-intercalary sporangia, and swollen sporangiophores. Our efforts greatly expand the known 
AGF phylogenetic diversity and highlight the value of sampling wild herbivores as a yet-untapped 
reservoir of novel AGF diversity. 
 
 

Analysis of the Interactions Between Cryptococcus neoformans and Pulmonary 
Macrophages 

Ashlee Hawkins (Masters), Ben Nelson, and Karen L. Wozniak 
Oklahoma State University, Stillwater, OK 

 
Cryptococcus neoformans, an intracellular fungal pathogen, causes cryptococcal meningitis. The 
pathogen has the ability to evade the immune response by surviving within select pulmonary 
macrophages. With over 220,000 cases and 180,000 deaths annually, C. neoformans is the most 
common cause of adult meningitis and a leading cause of death in HIV/AIDS patients in Sub-
Saharan Africa. This study is being conducted to understand the mechanism of interaction between 
C. neoformans and pulmonary macrophages using a murine model. We hypothesize that there is 
differential clearance of C. neoformans by alveolar and pulmonary tissue macrophages. For these 
studies, we used killing assays and flow cytometry. Results showed that both alveolar and tissue 
macrophages inhibited C. neoformans growth. Flow cytometric analysis showed distinct 
macrophage subset populations, as detailed in previous murine lung research, within the tissue 
macrophage group that included Ly6C-, Ly6C+, monocytes and interstitial macrophages. Further 
analysis of the tissue macrophage subsets suggests a correlation between the quantitative presence 
of particular subsets and the amount of cryptococcal inhibition. Future studies will use 
fluorescence microscopy to determine morphological changes within macrophage populations and 
single-cell RNA sequencing to determine which genes are up- or down-regulated within the 
subsets, following interaction with C. neoformans. 
 
 

A Novel Calcium (Ca2+) Sensor, EfhP, Mediates Ca2+ Regulation of Virulence in 
Pseudomonas aeruginosa 

Biraj B. Kayastha (Doctoral)1, Rendi Rogers1, Jacee McCoy1, Sharmily Khanam1, Shuxia Peng1, 
Junpeng Deng1, Mariette Barbier2, and Marianna A. Patrauchan1 

1Oklahoma State University, Stillwater, OK, 2West Virginia University, Morgantown, WV 



 
Pseudomonas aeruginosa, an opportunistic pathogen, causes lethal chronic infections in patients 
with Cystic Fibrosis. Elevated calcium (Ca2+) levels have been shown to enhance its virulence. 
Previously, we identified a putative Ca2+-binding protein EfhP containing two EF-hand motifs and 
showed its mediatory role in Ca2+ regulation of virulence factors. Here, by using wax worm and 
murine macrophage infection models, we show the role of EfhP in virulence and intracellular 
survival. We purified the soluble portion of the protein and by using Isothermal Titration 
Calorimetry (ITC) confirmed that it specifically binds Ca2+. We also confirmed that EfhP 
undergoes Ca2+-induced hydrophobicity changes by using a fluorescent dye, 1-anilinonaphthalene-
8-sulfonic acid. Initial pull-down assay followed by LC-MS/MS showed that upon Ca2+ binding, 
EfhP interacts with FurA and Bfr, proteins involved in iron metabolism. To identify the residues 
involved in Ca2+-binding, we are currently generating a series of point mutations. By using 
promoter activity assay, we showed that elevated levels of Ca2+ increase efhP transcription. 
Currently, we are testing the effect of other host factors on the promoter activity. In summary, we 
present evidences supporting that EfhP acts as a Ca2+-sensor of P. aeruginosa, which mediates 
Ca2+ regulation of virulence and adaptations in the host.  
 
 
A Putative Phytase, CarP, Required for Calcium Tolerance and Virulence in P. aeruginosa, 

is Differentially Regulated by Host Factors 
Michelle M. King (Doctoral)1, Megan Jones2, Sergio Mares1, Daniel McLeod1, Leah Kafer1, 

Mariette Barbier3, Michelle Visser2, and Marianna A. Patrauchan1 
1Oklahoma State University Stillwater, OK, 2The State University of New York Buffalo, NY, 

3West Virginia School of Medicine Morgantown, WV 
 
Pseudomonas aeruginosa is an opportunistic pathogen causing life-threatening infections. 
Previously, we showed that elevated calcium (Ca2+) increases production of virulence factors and 
infectivity. In the effort to characterize Ca2+ regulatory network, we have identified a Ca2+–
regulated β-propeller protein, named CarP. CarP is required for Ca2+ tolerance, maintenance of 
intracellular Ca2+ homeostasis, and Ca2+-regulated production of pyocyanin. Here we present that 
CarP plays a major role in Ca2+-induced induction of pyoverdine and virulence in Galleria 
mellonella. To better understand the role of CarP in P. aeruginosa virulence and interactions with 
a host, we studied transcriptional regulation of carP. After an in silico analysis of carP intergenic 
region, we cloned the predicted regulatory elements upstream of promoterless lux operon and 
monitored the luminescence. Only the fragments containing 36 bp of carP 5’ showed a response 
to Ca2+, which required CarR for induction. These fragments also responded to = iron and oxidative 
stress. The transcriptional profiles and challenging with cell supernatants suggested a regulatory 
role of an unknown QS molecule in a CarR- and Ca2+-dependent manner. Overall, the complex 
transcriptional regulation of carP in response to multiple factors associated with a host, suggests 
importance of this protein in P. aeruginosa infections. 
 
 

Cloning and Expression of Chlamydia trachomatis Inclusion Membrane Proteins 
Colleen La Force1 (Masters), Kriti Shukla2, Prakash Sah1, Christina Bourne2, and Erika Lutter1 

1Oklahoma State University, Stillwater, OK, 2University of Oklahoma, Norman, OK 
 



Chlamydia trachomatis is an obligate, intracellular pathogen that resides inside host cells within 
an inclusion. To replicate and grow, Chlamydia usurps host cell proteins from within this vacuole. 
To do this, Chlamydia produce and secrete proteins, termed inclusion membrane proteins (Incs), 
that insert in the inclusion membrane with the N- and C- terminus facing the host cytosol. C. 
trachomatis is predicted to have 50 Incs, however few have known functions. Little knowledge 
about their function is gained via bioinformatics as they lack similarity to any proteins outside of 
Chlamydia, therefore characterizing Incs and possible functions difficult. The goal is to clone and 
express the C-terminus of certain Incs which will be used to produce purified protein for future 
crystallography studies. This study focuses on the CT229-CT224 operon, only found in human 
pathogens. Here, the cloning strategy of an Inc into pET28a, generating a C-terminus Inc fusion 
to a 6X His tag. To date CT226, CT227 & CT228 have been successfully cloned, verified by 
sequencing and transformed into BL21 for expression studies. Once Inc proteins are produced, 
they will be prepared for crystallography. By assessing structures, insights may be gained as to 
possible functions based on similarity to other characterized proteins. 
 
 
Effect of High Ca2+ in Enhancing Adherence of Pseudomonas aeruginosa to Lung Epithelial 

Cells 
Deepali Luthra (Doctoral), Marianna Patrauchan, and Erika Lutter 

Oklahoma State University, Stillwater, OK 
 
Pseudomonas aeruginosa being an opportunistic human pathogen forms biofilms in airway 
mucosal epithelium in the lung cells of cystic fibrosis (CF) patients. Ca2+ accumulates in 
pulmonary fluids of CF patients and regulates hyperinflammatory host response to bacterial 
infections. Studies show that Ca2+ binds directly to the Ca2+-binding protein EfhP of P. aeruginosa 
and elevated Ca2+ leads to increased virulence in P. aeruginosa, but little is known about how Ca2+ 

regulates P. aeruginosa virulence during infection of human cell lines. The goal of this study is to 
determine how Ca2+ affects adherence of P. aeruginosa. This was determined with the wild-type 
strain PAO1, PAO1043 (efhp deletion mutant) and PAO1043.pMF (complemented strain 
expressing EfhP) utilizing human lung epithelial cell lines (A549) in low and high Ca2+ conditions. 
RPMI was determined to contain approximately 0.5-0.67 mM Ca2+, which is spiked to 5mM to 
obtain the high Ca2+ condition for the assays. Adherence studies show that at a multiplicity of 
infection (MOI) of 50 bacteria/cell, all three PAO1 strains show a significant difference of P<0.001 
when compared in low and high Ca2+ conditions. Ca2+ plays a significant role in adherence but no 
significant difference was noted between PAO1 and PAO1043 in paired conditions suggesting that 
EfhP does not plays a role in adherence to A549 cells. 
 
