Photosynthesis & Respiration Photosynthesis - the process by which plants use the energy from light to generate sugar
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Student Lecture notes –the big picture
Bio 2 Elodea Lab:  Photosynthesis and Cellular Respiration 
Name________________per____

Objectives:  to compare the reactions of photosynthesis and cellular respiration



To observe the rate of photosynthesis under different light conditions



To demonstrate that carbon dioxide is produced during respiration

PART I Pre-Lab Questions

What do you think?  How does light affect photosynthesis?  What is produced during cellular respiration?  

Photosynthesis is the process of making food (usually in the form of glucose) from carbon dioxide and water in the presence of light.  This complex process of changing light energy into chemical energy takes place in green plants – plants hat contain chlorophyll.  The rate of photosynthesis is determined by the amount of light available.  As light intensity increases, the rate of photosynthesis increases.  

Cellular respiration is the main energy-producing process in living cells.  It involves the breakdown of food (glucose) and the oxidation of food molecules.  Carbon dioxide and water are given off in cellular respiration.  But the most important product of respiration is energy in the form of ATP.  All living things --  animals and plants --  depend on the energy of cellular respiration.

ATP, the chemical energy produced in cellular respiration, is made of the molecules adenine, ribose, and three phosphates.  When energy is needed by an organism, the last phosphate group is separated from the ATP molecule and adenosine diphosphate (ADP) is formed.  Energy is given off from the high-energy bond between the second and third phosphate groups.  ATP can reform by the addition of a phosphate to ADP.  The energy needed comes from the breakdown and oxidation of glucose.  Food and oxygen are absolutely essential to life.

1. Name the parts of the ATP molecule____________________________________

2. What is formed when adenine and ribose are joined?_______________________

3. What does the prefix “tri” refer to?_____________________________________

4. When you remove the last phosphate from ATP, what is formed?______________

5. Is creating ATP and endergonic or exergonic reaction?_____________

6. A constant supply of energy is needed by living things.  What energy helps to reform ATP from ADP and phosphate?__________________________________

7. What are the reactants of photosynthesis?_______________________

8. What are the products of photosynthesis?________________________

9. Why is cellular respiration called the “fire” of life?_________________________________

_________________________________________________________________________

10. In what chemical molecule is the energy of respiration stored?____________________

PART II:
 Investigation

Part A

The rate at which photosynthesis takes place can be determined by recording the number of oxygen bubbles that escape from the cut end of a sprig of Anacharis.
Fill four test tubes with water to within three cm of the top.  Selectfour sprigs of Anacharis that have been growing in bright light.  Each sprig should be about 4 cm long.  Wind each sprig around a glass rod and immerse each in a test tube.  Add a small amount of sodium bicarbonate to each test tube. 

Place one test tube under bright light or a reflector lamp, the second test tube in day light, the third in diffuse light, and the fourth in total darkness.  After about 15 minutes, observe the cut ends of each plant.  Count the number of oxygen bubbles given off by each plant in one minute.  Then count the number of bubbles in five minutes.  Record your results by filling in the Data Sheet Table and answering the questions.

11. Why was sodium bicarbonate added to each test tube?____________________________

12. What do the bubbles tell you about the rate of photosynthesis?______________________

_____________________________________________________________________________

13. Under which condition is the bubble count the greatest?___________________________

14. Under which condition is the bubble count the least?_____________________________

15. What conclusions can you draw from this investigation?__________________________

_____________________________________________________________________________

_____________________________________________________________________________

Use the table to record your observations.  COPY this TABLE IYNB
	Environmental Condition
	Rate per minute
	Rate per 5 minutes
	Average rate per minute

	Sunlight or reflector lamp


	
	
	

	Daylight


	
	
	

	Diffuse light


	
	
	

	Darkness

(record on day two)
	
	
	


17.
How do you account for the variation in the rate of bubbles in the four plants?____________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Part B

It is possible to demonstrate that plants respire by testing for the presence of carbon dioxide.  Bromothymol blue is blue in an alkaline environment, but turn yellow in an acid environment.  Carbon dioxide in the presence of water forms a weak acid).  Prepare a solution containing 50 mL of aquarium water and 20 mL of bromothymol solution.  (Your instructor may have this already prepared for you.  Ask him/her).  Fill three test tubes to within 3 cm of the top with this solution.  Add a sprig of Anacharis to two of the test tubes.

