Lecture 9 Notes

· photosynthesis and cellular respiration are important
· mitochondria  plays a role in cellular energetics by cellular respiration and oxidative phosphorylation
· chloroplasts photosynthesis

Mitochondria
· are crucial for physiological & biochemical aspects of cells survival, growth and death
· important for metabolism and 
· response to stress (on the cell, oxidative stress, drugs, dishomeostisis)
· managing cell death (active process, a need for proper organized cell death) 
· storage site for calcium since it is needed here

Structure of Mitochondria
· double membrane
· lots of inner folds (called cristae) to increase surface area
· process of centrifugation to study structure and isolate components of cells, break down different parts to identify parts of a mitochondria

Cellular Respiration
· goal is to produce ATP
· How? Giving energy to protein, embedded in mitochondrial membrane, part of it facing mitochondrial matrix, allow passage of ions (electrical chemical gradient, facilitating transport, can run in reverse, ATP synthase, integral protein (hydrophilic/hydrophobic), is an enzymatic protein (can hydrolyze ATP and phosphorylate ADP), makes ATP, 2 main areas (F0 and F1), quaternary structure
· Energy comes from using concentration gradient of hydrogen ions and allows it to rotate (rotor)
· Passage of ions allows to power bottom portion that will allow phosphorylation of ADP to ATP and can also run in the opposite direction and hydrolyze ATP to ADP and inorganic Phosphate

Look at ATP:
· nitrogenous
· ribose 
· 3 phosphate groups

Most of the potential energy stored in ATP that is available to drive cellular reactions is found in the: the energy is in the bonds between the phosphate groups

When its complete you get energy when you break the last ATP you get ADP
There is energy in all the bonds but that’s not where the energy is stored so that we can use it to power other activities

Enzymes
· ATPase is an enxyme protein
· All enzymes are proteins but not all proteins are enzymes
· Except for ribozymes (RNA based)
· There are about 3000 types 
· We group them in different classes/families according to types of reactions they accomplish
· *DO NOT MEMORIZE ENZYMES
· they will bind specifically to certain substrates based on their binding pockets or structure
· they will catalyze reactions, carry over threshold and accomplish a reaction that would be otherwise unfavourable

Different roles of mitochondria
· involved in metabolism

Glycolysis
· occurs in cytosol does not occur in mitochondria
· 1st step
· end product pyruvate needs to be shuttled into mitochondrion for cellular respiration to occur
· requires oxidation
· lead into Krebs, TCA cycle, citric acid cycle
· ETC and ADP phosphorylation  last cycle
· *DO NOT NEED TO MEMORIZE THE STEPS
· how do you get this big protein to work and where is this protein?
· Crosses both layers

What you need:
The steps needed in cellular respiration, what is needed to produce ATP?
· glycolysis
· pyruvate oxidation
· citric acid cycle
· ETC
· end with oxidative phosphorylation
*production of ATP, cellular respiration
*happens for every glucose molecule that we process
*places things can go wrong

These statements about enzymes are TRUE:
· One enzyme can catalyze a specific reaction at least 100 times
· For an enzyme to work properly, its active site must have a very specific shape to fit the substrate
· The active site of an enzyme is normally a cavity or pocket on the enzyme surface

Celluar Respiration
· glycolysis occurs in the cytosol outside the mitochondria produces for each glucose molecule 2 pyruvate or pyruvic acids that need to get across the mitochondria (need to oxidate them to do this)
· krebs cycle – 2 ATP 
· last stage ETC – 32-34 ATP

What is the purpose of carrying all those electrons from glycolysis, pyruvate oxidation and Krebs cycle?
Use those electrons to build a hydrogen gradient that powers the F1ATPase

*Pay attention to what we are going to get in each step

Glycolysis
· investment phase  invest 2 ATP to accomplish it
· payoff phase  4 ATP so 2 ATP OVERALL + 2 electron carriers and 2 Hydrogen ions – they are going to contribute to hydrogen gradient in the matrix/innermembrane space

