SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Science 7th Grade                            

	Recommended  Days of Instruction:  5
	(one day equals 55 min)

	Standard(s) addressed:  7-2

	The student will demonstrate an understanding of the structure and function of the cells, cellular respiration and heredity.  (Life Science)

	Cellular Processes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	7-2.4 Explain how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism.


	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
“Plant Physiology: Photosynthesis, Respiration, and Transpiration”
http://www.ext.colostate.edu/pubs/garden/07710.html
This site describes photosynthesis and respiration and has a comparison table of both

“Photosynthesis: How Life Keeps Going”
http://www.ftexploring.com/photosyn/photosynth.html
This is an interesting site explaining the flow of energy in organisms. It has explanations and novel drawings.


	See Module 7-2.4
Teaching the Lesson 7-2.4A
Cellular Processes –

 “Movement of Molecules”

Teaching the Lesson 7-2.4B
Cellular Processes –

 “Respiration and Photosynthesis”
Teaching the Lesson 7-2.4C
Cellular Processes – “Mitosis”

	From the Science Support Document

The objective of this indicator is to explain how cellular processes are essential to the survival of the organism; therefore, the primary focus of assessment should be to construct a cause-and-effect model of how the cell processes including respiration, photosynthesis in plants, mitosis, and waste elimination ensure the survival of the organism.  



	Module 7-2.4 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	7-2.4 Explain how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism.


	Interactive slide show showing mitosis vs meiosis  www.pbs.org/wgbh/nova/baby/divide.html# 

Good Gizmos from 
www.explorelearning.com
  -- Cell division  --  Plants & Snails --  

Website with background information and excellent illustrations.  http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookPS.html  

Suggested Streamline Videos:
http://etvstreamlinesc.org
“Introducing the Cell”

This includes information on single celled organisms, basic cell parts, and the differences

between plant and animal cells.

21:00
“Mitosis” Grades 6-8
Shows and explains the stages of mitosis. 14:13 (1995)

	
	However, appropriate assessments should also require students to compare and illustrate the processes of photosynthesis and respiration; identify and recall the functions of the cellular processes listed in the indicator; or summarize the ways that these processes affect cellular survival.



Seventh Grade
Science

Module 

7-2.4
Cellular Processes
Lessons
A-C
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From the South Carolina Science Support Document: 

Indicator 7-2.4: Explain how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism.

Taxonomy level of indicator:

Understand Conceptual Knowledge (2.7-B)  

Previous/Future Knowledge:

In 6th grade (6-2.7), students have received previous instruction concerning respiration and photosynthesis.  Students will study in greater detail the cellular processes of organisms as part of high school Biology. 
It is essential for students to know that because a cell is the smallest unit of life, it must undergo certain cellular processes in order to ensure the survival of the organism as a whole. Some of the cellular processes that are essential include: 
Photosynthesis


· Plants use light energy (for example sunlight) to combine carbon dioxide (CO2) and water (H2O) to make simple sugars (C6H12O6).   

· Plant cells also release oxygen gas (O2).  

· Once the sugars are formed, they are either used by the plant or stored in the vacuoles. 

· Photosynthesis occurs in the chloroplasts.

Respiration 


· All organisms, including plants and animals, break down simple sugars (C6H12O6) into carbon dioxide (CO2) and water (H2O) and release energy.  

· The cell uses the energy to build, repair, and reproduce cells. 

· Respiration occurs in the mitochondria of cells. 

Waste elimination 


· Organisms rid the cells of waste products that could be harmful to the cell. 

· As waste particles accumulate in a cell, the waste will move out of the cell and be eliminated. 

· The waste particles will move from a more concentrated area to a less concentrated area.  

Mitosis


· Cell reproduction is called mitosis and occurs in the nucleus of the cell. 

· Mitosis enables a cell to make an exact copy of it.  

· Mitosis is a process of cell division, which results in the production of two daughter cells from a single parent cell.  

· The daughter cells are identical to one another and to the original parent cell.  

· Mitosis is needed for growth, replacement, and asexual reproduction. 
It is not essential for students to know the stages of mitosis or meiosis, active or passive transport, or endocytosis and exocytosis. 

Assessment Guidelines:

The objective of this indicator is to explain how cellular processes are essential to the survival of the organism; therefore, the primary focus of assessment should be to construct a cause-and-effect model of how the cell processes including respiration, photosynthesis in plants, mitosis, and waste elimination ensure the survival of the organism.  However, appropriate assessments should also require students to compare and illustrate the processes of photosynthesis and respiration; identify and recall the functions of the cellular processes listed in the indicator; or summarize the ways that these processes affect cellular survival.

Teaching Lesson 7-2.4 A Cellular Processes – “Movement of Molecules”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator.  Science and Technology Concepts for Middle Schools™ (STC/MS™) kit “Organisms-From Macro to Micro” or FOSS “Diversity of Life” kit provides an opportunity for conceptual development of the concepts within the standard. 

Molecules are smaller than cells and can move into and out of cells.  
Misconceptions:
Preliminary research indicates that it may be easier for students to understand that the cell is the basic unit of structure (which they can observe) than that the cell is the basic unit of function (which has to be inferred from experiments). 

