IB HL Biology: Energy Production – Topic 2 & 8
I. Cellular Respiration

a. Def: controlled release of potential energy stored from organic (macromolecules) compounds in cells to form usable energy of ATP (adenosine triphosphate)

b. Metabolism – all chemical activity of a cell

i. Anabolism = synthesis – endothermic reactions = require energy

ii. Catabolism = decomposition – exothermic reactions = release energy

c. Glucose + O2 ( CO2 + H2O + ATP

d. Fermentation 

i. Glucose ( CO2 + Alcohol + ATP

e. Series of Reactions (redox rxn)

i. Oxidation – loss of electrons from an element (gaining oxygen or losing hydrogen) 

1. oxidation of: glucose ( CO2
2. called oxidation...  because e- are removed from glucose & results many C-O bonds
3. results in a compound with low potential energy

4. Ex: NADH to NAD+
5. Reducing agent = electron donor (Glucose, FADH2, NADH)

ii. Reduction – gain of electrons (losing oxygen or gaining hydrogen)

1. reduction of:  O2  to  H2O

2. called reduction...  because e- passed to O2 making water
3. results in a compound with high potential energy

4. Ex: NAD+  to NADH 
5. Oxidizing agent = electron acceptor (Oxygen, FADH+, NAD+ )                   

f. Anaerobic  cell respiration (no oxygen = Glycolysis & Fermentation) 

i. Glycolysis – splitting sugar
1. occurs in the cytoplasm with no organelles
2. Process: converts one glucose molecule into two pyruvates (Pyruvic Acid) and then a small net yield of ATP (Two ATP molecules gained per one molecule of glucose – substrate level phosphorylation)
3. Next pathway is determined by the presence of oxygen

a. If no oxygen is present = anaerobic respiration occurs in the cytoplasm

i. Pyruvate (three carbon molecule) in the cytoplasm can be converted into lactate (lactic acid) in animals, and ethanol and carbon dioxide in plants with no more ATP produced
b. If oxygen is present = pyruvate enters the mitochondria (via active transport) and aerobic respiration occurs.
g. Aerobic cell respiration (with oxygen)

i. Occurs in the matrix of the mitochondria

ii. The link reaction – controlled by a system of enzymes

1. produces  one acetyl CoA from one pyruvate
2. Acetyl CoA can be synthesized into a lipid for storage purposes – occurs when ATP levels in the cell are high

3. Acetyl CoA  can enter the Krebs cycle to continue the aerobic process – occurs when ATP levels in the cell are low

iii. Krebs cycle (Citric Acid Cycle or Tricarboxylic Acid Cycle) – begins and ends with the same substance
1. If acetyl-CoA is produced the molecule then enters the Krebs cycle inside the mitochondrial matrix, and gets oxidized to CO2 while at the same time reducing NAD+ to NADH. 
2. The cycle will run twice for each glucose molecule entering cellular respiration. 
a. b/c glucose molecules forms two pyruvate molecules 
b. To fully oxidize the equivalent of one glucose molecule, two acetyl-CoA must be metabolized by the Krebs cycle.
3. For each acetyl CoA that goes into the cycle, 
a. 3 molecules of NADH 
b. 1 molecule of FADH2
c. 1 molecule of ATP
d. 2 molecules of CO2 are formed

e. 1 glucose totals (2 cycles)  
i. 6 NADH 
ii. 2 FADH2 
iii. 2 ATP 
iv. 4 CO2 
iv. Electron transport chain  and Oxidative Phosphorylation
1. where most of the ATP are produced & first stage where oxygen is needed
2. a system of electron carriers embedded into the inner membrane of mitochondria (cristae)
3. electron carriers pass electrons from one another due to an energy gradient (each carrier has a slightly different electronegativity – different attraction for electrons)

4. The sources of the electrons that move down the electron transport chain are the coenzymes NADH and FADH2 from the previous stages of cellular respiration 

5. For each molecule of NADH, three molecules of ATP are formed 
6. For each molecule of FADH2, two molecules of ATP are formed
7. Oxygen is the final electron acceptor = water

8. No ATP’s are directly produced by the electron transport chain, however, this chain is essential to chemiosmosis, which does produce ATP

a. Chemiosmosis – addition of phosphate to produce energy 

b. Involves the movement of hydrogen ions to provide energy so that phosphorylation can occur (oxidative phosphorylation b/c it uses electron transport chain)

