The Mitochondrion
· Without mitochondria, present-day animal cells would be dependent on anaerobic glycolysis for all of their ATP. 
· Highly inefficient process
· Only a small fraction of the total free energy available from glucose is release when it is converted to pyruvate by glycolysis,.
· Complex multicellular organisms could not have been supported with glycolysis.
· In mitochondria, the metabolism of sugars is completed
· Pyruvate is moved into the mitochondrion and oxidized by O2 to CO2 and H2O.
· 30 molecules of ATP produced per molecule of glucose oxidized (oxidative phosphorylation) vs. only 2 molecules of ATP in glycolysis.

Inner and Outer Membranes
· The inner and outer mitochondrial membranes have different functions
· They create 2 separate compartments:
· Intermembrane space
· Mitochondrial matrix
· The outer membrane contains many transport proteins called porins
· Form large aqueous channels through lipid bilayer that are permeable to molecules smaller than 6000 daltons.
· They can enter the intermembrane space, but most can’t pass through the impermeable inner membrane.
· The intermembrane space has a similar composition to the cytosol in terms of small molecules, while the matrix contains a highly selected set of these molecules
· The inner membrane contains a variety of transport proteins that make it selectively permeable to small molecules that are metabolized or are required by mitochondrial enzymes concentrated in the matrix. 
· The matrix enzymes include those that metabolize pyruvate and fatty acids to produce acetyl CoA and those that oxidize acetyl CoA in the citric acid cycle. 
· The principal end-products of this oxidation are CO2, which is released from the cell as waste, and NADH, which is the main source of electrons for transport along the respiratory chain (ETC).
· The enzymes of the respiratory chain are embedded in the inner mitochondrial membrane, and are essential to the process of oxidative phosphorylation, which generates most of the animal cell's ATP.
· The inner membrane is highly invaginated, forming a series of infoldings called cristae 
· Project into the matrix









High Energy Electrons Are Generated Via the Citric Acid Cycle
· Mitochondria can use both pyruvate and fatty acids as fuel
· Pyruvate from glucose and other sugars, fatty acids from fats.
· Both fuel molecules are transported across the inner mitochondrial membrane and converted to the intermediate acetyl CoA by enzymes in the mitochondrial matrix
· The acetyl groups in acetyl CoA are then oxidized in the matrix via the citric acid cycle
· Carbon atoms in acetyl CoA are converted to CO2, released as a waste product
· High-energy electrons are generated and carried by activated carrier moelcules (NADH & FADH2)
· They are transferred to the inner membrane where they enter the ETC
· Loss of e’s from NADH and FADH2 regenerates NAD+ and FAD, needed for continued oxidative metabolism

A Chemiosmotic Process Converts Oxidation Energy into ATP
· The citric acid cycle, although part of aerobic metabolism, doesn’t use oxygen.
· Only in the final catabolic reactions that take place on the inner mitochondrial membrane is molecular oxygen (O2) directly consumed
· Most of the energy from burning carbohydrates and fats in earlier stages of oxidation is initially saved in the form of high-energy electrons removed from substrates by NAD+ and FAD.
· These electrons, carried by NADH and FADH2, are then combined with O2 via of the respiratory chain embedded in the inner mitochondrial membrane. 
· The large amount of energy released is harnessed by the inner membrane to drive the conversion of ADP + Pi to ATP
· The generation of ATP by oxidative phosphorylation via the respiratory chain depends on a chemiosmotic process.

