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[image: Image result for photosynthesis and respiration]Unit 4 Topic 1 Learning Targets: Photosynthesis & ATP
By the end of this topic, you should be able to…
· Describe how ATP is used and broken down
· Differentiate between characteristics of the light reactions (light dependent reactions) and the dark reactions (light independent reactions/Calvin cycle)
· Describe the purpose of photosynthesis and summarize the reactants and products of the photosynthesis reaction in words  and chemical formulas
· Describe the structure of chloroplasts
· Define and provide examples of autotrophs and heterotrophs

CELL ENERGY
1. Define Metabolism: 

2. How do photosynthesis and respiration relate to metabolism?

3. Two Strategies for obtaining nutrients
· Autotrophs (auto = self; troph = referring to nutrients)
Definition:
	Example Organisms:

· Heterotrophs (hetero = different)
	Definition: 
	Example Organisms: 

4. Photosynthesis:
	Happens In: 
	


	Goal: 
	
Convert ________________________________ into _____________________________________ (glucose)


	[image: ]More Information:
	
Provide the chemical formula of glucose (a carbohydrate): _______________________

*What is the function of a carbohydrate?* 







Show the Photosynthesis Equation using words.  Circle the reactants and box the products.




Show the Photosynthesis Equation using chemical formulas.  Circle the reactants and box the products.



Why are there numbers (coefficients) in front of some of the molecules?



5. Cellular Respiration
	Happens In: 
	
                                                       AND 

	Goal: 
	
Convert ___________________________________________ into _______________________________________


	More Information: 

[image: ]




	Provide the full name and structure of ATP:


Why is ATP used as the energy storage molecule?



Explain how ATP is broken into ADP (Adenosine Diphosphate) and P (Phosphate)

[image: ]



Show the Cellular Respiration equation using words.  Circle the reactants and box the products.



Show the Cellular Respiration equation using chemical formulas.  Circle the reactants and box the products.



6. Explain how the photosynthesis and cellular respiration equations relate to one another in the space below: 

							              						Photosynthesis


							      Cellular Respiration
   




[image: ]
IMPORTANT COMPARISON:


7. Forms of energy
· Light- _____________________________________
· Heat- ______________________________________
· Mechanical – Involves________________________________, 
[image: ]-Ex: mechanical pencil, pencil sharpener, car, ___________________, etc.
· Chemical: - ____________________ is present in chemical bonds of ________________________.
-EX: Sugar-each __________________ (line) holds a lot of _______________________.

[bookmark: _GoBack]PHOTOSYNTHESIS (in detail)
1. Where on the plant does photosynthesis take place? What are stomata? 
Photosynthesis Location: _____________________________________________
	Stomata: ______________________________________________________________	
2. Where in the cell does photosynthesis take place? 
Organelle: _______________________________________
3. Structure of a Chloroplast:
· ____________________________________ are stacked to form _________________________________
· ________________________________________________ take place in the thylakoid membrane
· [image: ]________________________________________________ take place in the stroma

[image: Description: photos11]








4. Rewrite the chemical equation for photosynthesis: 


5. What are the two main processes involved in photosynthesis?
1. ________________________________________________________________________________________________________________
2. ________________________________________________________________________________________________________________

6. The Light Reactions: Part 1
	Location in Chloroplast

	


	Purpose
	




	Requirements for process to occur
	
[image: Image result for photosynthesis]



*What is NADP+? 

How does NADP+ get converted to NADPH (electron carrier)? 




A. Reactants for Light Reactions:

B. Products from Light Reactions: 

	Summary of Light Reactions
	1.  
2.  



7. The Calvin Cycle (light-independent reactions): Part 2
	Location in Chloroplast

	

	Purpose
	
Produce ___________________________ from CO2

	Requirements for process to occur
Does not require light directly, but does need products from light reactions!
	




[image: ]
A. Reactants for Calvin Cycle: 


B. Products from Calvin Cycle:


How are excited electrons and ATP from the light reactions used in the Calvin Cycle?



	Summary of Calvin Cycle
	1.  
2.  




8. Pigments
· ___________________ light (certain colors) and ____________________ all others
· [image: ]Located in ____________________________________________
· Chlorophyll “a” and “b”
· Reflect ________________________________
· Plants are dark/light green because of ___________________________________________ of chlorophyll
· If chlorophyll a or b were absent, ______________________________________ would slow down.
· Carotenoids
· Other _______________________, for example: b-carotene
· Reflects _______________________________, but can absorb green light which chlorophyll can’t.
· The Fall Season
· __________________________ breaks down
· You can see color of other ______________________________, like carotenoids

