Lesson Plan—Living Life to the Extreme
Summary
The requirements for human life on Earth as we know it are not necessarily the requirements for all life on Earth.  Students will be researching literature on organisms that live in extreme environments such as salt beds, hydrothermal vents, and deep ocean sediments.  They will present their findings, and apply that knowledge to the search for life within our universe.  Astrobiologists hypothesize that life on other planetary bodies will be found in similar environments.  
Key Concepts
· Requirements for life are not the same for all organisms.
· Organisms are able to live in environments with extreme temperatures, pressure, and _____.
· If we find life in extreme environments here, then life could exist in similar environments on other planets.
Objectives
· Students will identify the requirements for life on Earth.
· Students will research a type of extremophile online and find a related research article from a reputable scientific source.
· Students will create and present information on their extremophile to their classmates.
· Students will apply their knowledge of extremophile environments to identifying possible environments in space where life could be found.
Materials
· Computers with internet access (at least one per group)
· Extremophile Activity (handout)
· Table 1. Classification and examples of extremophiles (handout)
Procedure
1. Think-Pair-Share: Show this statement on the board, “There is no life on other planets.”
a. Give students one minute to write down their thoughts on the statement.
b. Have students pair up and discuss their ideas (2-3 minutes).
c. Select students to share out to class.  Have a recorder write down ideas on the board.
2. Class Discussion on the requirements for life.
a. Key requirements:
i. Oxygen?
ii. Carbon?
iii. Water?
iv. Nitrogen?
v. Others?
3. Winogradsky Column Demo: http://www.alienearths.org/online/interactives/wcolumn/index.php
a. Interactive Virtual Winogradsky Column to demonstrate the variety of resources required and tolerated by various microbes in soil.
4. Exploration Activity
a. Pose question: If we want to look for life on other planets or in other solar systems, where do we look and how?
*(Note: Students should come to the realization that it is not possible for us to go to other planets, that any life forms will be microbial, and will not be found near the surface.)
b. Discussion: What places on Earth have conditions similar to those on other planets or small bodies such as moons?
c. Video: Deep biosphere scientist (to introduce an example of research in the deep sea sediments). http://www.youtube.com/watch?v=jI9CiUcfM-0&feature=player_detailpage (watch until 3:16)
*(Note: Connection between soil microbe and deep sea microbe extreme environments.)
d. Extremophile Research Activity
i. Divide students into research groups.
ii. Assign each group an extremophile to research on the Internet.
1. Provide students with two handouts.
a. Extremophile Activity (handout)
b. Table 1. Classification and examples of extremophiles (handout)
2. Students will choose their presentation format and complete their assigned row on Table 1.
iii. Groups present their findings to the class.
1. Other students take notes in Table 1.
5. Homework Assignment: Article Review
a. Students choose one of the following articles to read for homework and complete a one-page review (handout)
i. Hyper-slow sea microbes give hope for life on Mars http://rt.com/news/slow-microbe-life-mars-569/
ii. Russians Will Be First To Explore Untouched Antarctic Lake Vostok, In Hunt For Weird Life Forms 