Electrons Are Transferred from NADH to Oxygen Through Three Large Respiratory Enzyme Complexes
·  H2 + ½O2 → H2O is an energetically favourable reaction
· It is made to occur in many small steps, so that most of the energy released can be stored instead of being lost to the environment as heat.
· Electron transport begins when the hydride ion is removed from NADH and is converted into a proton and two electrons
· H-→ H+ + 2e -
· The two electrons are passed to the first of the more than 15 different electron carriers in the respiratory chain. 
· The electrons start with very high energy and gradually lose it as they pass along the chain. 
· The electrons typically pass from one metal ion to another, each of these ions being tightly bound to a protein molecule that alters the electron affinity of the metal ion 




· The proteins involved are grouped into three large respiratory enzyme complexes, each containing transmembrane proteins that hold the complex firmly in the inner mitochondrial membrane. 
· The proteins guide the electrons along the respiratory chain so that the electrons move sequentially from one enzyme complex to another.
· Each complex in the chain has a greater affinity for electrons than its predecessor
· They are finally transferred to oxygen, which has the greatest affinity of all for electrons.

As Electrons Move Along the Respiratory Chain, Energy Is Stored as an Electrochemical Proton Gradient Across the Inner Membrane
· The energy derived from these electron transfer reactions is converted to potential energy stored in a proton gradient across the membrane- used to drive ATP synthesis
· The transfer of electrons is coupled with H+ uptake and release, as well as with allosteric changes in energy-converting protein pumps. 
· Results in the pumping of H+ across the inner membrane- from the matrix to the intermembrane space, driven by the energetically favorable flow of electrons. 
· This movement of H+ has two major consequences:
1. Generates a pH gradient across the inner mitochondrial membrane, with the pH higher in the matrix than in the cytosol/intermembrane space(7). 
· Since small molecules equilibrate freely across the outer membrane of the mitochondrion, the pH in the intermembrane space is the same as in the cytosol.)
2. It generates a voltage gradient (membrane potential) across the inner mitochondrial membrane, with the inside negative and the outside positive 
· As a result of the net outflow of positive ions.
· The pH gradient drives H+ back into the matrix and OH- out of the matrix.
· Reinforces the membrane potential, which attracts positive ions into the matrix and pushes out negative ions. 
· The ΔpH and the ΔV are said to constitute an electrochemical proton gradient 
· The electrochemical proton gradient exerts a proton-motive force,

How the Proton Gradient Drives ATP Synthesis
· The electrochemical proton gradient across the inner mitochondrial membrane is used to drive ATP synthesis in the critical process of oxidative phosphorylation 
· ATP synthase creates a hydrophilic pathway across the inner membrane for protons to flow down their electrochemical gradient
· As they move through the ATP synthase, they are used to drive the energetically unfavorable reaction between ADP and Pi that makes ATP

· ATP synthase = F0, F1 ATPase is a multisubunit protein
· The head is a large enzymatic portion composed of a ring of 6 subunits that projects on the matrix side of the inner mitochondrial membrane. 
· [bookmark: _GoBack]It is held in place by an elongated arm that binds to the head, tying it to a group of transmembrane proteins that produce a “stator” in the membrane. 
· The stator is immobile and in contact with the mobile portion called a “rotor” that is formed from 10 transmembrane proteins.
· As protons pass through a narrow channel formed at the stator-rotor contact, their movement causes the rotor ring to spin. 
· This spinning also turns a stalk attached to the rotor, which turns rapidly inside the lollipop head. 
· As a result, the energy of proton flow down a gradient has been converted into the mechanical energy of two sets of proteins rubbing against each other:
· rotating stalk proteins pushing against a stationary ring of head proteins.
· Three of the six subunits in the head contain binding sites for ADP and inorganic phosphate. 
· These are driven to form ATP as mechanical energy is converted into chemical bond energy through the repeated changes in proteinconformation that the rotating stalk creates

