Project Description

A. Overview

The Center of Biofilm Engineering (CBE) is a recently graduated Engineering Research Center (ERC).  As an ERC, the CBE hosted a Research Experience for Undergraduates (REU) program for 11 years.  Students and faculty at the CBE found the interaction with the students extremely rewarding, and the REU participants left the program with a new found confidence in their ability to conduct and present state of the art research at the university level.  Given the success the CBE has had in the past, we are pursuing funding to continue our REU program for the next three years.

Specifically, the goal of the CBE REU program is to excite undergraduate students about research, thereby encouraging their pursuit of a graduate education. 

The objectives of the CBE REU program are to:

· Provide engineering and science research exposure for undergraduates in an innovative cross-disciplinary research and outreach program.

· Help develop independent, creative research skills and interest in research careers.

· Develop collaborative skills.

· Provide increased awareness and understanding of research and environmental ethics issues.

· Encourage minority (especially Native Americans and women) participation in the Center’s research environment.

· Strengthen students’ verbal and written communication skills.

· Increase students’ awareness of the critical need for research. 

· Provide opportunities for interactions with industry.

· Produce useful research in critical and industrially relevant areas.

The 10 week summer program will facilitate a research experience for eight undergraduate students from microbiology, plant & soil science, biology, pre-med, chemistry and engineering (chemical, biological, civil, bioresource) disciplines.  Six students will be chosen from universities other than Montana State University (MSU), two students will be MSU undergraduates and serve as campus liaisons.  Each student will work under the direction of one or more mentors; a faculty member, research engineer, research associate, laboratory technician and/or a graduate student.  In addition to the research, the participants will receive training in technical presentations and writing.  The students will give three oral presentations throughout the summer and write a final 10 page report on their research.  The students will learn about ethics in research through two seminars and one field trip.

Biofilm research is an interdisciplinary endeavor. Biofilm is found in incredibly diverse environments, as well.  For example, biofilm is responsible for causing infections in people with medical implants and the souring of oil field reservoirs.  Student projects will reflect this diversity.  A successful research project requires understanding basic microbiology and engineering principles, and a goal of these projects will be to have students develop an appreciation for each other’s disciplines.  The areas that a student may explore include:

· Biofilms in medical implants

· Antibiotic resistance in biofilms

· Biofilms in drinking water plants and distribution pipes

· Bioremediation

· Industrial biofilms (such as those found in oil fields, cooling towers, paper making plants)

· Biofilms found in a home (such as a drainpipe or toilet)

During the program, participants will interact with industry two ways.  First, the CBE sponsors a three day industrial committee meeting every summer where all of our industrial associates travel to Bozeman to learn about the latest in biofilm research.  REU students attend this meeting and are given the opportunity to meet the industrial representatives.  Secondly, some of the projects will be sponsored by an industrial associate.  The associate will propose a research question, and the student, associate and mentor will develop the question into a 10 week project.

Participant recruitment will begin in early January.  The CBE will employ standard recruiting techniques such as mailings and posted information on the CBE web page.  In addition, the CBE will contact special interest groups such as Society for Women Engineers and American Indian Research Opportunities (AIRO) to encourage the participation of minorities.  Applications will be taken until mid March and decisions will be made by early April.  The program will run for 10 weeks, starting in early June and finishing the second week in August.

The university will provide the space and equipment for the students to conduct research.  Individual research laboratories will provide the research supplies. Faculty, staff and graduate students will donate their time. 

B. Nature of Student Activities

The proposed program will last 10 weeks and run from early June until mid August.  The CBE REU students will be exposed to four main areas throughout the summer; research, communications, ethics and industrial contact.  These four areas were chosen to provide the student with a well rounded summer experience that would help prepare them for success in graduate school.

