UNIT 3 REVIEW– CELLULAR ENERGETICS: PHOTOSYNTHESIS AND CELLULAR RESPIRATION (Ch 8-10)
INTRO-CELL SIGNALING (11.1 & 11.2)
CHAPTER 8: 

1. Thermodynamics


A. Metabolism- Catabolism, Anabolism


B. Forms of Energy- Bond energy (potential)


C. Laws (1st and 2nd)

D. Free Energy: Equation; Exergonic vs Endergonic (study diagrams). When is DG positive? Negative? 

2. ATP

A. Structure

B. Cycle (Fig 8.12)

C. Coupling (exergonic and endergonic)

3. Enzymes: Functional proteins


A. Recyclable; Catalysts


B. Activation Energy


C. Active site vs Allosteric


D. Induced fit


E. Competitive Inhibition vs non-competitive


F. Negative feedback vs positive feedback

CHAPTER 9 – CELLULAR RESPIRATION

OBJECTIVE QUESTIONS

The Principles of Energy Harvest

1. In general terms, distinguish between fermentation and cellular respiration.

2. Write the summary equation for cellular respiration.  Write the specific chemical equation for the degradation of glucose.

3. Define oxidation and reduction.

4. Explain in general terms how redox reactions are involved in energy exchanges.

5. Describe the role of NAD+ in cellular respiration.

6. In general terms, explain the role of the electron transport chain in cellular respiration.

The Process of Cellular Respiration

7. Name the three stages of cellular respiration and state the region of the eukaryotic cell where each stage occurs.

8. Describe how the carbon skeleton of glucose changes as it proceeds through glycolysis.

9. Explain why ATP is required for the preparatory steps of glycolysis.

10. Identify where substrate-level phosphorylation and the reduction of NAD+ occur in glycolysis.

11. Describe where pyruvate is oxidized to acetyl CoA, what molecules are produced, and how this process links glycolysis to the citric acid cycle.

12. List the products of the citric acid cycle.  Explain why it is called a cycle.

13. Describe the point at which glucose is completely oxidized during cellular respiration.

14. Distinguish between substrate level phosphorylation and oxidative phosphorylation.

15. In general terms, explain how the exergonic “slide” of electrons down the electron transport chain is coupled to the endergonic production of ATP by chemiosmosis.

16. Explain where and how the respiratory electron transport chain creates a proton gradient.
17. Describe the structure and function of the four subunits of ATP synthase.

18. Summarize the net ATP yield from the oxidation of a glucose molecule
19. Why it is not possible to state an exact number of ATP molecules generated by the oxidation of glucose?
Related Metabolic Processes

20. State the basic function of fermentation

21. Compare the fate of pyruvate in alcohol fermentation and lactic acid fermentation.

22. Compare the processes of fermentation and cellular respiration.

23. Describe the evidence that suggests that glycolysis is an ancient metabolic pathway.  

24. Describe how food molecules other than glucose can be oxidized to make ATP.

25. Explain how glycolysis and the citric acid cycle can contribute to anabolic pathways.

26. Explain how ATP production is controlled by the cell and describe the role that the allosteric enzyme phosphofructokinase plays in the process.

I. OVERVIEW:
· Living organisms require energy from outside sources to perform their many tasks.

· Energy used by living organisms comes from the sun and it flows through the ecosystem.

· Vital elements that are necessary to build up organic molecules however, are recycled in the ecosystem.

· Photosynthesis generates organic molecules by using CO2, sunlight and oxygen.  These organic molecules are used in the mitochondria for cellular respiration to generate ATP.
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II. IMPORTANT REACTIONS AND RELATED PATHWAYS OF CELLULAR RESPIRATION

A. Catabolic Pathways

· Catabolic pathways – enzymatic processes that gradually degrade large organic molecules that are rich in potential energy to simpler waste products that have less energy.  

· Fermentation – a type of catabolic process, in which the degradation of sugars occurs without the use of oxygen

· Cellular respiration – the most common catabolic process in which oxygen is consumed as a reactant along with the organic fuel to form large number of ATP molecules:

Organic compounds + oxygen → CO2 + H2O + energy

· Carbohydrates, lipids, and proteins are all used to fuel cellular respiration but we will follow glucose:

C6H12O6 + 6 O2 → 6CO2 + 6 H2O + energy (ATP + heat)

· Energy for work in the cell will be directly provided by ATP.

B. Redox Reactions: Oxidation and Reduction

· In general, in biological processes the relocation of electrons releases energy stored in organic molecules.  This energy is ultimately used to synthesize ATP.
· Redox reactions are chemical reactions that involve the transfer of electrons from one reactant to an other.  

· Oxidation – the loss of electrons, the substance that lost the electrons becomes oxidized.  It is a reducing agent
· Reduction – the gaining of electrons, the substance that gained the electrons becomes reduced.  It is an oxidizing agent.

· Oxidation and reduction always take place together.

· Energy must be added to pull an electron away from an atom.  The more electronegative an atom is the more energy is necessary to take an electron away from it.  An electron loses potential energy when it shifts from a less electronegative atom toward a more electronegative one.  