 
Suppressor Mutations Responsible for Restoration of Rod Shape in mreD Depleted E. coli 

Suman Maharjan (Doctoral) and Randy Morgenstein 
Oklahoma State University, Stillwater, OK 

 
Maintenance and remodeling of straight rod-shape in E. coli involves co-ordination of many PG 
synthesis enzymes and the cytoskeleton-associated proteins. MreB, RodA and RodZ are among 
the well-characterized cytoskeleton-associated proteins while others like MreD and MreC, proteins 
from mreBCD operon, are some of the poorly characterized components. MreD is essential for 



lateral PG synthesis and studies have shown mreD depletion leads to defective shape phenotype 
and division. On the other hand, some of these spherical cells survive the lethal effects through 
suppressor mutations such as overexpression of division proteins, and can stably propagate. To 
understand the role of MreD in rod shape, we asked if such suppressor mutation(s) could restore 
the rod-shape morphology and efficient propagation. Here, we use an E. coli strain with an 
engineered CRISPRi system for mreD depletion to induce shape and division defects. To select 
for rod-shaped cells we subjected mreD depleted cells to cephalexin that targets a divisome protein 
(PBP3) leading to cell death, to which the spherical cells are more sensitive. We hypothesize that 
the mutation(s) will be located in one or more of the proteins involved in PG synthesis machinery 
and/or its regulation. To map the suppressor mutations, mutants will be whole genome sequenced. 
We will then assess if these mutation(s) affect the localization of other cytoskeleton-associated 
proteins (such as MreB) or the interactions with other proteins of the rod-machinery. 
 
 
Applying a Halophilic Mixed-Culture to Remediate Hydrocarbon Contaminated Produced 

Water 
William S. Marsh1 (Doctoral), Robert Murdoch2, Frank Loffler2, Mark Krzmarzick1, Atiyeh 

Hasan1, and Babu Fathepure1 
1Oklahoma State University, Stillwater, OK, 2University of Tennessee, Knoxville, TN 

 
One of the largest waste streams in the oil and gas industry is produced water (PW). Estimates 
show that roughly 21 billion barrels per year in the US alone. PW is highly saline and contains 
heavy metals, dissolved and dispersed hydrocarbons, and naturally occurring radioactive 
materials. Hence, PW handling represents one of the more significant environmental challenges to 
the oil industry, not only from an environmental point of view, but also from a technical and cost 
view. The use of a microorganism, to at least remove the hydrocarbon portion of this water, could 
be highly cost effective and energy efficient and can be reused for fracking. We have developed 
microbial enrichment cultures from a crude oil-impacted brine in Kuwait. This culture is capable 
of degrading hydrocarbons at salinity ranging from 3 -32% NaCl. Currently we are evaluating this 
enrichment’s ability to survive toxic PW and also degrade hydrocarbons in PW. Our preliminary 
studies with PW from Grant County, OK showed high toxicity towards our enrichment, 
consequently no degradation of hydrocarbons occurred even after incubation for >3 weeks. 
However, upon dilution of the PW to 50% with waste water, the culture was able to completely 
degrade hydrocarbons in just 5 days. 
 
 

Cyanobacterial NDH-1 Complexes Contribute to the Formation of ΔpH across the 
Thylakoid Membrane 

Neil Miller (Doctoral) and Robert L. Burnap 
Oklahoma State University Stillwater, OK 

 
Many organisms possess NAD(P)H Dehydrogenase Complex I (NDH-1) that participates in the 
respiratory electron transport chain while simultaneously pumping protons across a membrane. 
Cyanobacteria possess homologs to this complex but are unique in that they possess several 
versions of this complex per cell, including two especially unique varieties that pair with carbonic 
anhydrases to maintain the cytoplasmic concentration of HCO3

-
 for carbon fixation. While it is 



known that these complexes participate in photosynthetic electron transport and contribute to 
cyanobacteria’s ability to take up CO2, it is unknown whether they participate in proton pumping, 
and how meaningful their contribution is to the establishment of ΔpH across the thylakoid 
membrane. To explore this concept, wild type Synechocystis sp. PCC 6803 and the M55 mutant 
(lacking all functional NDH-1 complexes) were analyzed using the quenching of acridine orange 
fluorescence in the presence of various inhibitors to explore the establishment of ΔpH upon 
illumination with actinic light. 
 
 

The Rich Diversity of Delta Proteobacteria in Zodletone Spring, an Anoxic Sulfide-Rich 
Hydrocarbon Seep 

Chelsea L. Murphy (Doctoral), Noha H. Youssef, C. Ryan Hahn, Ibrahim F. Farag, Mostafa S. 
Elshahed 

Oklahoma State University, Oklahoma State University, Stillwater, OK 
 
The class Delta Proteobacteria encompasses microorganisms with a wide range of metabolic 
capacities, notably in the sulfur cycle. Improvements in sequencing technologies and 
computational methodologies enable access to the genomes of uncultured microorganisms and 
highlighted the unprecedented scope of diversity within the uncultured Delta Proteobacteria. The 
class has recently been split into 13 phyla, with the majority of the cultured representatives falling 
within 5 phyla. We seek to explore the identities, capabilities, and ecological roles of organisms 
from the remaining uncultured Delta Proteobacteria taxa in Zodletone Spring, an anoxic 
environment laden with sulfide and methane in southwestern Oklahoma. Metagenomic sequencing 
produced 44 genomic bins belonging to phyla formerly grouped in the Delta Proteobacteria. Here, 
we are focusing on genomes belonging to the phyla Desulfobacterota (class BSN033), UBA10199, 
MBNT15, and RBG-13-61-14 to characterize their role in elemental cycling in the spring 
sediment. Preliminary analysis suggests the ability of members of the BSN033 to perform dual 
nitrogen and sulfur cycling roles and of members of UBA10199 to perform dissimilatory nitrate 
reduction and denitrification. 
 
 

Interactions of Cryptococcus neoformans with Human Airway Phagocytes 
Benjamin Nelson1 (Doctoral), Vineet I. Patel2, Jordan P. Metcalf2, and Karen L. Wozniak1 

1Oklahoma State University, Stillwater, OK, 2University of Oklahoma Health Sciences Center, 
Oklahoma City, OK 

 
Cryptococcus neoformans is an opportunistic fungal pathogen that causes over 225,000 yearly 
cases of cryptococcal meningitis, leading to 180,000 annual deaths in HIV/AIDS patients.  Innate 
phagocytes, such as macrophages and dendritic cells (DCs) are the first cells to interact with the 
pathogen. Destruction of C. neoformans occurs within DCs, but survival can occur inside some 
macrophages. Six different subsets of airway phagocytes have been characterized in a healthy 
human lung. However, the phagocyte subsets responsible for the killing or survival of C. 
neoformans are unknown. We hypothesize that there are differences with uptake and survival of 
C. neoformans among the subsets. Healthy human bronchoalveolar lavage (BAL) containing these 
six phagocytic subsets was incubated with mCherry-expressing C. neoformans for two hours. Cells 
were examined by flow cytometry to determine association of the fungus with each subset and by 



fluorescence microscopy to determine intracellular cryptococcal morphology, indicating killing or 
replication. Results showed that all phagocyte subsets interacted with C. neoformans, and different 
fungal morphologies were observed in two subsets. These findings suggest the outcome depends 
on the specific phagocyte subset C. neoformans encounters. Future single-cell RNA sequencing 
studies will identify differently regulated genes in phagocyte subsets following interaction with C. 
neoformans. 
 
 

Mechanisms Contributing to Ca2+-Induced Polymyxin B Resistance in Pseudomonas 
aeruginosa 

Tarosha B. Salpadoru1 (Doctoral), Sharmily Khanam1, Kerry Williamson2, Dirk L. Lenaburg1, 
Tanner Onstein1, Michael J. Franklin2, and Marianna A. Patrauchan1 

1Oklahoma State University, Stillwater, OK, 2Montana State University, Bozeman, MT 
 
Pseudomonas aeruginosa is responsible for fatal chronic lung infections in cystic fibrosis patients. 
It is also the third leading cause of nosocomial infections. Treatment of P. aeruginosa infections 
is becoming increasingly challenging with the occurrence of multidrug resistant isolates. 
Therefore, cationic peptides such as polymyxin B have made a comeback as the “last hope” 
therapeutic agents. Here we show that the presence of elevated levels of calcium (Ca2+) plays an 
important role in the development of resistance in P. aeruginosa to polymyxin B. Through 
chemical mutagenesis, we identified three genes: PA2803, PA3237, and PA5317 that contribute 
to Ca2+-enhanced resistance to polymyxin B. This was confirmed by susceptibility assays of the 
corresponding transposon mutants and in-trans complemented strains. Genome-wide RNA-Seq 
analyses revealed that the transcription of PA2803 and PA3237 is significantly upregulated in the 
presence of 5 mM Ca2+. However, the transcription of the two component systems PhoPQ, PmrAB 
and ParRS, earlier shown to control resistance to polymyxin B in P. aeruginosa, are down-
regulated by Ca2+. These observations suggest involvement of unique Ca2+-dependent 
mechanisms. We aim to elucidate the role of the identified genes in Ca2+-driven resistance to 
polymyxin B, which will provide insights into antibiotic resistance mechanisms in P. aeruginosa. 
 