The Krebs Cycle
· goal is to get the electron carriers
· pyruvate oxidation = 1 NADH and 1 hydrogen for each pyruvate (remember glycolysis gives you 2)
· each pyruvate will give you 1 Acetyl-CoA which will get into the Krebs cycle
· 3 NADH, 1 FADH2, 3 Hydrogen ions, ATP
· The electron carriers because they contribute to building the hydrogen gradient and it happens because of the ETSystem (both mitochondrion and chloroplasts have it) 

Electron transport systems
· they use the electron carriers to contribute to building the hydrogen gradient
· ETC & chloroplasts  end NADPH, same ATPase as in mitochondria
· Oxidative-Phosphorylation  4 complexes, each uses these electron carriers that we built through glycolysis, krebs cycle and pyruvate oxidation and use them to build that hydrogen gradient, now you have enough to allow passage through ATP synthase to power the rotor & allow phosphorylation of ADP into ATP
· This process of building up a hydrogen gradient is known as chemiosmosis
· The actual powering of ATP synthase is a proton motor force
· *this is the goal of cellular respiration  enough of a concentration gradient to have a sufficient proton motor force to phosphorylate ADP to ATP


What are some cellular functions that rely on calcium (2 things)?
· gap junctions, connexons
· contribute to release of neurotransmitters
· driving force for antiporters, symporters, secondary active transport
· muscle contraction, skeletal
*calcium very important in all aspects
*but it is also VERY TOXIC for cells

What should we do to make sure we have enough calcium but not toxic?
· proteins that would be inside the cell & would bind calcium so it is not in its free ionic form so it would be “hidden” but quickly available  called calcium buffers, calcium binding proteins, they bind calcium (no longer ionic so not toxic)

Calcium contributes to:
· 1. Enzyme
· 2. Krebs cycle

The enzyme that is able to contribute to oxidation of pyruvate
Key step of Krebs cycle

Mitochondria – storage of calcium in cell
Useful because they can sustain high concentrations of calcium
Calcium also contributes to ATP production

Calcium Regulation
· calcium is toxic
· outside cell, calcium concentration is in the millimolar range
· inside cells, comfort zone is in the nanomolar range
· mitochondria can go to micromolar range
· mitochondria & endoplasmic are awesome calcium storage places

How do you get calcium inside the cell?
· a little bit goes across the membrane freely
· facilitated diffusion (voltage-gated or storage-gated channels) that will be activated to let calcium in
· primary active transport 
· antiporter  sodium calcium exchanger

Why am I letting in calcium in if its toxic to the cell?
You have to let it in because a lot of the things the cell needs to accomplish require calcium.

Must have calcium quick access. So you hide it:
· calcium binding proteins
· putting it into storage organelles: endoplasmic reticulum (sarcoplasmic reticulum) & mitochondria

Now we need to get the calcium into those organelles:
· you have channels, active transport, facilitated transport

You need to have a way to let it out when you need it, with a regulator.

Simplest way to release calcium  
· hormones, 
· electric impulses, 
· change affinity for a substrate, 
· buffer system, 
· something from within the cell, milimolar/nanomolar if the concentration gradient shifts, you will bring calcium out and if it shifts the other way it will hide calcium  its all about concentration gradients

Is the number of mitochondria in a cell constant?
It can change according to metabolism, stress, disease, physiological stressors etc. So number of mitochondria is definitely not constant, so you need to increase the number of mitochondria. How? By binary fission (also chloroplasts can do this) this is because of endosymbiosis. What if you need to reduce the number of mitochondria? 

How can the mitochondria repair itself? Has its own genome, own ribosomes, own ability to produce proteins.