How the Proton Gradient Drives Coupled Transport Across the Inner Membrane
· ATP synthesis is not the only process driven by the electrochemical proton gradient
· This proton gradient drives coupled transport across the inner membrane
· In mitochondria, many charged small molecules, such as pyruvate, ADP, and Pi, are pumped into the matrix from the cytosol, while others, such as ATP, must be moved in the opposite direction. 
· Carrier proteins that bind these molecules can couple their transport to the energetically favorable flow of H+ into the mitochondrial matrix.
· Ex.  Pyruvate and inorganic phosphate (Pi) are co-transported inward with H+ as the H+ moves into the matrix.
· Ex.  ADP is co-transported with ATP in opposite directions by a single carrier protein. 
· Since ATP  has one more negative charge than ADP, each exchange leads to one negative charge being moved out of the mitochondrion. 
· This ADP-ATP co-transport is therefore driven by the voltage difference across the membrane 

· Most of the ATP produced from oxidation of glucose is produced by chemiosmotic mechanisms in the mitrochondiral membrane
· During oxidative phosphorylation, pair of e’s = 2.5 ATP molecules
· Pair of e’s from FADH2, or from NADH produced from glycolysis in cytosol = 1.5 ATP molecules.
· Net yield of 30 ATPs
· 3 protons = 1 ATP
· See table

Mitochondria Maintain a High ATP: ADP Ratio in Cells
· Because of the carrier protein in the inner mitochondrial membrane that exchanges ATP for ADP, ADP molecules produced by ATP hydrolysis in the cytosol rapidly enter mitochondria for recharging, while the ATP molecules formed in the mitochondrial matrix by oxidative phosphorylation are rapidly pumped into the cytosol, where they are needed.
· Biosynthetic enzymes often drive energetically unfavorable reactions by coupling them to the energetically favorable hydrolysis of ATP
· If the activity of the mitochondria is blocked, ATP levels fall, energetically unfavorable reactions are no longer driven, and the cell dies
· Cell needs to have a high ATP: ADP ratio
· Ex. Cyanide blocks electron transport in the inner mitochondrial membrane.


A Large Negative Value of ΔG For ATP Hydrolysis Makes ATP Useful to the Cell
· When there is a high ATP: ADP ratio, the free energy change is very negative (highly favourable ΔG).
· At lower concentrations of ATP to ADP, the ΔG gets closer to 0.
· Reaction would reach equilibrium.
· The ATP-hydrolysis reaction in cells is kept very far from equilibrium and ΔG is correspondingly very negative. 
· Without this large disequilibrium, ATP hydrolysis could not be used to direct the reactions of the cell
· Ex.  for example, many biosynthetic reactions would run backward rather than forward at low ATP concentrations.

ATP Synthase Can Also Function in Reverse to Hydolyze ATP and Pump H+
· ATP synthase can work in reverse- using the energy from ATP hydrolysis to pump H+ across the inner mitochondrial membrane.
· Acts as a reversible coupling device, interconverting electrochemical proton gradient and chemical bond energies
· The direction of action at any instant depends on the balance between the steepness of the electrochemical proton gradient and the local ΔG for ATP hydrolysis
·  Whether the ATP synthase works in its ATP-synthesizing or its ATP-hydrolyzing direction at any instant depends on the exact balance between the favorable free-energy change for moving the three protons across the membrane into the matrix ΔG3H+ (which is less than zero) and the unfavorable free-energy change for ATP synthesis in the matrix ΔGATP synthesis (which is greater than zero). 
· The value of ΔGATP synthesis depends on the exact concentrations of the three reactants ATP, ADP, and Pi in the mitochondrial matrix
· The value of ΔG3H+ in contrast, is directly proportional to the value of the proton-motive force across the inner mitochondrial membrane. 

