 

Enrichment and Genomic Characterization of a Novel Thermohaloanaerobic Bacterial 
Phylum from a Tertiary Oil Reservoir in Cushing, OK 

Archana Yadav (Doctoral), Ibrahim F. Farag, Javier Vilcaez-Perez, Noha H. Youssef, and 
Mostafa S. Elshahed 

Oklahoma State University, Stillwater, OK 
  
To characterize the response of subsurface microbial community to nutrient stimulation in oil 
reservoirs, microcosms were established using formation waters, isolated soy protein and crude oil 
from a hypersaline (17%), high temperature (50 °C) tertiary oil reservoir in Cushing, OK. After 
100 days, 3 distinct microbial taxa were enriched i.e. Deferribacter, Kosmotoga and an OTU 
unaffiliated with all recognized bacterial phyla. Survey of global 16S rRNA datasets identified this 
lineage as rare member of microbial community in very few studies, predominantly anaerobic 
saline and hypersaline habitats. Using genome-resolved metagenomics, a near complete genome 
was recovered. Phylogenetic analysis using 120 protein coding genes confirmed its position as a 
novel bacterial phylum. Genomics analysis predicts a slow-growing, non-spore forming, and non-



motile gram-negative rod. Metabolically, the organism is predicted to be a strict anaerobic, 
fermentative heterotroph, with chiefly aminolytic substrate preference along with sugars (glucose 
and mannose). Further, the identification of propionate degrading capacity, presence of 
hydrogenases, and lack of respiratory capacities suggests the possibility of syntrophic growth on 
propionate. Adaptation to high salinity and high temperature is mediated by the synthesis and 
uptake of osmoprotectants like glycine betaine, cDPG and glutamate. Efforts to isolate and 
visualize this novel lineage is currently underway.  
 
 

Identifying Proteins with Novel Roles in Pseudomonas aeruginosa Biofilm Formation 
Amal H. Yahya (Doctoral), Adam S. Bronson, Nina S. Baggett, and Matthew T. Cabeen 

Oklahoma State University, Stillwater, OK 
 
Bacterial biofilms are a common cause of persistent infections. Biofilms comprise a microbial 
community encapsulated in a self-produced extracellular matrix. Inhabitants of this community 
are protected by the matrix from external threats such as antibiotics and host immunity. This 
protection makes it very difficult to eradicate P. aeruginosa biofilms, such as those that are 
associated with chronic infections in cystic fibrosis patients and in burn wounds. The molecular 
mechanisms underlying biofilm formation and regulation are not fully understood. Our lab 
previously showed that deletion of PA14_69700 strongly upregulates biofilm formation by P. 
aeruginosa. Interestingly, enhanced biofilm production in the deletion strain did not correspond to 
increased levels of cyclic-di-GMP (cdG), a secondary signaling molecule that induces a sessile 
lifestyle and biofilm matrix production. Therefore, we hypothesize that the 69700 protein exerts 
its effects by controlling the expression or activity one or more proteins outside of or downstream 
of cdG signaling. To identify these proteins, we have conducted a visual transposon mutagenesis 
screen where the genome of a hyper-biofilm-forming parental strain (PA14 ∆wspF∆69700) is 
randomly disrupted with a transposon. We screened for mutations that reverse the increased 
biofilm matrix production caused by 69700 deletions. Our preliminary results have identified not 
only genes with potential roles in the 69700 deletion phenotype but also genes with potential roles 
in biofilm formation more generally, and we are now in the process of validating and further 
characterizing these genes. We aim to provide a greater understanding of biofilm regulation to 
pave the way towards the discovery of novel anti-biofilm therapies. 
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Effects of Putative Cyclic Nucleotide-Binding Motifs on the Function of a Biofilm 
Regulator 

Nina Baggett, Amal Yahya, and Matthew Cabeen 
Oklahoma State University, Stillwater, OK 

 
Biofilms are notorious for developing on medical devices, in chronic wounds, and in the lungs of 
cystic fibrosis patients. Biofilms are a groups of cells encased in a self-made extracellular matrix 
comprised of proteins, DNA and polysaccharides. Biofilms are of considerable medical 
importance due to their marked antibiotic resistance. Pseudomonas aeruginosa is an opportunistic 
pathogen that is well known for forming biofilms. A series of visual screens uncovered the gene 



PA14_69700 as suppressing biofilm levels but without subsequently altering levels of cyclic-di-
GMP (cdG), a secondary messenger whose cellular abundance is directly correlated to biofilm 
production. The 69700 protein contains five RxxD motifs, which bind to cdG in other P. 
aeruginosa proteins through electrostatic interactions with arginine (R) and aspartate (D). If 69700 
uses these motifs to bind cdG, we hypothesize that modifying them may alter the function of 69700 
and phenotypically change the appearance of the biofilm without altering cdG levels. To determine 
if 69700 is altering biofilm production through interactions with these binding motifs, we have 
begun constructing a series of point mutations on the motifs that replace both R and D with alanine 
(A) which carries no charge, thereby disrupting the electrostatic attractions. If the binding motifs 
are responsible for the suppression of biofilm formation caused by 69700, we will have uncovered 
a novel biofilm suppression pathway that might inform the development of more effective 
treatments against P. aeruginosa biofilm infections.  
 
 

The Role of Metabolic Processes in A22 Resistant Cells 
Brody Barton, Addy Grinnell, Erin Francis, Thomas Cox, and Randy Morgenstein 

Oklahoma State University, Stillwater, OK 
 

MreB is the most common bacterial actin homologue, present in most rod shaped cells.  Actin 
plays many roles within the eukaryotic cell; however, not much is known about the protein 
interaction partners of MreB or its role in the cell beyond cell wall synthesis.  MreB is known to 
be responsible for maintaining rod shape and is an essential protein.  We are interested in 
uncovering the role of MreB in cell wall synthesis and other processes.  Using a subset of the 
Escherichia coli K-12 knockout collection (Keio) we screened for gene deletions that were 
resistant to the MreB polymerization inhibiting antibiotic, A22.  To determine the specificity of 
this resistance, these genes underwent further testing against other classes of antibiotics.  Gene 
ontology analysis shows the involvement of many genes involved in a variety of metabolic 
processes to be resistant to A22.  Interestingly, genes involved in one-quarter of the enzymatic 
processes of the TCA cycle were found to be resistant to A22.  Because of the concentration of 
TCA cycle genes and the role of the TCA cycle in central metabolism, these were deemed 
favorable research candidates to understand both the role of MreB in cell physiology and how 
these pathways contribute to antibiotic resistance.  Through further research of the selected genes, 
previously unknown interactions with MreB and its role within the cell may be established, leading 
to a greater understanding of metabolic interactions and the role of the prokaryotic actin 
homologue, MreB. 
 
 

Anitfungal Activity of Dendritic Cell Lysosomal Proteins 
Savannah Beakley, Ben Nelson, and Karen L. Wozniak 

Oklahoma State University, Stillwater, OK 
 
Cryptococcus neoformans is an opportunistic fungal pathogen that has become increasingly 
prevalent in places stricken with the HIV/AIDS epidemic, and it can also infect other 
immunocompromised patients such as those with immune disorders, or those with certain immune 
weaknesses that can result from medication such as chemotherapies. Previous studies showed that 
dendritic cells (DCs) and DC lysosomal extract kill C. neoformans. Over 3000 proteins were 



identified by mass spectrometry in the DC lysosomal extract. We hypothesized that individual DC 
lysosomal proteins would inhibit the growth of Cryptococcus. In this study, we tested four of these 
proteins including neutrophil elastase, myeloperoxidase, matrix metalloproteinase 25 (MMP25), 
and striatin recombinant protein antigen (SRPA) for activity against C. neoformans in vitro. 
Results showed that neutrophil elastase, myeloperoxidase, and had antifungal activity, while 
SRPA increased the growth of Cryptococcus. Future studies will examine the toxicity as well as 
the mechanism(s) of anti-cryptococcal activity of neutrophil elastase, MPO, and MMP25. Finally, 
if these antifungal components from the DC lysosome are non-toxic, these will be tested as 
therapies in the mouse model of cryptococcal infection. 
 