Place one test tube with a plant and one without a plant in the dark.  Put the other test tube in bright sunlight (by the window).  Observe the tubes the next day.  Answer questions below on day two and complete the data table above on day two.

(19) Why did you leave one test tube without anacharis?______________________________

(20) Which of the three tubes showed a change in color? _______________________________

(21) What process do you think has taken place? _____________________________________


(1)  Describe the parts of the ATP molecule. ___________________________________

(2) How is the every from ATP released? _____________________________________

(3) Write a balanced equation for photosynthesis. _______________________________

(4) Write a balanced equation for cellular respiration. _____________________________

(5) List the four things necessary for photosynthesis to take place. ___________________

(6) How can the rate at which photosynthesis takes place be determined? _____________

(7) Under which light condition was the bubble count the greatest? __________________

(8) What can you conclude about the rate of photosynthesis and varying intensities of light?

(9) What evidence did you find that respiration occurs in Anacharis? ___________________

Part C 
Determine the effect of temperature on the rate of photosynthesis.  Prepare 4 sprigs of Anacharis as you did for Part I, (A).  Place one test tube in a water bath and use ice chips to reduce the temperature to 10 o C.  Record the oxygen bubbles given off after 1 minute and after 5 minutes.  Add hot water to the water bath and separately raise the temperature to 20o C, 30oC, and 40 o C.  Use a separate test tube at each temperature.  Record the number of oxygen bubbles released.  What are you conclusions about the effect of temperature on photosynthesis?


IYNB Write a conclusion paragraph to summarize the lab.  Include specific details and e
examples from within the lab to aide in your writing.  

Chapter 9 Review Worksheet Photosynthesis

· What makes chlorophyll a green pigment?  How does that affect what light is utilized by plants?

· Name the reactants and products for the following:

· light independent reactions

· photosynthesis

· Name the following and explain the role they play in photosynthesis.

· NADPH

· RuBP

· ATP

d.  C6H12O6

e.  PGAL
Photon Story

· Be Creative

· Write a story about a group of photons starting at the sun, and ending as the products of the light dependent reactions  

+Be sure to include all energy and molecule conversions
Student notes: Ch 10 the big picture

Respiration Review Worksheet

· Put the following terms in the order they appear in cellular respiration.  Some may be used more than once.

Electron transport chain, NADH, glucose, Kreb’s cycle, matrix, pyruvate, FADH2, glycolysis, ATP, cristae, NAD+, Acetyl CoA, FAD, cytosol, CO2

· When and how is water produced in cellular respiration?

· Where do glycolysis, the Kreb’s cycle, and the electron transport chain occur?

4.
Write the full name for NAD and FAD.  What is their function?

Bio 2

Photosynthesis/Respiration Roleplaying Activity Expectations

· Read and learn the details of your group’s assigned pathway. 

· Prepare a 4-5 minute skit of your pathway. 

· The presentation should teach your classmates how your pathway works

· Everyone must participate equally

· BE CREATIVE!

· Skits need to contain all the details of your pathway, including what is involved (molecules, energy, inputs/outputs), where things move, when processes occur, etc.

· You will present your skits in class on ____________

Bio 2
Summary notes in detail for Chapter 9 &10
 This is for your own use.  I will not be checking this for points.  I will put up a key outside my room for you to check your own.
Energy flows into the living world as _____________.  Photosynthetic organisms trap a portion of this energy and transform it to ______________________________.

Cells use some of the chemical bond energy in organic molecules to make ______.

Energy not used for work leaves living organisms as it dissipates as ________.

How cells harvest chemical energy

Complex organic molecules (catabolic pathways) (more simple waste products with less __________.  The energy is used for __________and _________.  The most common and efficient metabolic pathway is cell respiration the ___________ catabolism of organic nutrients.  In fermentation, which is _______ catabolism, organic molecules are only partially degraded leaving much energy left in the products.  The waste products of respiration________ and _____________ are used as the raw materials for photosynthesis.  Photosynthesis produces _________ and _________, the raw materials for respiration.  

Write the complete balanced equation for respiration below

Write the complete balanced equation for photosynthesis below

In the _________________, the thylakoid membranes are the sites of light reactions 

(Photosystem II, ETC and Photosystem I) whereas the __________cycle occurs in the ___________.  The light reactions use solar energy to make ATP and NADPH.  

