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Research project summaries 
 
Protein-protein interactions in the ESX-1 secretion system of M. tuberculosis 
(Mycobacteria) 

Research Investigator: P. Champion 
Faculty coordinators:  K. Lewis, J. Robichaud, P. Vaughan, X. Lu, H. Corman 
 
One in three people globally are infected with Mycobacterium tuberculosis, the causative agent 
of Tuberculosis (TB). Although only 5-10% of infected people develop active disease, there are 
still approximately 1.4 million deaths annually (WHO). This burden of infection and disease is in 
part due to a lack of a viable vaccine that protects adults from pulmonary disease, the most 
common outcome of TB. To develop the vaccines and therapeutics needed to control the TB 
epidemic, we first need a better understanding of M. tuberculosis biology and the mechanisms 
that cause disease. 

A key mechanism that bacteria use to promote their survival is the targeted transport of bacterial 
proteins, small molecules, or nucleic acids, directly into the host (secretion). The Champion lab 
is focused on identifying novel genes and mechanisms required for mycobacterial protein 
transport. We expect that this course of research will not only expand our understanding M. 
tuberculosis biology, but may also lead to the identification of novel targets for anti-virulence 
based therapeutics against TB. 

In this project, student research groups will explore the interaction of proteins of the ESX-1 
secretion system of M. tuberculosis. The goal of the project is to map the region of interaction 
between two ESX-1 proteins, EspB and EspK, by creating systematic deletions of the EspB 
protein and testing for interaction with wild-type EspK using a bacterial two hybrid approach. 
Each group will create a plasmid containing a specific deletion of the espB gene using PCR, 
electrophoresis, molecular cloning and bacterial transformation. The new plasmid constructs will 
be isolated and transformed into specialized E. coli cells where the EspB deletion protein will be 
expressed, confirmed by Western blot, and tested for interaction with the EspK protein.  
 
Students will have a chance to further their skills in molecular biology, gain additional 
experience working in the lab including troubleshooting experiments, and will be introduced to 
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the relevant primary literature around mycobacterium secretion. This project requires strong 
attention to detail both in working at the bench and in keeping lab notebooks, and resilience with 
troubleshooting procedures when they do not generate the expected result.  
 
Project schedule: 
Introduction 

1. ESX-1 secretion system 
Producing a plasmid construct 

2. Bioinformatics and designing PCR primers for cloning 
3. Deletion PCR  
4. Electrophoresis and DPNI treatments for FAST cloning 
5. Transformation into DH5alpha E. coli 
6. Miniprep isolation and plasmid conformation 

Measuring protein-protein interaction 
7. Introduction to bacterial two-hybrid system  
8. Transformation into BTH101 E.coli 
9. Hybrid protein expression: SDS-PAGE 
10. Hybrid protein expression: immunoblotting 
11. Quantitative assay for B-galactosidase activity 

Data analysis and scientific communication 
12. Data analysis and paper writing clinic 
13. Final paper presentations 

 

Evolutionary responses of salt marshes to global environmental change 
(Global Change) 

Research Investigator: J. McLachlan 
Faculty coordinator:  M. Olsen 
 
The abundance, distribution and, in many cases, survival of species in the next century will be 
influenced by an unprecedented combination of altered land-use, climate, and atmospheric 
chemistry. Anticipating these trends is difficult, but insight can come from how populations have 
responded to similar past environmental perturbations. The McLachlan lab gathers records of 
population change, and links them to environmental and biological processes using 
mathematical models. 
 
In particular, the McLachlan lab examines the effect of environmental change on plant 
populations in Atlantic salt marshes, including a foundational species, Schoenoplectus 
americanus. We have developed mathematical models that link the abundance of S. 
americanus to changing environmental variables (salinity, flooding, and atmospheric CO2). 
Incredibly, seeds of S. americanus dating as far back as 150 years are still viable, and clones of 
these unique plants have been propagated in greenhouse experiments. Genetic experiments 
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can be also used to identify and confirm these “resurrected” plants as distinct genotypes from 
plants found currently in salt marshes. Consequently, we have a continuous record of 
evolutionary response to environmental change dating back over a century.  

