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Summary: 
This lesson covers the two reactions of photosynthesis and cellular respiration looking at 

major molecular players, locations of reactions, the origin of organelles chloroplasts and mitochondria, and how to read the chemical equations of both reactions. There are PowerPoints covering both reactions that are supplemented with YouTube video links. The lesson includes fun, attention grabbing YouTube video links as lesson introduction and conclusion, four activities to help students understand the concepts for both reactions including an online microscope lab, some demonstrations, and worksheets. Also included is a Notes Guide that can be printed and handed out covering both reactions. There are two additional online activities that can be completed by the students’ individually as lesson extensions.  

Keywords: chloroplast, mitochondria, glycolysis, Krebs Cycle, Citric Acid cycle, glucose, Electron Transport Chain, fermentation, Calvin Cycle, carbohydrates, ATP, photons, protons, pigments, chlorophyll, light dependent reactions, dark reactions, light independent reactions, thylakoid, granum, stroma, stomata, producers, anaerobic, aerobic, metabolism, anabolism, catabolism, endosymbiotic theory
Subject TEKS: 

· Science: 7.12 (F)

· Recognize that according to cell theory all organisms are composed of cells and cells carry on similar functions such as extracting energy from food to sustain life

· Science: 8.11 (A) 

· Describe producer/consumer, predator/prey, and parasite/host relationships as they occur in food webs within marine, freshwater, and terrestrial ecosystems (students will be able to explain the producer/consumer relationship)
Grade Level:  lower bound 8th and upper bound 12th 
Learning Objectives: 

· To be become familiar with the relationship between cellular respiration and photosynthesis
· To become familiar with the stages associated with cellular respiration as they relate to ATP production

· To explain the difference between aerobic and anaerobic respiration
· Discuss how photorespiration occurs 

· Describe the role that chlorophylls play in chloroplasts

· List the two major processes of photosynthesis

· List the major processes of cellular respiration
· To understand the difference between anaerobic and aerobic respiration.
Time Required: 1 or 2 class periods 

Reusable Materials for Activities: 
Computer, projector, and speakers for PowerPoints
Coloring pencils 
Beakers

Expendable Materials for Activities: 
Printed handouts 
Balloons

Active Yeast packet (can be found in the baking aisle of grocery stores)

Masking tape

Empty and rinsed bottles
Limewater Ca(OH)2  (available at hardware stores, paint stores, or fertilizer stores)
Straw

Lettuce, boiled potato, cabbage pieces, and grapes
Background and Concepts for Teachers: 
To review the reactions of Photosynthesis and Cellular Respiration I would watch the educational videos listed below. There are two sets of videos #1-4 (Crash Course and Khan Academy) each with different teaching styles. You can choose which to watch based on your preference and can also show them to your class as a review at the end of the lesson. The last two links #5 and 6 go to online presentations for an introductory biology course if you prefer to read the material. Available for download with this lesson is a Photosynthesis and Cellular Respiration Notes Guide that can be printed out for the class or used as a review. Also see References below for links to reviews on various topics. 
1. Khan Academy video overview of Photosynthesis http://www.khanacademy.org/science/biology/photosynthesis/v/photosynthesis?playlist=Biology 

Khan Academy has eight videos covering Photosynthesis and eight videos on Cellular Respiration that you can also watch if these two introductory videos are not enough.
2. Khan Academy video overview of Cellular Respiration http://www.khanacademy.org/science/biology/cellular-respiration/v/introduction-to-cellular-respiration
3. YouTube Crash Course in Biology “Photosynthesis” http://www.youtube.com/watch?v=sQK3Yr4Sc_k
4. YouTube Crash Course in Biology “ATP & Cellular Respiration” http://www.youtube.com/watch?v=00jbG_cfGuQ
5. Lecture from UIC on Photosynthesis reactions
http://www.uic.edu/classes/bios/bios100/lectures/ps01.htm
6. Lecture from UIC on Cellular Respiration reactions

http://www.uic.edu/classes/bios/bios100/lectures/respiration.htm
Vocabulary / Definitions: 