How a photosystem harvests light

Photosystems are the light-harvesting units of the thylakoid mambrane.  The entire apparatus includes:  antenna assembly, reaction-centerchlorophyll, and primary electron acceptor.  When a photon strikes a pigment molecule, the energy is passed from molecule to molecule until it reaches the reaction center, a specialized chlorophyll a (700 or 680). During the light reactions, there are two possible routes for electron flo: cyclic or non-cyclic flow.  Cyclic electron flow invlolvesw only Photosystem I and the ETC.  Non-cyclic electron flow involves Photosystem I, Photosystem II and the ETC.

The calvin cycle incorporates ______ into organic molecules, which are converted to sugars (G3P).  The dark reactions return ADP, P and NADP+ to the light reaction. For every three molecules of ______ that enter the cycle the net output is one molecule of glyceraldehyde phosphate, a 3C sugar.  To fix the _______molecules the cycle spends nine molecules of _______and six molecules of NADPH.  You will not need to know the individual steps of the calvin cycle for the test.

You are responsible for learning about the alternative forms of Photosynthesis on your own: C3, C4 and CAM.

How cells make ATP

Hydrolysis of ATP’s unstable bond is exergonic :  


ATP + water -----(ADP + P +energy; ADP + water --( AMP + P +energy

A molecule receiving a P group is said to be phosphorylated and becomes ______(more or less )  reactive in the process.  It loses its P group as work is performed.  There are two basic mechanisims that couple the exergonic oxidation of glucose to the ______________synthesis of ATP: 1) substrate level phosphorylation and 2)chemiosmosis.

1) Substrate level phosphorylation – fromation of ________ by direct transfer of P from PEP (phosphoenolpyruvate )substrate. This reaction tranferring P is energetically possible because the P bonds of PEP are more unstable than ATP.

2) Chemiosomosis is the name for the mechanism that couples the exergonic electron flow from the oxidation of food to endegonic ATP production.  This process creates a _______gradient across a membrane.  This gradient drives _________synthesis as H+ diffuse back across the membrane.

Redox reactions in metabolism

OXIDATION—loss of electrons from a substance

REDUCTION—addition of electrons to a substance

Electron transfer requires both a donor and an acceptor, so when one reactant is _________ the other is ____________.  Respiration is a redox process that transfers _____________from sugar to oxygen.  
There are three metabolic stages of cell respiration:_____________, _____________ and _______.

GLYCOLYSIS, a process where a molecule of glucose with ______carbon atoms split into two _______carbon molecules of ______________acid (pyruvate).  Write the formula for glucose_____________, for pyruvic acid__________.  Where does glycolysis occur?______________

How many molecules of NAD + are reduced to NADH?________

_____(how many) ATP molecules are produced by substrate-level______________.

This metabolic pathway has _______steps, each catalyzed by __________________________.

You will need to know for the test steps 2, 5, 6, and 10.

Know that steps 1-5 are prepatory steps getting the molecule ready to be split.

1. Glucose is made more chemically reactive by addition of a phosphate (this requires an initial investment of ATP)

2. Rearrange glucose 6 phosphate to its isomer ____________________

3. Another ______molecule is added, requiring a second ATP.

4. The enzyme adolase cleaves 6C sugar to two 3 C sugars.

5. Results in one isomer ______________________________________used in the next step.

6. Glyceraldehyde phosphate is phosphorylated and two NADH are produced from ________

7. ATP is produced by substrate level phosphorylation.

8. A phosphate group is transferred from on C to another.

9. Enzymes remove a molecule of water.

10. PEP transfers phosphate to ADP producing_______ (how many) molecules of ATP.

SUMMARY:  ONE molecule of glucose produces TWO molecules of pyruvic acid.  Is oxygen the oxidizing agent for glycolysis?  yes or no?____________

THE KREBS CYCLE

The fate of pyruvic acid depends upon the presence or absence of _________.   If _________is present, pyruvic acid enters the _________________ (organelle) where it is completely oxidized by a series of enzyme-controlled reactions.  Imagine that, enzymes at work again!  Before entering the Krebs cycle, pyruvic acid loses a molecule of _________ which changes it from  3C to 2C fragment resulting in NAD+ being reduced to ________.  Coenzyme A is bonded to the acetyl group forming_______________.  

