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Description of undergraduate research project
Context

One of the major goals of our laboratory is to study the bacterial responses against different environmental stresses. To examine such responses, we are using Gram positive soil bacteria, Bacillus subtilis. B. subtilis has proven highly amenable to genetic manipulations, and has therefore become widely adopted as a model organism for laboratory studies. Previous work in lab has led to the discovery of a novel transcription regulator “Spx” in the B. subtilis. Spx is a unique transcription regulator that binds to C-terminal domain (CTD) of the RNA polymerase ( subunit ((CTD).  The interaction of Spx with (CTD interferes with the transcriptional activation that is mediated by other key transcription factors required for different developmental and metabolic processes. Recent advancement in the understanding of Spx function has revealed that Spx can also activate the transcription of several genes including thioredoxin and thioredoxin reductase in response to oxidative stress.  Thioredoxin is the primary disulfide reductase of the cell which allows reduction of unnecessary disulfides in the cellular proteins upon oxidative stress thus helps in restoration of thiol homeostasis in the cell. These fundamental findings in B. subtilis provided evidence that Spx plays a pivotal role in the physiology of B. subtilis and perhaps other Gram-positive bacteria. Therefore, we strongly believe that B. subtilis ought to have a well defined mechanism to regulate the expression and function of the transcription regulator, Spx. 

Molecular and genetic studies established that expression of spx gene is tightly controlled at transcriptional level by transcription repressors, YodB and PerR. Some of the fundamental studies regarding posttranslational regulation of Spx revealed the role of ATP-dependent proteases, ClpX, ClpC and ClpP in the degradation of Spx protein inside the cell. Currently, our lab is focusing on the role of another cellular factor YjbH which is speculated to be an accessory protein for degradation of Spx via the ClpXP protease. By using advance molecular tools we are investigating the function of YjbH in B. subtilis. We have already established its role in posttranslational control of Spx concentration within the cell. To further investigate, we have used genome wide protein-protein interaction screening techniques to identify other cellular targets or factors of YjbH. Therefore, now we have substantial raw data to analyze these targets or factors in B. subtilis and moreover to examine the possible role of YjbH in regulation of these factors.

Proposed project

The student will first study and understand the basic concepts of gene regulation in the bacteria. To start with, student will clone, express and purify different cellular targets of YjbH from E. coli using as a heterologus system. To study the role of YjbH in regulation of these factors, the student will be conducting in vitro proteolysis reactions with proteases such as ClpX, ClpP etc. Therefore, student has to make these proteins also from heterologus host E. coli. Finally, student will also try to examine the role of these factors in YjbH mediated regulation of Spx by ClpXP. For this, student will again perform in vitro proteolysis of Spx by ClpX-P and will study the effect of these factors on the activity of YjbH as an accessory protein for Spx degradation. 

 Link with other REU projects

Will write this part when all other projects are clearly defined.

Skills needed

Good knowledge of molecular biology, and biochemistry.

10 week curriculum structure
Week 1  


a. Become familiar with literature

b. Begin learning essential lab techniques using practice samples

c. Begin to design experiments 

d. Design and order custom oligonucleotides to clone and express the genes to produce different proteins in lab

Week 2 – 3

a. Finish learning essential lab techniques with practice samples

b. Start to perform experiments with PCR amplification of genes, cloning and screening of desired clone by colony PCR and sequencing

Weeks 4-5

a. Start establishing a protocol for expression of different factors in E. coli in soluble form

b. Start to establish purification of different factors from the E. coli using different chromatographic techniques

Weeks 6-9

a. Finish purification of the proteins and will start to examine the role of YjbH in degradation of these proteins by ClpXP protease by in vitro proteolysis reactions

b. Start to check the role of these factors in YjbH mediated catalysis of Spx degradation by ClpXP proteases using in vitro proteolysis 

c. Finish all the experiments and will analyze the results to come up with possible understanding of function of these factors in B. subtilis 

d. Start preparing report and oral presentation

Week 10

a. Present data and discuss results 

b. Give report

Description of final report

The final report should be divided into four different sections: 

1. Introduction or review of literature should contain a comprehensive introduction and current understanding of the problem with clear list of objectives of the report.

2. Materials and methods should contain a detail procedure to develop a working protocol for different experiments such as cloning, expression, purification, and in vitro proteolysis.

3. Results should describe the obtained results in detail.

4. Discussion should provide the reasoning of getting above results.
