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Theme:  Microbes

Title:  Beneficial Bacteria [image: image1.wmf]
Overview:


Microbes are everywhere and on everything.  Some help us and some hurt us.  Of course, we have taken steps to avoid the ones that harm us.  However, research has shown that not bacteria are out to get us.  Some we count on to live comfortable, healthy lives.  We have even employed the help of bacteria to take care of some of our health problems, waste problems, and to clean up after our messes.  This lesson seeks to explore some of the helpfulness of bacteria.

Grade Level:

· 9-12
Subject Matter:

· Biology

· Ecology

Duration:
· 3-4, 50-minute lessons
National Standards Addressed:

· Science as inquiry

· Abilities necessary to do scientific inquiry

· Understanding about scientific inquiry

· Life Science

· The cell

· Biological Evolution

· Science and Technology

· Understanding about science and technology

· Science in Personal and Social Perspectives

· Science and technology in local, national, and global challenges

· Natural and human-induced hazards

· Environmental quality

Objectives:
By the end of the lesson the students should be able to:

· Identify what a microbe is

· Describe the conditions and places bacteria are found

· Identify extremophiles

· Describe several beneficial microbes

Materials:

· Internet

· Computers (or computer lab)

· Various handouts

· SmartBoard (optional)

Procedure:

1. Hook:  Microbial Myths

a. Make a slide show on facts of microbes – multiple choice format.  Smartboard and notebook software works great for multiple choice questions.

b. For slide content, see the “Handouts” section below.

2. What are microbes?
a. The students will fill out a sheet on the kinds of microbes, where they live, and how they reproduce.
i. The handout to printed off can be found below in Handouts section entitled: “What are Microbes?
b. Use the following websites to teach.  
i. The Microbe World: http://www.edu.pe.ca/southernkings/microintro.htm 

ii. Six Kingdoms of Life: http://www.ric.edu/faculty/ptiskus/six_kingdoms/index.htm
iii. Biodiversity: The Three Domains of Life: http://www.biology.iupui.edu/biocourses/n100/2k43domainnotes.html 
c. Bring up all of the “teaching” websites on your browser.  This way, you can switch between each of the sites to cover all the material.
i. A smartboard would be helpful here.  You can highlight and underline the necessary information as you present it.
3. Where can we find microbes
a. In this portion of the lesson the students will discover:

i. Microbes can grow anywhere

ii. Microbes can exist in some extreme conditions

b. Growing Bacteria

i. Students will form small groups (pairs), collect and grow bacteria from several sources.

ii. Tips:

1. To easily grow bacteria, agar works best.  If you don’t have it, you can buy it online very easily.  If you want to make it use these instructions for Homemade Petri Plates: http://www.sciencebuddies.org/science-fair-projects/project_ideas/microbio_homemademedia.pdf 

2. For collection of bacteria, use fresh cotton swabs directly from the package.  If you have an autoclave, use it.
iii. The following links have different methods of growing cultures of bacteria.  Choose the method that works best with your facilities.

1. Minimal equipment:  

a. How do you grow bacteria? http://www.freesciencefairproject.com/biology/how_to_grow_bacteria.html
b. Growing Bacteria in Petri Dishes http://www.stevespanglerscience.com/experiment/00000165
2. Here is a good video on how to inoculate an agar medium:  

a. Growing Bacteria – Petrie Dish http://www.youtube.com/watch?v=6-chXVgu8Z0 

b. Grow Your Own Bacteria http://biologylabexperiments.com/biology-lab-experiments/grow-your-own-bacteria/ 

iv. Plan:

1. Obtain all the materials that you will need:

a. Nutrient agar

b. Petri dishes or equivalent

c. Swabs

d. Incubator setup

2. Instruct students to pair off.  Groups of three are fine, but the more results you see the better.

3. Present to students the following points:

a. Bacteria can live anywhere.

b. Bacteria are everywhere: in you, on you, door handles, floor etc.

c. We will collect some bacteria and grow them over a day or two.