Organization and Function of Mitochondria
· Inner and outer membranes separated by the intermembrane space
· Inner membrane forms numerous folds (cristae) that extend into the matrix
· The matrix contains the mitochondrial genetic system as well as the enzymes responsible for the central reactions of oxidative metabolism
· The oxidative breakdown of glucose and fatty acids is the main source of metabolic energy in animal cells
· The enzymes of the citric acid cycle (in the matrix) are central players in the oxidative breakdown of both carbohydrates and fatty acids.
· Glycolysis (initial stage of glucose metabolism) occurs in the cytosol, where glucose is converted to pyruvate 
· Pyruvate is then transported into mitochondria, where its complete oxidation to CO2 yields the most of the ATP (usable energy) obtained from glucose metabolism
· Initial oxidation of pyruvate to acetyl CoA, which is then broken down to CO2 via the citric acid cycle.
· The oxidation of fatty acids also yields acetyl CoA, which is similarly metabolized by the citric acid cycle in mitochondria.
· The oxidation of acetyl CoA to CO2 is coupled with the reduction of NAD+ and FAD to NADH and FADH2

· Most of the energy derived from oxidative metabolism is then produced by the process of oxidative phosphorylation, taking place in the inner membrane.
· Its surface area is increased greatly by its folding into cristae
· The inner membrane contains a high percentage of proteins involved in oxidative phosphorylation and transport of metabolites, like pyruvate ad fatty acids, between the cytosol and mitochondria.
· The inner membrane is impermeable to most ions and small molecules
· Acts as a barrier to the passage of small moelcuels between the cytosol and matrix and maintains the proton gradient that drives oxidative phosphorylation.

· The outer mitochondrial membrane is freely permeable to small molecules.
· Contains proteins called porins, which form channels that allow the free diffusion of molecules smaller than about 6000 daltons
· The composition of the intermembrane space is therefore similar to the cytosol with respect to ions and small molecules. 









The Genetic System
· In contrast to RNA components of the mitochondrial translation apparatus (rRNA and tRNA), most mitochondrial genomes don’t encode the proteins needed for DNA replication, transcription and translation.
· Those are found in the nucleus
· Nucelus contains the genes that encode most of the mitochondrial proteins needed for oxidative phosphorylation and all enzymes involved in mitochondrial metabolism
· i.e enzymes in citric acid cycle.
· Because of the double-membrane structure of the mitochondria, the import of proteins is much more complicated than across a single phospholipid bilayer.
Don’t think the rest in imp.

Chloroplasts and Photosynthesis
· Chloroplasts perform photosynthesis during the daylight hours. 
· The immediate products of photosynthesis, NADPH and ATP, are used by the photosynthetic cells to produce many organic molecules. 
· In plants, the products include a low-molecular-weight sugar (usually sucrose) that is exported to meet the metabolic needs of the nonphotosynthetic cells of the organism.
· Chloroplasts are a major member of the plastid family of organelles
· Plastids are present in all living plant cells
· Plastids aren’t just sites for photosynthesis and deposition of storage materials; they are also used to compartmentalize the plant’s intermediary metabolism
· Purine and pyrimidine synthesis, most amino acid synthesis, and all of the fatty acid synthesis of plants takes place in the plastids
· In animal cells this happens in the cytosol.

Chloroplasts Resemble Mitochondria But Have an Extra Compartment
· Chloroplasts carry out their energy interconversions by chemiosmotic mechanisms similar to mitochondria.
· They are much larger
· The chloroplast envelope is composed of a highly permeable outer membrane; a much less permeable inner membrane, in which membrane transport proteins are embedded; and a narrow intermembrane space in between
· The inner membrane surrounds a large space called the stroma, which contains metabolic enzymes (like mitochondrial matrix).
· Chloroplast also has its own genome and genetic system
· Stroma contains a special set of ribosomes, RNA and chloroplast DNA.








Differences
· Inner membrane is not folded into cristae and doesn’t contain ETC
· Instead chloroplasts have thylakoids- a 3rd distinct membrane that forms a set of flattened disclike sacs
· ETC, photosynthetic light-capturing systems, and ATP synthase are all contained in the thylakoid membrane
· The lumen of each thylakoid is connected with the lumen of other thylakoids, creating a third internal compartment called the thylakoid space
· Separate from the stroma by the thylakoid membrane
· The head of the chloroplast ATP synthase protrudes from the thylakoid membrane into the stroma, whereas it protrudes into the matrix from the inner mitochondrial membrane.