Students often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created. 

Safety Note:

Students should follow all classroom or lab safety procedures, especially when handling liquids.
Lesson time:

Two Days (55 minutes each) The investigation will require carrots to remain submerged in the liquids overnight.
Materials Needed: 
NOTE:  Ample space will be needed for the investigation as materials are required to sit overnight.

For each group of 4 students:

· Variety of tea bags 
· 3 clear plastic cups of water that will hold 200 ml of water (or 400 ml  beakers)
· Paper towels

· Paper plates

· 1 carrot cut in half

· Dental floss (approximately 10-15 cm in length depending on the diameter of the carrot)

· 15 g salt

· Spoons or stirrers

· Balance (digital or triple beam)

· Metric ruler or measuring tape

· “Carrot Osmosis” student investigation sheet (attached)

· “Student Notes” sheet (attached)

Focus Question:

How do cells take in nutrients and eliminate waste?
Engage:
1. Refer students back to Lessons 7-2.1 and 7-2.2 when they studied the parts of a cell and their functions. Remind students that a cell is the smallest unit of life. Every cell of every organism is working every hour of every day to undergoing certain cellular processes “jobs” in order for the organism to survive.
2. Have students take out their image of a plant and animal cell from Lesson 7-2.2 and the foldable created in Lesson 7-2.1 with cell structures and functions. Ask students what part of the cell allows for diffusion and osmosis? (Cell membrane) 
Explore:

1. Distribute a variety of tea bags (some with flow through, some simply round, some squares with string tags) to student groups of 4.  

2. Ask the students to generate a list of qualitative observations. Have them also make predictions about what would happen if the bags were placed in water.

3. Have several student groups share their observations. Record these on the board. (Some observations may include: all have leaves inside that cannot escape, are different shapes and sizes, small tea particles and flavor can escape in water …)
4. Next distribute cups of water to each group. Have them place a paper towel on the desk or lab table and a paper plate on top of the towel. They should then place the cup on the paper plate.

5. Tell students to place one of the tea bags into the cup of water and record observations.
6. Again, have several student groups share their observations. Record these on the board. (Some observations may include: the tea bag absorbed the water, the tea leaves generally did not come out of the tea bag, once the water was absorbed the “tea” began flowing out of the tea bag…)
7.  Ask students how can we compare a tea bag to a cell? Have student groups talk about the question and record some of their ideas.
8.  Draw the following diagram on the board:
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9.  Have students share what the tea bag and cell have in common and what are their differences.

(Some examples may be: Cells come in different shapes and sizes, like these tea bags, Cells are 3-D, Cells are completely covered by a membrane, and these tea bags are covered with filter paper, Water flows into and out of cells, like the tea bags, Cell membranes are semi-permeable, allowing only certain things to pass through (in and out).  Tea leaves do not leave the membrane.  Flavor and color particles do leave the filter paper, Temperature affects the rate of diffusion through a membrane, etc.)
10.  Tell students that many of the things they have said regarding the movement of molecules in and out of the tea bag and cell are processes “jobs/work” that cells must do in order to survive. One of those “jobs” in plants and animals is waste elimination. For example, in human cells, carbon dioxide is considered a waste by-product. Our cells need to get rid of excess CO2. During the respiration process, oxygen is carried to cells and CO2, a by-product from the breakdown of simple sugars to produce energy for the cell, is taken away. Tell students that they will learn more detail about the respiration process when studying human body systems (Standard 7-3)
11.  Molecules of oxygen and water have to move into the cells, and molecules of CO2 and other by-products have to move out. Ask what words do we remember from Lesson 7-2.1 that describes the movement of molecules through a membrane? (diffusion and osmosis, Diffusion is one way in which materials (for example molecules of sugar or water) move across the cell membrane. It occurs as materials are moved from an area of higher concentration to an area of lower concentration. Osmosis is the diffusion of water across a membrane.)
12. Tell students that the cell membrane is the Gatekeeper. It is:

A. selectively permeable -- only allows some things to pass through

B. usually permeable to O2, water & CO2; keeps large molecules/salts out

C. Three ways to move into/ out of cell

1. Diffusion

2. Osmosis

3. Active Transport  
(See Student Notes sheet. You may want to have the sheet printed to be glued or taped into student notebooks. Review the definitions of diffusion and osmosis and active transport.)
13.  Tell students that they are going to use a carrot as a model to investigate what occurs during the transporting of molecules into and out of a cell.

Explore:

1. Pass out the materials for the “Carrot Osmosis” investigation.
2. Review all steps of the investigation sheet with students, explaining the directions and procedures. Modeling may be necessary for students to determine the variables, formulate a hypothesis, and set up a data table. Remind students that only one dependent variable is chosen. In this investigation the diameter of the carrot will be recorded. (NOTE: Mass of the carrots will not be taken in this investigation but could possibly be used as a dependant variable in a future investigation.) Students may want to answer the “To Think About and Answer” questions prior to writing their conclusions.
Explain: 
1. Students should complete the investigation, recording their results.