 

Identifying and Understanding Multidrug Resistant Pathogens Isolated from Cystic 
Fibrosis Patients 

Kaylea Bixler and Erika Lutter 
Oklahoma State University, Stillwater, OK 

 
Cystic Fibrosis (CF) is an autosomal recessive disease caused by a mutated Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR), which is a chloride ion channel. When the CFTR 
gene is mutated, it causes the protein to be absent or lose function, which leads to dehydration in 
the lung’s airways and also traps mucus inside the lungs. These conditions in the lung generate a 
perfect environment for bacterial colonization by multiple different species. Chronic bacterial 
colonization and development of antibiotic resistance are serious concerns for CF patients. 
Previous studies looking at antibiotic resistant bacteria focused on a specific genus species and it 
is possible that highly resistant bacteria were missed, whereas this study aims to identify overall 
resistant bacteria. This study aims to identify highly resistant bacterial populations directly from 
the sputa of CF patients in Oklahoma.  Total bacterial populations from CF sputa were previously 
collected and cryogenically frozen. Samples from 41 patients were screened for high resistance to 
four antibiotics: Ticaracillin, Gentamycin, Polymixin B and Carbenicllin.  Resistance was 
measured via Kriby-Bauer disc assays.  A total of 11 highly resistant bacteria were identified which 
are currently being assessed for MICs and will be identified by 16S sequencing.   
 
 

How Different RsbR Paralogs in Bacillus subtilis Affect Cell Viability When Exposed to 
Environmental Stress 

Nicholas Boyne, Jacob Osborne, and Matthew Cabeen 
Oklahoma State University, Stillwater, OK 

 
Stress is a universal phenomenon experienced by all living organisms, including bacteria. Bacteria 
have to react to stress quickly in order to survive in their environment. Environmental stress can 
be caused by a variety of factors, including acid, alcohol, salt, and heat. We are studying a model 
bacterium, Bacillus subtilis, because its stress response resembles that of human pathogens such 
as Listeria. B. subtilis senses stress using a stressosome, a complex of 80 proteins that includes 
four variant RsbR proteins RsbRA (RA), RsbRB (RB), RsbRC (RC), RsbRD (RD) that each 
produce a distinct stress response pattern to an identical input stress. We know that these four RsbR 
proteins work together to aid survival in the presence of environmental stress in wild-type cells, 
which contain all four RsbR proteins; however, we do not know how each RsbR protein aids in 



cell fitness and survival individually. To test how each individual RsbR protein affects survival, 
we performed a competition assay pairing strains containing individual RsbR variants against each 
other to determine if one protein aided in cell survival more than the other. To do this, we 
engineered strains of B. subtilis cells to only contain one of the four RsbR proteins. This allowed 
us to compete the RsbR proteins against one another on an individual basis. Our preliminary results 
indicate that the wild-type strain substantially outcompeted the other strains in every competition 
assay performed under acid stress except when competed against RC. These results show that cells 
containing only RC or all 4 RsbR proteins have a higher fitness in acid stress than cells containing 
only RA, RB, or RD. We will continue to perform these competition assays to determine how each 
RsbR protein aids in cell fitness under different types and concentrations of stressors. 
 
 

The Role of β-Carbonic anhydrase, psCA1 in virulence of Pseudomonas aeruginosa 
Reygan E. Braga, Biraj B. Kayastha, Leah A. Kafer, and Marianna A. Patrauchan 

Oklahoma State University, Stillwater, OK 
 
Pseudomonas aeruginosa is an opportunistic human pathogen that causes severe life threatening 
infections in patients with Cystic Fibrosis and infective endocarditis. These diseases are associated 
with elevated levels of calcium (Ca2+), and, in their later stages, may lead to soft tissue 
calcification. Earlier we have shown that P. aeruginosa produces extracellular deposits of calcium 
(Ca2+) when grown at elevated Ca2+ levels. We have also identified and characterized three β-
carbonic anhydrases (CAs): psCA1, psCA2, and psCA3 that are produced by the pathogen. We 
have determined that psCA1 is the major contributor to Ca2+ deposition. We hypothesized that the 
ability to deposit Ca2+ enhances virulence of P. aeruginosa. Here, by using Galleria mellonella, 
larvae of wax worm as an animal model, we observed that at elevated levels of Ca2+, the psCA1 
deletion mutant had impaired survival as compared to the wildtype. Such difference was not 
observed at no added Ca2+. Hence we conclude that psCA1 contributes to virulence of P. 
aeruginosa at elevated levels of Ca2+. We further aim to evaluate the role of the protein and calcium 
deposition in the development of immune response in the infected worms by measuring 
prophenoloxidase in their hemolymph. Recently, we tested a series of CA-inhibitors, of which 
acetazolamide (AAZ) showed the greatest reducing effect on the Ca2+-deposition. We aim to 
determine if the inhibition of CA activity by AAZ has any effect on virulence of this pathogen. 
The results of these studies will eventually help in devising therapeutic agents against P. 
aeruginosa infections.   
 
 

Determining the Mechanism of a Putative Biofilm Regulator, PA14_54940 
Adam Bronson, Amal Yahya, and Matthew Cabeen 

Oklahoma State University, Stillwater, OK 
 

To successfully survive, many bacteria form biofilms, self-made structural units of cells encased 
in a robust matrix of DNA, polysaccharides, and proteins. These biofilms are of great medical 
importance because they can be much more resistant to antibiotics and immune responses than 
planktonic bacterial infections. We do not fully understand the pathways by which biofilms are 
formed and regulated, but there is a direct correlation between biofilm production and cellular 
levels of cyclic-di-GMP (cdG), a cellular signaling molecule that inhibits cellular motility, and 



promotes aggregation and adhesion to surfaces. We used a genetic screen to identify a transposon 
disruption in the gene PA14_54940, which encodes a putative siderophore enzyme, as completely 
abrogating the production of the extracellular matrix in a hyper-biofilm-forming strain 
background. Our results suggest that 54940 has a crucial role in biofilm signaling, formation, and 
maturation, and thus we are currently attempting to elucidate its mechanism of action within the 
greater signaling cascade. To determine its exact mechanism, we are currently constructing clean 
deletions of 54940 in a variety of backgrounds, in which we will perform intracellular cyclic-di-
GMP quantification and Congo red binding (biofilm matrix quantification) assays. We will also 
perform comparative analyses with homologous enzymes. With this information, our aim is to be 
better equipped to assist in the development of novel therapeutics to treat chronic, multidrug-
resistant biofilm infections.  
 
 

Stress Competition of RsbR Proteins in Bacillus subtilis under 1M NaCl Stress 
Sidney Bush, Madeline Toews, Rabindra Khadka, and Matthew Cabeen 

Oklahoma State University, Stillwater, OK 
 
Bacillus subtilis uses cytoplasmic multiprotein complexes called stressosomes for sensing 
environmental stressors. The sensing function of the stressosome is evidently performed by a 
mixture of 5 different paralogous sensing proteins, termed RsbRA, RsbRB, RsbRC, RsbRD and 
YtvA. To examine how each of these proteins affects fitness under salt stress, we studied intra-
specific competition between strains containing single RsbR paralogs. When single-RsbR strains 
were competed in 1M NaCl in exponential phase, we found that RsbRD outcompeted RsbRA, 
RsbRB and RsbRC. More surprisingly, we found that 
the RsbRD-only strain even outcompeted the wild-type in exponential phase under 1M NaCl 
stress. Collectively our results suggest that different RsbR paralogs confer different protections for 
cells against environmental stressors. However, little is known about how the sensory RsbR 
proteins in the stressosome complex actually sense stress to initiate and activate the stress response 
signal transduction pathway. We assume that stress sensing activity is initiated at the variable N-
terminal region of an RsbR protein, which is exposed to the cytoplasm. In future experiments we 
will identify functional and non-functional amino acid residues in the N-terminal region of RsbRA 
that eventually drive the response to environmental stressors. 
 
 

Mechanisms of Lysosomal Cathepsin B Degradation of Cryptococcus neoformans 
Brinley Cannon and Karen L. Wozniak 

Oklahoma State University, Stillwater, OK 
 
Cryptococcus neoformans is an opportunistic fungal pathogen that is spread through inhalation. 
When inhaled, C. neoformans can cause severe infection in immunocompromised patients, 
particularly those with HIV/AIDS. However, healthy individuals are rarely affected. The infection 
begins in the lungs as pneumonia and can disseminate into the central nervous system causing a 
fatal brain infection called cryptococcal meningitis. Dendritic cells (DCs) in the respiratory tract 
can phagocytose and kill inhaled C. neoformans in the lysosomal compartment. In addition, DC 
lysosomal extract has anti-cryptococcal activity. A purified lysosomal protease, cathepsin B, 
exhibits significant growth inhibition of Cryptococcus by an unknown mechanism resulting in 



osmotic lysis of the organism. Due to the morphology observed after cathepsin B treatment, we 
hypothesize that the cathepsin B is targeting the fungal cell wall integrity pathway. For these 
studies, we have treated C. neoformans with cathepsin B and have shown that cathepsin B has anti-
cryptococcal activity. We are currently examining the cell wall integrity pathway with/without 
treatment by Western blot, and are examining the phosphorylation of PKA (the first protein in the 
signaling cascade) to determine if cathepsin B affects this pathway. Future studies will examine 
phosphorylation of PKA and additional proteins in the cell wall integrity pathway and the effects 
of cathepsin B on cryptococcal virulence factors to identify additional mechanisms of cathepsin B 
anti-cryptococcal activity. 
 