4. Tell the students that each group will decide on one place to obtain a culture of bacteria.  Have the students tell you where their “source” of bacteria will be so you can keep track of duplicate sources.  Some ideas:

a. Toilet

b. Door handles

c. Your own body

d. Mouth

e. Floor

f. Desks

g. Windows

h. Plants

i. Etc.

5. Lab procedure.  Each group will do the following:

a. Obtain a sterile petri dish (or equivalent).

b. Put your names on the bottom with tape.

c. Fill the bottom of the petri dish half-way with agar.

d. While the agar firms up, obtain a cotton swab.

e. Moisten your swab slightly and take a swipe of the area in question.

f. Smear the swab on your agar.  This is done by moving the swab back and forth over the entire surface of the agar.

g. Cover the petri dish with the lid and place in the incubator.

h. Check after 1-2 days and determine your results.

6. Results

a. Each dish should have some results.

b. Place each dish out so everyone can observe.

c. Discuss the prevalence of bacteria everywhere.

c. Extremophiles – bacteria can grow just about anywhere.

i. Objectives:

1. Students will look into some of the  extreme environments microbes can inhabit.  

2. Students will discover that extremophiles are a look into the geologic past or perhaps evidence of life on other planets.

ii. Plan

1. As an introduction, play Pulse of the Planet program #4084 “Geobacter – Strain 121.”

a. Describe that we have found new strains of bacteria that can live in harsh conditions.

b. Explain that they will look up some of these strains called extremophiles.

c. Extremophile means to like harsh/extreme conditions.

2. Take your class to your computer lab.

3. Hand out the worksheet entitled “Extremophiles”

4. Benefits of Microbes

a. In this portion of the lesson, the students will explore how bacteria can be beneficial to us.

b. Start the lesson off by discussing the recent oil spill in the Gulf of Mexico.

i. Ask if anyone knows how the clean up was handled.  Listen to answers.

ii. Explain that bacteria can help us do these tasks also.  Play Pulse of the Planet program 4787 “Cleaning up the Spill”

1. Should we intervene when there is an oil spill?  If so to what magnitude and how?

2. If we made the mistake shouldn’t we fix it?

3. Play Pulse of the Planet program 4788 “To Disperse or Not”

c. Next, show them an example of how important bacteria are in one fictional person’s life.  

i. Click on Helpful Microbes in Your Daily Life:  http://www.wisc-online.com/objects/ViewObject.aspx?ID=MBY2404 

ii. This is an interactive site.  Go over the examples and help illustrate that bacteria isn’t just something that harms you.
d. Next, the students will research a particular kind of beneficial bacteria, make a single slide (for PowerPoint) and send it to you electronically (email, thumbdrive, googledocs etc)

i. The students should form groups of three.

ii. Instructions:

1. Each group is to produce 1 (at the most, 2) PowerPoint slides on a particular microbe.

2. One person from each group will pick a microbe out of a hat.

a. Teacher:  cut out the seven beneficial microbes down below under the title “Helpful Bacteria.”

3. Using a search engine, research and answer the questions given with your microbe.

4. Organize your information in a format that makes sense.

5. When done, save your work to a thumbdrive, googledoc, or send by email.  Either way, get it to me by _(date)____.
6. Teacher:  collect all the presentations and assemble into one presentation.  Call each group up to present their research.

Handouts:

Microbial Myths Slideshow

Slide 1:  What is the most effective way to fight microbial infection?

A. Stay indoors

B. Use hand sanitizer

C. Wash hands frequently

D. Sell your pets

Answer: C

Slide 2: Babies cannot be exposed to bacteria, they don’t have enough immunity built up yet.

A. True

B. False

Answer: B Babies get antibodies from their mothers and some exposure to bacteria help them build immunity. 

Slide 3:  What is potentially the best playground breeding area for bacteria?