Chloroplasts Capture Energy From Sunlight and Use it to Fix Carbon
The reactions that occur during photosynthesis can be grouped into 2 categories:
1.  Photosynthetic Electron Transfer Reactions (Light Reactions)
· Energy derived from sunlight energizes an electron in the chlorophyl (green organic pigment) enabling the electron to move along an electron-transport chain in the thylakoid membrane 
· The chlorophyll obtains its electrons from water, producing O2 as a by-product. 
· During the electron-transport process, H+ is pumped across the thylakoid membrane, and the created electrochemical proton gradient drives the synthesis of ATP in the stroma. 
· High-energy electrons are loaded (together with H+) onto NADP+, converting it to NADPH

2. Carbon-Fixation Reactions (Dark Reactions)
· The ATP and the NADPH produced by the photosynthetic electron-transfer reactions are the source of energy and reducing power, respectively, to drive the conversion of CO2 to carbohydrate. 
· The carbon-fixation reactions, which begin in the chloroplast stroma and continue in the cytosol, produce sucrose and many other organic molecules in the leaves of the plant. 
· The sucrose is then exported to other tissues as a source of organic molecules and energy for growth.
· Therefore, the formation of ATP, NADPH, and O2 (which requires light energy directly) and the conversion of CO2 to carbohydrate (which requires light energy only indirectly) are separate processes that are connected by elaborated feedback mechanisms.

Carbon Fixation is Catalyzed by Ribulose Bisphosphate Carboxylase
· Combining CO2 and H2O to make a carbohydrate is an unfavorable rxn that can only occur if it is coupled with very favorable reactions to drive it.
· CO2 from the atmosphere combines with the five-carbon compound ribulose 1,5 biphosphate plus water to yield two molecules of the three-carbon compound 3- phosphoglycerate.
· This is catylyzed by ribulose bisphosphate carboxylase in the chloroplast stroma.




3 Molecules of ATP and 2 Molecules of NADPH Are Consumed for Each CO2 Molecule That is Fixed
· The reaction in which CO2 is fixed is energetically favorable because of the reactivity of the energy-rich compound ribulose 1,5-bisphosphate, to which each molecule of CO2 is added
· However, the metabolic pathway the produces  ribulose 1,5-bisphosphate requires both NADPH and ATP
· 3 molecules of CO2 are fixed by ribulose bisphosphate carboxylase to produce 6 molecules of 3-phosphoglycerate (6 x 3= 18)
· Then undergoes a cycle of reactions that regenerates the 3 molecules of ribulose 1,5-bisphosphate (containing 3 × 5 = 15 carbon atoms). 
· Leaves 1 molecule of glyceraldehyde 3-phosphate (3 carbon atoms) as the net gain.
· 3 ATP and 2 NADPH are consumed for each CO2 moelcule that is fixed.
· Need both the energy from ATP and reducing power from NADPH to form organic molecules from CO2 and H2O

[image: ]
· The glyceraldehyde 3-phosphate is a 3 carbon sugar that acts as an intermediate in glycolysis
· Most of it is exported to the cytosol to be converted into fructose 6-phosphate and glucose 1-phosphate via the reversal of rxns in glycolysis.
· The glucose 1-phosphate is then converted to the sugar nucleotide UDP-glucose, and this combines with the fructose 6-phosphate to form sucrose phosphate which is a precursoe of sucrose (dissacharide).
· Sucrose is the major form in which sugar is transported between plant cells via vascular bundles
· Vs. glucose in blood in animals
· Most of the glyceraldehyde 3-phosphate that remains in the chloroplast is converted to starch in the stroma.
· Serves as a carbohydrate reserve, produced during periods of excess photosynthetic capacity
· Rxn in the stroma that are the reverse of those in glycolysis: they convert glyceraldehyde 3-phosphate to glucose 1-phosphate, which is then used to produce the sugar nucleotide ADP-glucose, the immediate precursor of starch.
· At night the starch is broken down to help support the metabolic needs of the plant. 
· Vs. glycogen in animal cells

Carbon Fixation in Some Plants is Compartmentalized to Facilitate  Growth at Low CO2 Concentrations
· Photorespiration= When O2 is used up and CO2 is released without the production of useful energy stores
· O2 can be added to ribulose 1,5-biphosphate instead of CO2.
· In hot dry climates, stomata closes, CO2 levels are low, favouring photorespiration
Don’t think photorespiration is imp.