Research

The goal of the program is to provide a rewarding laboratory research experience for each REU student.  Students conduct a self-directed set of experiments where a mentor is available only to provide guidance as needed.  The typical REU participant will have little experience conducting self directed research and even less exposure to researching biofilms.  (As a relatively new area of science and engineering, most undergraduate classrooms do not teach biofilms as part of their normal curriculum.)  Often times, a student with such little experience will be intimidated by the prospect of conducting a 10 week research project solo and, realistically, the learning curve is steep.  Two activities will help the students and their mentors overcome this limitation.  First, the program timeline is planned weeks in advance.  This includes scheduled activities such as communication and ethics seminars.  If the student understands what is expected of them throughout the summer, creating a realistic experimental plan is more easily accomplished.  Second, the first week will be dedicated to an intensive orientation designed to provide the students with an overview of the resources necessary for a successful summer of research at the CBE.  By the end of the week, the students will have the basic skills necessary to conduct research and hopefully the self-confidence required to meet any challenges that arise.  It is also important to note that REU students will be encouraged to seek guidance from their mentors and other staff members at the CBE.  Interaction is encouraged through orientation and via the research presentation given by each student (see below).

Orientation

Based upon eleven years of experience, the CBE has had a large success when the following format is applied.  Approximately three weeks before arriving to the CBE, the students are sent a project abstract and relevant literature to help prepare them for the summer ahead.  On day one, goals of the REU program are explained so that the students understand how they fit into the ERC structure of learning.  A calendar listing the summer’s activities and deadlines is provided.  The students are then told what they can expect to learn during the ethics and communication seminars. The Industrial Coordinator and Education Coordinator speak about the students’ interaction with industry and education program at the CBE.  This session is wrapped up when the CBE Director presents a talk on biofilms and their impact on science and engineering research.  In the second session, the students receive an overview of the computer network, accounting procedures, MSU library, having fun and staying safe in the Montana wilderness and a campus tour. 

The second day of orientation focuses on the laboratory.  The Laboratory Manager lectures on laboratory protocol and safety issues.  The students are then divided into two small groups.  While one group completes the mandatory safety tour, the second group learns laboratory notebook skills and how to write a research workplan.  The workplan encourages the students to carefully plan their activities in the short time they have.  The students learn about a research goal and objectives and how to define the tasks necessary to accomplish each.  The workplan helps the student to structure their summer research experience.  Based upon the workplan the mentor can assess if the student clearly understands the research goals and may direct the student to include additional topics or detail. 

During the third day, the students meet with their mentors to learn more completely about their project.  During this time, the students receive individual attention from their mentor while they learn about the background information associated with their particular project.  The mentor discusses expectations and addresses any concerns the student may have.  The fourth and fifth days are spent in a biofilm methods workshop, as described below.
Biofilm Workshop

A successful component of the REU program is the active learning workshop sponsored by the Biofilm Systems Training Laboratory (BSTL).  The BSTL was developed to accelerate the emergence of biofilm technology by establishing biofilm methods, then teaching the tested methods to academia and industrial research communities.  The students participate in a two-day workshop designed for people from diverse academic fields with little to no previous laboratory experience.  The workshop employs a “learn through doing” teaching strategy. Graduates of the workshop are more prepared to conduct useful research in the highly interdisciplinary field of biofilms.

The workshop includes the following sessions:

1. Biological safety training.

2. Aseptic techniques for biofilm work.

3. Biological reactors.

4. How to grow, treat, sample and analyze biofilm using the BSTL disk reactor protocol.

5. Viable and total cell enumeration protocol.

Throughout the entire week-long orientation, students are given many opportunities to ask questions.  A large effort is also made to introduce the students to students, staff and faculty other than their mentor, so that the students feel comfortable interacting with many people at the CBE.  A welcome lunch during the first week is one step in the introduction process.

Research Areas

Biofilms are fascinating because they impact so many diverse areas.  The REU student research projects will reflect this natural diversity.  Every effort will be made to identify projects that: 1) describe a problem of importance to a particular CBE research area; 2) utilize an approach that will be feasible for an undergraduate student to grasp and develop the necessary skills to successfully execute; 3) permit significant progress over a 10-week period; 4) promote cross-disciplinary research activity; and 5) demonstrate the industrial relevance of fundamental research. 

The REU organizational team will carefully select projects that will result in a rewarding summer experience. Unless the purpose of a project is to develop a method, the student will use well established methods to answer a research question.  The CBE will encourage success by stocking research supplies and equipment prior to a student arriving to the CBE.  The CBE will match a student to a project that fits interests listed in their application.