A. The sandbox

B. The mulch

C. The handrails 

D. The chains on the swing

Answer: A the sandbox is shared by kids and animals – you never know what’s been in there.

Slide 4: The “five second rule” is a myth.

A. True

B. False

Answer: A (true).  The moment food touches the floor it is assumed to be contaminated.

Slide 5: _________ causes the common cold.

A. Bacteria

B. Virus

C. Fungus

D. Worms

Answer: B.  Many people think that it is a bacteria because the symptoms of a common cold and a sinus infection are close.  Antibiotics are ineffective against the common cold virus.

Slide 6:  It is realistic to avoid all microbes.

A. True

B. False

Answer:  B (false) Microbes are all around us and living on us.  You can’t get rid of them.

Slide 7:  Why do you get cavities?

A. Eating too much candy

B. Not brushing your teeth

C. Bacteria living in your mouth

D. You are dirty

Answer: C  Bacteria feed off the food that you eat and produce acids that erode your enamel.  Brushing temporarily removes these bacteria and neutralizes the acid.

Slide 8: Which food contains helpful microbes?

A. Sauerkraut

B. Blue Cheese

C. Yogurt

D. Buttermilk

Answer: Trick Question:  all these foods contain helpful bacteria especially yogurt.

Slide 9:  You have ten times more bacteria in and on your body than cells.

A. True

B. False

Answer:  A (true).  It is estimated that there are ten times more bacterial cells than body cells.

Slide 10:  Not having the right kind or amount of bacteria in our intestines could lead to disease.

A. True

B. False

Answer: A. (true).  Have the right flora in our intestines help regulate our digestive system.
If you think of any, add more to the slide show.

What are Microbes?
Fill out the information as your teacher provides it.

What are microbes?  Write down at least three characteristics that answers this question.

	Domain
	
	
	
	

	Kingdom
	Archaebacteria
	Eubacteria
	Protista
	Fungi

	Representative Organisms
	
	
	
	

	Where can you find these?


	
	
	
	

	Metabolism (what molecules does it need)


	
	
	
	

	Interesting Facts


	
	
	
	

	Reproduction


	
	
	
	


Important Vocabulary:

· Prokaryote

· Eukaryote

· Extremophile

· Asexual Reproduction

· Sexual Reproduction

Extremophiles
Research the following extremophiles using the links listed below:

· Internet Encyclopedia of Science: http://www.daviddarling.info/encyclopedia/E/extremophile.html
· What is an Extremophile?
http://serc.carleton.edu/microbelife/extreme/extremophiles.html
· Biodiversity: The Three Domains of Life http://www.biology.iupui.edu/biocourses/n100/2k43domainnotes.html
· The Search for Extremophiles on Earth and Beyond http://www.astrobiology.com/adastra/extremophiles.html 

· Pulse of the Planet program 3884: “Geobacters: Origins of Life”

	Condition
	Name of the 

-phile
	Representative species
	Possible human benefits

	salinity
	halophile
	
	

	High temperatures
	
	
	

	Low Temperatures
	
	
	

	High Acidity
	
	
	

	High Alkaline
	
	
	

	Oxygen-free environment
	
	
	

	Desiccation 
	
	
	

	
	
	
	


Extremophiles and life on other planets…

1. What do almost all creatures on Earth need to survive?

2. What do some organisms add to their cells to avoid sub-freezing temperatures?

3. Some organisms live in high pressure environments.  What does this do to the boiling point?  Why would boiling be a bad thing to an organism?

4. What’s the highest temperature that organisms can live in?  (Hint, Pulse of the Planet recording)

5. If an organism is bigger than a microbe, how can it survive extreme conditions?

6. Are we extremophiles?  Explain.

7. What are some conditions on Earth that we might find on other planets like Mars?

8. What does the most extreme conditions on our planet tell us about the possibility of life on other planets?

Helpful Bacteria

Lactobacillus acidophilus
· Where is this found?

