[image: See the source image]3.5.1 Photosynthesis


Section 1 - Recall Activities

These are activities to develop your recall of information you covered in the previous topics that are linked to photosynthesis.  You should do this before you start the work on photosynthesis.  Once you have done the recall activities, quickly check what you have done with the student booklets from that topic.

Topics covered:   Biological molecules, enzymes, transport across membrane

	Topic
	Recall activities
	Understanding
Please write down any questions you have when completing this activity.
	Completed

	Biological molecules
	On the MWB/scrap paper, draw the condensation reaction of 2 alpha glucose molecules.

	
	

	
	On the MWB/scrap paper explain how alpha-glucose monomers are arranged to form starch (both amylose and amylopectin)

	
	

	
	On the MWB/scrap paper describe how the structure of starch relates to its function
	
	

	Cells

	On a MWB/scrap paper draw, label and annotate a chloroplast
	
	

	
	On a MWB/scrap paper draw a flow diagram to outline the organelles that are involved in the production, modification and packaging of proteins within a cell.

	
	

	Gas Exchange

	On a MWB/scrap paper draw and label the structure of a leaf and annotate the diagram showing how the leaf is adapted for efficient gas exchange
	
	

	
	On a MWB/scrap paper explain how water moves through a plant
	
	

	
	On a MWB/scrap paper draw and annotate a diagram to show the mass flow mechanism of organic substances in the phloem.
	
	



Section 2 – Independent pack framework
	Key info
	Topic:  Photosynthesis
Synoptic Link:  Biological molecules, enzymes, cells, transport across membranes, gas exchange, mass transport in plants, energy through ecosystems, respiration
Text book pages: 23 - 33  


	Step 1
	Use the tutorial (GOL), presentation (GOL), video links and text book to complete the pack.


	Step 2

	Learning outcome
	I under-stand this
	I can recall this
	I need to revisit this

	
	Understand  the light-dependent reaction in such detail as to show that:
• chlorophyll absorbs light, leading to photoionisation of chlorophyll 
• some of the energy from electrons released during photoionisation is conserved in the production of ATP and reduced NADP 
• the production of ATP involves electron transfer associated with the transfer of electrons down the electron transfer chain and passage of protons across chloroplast membranes and is catalysed by ATP synthase embedded in these membranes (chemiosomotic theory) 
• photolysis of water produces protons, electrons and oxygen.

	
	
	

	
	Understand that the light-independent reaction uses reduced NADP from the light dependent reaction to form a simple sugar and that the hydrolysis of ATP, also from the light-dependent reaction, provides the additional energy for this reaction.

	
	
	

	
	Understand the light-independent reaction in such detail as to show that:
• carbon dioxide reacts with ribulose bisphosphate (RuBP) to form two molecules of glycerate 3-phosphate (GP). This reaction is catalysed by the enzyme rubisco 
• ATP and reduced NADP from the light-dependent reaction are used to reduce GP to triose phosphate 
• some of the triose phosphate is used to regenerate RuBP in the Calvin cycle 
• some of the triose phosphate is converted to useful organic substances.

	
	
	

	
	Identify environmental factors that limit the rate of photosynthesis

	
	
	

	
	Evaluate data relating to common agricultural practices used to overcome the effect of these limiting factors.

	
	
	

	
	Know the methodology and explain the expected results of Required practical 7:
Use of chromatography to investigate the pigments isolated from leaves of different plants, e.g., leaves from shade-tolerant and shade-intolerant plants or leaves of different colours.

	
	
	

	
	Know the methodology and explain the expected results of Required practical 8:
Investigation into the effect of a named factor on the rate of dehydrogenase activity in extracts of chloroplasts.

	
	
	

	Step 3
	In lesson:  you will be undertaking activities to develop your understanding of the learning objectives and able to add to your notes.



Resources
· AQA Biology,  Toole & Toole:  Pgs. 268 – 282
· Respiration PowerPoint on GOL

3.5.1 Photosynthesis

Photosynthesis is a complex metabolic pathway involving many intermediate reactions.  It is a process of energy transferal in which some of the energy in light is conserved in the form of chemical bonds.  

What are the 2 main stages of photosynthesis?
	1.  ……………………………………………………………………………
	2.  ……………………………………………………………………………
	

Photosynthesis and chloroplasts

Chloroplasts act as a transducers as they convert light energy into chemical energy.  