Mitophagy
· the process of “being green”
· be able to salvage what is good and get rid of what is damaged so you don’t damage the entire cell since the cell requires mitochondria for SO many processes
· better to sacrifice a bit of damage to keep the good part good
· sever our damaged portion and direct that to be degraded, keep the healthy portion but now we have a handicapped mitochondrion and fuse it with another 
· damaged express on its membrane, a protein will be facing outwards and serve as a signal for another protein
· 1st protein we put up there is called PINK (is a kinase) when present on a membrane it acts as a signal transduction (signals neighbouring proteins) one in particular called PARKIN (recruits it to play along)
· Parkin is a ubiquitin ligase, is an enzyme, job is to recruit small proteins called ubiquitins and attach them to the surface once it happens it recruits the lysosomes, we put this ubiquitin tag so now we know it needs to be engulfed/destroyed
· what is a kinase  it is a kind of enzyme, it adds a phosphate group “kinases they phosphorylate”
· the opposite is a phosphorylate (remove phosphate group)

Stressors
· mild stress  cells just get rid of the damaged ones still lots of healthy ones
· severe stress  cell death because without mitochondria there is no energy, no metabolism so therefore no survival

Things to consider:
· focusing on what would be limiting ATP production
· what can slow down or prevent ATP production
· where are different things located, what they accomplish



Lecture 9 Readings & Questions

Objectives
· Explain what is the role of mitochondria in a cell with regards to energy production
· Understand the importance of calcium
· Availability, storage
· Cellular functions
· Understand key concepts of cellular energetics in relation to mitochondria (and chloroplasts)
· What is mitophagy and how/why does it occur?

Questions

1. What is energy? The capacity to do work

2. What are different forms energy can exist in? Chemical, mechanical, electrical, electromagnetic radiation (UV light, infrared, visible)

3. Can energy be transformed from one form to another? Yes

4. What are the 2 main types of energy? Kinetic or Potential

5. What is kinetic energy and provide an example? It is the energy possessed by an object because it is in motion. Ex. A kicked football, waves in ocean

6. Why is kinetic energy of use? It can perform work by making other objects move.

7. What is potential energy and provide an example? Stored energy, the energy an object has because of its position or chemical structure. Ex. A boulder at the top of a cliff 

8. If potential energy is relating to the chemical structure it can also be known as…? Chemical energy

9. Why do some molecules have high potential energy? What is the underlying reason that atoms differ in potential energy? This is due to the way the electrons are positioned within the atoms. If an electron is farther away from the nucleus it has more potential energy. Electronegativity is also related to the amount of potential energy, low electronegativity means more potential energy because they don’t keep their electrons so close to their nucleus

10. What is thermodynamics? A branch of science that deals with energy and how energy changes during chemical & physical transformations

11. What is the difference between a system and surrounding? 
System = a thing (ex. one atom, one cell, one planet)
Surrounding = everything outside the system

12. What is a similarity between a system and surrounding? The total of system + surrounding = the universe

13. Name and describe the 3 types of systems + example. What is ther difference between a closed & open system + examples:
Isolated = does not exchange matter/energy with surroundings (universe)
Closed = can exchange energy but not matter with surroundings (Earth)
Open = can exchange both energy & matter with surroundings (ocean)

14. What is the first law of thermodynamics? Energy can be transformed but not created nor destroyed

15. What is the second law of thermodynamics? Energy moves from being localized to being dispersed (based on entropy) the entropy of a system and the surroundings will increase – energy will always become more spread out

16. What is the thermodynamic measure of energy dispersal? Entropy

17. What is entropy? The tendency of energy to become dispersed or spread out in thermodynamics. How much energy has flowed from being localized to becoming more widely dispersed.

18. What is a spontaneous process? A process that can occur without energy input, not related to how fast it occurs. Is a process where the free energy of the products is less than the free energy of the reactants so ΔG is negative.