In this project, students will examine the response of Schoenoplectus americanus to global 
environmental change. The project features a unique model system which includes S. 
americanus genotypes “resurrected” from the seed bank that allow research teams to 
investigate evolutionary responses to environmental change in addition to factors such as CO2, 
nitrogen, sea level, and salinity. Students design independent experiments within this context, 
implement the experiments, collect and analyze data, and produce a scientific research poster. 
This project will also include genetic experiments to confirm the identity of S. americanus 
genotypes using RFLP (restriction fragment length polymorphisms) markers. The data from 
these experiments are also systematically collected and managed by the McLachlan lab for use 
in modeling experiments. This course project is part of the NSF grant “Eco-evolutionary 
dynamics of coastal marsh response to rising CO2” awarded to Jason McLachlan and Michael 
Blum (U. of Tennessee.) 

Students in this project will have an opportunity to design and implement their own experiments, 
to apply statistical analyses to evaluate hypotheses, and to think critically about the impacts of 
environmental change on coastal salt marsh ecosystems. This project requires creativity in 
designing and structuring experiments, strong data management skills, and attentiveness 
required to maintain living plants through a semester-long experiment.  
 
Project schedule:  
Introduction 

1. Salt marsh ecosystems; S. americanus experimental system; Marsh Equilibrium Model 
2. Experimental planning and replicate potting 

Growth and RFLP genetic experiments 
3. Growth experiment set-up in Jordan Greenhouses 
4. DNA isolation and PCR from S.americanus genotypes/Experimental maintenance and 

data collection 
5. DNA electrophoresis and restriction digest/Experimental maintenance and data 

collection 
6. DNA electrophoresis of restriction digests and plant genotyping/Experimental 

maintenance and data collection 
7. Searching the primary literature/Experimental maintenance and data collection 
8. Approaches for data visualization/Experimental maintenance and data collection 
9. Statistical methods for data analysis/Experimental maintenance and data collection 
10. Begin data collection 
11. Complete data collection 

Data analysis and scientific communication 
12. Data analysis and paper writing clinic 
13. Final paper presentations 
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Creating Mosquito Visual Mutants using CRISPR-Cas9 (CRISPR) 
 
Research Investigator: J. O’Tousa 
Faculty coordinator:  M. Whaley 
 
Aedes aegypti is the major mosquito species responsible for transmission of the dengue, yellow 
fever, and Zika viruses that have a major impact on global human health. The O’Tousa 
laboratory seeks to understand how the Aedes mosquito acquires and uses visual information, 
notably for executing behaviors such as host finding that results in disease transmission. The 
knowledge gained may contribute to novel mosquito control strategies. For example, more 
efficient trapping techniques or interference of mosquito tracking of human hosts could be 
developed. 
  
In this project, students will use CRISPR-Cas9 gene editing technology to mutate genes 
responsible for the visual capabilities of the adult Aedes mosquito. Insights into the 
development, structure/function, and evolutionary relationships of the genes and cells involved 
in vision will be gained by comparative analysis of different species. 
  
The major experimental goal of the course will be to create and analyze a mutant Aedes 
mosquito strain that is deficient in one component of the visual system. To accomplish this goal, 
students will learn to design CRISPR-Cas9 guide RNAs capable of targeting specific visual 
genes. These guide RNAs will then be synthesized and tested using a range of molecular 
cloning procedures. The guide RNA will also be injected into mosquito embryos to induce 
mutation in the selected gene. The injected mosquitoes will be cultured and bred to produce 
progeny. The progeny will be screened using DNA-based technologies to identify the desired 
mutants. Students will then evaluate the ability of neurobiological and behavioral paradigms to 
distinguish the responses of these visually-defective mosquitoes from that of the original strain. 
  
Students who enroll in this project should be resilient, hard working, and think independently. 
This is a new project, so students participating this first year will be asked to partner with us to 
enhance the project experience in future years. 
  
Project Schedule: 
Project introduction 

1. Mosquitoes and disease; insect eye structure; genetic strategies 
2. Mosquito life cycle and behavior; guide RNA design 

Generation of guide RNA and cleavage assay 
3. Prepare primers and template for PCR; column purification 
4. Transcribe, isolate and purify guide RNA; PCR target sequence from gDNA  
5. Catch up day 
6. Behavioral assays on wild type mosquitoes 
7. Cell free Cas9 cleavage assay  
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8. Catch up day; practice egg collection and lineup 
Mosquito Injections and detection of indels 

