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Lesson Plan—Digging up the Dirt on Microbes
Summary
This lesson includes a series of activities that will help students to build a basic understanding of organisms that live in sediment on and below the ocean floor. During this lesson, students will conduct a series of hands-on experiments to simulate the tasks that scientists complete while examining sediment samples and data taken from the deep biosphere. Students will conduct pH and nitrogen tests, examine physical characteristics of a Winogradsky column, extract DNA, and culture bacteria on agar plates.
Key Concepts
· Microbes are found everywhere

Microbes are important in cycling of nutrients

Soil characteristics can help identify microbe types

Microbes can be identified through their genomes
Objectives:
· Observe and identify the different layers within a Winogradsky Column
· Record the level of nitrate and the ph of several layers in the Winogradsky Column
· Hypothesize what life might be found in sub seafloor sediment
· Record and create an agar streak of microbes in the layers of sediment
· Demonstrate Scientific process skills by extracting and analyzing DNA
Materials
· Winogradsky Column worksheet

· Isolating Microbes worksheet

· Testing for the Presence of Life worksheet[image: image13.jpg]



Procedure
Activity 1: Sub-Seafloor Sediment Cores
To conduct this lesson, teachers will need to establish a baseline of learning so that all students will understand what sediment cores are. This will also provide the background information necessary for conducting the inquiry experiments.

Making the Winogradsky Column
1. Two months prior to teaching this lesson, the teacher will need to create a Winogradsky column. 

a. Obtain a two liter soda bottle, and cut the top off so that the sides are as straight as possible. Clear PVC tubing or fluorescent light bulb tubes may also be used. 

b. Cut one hole into the bottle approximately every 5 cm. This will be used to help students obtain sediment samples.

c. Insert some surgical tubing (with approximately ¼” central opening). Use sealant to seal off around the edges of the tubing (where the tube comes in contact with the plastic bottle). Use a binder clip to clamp off the ends of the tubing so that no unnecessary oxygen gets into the column.

2. Obtain a sample of mud/sediment from a local water source, such as a lake. Divide the mud into five sections. 

a. Add one section of sediment to the bottom of the column.

b. Tear a handful of newspaper in small pieces. Take the second section of sediment and add mix in the shredded newspaper. Add this sediment into the bottom of the column to make a second stratum. 

c. Take the third section of sediment, and mix in sand. Add enough that students will be able to see the grains, and mix it in. Add this section of sediment to the column on top of the sediment with newspaper.

d. Obtain some iron filings. Take the fourth section of sediment, lightly cover the top of the sediment with the iron filings, and mix it in. Add this sediment to the column on top of the sediment with sand.

e. Obtain some pebbles (aquarium-size) and Miracle Gro. Lightly cover the last section of sediment with the fertilizer. Mix in the fertilizer, adding a handful of pebbles. 
Student Observations of the Winogradsky Column
1. After the Winogradsky column has set for approximately two months, students will be able to observe changes in the apparatus. 

a. Likely changes that will occur (from the top – down): green coloration in layer one (top) due to the presence of chlorophyll and the nitrates will increase due to the fertilizer; the second layer should have an orange tint due to the oxidation of the iron filings; the third layer should not change much; the fourth layer will develop a darker blackish color due to the introduction of carbon in the newspaper; and the bottom last will have a reduction in nitrates. The highest pH should be at the top, with the lowest at the bottom.

2. Make copy of the Digging up the Dirt on Microbes: Winogradsky Column Observation sheet. Students should visually observe the Winogradsky column. On the data sheet, they should record their observations for each sediment stratum, along with description as to what they think that layer is made of. 

3. Allow students to discuss their observations. Discuss the questions below. This activity leads into the second activity, Testing for the Presence of Life.

a. Do you think organisms could live in these sediment layers?

b. What are some things that living organisms have in common?

c. What kind of tests could we perform to determine if life is present?
Activity 2: Testing for the Presence of Life

Microbial Cultures
1. Give each group a student lab sheet, as well as six petri dishes and swabs. 

