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Introduction

Directed evolution is one method through which enzymes can be designed in the lab that carry out a desired purpose.  Bacteria multiply at an astounding rate (107 – 108 fissions overnight – N. Campbell et al), with a small number of mutations (approximately 2000 new mutants per gene a day – N. Campbell et al); therefore it is feasible to have evolution occur in the lab over a short period of time.  However, the mutation rate can be increased using error-prone PCR, and the scientist may screen for and select microorganisms with the desired enzymes - which we will be doing this summer.  

The enzyme that we are working with is a directed-evolution-modified form of UDP-glucose dehydrogenase (UDPGlcDH), which has several uses and is found in more than just one organism.  This enzyme can be found in bacteria, humans, cows, sheep, and flies - to name a few (R. Campbell et al).  One interesting fact about this enzyme is that it is necessary for cell wall construction in bacteria that are immune to antibiotics, and targeting this enzyme may prove useful in the development of new antibiotic drugs (R. Campbell et al).  UDPGlcDH is also important in the process leading to the excretion of bilirubin - a substance of great significance for Obstetrics (R. Campbell et al).  Not only that, but it is also involved in heparin sulfate biosynthesis, which is instrumental in preventing thrombosis (R. Campbell et al).  

The problem at hand, which I will be devoting my time to this summer, has to do with insolubility of proteins that results when the gene that codes for the protein has been over-expressed.  Inclusion bodies – clumps of cellular material – are formed in the cytoplasm when large amounts of the protein are being synthesized.  A recently devised method has been found to overcome this problem, known as Green Fluorescent Protein or “GFP” Fusion (Waldo).    

Method

GFP Fusion involves restriction digestion and then ligating the gene that codes for the enzyme with the fluorescent gene found in jellyfish.  We will be using error-prone PCR to generate colonies with a high degree of mutations.  Colonies containing many soluble enzymes will appear fluorescent under ultraviolet light, while colonies with few soluble enzymes will appear normal (Waldo).  The colony containing the most fluorescent (and therefore soluble) proteins will be selected.  

I also plan to model the protein on the computer using protein-folding software that was designed by Glen Kellogg of VCU.  Although the best protein folding software to this date is only ~10% accurate, it may prove useful.  If time permits, I will simulate the enzyme-substrate interaction on the computer and/or use PSSM’s to find if there is a bearing of protein sequence on secondary and tertiary structure.

Possible Results and Their Implications

If the GFP Fusion method doesn’t work I will look for other literature on the problem to seek out another solution.  There are several different routes to go with this problem; GFP Fusion is only one of them.  I have been told that working out these solubility issues could easily take all summer.  


After this is done, I will have gained an understanding of an enzyme that bears significance in future medical research.  I will have also had an opportunity to work with designing enzymes hands-on – a skill I plan to use for contributing to advances in the medical field.
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