Module 5 (photosynthesis and respiration) Revision Notes

What is photosynthesis? 

· using light energy to make glucose (and other biological molecules)

· occurs in plants and algae (both have chloroplast)

Adaptation of plant for photosynthesis?

· leaf located near top of plant = closer to light

· leaf is thin and wide = large surface area for light, short diffusion distance for CO2
· has many veins = connect to xylem to bring in water

· has stomata for gas-exchange (CO2/O2)

· has air spaces to support ease of gas-exchange

· palisade cells located near top of leaf close to the light

· palisade cells are large = large surface area for light

· palisade cells have a thin cell wall = short diffusion distance for CO2
· palisade cells contain many chloroplasts (site of photosynthesis)

· palisade cells have a large vacuole = pushes chloroplast to edge of cell closer to light

Structure of chloroplast?
· site of photosynthesis

· has a double membrane (outer and inner)

· contains discs called thylakoids (contain chlorophyll)

· a stack of thylakoids = granum

· thylakoids are surrounded by a fluid material called stroma

How does photosynthesis take place?
· In 2 stages
· light dependent stage = on thylakoids, makes ATP and reduced NADP
· light independent stage = in stroma, uses the ATP and reduced NADP to make glucose
Describe the light dependent stage?
· light hits chlorophyll
· chlorophyll absorbs the light if correct wavelength

· electrons become excited and are lost from the chlorophyll (photoionisation)

· electrons enter an electron carrier system

· electrons move down the system releasing energy

· this pumps protons from stroma into thylakoid space

· protons accumulate in thylakoid space, then diffuse back into stroma

· they pass though ATP Synthase which joins ADP and Pi to make ATP                        (mechanism = chmeiosmosis, process = photophosphorylation)

· the electron ends up by joining with NADP to form reduced NADP
· light also hits water
· causes photolysis (breakdown of water due to light)

· forms: H+, e-, O2
· the H+ joins with the reduced NADP (now carries a hydrogen atom: H+ and e-)

· the e- replaces electrons lost from chlorophyll

· O2 given off as waste

Describe the light independent stage?
· involves the calvin cycle
· RuBP (5 carbon) joins with CO2 to make 2 lots of GP (3 carbon)

· the GP is reduced into TP (3 carbon)

· this uses energy from ATP and hydrogen atom from reduced NADP

· the TP can be used to reform RuBP (uses energy from ATP)

· the TP can also be used to form glucose (carbohydrate)

· GP can also be used to form amino acids (proteins) and fatty acids
· TP can also be used to form glycerol
· fatty acids and glycerol will form a lipid

· photosynthesis/calvin cycle = produces all the main biological molecules

What are the limiting factors for photosynthesis? factors that limit the rate of photosynthesis, when these factors are increased – the rate of photosynthesis increases, these are Light and CO2 and Temperature

Effect of limiting Light on the calvin cycle? 

· RuBP decreases – being converted into GP but not being reformed from TP (no ATP)

· GP increases – not converted into TP (no ATP/reduced NADP) but is being formed from 









                 RuBP

Effect of limiting CO2 on the calvin cycle? 

· RuBP increases – not converted into GP (no CO2) but is being reformed from TP

· GP decreases – not being formed from RuBP (no CO2) but being converted into TP

What is the compensation point in plants? 

· the point in the day (light intensity) when the CO2 taken in by photosynthesis equals the amount given out by respiration = no net gas exchange

· at low light intensity: rate of respiration > rate of photosynthesis [CO2 released]

· at high light intensity: rate of photosynthesis > rate of respiration [CO2 absorbed]

How to measure rate of photosynthesis?
· measure amount of CO2 used or measure amount of O2 produced, in a certain time

· one method = photosynthometer

How does a photosynthometer work?
· measures amount of O2 produced

· uses aquatic plants (e.g. elodea), as the O2 produced can be observed and collected

· the plant is surrounded in sodium hydrogencarbonate solution (CO2 source)

· the plant is kept in darkness before experiment runs (uses up all the O2 in the plant)

· as the experiment runs, O2 will be produced, this will be collected in a capillary tube 

· the amount collected can be measured, this will be converted into a volume by multiplying length of oxygen bubble collected by πr2
· volume of O2  collected can then be divided by time to calculate rate of photosynthesis
Structure of ATP?
· Adenosine Triphosphate

· made from 1 adenosine and 3 phosphates

· energy carrier molecule

· formation: ADP + Pi (+ energy used) = ATP
· condensation reaction using enzyme ATP Synthase

· carries energy in its bonds
· breakdown: ATP = ADP + Pi (+ energy released)
· hydrolysis reaction using enzyme ATPase

· delivers energy after breakdown

How can ATP be formed?
· photophosphorylation (light dependent stage of photosynthesis)

· substrate-level phosphorylation (glycolysis and krebs cycle of respiration)

· oxidative phosphorylation (electron transport chain of respiration)

What makes ATP (from respiration) a good source of energy?
· immediate source = need to only break one bond to release energy (plus bond is weak)

· manageable source = releases small amount of energy

Uses of ATP (made by respiration) in organisms?
· protein synthesis

· organelle synthesis

· DNA replication

· cell division (mitosis/meiosis)

· active transport

· metabolic reactions

· movement (e.g. muscle contraction)
· maintaining body temperature
What is respiration? 