2. As a class, have students share their results and their answers to the “To Think About and Answer” questions. 
(Sample answers: 

1. The cells increased in fresh water until equilibrium was achieved. The floss around the carrot was tight. The diameter increased slightly.
2. The cells decreased in salt water. The floss was loose and the diameter deceased.
3. The dental floss provided visual evidence for making qualitative observations.
4. See number 4 below)

3. Explain to students that large quantities of water molecules constantly move across cell membranes by simple diffusion, but, in general, net movement of water into or out of cells is negligible. For example, it has been estimated that an amount of water equivalent to roughly 250 times the volume of the cell diffuses across the red blood cell membrane every second; the cell doesn't lose or gain water because equal amounts go in and out. 

4. Ask students why is it necessary for cell membranes to be able to allow diffusion, osmosis, and active transport to occur? (Cells must import and export materials in order to maintain life-sustaining activities. See Support Document: Waste elimination , organisms rid the cells of waste products that could be harmful to the cell, as waste particles accumulate in a cell, the waste will move out of the cell and be eliminated, the waste particles will move from a more concentrated area to a less concentrated area)

Extend:

1. If this video has not been previously viewed, watch the “Diffusion and Osmosis” segment from the SC Streamline video ““The Living Cell” This video uses a game called “cell-ebrity-squares” to learn about the structure and functions of plant and animal cells.
2. “Egg Osmosis” http://www.schools.utah.gov/curr/science/sciber00/7th/cells/sciber/osmosis1.htm
Students use an egg as a cell model. Eggs are placed in vinegar for 3 days, then in distilled water and Karo syrup. Mass is recorded daily.

Movement of Molecules - TRANSPORT IS ESSENTIAL FOR LIFE
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Carrot Osmosis Investigation

Problem: How can the use of a carrot model the cellular process for receiving nutrients and eliminating wastes through the movement of molecules in cells?

Variables:

Independent: (What will you be changing in the experiment?  There should be only one item here.)  ___________

Dependent: (What will you measuring or observing?  There should be only one item here.) _______________

Control:  (What will you be keeping the same during the experiment?  There may be many items listed here.)
Hypothesis:

(State your hypothesis. See example below.) 

If _(Independent Variable)_   __(describe change)__  then  __(Dependent Variable)_____ will ___(describe effect)__  because __(give reason)__.
Materials:

· 2 clear plastic cups of water that will hold 200 ml of water (or 400 ml  beakers)

· Paper towels (for spills)

· 1 carrot cut in half

· Dental floss (approximately 10-15 cm in length depending on the diameter of the carrot)

· 15 g salt

· Balance (digital or triple beam)

· Metric measuring tapes
Procedure:

Day 1

1. Create a data table to record quantitative data. Include space for qualitative data below. 

2. Using graduated cylinders fill 2 beakers (cups) with 200 ml water. 

3. Add 15 g salt to one beaker and label it "Salt Water".  Label the other beaker “Fresh Water.”
4. Stir the salt water solution until all salt is dissolved.

5. Cut a carrot in half. Tightly tie a piece of dental floss 2 cm from the cut end of both pieces. 

6. Measure the diameter of the carrots at the floss. (Record on data table)

7. Place one carrot half (cut end down) in the "Salt Water" beaker. 

8. Place the other carrot (cut end down) in the "Fresh Water" beaker. 

9.  Allow carrots to remain undisturbed for 24 hours. 
Day 2

10.  Gather all materials from the previous session.
11.  Remove the carrots from the beakers.

12.  Record qualitative observations on your data table.
13.  Measure the diameter of each carrot at the floss and record on the data table.
Results: (Summarize and state your findings. Do not express your conclusions about the experiment.

Conclusions:

a. The data gathered did/did not support my hypothesis that if __(IV)__   __(describe change)__  then  __(DV)__ will ___(describe effect)_.
b. Reasons why my hypothesis was/was not supported.
c. Describe any sources of error.

d. What would you do differently in this investigation?

e. How might you take this investigation a step further?

To Think About and Answer:

1. In which type of water did the carrot cells increase in cell size (freshwater or salt water?)  Explain your answer providing evidence from your data.
2. In which type of water did the carrot cells decrease in cell size (freshwater or salt water?) Explain your answer providing evidence from your data.

3. What was the purpose of tying the dental floss on each carrot? 
4. Ask students why is it necessary for cell membranes to be able to allow diffusion, osmosis, and active transport to occur?
Teaching Lesson 7-2.4 B Cellular Processes – “Respiration and Photosynthesis”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator.  Science and Technology Concepts for Middle Schools™ (STC/MS™) kit “Organisms-From Macro to Micro” or FOSS “Diversity of Life” kit provides an opportunity for conceptual development of the concepts within the standard. 