9. What factors affect the rate (speed) of photosynthesis? Explain how these factors play a role.
·  
·  
·  
· 
[image: Image result for atp v adp][[Language Targets for Topic 1: I can compare and contrast ATP and ADP molecules; I can write the main purpose of photosynthesis in living organisms; I can describe photosynthesis in detail with the associated sub processes using proper vocabulary terms; I can write the equation for photosynthesis in words and chemical symbols; I can label the parts of a chloroplast on a diagram; I can differentiate between and provide examples of autotrophs and heterotrophs; I can create a flow chart to diagram the processes of photosynthesis and cellular respiration to show the interrelatedness.]]
1. How are ATP and ADP similar? Discuss what they are made of: __________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
2. How are they different? __________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
3. Which one contains energy the cell can use? _______________________
4. Not all organisms undergo the process of photosynthesis, but all organisms rely on what is produced in this series of chemical reactions. In autotrophs, what is the purpose of photosynthesis? ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5. Provide the equation for photosynthesis in both ways: words & chemical formula: 
Words: __________________________________________________________________________________________________________________
Equation: _______________________________________________________________________________________________________________
6. Label the chloroplast diagram AND illustrate the entire process of photosynthesis (outlining both the light reactions and the light independent reactions):
[image: ]


Which components make up the light reactions?



Which components make up the light independent reactions?






7. Define the terms autotroph and heterotroph. Provide examples of each:
Autotroph: ______________________________________________________________________________________________________________
Heterotroph: ___________________________________________________________________________________________________________
Unit 4 Topic 2: Cellular Respiration 	         
By the end of this topic, you should be able to…
· Describe the purpose of cellular respiration in living organisms
· Describe the mitochondria’s structure and compare and contrast glycolysis, Kreb’s Cycle, and the electron transport chain
· Summarize the reactants and products of the cellular respiration reaction in words and chemical formulas


Cellular Respiration: the process through which cells make usable energy (ATP)

1. What is Cellular Respiration? 
a. It is the process by which organisms _________________________________________________________________ (simple sugar) to make ________________, a more usable form of __________________________.

2. [image: Image result for atp]ATP (Adenosine Triphosphate)
a. Where is energy stored in this molecule? _____________________________
b.  Where in the molecule to the right is the highest energy bond? _____________________________________________________________________________
c. How is energy released from this molecule? ______________________________________________________________________________

3. Two Types of Respiration
	Aerobic
	Anaerobic

	
With ___________________________
	
Without _______________________________

	
Makes _____________ of ATP
	
Makes ______________________ ATP

	
Includes all three processes
	
Includes ______________________________



4. Overview:
a. Where does this process take place in eukaryotes? _________________________________________________
b. Where does this process take place in prokaryotes? ________________________________________________
c. The goal of cellular respiration is to produce _________ from ________________________________________
d. Three parts with different jobs (see #6 below).

5. Recall: What is the equation for aerobic cellular respiration?



6. Aerobic Cellular Respiration Summary: The three steps of cellular respiration and where they take place
1.  ___________________________________________________________________________________
2. ____________________________________________________________________________________
3. ___________________________________________________________________________________


7. The Mitochondria
[image: Mitochondria Structural Features]	
[image: mitochondrion2]










Important feature of the mitochondria: THE CRISTAE
a. The folds in the ___________ mitochondrial membrane are called _______________. 
b. Cristae increase the _____________ ____________ of the membrane so that ______________ ________________ can occur. 

8. Aerobic Respiration Part 1: Glycolysis
	Type of Resp
	
____________________________________ AND _____________________________________ 

	Location
	

	Purpose
	
1. Glucose broken down into __________________________________________________
2. Glucose’s high-energy ________________________ and H’s are picked up by _____________________ (an electron acceptor)
3. NAD+ becomes ________________________ which is now an electron __________________________
· NADH carries electrons to the last step: the electron transport chain
· NAD+ is like an empty piggy bank, electrons like coins, and NADH like a full piggy bank!

	# ATP made
	[image: ]




Reactants of Glycolysis:
Products of Glycolysis: 

9. Aerobic Respiration Part 2: Krebs Cycle (aka Citric Acid Cycle) 
	Type of Resp
	
___________________________________ respiration ONLY

	Location
	
_____________________________ (of mitochondria)

	Purpose
	1. Pyruvate (3C) is broken down into ___________
2. High-energy _______________________ from pyruvate are picked up by __________________.
3. NAD+ becomes ______________ and carries the electrons to the last step: electron transport chain.

	# ATP made
	


[image: ]
Reactants of Krebs Cycle:
Products of Krebs Cycle: 
10. Aerobic Respiration Part 3: Electron Transport Chain
	Type of Resp
	
___________________________________ respiration ONLY

	Location
	
_________________________________ (mitochondria-remember, the folds increase surface area)

	Purpose
	
1. Electrons (e-) from ___________ are passed through proteins in the membrane to the FINAL electron acceptor, ___________________. 
2. These proteins pump H+ (_______________________________________) across the membrane. 
3. A large H+ concentration gradient powers _____________________ ATP production.
a. The enzyme ATP synthase is important here as it is responsible for producing the large amounts of ATP

	# ATP made
	



[image: Image result for simple electron transport chain]Reactants of ETC: __________________________	Electron Transport Chain:
Products of ETC: ___________________(waste), _______________ 
[image: Image result for electron transport chain]




[image: ]

STEP-BY-STEP ELECTRON TRANSPORT CHAIN

· The electron transport chain is the third step of cellular respiration in which the most ATP is made (32-34 ATP for each glucose molecule that enters aerobic cellular respiration).  This process occurs in the cristae (folds) of the inner mitochondrial membrane.  