 

Identifying the Regulon of a New DNA-binding Protein Important for Bacterial Biofilm 
Formation 

William L. Colton, Griffen Campbell, and Matthew T. Cabeen 
Oklahoma State University, Stillwater OK 

 
P. aeruginosa is an opportunistic bacterial pathogen that frequently infects the 
immunocompromised and individuals with select conditions like cystic fibrosis. P. aeruginosa 
forms biofilms by binding together with other cells and anchoring to a surface while encased in a 
self-produced extracellular matrix. This biofilm acts as a survival mechanism against 
environmental threats, which include antimicrobial therapies such as antibiotics. To more 
effectively prevent or treat P. aeruginosa biofilm infections, we need a better understanding of the 
factors involved in biofilm formation and the roles of those components in biofilm phenotypes. 
Our target of interest is the PA14_16550 protein, which was found in a previous screen to affect 
biofilm formation by inducing a reduced-biofilm phenotype when deleted. PA14_16550 is a TetR-
type DNA-binding protein, suggesting that it regulates the expression of biofilm-related genes. To 
identify genes that are important for the reduced-biofilm phenotype of the PA14_16550 deletion, 
we performed transposon mutagenesis on a PA14_16550-deleted strain and visually selected 
colonies with enhanced biofilm formation, effectively reversing the phenotype of the deletion. We 
identified a number of different genes in this analysis and are presently validating their functions 
in biofilm formation. In a complementary approach, our next step will be to perform high-
throughput RNA sequencing, comparing the transcriptomes of the PA14_16550 deletion to the 
wild-type to identify the complete regulon of PA14_16550 and learn how it intersects with biofilm-
signaling pathways. 
 
 

EIPE-1, an Eumelanin-Inspired Compound, Potential for Fungicidal Tendencies against 
Cryptococcus neoformans and Candida 

Brittney Conn, Emma Maritz, Toby L. Nelson, and Karen L. Wozniak 
Oklahoma State University, Stillwater, OK 

 
In the past century, anti-fungal drugs have had much success in the treatment of fungal pathogens. 
However, due to fungi similarities between fungi and mammalian cells, many of these treatments 
are toxic. In addition, fungi have developed resistance against existing antifungal drugs. Currently, 
there are only four separate classes of antifungal agents that target - plasma membrane sterols 
(ergosterol), nucleic acid synthesis and cell wall constituents and some of these existing drugs are 



not effective against all fungal pathogens. To combat this issue along with antibiotic resistance in 
bacteria, a eumelanin-inspired indoylenepheyleneethynylene, EIPE-1, derived from vanillin was 
synthesized. The synthetic compound has demonstrated antimicrobial effects on the methicillin 
resistant S. aureus (MSRA), but not on the gram negative organisms. We hypothesized that EIPE-
1 could also be used to kill fungal pathogens. For these studies, we tested EIPE-1 against the fungal 
pathogens Cryptococcus neoformans and Candida albicans, which are responsible for over 
200,000 yearly deaths. Our results showed that EIPE-1 has considerable anti-fungal effects on 
Cryptococcus neoformans up to 3.646 ug/mL concentration and up to 6.510 ug/mL for Candida 
albicans. Overall, EIPE-1 does display potent anti-fungal activity against C. neoformans and 
Candida. Future studies will examine the mechanism of activity of EIPE-1 against these fungal 
pathogens. 
 
 

Protein Kinase A Manipulation by Chlamydia trachomatis during Infection 
Jonathan Derouen, Prakash Sah and Erika Lutter 

Oklahoma State University, Stillwater, OK 
 
The most commonly reported STD in the United States is Chlamydia trachomatis which can lead 
to pelvic inflammatory disease, tubal infertility and even increased risk of cervical cancer. After 
infection, manipulation of different protein kinases aid in its replication processes for further 
development of the pathogen. Protein Kinase A (PKA) is an enzyme in the host cell that 
phosphorylates other proteins for activation. PKA’s activity is regulated by the changing levels of 
cyclic AMP within cells. Not much is known about the intracellular Chlamydial manipulation of 
host cellular kinases post infection. Coxiella burnetii is another bacterial obligate intracellular 
pathogen where the inhibition of host cell PKA negatively impacts the parasitophorous vacuole 
required for the growth and survival. We hypothesize that C. trachomatis operates in a similar 
manner by manipulating PKA pathways to regulate intracellular development inside the host. The 
use of western blots helped determine if C. trachomatis manipulated host-cell PKAs by measuring 
the growth of the protein in the cell at different time points post infection. PKA and PKA substrates 
were confirmed to be more active as the post-infection time increased. These findings conclude 
that PKAs are significant for the intracellular growth and development of C. trachomatis. 
 
 

Sequence Conservation of the Novel Calcium Sensor, EF-hand Protein, EfhP, Among 
Pseudomonads 

Rosalie Dohmen, Biraj B. Kayastha, and Marianna A. Patrauchan 
Oklahoma State University, Stillwater, OK 

 
Pseudomonas aeruginosa is an opportunistic pathogen that causes acute and chronic infections, 
particularly in patients with underlying medical conditions. It is one of the prevalent pathogens in 
urinary tract and device related infections, and the major cause of death of Cystic Fibrosis (CF) 
patients. CF and other diseases including later stages of atherosclerosis are associated with 
elevated levels of calcium (Ca2+). Earlier, we have shown that the elevated levels of Ca2+ enhance 
P. aeruginosa virulence. In our attempts to find a protein in this pathogen that responds to Ca2+ 
and mediates the response, we predicted a novel Ca2+ sensor encoded by the PA4107. We named 
it EfhP after its two canonical EF-hands and showed that it binds Ca2+. We also showed that it 



mediates the Ca2+ regulation of P. aeruginosa virulence Considering the putative role of EfhP as 
a Ca2+-sensor, we hypothesized it to be conserved in other pseudomonads.  To test this, we applied 
bioinformatics to compare sequences of efhP homologs from different Pseudomonas species 
isolated from a variety of sources that are available in public databases. Homologs search revealed 
that ten out of 335 completed genomes of Pseudomonas species contain one homolog of EfhP with 
EF-hand domains. Amino acid sequence alignments of these proteins showed 19-99% sequence 
identity and revealed 30 highly conserved amino acid residues, 12 of which are within the EF-
hand domains. We aimed to characterize a conservation within EF-hand as well as putative target-
recognizing domain in these sequences. Several “hotspots” within the increased frequency of 
mutations have been identified, none of which were located within the transmembrane domain or 
EF-hand domains. We also aimed to correlate the mapped mutations with the isolation sources. 
We observed that out of all the sequences with mutations, 39% were from CF patients, 63% from 
various other clinical sources and 4% were form non-clinical sources. In addition, we amplified 
the homologs of efhP from the genomes of several clinical isolates collected from CF patients and 
keratitis. Sequence analysis showed that these sequences were 99% identical to the efhP from 
PAO1 with only 5 nucleotide differences. The latter caused substitution of non-polar amino acids 
to polar amino acids in the non-conserved regions of efhP.  Currently, we are testing whether these 
differences impact predicted three-dimensional structures of these proteins. We aim to do similar 
experiments with the environmental isolates and determine whether they have a similar 
conservation of the gene, and particularly within sequence responsible for interacting with protein 
partners. The results of this study will help establish the importance of EfhP, as a Ca2+-sensor, in 
the evolution of the mechanisms of Ca2+ signaling and regulation.  
 
 
Evaluating the Effect of Promoter Strength on the Complementation of Deletion Mutants 

in Synechocystis sp. PCC 6803 
Avery Dutcher, Neil Miller, and Robert Burnap 

Oklahoma State University, Stillwater, OK 
 
The CO2 uptake mechanism within Cyanobacteria plays a vital role in our environment due to its 
photosynthetic ability to uptake CO2 and produce oxygen. Cyanobacteria possesses an inorganic 
carbon concentrating mechanism including two CO2 specific uptake systems. One is constitutive 
and one is low-CO2 inducible. By limiting the CO2 availability, the bacteria will express the 
inducible CO2 concentrating mechanism to survive. These systems include NDH-13, the inducible 
complex and NDH-14, the constitutive complex. The goal of our lab is to focus our studies on the 
inducible NDH-13 system, however, there are concerns that the promoter strength of our 
complementation strains will prove problematic to future studies. To overcome this concern, we 
tested three different promoters with varied expression patterns and then determined which would 
yield the best construct for future experiments. Included were the constitutive Rubisco and PsbA2 
promoters, along with the native NdhF3 promoter. Using Gibson Assembly, plasmids containing 
these variations were constructed. Spot assays on BG-11 media were completed under conditions 
of air and CO2 gassing. A phenotypic analysis was completed to observe if the promoter strength 
influences the cells’ ability to grow within the different conditions. 
 