Examples of the areas that a student may explore include:

· Biofilms in medicine (such as biofilm infection on medical implants or antibiotic resistance),

· Environmental biofilms (such as bioremediation or constructed wetlands),

· Industrial biofilms (such as those found in drinking water distribution pipes, oil fields, cooling towers, paper making plants),

· Biofilms found in a home (such as a drainpipe or toilet),

· Fundamental biofilm research.

The CBE has had good success in tailoring research projects to the timeline and experience level of students in the REU program.  With rare exceptions, students in the program obtain meaningful results and have ample data for their final presentations and report.

The following three abstracts are good examples of the type of project and results the CBE expects from their REU students. 

Author:   Aaron Jacobsen
Major:    Biological Systems in Engineering
School:    University of Nebraska, Lincoln, NE
Paper:     "Influence of Hydrodynamics on Size Distribution of Detached Biofilm"

Abstract:  Material properties of biofilms are important when describing how biofilms physically interact with their environment. In this study, aerobic and sulfate-reducing bacteria (SRB) biofilms were each subjected to two different shears during growth. The biofilms were observed to be readily deformed when shear was increased, by increasing the flow velocity of the fluid environment. This deformation was quantified in terms of strain, and relative strength of the biofilms was determined using the elastic coefficient of biofilm clusters and yield point. Aluminum chloride (AlCl3) was then added to both sets of biofilm. Similar tests run on the biofilm after the addition of AlCl3 indicated an increase in the elastic coefficient and yield point. Biofilms grown in high shear are stronger than those grown in low shear are, and after the addition of AlCl3, biofilms’ strength increased.

Mr. Jacobsen presented his results at the CBE Technical Advisory Committee Meeting in February 2001.  The presentation was made to a group of professionals and academics that are interested in biofilm research.  Mr. Jacobsen’s research has been submitted for publication with one paper accepted and the other in review.  Mr. Jacobsen is currently employed at the University of Washington as a Research Engineer.

Author:   Summer Gibbs

Major:    Biochemistry & Computer Science
School:   Whitworth College, Spokane, WA
Paper:    “Method Development for the Neutralization of a Surface-bound Antimicrobial”

Abstract:   The overall goals of this research project were to design and validate a method for enumerating biofilm cells on an antimicrobial surface and to determine a protocol for the neutralization of surface-bound Polyhexamethylene Biguanide (PHMB).  Experimentation determined that (i) the PHMB neutralizer is ineffective against the growth of plankonic Pseudomonas aeruginosa and P. aeruginosa biofilm grown on gauze pieces (ii) the PHMB neutralizer has a beneficial effect on the P. aeruginosa biofilm grown on glass coupons (iii) the PHMB treatment was ineffective on the biofilm grown on the gauze pieces (iv) the PHMB treatment was found to be effective on the biofilm grown on glass slides and on the plankonic P. aeruginosa.  The protocol used to test the glass coupons, which the biofilm grew on, had good repeatability over the four experiments run, which is the first step to developing a standard method.  Additional tests were run on gauze pieces and good repeatability was found over three separate experiments as well.

Ms. Gibbs presented her results to a group of professionals at Kendall Health Care Company in the Fall of 2001.  Summer is currently completing her degree at Whitworth College.  She is planning to attend medical school following graduation.

Author:  Pamela McLeod
Major:   Environmental Engineering
School:   Manhattan College, Riverdale, NY
Paper:    "Activity of Klebsiella oxytoca and Burkholderia cepacia in a Dual Species Reactive Biobarrier"

 

Abstract:  Biobarrier technology is an emerging field with promising applications in groundwater remediation. In these experiments, a series of porous media column experiments were performed under different nutrient concentrations to determine the effects of nutrient concentration on the population dynamics and behavior of a TCE-degrading, dual species biobarrier comprised of Klebsiella oxytoca and Burkholderia cepacia PR1 pTOM31c. The results indicate that K. oxytoca, a thick biofilm former, persists well at both high and low nutrient concentrations. B. cepacia, a constitutive TCE-degrader that does not produce thick biofilms, achieved higher populations at the lower nutrient level. Similar reduction in hydraulic conductivity coupled with a significantly higher TCE-degrading potential at the lower nutrient level was observed.

Ms. McLeod presented her REU research at the 1999 Technical Advisory Committee meeting at MSU.  She went on to graduate school at Stanford University in California.  