Cells perform functions just like larger organisms.  They take in food and use food for energy. Autotrophs, organisms that make their own food, capture the sun’s energy to combine carbon dioxide water to make simple sugars for energy during photosynthesis. They release oxygen as a by-product. All organisms must perform cellular respiration to do work.
Carbon dioxide is one of the most abundant gasses in the atmosphere. Carbon dioxide plays an important part in vital plant and animal process, such as photosynthesis and respiration. Plants not only perform photosynthesis.  They ALSO carry out respiration so they can grow new leaves, create flowers, and produce seeds.  All these take energy, which is released during respiration.

Green plants convert carbon dioxide and water into food compounds, such as glucose, and oxygen. This process is called photosynthesis.

The reaction of photosynthesis is as follows:
6 CO2 + 6 H2O --> C6H12O6 + 6 O2

Plants and animals, in turn, convert the food compounds by combining it with oxygen to release energy for growth and other life activities. This is the respiration process, the reverse of photosynthesis.

The respiration reaction is as follows:
C6H12O6 + 6 O2 --> 6 CO2 + 6 H2O

Photosynthesis


· Plants use light energy (for example sunlight) to combine carbon dioxide (CO2) and water (H2O) to make simple sugars (C6H12O6).   

· Plant cells also release oxygen gas (O2).  

· Once the sugars are formed, they are either used by the plant or stored in the vacuoles. 

· Photosynthesis occurs in the chloroplasts.
Respiration 


· All organisms, including plants and animals, break down simple sugars (C6H12O6) into carbon dioxide (CO2) and water (H2O) and release energy.  

· The cell uses the energy to build, repair, and reproduce cells. 

· Respiration occurs in the mitochondria of cells. 

When CO2 is bubbled into water it reacts with the water to produce a weak carbonic acid -- the more CO2, the more acidic the solution becomes. Therefore, measuring the change in acidity would be a way to monitor relative carbon dioxide levels.

pH refers to acidity and basicity. The lower the pH number, the greater the acidity. Bromothymol blue (BTB) is a pH indicator: it changes color as the pH varies. BTB turns blue at pH 7.6 (more basic), it becomes yellow at pH 6 (more acidic). Mix yellow and blue and you get green -- BTB is green midway between these pH extremes. The more acidic will produce a yellow color, the more basic a blue color. A neutral acidity will be green in color.

In the investigation if photosynthesis occurs in the light and uses CO2 then the tube having the plant in the light should become less acidic (more basic or blue in color). The plant in the dark -- where there is no photosynthesis to utilize the CO2 that cellular respiration produces -- should become more acidic (yellow in color.)
Misconceptions:

Preliminary research indicates that it may be easier for students to understand that the cell is the basic unit of structure (which they can observe) than that the cell is the basic unit of function (which has to be inferred from experiments). 

Students often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created. 
Some students of all ages hold misconceptions about plant nutrition. They think plants get their food from the environment rather than manufacturing it internally, and that food for plants is taken in from the outside. These misconceptions are particularly resistant to change.  Even after traditional instruction, students have difficulty accepting that plants make food from water and air, and that this is their only source of food. Understanding that the food made by plants is very different from other nutrients such as water or minerals is a prerequisite for understanding the distinction between plants as producers and animals as consumers.
Safety Note:

Students should follow all classroom or lab safety procedures, especially when handling liquids and chemicals. BTB stains hands and clothes. Have students wear goggles, non-latex gloves, and lab coat or apron. Follow safety precautions when using BTB solution.
When disposing Elodea, if you do not have access to an aquarium, completely dry it off before putting it in the trash or on a compost pile. Elodea is considered an invasive species in some areas and care must be exercised when disposing of left over plants.
Lesson time:

Two days (55 minutes each)
Materials Needed: 

· Chart paper 

· 12  3 x 5 index cards per student with one hole punched in the corner

· Two sheets of card stock per student 

· Several hand-held hole-punchers 
· 12 lengths of string for each student (about 20 cm long)

· Markers 
· Permanent “Sharpie” markers or wax pencils for labeling test tubes (or cups/beakers)

· BTB (Bromothymol Blue) solution

· Distilled water, enough for 200 ml for each student group
· Anacharis (Elodea): This fresh water plant is usually available year round at most tropical fish and pet stores. Obtain the Elodea a few days in advance of the lab and enhance growth with an artificial light source to ensure active sprigs. Elodea responds best when placed in non-chlorinated H20 with an aerator. To do this let H20 sit overnight in a container with a large surface area.
· “Cellular Processes-Monitoring Carbon Dioxide during Photosynthesis and Respiration” student investigation sheet
Per group of 4 students: 
· 4 test tubes and test tube holder (Alternative: Clear plastic cups or beakers large enough for 100 ml of water may also be used. Student groups may share test tube holders if test tubes are well marked with group names.)
· Graduated cylinders (at least 200 ml)

· Small cup (to hold at least 200 ml)

· Dropper or syringe

· Scissors

· Metric ruler

· Aluminum foil or black construction paper

· Test tube stoppers (or plastic wrap)

· Two 10 cm sprigs of Elodea

· Straw
· Sheet of white paper

· pH paper or probe

· Goggles, non-latex gloves, and lab coat or apron (Alternative to lab coat is to have students bring in an old large shirt they do not mind getting stained if that should accidentally occur.)
Focus Question:
What are some differences and similarities between cellular respiration and photosynthesis?
Engage:
Day 1
1. “Magnetic Statements”

Post the following statements on chart paper around the room. (This can also be presented as an Admit Slip with whole class dialogue.)
a. Plants can carry on both photosynthesis and respiration.

b. Photosynthesis is dependent on the input of light energy.

c. Respiration is not dependent on light energy.

d. During photosynthesis, CO2 is consumed by plants.

e. Respiration generates CO2.