9. Inject guide into Cas9 mosquito embryos to generate indels; isolate gDNA 
10. Mosquito rearing and mating and fluorescent marker screening of F1s (genetics), single            

animal genomic DNA isolation, PCR 
11. Indel assay and gel analysis 

Data analysis and scientific communication 
12. Data analysis and paper writing clinic 
13. Final paper presentations 

 
 
Cell cycle Inhibition in Tumor Cell Lines (Cancer) 
 
Research Investigator: S. Zhang 
Faculty coordinator:  S. Gursky 
 
Breast cancer is the most common type of cancer diagnosed in the US with over a quarter 
million new cases each year. There have been very successful treatments developed by 
studying alteration in cancer cells, and developing targeted treatments. Targeted therapy has 
been shown to decrease potential side effects as compared to standard chemotherapy. 
Decades of research has shown that changes in gene and protein expression drive 
tumorigenesis, and further alteration drive aggressive growth and metastasis. The goal of this 
project will be to investigate mechanisms that lead to breast cancer initiation and progression. 
  
Students in this section will investigate cellular pathways that are altered in breast cancer cells 
by looking at cell growth and cell death using fluorescence assays to quantify cell numbers. 
They will also examine changes in protein expression by Western blot analysis and changes in 
protein location by immunofluorescence.  Some groups will have an opportunity to look at gene 
expression in metastatic versus nonmetastatic cells through mRNA analysis, and migration in 
three dimensional gel cultures.  
 
The first skill students must learn is the propagation of tumor cells in a sterile environment.  After 
training, the student must demonstrate that he/she can culture cells without introducing 
contamination. Since the growth assay phase of the project depends on living, rapidly dividing 
cells, the experiments cannot be completed in a one-day-a-week lab period. Students in this 
section will work in a group of four, and must be flexible and be willing to spend time in evenings 
and weekends during this phase of the project. Some weeks might have only one hour of work 
during the scheduled lab time, and two hours meeting at other times. For example: a research 
group may need to start an experiment on Wednesday evening, apply the treatment during lab 
on Thursday, and then stop the experiment and harvest cells on Sunday. Some of these steps 
can be shared among group members, but overall flexibility and dedication is required.  
 
Project schedule: 
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Introduction 
1. Cancer cell biology, mutated/altered signal transduction pathways.  Introduction to the 

biochemistry of important proteins in the pathway. 
2. Effects of drug treatment on the mutated pathway. 
3. Experimental design 
4. Literature searches 

Cell Culture Training  
5. How to grow, harvest and count cells. Sterile technique.   Practicum exam at the end of 

training 
6. Begin plating cells and carrying out experiments (note:  this process will be repeated to 

provide cells for all the experiments). 
Assays 

7. Growth Assay (Crystal Violet or MTT) and/or apoptosis assay 
8. Western Blot 
9. Immunofluorescence 
10. Possible 3D migration assays 
11. Possible mRNA analysis 

Data Analysis 
12. Statistical analysis and paper writing clinic 
13. Final paper presentation 

 
 
 

 

  

6 



Registration Information 
 

Time Period Project (Instructor) Seats Section # (CRN) 

Monday  
2-5 pm 

Global change (Olsen) 24 Section 1 (31256) 

Mycobacteria (Lewis) 48 Section 7 (31263) 
Section 8 (31264) 

Tuesday  
9:30 am -12:25 pm 

Global change (Olsen) 24 Section 2 (31257) 

Mycobacteria 
(Robichaud) 

48 Section 9 (31265) 
Section 10 (31266) 

Tuesday  
2-5 pm 

Global change (Olsen) 24 Section 3 (31259) 

Mycobacteria (Corman)  48 Section 20 (31276) 
Section 21 (31277) 

Wednesday  
2-5 pm  

Global change (Olsen) 24 Section 4 (31260) 

Mycobacteria (P. 
Vaughan) 

48 Section 13 (31269) 
Section 14 (31270) 

Thursday 
9:30 am -12:25 pm 

Global change (Olsen) 24 Section 5 (31261) 

Mycobacteria 
(Robichaud) 

48 Section 15 (31271) 
Section 16 (31272) 

Cancer (Gursky) 16 Section 19 (31275) 

Thursday 
2-5 pm 

Global change (Olsen) 24 Section 6 (31262) 

Mycobacteria (Lu) 48 Section 17 (31273) 
Section 18 (31274) 

CRISPR (Whaley) 44 Section 11 (31267)  
Section 12 (31268) 
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