· releasing energy from glucose to make ATP

· ATP will provide energy for life processes

· occurs in all living organisms

· ATP can be made by substrate-level phosphorylation (glycolysis & krebs cycle) and oxidative phosphorylation (electron transport chain)

What are the 2 types of respiration? aerobic (with oxygen) and anaerobic (without oxygen)

Describe Aerobic Respiration?
· occurs in 4 stages: Glycolysis, Link Reaction, Krebs Cycle, Electron Transport Chain
· glycolysis takes place in cytoplasm of the cell
· link reaction and krebs cycle take place in matrix of mitochondria
· electron transport chain takes place on inner membrane of mitochondria (cristae)

· the main job of the first 3 stages are to provide reduced NAD and reduced FAD for the last stage, this is where most of the ATP is made by oxidative phosohorylation

· glycolysis
· uses glucose to produce 2x pyruvate, 2x ATP, 2x reduced NAD

· pyruvate enters link reaction

· ATP made by substrate-level phosphorylation

· reduced NAD used in ETC

· link reaction
· uses pyruvate to produce acetylcoenzyme A, reduced NAD, CO2
· pyruvate + coenzyme A + NAD = acetylcoenzyme A + reduced NAD + CO2
· acetylcoenzyme A used in krebs cycle

· reduced NAD used in ETC

· CO2 given off as waste

· krebs cycle
· uses acetylcoenzyme A to produce 3x reduced NAD, 1x reduced FAD, 1x ATP, 2x CO2
· reduced NAD and reduced FAD used in ETC

· ATP made by substrate-level phosphorylation

· CO2 given off as waste

· electron transport chain
· reduced NAD and reduced FAD release the hydrogen atom (H+/e-) they are carrying

· the H+ build up in the matrix of the mitochondria

· the e- enter the ETC

· the electron (e-) moves along the chain releasing energy, this pumps the protons (H+) from the matrix into the intermembranal space

· the H+ build up in the intermembranal space, then diffuse back into the matrix via a transport protein carrying ATP Synthase enzyme 

· this leads to the production of ATP = oxidative phosphorylation

· oxygen is used as a final electron acceptor and proton acceptor

· it removes the electron from the end of the ETC, so the ETC can continue

· it removes the proton from the matrix, hence maintaining concentration gradient

· it becomes water

Describe anaerobic respiration?
· no oxygen present, so no final electron acceptor and proton acceptor

· ETC stops
· Krebs Cycle and Link Reaction also stop as NAD amd FAD are not reformed in ETC

· Glycolysis can continue as it reforms its own NAD

· so Anaerobic Respiration only relies on Glycolysis (making 2x ATP by substrate-level phosphorylation

· NAD is reformed from the reduced NAD made in glycolysis

· the reduced NAD donates its hydrogen atom (H+/e-) to pyruvate to reform NAD

· in animals the pyruvate becomes lactate (lactic acid)
· in plants/yeast the pyruvate becomes ethanol and CO2
How to measure rate of respiration?
· measure amount of O2 used or measure amount of CO2 produced, in a certain time

· one method = respirometer

How does a respirometer work?

· measures amount of gas exchange taking place between organism and the air in a test tube

· the test tube is connected to a manometer (a U-shaped tube that contains a coloured liquid)

· if the organism takes in more gas then it gives out (more O2  in), the amount of air in the test tube decreases, therefore there will be less pressure on the coloured liquid in the manometer, therefore the coloured liquid will move towards the test tube

· if the organism gives out more air than it takes in (more CO2  out), the amount of air in the test tube increases, therefore there will be more pressure on the coloured liquid in the manometer, therefore the coloured liquid will move away from the test tube

· the amount/volume by which the coloured liquid moves represents the volume of gas taken in or given out

What are the Respiratory Substrates?

· Carbohydrates, all forms of carbohydrates (starch/glycogen/lactose/sucrose) are turned into glucose
· Proteins, excess amino acids are converted into keto acid 



[keto acid turned into pyruvate and intermediates of krebs cycle]

· Lipids, provided fatty acids and glycerol 



[fatty acids become acetylcoenzyme A, glycerol becomes triose phosphate]