Using the diagram and notes above to answer the questions to understand which stage of photosynthesis happens in which part of the chloroplast.

[image: ][image: ](Calvin cycle)


1. Which stage uses water and produces oxygen? 
……………………………………………………………………………………………………………………………………………………
2. Which stage reduces carbon dioxide to produce glucose? 
……………………………………………………………………………………………………………………………………………………
3. What two key products are produced in light dependent reactions?
……………………………………………………………………………………………………………………………………………………
4. What two key products are produced in light independent reactions?
……………………………………………………………………………………………………………………………………………………
5. Where does the light dependent reaction take place? 
……………………………………………………………………………………………………………………………………………………

6. Where does the light independent reaction take place? 
……………………………………………………………………………………………………………………………………………………
7. Sometimes the light independent reaction is described as the dark phase. Why is this incorrect?
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………



[image: light_forest]Photosynthetic pigments

A photosynthetic pigment is a coloured biological compound that is present in chloroplasts and photosynthetic bacteria, and which absorbs light energy for photosynthesis.

What are the 2 groups of pigments?
· [image: Photosystems are structures within the thylakoid membrane that harvest light and convert it to chemical energy.  Each photosystem is composed of several light-harvesting complexes that surround a reaction center. Pigments within the light-harvesting complexes absorb light and pass energy to a special pair of chlorophyll *a* molecules in the reaction center. The absorbed energy cause an electron from the chlorophyll *a* to be passed to a primary electron acceptor. ]……………………………………………………..
· …………………………………………………….. 

1. What is an antenna complex/photosystem?
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
2. Where are photosystems found?
[image: ]………………………………………………………………………………….
3. What is the function of a photosystem?
………………………………………………………………………………….
………………………………………………………………………………….
………………………………………………………………………………….
………………………………………………………………………………….
4. What are the main primary pigments?
………………………………………………………………………………………………………………………………
5. What are the main accessory pigments?
………………………………………………………………………………………………………………………………
6. What is the difference between photosystem I and photosystem II? 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Required Practical 7

Use of chromatography to investigate the pigments isolated from leaves of different plants.

[image: ]Ensure you go to your practical folder to learn:
1. The method of how to separate the different pigments using chromatography.  Particularly the solvents that is used and the process of placing the chromatography paper into the solvent. 

2. how to calculate the Rf value to identify the different pigments
[image: ]




Wavelengths of light and effective rates of photosynthesis

[image: ]

Englemann 1887

Algae with spiral chloroplasts were placed in a suspension of evenly distributed aerobic bacteria and exposed to a range of wavelengths.

What is the role of the prism? 
………………………………………………………………………………………………….
At which wavelengths did the bacteria cluster? 
………………………………………………………………………………………………….
What colours did the wavelengths correspond to? 
………………………………………………………………………………………………….
What can you conclude from this?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
What would you expect if there was no prism present?
…………………………………………………………………………………………………………………………………………………………






Absorption spectra

Absorption spectra is a graph to show the wavelength of light best absorbed by different pigments.

[image: ]What conclusion can you make about the different pigment and wavelength of light absorbed?
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………

Action Spectra

Action spectra show the rate of photosynthesis at different wavelengths of light.
What conclusion can you make about the rate of photosynthesis at different wavelengths?
[image: ]………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………

Describe the relationship between the 2 graphs.  What does this suggest about rate of photosynthesis and the photosynthetic pigments?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
What is the importance of the accessory pigments?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Where might you find plants that contain a high number of accessory pigments?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Redox reactions 

Redox reactions are when molecules are reduced or oxidised. This happens a lot during certain stages of photosynthesis.  Oxidation of one molecule always involves the reduction of another.

When a molecule is reduced it may have:
· Gained electrons 
· Gained hydrogen 
· Lost oxygen 

When a molecule is oxidised it may have: 
· Lost electrons 
· Lost hydrogen 
· Gained oxygen


Light Dependent Reactions (LDR)

Coenzymes

Coenzymes are molecule that aids an enzyme.  They transfer a chemical group (like hydrogen) from one molecule to another

In photosynthesis NADP is the coenzyme (Nicotinamide adenine dinucleotide phosphate)

What are the 2 products of the Light Dependent Stage, and what are their roles?

[image: AQA | Subject content | Biological molecules | ATP]1. ………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………..
[image: http://www.fastbleep.com/assets/notes/image/11073_1.jpg]
2. ………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………..









