Adam Waltzer, August 2008

Biomimetics and GEPIs:  A Mini (nano?)-Unit for High School Biology
Objectives:

1.  Students will be introduced to biomimetics and the interdisciplinary work being done to apply principles of molecular biology and nanotechnology to solve real-world problems.
2.  Students will compare the biopanning method for GEPI selection with the development of antibodies by human B-cells and see this as an example of molecular biomimetics.
Placement in Biology Curriculum:

Late in the year, following a unit on the human immune system and ELISA wet lab.  Students have also conducted a bacterial transformation lab as part of the biotechnology strand of the course.

Pre-requisite knowledge:

· Understanding of basic biochemistry including how genetic information in cell is encoded at the molecular level

· Understanding of the basics of recombinant DNA technology

· Understanding of antibody-antigen interactions in human immune system
· Understanding of natural selection
What Takes Place:

1.  Students read (or re-read) "Fighting Colds With Natural Selection" from Evolution: The Triumph of An Idea by Carl Zimmer.

2.  With an interactive Powerpoint presentation, students are introduced to the terms:

* biomimetics

* molecular biomimetics

* self-assembly  - teacher demonstrates model

* GEPI - teacher demonstrates model

* Biopanning - teacher demonstrates model

3.  For homework, students are asked to compare and contrast biopanning and antibody production by human B-cells.
4.  Students are asked to brainstorm some potential applications of GEPIs as interfaces between organic material in living systems and inorganic materials:

* Implants

a) titanium joints



b) gold stents



c) ceramic or other dental implants

     
* Biomarkers for imaging tumors or other organic indicators of disease

     
* Others

Washington State Science EALRs 

EALR 1:

Analyze the scientific evidence used to develop the theory of biological evolution and the concepts of natural selection, speciation, adaptation, and biological diversity.  Describe the factors that drive natural selection (i.e., overproduction of offspring, genetic variability of offspring, finite supply of resources, competition for resources, and differential survival).
EALR 3:

The student knows and applies science ideas and inquiry to design and analyze solutions to human problems in societal contexts."
Scientific design process skills are used to develop and evaluate scientific solutions to problems in real world contexts. The application of an understanding of systems and inquiry is comprised of two components:

3.1 Designing Solutions: Apply knowledge and skills of science and technology to design solutions to human problems or meet challenges.

3.2 Science, Technology and Society: Analyze how science and technology are human endeavors, interrelated to each other, to society, and to the workplace and the environment.

Assessment:

Darwin compared and contrasted breeding or "artificial selection" with his theory of natural selection.  In one paragraph, describe similarities and differences between "biopanning" and antibody generation by human B-cells. 

Describe a current, proposed or futuristic application of molecular biomimetics in general or a GEPI that binds to titanium or other inorganic.

Biomimetics:

The subject of copying, imitating, and learning from biology was coined "Biomimetics" by Otto H. Schmitt in 1969.   The JPL's Nondestructive Evaluation and Advanced Actuators (NDEAA) Technologies lab    (http://ndeaa.jpl.nasa.gov/nasa-nde/biomimetics/bm-hub.htm)

Molecular Biomimetics and GEPIs:  

Proteins, through their unique and specific interactions with other macromolecules and inorganics, control structures and functions of all biological hard and soft tissues in organisms. Molecular biomimetics is an emerging field in which hybrid technologies are developed by using the tools of molecular biology and nanotechnology. Taking lessons from biology, polypeptides can now be genetically engineered to specifically bind to selected inorganic compounds for applications in nano- and biotechnology. This review discusses combinatorial biological protocols, that is, bacterial cell surface and phage-display technologies, in the selection of short sequences that have affinity to (noble) metals, semiconducting oxides and other technological compounds. These genetically engineered proteins for inorganics (GEPIs) can be used in the assembly of functional nanostructures. Based on the three fundamental principles of molecular recognition, self-assembly and DNA manipulation, we highlight successful uses of GEPI in nanotechnology. 
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