Communications

The Center for Biofilm Engineering has recognized that clear communication is an essential component of good research.  The REU program will include a communications component to improve the oral and written communication skills of the REU students.  Ms. Peg Dirckx, Manager of Visual Communications at the Center, will conduct three communication seminars throughout the summer, provide individual assistance, and give critiques of the students’ verbal presentations.  The seminars include instructions on how to give a technical presentation, organize materials, prepare overheads and slides, conduct oneself in front on an audience, and write a technical paper.  Ms. Dirckx also provides instruction in using Power Point and Corel Draw and computer projection equipment. 

Each student will make three oral presentations.  These include an informal presentation early in the summer to discuss research plans, a mid-summer progress report, and a final formal presentation of the research results.  Each presentation will be video taped to help the students evaluate their speaking skills.  Before each presentation, a formal announcement will be made to the rest of the Center to encourage attendance.  P.I.s and mentors will be strongly encouraged to participate in every seminar.  After each presentation, the students will receive feedback and constructive criticism from their peers, P.I.s, mentors, Ms. Dirckx and the general audience.  

Also required will be a final written paper in scientific/technical format describing the background, methods, results, significance and industrial relevance of their project.  Where sufficient accomplishment has been achieved, the research results of the student will be integrated with other CBE results and submitted for publication or distribution to industry with appropriate acknowledgment or co-authorship give to the students.  Select students will also be given the opportunity to make a professional presentation at an industrial sponsor or in front of the TAC meetings. 

Ethics

The proposed ethics work can be found in the Supplementary Documentation.

Industrial Contact

Industrial participation plays an important role in biofilm research.  Industrial sponsors provide a framework for defining relevant research as well as providing an arena where fundamental discoveries are applied.  The CBE students and faculty have completed a number of successful laboratory to field/field to laboratory projects.  The projects are diverse, and range from oil field desouring, household sanitation and medical antimicrobial devices.

The students will interact with industry in two ways.  First, REU students will attend the CBE’s semi-annual Technical Advisory Committee (TAC) meeting held every summer.  This will allow the students to interact with representatives of the Center Industrial Associate program.  Participation in the TAC meeting will include attending presentations and discussions, involvement in the poster sessions and laboratory tours, and luncheons and dinners with the associates.  Secondly, the some of the REU projects will be directly sponsored by one of the industrial associates.  The CBE will make a call for research proposals to our industrial associates, and from these proposals, the best will be selected as potential REU projects. The industrial sponsor will then be paired with a member of the CBE faculty and/or staff and the two will work together to create a project that fits within the guidelines of the REU program.  Throughout the summer, the students will have contact with the industrial sponsors through emails or telephone conversations.  In addition, each of the students will meet with their industrial sponsor at the summer TAC meeting and present their research to him/her.  At the end of the program, companies may choose to pay for the student to travel to their headquarters and present their research.

Extracurricular Activities

The CBE will encourage the students to interact with each other by housing them in the same dorm during the summer.  The students will go on at least one overnight trip as a part of the ethics program (see supplemental documents).  Finally, the CBE hosts at least one barbecue during the summer where the students can interact in a social setting.  All these activities will help to further break down the interdisciplinary boundaries that exist among the students.

Involvement of Faculty, Research Staff and Graduate Student Mentors

Students selected for the Center’s REU summer program will be assigned to a faculty member, research engineer, research associate and/or a graduate student mentor who express interest in and commitment to work with an undergraduate student.  The CBE Education Committee will screen potential mentors based on their previous experience in supervising or participating in undergraduate research projects.  Mentors will be expected to actively participate in the orientation, weekly meetings, and final project presentations.  In addition, they will be expected to supervise the students on a daily basis and be available for questions and guidance in the laboratory.

C. The Research Environment

Currently, the CBE employs 18 non REU undergraduate students from 11 different disciplines.  During the last 11 years, the CBE has published 14 papers (3 are currently in review) that included an undergraduate student as a co-author.  To demonstrate their commitment to undergraduate education, the CBE has one laboratory that is staffed primarily by undergraduate students.  The Biofilm Systems Training Laboratory (BSTL) collaborates with industry, academia and government regulatory agencies to create analytical methods that are essential to developing new biofilm related technologies. The BSTL Internship Program, established in 1996, provides undergraduate students with a unique and challenging educational experience through work in the multidisciplinary field of biofilm engineering. Interns work on relevant laboratory research projects, assist in the development and testing of new laboratory methods, establish contacts with industry, and participate in research presentations.  Their work is self-directed.  Each student works with one laboratory technician and one mentor who provide a framework in which the students are expected to work.  The students are encouraged to problem solve and direct their daily laboratory routine.  