· aerobic: with oxygen
· anabolism: the building up of molecules made from nutrients in our food to make molecules we need to live
· anaerobic: without oxygen
· ATP: adenosine triphosphate the cellular currency of living organisms used to power reactions
· carbohydrates: made of sugars and serves as an energy store
· catabolism: the breakdown of molecules to obtain energy
· chlorophyll: the most abundant pigment found in thylakoids that absorb photons and reflect green wavelengths
· chloroplast: organelles inside plant cells that house thylakoids who undergo photosynthesis
· dark reactions/Calvin Cycle: independent of sunlight reactions in photosynthesis that generate glucose
· electron transport chain: the passing of excited electrons from one protein complex to the next giving each in turn enough power to pull a proton (hydrogen atom) across the membrane to generate an proton concentration gradient
· endosymbiotic theory: theory that ancient eukaryotic cells enveloped cyanobacteria who developed a symbiotic relationship and these cyanobacteria became chloroplasts and mitochondria
· fermentation: when no oxygen is present cellular respiration undergoes fermentation an anaerobic reaction that produces some ATP instead of the Citric Acid Cycle
· glucose: a simple sugar
· glycolysis: the breaking of glucose (a six carbon ring) into two pyruvate (three carbon chain) molecules
· Krebs Cycle/Citric Acid cycle: the breakdown of pyruvate molecules in cellular respiration that generates ATP and charges NADH and FADH2
· light reactions: dependent on sunlight reactions in photosynthesis that split water and power up energy carrier molecules NADP+ and ATP
· metabolism: set of chemical reactions that happen in all cells of living organisms to sustain life
· mitochondria: membrane-bound organelle in eukaryotic cells considered the power houses where ATP is generated in the Krebs Cycle and Electron Transport Chain
· photons: single particle of sunlight
· pigments: light absorbing colored compounds (in photosynthesis are located in thylakoid membranes)
· producers: organisms that produce their own food and energy
· proton: hydrogen atom with a positive charge whose movement can be harnessed to generate ATP and are made when water molecules are split
· stomata: tiny pores in plant leaves that allow carbon dioxide in and the waste product oxygen out
· stroma: space inside chloroplasts between thylakoid stacks where the dark reactions of photosynthesis occur
· thylakoid: round flattened disc where the light reactions of photosynthesis occurs inside of chloroplasts
Lesson Introduction / Motivation: 
Introduction for photosynthesis: Photosynthesis Explained Simply – Forest Fact Break

http://www.youtube.com/watch?v=JJxZH_Y5D4s 
This video is a brief introduction on photosynthesis and is 1:24 minutes long.
For Cellular Respiration introduce the concept by watching the “Big Picture” video on this website: http://www.sumanasinc.com/webcontent/animations/content/cellularrespiration.html
This website also has videos on Glycolysis, the Krebs Cycle, and the Electron Transport Chain that have been hyperlinked as “Glycolysis Video” etc. after each section on their respective slides in the PowerPoint. 

Presentation/Explanation: 
There are two PowerPoint presentations, one for Photosynthesis and one for Cellular Respiration. I would recommend covering photosynthesis first. Notes have been made in the note section of the slides for the teacher’s attention and animation has been added to most slides to make text appear or help visually explain some of the reactions. Please go over the PowerPoint beforehand to get a feel for the animation timing. A couple slides have hyperlinks that lead to short YouTube videos meant to emphasize the material on their slide but watching these videos are optional depending on time and preference. On slide 9 of Photosynthesis is a question for the class and the answer is in the slide’s note section. 
Activity/Application:

Photosynthesis Activities: 

1. Mini Online Microscope lab
Have students pair up (if there are enough computers for individuals that works too) and visit this link:  http://bio.rutgers.edu/~gb101/lab1_cell_structure/section8_frames.html. It is an interactive website on how to use microscopes. Read the information about the plant cell on the left and click the navigation links to “use the microscope” with your mouse. Directions are clear on the screen. 