· Define probacteria.

· What does this bacterium do?

· How can you obtain this bacterium?

Alcaligenes eutrophas
· What problem does this strain of bacteria solve?

· Where does it come from?

· What exactly does this bacteria produce?

· Is this technology feasible ?

Acetobacter

· Where is this strain of bacteria found?

· What benefits does this bacterium provide?

· Do you like the products that come from this bacteria?

Penicillium chrysogenum
· Give a brief history of this fungus.

· What benefits come from the products of this fungus?

· Where can this fungus be found?

· What are possible side effects to this product?

Escherichia coli 
· Where is the bacteria typically found?

· What benefits does this bacterium provide us?

· What is the name of the strain of E. coli that leads to food poisoning?

· Name two other strains of bacteria found in the same place doing the same thing as E coli.

Pseudomonas putida
· List several benefits that come from this bacteria?

· Where did this bacterium come from?

· Where can this bacterium be found?

· Is this bacterium harmful to humans?

Geobacter
· List several benefits that come from geobacter.

· Where does this bacterium come from?

· Is it harmful to humans?

· What are some of the technologies that are being studied through the use of this bacterium?
· Resource:  Pulse of the Planet program #3880: “Geobacter: Generating Electricity From Mud.”
· Resource: Pulse of the Planet program #3826: “Geobacter: Cleaning Up Toxic Waste.”
Penicillium glaucum
· Where is this bacterium typically found?

· Is this bacterium dangerous to humans?

· Was the use of this bacterium accidental?  Explain the history

· Do you like the final product that is produced by this bacterium?

Additional Resources

Web sites

Digital Learning Center for Microbial Ecology – Michigan State University

(Comprehensive learning module covering all topics microbial K-12)
http://commtechlab.msu.edu/sites/dlc-me/index.html
Lesson Plans Library – Discovery Education

(Choose grade set, then “microscopic world” in left column – see list of topics including bacteria reproduction and what happens when the immune system is under attack 5-12)

http://school.discoveryeducation.com/lessonplans/
Teachers Guide to Emerging and Re-emerging Infectious Diseases - National Institutes of Health

(Lesson plan module on infectious diseases, causes, super bugs, antibodies and microbes in society 5-12)

http://science.education.nih.gov/supplements/nih1/Diseases/guide/guide_toc.htm
Germs and the Body - Science Net Links / Verizon Foundation Thinkfinity Program / AAAS
(Learning module on germs, what they really are, infections and related topics – click on “related topics” for more K-8)

http://www.sciencenetlinks.com/lessons.php?BenchmarkID=6&DocID=66
What’s Bugging You? – Science Net Links / Verizon Foundation Thinkfinity Program / AAAS
(Learning module on how microbes thrive in the environment, in your body and the history of microbial studies K-12)

http://www.sciencenetlinks.com/lessons.php?BenchmarkID=6&DocID=233
Five Teams of Microbes – TeacherVision

(Introduction to microbes – some advertising on site K-8)

http://www.teachervision.fen.com/microbiology/lesson-plan/3063.html
Sanitation and Human Health – Science Net Links / Verizon Foundation Thinkfinity Program / AAAS
(Learning module on how microbes show up in our sanitation systems 5-8)

 http://www.sciencenetlinks.com/lessons.php?BenchmarkID=8&DocID=47 
Louis Pasteur: A microbe discoverer – Science Net Links / Verizon Foundation Thinkfinity Program / AAAS
(Learning module on how Pasteur discovered microbes - includes experiment 5-8)

http://www.sciencenetlinks.com/lessons.php?DocID=236
The Microbes Within - Marine Biological Lab / Carleton College

(WebQuest exploring human evolution and health, free-living microbes in the environment and how microbes grow 9-12)

http://serc.carleton.edu/microbelife/k12/index.html
Killer Microbe – PBS.org

(Classroom activity and lesson plan on bacteria, resistance and the history of antibiotics 9-12)

http://www.pbs.org/wgbh/nova/teachers/activities/0303_04_nsn.html
Bacteria and virus lesson plans – Lessonplansinc.com

