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The unprecedented growth of the biotechnology industry in the 1990s has highlighted the need for secondary and post secondary science educators to incorporate biotechnology principles and practices into high school and college level biology courses.  Unfortunately, a majority of science teachers in today’s classrooms do not sufficient training to accomplish this.  To obviate this burgeoning problem, we created a professional development short course for high school and college teachers that showcase the underlying principles and fundamental concepts of biotechnology.  The three day short course is built around the Green Fluorescent Protein (GFP), a bioluminescent protein produced by the jellyfish Aequorea victoria.  GFP’s brilliant green color coupled with its ease of detection makes it an ideal educational and instructional tool.  The short course is inquiry -based and features hands on laboratory experiments that are carried out using a team format.  The topics covered in the course include bacterial transformation, plasmid biology, and protein isolation and characterization.  This course has been offered to two groups of high school and college biology teachers in the Northeastern and Southeastern US over the past two summers.  Questionnaires designed to evaluate course content and teacher effectiveness  indicated that the course was well received by a majority of  teachers who participated. Further, several teachers have taken the experiments they performed during their short course experiences and have adapted them for use in their own classrooms

Introduction

The unprecedented growth of the biotechnology industry in recent years has highlighted the need for secondary and post secondary science educators to incorporate biotechnology principles and practices into high school and college level biology courses.  Unfortunately, a majority of science teachers in today’s classrooms do not have sufficient training to accomplish this task. To overcome this growing problem, we created a professional development short course for bioscience educators using a bioluminescent protein called The Green Fluorescent Protein (GFP).  

GFP (isolated from the jellyfish Aequorea Victoria) absorbs blue light at 395 nm and emits brilliant green fluorescent light at 509 nm.   It can be expressed as a fully fluorescent protein in animals, plants, yeast, and bacteria with no apparent substrate or cofactor requirements [1] [2].  This property, along with GFP’s biochemical and physical properties, make it and its color variant, the Blue Fluorescent Protein (BFP), ideal educational tools.  For example, both GFP and BFP can withstand exposure too high temperature, organic solvents, denaturants, preservatives and several proteases [3] [4] [5] [6].  Further, both proteins can be stored at room temperature for long periods of time (up to a year) without substantial loss of fluorescence.  Finally, each of the proteins can be easily visualized and detected following exposure to long wave ultraviolet light (LWUV) from a hand held lamp.   

Over the past few years, several companies, most notably Bio-Rad in Richmond CA, have exploited the educational utility of GFP and created several GFP-based education kits.  We used two of Bio-Rad’s most popular kits (pGLO Bacterial Transformation Kit and Green Fluorescent Protein Chromatography Kit) and a standard polyacrylamide gel electrophoresis protocol to create a three day teacher professional development short course that showcases the underlying principles of bacterial transformation, protein purification, and protein detection and characterization.

Description of the Short Course

Short courses were presented to high school and two and four year college bioscience educators from the Northeastern and Southeastern United States.  The bioscience backgrounds of short course attendees spanned the spectrum from inexperienced to advanced.  Typically, about 25 to 35 teachers attended the short courses which were offered during the summer months.  Participants were divided into teams of 4 to 5 individuals (depending upon the total number of short course attendees) and each team was responsible for conducting a series of hands on experiments over the course of three days.  Typically, background lectures were given at the start of each experiment and questions and answers were conducted at the conclusion of an experiment on a given day.  Three instructors (plus two technical assistants) were required to insure seamless delivery and execution of the short courses.

Day One.   Short course participants were expected to perform bacterial transformation on the first day of the short course. All of the reagents, laboratory materials and background information necessary to perform these experiments are found in the pGLO Bacterial Transformation kit.   In this exercise, each of the teams transformed the pGLO plasmid (which contains a functional GFP gene) into CaCl2–treated Escherichia coli cells. The transformed cells were spread onto the surface of selective agar plates and the plates were incubated for 18 hours at 37oC.  The appearance of fluorescent green colonies (upon exposure to LWUV light using a hand held lamp) on the following day indicated that the transformation experiment was a success.

Day Two.  The goal of the experiments conducted on the second day of the short course was to demonstrate how recombinant proteins (expressed in bacteria) are isolated and partially purified. This was accomplished by using Bio-Rad’s Green Fluorescent Protein Chromatography Kit.

