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Overview As a middle school science teacher I struggle with making connections with real world science applications and issues. Often in the middle school classroom we teach a large amount of new ideas, concepts, and vocabulary that can often be lost if connections are not made between the material. The study of synthetic biology allows my students to integrate content knowledge on specific biological concepts and requires them to make connections between them all. The ETP will allow my students to apply what they have learned in their study of cells, organelles, cell cycle, genetics, and DNA to their understanding synthetic biology. They will be required to have a thorough knowledge of what we learn in the life science classroom in order to understand synthetic biology, how it is used, and the implications it has on society. This will also allow my students to be a part of the innovations happening in science today as well as show how they can become a part of it. This ETP takes what I am learning about synthetic biology in my summer fellowship and use it directly in the classroom. Although synthetic biology is complex and is normally not taught to the middle grades, I believe that this ETP can expose my students to basic concepts. This fellowship exposes me to the synthetic biology laboratory techniques and allows me to interact with researchers about current applications. In addition, I also am part of the iGEM team advisors, in which I observe recent high school graduates and other international students. By working along side these students, I am exposed to the amazing capabilities and possibilities that students have in the field of synthetic biology. This whole experience will be transferred to my students in several different ways. Teacher primer: Before you begin please go to the following website http://www.actionbioscience.org/education/guilfoile.html Here you will learn why biotechnology is an essential topic in the biology classroom. This is a website that will give you and overview of how to integrate many of the biotechnology concepts that synthetic biology covers into the biology or life science classroom by showing you what concepts to teach, helping you to determine what content to include, and promoting conversation on controversial biotechnology issues. 

Goals and Objectives The goal of this project is to introduce the fundamentals of synthetic biology to middle school students as well as provide them with the experiences necessary to feel confident in their ability to be a part of an emerging and innovative science field. Because synthetic biology is a complex science involving many other scientific disciplines. It is also a goal to introduce these concepts through laboratory experiments, virtual explorations, and recent science media productions. 

My main objectives are to use analogies, hands on inquiry, project based student activities, science media and virtual interactives to help my students understand basic components of synthetic biology. Students will be able to learn the following: 

• processes and techniques for laboratory analysis of recombining DNA. 

• synthetic biology: what it is and how it affects our lives 

• understand how scientists build synthetic parts, devices and modules by studying what has already been constructed in the field. 

• understand the applications and ethical issues associated with synthetic biology. 

IISME FELLOW: Elsie Ovrahim • Science Educator: I Teach 6th, 7th , 8th, and 9th at ASA Academy and Community Science Center. • Grant Writer: I write grants for ASA Academy as well as an Oakland community project called Empowering Youth Through Music • Independent Contractor: I work with KQED Education Network creating online content for Quest television series as well as the Teachers Domain website. I also conduct professional development workshops for teachers to help them integrate KQED science media in the classroom. The Fellowship: During my IISME fellowship with iGEM, UCSF, I have been able to observe, work with researchers and students to develop an ETP that allows me to bring Synthetic Biology to 7th grade Life Science students. 

IISME Mentor: UCSF, iGEM 

The International Genetically Engineered Machine Competition (iGEM) is s Synthetic Biology competition and the largest Synthetic Biology conference in the world. Students work at different Universities over the summer using standard biological parts to design, build, and operate biological systems in living cells. This year the group at UCSF is composed of recent graduates from a high school in San Francisco. The iGEM team is made up of students, researchers, observers, and cheerleaders. 