Photosynthesis Depends on the Photochemistry of Chlorophyll Molecules
· Energy from sunlight is absorbed by chlorophyll molecuels.
· A chlorophyll molecule is excited by a photon of light and an electron is moved from one molecular orbital to another of higher energy
· An excited molecule is unstable and will return to its original, unexcited state in one of three ways:
· By converting the extra energy into heat (molecular motions) and light of a longer wavelength (fluorescence)
· By transferring the energy—but not the electron—directly to a neighboring chlorophyll molecule by a process called resonance energy transfer
· By transferring the high-energy electron to another nearby molecule, an electron acceptor, and then returning to its original state by taking up a low-energy electron from some other molecule, an electron donor.
· The last 2 mechanisms are exploited by photosynthesis.

A Photosystem Consists of  Reactions Center Plus an Antenna Complex
· Photosystems are multiprotein complexes that catalyze the conversion of light energy captured in excited chlorophyll molecuels into useful forms
· Consists of:
· An antenna complex
· A reaction center- Consists of a complex of proteins and chlorophyll molecules that enable light energy to be converted into chemical energy
· The antenna complex consists of membrane protein complexes called light-harvesting complexes
· They bind hundreds of chlorophyll molecules per reaction center, orienting them precisely in the thylakoid membrane
· In each complex, there are accessory pigments called carotenoids that protect the chlorophyll from oxidation and help to collect light of other wavelengths
· When a chlorophyll molecule in the antenna complex is excited, the energy is rapidly transferred from one molecule to another by resonance energy transfer until it reaches a special pair of chlorophyll molecules in the photochemical reaction center. 
· The photochemical reaction center is a transmembrane protein-pigment complex
· The excited electron from the pair of chlorophyll molecules is passed to a chain of electron acceptors 

In a Reaction Center, Light Energy Captured by Chlorophyll Creates a Strong Electron Donor From a Weak One
· Light causes a net electron transfer from a weak electron donor (a molecule with a strong affinity for electrons) to a molecule that is a strong electron donor in its reduced form
· The excitation energy in chlorophyll, normally released as heat/fluorescence, is used to create a strong electron donor (a molecule carrying a high-energy electron)
· The strong electron donor produced is quinone
· Water serves as the initial weak electron donor




Noncyclic Photophosphorylation Produces Both NADPH and ATP
· Photosystem II removes electrons from water with the help of a water-splitting enzyme.
· It enables electrons to be removed one at a time from the water, to replenish the electron-deficient holes created by light in chlorophyll molecules in the reaction center. 
· As soon as four electrons have been removed from the two water molecules (requiring four quanta of light), O2 is released. 
2H2O + 4 photons → 4H+ + 4e - + O2
· The mechanism ensures that no partly oxidized water molecules are released as dangerous, highly reactive oxygen radicals
· The core of the reaction center produces strong electron donors in the form of reduced quinone molecules dissolved in the lipid bilayer of the membrane.
· They pass their electrons to a H+ pump called  the cytochrome b6-f complex
· Similar to the cytochrome b-c1complex in the respiratory chain of mitochondria
· H+ ions are pumped across the thylakoid membrane into the thylakoid space and the resulting electrochemical gradient drives the synthesis of ATP via ATP synthase.
· Photosystem I is the final electron acceptor of this ETC
· Accepts an electron into the electron-deficient hole created by light in the chlorophyll molecule in its reaction center
· These electrons are then boosted to a high-energy state, allowing them to be passed onto ferredoxin, and then to NADP+ to generate NADPH.
· In 2 steps, one catalyzed by each photosystem, an electron is passed from water, which holds onto its electrons very tightly, to NADPH which holds onto its electrons loosely.
· Not enough energy in a single quantum of light to energize the electron from photosystem II to photosystem I (water to NADP+).
· 2 separate photosystems in series means there are 2 quanta of light to pass electron from water to NADP+ as well as pump H+ across the thylakoid membrane to harness energy as ATP