In past years, there has been a strong camaraderie that has developed between the REU students and BSTL interns.  Comments we received show that the REU students view the BSTL interns as an important source of information.  The two MSU students selected to participate in the program will formalize this interaction.  These students will serve a critical role in introducing the REU students from outside of Bozeman to the campus and community, as well as helping them feel more comfortable in the research laboratory.

Team Experience

Dr. Anne Camper, REU Program PI, is the faculty advisor for the CBE education program.  She has served as a mentor for undergraduates in her laboratory since 1992.  Students have been from MSU, other US institutions and foreign academic groups.

Ms. Darla Goeres, REU Program Coordinator, manages the BSTL.   She directs between 4 – 6 undergraduate students each year, encouraging them to develop their research and communication skills.  Her involvement with the BSTL interns initiated her excitement about the necessity for a successful REU program.

Ms. Peg Dirckx, REU Communications, has worked in the field of graphic design for over 18 years.  Before her graphic design career, Ms. Dirckx was an English teacher for junior and senior high school students.  She developed many of her own teaching materials for courses in grammar, American literature, speech communications, mass media and world literature.  Her English background and teaching experience have shaped her perspective on oral, written, and visual communications.

Ms. Melissa Cahoon, REU Education Resources Manager, manages the REU students with regard to recruitment, payroll and records.  Her involvement also includes oversight of the REU education budget and expenses.  Ms. Cahoon’s duties for the REU program begins with recruitment in the spring and ends at the conclusion of the program in August.  She is responsible for room and board arrangements, stipend payments, and routine daily management of the non-research aspects of the students. 

Facilities and Resources

The CBE has the following facilities, equipment and resources to successfully sponsor a REU program:

· Laboratory:  The CBE moved into the new Engineering/Physical Sciences Building at Montana State University in 1997.  The >20,000 ft2 facility includes:  (1) offices and conference rooms for faculty, staff and students,  (2) two computer laboratories, and (3) thirteen state-of-the-art research laboratories.  Additional laboratory space (6,000 ft2) assigned to Center faculty is located in adjacent College of Engineering complex.  The CBE Laboratory Manager oversees the research laboratories, provides one-on-one training for students, ensures safe laboratory practices, and maintains equipment.  State-of-the-art instruments and equipment are available for use by all CBE faculty, staff, and students.  General use areas include a microbiology lab, a media kitchen, an instrument lab, and an isolated radioactive isotope lab.  Specialized laboratories are described below.

· Computer: CBE staff and students have access to personal computers connected to the MSU College of Engineering computer network. Computers are used for word processing, data analysis, electronic mail, presentation development and Internet access.  A student computer laboratory offers nine PC's and a printer.  In addition, the CBE maintains a workstation laboratory with two X-terminals, two computational PC's, and three computational servers for data manipulation, mathematical modeling, and graphic image analysis.

· Microsensor Laboratory: This laboratory provides the capability of measuring microscale chemical and physical parameters within biofilms.  The laboratory maintains a microsensor fabrication and testing area that includes electrode pullers, microscopes, and grinding machines.  It also has a full compliment of instruments used for measuring and mapping microscale parameters in biofilms. 