What students must know before you begin: Relevant 7th grade California Life Science Standards… Before we begin students must have a basic understanding of the following 7th grade Life Science standards. The goal of this curriculum is to allow students to understand how all of the following standards are connected. Eukaryotic cells Cell Biology 1. All living organisms are composed of cells, from just one to many trillions, whose details usually are visible only through a microscope. As a basis for understanding this concept: a. Students know cells function similarly in all living organisms. b. Students know the characteristics that distinguish plant cells from animal cells, including chloroplasts and cell walls. c. Students know the nucleus is the repository for genetic information in plant and animal cells. d. Students know that mitochondria liberate energy for the work that cells do and that chloroplasts capture sunlight energy for photosynthesis. e. Students know cells divide to increase their numbers through a process of mitosis, which results in two daughter cells with identical sets of chromosomes. f. Students know that as multicellular organisms develop, their cells differentiate. Genetics 2. A typical cell of any organism contains genetic instructions that specify its traits. Those traits may be modified by environmental influences. As a basis for understanding this concept: a. Students know the differences between the life cycles and reproduction methods of sexual and asexual organisms. b. Students know sexual reproduction produces offspring that inherit half their genes from each parent. c. Students know an inherited trait can be determined by one or more genes. d. Students know plant and animal cells contain many thousands of different genes and typically have two copies of every gene. The two copies (or alleles) of the gene may or may not be identical, and one may be dominant in determining the phenotype while the other is recessive. e. Students know DNA (deoxyribonucleic acid) is the genetic material of living organisms and is located in the chromosomes of each cell. Relearning resources: A variety of different online interactive resources for student’s who need to relearn or refresh their knowledge of basic Life Science topics. Topic Science and Technology Site http://www.stcms.si.edu/stcms.htm 

Cell http://learn.genetics.utah.edu/units/basics/tour/ 

Mitosis vs. Meiosis http://www.cellsalive.com/ 

DNA http://learn.genetics.utah.edu/units/basics/tour/ 

Genetics http://www.cccoe.net/genetics/index.html http://www.genetics.gsk.com/kids/dna01.htm 

Genetics http://www2.edc.org/weblabs/WebLabDirectory1.html 

Human Anatomy http://www.innerbody.com/htm/body.html 

Mitosis of onion cell http://www.biology.arizona.edu/cell_bio/activities/cell_cycle/cell_cycle.html 

Cell function http://www.johnkyrk.com/er.html 

Cell anatomy http://www.johnkyrk.com/CellIndex.html 

Topics Preview Topic 1: DNA: Process and Techniques: Students will be introduced to enzymes, proteins, transcription, and translation as well as the different ways that DNA is analyzed by exposing them to laboratory techniques such as PCR, Gel Electrophoresis, and transformations. The lessons in this section have been compiled by a variety of different online resources that are available to educators. For each I have included a virtual interactive component and science media resources to further students understanding of the content studied. 

Topic 2: Synthetic Biology 101: Students will deepen their understanding of synthetic biology, what it is, and how it is utilized. 

Topic 3: Bio-Machinery Applications and Ethics: Students will begin learning how scientists are building their own biological organisms and applying them to the needs of today’s world health and economy. They will learn about existing biological systems that are already in use in synthetic biology and that has a connection to what they are studying. Student will also explore what is happening today in the field of synthetic biology and be able to discuss the scientific ethics that are involved. 

Hands on Lab In this ETP you will find a variety of resources that have this icon which indicates that the resource is a hands on lab. Some of the hands on activities have been compiled from effective lessons that have been posted on the web from other educators about different DNA topics. These activities have all been sited by the use of the website address that the lesson plan is found. The rest of the hands on activities have been organized by Elsie Ovrahim with the help of her mentors at the UCSF fellowship. Media Integrating media in the classroom is not only a wonderful way to enhance student understanding of the material but it is also a necessity. Our students speak and relate to the language of media therefore it can be used as a learning tool to enhance content knowledge and introduce scientific perspectives in a ways that would make the curriculum more relevant to their lives. In this ETP I have used media from KQED Education Network, Teachers Domain, and Secrets of a Sequence. Please go to these websites and familiarize yourself with the multitude of resources that you can integrate with every unit you are teaching. I have compiled many resources that directly enhance the learning of the DNA concepts in this ETP. To get some invaluable ideas about how to integrate media and media literacy in the classroom please go to: http://www.kqed.org/quest/downloads/QUEST_Media_Tips_08-09.pdf The pdf document, How to Use Science Media Effectively for Enhancing Teaching and Learning, has many ideas that can be easily integrated in everyday classroom teaching. Virtual interactive If you do not have the capabilities to do a live lab, virtual interactive can be a short term solution. Use the interactive as a stand alone lab, review, preview, or review of concepts learned. Your students will appreciate you for this and enjoy the experience. California Science State Standards: This ETP touches on the following standards. Note: these are high school standards that 7th graders will be exposed to. GRADES NINE THROUGH TWELVE: Biology/Life Sciences: Cell Biology 1. The fundamental life processes of plants and animals depend on a variety of chemical reactions that occur in specialized areas of the organism’s cells. As a basis for understanding this concept: c. Students know how prokaryotic cells, eukaryotic cells (including those from plants and animals), and viruses differ in complexity and general structure. d. Students know the central dogma of molecular biology outlines the flow of information from transcription of ribonucleic acid (RNA) in the nucleus to translation of proteins on ribosome’s in the cytoplasm. 