 

Does Calcium Regulate Rhamnolipid Production in Pseudomonas aeruginosa?  



Kevin C. Figueroa, Michelle M. King, and Marianna A. Patrauchan 

Oklahoma State University Stillwater, OK 
 

Pseudomonas aeruginosa is a Gram-negative, opportunistic pathogen that causes severe 
infections, both acute and chronic. P. aeruginosa can swim, twitch and swarm, which contribute 
to its ability to colonize and spread infection. Previously, we have shown that elevated calcium 
(Ca2+) increases the pathogen’s motility and virulence. Bacterial swarming relies on the production 
of rhamnolipid, a biosurfactant lowering the surface tension and facilitating swarming. In order to 
identify the mechanism of Ca2+ regulation of swarming, we have tested the effect of Ca2+ on 
rhamnolipid production by monitoring the expression of PrhlAB-gfp fusion. In agreement with the 
RNAseq analyses, PrhlAB-gfp activity increased with the increase of Ca2+. To identify the 
components of Ca2+ signaling network mediating Ca2+ regulation of rhlAB, we monitored PrhlAB-
gfp activity in the mutants lacking such components. So far, the mutant lacking calC, a Ca2+ leak 
channel, showed abolished Ca2+ induction of rhlAB expression, suggesting the importance of the 
intracellular Ca2+ in this regulation. We are currently validating the promoter data by testing 
rhamnolipid production using plate-assay. This project will elucidate the role of the P. aeruginosa 
Ca2+ signaling network in regulating rhamnolipid biosynthesis and swarming, that both contribute 
to virulence of the pathogen.  
 
 

Is the carP Gene, Encoding Calcium-Regulated Protein, Unique to Pseudomonas 
aeruginosa? 

Anna Khanov, Michelle M. King, Sergio Mares, Caressa Boss, and Marianna A. Patrauchan 
Oklahoma State University Stillwater, OK 

 
Pseudomonas aeruginosa infects patients with Cystic Fibrosis (CF), burns, wounds, and implants. 
In the lungs of patients with CF, P. aeruginosa encounters elevated levels of calcium. Previously, 
our lab has shown that elevated calcium levels enhance the ability of P. aeruginosa to produce a 
number of virulence factors. Aiming to characterize the molecular mechanisms of calcium 
regulation, we have identified a Calcium–regulated β-propeller protein, CarP. We showed that 
CarP is required for cell tolerance to high levels of calcium. The protein is involved in regulating 
the levels of intracellular calcium, as well as several virulence factors. It also plays role in the 
ability of the pathogen to kill Galleria mellonella as a virulence model. Since calcium is an 
important host signal and CarP plays an important role in P. aeruginosa response to calcium, we 
aimed to study sequence conservation of carP. Sequence analyses determined that carP homologs 
can only be detected among Pseudomonas genus, and particularly prevalent among P. aeruginosa. 
Based on this, we hypothesized that carP can be used as a marker of P. aeruginosa to be used in 
clinical and environmental settings. To test this hypothesis, we aimed to collect environmental 
samples in Stillwater, isolate environmental organisms, and phenotypically characterize them. 
Then we tested whether the genomes of the isolates contain homologs of carP. For this, we 
performed a colony PCR using carP specific primers. Initially, we planned to use Pseudomonas 
isolation agar (PIA) plates, a growth medium selecting for pseudomonads. However, we have 
discovered that several environmental isolates that were phenotypically distinct from 
pseudomonads, survived on this medium. Instead, after isolating individual colonies through 
quadrant streaking on Luria Bertani (LB) agar, we plan to identify the organisms by amplifying 
and sequencing their 16SRNA genes. Thus far, we have isolated eight environmental bacteria that 



do not amplify carP and are phenotypically distinct from pseudomonads. We are currently 
following up with a 16SRNA sequencing for these organisms. We will also test the presence of 
carP in several environmental pseudomonads that were recently received through collaboration 
with the University of Mississippi. This project will highlight the conservation of carP amongst 
P. aeruginosa environmental isolates, which will strengthen the possibility for this gene to be used 
as a biomarker for P. aeruginosa.    
 
   
Conservation of Calcium-Regulated Protein, CarP, Involved in Virulence, Among Clinical 

and Environmental Isolates of Pseudomonas aeruginosa 
Sergio Mares, Michelle M. King, Caressa Boss, Anna Khanov, and Marianna A. Patrauchan 

Oklahoma State University, Stillwater, OK 
 
Antibiotic resistant pathogen Pseudomonas aeruginosa infects patients with Cystic Fibrosis (CF), 
burns, wounds, and implants. In the lungs of patients with CF, P. aeruginosa encounters elevated 
levels of calcium (Ca2+). Previously, our group has shown that elevated Ca2+ levels enhance the 
ability of P. aeruginosa to produce virulence factors. We have identified a Ca2+–regulated β-
propeller protein, CarP, and found it to be essential for cell tolerance to high levels of Ca2+, 
regulation of intracellular Ca2+ homeostasis, and production of virulence factors. In addition, carP 
is required for Ca2+-induced pyocyanin and pyoverdine production, and plays role in the ability of 
the pathogen to kill Galleria mellonella as a virulence model. Upon infecting a host, P. aeruginosa 
quickly adapts to host immune responses and undergoes multiple mutations optimizing its genome. 
However, genes required for survival are protected from mutations, and their sequences remain 
unchanged. Due to the important role that carP plays in Ca2+ signaling and virulence, we 
hypothesized that carP is highly conserved in P. aeruginosa clinical isolates. The database 
homology search retrieved 2,269 nucleotide sequences with the sequence identity above 95.6%. 
The extraction and analyses of the isolation sources by using Python revealed that 93.6 % 
sequences were associated with clinical sources and 4.9% - from non-clinical sources. Among 
those isolated from clinical settings, 45.8% originated from CF samples. Interestingly, 97.7 % of 
these sequences belong to P. aeruginosa strains, and the rest – to five Pseudomonas species, 
illustrating the predominant distribution of carP homologs among P. aeruginosa. The amino acid 
sequence alignments using MEGA identified a small number of mutations occurring mostly within 
the transmembrane region of the encoded protein. Using i-Tasser, we predicted the 3D structures 
of the proteins and verified that these mutations had no impact on their structures. Further, we 
amplified and sequenced carP homologs in several clinical isolates collected from CF sputum and 
ocular infections. Sequence analysis showed high levels conservation of carP homologs in CF 
isolates. Further, carP homologs from environmental pseudomonads will be amplified and 
sequenced. This will test the presence and the conservation of carP in the pseudomonads residing 
in non-clinical environments. So far, this research has demonstrated that carP is highly conserved 
in P. aeruginosa isolated from diverse environments, illustrating its importance in adapting to 
multiple environments. Considering the conserved nature and the predominant distribution of carP 
among P. aeruginosa strains, this gene may be used as a biomarker for detecting P. aeruginosa in 
clinical samples, which would enable more targeted and efficient treatments.  
 
 

Identification of Fungal Pathogens in Cystic Fibrosis Patients 



Emma Maritz, Erika I. Lutter, and Karen L. Wozniak 
Oklahoma State University, Stillwater, OK 

 
Cystic fibrosis (CF) is an autosomal genetic disease that causes infection in the lungs due to a lack 
of mucus clearance in the airways. Published studies on fungal pathogens in CF patients noted that 
the use of multiple antibiotics to treat drug-resistant bacterial infections in these patients has 
created an opening for colonization of the lung with fungal pathogens, and these organisms may 
also be drug-resistant. We hypothesized that fungal pathogens can be isolated from CF patient 
samples, and these fungal organisms will be resistant to antifungal therapies. Sputum samples were 
taken from CF patients from the Cystic Fibrosis Clinic in Oklahoma City, OK. Samples were 
plated using selective media to enrich for fungal growth. Following this, single colonies were 
analyzed by two different methods to identify fungal organisms - API AUX20 C test strips and 
DNA isolation/fungal identification by ITS3 PCR. MIC assays were conducted with antifungal 
drugs. Analysis of colonies tested by API test strips showed that several Candida species were 
present, and we further confirmed that these isolates were fungi by PCR for ITS3. MIC assays 
showed that these isolates were resistant to antifungal drugs. Future studies will verify the identity 
of the fungal organisms by sequencing and will identify the mechanism(s) antifungal resistance. 
Further understanding the fungal pathogens and drug resistance in CF patients could potentially 
prolong CF patient lifespan and decrease the severity of CF lung infections. 
 