19. What is enthalpy (H)? Total potential energy of a system.

20. What is the difference between endothermic and exothermic?
Endothermic = transformations that absorb energy from their surroundings
· products have more potential energy
· enthalpy is positive
· Ex. melting of ice
Exothermic = transformations that release energy to their surroundings
· Products have less potential energy
· Enthalpy is negative
· Ex. burning of wood

21. What are factors that influence a spontaneous process? How do they each influence?
· Enthalpy – spontaneous if they are exothermic
· Entropy – spontaneous if entropy of products is greater

22. How do we figure out how entropy and enthalpy relate to reaction spontaneity? Gibbs free energy (G) 

23.  What is an exergonic process? What is another name for it? A reaction that has negative ΔG as it releases free energy. Also called “spontaneous process”. Free energy decreases, products have less than reactants.

24. What is an endergonic process? What is another name for it? A reaction that has a positive ΔG as free energy is gained. Also called a nonspontaneous process. Free energy increases, products have more than reactants.

25. How is diffusion across a membrane driven? What is the thermodynamic reason that molecules spontaneously diffuse across a membrane? By entropy. Molecules move spontaneously from high to low concentration because energy becomes more dispersed.

26. Explain chemical equilibrium. This is the point where the rate of the forward reaction equals the rate of the backward reaction. Free energy at equilibrium is at its lowest, no tendency for spontaneous changes, maximum stability and ΔG = 0 (can be reversible by adjusting concentrations)

27. What is the difference between exothermic and exergonic reactions?
Exothermic = release energy to surroundings, enthalpy negative, nothing to do with spontaneity (ex. heat, burning wood)
Exergonic = releases free energy, ΔG is negative, how spontaneous a reaction is, does not deal with temperature (ex. respiration, cell metabolism)

28. How can cells maintain their high complexity & highly organized state without going against the second law of thermodynamics (entropy must always increase)? They are open systems and use energy & matter to keep a low entropy state. The law says that entropy of a system PLUS surroundings must increase, so cells increase their surrounding entropy by giving off heat and by products of their chemical reactions.

29. Why do we need to constantly be consuming energy (eating)? If you didn’t would you die? Yes. Because energy spreads out, cell components become damaged & break down, metabolism can never stop & cells never reach chemical equilibrium, we need to eat to maintain our low-entropy, highly organized state.

30. What is metabolism? The biochemical reactions that allow a cell or organism to extract energy from its surroundings and use that energy to maintain itself, grow & reproduce.

31. What are the 2 pathways for metabolic reactions? 
Catabolic (exergonic) = breakdown of larger complex molecules into smaller ones, energy released. Ex. cell respiration
Anabolic (endergonic/Biosynthetic) = synthesis of larger complex molecules from simpler ones, make new covalent bonds. They require energy from the chemical breakdown of catabolic pathways. Ex. photosynthesis

32. Give an example of a catabolic reaction and an anabolic one:
Catabolic: Carbohydrates  give off energy  become H2O + CO2
Anabolic: Fatty acids  takes in energy  becomes lipids

33. What is the chemical energy that links catabolic and anabolic pathways? ATP adenosine triphosphate

34. What is ATP? The energy currency of a cell. Contains a 5-carbon sugar, ribose, adenine, chain of 3 phosphate groups. It is a source of free energy as a result of its reaction with water.

35. What happens in a hydrolysis reaction (ATP + H2O)? A phosphate bond is broken, resulting in the formation of ADP and 1 inorganic phosphate and ΔG is negative as you are LOSING free energy.

36. What is it about ATP that makes ΔG negative (exergonic) when it is mixed with water? Because of: a decrease in potential energy (when you create ADP (catabolic reaction) you lose energy) and an increase in entropy (localized on ATP to spread out on ADP+Pi)

37. Is ATP hydrolysis a slow or fast process in the cytosol of a cell? Slow.

38. How do cells harness the free energy available from ATP hydrolysis to do cellular work? 

39. What is energy coupling? An endergonic reaction that occurs by being coupled to an exergonic reaction. Energy provided by the exergonic breakdown of ATP. Joining 2 reactions (one nonspontaneous/anabolic/endergonic and one spontaneous/exergonic/catabolic). 