Where does the Krebs cycle occur?_______________

How many steps does the Krebs cycle contain?____________

For every turn of the Krebs cycle:

1. _________(number of ) C molecules enter in the form of _____________and add to oxaloacetate, producing citrate.

2. _______enters, change to an isomer of citrate, _______exits.

3. _________(number of ) C molecule leaves as ________. NAD+ is reduced to NADH.

4. _________(number of ) C molecule leaves as ________. NAD+ is reduced to NADH.

5. CoA is displaced by a phosphate group forming ATP by substrate level phosphorylation

6. FAD+ is reduced to _________.

7. Water enters.

8. NAD+ is reduced to NADH.

SUMMARY:

Coenzymes are reduced:  three ____________and one _________ are produced._________ATP is produced.  For every glucose molecule split during glycolysis, two acetyl fragments are produced.  Therefore it takes _____turns of the cycle to complete the oxidation of glucose.  Reduced coenzymes produced by the Krebs cycle (_____________and _____________) carry high energy electrons to the ETC where ATP is produced by chemiosomosis.

Most of the output of ATP from respiration results from the next step of respiration.

ELECRTON TRANSPORT CHAIN and OXIDATIVE PHOSPHORYLATION

The electron transport chain is made of carriers in the ______________ (organelle).  The chain passes electrons from the reduced NADH and FADH2 and creates a ___________gradient across the membrane. For each electron pair passing down the chain from NADH, enough force is generated to produce ________ ATPs.  Since it donates electrons electrons at a lower energy level, FADH2 is worth only_______ ATPs.  Maximum yield for one glucose molecule is _______(for eukaryotes).

How it works:  

Most electron carriers are _______________.  Groups attached to them like iron, sulfur, and heme, shift between oxidized and reduced states as they accept and donate electrons.

The ETC does not make ATP directly.  Instead, it generates a ___________________________which stores potential energy that can be used to phosphorylate ADP to ATP later.  Some electron carriers accept and release _____________along with the electrons.  While the chain is operating, the pH in the membrane is lower than in the matrix, but the same as the pH of the cytosol (cytoplasm) because the outer membrane is permeable to protons.

ATP Synthesis

The inner mitochondrial membrane is not very permeable to protons, so they must re-enter the matrix by passing through an enzyme complex gate named ______________________.  There are numerous copies of this enzyme in the membrane.  

FERMENTATION

In the absence of ____________, the process of ____________includes glycolysis .  Two types of fermentation are :

1.____________, where the end product is ethanol.

2._____________, where the end product is lactic acid.

Some thinking questions for you to answer.  

List two statements of evidence to support the theory that the first prokaryotes produced ATP by glycolysis.
1.



2.

Animals ingest food as complex carbohydrates, fats and proteins, not glucose.  How do organisms prepare these molecules for respiration?


Carbohydrates?


Proteins?


Fats?

Sample essay question from AP exam:  Describe the similarities and differences between the biochemical pathways of aerobic respiration and photosynthesis in eukaryotic cells.  Include in your discussion the major reactions, the end products and energy transfers.

Bio II GROUP QUIZ  Photosynthesis and Respiration  30 points 
Staple this sheet to your diagram.
Goal:  to successfully summarize using pictures, diagrams, words the path that a “chunk of energy” would follow as it travels from the sun--- to the earth---through a chloroplast---into the human body ---and through a mitochondria

Your group should:

· use vocabulary that we learned about in chapters 9&10 (9 points)

· use color (3 points)

· use arrows to show direction of flow (2 points)

· give DETAILS to the different cycles involved in photosynthesis and cellular respiration (5 points)

· list on your diagram where all of the processes occur , be specific (3 points)

· make sure that your diagram is neat and easy to read (2 points)

· put all group members names on the top right hand corner of your diagram (1 point)

· Answer the questions below

Questions

1. What metabolic pathway produces the most ATP?____________

2. Why didn’t we include fermentation on this diagram?  Write about the process of fermentation below.

3. How many ATPs are needed to split glucose?________

4. How many turns of the Krebs cycle are needed to make 2 ATPs?_________

5. How many ATPs does the Calvin Cycle use to make one molecule of glucose?_______

6. How did this go?  Did your group like this activity of doing a group quiz?  Why or why not?

*********************************************************************************

Vocab

9
7
5
3
1
0

Color

3
2
1
0
Arrows

2
1
0

DETAILS
5
4
3
2
1
0

the Where
3
2
1
0

neatness

2
1
0

group names
1
0

Questions
5
4
3
2
1
0

TOTAL______________

Photosynthesis&Cellular Respiration

Jeopardy

Cellular Respiration

100 -  In the first step in CR, glucose turns into this

200 – This is the amount of ATP produced in the transition reaction. 