Read the statements aloud. Have students move to the chart they are most “drawn” to based on whether they believe the statement is true or false. Once students are at a poster, have them dialogue and provide evidence as to their beliefs. Monitor student groups listening for misconceptions. After several minutes, tell students that all of the statements are true. Ask groups for any surprises or questions they may have about the statements. Have students return to their seats. 

2. (Prepare for demo by putting on all safety equipment.) Take a beaker of distilled water. With a dropper, add enough BTB solution for the water to turn blue. With a straw blow into the water until the water turns yellow.
3. Ask students what may have caused the water to turn from blue to yellow?
4. Tell students that respiration is a cellular process that all organisms, plant and animals, do. (Refer students back to cell models and vocabulary foldable.) Ask students where does respiration take place in the cell? (Respiration takes place in the mitochondria of a cell.)  Explain to students that during respiration in animals, for example humans, carbon dioxide is a by-product of the respiration process that cells need to eliminate. Tell students that when CO2 is bubbled into water it reacts with the water to produce a weak carbonic acid -- the more CO2, the more acidic the solution becomes. BTB (Bromothymol Blue) is a pH indicator, it changes color as the pH varies. BTB turns blue at pH 7.6 (more basic), it becomes yellow at pH 6 (more acidic). 
5. Test the demo solution with pH paper. 
6. Ask students where photosynthesis takes place in a plant cell? (choloroplasts) Now ask students to predict what would happen if we put a green plant into the BTB solution? (The water would turn more yellow because the plant needs the carbon dioxide for photosynthesis.) Record this prediction on the board or chart paper. This will be the basis for the hypothesis for the investigation.
Explore:

1. Provide all materials needed to perform the investigation.
2. Review the student investigation sheet with the students. Modeling may be necessary to assist students in determining the variables, formulating the hypothesis, and creating a data table. (NOTE: The primary data collected in this investigation is qualitative. Quantitative data can be collected by measuring the amount of liquid Day 2 or by creating a color chart by blowing into the BTB solution for a specific amount of time (eg 10 seconds, 20 seconds, 30 seconds…) and recording the color change at each interval)
Explain:

1. Have students answer the Day 1 questions from the student investigation sheet.
Extend:
1. Show the demo container of water. What observations can be made from the color changes now seen? Students should write their observations and conclusions as an Exit Slip. 
Day 2:

Engage:

1. Ask students to predict what changes may have occurred in the test tubes. Have them record their predictions and explain their thinking.

Explore:

1. Students should complete Day 2 procedures on the student investigation sheet.

Explain:

1. Students should record new data, summarize the results of the investigation and write their conclusions. Reflection questions can be answered by through whole group discussion.

2. Student groups can share their results, noticing any errors that may have occurred. Ask for ideas as how to quantify results. 

3. Discuss the differences and similarities between respiration and photosynthesis. You may want to draw a Venn diagram on the board with students supplying the answers.
4. Have students generate questions for further investigations. Record these on chart paper or the board.

Extend:

1. “photosynthesis vs respiration” study cards
Materials Needed: 
· 12  3 x 5 index cards per student with one hole punched in the corner

· Two sheets of card stock per student 

· Several hand-held hole-punchers 
· 12 lengths of string for each student (about 20 cm long)

· Markers for each student

Procedure:
Have students create the following titles on their index cards (present them in a random order):
	Traps energy 
	Releases energy

	Autotrophs only (plant, some protists, some bacteria)
	ALL CELLS (every cell in every organism)

	Uses chlorophyll in chloroplasts
	Uses oxygen in mitochondria

	Starts with Water and carbon dioxide
	Starts with Sugar and oxygen

	Finishes with sugar and oxygen
	Finishes with water and carbon dioxide

	Obtains energy for living
	Releases energy to perform cell functions


2. When students finish all index cards, have them hold their one sheet of card stock in a horizontal position.  Using the hole-puncher, create a line of 12 holes along the top edge. On the left side of the card stock under holes 1-6 write the word Photosynthesis. On the right side under holes 7-12 write the word cellular respiration.

3. Attach a string to each hole.

4. Distribute the second sheet of card stock.  Have the student fold this second sheet in half “hot dog style.”  
Slide the hole-punched sheet into the crease made by the fold so that the holes are showing at the top, Staple the two sheets of card stock together so that there is a pocket formed on each side of the horizontal page.

5. Label one pocket, Photosynthesis and the other pocket, Cellular Respiration.
6. Explain how these two processes are opposites of each other.  Review how molecules are rearranged to form new molecules, how each process handles energy (traps vs. releases), and where these processes occur in cells.