2. Students will follow the instructions on the lab sheet to make the agar plate cultures.

a. Have students create a hypothesis on what level in the Winogradsky Column will contain the highest level of microbes.

b. Make sure students have the petri dishes labeled according to the student worksheet.

c. Have students open the port in each section on the Winogradsky column and place the swab into the soil. The plate should be inoculated with its corresponding swab, and sealed by taping it shut. Additional instructions for inoculation are on the student sheet.

d. The petri dishes should be incubated at room temperature for several days or in an incubator at 37˚ C for 1–2 days, depending on the class schedule. Students should not open the petri dishes. 

e. Petri dishes should be disposed of using an autoclave, or open them and soak them in 10 % bleach for a few days and then throw them away.
Sediment Testing
1. Create four cups of simulated sediment samples that the students can use in a hands-on experiment. The sediment should be similar to the color of one of the strata in the Winogradsky column, since they should be simulating these layers.

a. Sample 1 – Control sample, sediment only

b. Sample 2 – Sediment with baking soda mixed in

c. Sample 3 – Sediment with addition of calcium carbonate

d. Sample 4 – Sediment with peas (made add food coloring to make it darker)

2. During the experiment, each group of students should be given a small cup of these sediments. Student instructions are on the student data sheet.

a. Sample 1 is the control sample. It will contain sediment only. Students will test sediment from this sample with using pH strips and acetic acids

b. Sample 2 represents the bottom layer (5th layer). Students will test sample one using pH strips; it will indicate a higher pH than 

c. Sample 3 represents layer two, which contains the iron. Students will test this with drops of acetic acid (vinegar), and should see bubbles form due to the chemical reaction with the calcium carbonate.

d. Sample 4 represents the top layer (layer 1), where there should be chlorophyll present used by autotrophic organisms. Students will extract DNA from the sediment according to the student data sheet.
Activity 3: DNA Analysis
1. After students have extracted DNA from Sample 4, show students the DNA sequence from the microbe that was present. This would be best completed using a projector so that all students could see. Copy and paste that DNA sequence from wordpad (saved as a text document), into the SeaView program. This will color code the DNA based on the nitrogen bases present.

2. Here is the DNA sequence to use in the SeaView and BLAST programs:

AAGGCTTGACATCCCACGAATTTTGCCGAGAGGTGAAAGTGCCTTAGGGAACGTGGAGAC

3. Paste the DNA sequence in the BLAST (Basic Local Alignment Search Tool) program online. Scroll down a little and click on nucleotide BLAST. At the top in the box under “Enter Query Sequence,” paste the DNA sequence. Scroll down and click BLAST.

4. The information presented on the next page will show which organisms are the most likely matches for that DNA sequence.
Assessment
· Performance—During activities one and two, students will complete the information on the lab sheet to demonstrate understanding on the topic. Students will demonstrate that they can make observations, extract DNA, perform chemical testing, and make an Agar streak plate.
· Product—See additional documents. Activity one has students recording observations on their data sheet. During activity two, students will complete the handout with observations and analysis for their culture plating activity.
Additional Resources
Please list any Web sites, books, publications, or other resources that would be helpful for teachers or students preparing for this lesson.
· http://www.frontiersin.org/Extreme_Microbiology/10.3389/fmicb.2013.00124/full The microbiology of deep-sea hydrothermal vent plumes: ecological and biogeographic linkages to seafloor and water column habitats, Gregory J. Dick1,2,3*, Karthik Anantharaman1, Brett J. Baker1, Meng Li1, Daniel C. Reed1 and Cody S. Sheik
· http://www.microbesareawesome.com/Personal_Site/Research_Projects_files/Orcutt_MMBR2011_DBreview.pdf, Microbial Ecology of the Dark Ocean above, at, and below the Seafloor† Beth N. Orcutt,1,2 Jason B. Sylvan,2 Nina J. Knab,2 and Katrina J. Edwards2,3*
· http://vamps.mbl.edu/ Visualization and Analysis of Microbial Population Structures
Next-generation-science-standards
MS-LS2-3.
Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem. [Clarification Statement: Emphasis is on describing the conservation of matter and flow of energy into and out of various ecosystems, and on defining the boundaries of the system.] [Assessment Boundary: Assessment does not include the use of chemical reactions to describe the processes.]
HS-LS2-3.
Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions. [Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in different environments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.]
HS-LS2-5.
Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere. [Clarification Statement: Examples of models could include simulations and mathematical models.] [Assessment Boundary: Assessment does not include the specific chemical steps of photosynthesis and respiration.]
Got time?
If you have time before your presentation, it would be helpful to provide

· Relevant content standards—Next Generation Science Standards:
http://www.nextgenscience.org/next-generation-science-standards 

· Science process skills (information under lesson resources on the EARTH website)

· Ocean Literacy Standards: http://oceanliteracy.wp2.coexploration.org/  

· Key concepts, according to the AAAS benchmarks, which provide a framework for K-12 expectations: http://www.project2061.org/publications/bsl/online/bolintro.htm 

· Tags (we are working on updating the EARTH website to be more search-friendly and are planning to implement a tag-search system. Please include any relevant keywords or tags for your lesson[image: image2.png]
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