TITLE 
Purification and reengineering of plastic-degrading enzyme from Streptomyces viridosporus, Streptomyces badius and Streptomyces setonii
BACKGROUND
Plastic bags are made from polyethylene (PE), a polymer consisting of long chains of the

ethylene monomer (C2H4). Plastic bags are very popular in everyday life but have a negative impact on the environment. Each year, an estimated 500 billion to 1 trillion plastic bags are consumed worldwide. They are very durable, persisting in the environment for up to 1000 years before they decompose. Furthermore, plastic photodegrade into smaller toxic parts contaminating soil and waterways, where they can be accidentally ingested by animals and thereby enter the food chain.
Due to the harsh impact that plastic has on the environment, studying the biodegradation process of plastic has become increasingly important. The term "biological degradation" is understood to mean that, in the presence of microorganisms, materials are completelydegraded by the microorganisms to form CO 2 and biomass.

Enzymes produced by bacteria are responsible for oxidized polyethylene degradation in pure culture. Previous studies have shown that species of bacteria belonging to the Streptomyces genius are capable of produce extracellular polyethylene-degrading enzymes. 
 Extracellular culture concentrates were prepared from Streptomyces viridosporus T7A, Streptomyces badius 252, and Streptomyces setonii 75Vi2, heat treated for 10 days at 70°C, and then incubated with starch-polyethylene degradable plastic films for 3 weeks at 37°C. The study concluded that the presence of extracellular enzymes was responsible for attacking 10-day-heat-treated polyethylene of degradable plastics containing 6% starch and pro-oxidant (pro-oxidants are mixture of transition metals and lipids).
A subsequent
 by demonstrated that polyethylene could be degraded by both Phanerochaete and Streptomyces species. The species studies included lignin-degrading bacteria Streptomyces viridosporus T7A, S. badius 252, and S. setonii 75Vi2. Biodegradability was evaluated by weight loss, tensile strength loss (measured stress at fracture of the specimen), changes in percent elongation (extension of material under load), and changes in polyethylene molecular weight distribution (polydispersity). Chemical degradation of the plastic was initiated by a 70°C heat pretreatment or a 365-nm UV irradiation pretreatment of the film. It was found that the Streptomyces species demonstrated a further reduction in percent elongation and polyethylene molecular weight average for the 70°C heat-treated film compared to the unheated control. Also, heat-treated films incubated with P. chrysosporium consistently demonstrated higher percent elongation and molecular weight average than the corresponding uninoculated controls. In addition, the study demonstrated that exposure to 2- to 4-week UV radiation increases the percent biodegradation.  However, the study failed to identify the enzymes which performed the polyethylene degradation.
A later study by Frings et al identified enzymes involved in anaerobic degradation of polyethylene glycol by Pelobacter venetianus and Bacteroides Strain PG1. Through studying the extracts of Polyethylene Glycol (PEG)-grown cells of the strictly anaerobically fermenting bacterium Pelobacter venetianus, two different enzyme activities were detected, a diol dehydratase and a PEG-degrading enzyme which was characterized as a PEG acetaldehyde lyase. Both enzymes were oxygen sensitive and depended on a reductant, such as titanium citrate or sulfhydryl compounds, for optimal activity. Corrinoid-influenced PEG degradation analogous to a diol dehydratase reaction is a common strategy among several different strictly anaerobic PEG-degrading bacteria.

MAIN OBJECTIVE 

Aim 1: To purify and characterize the biodegradable polyethylene-degrading enzyme(s) from bacterium of Phanerochaete and Streptomyces speices ;

Aim 2: To enhance the biodegradability of the polyethylene by increasing the efficiency of the degrading enzymes;
METHODOLOGY 
Microorganisms: The microorganisms I plan to use are the bacteria Streptomyces viridosporus T7A (ATCC 39115), Streptomyces badius 252 (ATCC 39117), and Streptomyces setonii 75Vi2 (ATCC 39116). These three kinds of bacteria have been selected because previous studies have demonstrated that they secrete enzymes which aid polyethylene degradation.
Degradable plastic film heat treatment: Archer-Daniels-Midland POLYCLEAN Masterbatch biodegradable plastic films made with linear lowdensity polyethylene (LLDPE) containing pro-oxidant and 6% starch will be used. In order to accelerate the pro-oxidant activity, sheets of degradable plastic will be placed in a 70°C forced-air oven for heat pretreament, with both sides exposed to air for a 20 days.
Purification of polyethylene-degrading enzyme(s): The Streptomyces species would grow in environments where polyethylene is their only source of carbon. Then the cDNA library is screened for the activity of interest.
Determination of protein concentration: Protein concentration will be measured by the Lowry method

Electrophoresis of proteins: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis  (SDS-PAGE) will be used according to the method of Laemmli (1970) using a 15.0% polyacrylamide slab gel.