7. As the review progresses, have students tie the appropriate index card to a string and slide it into the correct pocket.

8. When all index cards have been sorted, have the students create their own key by penciling in a light P or CR on the back of each card.  
9. This can be used as a reference.
Cellular Processes

Monitoring Carbon Dioxide during Photosynthesis and Respiration

Problem: How can we determine if photosynthesis and respiration is occurring in plant cells?
Variables:

Independent: (What will you be changing in the experiment?  There should be only one item here.)  ___________

Dependent: (What will you measuring or observing?  There should be only one item here.) _______________

Control:  (What will you be keeping the same during the experiment?  There may be many items listed here.)
Hypothesis:

(State your hypothesis. See example below.) 

If _(Independent Variable)_   __(describe change)__  then  __(Dependent Variable)_____ will ___(describe effect)__  because __(give reason)__.
Materials:

· 4 test tubes and test tube holder
· Graduated cylinders (at least 200 ml)

· Small cup (to hold at least 200 ml)
· Dropper or syringe

· Scissors

· Metric ruler
· Aluminum foil or black construction paper

· Test tube stoppers (or plastic wrap)

· Two 10 cm sprigs of Elodea

· Straw
· Sheet of white paper

· pH paper

· Goggles, non-latex gloves, and lab coat or apron 
Procedure:

1. Put on all safety equipment.

2. Label the test tubes: #1, #2, #3, #4
Add your group name and class period.

3. Pour 200 ml of distilled water into a cup

4. Add drops of BTB indicator to the water until the water turns blue
5. Choose one person to carefully blow into the cup with a straw until the water turns yellow.

6. Test the pH of the solution with pH paper (You want to achieve a pH of 6 or lower.)
7. Fill each test tube three-fourths full with green BTB.
8. Cut two 10 cm pieces of Elodea

9. Place one piece of plant into test tube #1, and one piece into test tube #3.
10. Seal each test tube with a stopper or plastic wrap (gently stretching it over the opening and wrapping the remainder around the top of the test tube.)

11.  Draw an accurate diagram of the experimental set-up (use colored pencils) and all four test tubes.
12.  Make a table to record your data. 

Data Table Example
	
	Test Tube 1
	Test Tube 2
	Test Tube 3
	Test Tube 4

	Color of BTB Solution Day 1
	
	
	
	

	Color of BTB solution Day 2
	
	
	
	

	Plant (yes or no)
	
	
	
	

	Light (yes or no)
	
	
	
	


12. Hold a piece of white paper behind the test tubes to record the color of the solution that you now see in all four test tubes.

13. Place test tubes 1 and 2 in the test tube rack.

14. Cover test tubes #3 and #4 with aluminum foil or black construction paper. Place test tubes 3 and 4 in the rack.
15. Place your test tube rack in the proper area for your class. (See your teacher.)
16. Clean, organize and dry your area.

17. Answer the preliminary questions.
Day 2:

1. Retrieve all materials.

2. Uncover test tubes #3 and #4.

3. Hold a piece of white paper behind the test tubes to record the color of the solution that you now see in all four test tubes.

4. Record new data in Row 2 (Color of BTB solution Day 2) of the data table.
5. Refer to your teacher for proper clean up of lab equipment.

6. Continue with results, conclusion, and reflection questions.

Results: (Summarize and state your findings. Do not express your conclusions about the experiment.

Conclusions:

a. The data gathered did/did not support my hypothesis that if __(IV)__   __(describe change)__  then  __(DV)__ will ___(describe effect)_.
b. Reasons why my hypothesis was/was not supported.
c. Describe any sources of error.

d. What would you do differently in this investigation?

e. How might you take this investigation a step further?
Preliminary Questions Day 1:
1. What are the three ingredients that a plant must obtain in order to do photosynthesis?

2. How was carbon dioxide supplied to the plant?

3. How did we observe that carbon dioxide was present in the water?

4. Explain the purpose of setting up test tubes #2 and #4.

5. Why were the test tubes covered with plastic wrap or closed with a stopper? Why were they not left open?
Reflection Questions Day 2:

1. How could we gather more quantitative data?

2. How are respiration and photosynthesis alike? How are they different? (You may want to create a Venn Diagram to show this information.)
Sample Answers:

Data Table
	
	Test Tube 1
	Test Tube 2
	Test Tube 3
	Test Tube 4

	Color of BTB Solution Day 1
	yellow
	yellow
	yellow
	yellow

	Color of BTB Solution Day 2
	Green to blue
	yellow
	Yellow or darker yellow
	yellow

	Plant (yes or no)
	yes
	no
	yes
	no

	Light (yes or no)
	yes
	yes
	no
	no


Observations and results should include: 

· By comparing tubes “2” and “4” it can be seen that the presence or absence of light does not affect the bromthymol blue after it has been charged with CO2.

· By comparing tubes “1” and “3” it can be seen that the color change from yellow (with CO2) to blue (no CO2) is not only dependent on the presence of Elodea, but specifically on the Elodea being supplied with light. The Elodea in light used the CO2  in the test tube for photosynthesis. The Elodea in the dark did not have light available to carry out photosynthesis and perhaps was releasing more carbon dioxide into the test tube during respiration.
· By comparing tubes “1” and “2” it can be determined that the color shift is indeed due to some process going on within the Elodea, and is not a characteristic of the chemistry of the bromthymol blue itself.