40. What is the role of an enzyme in energy coupling? It helps the movement of potential energy from ATP to substrate through phosphate group. Enzymes reduce the activation energy of a reaction.

41. Where does the ATP for the coupling reactions come from? From ATP synthesis (recombining ADP & Pi) as an endergonic process. From food & light.

42. What is the ATP Cycle? The continuous breakdown and resynthesis of ATP

43. Trace the fate of the terminal phosphate group in an energy coupling reaction. Would start off by being attached to the substrate (in reaction 2) and then it would break off from the substrate once the second molecule was introduced allowing ATP hydrolysis to occur giving the formation of the end product in an anabolic but exergonic reaction (ΔG = -)

44. What prevents a spontaneous reaction from occurring?

45. What is a monosaccharide? The smallest carbohydrate (3-7 carbon atoms)

46. How do chemical reactions occur? Current bonds need to be broken (by being strained/made less stable requires energy) and new ones formed. 

47. What is the name of this energy needed to start a chemical reaction? The activation energy

48. What is the transition state? A state where molecules enter once they gain activation energy. Bonds are unstable and ready to be broken here

49. What provides the activation energy for chemical reactions? Larger amounts of energy allow more molecules to gain the activation energy necessary to react.

50. Why is using heat for a reaction problematic? High structures destroy the components of cells and high temp speeds up all reactions.

51. What is a catalyst? Chemical agent that speeds up a reaction without increasing temperature (or taking part in the reaction). Most common are enzymes – they increase rate of reaction by decreasing the activation energy.

52. Does an enzyme act on 1 type of molecule or many types? Only 1 type. This is why there are thousands of different enzymes per cell.

53. What is the region called that the substrate interacts with on the enzyme? Small portion called the active site. The specific site on an enzyme where catalysis takes place. It is a pocket or fold that forms when the enzyme folds into its 3D shape.

54. What is the lock-and-key hypothesis? A hypothesis that explains the substrate-enzyme interaction. Explained how substrates (keys) were unable to bind to the enzyme (lock) to cause catalysis (unlocking the door)


55. What is the inducefit hypothesis? Enzymes are flexible and they change their shape by doing a conformational change so active sites are more precise to bind to the substrate. Substrate binds to enzyme & catalysis occurs.

56. What is a cofactor? A nonprotein group that binds precisely to an enzyme, necessary for catalysis to take place. Ex. Metals such as iron, copper, zinc.

57. What is a coenzyme? An organic cofactor

58. How does an enzyme lower the energy required to get to the transition state? 
· Bring reaction molecules together - can only reach transition state when the molecules collide
· Exposing the reactant molecule to altered charge environments that promote catalysis
· Changing the shape of a substrate molecule – this conformational change could mimic the transition state

59. Distinguish between the activation energy and the transition state.
Activation = the energy difference between reactants and transition state
Transition = highest energy state where bonds are ready to be broken, when the molecules have activation energy

60. A mutation to the gene that codes for the enzyme hexokinase may result in the enzyme that is synthesized being unable to bind glucose. Why? 

61. What are some factors that can affect the activity of an enzyme? Concentration of substrate, temperature, pH

62. What is competitive inhibition? Inhibition of an enzyme reaction by an inhibitor molecule that resembles the normal substrate closely enough that it fits into the active site of the enzyme. Can be reversible or irreversible, can be toxic. Ex. Antibiotics can inhibit specific enzymes.

63. How does penicillin work to combat bacteria? It acts by inhibiting the synthesis of peptidoglycan (component of bacterial cell wall) which causes the bacteria to stop growing & dividing. Penicillin inhibits peptidoglycan synthesis because it is a competitive inhibitor of the enzyme transpeptidase (irreversible)

64. What is noncompetitive (allosteric) regulation? When regulatory molecules do not bind to the active site but instead to somewhere else on enzyme & do not compete with substrate molecules (reversible). Can result in increase or decrease in enzyme function.