· The electron transport chain occurs in several steps.  We will diagram these steps, which are each described in the chart on the next two pages.  The key for symbols and abbreviations used in the diagram is given to the right. 
	Step Drawing
	Step Description

	
[image: ]

	1. NADH molecules are broken down to release high-energy electrons, NAD+, and H+.  (We are removing the coins from the piggy bank.)  

	
[image: ]

	2. These high-energy electrons are passed between membrane protein pumps located in the inner mitochondrial membrane.    Each protein pump takes some energy from the electrons.  The protein pumps use this energy to transport H+ (hydrogen ions) from the matrix to the intermembrane space (across the inner mitochondrial membrane).  


	
[image: ]
	3. The last membrane protein pump in the chain passes electrons to oxygen gas (O2).  For this reason, oxygen gas is known as the final electron acceptor at the end of the electron transport chain.  When O2 joins with these electrons and H+, water (H2O) is formed.  Remember, O2 is one of the reactants of aerobic cellular respiration, and H2O is one of the products.  

	Step Drawing
	Step Description

	
[image: ]

	4. H+ builds up in the intermembrane space.  This creates a concentration gradient across the inner mitochondrial membrane with a high concentration of H+ in the intermembrane space and a low concentration of H+ in the matrix.  H+ “wants” to move down its concentration gradient from the intermembrane space across the inner mitochondrial membrane to the matrix.  


	
[image: ]

	5. The only way that H+ can move across the membrane is through ATP synthase, another membrane protein.  As H+ ions flow through the top part of the ATP synthase protein, the top part of the protein turns.  This causes grooves in the bottom part of the protein to “squish” together. This “squish” causes ADP and Pi located in the grooves to join together to form ATP.   
  




REMEMBER: The electron transport chain happens in the inner mitochondrial membrane. The more folds (cristae), the more inner membrane can fit inside the mitochondria, the more ETCs that can exist on the inner membrane, the MORE __________  _______  ______________!!
[image: ]


Aerobic Respiration: The Big Picture 




11. Energy Yield Comparison
	Glycolysis
	
_______ ATP

	Kreb’s Cycle
	
_______ ATP

	ETC
	
_______ ATP

	
TOTAL # ATP: ____________


	All of this ATP is produced during AEROBIC cellular respiration. However, sometimes there is not enough oxygen to carry out this process. When that happens, cellular respiration occurs in the absence of oxygen (think about when you work out and you develop cramps!). This is called anaerobic cellular respiration, or fermentation.

12. Anaerobic Respiration (Fermentation)
a.     _____________________________ only (occurs where in the cell? __________________________________)
b. Occurs in the absence of __________________________
c. Goal: break ___________________________ down
· Only produces ____________ 2 ATP per glucose molecule! 
d. Two types: ______________________________________ and ___________________________________________

A. Lactic Acid Fermentation 
	Waste Product
	

	Happens In
	

	Examples in Everyday Life
	











B. Alcoholic (ethyl alcohol) Fermentation 
	Waste Products
	

	Happens In
	

	Examples in Everyday Life
	







[image: Image result for alcoholic fermentation]Lactic Acid Fermentation:					Alcoholic Fermentation:
[image: Image result for lactic acid fermentation]












[[Language Targets for Topic 2: I can write the main purpose of cellular respiration in living organisms; I can describe cellular respiration in detail with the associated sub processes using proper vocabulary terms; I can write the equation for cellular respiration in words and chemical symbols; I can label the parts of a mitochondria on a diagram; I can create a flow chart to diagram the processes of photosynthesis and cellular respiration to show the interrelatedness.]]
1. Unlike photosynthesis (where not all organisms carry out the process), ALL organisms undergo cellular respiration. Why? Include the purpose of cellular respiration in your response: _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
2. Provide the equation for cellular respiration in both ways (words & chemical formula): 
Words: __________________________________________________________________________________________________________________
Equation: _______________________________________________________________________________________________________________
3. [image: Image result for mitochondria diagram to label with cellular respiration]Label the missing components (A-E) in the mitochondria diagram AND highlight the steps of cellular respiration by including the number of ATP molecules produced in each step: 













4. [image: ]Complete the flowchart linking this unit together: Word Bank: Mitochondria, Chloroplast, Photosynthesis, Cellular Respiration, Solar Energy (SUN), ATP, 6CO2, 6CO2, 6H20, 6H20, C6H12O6, 6O2
__________________________________________________			______________________________________________
__________________________________________________			______________________________________________
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