Preliminary Questions Day 1:

1. What are the three ingredients that a plant must obtain in order to do photosynthesis? (light energy, carbon dioxide, and  are required for photosynthesis to happen.)
2. How was carbon dioxide supplied to the plant? (carbon dioxide was supplied to the plant by blowing (exhaling) carbon dioxide into the solution)
3. How did we observe that carbon dioxide was present in the water? (The water turned from blue to yellow indicating carbon dioxide was present. When carbon dioxide reacts with water a carbonic acid is formed.)

4. Explain the purpose of setting up test tubes #2 and #4. (Test tube #2 had not plant to use the carbon dioxide in the tube, even though there was light, there was no photosynthesis occurring. In test tube #4 there was no plant and no light, so no photosynthesis occurring.)

5. Why were the test tubes covered with plastic wrap or closed with a stopper? Why were they not left open? (The test tubes were covered so that no carbon dioxide could escape and no oxygen taken in)
Reflection Questions Day 2:

1. How could we gather more quantitative data? (Answers will vary, but could include recording pH changes over a certain time period, creating a color change chart based on the pH changes, measuring exact amounts of water before and after. Look for misconceptions.)
2. How are respiration and photosynthesis alike? How are they different? (You may want to create a Venn Diagram to show this information.)
(Answer should show that while all organisms carry out respiration the converted energy from respiration is used to synthesize molecules, move materials around within the organism, grow (create new cells) and reproduce. Notice that in photosynthesis, CO2 (carbon dioxide) is being used up as it is “fixed” into glucose molecules. During respiration the opposite is true. As the plant

releases the energy stored in glucose by breaking it down, CO2 is being given off into the surrounding water or atmosphere. The relationship between these two processes is special in that it allows plants to recycle some of their by-products. (While CO2 is being given off during respiration, it can be re-utilized during photosynthesis.)

Teaching Lesson 7-2.4 C: Cellular Processes – “Mitosis”
Instructional Considerations:
This lesson is an example of how a teacher might address the intent of this indicator.  Science and Technology Concepts for Middle Schools™ (STC/MS™) kit “Organisms-From Macro to Micro” or FOSS “Diversity of Life” kit provides an opportunity for conceptual development of the concepts within the standard.
It will be necessary to introduce the make-up of the nucleus. Although, it is not essential for students to know the phases of mitosis, certain key terms such as DNA, gene, and chromosome will build prior knowledge for Lessons 7-2.5, 7-2.6, and 7-2.7.
Mitosis is the process by which a eukaryotic cell separates the chromosomes in its cell nucleus into two identical sets in two nuclei.[1] It is generally followed immediately by cytokinesis, which divides the nuclei, cytoplasm, organelles and cell membrane into two cells containing roughly equal shares of these cellular components. Mitosis and cytokinesis together define the mitotic (M) phase of the cell cycle - the division of the mother cell into two daughter cells, genetically identical to each other and to their parent cell. This accounts for approximately 10% of the cell cycle. 
Mitosis


· Cell reproduction is called mitosis and occurs in the nucleus of the cell. 

· Mitosis enables a cell to make an exact copy of it.  

· Mitosis is a process of cell division, which results in the production of two daughter cells from a single parent cell.  

· The daughter cells are identical to one another and to the original parent cell.  

· Mitosis is needed for growth, replacement, and asexual reproduction. 

Misconceptions:

There are many misconceptions that students may have regarding the activities of the cell during mitosis. For some of these misconceptions see “Mitosis: Chromosome Replication and Division” at http://www.biologylessons.sdsu.edu/classes/lab8/altern.html
Safety Note:

Students should follow all classroom or lab safety procedures, especially when handling microscopes and prepared slides.

Lesson Time:

1 Day (55 minutes)

Materials Needed:

· Images or video clips of cells dividing (images attached)
· Prepared slides of mitosis in both plant and animal cells (a Fish and Onion Mitosis slide set is available at Carolina Biological Supply for $18.75)
· Microscopes
· “Mitosis Observations” student sheet (attached)
· “Phases of Mitosis” student sheet (attached)
Focus Question:

Why is it necessary for cells to multiply?
Engage:

1. Show an image (or video clip) of a cell dividing. (Streamline SC “Intorduction to Mitosis”, Mitosis , Segment 1, 1:51) Ask students what is occurring in the image?

2. Refer students back to cell models and foldables from Lessons 7-2.1 and 7-2.2.

3. Introduce the word mitosis. Mitosis is an essential cellular process. Old, dead and damaged cells must be replaced through cell reproduction and steps must be followed so the new cells contain exactly the same genetic material that was originally present in the parent cell.
4. Ask students where might mitosis begin within the cell? Does the cell just split apart? (Accept all answers, listening carefully for misconceptions.)
5. Mitosis begins in the nucleus (show image of nucleus) of the cell because the genetic information has to be replicated. It occurs in a very distinct process. The process has named “stages” or “phases” depending on what is occurring at each phase. Six percent of cell life is spent in the four stages of mitosis; prophase, metaphase, anaphase, and telophase. The remaining time of a cell's life is spent outside of mitosis in interphase.
6. Tell students they will be observing prepared slides of mitosis occurring in cells.
Explore:

1. Students will follow the procedures on the “Mitosis Observations” student sheet while using microscopes and prepared slides.