Chloroplasts Can Make ATP by Cyclic Photophosphorylation Without Making NADPH
· Noncyclic photophosphorylation produces just over 1 ATP for every pair of electrons passing from H2O to NADP+ to make NADPH.
· 1.5 molecules of ATP per NADPH are needed for carbon fixation
· To produce extra ATP, chloroplasts can switch photosystem I into a cyclic mode so that it produces ATP instead of NADPH
· Only involves photosystem I
· Produces ATP without forming NADPH or O2
· The high-energy electrons from photosystem I are transferred to the cytochrome b6-f complex rather than being passed on to NADP+. 
· From the b6-f complex, the electrons are passed back to photosystem I at a low energy
· The net result is that H+ is pumped across the thylakoid membrane by the b6-f complex as electrons pass through it, thereby increasing the electrochemical proton gradient that drives the ATP synthase. 



Proton-Motive Force is the Same in Mitochondria and Chloroplasts
· The presence of the thylakoid space separates a chloroplast into three rather than the two internal compartments of a mitochondrion. 
· H+ is pumped out of the stroma (pH 8) and into the thylakoid space (pH 5), creating a gradient of 3 pH units
· This generates a proton-motive force across the thylakoid membrane that drives ATP synthesis via ATP synthase embedded in the membrane
· The force is the same as that across the inner mitochondrial membrane, but nearly all of it is contributed by the pH gradient rather than by a membrane potential, unlike in the mitochondria.
· Mitochondrial matrix has a pH of about 8, like the stroma
· Created by pumping H+ out of the mitochondrion into the cytosol (pH ~7) rather than into an interior space in the organelle. 
· Thus, the pH gradient is relatively small, and most of the proton-motive force across the inner mitochondrial membrane is instead caused by the resulting membrane potential 
· Catalytic site of ATP synthase is found in either the matrix or stroma = where ATP is made

Carrier Proteins in the Chloroplast Inner Membrane Control Metabolite Exchange with the Cytosol
· The inner membrane of chloroplasts is selectively permeable, reflecting the presence of specific carrier proteins. 
· Ex. Much of the glyceraldehyde 3-phosphate produced by CO2 fixation in the chloroplast stroma is transported out of the chloroplast by an antiport system that exchanges three-carbon sugar phosphates for an inward flux of inorganic phosphate.
· Glyceraldehyde 3-phosphate normally provides the cytosol with an abundant source of carbohydrate for the production of sucrose and other carbon compounds. 
· But this is not all that this molecule provides. 
· Once the glyceraldehyde 3-phosphate reaches the cytosol, it is readily converted (by part of the glycolytic pathway) to 1,3-phosphoglycerate and then 3-phosphoglycerate generating one molecule of ATP and one of NADH. 
· As a result, the export of glyceraldehyde 3-phosphate from the chloroplast provides not only the main source of fixed carbon to the rest of the cell, but also the reducing power and ATP needed for metabolism outside the chloroplast.

Crucial Biosyntheses
· All of the cell's fatty acids and a number of amino acids, are made by enzymes in the chloroplast stroma. 
· The reducing power of light-activated electrons drives the reduction of nitrite (NO2-) to ammonia (NH3) in the chloroplast which provides the plant with nitrogen for the synthesis of amino acids and nucleotides.
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