65. What is an allosteric site? A regulatory site on the enzyme that is not the active site.

66. What are the 2 conformations at an allosteric site?
· High affinity state = enzyme binds strongly to substrate
· Low affinitiy state = enzyme binds weakly or not at all

67. What is an allosteric inhibitor? Converts enzyme from high-low affinity state

68. What is an allosteric activator? Converts enzyme from low-high affinity state

69. How do we control the enzymes to regulate overall metabolism? 
· Controlling amount of enzymes through transcription (gene regulation) & translation (protein synthesis). But not very fast.
· Allosteric control
· Covalent modification

70. What is feedback inhibition (example of allosteric regulation)? The product of a reaction acts to inhibit its own synthesis.

71. What is the normal pH of enzymes? What changes if the enzymes are secreted by the cells? Normal pH is 7. If secreted, the pH is farther from neutral 7.

72. How does temperature affect enzymes? Increase in temperature will cause the rate of the chemical reaction to increase. As temperature increases, the collisions between enzymes cause it to unfold and lose its function. These 2 act in opposition. 

73. What is an enzyme? It is a protein and therefore encoded by a gene.

74. What is cellular respiration? The process by which energy-rich molecules are broken down to produce energy in the form of ATP. Glucose & other molecules are oxidized by removing high-energy electrons. After many steps that release energy, electrons are delivered at low energy levels to oxygen. The energy released drives the synthesis from ATP to ADP+Pi

75. If a molecule has more oxygen will it be better fuel? No. Oxygen is very electronegative so the bonds are harder to break.

76. What does it mean to become oxidized? Electrons are removed during oxidation (addition of O2). 

77. What does it mean to become reduced? Electrons are received during reduction. 

78. What is a coupled reaction? One cannot happen without the other. Ex. Oxidation and reduction.

79. What is OIL RIG? Oxidation is lose, Reduction is gained

80. What are redox reactions? Oxidation-reduction reactions where electrons are removed and added simultaneously. Does not always involve oxygen. Is not always a complete gain/lose but can be shared.

81. What do I need if I want to have a spontaneous reaction? Need to reach transition state & need activation energy. 

82. What are dehydrogenases? Group of enzymes that facilitate the transfer of electrons from food to a molecule that acts as an energy carrier or shuttle. Most common energy carrier = NAD+ oxidized/NADH reduced

83. What are the 3 phases of cellular respiration? Glycolysis, pyruvate oxidation/citric acid cycle, oxidative phosphorylation.

84. What is glycolysis? Enzymes break down 1 molecule of glucose into 2 pyruvates. ATP & NADH are produced.

85. What is pyruvate oxidation/citric acid cycle? Pyruvate oxidizes to form Acetyl-CoA which is oxidized to form carbon dioxide. ATP & NADH are produced. Occurs in mitochondria.

86. What is oxidative phosphorylation? NADH from step 1&2 is oxidized. Electrons pass through ETC to add to oxygen and make water. Free energy produced in ETC creates a proton gradient that synthesizes ATP. Occurs in mitochondria.

87. What is in the mitochondria? 2 membranes: outer membrane & inner membrane. Inter-membrane space (found between the 2) and matrix (inside aq. environment)

88. What is the inner mitochondrial membrane responsible for? Electron transport chain and ATP synthase

89. What is the matrix in the mitochondria responsible for? Reactions: pyruvate oxidation and citric acid cycle.

90. What is the role of the ETC? Transfer of electrons from NADH2 & FADH2 to oxygen.

91. What does the ETC consist of? 4 protein complexes: 
· complex I, NADH dehydrogenase
· complex II, succinate dehydrogenase *single protein
· complex III, cytochrome complex
· complex IV, cytochrome oxidase

92. What are the 2 shuttles that allow electron flow between the complexes? Ubiquinone (from complex I&II  to III) and cytochrome C (from III IV)