Explain:

1. On the “Mitosis Observations” student sheet, students will draw sketches of what they are observing and answer questions.

2. Follow up microscope observations with whole group discussion of student observations.

3. Since it is not essential for students to know the phases of mitosis, ask students to share their answers to the Focus Question (also on “Mitosis Observations” student sheet) why it is necessary for cells to be able to multiply? (Mitosis is needed for growth, replacement, and asexual reproduction.)
Extend:

1. Students may be interested in knowing the difference between mitosis and meiosis. Meiosis will be introduced in Lesson 7-2.5.
2. Animated interactive are available at Cells Alive! (www.cellsalive.com)

Mitosis Observations
1. Record all sketches and answers to questions in your notebook. You will begin with a plant cell slide and repeat the procedure with an animal cell slide.

Procedure:

2. Place a cell slide on the stage of the microscope. View it under low power.
3. Make a sketch of what you see.
4. Move the higher power objective into place. Focus with the fine objective. Observe the cells. 
5. Make a sketch of your observations, labeling any cell parts that you can identify.
6. Using the “Phases of Mitosis” illustrations, label the phases you are noticing in your observations on your sketch.

7. Lower the stage, remove the slide carefully and return the objective to low power.
8. When you have completed both observations, return materials to the proper area your teacher directs.
Questions:

1. What are you noticing during your observations? Describe what you see.

2. In your observations, approximately how many cells were undergoing mitosis?

3. Why is it necessary for cells to be able to multiply?

Phases of Mitosis in Plant Cells

[image: image2.png]



http://www.clt.astate.edu/mhuss/toppage6.htm

Phases of Mitosis in Animal Cells
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http://cache.lexico.com/dictionary/graphics/ahd4/jpg/A4mitosi.jpg
Images
Cells dividing (mitosis)
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http://www.cbu.edu/~aross/AP-I/Mitosis-Chronology.html
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http://district.bluegrass.kctcs.edu/rmccane0001/shared_files/bio137website/BIO137/137Lab2/Lab2MitosisSlides.html

[image: image6.png]


 
The nucleus is the largest organelle in a cell. The nucleus directs all activity in the cell. It also controls the growth and reproduction of the cell. The nucleus could be compared to a manager of a company, they both control activity in there facility. The nucleus is surrounded by a nuclear membrane that protects it from other parts of the cell. It also contains a nucleolus, which is a secondary organelle.
It also contains the blueprints of the cell in the chromatin inside the nucleus. The chromatin is like long strands in the nucleus that carry DNA and proteins.
http://library.thinkquest.org/06aug/01942/plcells/nuclues.htm
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Standard 7-2: The student will demonstrate an understanding of the structure and function of the cells, cellular respiration and heredity.  (Life Science)





Indicator 7-2.4: Explain how cellular processes (including respiration, photosynthesis in plants, mitosis, and waste elimination) are essential to the survival of the organism.





Other indicators addressed: 


7-1.1 Use appropriate tools and instruments (including a microscope) safely and accurately when conducting a controlled scientific investigation.


7-1.2	Generate questions that can be answered through scientific investigation.  


7-1.5	 Explain the relationships between independent and dependent variables in a controlled scientific investigation through the use of appropriate graphs, tables, and charts. 


7-1.6	Critique a conclusion drawn from a scientific investigation. 


7-2.1: Summarize the structures and functions of the major components of plant and animal cells (including the cell wall, the cell membrane, the nucleus, chloroplasts, mitochondria, and vacuoles).
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Cell membrane -- Gatekeeper


selectively permeable -- only allows some things to pass through


usually permeable to O2, water & CO2; keeps large molecules/salts out


Three ways to move into/ out of cell


Diffusion


Osmosis


Active Transport











Diffusion


main method to move molecules


molecules bump into each other --  spreads out molecules


molecules move from areas of high concentration to areas of low concentration (from "crowded" to "not so crowded")


keep moving even when evenly spread out -- equilibrium


Examples: 


Oxygen into red blood cells (lungs)


Sugar into blood cells (intestines)


Oxygen into protists in water








Osmosis


special type of diffusion-- only water diffusing through a cell membrane


still move from high to low concentration as molecules bump around








Active Transport


diffusion and osmosis happen without anything doing work -- called passive transport


living cells can do work to move molecules from low concentration areas to high concentration (from less crowded to more crowded)


opposite from passive transport


USES ENERGY from the cell:


cell may need:


Calcium


Sodium


Nitrogen
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Note: Interphase is not shown in this graphic. Interphase is the phase in which the cell spends most of its time carrying out metabolic functions necessary for the survival of the cell.
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