[image: ]The flow of electrons in the light independent reaction is important in the production of ATP.  

What is the flow of electrons called?
………………………………………………………….





What are the two ways that ATP can be synthesized?

1……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

[image: ]


Complete the table below to explain the stages of non-cyclic phosphorylation in the LDR
	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	Extra Information














Extension:  Non-cyclic and cyclic phosphorylation

[image: ]

[image: ]
Answer the questions below on cyclic phosphorylation:

1. Which photosystem is involved? ……………………………………………………….
2. Is reduced NADP produced in the cyclic reaction?  ………………………………………………………. 
3. Is ATP produced in the cyclic reaction?  ……………………………………………………….
4. Is oxygen gas produced in the cyclic reaction?   ……………………………………………………….
5. Why is the reaction described as cyclic? ……………………………………………………….


Chemiosmosis

The production of ATP involves electron transfer and the passage of protons across chloroplast membranes (chemiosmotic theory)
[image: ]

Complete the table below to explain the stages of chemiosmosis.
	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	Extra Information




What type of phosphorylation occurs in the light dependent reaction? …………………………………………………………

Consolidating and sorting task

· Write each individual chemical – compound, ion or structure on a post it.
· Talk out what you are doing to a partner
· Swap over – laying out the post its and talking
· Lay out the post its without referring to diagram.


Light independent reactions (LIR)

The light independent reaction is the second stage of photosynthesis.  It occurs in the stroma of the chloroplast and does not require light.  It uses reduced NADP and ATP from the LDR to supply protons (reducing power) and energy to make organic molecules needed by the plant.

Melvin Calvin’s lollipop experiment

Use the hyperlinks on the presentation on GOL to explain how the lollipop experiment enabled Calvin to identify the products of the light-independent reactions.

[image: ]Information:
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The Calvin Cycle4
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Complete the table below to describe what is happening at each stage of the Calvin Cycle. 





	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	Extra information




The Calvin cycle has to turn 6 times to make one hexose sugar.  5 molecules of triose phosphate are needed to regenerate RuBP.   3 turns of the cycle produces 6 molecules of triose phosphate.  This only leaves 1 TP molecule to form a hexose sugar therefore 3 more turns are needed to produce 2 TP molecules (each containing 3C).  

Complete the diagram below showing the numbers of each molecule to ensure that the cycle balances.
Glycerate 3 phosphate
Triose phosphate
Triose phosphate

Triose Phosphate
goes to regenerate RuBP
Triose Phosphate

[bookmark: _GoBack]
Effects of CO2, light intensity and temperature on the Calvin Cycle.

Using the graphs below, complete the table below. 

Time
High light intensity
Low light intensity
Time
Concentration

	Factor
	Effect on TP
	Effect on GP
	Effect on RuBP

	Light intensity
	Decreasing light intensity means less ATP and reduced NADP, so less TP is made since ATP and reduced NADP are needed to make TP from GP.
	Decreasing light intensity means ..
	Decreasing light intensity means less ATP and reduced NADP, so less RuBP because RuBP is still being used up to make GP but RuBP is not being regenerated as GP cannot be made into TP, which is needed to make RuBP.

	Carbon dioxide concentration
	As carbon dioxide increases ..
	As carbon dioxide increases GP increases. Because more CO2 is fixed, so more GP is made. 
	As carbon dioxide increases ..

	Temperature
	As temperature increases .
	As temperature increases GP Increases. But at high temperatures will decrease because the enzyme RuBisCO denatures and less carbon dioxide fixed, so less GP will be made and so less TP is made. 
	As temperature increases .



Conversion of Triose Phosphate to Useful Products

· Plants take up nitrates from the soil, the nitrogen is then used in the synthesis of amino acids, then proteins by condensation.  
· Lipids are made of Carbon, hydrogen and oxygen only, the same three elements as carbohydrates but in different proportions.  The plant can form its own lipids for waxy cuticles etc.
· Glucose formed from TP can be condensed to form starch and the isomer Beta glucose will form cellulose, fructose (another hexose) and sucrose (a disaccharide) can be formed

Nitrogen

How is it absorbed?  …………………………………………………………………………..
How is it transported? ………………………………………………………………………..