4. Genes are a set of instructions encoded in the DNA sequence of each organism that specify the sequence of amino acids in proteins characteristic of that organism. As a basis for understanding this concept: a. Students know the general pathway by which ribosomes synthesize proteins, using tRNAs to translate genetic information in mRNA. b.? Students know how to apply the genetic coding rules to predict the sequence of amino acids from a sequence of codons in RNA. c. Students know how mutations in the DNA sequence of a gene may or may not affect the expression of the gene or the sequence of amino acids in an encoded protein. d. Students know specialization of cells in multicellular organisms is usually due to different patterns of gene expression rather than to differences of the genes themselves. e. Students know proteins can differ from one another in the number and sequence of amino acids. 5. The genetic composition of cells can be altered by incorporation of exogenous DNA into the cells. As a basis for understanding this concept: a. Students know the general structures and functions of DNA, RNA, and protein. b. Students know how to apply base-pairing rules to explain precise copying of DNA during semiconservative replication and transcription of information from DNA into mRNA. c. Students know how genetic engineering (biotechnology) is used to produce novel biomedical and agricultural products. d. Students know how basic DNA technology (restriction digestion by endonucleases, gel electrophoresis, ligation, and transformation) is used to construct recombinant DNA molecules. e. Students know how exogenous DNA can be inserted into bacterial cells to alter their genetic makeup and support expression of new protein products. 

GRADES NINE THROUGH TWELVE Investigation and Experimentation 1. Scientific progress is made by asking meaningful questions and conducting careful investigations.. Students will: a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data. g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. m. Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings. Examples of issues include irradiation of food, cloning of animals by somatic cell nuclear transfer, choice of energy sources, and land and water use decisions in California. National Science Education Standards: This ETP touches on the following standards. Note: these are high school standards that 7th graders will be exposed to. Life Science CONTENT STANDARD C: As a result of their activities in grades 9-12, all students should develop understanding of • The cell • Molecular basis of heredity Fundamental concepts and principles that underlie this standard include THE CELL • Cells have particular structures that underlie their functions. Every cell is surrounded by a membrane that separates it from the outside world. Inside the cell is a concentrated mixture of thousands of different molecules which form a variety of specialized structures that carry out such cell functions as energy production, transport of molecules, waste disposal, synthesis of new molecules, and the storage of genetic material. • Cells store and use information to guide their functions. The genetic information stored in DNA is used to direct the synthesis of the thousands of proteins that each cell requires. • Cell functions are regulated. Regulation occurs both through changes in the activity of the functions performed by proteins and through the selective expression of individual genes. This regulation allows cells to respond to their environment and to control and coordinate cell growth and division. THE MOLECULAR BASIS OF HEREDITY • In all organisms, the instructions for specifying the characteristics of the organism are carried in DNA, a large polymer formed from subunits of four kinds (A, G, C, and T). The chemical and structural properties of DNA explain how the genetic information that underlies heredity is both encoded in genes (as a string of molecular "letters") and replicated (by a templating mechanism). Each DNA molecule in a cell forms a single chromosome. Science in Personal and Social Perspectives CONTENT STANDARD F: As a result of activities in grades 9-12, all students should develop understanding of Science and technology in local, national, and global challenges SCIENCE AND TECHNOLOGY IN LOCAL, NATIONAL, AND GLOBAL CHALLENGES • Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics, and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, national, or global challenges. • Progress in science and technology can be affected by social issues and challenges. Funding priorities for specific health problems serve as examples of ways that social issues influence science and technology. • Individuals and society must decide on proposals involving new research and the introduction of new technologies into society. Topic One: DNA Processes and Techniques 

Please refer to the attached excel spreadsheet document for topic one. This is a collection of hands-on lessons, virtual interactive and media resources that cover the following topics: 

1. DNA: Everything you need to know 

2. The Micropipette 

3. Gel Electrophoresis 

4. Plasmids and Restriction enzymes 

5. Cloning 