93. What transports electrons in ETC? Prosthetic groups (I, III, IV). Ex. Heme

94. Describe the process of oxidative phosphorylation to yield 32 ATP by using the ETS and ATP synthase.
· NADH & FADH2 from previous steps enter ETS
· ETS & ATP Synthase are located in inner mitochondrial membrane
· ETS you move through all 4 complexes by their shuttles and release energy into the inner mitochondrial space (high proton gradient, these will pass through ATP synthase)
· At the end of the ETS you are left with water 
· ATP synthase has a basal unit that allows protons to pass, has a stalk & headpiece, flow of protons activates the process of ADP+Pi to create ATP by oxidative phosphorylation
· END products
· 1 Glucose = 10 NADH, 2 FADH2 from other stages = 28 ATP
· 4 ATP from substrate-level phosphorylation
· = 32 ATP

95. What is a proton-motive force? Stored energy that contributes to ATP synthesis and to the co-transport of substances to/from the mitochondria. Occurs because of a concentration gradient & electrical difference between intermembrane space & matrix. What propels the protons (H+) through the basal body of the ATP synthase.

96. How can you harness the energy produced by the proton motive force to do work? By chemiosmosis.

97. What is oxidative phosphorylation? Synthesis of ATP in which ATP synthase uses an H+ gradient built by the ETS as the energy source to make the ATP.

98. What is ATP Synthase? An inner mitochondrial membrane spanning protein complex that couples the energetically favourable transport of protons across a membrane to the synthesis of ATP. Contains a basal unit, headpiece, stalk. The headpiece spins (rotary motor) and causes ADP + Pi to form ATP

99. What are ionophores? Chemicals that form channels across membranes to allow ions & protons to move freely. Prevents a proton gradient from being established/oxidative phosphorylation. Also known as uncouplers & are toxic. Found in inner mitochondrial membrane.

100. What is photosynthesis? The use of light energy to convert carbon dioxide into organic compounds (C-H bonds).

101. What are autotrophs? Organism that produces its own food using CO2 and inorganic compounds & energy from the sun. 

102. What are photoautotrophs? Photosynthetic organism that uses light as its form of energy.

103. What are primary producers? An autotroph (photoautotrophs) are used by consumers (animals that eat plants/animals)

104. What are decomposers? Small organism that feeds on the remains of dead organisms, breaking down complex into raw materials. Ex. Bacterium

105. What are the 2 processes that are involved in photosynthesis (convert carbon dioxide into carbohydrates)? Light reactions & Calvin cycle
· Light reactions = capture light & use to make NADPH & ATP
· Calvin cycle (CO2 fixation)= use NADPH & ATP to convert CO2 to carbohydrates
· *Both take place in chloroplasts but in stroma for Calvin cycle

106. What are the 3 compartments of chloroplasts? Outer membrane, inner membrane, intermembrane space, stroma (aq. Environment in inner membrane), thylakoid membranes (within stroma), thylakoid lumen (space inside thylakoid)

107. What is the electromagnetic radiation that humans can detect? 400-700nm

108. Arrange the electromagnetic waves from longest to shortest: Radio waves, microwaves, infrared radiation, UV, Xrays, Gamma rays

109. Visible light is found between which radiations? Infrared & UV

110. What are the 3 events that can happen once a molecule absorbs light?
· Fluorescence  electron releases energy
· Transfer energy from 1st excited to 2nd pigment molecule
· Transfer energy from 1st pigment to 2nd electron accepting molecule

111. What is light absorbed by? Chlorophylls (green) & carotenoids (orange)

112. How are proteins organized in thylakoid membranes? Attached in photosystems, each has an antenna complex (light-harvesting center)

113. What are the components of a photosystem? 
· Antenna complex = pigment molecules
· Reaction center = primary electron acceptor, chlorophyll a

114. What are the 2 types of photosystems?
· Photosystem I = P700
· Photosystem II = P680
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