· The process of cellular respiration is an exergonic process because glucose is being oxidized.  During the oxidation process stored energy from glucose is liberated and made available for ATP synthesis.  Activation energy needs to be invested for this process.  In cells the temperature is not high enough to provide the energy so enzymes will slowly break down glucose in a series of steps.  
· Electrons are slowly stripped from glucose and transferred to NAD+ (a coenzyme, the derivative of the vitamin niacin).  Enzymes called dehydrogenases remove 2 electrons and 2 protons from the substrate and change the NAD+ molecule into an NADH.  In this process the substrate is oxidized, while the NAD+ is reduced.
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· Each NADH molecule represents stored energy that can be tapped to make ATP when the electrons complete their path from the NADH to oxygen.  
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· During cellular respiration the H reacts with oxygen from an organic molecule not as pure H2 so the reaction is less explosive in nature.  Also cellular respiration uses an electron transport chain to break the energy release of electrons into several steps.  The electron transport chain contains a set of molecules mostly proteins built into the inner membrane of the mitochondrion.  Electrons that are removed from glucose or other organic molecules move to NADH than to the electron transport chain than to water to gradually lose their energy.  
III. THE STAGES OF CELLULAR RESPIRATION: PREVIEW

· There are three distinct stages of the cellular respiration:

· Glycolysis

· The citric acid cycle

· Oxidative phosphorylation: electron transport + chemiosmosis
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· Only the citric acid cycle and oxidative phosphorylation require oxygen, glycolysis does not.
· Glycolysis – catabolic process that breaks down glucose into 2 pyruvate molecules without the need for oxygen.  This process takes place in the cytoplasm.  Some of the steps in glycolysis are redox processes that produce NADH molecules from NAD+.  These NADH molecules move to the process of oxidative phosphorylation and fuel that process.  A few ATP molecules are also produced in this process.

· Citric acid cycle (Krebs cycle) – Takes place in the mitochondrial matrix.  This process completes the breakdown of a derivative of pyruvates into carbon dioxide.  Some of the steps in the citric acid cycle are redox processes that produce NADH molecules from NAD+.  These NADH molecules move to the process of oxidative phosphorylation and fuel that process.  A few ATP molecules are also produced in this process.

· Oxidative phosphorylation – The third stage of cellular respiration that takes place on the inner membrane of the mitochondrion.  An electron transport chain accepts electrons from NADH and FADH2 and passes these electrons from one molecule to the other.  The energy of electrons is used to form ATP molecules and the electrons bind with hydrogen ions and oxygen to form water.  
· Some ATP molecules are formed during glycoglysis and the citric acid cycle by substrate-level phosphorylation – a direct transfer of phosphate to ADP molecules from an other molecule.  
· The total ATP production of cellular respiration is about 38 ATP molecules/ glucose.
IV. GLYCOLYSIS

· In this process a 6 carbon sugar is split to produce 2 pyruvate molecules.  
· The process consists of 10 steps which can be divided into two phases:
· Energy investment phase – during this phase the cell actually spends energy (uses ATP) to phosphorylate and break the 6 carbon sugar.
· Energy payoff phase – ATP is produced by substrate-level phosphorylation  and NADH is also produced.  The net energy yield from this process is 2 ATP + 2 NADH from every glucose molecule.
· This process does not require oxygen.  Pyruvates that are produced in this process will be changed to fit to enter the citric acid cycle so the rest of their chemical energy can be extracted.
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V. THE CITRIC ACID CYCLE

· If molecular oxygen is present, the two pyruvate molecules enter the mitochondrion where the enzymes of the citric acid cycle complete the oxidation process.  

· Conversion of pyruvate to acetyl CoA (intermediate step) consists of three reactions that are catalyzed by multiple enzymes:

· The carboxyl group is removed from pyruvate and given off as CO2 gas

· The remaining 2 carbon compound is oxidized into an acetate

· A coenzyme A (a derivative of vitamin B) is attached to the acetate, making it very reactive.
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· In the citric acid cycle the acetate is gradually broken down to 2 more CO2 molecules, 1 ATP molecule, 3 NADH molecules and another electron carrier FADH2 per turn (2 turns per glucose).
· The NADH and FADH2 molecules move to the electron transport chain while the CO2 molecules are released into the blood stream and eventually into the air during exhalation.  The ATP molecules can be used in endothermic processes.
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VI. OXIDATIVE PHOSPHORYLATION

· At this point there is still a large amount of energy stored in the 8 NADH and 2 FADH2 molecules that move to the inner membrane of the mitochondrion from glycolysis and citric acid cycle.  The electrons and H+ ions are released and two processes take place:

A. Electron Transport:

· Electron transport is performed on a collection of molecules that are located on the inner membrane of the mitochondrion.  The large surface that is provided by the cristae of the mitochondrion makes thousands of these processes possible all at once.  There are four groups of proteins in the electron transport chain, they are numbered from I through IV.  Prosthetic groups are attached to them, which are necessary for the normal functioning of the enzymes.  As the electrons move in the electron transport chain, they gradually lose some of their free energy.  The electron carriers alternate between an oxidized and a reduced stage as they drop and gain electrons.
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· Proteins that build the electron transport chain are flavoprotein, iron-sulfur protein, ubiquinone and several cytochromes ( complex proteins with a heme group that have an iron ion that can be reduced and oxidized).  