The first link “examine the leaf” is at a low magnification and you click on the zoom in button to zoom and the drag zoomed object button to move around the plant cell. The second link “higher magnification” has clear images of chloroplasts. The “Try this” link is interactive, click on the image and while holding the mouse button down slide the mouse from side to side to move from the top of the cell to the bottom. The last link “streaming cytoplasm” is a video. The “continue link” at the bottom shows an onion bulb slice, have students recall these bulbs are under ground and white, why - because they have no chloroplasts. If you have microscopes and plant slides available students can use this link to cover the whole online, interactive lesson to learn how to use microscopes: http://bio.rutgers.edu/~gb101/lab1_cell_structure/.

2. Seeing Photosynthesis
As seen in the Bill Nye Plants (Photosynthesis Intro) video, place a lettuce leaf into a jar and fill it with water. Place a dish over the top and turn them upside down. Fill the dish with water, place in a sunny place, and wait 24 hours. Small oxygen bubbles can be seen on the lettuce. 
Cellular Respiration Activities: 
3. Fermentation in Yeast Activity (worksheet provided)
Print out enough lab sheets for every student. There are observations and questions students must fill out. This activity can be done once by the teacher for the class to see and each measurement interval can be measured by a different student or this activity can be done by the students working in pairs or small groups each with a different energy source (cabbage, sugar, grapes, or potato) depending on the amount of materials and time you have available. 
4. CO2 in Cellular Respiration (worksheet provided)
This is a short demonstration that can be used as the lesson introduction for cellular respiration instead of an activity depending on time and materials available. The presence of carbon dioxide in the breath of animals can be shown by having a student exhale air into a solution of limewater Ca(OH)2 through a straw that is submerged in a beaker of limewater. The presence of carbon dioxide in limewater turns the solution milky. There are no questions it is just a fun demonstration. 

Lesson Closure: 
To end the Photosynthesis lesson watch Crash Course in Biology “Photosynthesis” http://www.youtube.com/watch?v=sQK3Yr4Sc_k&feature=relmfu
The video is 13:15 minutes long and covers the photosynthesis reaction in great detail and is to help students review what they learned. 

To end the Cellular Respiration lesson watch Crash Course in Biology “ATP & Respiration” http://www.youtube.com/watch?v=00jbG_cfGuQ
The “ATP & Respiration” video describes the process of cellular respiration and ATP’s role in cells. It is 13:26 minutes long and is very detailed to help the students review what they learned.

Have the students complete the Visualizing Photosynthesis and Cellular Respiration worksheet. This worksheet has a review of each reaction with a small coloring activity and questions at the end to test what they learned. These questions can be used as an assessment below.

Assessment/Evaluation: 
There are 11 questions at the end of the Visualizing Photosynthesis worksheet. These can be completed as a homework assignment or in class quiz. 
Lesson Extensions:
1. Online Cellular Respiration activity. http://peer.tamu.edu/curriculum_modules/Cell_Biology/module_3/index.htm 
2. The Photosynthesis Factory lesson, available for download at the link below, covers plant anatomy in relation to photosynthesis includes a PowerPoint presentation, activity, and worksheet.  http://peer.tamu.edu/DLC/NSF_Resources.asp?ID=760&type=search&num=5&terms=photosynthesis&content=allcontent&subject=allsubjects&grade=allgrades&query=query&hl=no&count=5&number=4&view=yes
Safety Issues: 
The Fermentation in Yeast activity involves various food stuffs, students should wash their hands before and after handling any materials used in the experiment. 
The Carbon dioxide in Cellular Respiration activity involves limewater, it is not harmful or hazardous but have the students treat it as such to minimize spills and practice proper handling of solutions. 

Resources: 
· Fermentation activity adapted from http://science-mattersblog.blogspot.com and www.science-class.net 
· http://peer.tamu.edu/curriculum_modules/Cell_Biology/module_3/index.htm
References: 

· ATP: http://hyperphysics.phy-astr.gsu.edu/hbase/biology/atp.html
· Endosymbiosis: http://en.wikipedia.org/wiki/Endosymbiotic_theory
· Cellular Respiration: http://www.blobs.org/science/article.php?article=35
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