 

Psb27 Protein Aids in Photosystem II Reassembly from Light Damage 
Rachel Martin, Anton P. Avramov, and Robert L. Burnap 

Oklahoma State University, Stillwater, OK 
 
Photosynthesis is the process by which plants convert light energy into chemical energy. The 
function of PSII is essential in the photosynthetic process because of its ability to take light 
energy and convert water molecules to oxygen. The energy absorption from light that excites a 
molecule from its ground state is what allows the photoassembly to occur. With such high light 
intensity, the PSII system is constantly being damaged and needs to be repaired. Although the 
Psb27 protein does not prove to be imperative in the photosynthetic process, we propose that it 
does help the efficiency in the reassembly process of PSII. It does this by holding the active site 
open to allow the Ca2+ and Mn2+ ions to access the active site for reassembly to occur at a more 
efficient pace. To test this hypothesis, the Psb27 protein was overexpressed in a neutral site to 
observe the overall light absorption of the cells exposed to different light flash frequencies and a 
various number of light flash pulses. Previous literature has found that this protein plays a part in 
greater efficiency of the PSII reassembly after light damage, and that it facilitates the assembly 
of Mn4CaO5 cluster by preventing premature binding of extrinsic proteins. 
 
 

Investigation of Calcium-regulated Virulence of Pseudomonas aeruginosa in Galleria 
mellonella 

Jacee L. McCoy, Leah A. Kafer, Biraj B. Kayastha, and Marianna A. Patrauchan 
Oklahoma State University, Stillwater, OK 

 



Pseudomonas aeruginosa is a Gram-negative opportunistic bacterium that causes acute and 
chronic infections in plants and animals. It can cause severe chronic infections in the lungs of 
Cystic Fibrosis (CF) patients. The latter have been shown to contain elevated levels of Ca2+ in their 
body fluids. Our group has discovered that elevated amounts of Ca2+ commonly detected in CF 
lungs, enhance production of virulence factors in P. aeruginosa. We hypothesized that elevated 
Ca2+ enhances virulence in an animal host. Further, this study aims to determine the role of EfhP 
in Ca2+ - regulated virulence of P. aeruginosa. EfhP is a Ca2+-binding protein, which has been 
shown to mediate Ca2+-regulated production of several virulence factors as well as resistance to 
oxidative stress. To test this hypothesis and define the role of EfhP in Ca2+-dependent virulence of 
this pathogen, we used Galleria mellonella wax worm larvae as an animal virulence model. We 
injected the wax worms with the EfhP deletion mutant of P. aeruginosa and determined the 
pathogen’s LD50, which were compared to those of the wild type. In addition, we monitored P. 
aeruginosa survival in the worms and the levels of Ca2+ within the hemolymph. We also assessed 
an immune response in the worms by using a Polyphenol Oxidase Assay (PPO). So far, we showed 
that the mutant lacking ehfP gene exhibited a significantly lower virulence than the wild type when 
grown at elevated Ca2+. This research will provide insight into the regulatory systems controlling 
virulence and pathogenic interactions within a host. This knowledge is essential for future 
development of medicinal approaches for preventing or controlling P. aeruginosa infections. 
 
 
Transcriptional Regulation of the Virulence Associated Gene efhP by Calcium (Ca2+) in the 

Human Pathogen Pseudomonas aeruginosa 
Mary K. Morrissey1, Rendi Rogers1, Sharmily Khanam1, Biraj B. Kayastha1, Mariette Barbier2, 

and Marianna A. Patrauchan1 
1Oklahoma State University, Stillwater, OK, 2West Virginia University, Morgantown, WV 

 
Pseudomonas aeruginosa is an opportunistic human pathogen that causes lethal infections in 
immunocompromised and hospitalized patients. It is a prevalent pathogen in diseases like 
pneumonia and cystic fibrosis (CF). Certain diseases including CF are associated with abnormally 
high levels of Ca2+. Previously, we reported that elevated levels of calcium (Ca2+) enhance the 
production of virulence factors of P. aeruginosa. We also identified a putative Ca2+-binding 
protein EfhP containing two EF- hand motifs and showed that it mediates Ca2+-induced virulence. 
We hypothesized that elevated levels of Ca2+ up-regulate the transcription of efhP. RNA-seq data 
showed that 5mM Ca2+ brings about a 4.33 fold increase in efhP transcription. Here, by using 
promoter activity assay, we validate that elevated levels of Ca2+ up-regulate efhP transcription. We 
also show that the two-component system BfmRS down-regulates efhP transcription at elevated 
Ca2+ levels. Currently, we are testing the effect of other host factors like limited iron, oxidative 
stress and elevated carbon dioxide on the promoter activity. In conclusion, the results of our current 
and future studies will help to determine various host factors that regulate efhP expression. 
Ultimately, these results will help devise anti-infective strategies against P. aeruginosa infections 
by blocking efhP expression at transcriptional levels.  
 
 

Anti-fungal Activity of Lysosomal Proteins and their Effects on Cryptococcus neoformans 
Sierra Posey, Benjamin N. Nelson, and Karen L. Wozniak 

Oklahoma State University, Stillwater, OK 



 
Cryptococcus neoformans is an opportunistic fungal infection that is spread through airborne 
means. It affects immune compromised individuals and causes pneumonia followed by 
dissemination of the organism to the brain, resulting in cryptococcal meningitis. Previous studies 
showed that dendritic cells (DCs) can kill Cryptococcus through phagocytosis and killing in the 
lysosomal compartment. The lysosomal extract from DCs has anti-cryptococcal activity, and we 
now have mass spectrometry data identifying its contents. We hypothesized that DC lysosomal 
proteins nostrin, calmodulin, and coronin 1a have anti-fungal activity against C. neoformans. For 
these studies, we incubated lysosomal extract or these individual proteins with C. neoformans to 
measure anti-fungal activity. We also tested nostrin at different concentrations in order to 
determine the minimum concentration required for antifungal activity. Our results showed nostrin 
had significant antifungal activity, while calmodulin and coronin-1A did not have antifungal 
activity. Results of testing different nostrin concentrations showed that the higher concentration 
(4ug/ml) is required for antifungal activity. Future studies will examine cytotoxicity of nostrin 
with mammalian cells, and if non-toxic, nostrin will be tested as a therapy in a mouse model of 
pulmonary cryptococcosis.   
 
 

MreB and A22 Sensitivity in Escherichia coli cells 
Ryan Pruitt, Ryan Sloan, and Randy Morgenstein 

Oklahoma State University, Stillwater, OK 
 

MreB, a homolog of actin, is one of the proteins responsible for maintaining the bacillus shape of 
Escherichia coli cells. MreB, like actin, forms polymers in the bacterial cell. When these polymers 
are disrupted, the cell loses its rod shape to become spherical, because of an interruption in cell 
wall synthesis, leading to a decrease in cell viability. In our lab, we are using an ordered E. coli 
deletion library, the Keio collection, to study the viability of E. coli cells in the presence of A22, 
an antibiotic that inhibits MreB, at high and low doses. The Keio collection allows us to 
specifically study the effect that the specific gene deletion has on the viability of the cells in the 
presence of A22. We found genes that showed an increased sensitivity to A22 at a subinhibitory 
dose. Three gene deletions will be examined more closely to determine the mechanism of low 
growth in the presence of A22. We are currently working on creating expression plasmids 
containing each of these genes in order to complement the mutants and to test the effects of 
overexpression of these genes on wild-type growth. We expect that the complemented cells will 
show an increased resistance to A22 (back to wild type levels), and that the wild type cells will 
show an even higher resistance to A22 when the gene is overexpressed. If this is true, then we can 
say that the genes in question play a role in the sensitivity of A22 in E. coli cells. 
  