· Microscopy and Image Analysis Laboratory: is coordinated by a microscopist who trains and assists students and research staff with microscopic analysis of biofilms via fluorescent microscopy and/or video and time-lapse still photography.  The CBE microscope/imaging systems allow automatic digital data acquisition.  Instruments include two Nikon E800 microscopes and one Olympus BH2 microsocpe.  Image Pro Plus (version 3.0) is the imaging package utilized, with network access for data storage and processing.
· Confocal Scanning Laser Microscopy (CSLM) Laboratory: houses a Leica DM RXE microscope attached to a True Confocal Scanner (TCS NT) system equipped with argon, argon/krypton and Helium Neon (HeNe) lasers exciting at 488, 568 and 633 nm respectively.  This allows us to use fluorochromes in the visible range to the far-red range. The CSLM is capable of imaging biofilms on opaque surfaces (Lawrence, et al., 1991); therefore a variety of materials can be used in the experimental flow cells. The Leica configuration allows imaging of mature biofilms and monitoring of biofilm formation and detachment phenomena.  As biofilm formation proceeds, representative areas of the colonized surface are scanned, with the use of the automatic stage.  Digital data is collected from sequential scans and stored in a dedicated work-station. Stored data can be viewed in the x, y, z coordinates, to yield a three-dimensional image of the biofilm architecture.
D. Student Recruitment and Selection

Since 1991 there have been 88 participants in the REU program at the Center for Biofilm Engineering.  Of that total 55 participants were women, 4 were American Indian, 2 were African American, and 2 were Hispanic.  Of these students 5 (3 women and 1 American Indian) entered graduate degree programs at Montana State University-Bozeman; many others have entered programs at other institutions.  One female REU student returned to the Center for Biofilm Engineering to work as a laboratory specialist after completing her degree at another institution.

Melissa Cahoon (CBE Education Resources Manager) will actively recruit female participants through Society of Women Engineers (SWE).  Ms. Cahoon will also seek participants through the American Indian Sciences and Engineering Society (AISES) who will provide names and addresses of tribal colleges in the United States.  Montana State University is a well recognized regional center for the education of American Indians through its Native American Studies Department, Initiative for Minority Student Development (IMSD) program, Minority Intellectual Network for Dedicated Students (MINDS), and Minority Apprenticeship Programs (MAP).  Currently, the CBE employs two undergraduate students through the American Indian Research Opportunities (AIRO) consortium at MSU.  The CBE also participated in the 2001 summer Minority Apprenticeship Program (MAP) which offers opportunities for disadvantaged  high school students to experience personalized "hands-on" exposure to biomedical/health related research and special enrichment activities.  In addition, K-12 in-service and pre-service teachers of disadvantaged students participate in order to update their knowledge and skills in modern research tools and techniques as well as to strengthen their teaching skills.  The CBE will continue to collaborate with the AIRO consortium in an effort to provide opportunities to Native American students.

The Center for Biofilm Engineering will recruit 2 CBE students to participate in the REU program.  In addition to their research and REU project responsibilities, these students will act as hosts to the other 6 non-MSU students assisting in training and showing the new students the campus.  Experience has shown that students learn very well from peer instructors, and often a student feels more comfortable approaching a peer with questions or concerns.

The REU program is advertised through a flyer that is mailed to colleges that offer disciplines similar to those found in the research of biofilms.  These departments include but are not limited to all areas of engineering, biology, microbiology, biomedical science, chemistry, and the environmental sciences.  The CBE website also offers information regarding the program and how to apply.  Applications will require a copy of the students transcript indicating classes they have taken along with a statement of research interests, grade point average, and a letter of recommendation from their faculty advisor.  Students, primarily of junior standing, will be selected by the Education Resources Manager, the REU coordinator, and REU Principle Investigator as well as project P.I.’s and mentors.

Desirable applicants will be students interested in gaining research experience and who have the academic records necessary to pursue a successful graduate program.  Women and minority applicants will be given preference among equally qualified applicants.  Those students with the highest demonstrated potential to gain from the REU summer program will be given highest priority to participate.  

E. Project Evaluation and Reporting

The CBE will employ the following strategies for evaluating and reporting upon the program’s success.

Evaluation

The CBE will evaluate success in each of the four main program areas by requiring the REU participants to fill out a collection of surveys.  A survey will be handed out at the completion of an activity.  For example, the students will evaluate the workshop immediately upon completing it.  The surveys will include questions as to the usefulness of various components within an area, the interaction with CBE faculty, staff, graduate students, and their mentor, how the CBE can improve the program and what the student liked and disliked about the summer.  At the end of the summer, the students will be asked to write a brief one page summary of their experience.  The CBE Education Team and REU program facilitators will review the results and assess any changes and or improvements that need to be made to the program. Finally, the REU Program Coordinator will maintain an open door policy throughout the summer if a student has concerns or problems that they need to voice.