Directed Evolution: the mutant strain of the enzymes will be designed using the method proposed by Ehrn et al. An initial set of mutants of the polyethylene-digestive enzyme was constructed using a combination of sequence and structure-based approaches. After sequencing the enzyme, two classes of scores will be calculated for each potential substitution. The first score measures how many different amino acids are present at a position in the alignment and how different they are. Higher scores mean that an amino acid change at that position is more likely to work. The second class of scores estimates how acceptable a specific change may be. A higher score means that the change is seen in a closer homolog and is therefore more likely to be acceptable in the target protein. A final score is calculated as the product of the two scores. Based on these alignmentbased scores, between 30 to 40 variants of the enzymes would be selected. The variants will be chosen to maximize the number of different substitutions.  (Ehren et al, 2008). 
Data analysis: To determine which mutant strain of polyethylene-degrading enzyme is most efficient, we will use various tests to evaluate changes in degradable plastics. These include measuring weight loss, changes in tensile strength, and percent elongation, and changes in polyethylene molecular weight distribution. Changes in tensile strength and percent elongation will be determined by the SAS program on an Instron model 1011. The polyethylene molecular weight distribution would be detected by a hightemperature gel permeation high-pressure liquid chromatograph(HT-GPC). The mutant strain resulting in greatest percent changes for all the stated criteria would be determined as being the most efficient. 
EXPERIMENTAL TIMELINE
Present-6/16/09

I will be working closely with Professor Drew Endy and my graduate student advisors to familiarize myself with the methods and computer programs proposed. I will also be meeting with my graduate student advisors once a week to discuss directed-reading regardings protein engineering and enzyme isolation. 
6/16/9-7/17/09
Identifying and purifying the enzymes
7/20/09-8/14/09
I will be performing protein engineering using the directed evolution method described above. Using the calculated alignmentbased scores, a library of variances of the plastic-degrading enzymes will be constructed. I will then screen the library for mutants with beneficial mutations, resulting in measurably more efficient plastic degradation.
RESOURCES 

I will carry out this project directly under the supervision of Professor Drew Endy (Bioengineering). I will also receive academic aid from my two graduate student advisors, Andy Chang (Chemistry) and Hiren Mulchandani (Materials Science and Engineering). I will conduct my research as a part of the Stanford Student IGEM team, a student-directed, faculty-facilitated synthetic biology competition team. At the end of the summer, my findings will be submitted along with those produced by the rest of the team to the annually held international IGEM Jamboree competition at MIT. 
PREPARATION
During Summer 2007, I worked in Dr. Deborah Damon’s laboratory in The Department of Pharmacology at The University of Vermont. The focus of the laboratory includes attempting to prove that signals derived from vascular cells determine vascular sympathetic innervations. Through working with procedures including VNTR, RY-PCR, western analysis, etc, I have gained strong laboratory skills. 
During the spring and summer of 2008, I worked as a research assistant in Dr. Virginia Walbot’s laboratory in The Department of Biology at Stanford University. My work focused on studying transposons (mobile genes) induced mutations in Zea Mays. I have gained a strong understanding of transposons, as well as the cellular and molecular tools to induce and study genetic mutations. I have worked with procedures including DNA preparation, RNA extraction, and transforming plasmids, which I will apply to the later stage of the research when we attempt to sequence the gene encoding the polyethylene-degrading enzymes(s)
I am currently enrolled in BIOE144: Lecture and Dialogue on Synthetic Biology taught by Professor Drew Endy. This class introduces me to new foundational tools in the field of bioengineering. Topics include DNA synthesis, RNA, protein, and cellular engineering, programmed patter formation, standardization, and abstraction. 
BUDGET 

Calculated based on estimates from Stanford housing/dining services:

$2000 Housing - Summer Research College 

$350 Housing - Interim Housing 

$1500 19-meals a week meal plan

$1350 Summer Stipend (10 weeks) 

Total = $5200 
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