9. The inner membrane have numerous copies of an enzyme called ATP synthase.

a. Uses the energy of an ion gradient to allow the phophorylation of ADP

b. The ion gradient is created by an hydrogen ion concentration difference that occurs across the cristae
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II. Photosynthesis

a. Def: conversion of light energy into chemical energy (carbohydrates = sucrose and starch) inside the chloroplast = anabolic process
i. Light dependent

ii. Light independent

b. Light energy is composed of many colors which all have their own wavelengths—wavelength is absorbed or reflected

c. Photosynthesis pigment = chlorophyll ( absorb blue & red wavelengths)
i. Other colors being absorbed so you don’t see them

d. Chemical equation 
[image: image2.jpg]absorbed by
transported chlorophyll

to leaf in
light energy|=—P glucose + oxygen + water

xylem

enters |eaf
through stomates
by diffusion




[image: image3.jpg]used for energy by the cell or
transported in phloem
to other parts of the plant
for use or storage

water + carbon dioxide + light energy @ ++

exits the leaf reused by the plant
through stomata o exits through stomata
by diffusion as water vapor (gas)




e. Rates of photosynthesis

i. Measured by production of oxygen or uptake of carbon dioxide or increase of biomass

f. Process

i. Light-dependent reactions or photosynthetic reactions (Light Reactions) capture the energy of light and use it to make high-energy molecules (potential energy)
1. Occurs in the thylakoids or grana of the chloroplast
2. The special molecules called pigments absorb light – different pigments absorb light at different wavelengths
a. Chlorophylls
b. Carotenoids
3. One molecule of the pigment chlorophyll absorbs one photon of light and loses one electron. 
4. This electron is passed to a modified form of chlorophyll, allowing the start of a flow of electrons down an electron transport chain that leads to the ultimate reduction of NADP+ to NADPH.
5. This creates a proton gradient across the chloroplast membrane
6. The chlorophyll molecule regains the lost electron from a water molecule through a process called photolysis, which releases an O2 molecule.
7. Chemiosmosis – allows for phosphorylation of ADP by using light as energy = photophosphorylation

8. Occurs btw photosystem II and photosystem I

a. A cytochrome complex (b6-f) pumps hydrogen ions into the thylakoid space.

b. This increases concentration of these ions which then passively move through the ATP synthase channel providing the energy to phosphorylate ADP

9. Final products = NADHP and ATP which supply energy for the light independent reaction

ii. Light-independent reactions (also called the Calvin cycle (Dark Reactions) use the high-energy molecules to capture and chemically reduce carbon dioxide (CO2) (carbon fixation) to make the precursors of carbohydrates.
1. Occurs within the stroma of the chloroplast
2. In the dark reactions the RuBP binds with CO2 (carbon fixation)
3. Carbon fixation is catalyzed by rubisco (RuBP carboxylase) ----RuBP is not very efficient on its own

4. splits into two 3-C sugars

5. NADPH and ATP supply energy and hydrogen
6. Calvin Cycle releases 3-carbon sugars, which are later combined to form sucrose and starch.
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g. Evolved Mechanisms – in hot and dry conditions, plants will close their stomata to prevent loss of water. Under these conditions, oxygen, produced by the light reactions of photosynthesis, will concentrate in the leaves causing photorespiration to occur. Some plants have evolved mechanisms to increase the CO2 concentration in the leaves under these conditions
i. C3- plant that uses the Calvin Cycle for the initial steps that incorporate CO2 into organic matter, forming a 3-carbon compound as the 1st stable intermediate. 
1. Most broadleaf plants and plants in the temperate zones
ii. C4- plant that prefaces the Calvin Cycle with reactions that incorporate CO2 into 4-carbon compound. 
1. C4 plants have a distinctive leaf anatomy. This pathway is found mostly in hot regions with intense sunlight. Tropical grasses, such as sugar cane and maize are C4 plants, but there are many broadleaf plants that are C4. 
iii. CAM - plant that uses Crassulacean acid metabolism as an adaptation for arid conditions. CO2 entering the stomata during the night is converted into organic acids, which release CO2 for the Calvin Cycle during the day, when the stomata is closed. 
1. The jade plant and cactus species are typical of CAM plants
h. Factors effecting photosynthesis

i. Temperature, light intensity, & carbon dioxide concentration
ii. Phytochrome – (photoreceptor) a pigment that plants use to detect light. 
1. It is sensitive to light in the red region of the visible spectrum
2. Many flowering plants use it to regulate the time of flowering based on the length of day and night and to set circadian rhythms (physiological or behavioral processes of living beings)    
3. Long-day versus short-day plants (spring/summer vs. fall)
iii. Leaf position vs. photosynthetic rate
1. photosynthetic rate is dependent on light intensity and wavelength
2. leaves lower on tree will have a decrease in photosynthetic rate
a. will receive filtered light
b. light of reduced number of wavelengths – contain less blue and red
c. will receive more light consisting of yellow, orange, and, green

iv. Leaf area -- shaded leaves vs leaves in sun
1. shade leaves get lower light than sun leaves
2. to get light shade leaves produce more chloroplast and have a greater leaf area
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