 In these experiments, each team was given a tube that contained 2.0 ml of a log-phase culture of E. coli that harbored the pGLO plasmid and produced recombinant GFP (rGFP).  Production of rGFP by the bacteria was confirmed by the green color of the tube following exposure to LWUV light.  Bacterial cells were collected from 1.0 ml of culture by centrifugation in a microfuge.  The bacteria found in the resultant cell pellet were lysed (to release rGFP) using a freeze thaw technique outlined in the kit’s instruction manual.  Debris was removed from the cell lysate by centrifugation in a microfuge.  Approximately, 0.5 ml of the lysate was added to a hydrophobic interaction column (supplied in the kit) that was used to partially purify rGFP from the bacterial cell lysates.  Elution of GFP from the column was visualized using a handheld LWUV lamp after elution buffer was added to the column.  Column fractions containing partially purified rGFP were identified using a LWUV lamp and stored in the refrigerator overnight.

DayThree. On the third day of the short course, each team carried out experiments that featured the underlying principles of non-denaturing (ND) and sodium dodecyl sulfate (SDS) polyacrylamide electrophoresis (PAGE).  ND-PAGE and SDS-PAGE are analytical methods that are commonly employed by scientists to determine the number of different proteins found in a partially purified solution or to ascertain the approximate molecular mass of a protein of interest.  In these experiments, purified rGFP and rBFP, partially purified rGFP and bacterial cell lysates containing unpurified GFP were analyzed on both ND- and SDS-PAGE gels.  Partially purified rGFP and the bacterial cell lysates containing crude rGFP were both obtained from experiments conducted on Day Two of the short course.

Electrophoresis was performed using standard buffer systems devised specifically for either ND- or SDS-PAGE.  Molecular size markers and rGFP- and rBFP- containing samples were electrophoresed through precast 10% acryl amide mini-gels using a Bio-Rad Mini-Protein gel box.  Samples were electrophoresed for approximately 90 minutes at a constant voltage of 125V.  After electrophoresis, bacterial and recombinant proteins were visualized by staining SDS-PAGE gels with Coomassie R250.  It is important to note, that SDS abolishes the fluorescent properties of GFP and BFP which precludes the use LWUV light to detect these proteins in SDS-PAGE gels.  A hand held LWUV lamp was used to detect rBFP and rGFP in ND-PAGE gels immediately after electrophoresis was completed. Upon examination of Coomassie blue-stained SDS-PAGE gels, crude rGFP was identified in cell lysates as a 27 kDa band that co-migrated with a single band contained in the purified rGFP sample.  In ND-PAGE gels, crude rGFP was identified as a single green fluorescent band in cell lysate samples based on its co-migration with a single fluorescent band found in purified rGFP preparations.  Purified rBFP appeared as a single blue fluorescent band with a molecular mass equivalent to that of purified   rGFP. 

Concluding Remarks

Assessment questionnaires filled out by short course participants revealed that most of the teachers who attended the short courses were satisfied with their learning experiences.  Some of the more inexperienced teachers reported that they were a bit overwhelmed at times whereas a few of the more experienced teachers felt that some of the experiments were not challenging enough.  Nevertheless, many teachers reported that they intended to use some of the short course experiments in their own classrooms.  Although the material presented in the short courses was covered in a three day period, it could easily be rendered into multiple, discrete laboratory exercises suitable for use at the high school or college levels.

Development of science teacher professional development courses is typically a time consuming and labor intensive endeavor.  In many cases, reagents and supplies have to be ordered or obtained from many different sources.  Further, many of the experimental protocols that are used to develop the courses are either not published or not carefully crafted.  We overcame these potential problems by using commercially available GFP-based kits as the cornerstone of our short courses.  Each of the kits contained standardized experimental protocols and all of the reagents and materials required to conduct the experiments in the kits.  The use of commercially available kits permitted us to offer the short courses in a cost effective and facile manner.  We are currently examining ways to standardize the PAGE protocols and reduce the amount of labor required to run the electrophoresis portion of the short course. In the future, we hope to offer GFP-based professional development short courses that showcase molecular cloning and the polymerase chain reaction.  
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