300 – This is where the last stage of cellular respiration occurs

400 – This is the molecule that enters or begins the Krebs cycle.

500 – This is what NADH and FADH2 stand for.

ATP

100 – This is the net gain of ATP in the first step of cellular respiration

200 – In CR, this is the total # of ATP produced

300 – ATP is produced in photosynthesis by this process

400 – This is the function of ATP in the light independent reactions

500 – ATP is considered a nucleotide because it has these 3 things bound together

Photo

100 – In photosynthesis, light energy is converted into this so the plant can store energy

200 –Solar energy is captured by this

300 – This is when and how oxygen is produced.

400 – The light dependent rxns occur in this part of the chloroplast

500 – This is a product of the light dependent reactions that does not get used in the light independent reactions

Synthesis

100 – This is another term for the light independent rxns

200 – ATP and energized electrons are used to convert this into glucose

300 – The light independent rxns occur in this area of the chloroplast

400 –This is the name of the molecule that gets regenerated in the last step of the light independent rxns.

500 – This is the amount of ATP produced in the light independent rxns

Potpourri

100 – Stacks of flattened disks in the chloroplast are called this

200 – This is the specific part of light utilized by the plant.

300 – This is what PGAL stands for

400 – These are the three products of the noncyclic pathway

500 – The first name of the man who figured out the light independent rxns is this

Bio 2 Photosynthesis and Cellular Respiration

Test Ready Sheet 100 point test

Review your notes, SGs and Fill in the blank notes we did in class

· Know the equations for photosynthesis and cellular respiration

· Understand where the reactants and products come from

· Know where each reaction occurs

· Know which is aerobic and which is anaerobic

Photosynthesis

· Understand the difference between absorbtion and reflection, and the visible light spectrum

· Understand what is produced in the light dependent and independent reactions and where specifically each occur

· Know the difference between the cyclic and noncyclic pathways

· Know the 3 steps of the Calvin cycle—CO2 Fixation, CO2 reduction and regeneration of RuBP

· Know about CAM and C4 photosynthesis

· What makes chlorophyll a green pigment?  How does that affect what light is utilized by plants?

· Name the reactants and products for the following:

cyclic pathway

noncyclic pathway

light independent reactions

photosynthesis

· Name the following and explain the role they play in photosynthesis.

NADPH

RuBP

ATP

C6H12O6

PGAL

Cellular Respiration

· Know the 3 steps of cellular respiration and where each occurs

· Know the products of the 3 steps and where they go and what happens when Oxygen is not available
· Understand how the 3 steps are related to one another

· Know the three steps that Lynyrd Skynrd asked for at the Jug

“I was cuttin’ a rug at a place called the Jug with a girl named Linda Lou”

· Put the following terms in the order they appear in cellular respiration.  Some may be used more than once.

Electron transport chain, NADH, glucose, Kreb’s cycle, matrix, pyruvate, FADH2, glycolysis, ATP, cristae, NAD+, Acetyl CoA, FAD, cytosol, CO2

· When and how is water produced in cellular respiration?

· Where do glycolysis, the Kreb’s cycle, and the electron transport chain occur?

· Write the full name for NAD+ and FAD.  What is their function?

Vocabulary

· Photon

· Redox

· Chloroplast

· Thylakoid

· Chlorophyll

· Calvin cycle

· Energized electrons

· Glycolysis

· Pyruvate

· Lactic acid

· Kreb’s cycle

· ATP

· G3P

· Electron Transport Chain

· NADPH

· NADH

· FADH2
· RuBP

· Acetyl CoA

· Cristae

· Matrix

· Stroma

· Lactic Acid

· Fermentation

· O2 deprived

· Oxidation

· Reduction 

· Endergonic

· Exergonic
· PEP

· PGAL

· Grana

· Chemiosmosis

· Phosphorylation

· Oxaloacetate

· CAM

· C 4

· Pi

· Rubisco

· Substrate Level Phosphorylation

· Oxidative Phosphorylation

· Light Reaction

· Dark Reaction

· ATP

· ADP

· mitochondria
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