What is the appearance of a plant with nitrogen deficiency?
…………………………………………………………………………………………………………………………………………………………
What does chlorosis mean? 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

[image: ]Magnesium

What is the role of magnesium?
……………………………………………………………………………………….
Where is it transported?
…………………………………………………………………………………………………………………………………………………………..
What are the signs of deficiency?
…………………………………………………………………………………………………………………………………………………………..

Photosynthesis and Limiting Factors


What is the law of limiting factors?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
What factors will limit the rate of photosynthesis?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Using the graphs below explain the graphs fully. 
[image: H:\Scans\scan_jec_2019-09-03-14-24-22_1.jpeg]Light Intensity

[image: H:\Scans\scan_jec_2019-09-03-14-24-22_1.jpeg]Carbon dioxide
Temperature



Looking at the graph below, annotate the graph to explain the shape of the graph

Compensation point




Light Intensity
No. of oxygen bubbles per minute
Compensation point






















Applications in Agriculture

Effective agriculture involves maximizing photosynthesis by identifying and controlling limiting factors. 

Make notes on how the following conditions are controlled, and why this is effective in increasing plant yield.  Remember to link to the specific reactions in photosynthesis (LDR, LIR)

Light Levels
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Carbon Dioxide
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Temperature
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Summary Activity

Produce a revision resource (flash cards, mind map, large annotated diagram) for the photosynthesis topic to include a glossary of terms

Tips:
· Make questions that you can answer and test your knowledge
· Use the resources available on GOL to help you
· Watch the animations and videos from the presentation from GOL
· Ensure that you are not just copying information from one place to another
· Condense down any writing into note form using just key words	
· Use diagrams 





Once you have made your revision resource, have a go at the questions below.
	Fact Recall Questions - LDR

	Q1
	a)  What are photosynthetic pigments?
b)  Give one example of a photosynthetic pigment.

	Q2
	NADP is a coenzyme used in photosynthesis.
What chemical group does it transfer between molecules?

	Q3
	Where in the chloroplast does the light-dependent reaction take place?

	Q4
	Describe what happens during photoionization of chlorophyll.

	Q5
	Which products of the light-dependent reaction are needed in the light-independent reaction?

	Q6
	What is photophosphorylation?

	Q7
	What is the electron transport chain?

	Q8

	a)  Name the products of the photolysis of water
b)  What is the purpose of photolysis in the light-dependent reaction?

	Q9

	Excited electrons lose energy as they move down the electron transport chain.  Explain how this leads to ATP synthesis.

	Q10

	Name the products of:
a)  non-cyclic phosphorylation,
b)  cyclic phosphorylation.



	Fact Recall Questions - LIR

	Q1
	a)  What is the name of the 5-carbon compound that combines with CO2 to form an unstable 6-carbon compound in the first reaction of the Calvin cycle?
b)  The 6-carbon compound produced only exists fleetingly before it breaks down into 2 molecules of a 3-carbon compound.  What is the name of this 3-carbon compound?

	Q2
	a)  Write out a word equation to shoe the formation of 2 molecules of triose phosphate.
b)  Is this reaction an oxidation or a reduction reactions?

	Q3
	Describe the role of ATP in the Calvin cycle.

	Q4
	If 6 molecules of TP are produced in the Calvin cycle, how many of these will be used to regenerate ribulose bisphosphate?

	Q5
	TO make one hexose sugar:
a)  How many turns of the Calvin cycle are needed?
b)  How many molecules of ATP are needed?
c)  How many molecules of reduced NADP are needed?

	Q6
	Describe how the products of the Calvin cycle are used to make:
a)  large carbohydrates
b) lipids



[image: H:\Scans\scan_jec_2019-09-03-15-42-12_1.jpeg]
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Topic 5 — A: Photosynthesis and Respiration
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3 Inthe spring a commercial grower of tomatoes
keeps his greenhouses at 25 °C and at a carbon
dioxide concentration of 0.04%. The light intensity
is 4 kilolux at this time of year. Using the graph,
predict whether the tomato plants would grow more
if the carbon dioxide level was raised to 0.1% or if
the temperature was increased to 35 °C. Explain
your answer.

4 Explain why there is no advantage in the grower
heating his greenhouses on a dull day.

5 Using your knowledge of the light-independent
reaction, explain why, at 25 °C, raising the level of
carbon dioxide from 0.04% to 0.1% increases the
amount of glucose produced.
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