 
Abnormal Ion Concentration in Cystic Fibrosis Lungs Impact Rhamnolipid Production in 

Pseudomonas aeruginosa 
Casandra Salinas, Michelle M. King, and Marianna A. Patrauchan 

Oklahoma State University, Stillwater, OK 
 
Pseudomonas aeruginosa can cause severe opportunistic infections in immunocompromised 
patients, most notably infecting the lungs of cystic fibrosis (CF) patients. One of the mechanisms 



of virulence in the pathogen is its ability to swarm. Swarming motility contributes to the formation 
of biofilms and relies on the production of glycolipid biosurfactant rhamnolipid. In order to combat 
P. aeruginosa infections in CF patients, there is a need for a better understanding of how the 
abnormal chemical conditions in the lungs affect the virulence of the pathogen. We first aimed to 
determine the impact of several conditions commonly associated with CF lungs on the production 
of rhlA. For this, we used a genetic construct (PrhlA-gfp fusion), containing rhlA promoter 
upstream of gfp. Thus far, we have determined that elevated to 5% CO2 abolished rhlA production 
and that the presence of 10 mM Ca2+ increased rhlA promoter activity. We are currently validating 
these results by testing rhamnolipid production using methylene blue/cetyl trimethylammonium 
bromide plate assay. These results will generate an insight about the specific conditions regulating 
rhamnolipid production and therefore virulence of P. aeruginosa. 
 
 

Finding New Signaling Pathways that Govern Biofilm Formation by Pseudomonas 
aeruginosa 

Samantha Shafer, Kate Smith, and Matthew Cabeen 
Oklahoma State University, Stillwater OK 

 
Pseudomonas aeruginosa is an opportunistic pathogen that is often associated with severe forms 
of many infections, including bronchiectasis and infections in the gut. Mortality has been shown 
to increase in patients who become infected with P. aeruginosa. P. aeruginosa poses a special 
treatment challenge due to its propensity to form biofilms, in which cells are surrounded by a self-
produced extracellular matrix of proteins, DNA, and polysaccharides. Biofilms can help bacteria 
evade the host immune response, and the matrix represents a barrier that protects bacteria against 
antibiotic therapy. Because biofilms are difficult to treat once established in an infection, new 
strategies to prevent biofilm formation are critical to combat these infections. However, effective 
prevention depends on a fuller understanding of the signaling pathways that control biofilm 
formation. To identify new control points in the pathways governing biofilm formation by P. 
aeruginosa, we use transposon mutagenesis in conjunction with a visual assay for colony 
morphology, in which colony wrinkling indicates biofilm formation. Using these screens, we have 
been able to identify many promising candidates. For example, we identified mutations in the 
genes fdnG and PA14_42090 as having smoother colony morphology, suggesting that these genes 
are involved in biofilm formation. Conversely, we have found that mutations in the purU2 and 
trxB1 genes show increased colony wrinkling, suggesting that these genes normally suppress 
biofilm formation. We will continue characterizing these genes by deleting them from the genome 
to confirm their roles in biofilm production and then testing how their absence or presence affects 
other known biofilm signaling molecules. Our detailed characterization of these candidate genes 
will provide fundamental knowledge that can then be used to devise future treatments to prevent 
biofilm formation in patients infected with P. aeruginosa. 
 
 

Synthetic Lethal Screen for Novel Bacterial Cell Shape Genes 
Ryan Sloan, Ryan Pruitt, and Randy Morgenstein 

Oklahoma State University, Stillwater OK 
 



Cells come in a large variety of shapes. The cytoskeleton of cells is one of the main elements 
controlling cell shape. MreB is a homolog of actin, one of the main elements of the eukaryotic 
cytoskeleton, and promotes the rod shape of certain bacteria. Like actin, MreB forms polymers in 
the cell. MreB is located in the main cell body where it recruits the cell wall synthesis machinery 
to localize new cell wall insertion. MreB moves circumferentially around the cell in a cell wall 
synthesis dependent manner. It is not known exactly how MreB operates to control rod shape, or 
all of the proteins necessary for its function. When the antibiotic A22, an ATP analog, is introduced 
to these rod-shaped bacteria, it binds to MreB, causing it to depolymerize, leading to a loss of cell 
shape and eventually lysis. At sublethal levels of A22, the bacteria lose their shape and become 
round, while still growing at a similar rate to cells without A22. To learn more about the function 
of MreB, this study aims to identify novel bacterial genes involved in cell shape regulation by 
finding mutants that have increased sensitivity to A22. Using a deletion library of E. coli known 
as the Keio collection, deletion mutants were screened for decreased growth in LB medium with 
sublethal levels of A22 compared to LB alone. From this, we have decided to further examine 
three promising mutants: tauC, envC, and yccK. These mutations were moved into the MG1655 
strain of E. coli by transduction. MG1655 is the main strain used in the lab; therefore, moving the 
mutants into this strain will give us access to more resources to use in the study, such as fluorescent 
MreB, and confirm that the A22 sensitivity is due to the specific gene deletion, and not random 
second-site mutations. We are currently attempting to determine the mechanism of increased A22 
sensitivity due to deletion of these genes. Growth curves will be performed to identify differences 
in growth rate, duration of lag phase, time to reach stationary phase, or a combination of the three. 
We will then examine MreB to see if the growth changes observed are due to changes in MreB 
properties. These experiments will determine the role these proteins play in A22 sensitivity in 
bacterial cells. This will lead to new understanding of MreB’s activity in the cell and cell wall 
synthesis in general, which may reveal new genes involved in cell shape control, which could help 
to elucidate how cell shape has evolved. 
 
 

Identifying anti-biofilm targets within Pseudomonas aeruginosa 
Julia Terrell, Somalisa Pan, and Matthew Cabeen 

Oklahoma State University, Stillwater OK 
 
Pseudomonas aeruginosa is an opportunistic pathogen that is notoriously hard to treat due to its 
production of biofilms—cells embedded within a self-produced extracellular matrix. We seek to 
identify targets in P. aeruginosa that may allow for the development of future anti-biofilm 
treatments. We previously identified the protein PtsN as a protein whose unphosphorylated form 
appears to suppress biofilm formation by reducing cellular levels of cyclic-di-GMP, a second 
messenger that stimulates production of the biofilm matrix. We thus hypothesized that PtsN 
regulates biofilm formation by stimulating the production or activity of a phosphodiesterase that 
breaks down cyclic-di-GMP. To identify such a phosphodiesterase, we performed random 
transposon mutagenesis in a strain with active, unphosphorylated PtsN and screened for mutants 
that reversed the suppressive effect of PtsN. Using this screening method we identified the gene 
PA0308. Surprisingly, this gene encodes not a classic phosphodiesterase but rather a hypothetical 
enzyme with a phospholipase D domain. Though this putative phospholipase has no known 
connection to biofilm formation, its enzymatic activity mimics that of a phosphodiesterase enzyme 
in that it can hydrolyze phosphodiester bonds. An in-frame deletion of PA0308 was confirmed to 



increase biofilm production specifically in a strain background with unphosphorylated (active) 
PtsN, reinforcing our hypothesis that PtsN works through the 0308 protein to regulate biofilm 
formation. We are presently assessing the amount of biofilm matrix produced in the parental and 
PA0308 knockout strains as well as analyzing cyclic-di-GMP levels within these different strains 
to learn whether 0308 is important for reducing cyclic-di-GMP levels. Phospholipases may 
represent a new class of proteins with previously unrecognized cellular signaling roles. 
 
 

Bacterial Stress Response Patterns in Bacillus subtilis as Demonstrated by Microfluidic 
Technology 

Sarah Winburn and Matthew Cabeen 
Oklahoma State University, Stillwater OK 

 
Stress is present in all facets of life, even in microorganisms such as bacteria. Due to their relatively 
small size, any stress that bacterial cells experience could potentially be detrimental to their 
survival. Bacterial cells must therefore express efficient stress response mechanisms to prevent 
cell death and promote overall fitness. Even though Bacillus subtilis is a well-studied organism, 
the exact mechanism by which the bacteria sense and respond to stress remains unknown. 
However, there are certain known components involved in sensing stress. B. subtilis contains 
cytoplasmic stressosomes, large protein complexes that sense stress and are ultimately responsible 
for activating the general stress response. After a stressor such as acid, ethanol, salt, antibiotics, 
temperature and pH is sensed by the stressosome, the sigma B protein is activated, which then 
activates genes that code for different stress response proteins. The stressosome includes four 
RsbR paralogs, which are similar in structure yet differ in their stress-sensing functions. We have 
created mutant RsbR strains which contain a single paralog, in order to assess their stress-response 
patterns as well as evaluating their relative fitness. We hypothesize that B. subtilis will display the 
greatest fitness when all four proteins are present, as in the wild type. In our lab, we examine stress 
responses using a platform that has not been implemented in this area of study before: 
microfluidics. Using this technology, we can examine single cells over extended periods of time, 
in perfectly controlled conditions. Using this technique, we can distinguish patterns between 
different stressors as well as different paralogs. Our data has shown that each of the four paralogs 
has a characteristic response pattern, irrespective of the input stress. This implies that the sensors 
are not sensitive to different stressors. These findings open the door to new areas of research aimed 
at determining which region of the stress response protein is responsible for the characteristic 
response pattern, by engineering recombinant proteins between the conserved and variable gene 
sequences between the paralogs. 
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