HYPERLINK "http://www.popsci.com/science/article/2011-01/scientists-prepare-penetrate-subglacial-lake-hunt-weird-life-forms" \hhttp://www.popsci.com/science/article/2011-01/scientists-prepare-penetrate-subglacial-lake-hunt-weird-life-forms
iii. Buried Since the Jurassic Era, Ocean Microbes Are Still 'Barely Alive' http://www.popsci.com/science/article/2012-05/buried-jurassic-era-ocean-microbes-are-still-barely-alive
Extension Activities
1. The Drake Equation: http://www.alienearths.org/online/general/activities.php
Great math activity to explore the statistical possibilities of life in our universe!
Assessment
· Think-Pair-Share and class discussion notes
· Contribute to discussion
· Group presentation of extremophile (rubric http://www.sites4teachers.com/links/redirect.php?url=http://www.readwritethink.org/lesson_images/lesson960/Rubric.pdf)
· Table 1
· Article Review
Additional Resources
· Table 1. Classification and Examples of Extremophiles http://www.nature.com/nature/journal/v409/n6823/fig_tab/4091092a0_T1.html
· PowerPoint Presentation: Extremophiles 101 (Nielson_Extremophiles_HHMI)
Standards
· Common Core Literacy Standards
· CCSS.ELA-Literacy.RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.
· CCSS.ELA-Literacy.RST.9-10.2 Determine the central ideas or conclusions of a text; trace the text’s explanation or depiction of a complex process, phenomenon, or concept; provide an accurate summary of the text.
· CCSS.ELA-Literacy.RST.9-10.6 Analyze the author’s purpose in providing an explanation, describing a procedure, or discussing an experiment in a text, defining the question the author seeks to address.
· CCSS.ELA-Literacy.RST.9-10.10 By the end of grade 10, read and comprehend science/technical texts in the grades 9–10 text complexity band independently and proficiently.
· NGSS
· Science and engineering complement each other in the cycle known as research and development (R&D). Many R&D projects may involve scientists, engineers, and others with wide ranges of expertise. (HS-ESS1-2),(HS-ESS1-4)
· Feedback mechanisms maintain a living system’s internal conditions within certain limits and mediate behaviors, allowing it to remain alive and functional even as external conditions change within some range. Feedback mechanisms can encourage (through positive feedback) or discourage (negative feedback) what is going on inside the living system. (HS-LS1-3)
· Changes in the physical environment, whether naturally occurring or human induced, have thus contributed to the expansion of some species, the emergence of new distinct species as populations diverge under different conditions, and the decline–and sometimes the extinction–of some species. (HS-LS4-6)
· The many dynamic and delicate feedbacks between the biosphere and other Earth systems cause a continual co-evolution of Earth’s surface and the life that exists on it. (HS-ESS2-7)
· Ocean Literacy Principles: 

HYPERLINK "http://oceanliteracy.wp2.coexploration.org/" \hhttp://oceanliteracy.wp2.coexploration.org/ 
· OLP 4: The ocean makes Earth habitable.
· b. The first life is thought to have started in the ocean. The earliest evidence of life is found in the ocean.
· OLP 5: The ocean supports a great diversity of life and ecosystems.
· b. Most life in the ocean exists as microbes. Microbes are the most important primary producers in the ocean. Not only are they the most abundant life form in the ocean, they have extremely fast growth rates and life cycles.
· f. Ocean habitats are defined by environmental factors. Due to interactions of abiotic factors such as salinity, temperature, oxygen, pH, light, nutrients, pressure, substrate and circulation, ocean life is not evenly distributed temporally or spatially, i.e., it is “patchy”. Some regions of the ocean support more diverse and abundant life than anywhere on Earth, while much of the ocean is considered a desert.
· g. There are deep ocean ecosystems that are independent of energy from sunlight and photosynthetic organisms. Hydrothermal vents, submarine hot springs, and methane cold seeps rely only on chemical energy and chemosynthetic organisms to support life.
· OLP 7: The ocean is largely unexplored
· a. The ocean is the last and largest unexplored place on Earth -less than 5% of it has been explored. This is the great frontier for the next generation’s explorers and researchers, where they will find great opportunities for inquiry and investigation.
· b. Understanding the ocean is more than a matter of curiosity. Exploration, inquiry and study are required to better understand ocean systems and processes.
· d. New technologies, sensors and tools are expanding our ability to explore the ocean. Ocean scientists are relying more and more on satellites, drifters, buoys, subsea observatories and unmanned submersibles.
· f. Ocean exploration is truly interdisciplinary. It requires close collaboration among biologists, chemists, climatologists, computer programmers, engineers, geologists, meteorologists, and physicists, and new ways of thinking.
· Key concepts, according to the AAAS benchmarks, which provide a framework for K-12 expectations: 

HYPERLINK "http://www.project2061.org/publications/bsl/online/bolintro.htm" \hhttp://www.project2061.org/publications/bsl/online/bolintro.htm
· Science is based on the assumption that the universe is a vast single system in which the basic rules are everywhere the same and that the things and events in the universe occur in consistent patterns that are comprehensible through careful, systematic study. 1A/H1*
· Investigations are conducted for different reasons, including to explore new phenomena, to check on previous results, to test how well a theory predicts, and to compare theories. 1B/H1
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