The CBE will evaluate the students in the following areas: 

· Communications seminar.  The students will receive immediate feedback from the CBE faculty, staff and students who attend the seminar.  The feedback will come in two forms; the audience will fill out evaluations following a talk that the student will later read with Ms. Dirckx and the audience will give oral feedback immediately following the question period.

· Workplan.  The REU program coordinator and the student’s mentor will read each student’s workplan.  The workplan will be due the second week of the program.  The coordinator and mentor will evaluate the workplan for content and writing style and make suggestions to the student in a one-to-one meeting that will give the student ample opportunity to ask questions.  The workplan will enable the mentor and coordinator to determine how well a student understands the project goals and objectives, and will allow the mentor to make technical suggestions that will help to guide the students as they begin their research.  

· Final paper.  10 days before the final paper is due, the students will be required to hand in a first draft of the paper to the REU coordinator.  The coordinator will evaluate the student’s technical writing and make suggestions on how to improve the paper.  The coordinator will review every suggestion with them so that they have ample opportunity to ask questions.

· Weekly meetings with the mentors.  The mentors will formally meet with their students outside of the laboratory at least once a week.  At this meeting, the mentor and student will review the most recent data, assess the student’s progress and make suggestions that will enable them to meet their research goals if the student is having technical difficulties.

Reporting

The CBE will submit progress reports to NSF following each summer according specifications in the report guidelines for REU Sites.  The statistics included in the report will enable the CBE to evaluate how well they are meeting the project guidelines specified in this proposal.  Following the completion of the project, the CBE will submit a final report to NSF according to their specifications.

F. Results from Prior Support

The CBE received approximately $494,000 in funding to operate a REU program for the last eleven years.  Initial funding was provided through the CBE’s Engineering Research Center grant (EEC-8907039) with a supplemental proposal submitted to NSF every three years during this period until the Center’s graduation in 2001.  Table 1 summarizes the statistics of the CBE REU program.  In the last three years, the REU program has resulted in four students giving technical presentations to a professional audience, one student listed as a co-author on an American Society for Microbiology poster, and one student listed as a co-author on two peer-reviewed journal articles, one that was accepted and the other that is in review.

Table 1. Summary of CBE REU statistics during the last 11 years.

Total number of participants
88

Total number of applications
627

Percent female participants
62

Percent of male participants
38

Percent of participants with minority status
9

Number of universities & colleges represented
57

Number of states represented
30

Number of disciplines represented
16

Program Summary 

(Based upon the last three years of funding.) 

The CBE REU program brought eight talented students from across the US to Bozeman for an intensive 10 week research experience.  The students represented the following disciplines:  all areas of engineering, biology, microbiology, biomedical science, chemistry, and the environmental sciences.  Students were chosen based upon an application that included their university, degree, level in school, GPA, minority status, reference letter and a letter of interest in the program.  Among equal applicants, preference was given to females and minority students.  Participant recruitment was accomplished by flier mailings, a posting on the CBE web page (this happened in the latter years of the program), encouragement of faculty members at the home universities familiar with the CBE REU program and announcements at special interest groups, such as the Society for Women Engineers.

Students conducted research under the guidance of a faculty mentor, research assistant, research engineer or graduate students.  The general areas of research include:

· Biofilms in medicine (such as biofilm infection on medical implants or antibiotic resistance),

· Environmental biofilms (such as bioremediation or constructed wetlands),

· Industrial biofilms (such as those found in drinking water distribution pipes, oil fields, cooling towers, paper making plants),

· Biofilms found in a home (such as a drainpipe or toilet),

· Fundamental biofilm research.

Projects were carefully selected to give an undergraduate student a rewarding summer experience.  Each project was aimed at answering a research question about a specific biofilm process or furthering the fundamental understanding of biofilms.  Unless the purpose of the project was to develop a method, the methods that the student used to answer a research question were well established.  Research supplies and equipment were purchased prior to a student arriving to the CBE.  During one year, an effort was made to give each student a unique experiment and to match a student to a project that fit interests listed in their application.