(Lesson plans covering topics including protozoa, prokaryotes and fungi 5-12)

http://www.lessonplansinc.com/biology_lesson_plans_bacteria_viruses.php
Power of Germs – PBS.org

(Extensive learning module on germs and their role in world history 5-12)

http://www.pbs.org/gunsgermssteel/educators/lesson3.html
Lesson plans on earning about germs – Flutrackers.com

(Learn how small microbes really are, see images of microbes and compare – learning activities K-12)

http://www.flutrackers.com/forum/showthread.php?p=93782
Teaching Tools on Microbial Genomics – U.S. Dept. of Energy

(Includes “The History of Microbes,” a microbial glossary and microbial primer 9-12)

http://microbialgenomics.energy.gov/education.shtml
Microbe World – American Society for Microbiology

(As the name implies, everything upon everything related to microbes K-12) 

http://www.microbeworld.org/
Glitter Germs – AtoZteacherstuff.com

(A simple lesson on proper hand washing technique K-4)

http://www.atozteacherstuff.com/pages/334.shtml
Cells Alive

(Extensive learning module on microbiology – see interactive learning tools in right column 5-12)

http://www.cellsalive.com/toc_micro.htm
Classroom Resources for Intimate Stranger: Unseen Life on Earth – PBS.org

(Learning module on microbes and other forms of unseen life on Earth – click on “classroom activities” for a variety of learning resources K-12)

http://www.pbs.org/opb/intimatestrangers/index.html
Microbe Zoo – Digital Learning Center for Microbial Ecology / Michigan State University

(Learn as you go digital tour of different microbial environments K-8)

http://commtechlab.msu.edu/sites/dlc-me/zoo/
Biology4kids.com

(Quizzes on microorganisms K-12)

http://www.biology4kids.com/activities.html
Do it Yourself Experiments - Ilovebacteria.com

(Various experiments to try at home or in class – includes a point-by-point explanation of the scientific method K-8)

http://ilovebacteria.com/experiments.htm
Infection, Detection, Prevention – Museum of Natural History

(Online interactive learning module explaining how microbes can affect health K-8)

http://www.amnh.org/nationalcenter/infection/
Louis Pasteur, Bacteriologist – TeacherVision

(Biography and activity sheet on Louis Pasteur 5-8)

http://www.teachervision.fen.com/scientists/printable/42992.html?detoured=1
Metagenomics and Our Microbial Planet - The National Academies 

(Free poster, brochure and info packets on all topics microbial K-12)

http://dels-old.nas.edu/metagenomics/materials.shtml 
Bring ‘Em Back Alive – St Lawrence University / Carleton College

(Capture free-living microbes from the environment in four different activities 5-12)

http://serc.carleton.edu/microbelife/k12/capture/index.html
Genomic Science Program 

(Resource list for teaching microbial science 5-12)

http://genomicscience.energy.gov/education/index.shtml
Microorganisms – Thinkquest.org

(Complete overview on microorganisms K-8)

http://library.thinkquest.org/CR0212089/micr.htm
It’s a Small World: Microbes and others - American Museum of Natural History

(The rundown on different types of bacteria, viruses and protozoa 5-12)

http://www.amnh.org/exhibitions/epidemic/section_04/index.html
Video

Audio

Interactive Graphics

Articles

Other

Immune System Defender Game – Nobelprize.org

(Defend the immune system from harmful bacteria K-12)

http://nobelprize.org/educational/medicine/immunity/index.html
Sink Those Germs – University of Nebraska 

(Free handouts and game materials K-4)

http://food.unl.edu/web/safety/kidshandwashingmaterials
Microorganism Games – Science Kids

(Find microorganisms at home K-4)

http://www.sciencekids.co.nz/gamesactivities/microorganisms.html
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