Research Topics 

(From the last three years of funding.)
1999

· "Profiling Bacterial Population Changes of Mixed Species Drinking Water Biofilms Using Denaturing Gradient Gel Electrophoresis"

· "Comparing Removal of Organic Carbon in Two Biofilm Reactors"

· "An Evaluation of Biofilm Growth on Biomedical Devices"

· "An Optical Method to Detect and Monitor Biofilm Accumulation"

· "An Evaluation of Anti-microbial Surfaces"

· "Activity of Klebsiella oxytoca and Burkholderia cepacia in a Dual Species Reactive Biobarrier"

· "Statistical Support for Screening Biofilm Control Agents"

2000

· "Examination of Biofilm Matrix: New Techniques for Analyzing Biofilms"

· "Material Properties of Desulfovibrio (EX 265) and Pseudomonas aeruginosa MH 464 and Their Susceptibility to Change"

· "Microbial Growth in Stored Surfactants"

· "Efficacy of Hypochlorite vs. Hypobromite in the Removal of a Pseudomonas aeruginosa Biofilm"

· "Does Biofilm Facilitate Antimicrobial Resistance to Antibiotics?"

· "Evaluation of Microbial Biofilm Growth on Filtration Media of Portable Water Filtration Units"

· "Examination of Natural Microbial Control Agents for use in Medical Infections"

2001

· “Distribution of Freshwater Microorganisms in Paper Machine Biofilms”

· “Method Development for the Neutralization of a Surface-bound Antimicrobial” 

· “Biodegradation of MTBE by a Pure Soil Bacterial Culture and a Soil Bacterial Consortium in Environments Containing Low and High Levels of Humic Acid”

· “The Relationship Between Biofilm and Acquired Antimicrobial Resistance”

· “Bioelectric Effect: Determining the Efficacy of an Induced Field for the Remediation of Biofilms”

· “Enhancing Disinfection Efficacy Through the Addition of a Quaternary Compound”

· “Antibiotic Resistance of Detached Biofilm Particulates”


Student Reviews

(Based upon the last three years of funding.)
The students have the following to say about their experience at the CBE:

“I was very impressed with the REU Program at the Center for Biofilm Engineering.  I am interested in pursuing a career in research and do want to continue my education in graduate school.  Thus, this program provided an excellent opportunity to get my hands a little dirty.  Since I was interested in microbiology, the Center was the best choice for me.  This is one of the few places were major biofilm research is taking place, so I felt confident that I would have a very interesting summer.  I was not disappointed.”  Paul Berube – 1999 REU Student

“I plan to go to graduate school, and the REU program confirmed that decision.  I am even considering studying a biological aspect of environmental engineering because I enjoyed it so much here.”  Kelly Duddy – 1999 REU Student

“My overall REU experience was truly amazing.  John [Komlos] was a wonderful mentor.  His enthusiasm about the biobarrier research was infectious, and I thought my project was extremely interesting.”  Pam McLeod – 1999 REU Student

“My overall REU experience was exceptional.  I learned more in 10 weeks than I could have in a semester of school.  The people I worked with were always willing to help, and the resources available were excellent.”  Lynnelle McNamee – 2000 REU Student
“The REU program here at the CBE was a terrific experience for me.  The cross-disciplinary work has been and will be of great use.  The project was very interesting and relevant to industry.”   Kevin Kowalk – 2000 REU Student
“I really enjoyed the project I performed.  The topic was very interesting and gave me knowledge I will be able to use in the years to come.”  Gretchen Rau – 2000 REU Student

“Overall, I found the REU program to be an excellent learning experience, which far surpassed my expectations.  I enjoyed working in an interdisciplinary environment, with a caring faculty and staff.  I feel that I also began to appreciate the diverse field of biofilms, and their problems and uses.”  Matthew Strauss – 2001 REU Student

“Joanna [Heersink], my PI, was always helpful and happy to answer my questions when I needed assistance.  I enjoyed working with Joanna as my mentor because she allowed me to think for myself and solve my own problems, but was always there to help me in case I could not determine the solution myself.”  Summer Gibbs – 2001 REU Student

“Overall, my REU experience was one of the most positive learning experiences I have had up until this point in my education.  I was able to work with equipment that I would otherwise have not been exposed to during my time as an undergraduate.  The people at the CBE introduced me to new and interesting ideas and knowledge.” Sarah Hall – 2001 REU Student
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