· Because the FADH2 ​molecules drop their electrons later in the chain, they provide about 1/3rd less energy than NADH molecules.

· The electron transport is coupled on the inner membrane of the mitochondrion with another process called chemiosmosis.

B. Chemiosmosis
· Chemiosmosis – energy stored in the form of hydrogen ion gradient across a membrane is used to drive cellular work such as the synthesis of ATP.

· This process also takes place on the inner membrane of the mitochondrion, where many copies of another protein complex are located.  This complex is called ATP synthase – an enzyme that makes ATP from ADP and inorganic phosphate.  This enzyme works similar to an ion pump but the H+ ions go in reverse (from the higher to the lower concentration area) and uses the potential energy of the concentration gradient to fuel ATP synthesis.

· ATP synthase is a complex protein that has several subunits.  As an H+ ion flows through a narrow space in the enzyme, it rotates a part of the enzyme.  
Watch: http://vcell.ndsu.nodak.edu/animations/atpgradient/movie.htm 

And http://vcell.ndsu.nodak.edu/animations/etc/movie.htm 
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· The inner mitochondrial membrane generates and maintains an H+ gradient.  The gradient is created by the electron transport chain by taking the energy of electrons to pump H+ ions across the inner membrane into the intermembrane space.  The H+ ions tend to passively pass back into the mitochondrial matrix and they have to move back through the ATP synthase, which will generate ATP molecules.  The H+ gradient that exists across the inner membrane is called proton-motive force.  
· Chemiosmosis is an example of energy coupling because it uses the energy stored in the proton gradient across a membrane to drive cellular work.
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VII. A FINAL ACCOUNTING:

· The overall function of cellular respiration is harvesting the energy of food for ATP synthesis.  
· Electrons flow in the following order: glucose → NADH→ electron transport chain → proton-motive force → ATP
· The final ATP production is somewhere between 30-36 ATP 
· This process is about 40 % efficient.  

VIII. FERMENTATION

· Fermentation provides a mechanism by which some cells can oxidize organic fuel and generate ATP without the use of oxygen.
· Fermentation is an extension of glycolysis that can generate ATP solely by substrate-level phosphorylation as long as sufficient supply of NAD+ is available to accept electrons during the oxidation step of glycolysis.
· Fermentation really consists of glycolysis and additional reactions that generate NAD+ by transferring electrons from NADH to pyruvate’s derivatives.  In these processes, NAD+ is recycled and 2 ATP molecules are produced from each glucose.

· There are several different types of fermentation.  The following two are the most common:

· Alcohol fermentation – the pyruvate is converted to ethanol in two steps.  Carbon dioxide, ethanol and NAD+ are the products of the process.  Many bacteria and yeast carry out alcohol fermentation.  Used by humans in brewing, winemaking, baking.

· Lactic acid fermentation – pyruvate is reduced to form lactate and NAD+.  No CO2 is released in this process.  Occurs in some bacteria and fungi and widely used in the dairy industry.  
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· Some organisms (mostly bacteria) can survive on either fermentation or on cellular respiration.  These organisms are called facultative anaerobes.  

· Because glycolysis does not require any of the membrane-bound organelles to take place, it is performed by both prokaryotes and eukaryotes.

IX. CONNECTIONS TO OTHER METHABOLIC PATHWAYS:
· Glycolysis and the citric acid cycle are major intersections of various catabolic and anabolic pathways.
· Most of our food calories are obtained by eating fats, proteins and various carbohydrates.

· Polysaccharides are digested first that can join the process of glycolysis directly.

· Proteins & fats can also enter the pathway.  Fats are excellent fuel.  They release twice as many ATP molecules as glucose does per gram.

· Glycolysis and the citric acid cycle also function as metabolic interchanges that enable our cells to convert some kinds of molecules to others depending on the needs of the cell.

· Because cellular respiration is a metabolic pathway that is catalyzed by a wide range of enzymes, enzyme regulation is crucial here as well.  Feedback mechanisms and end-product inhibition are common in these processes (ex: phosphofructokinase).  When there are a lot of ATP molecules in the cell, the process of glycolysis can be stopped until these molecules are used up in endergonic processes.  

CHAPTER 10 – PHOTOSYNTHESIS

OBJECTIVE QUESTIONS:

The Process That Feeds the Biosphere

1. Distinguish between autotrophic and heterotrophic nutrition.

2. Distinguish between photoautotrophs and chemoautotrophs.

3. Describe the structure of a chloroplast, listing all membranes and compartments.

The Pathways of Photosynthesis

4. Write a summary equation for photosynthesis.

5. In general terms, explain the role of redox reactions in photosynthesis.
6. Describe the two main stages of photosynthesis in general terms.

7. Describe the relationship between an action spectrum and an absorption spectrum.  Explain why the action spectrum of photosynthesis differs from the absorption spectrum for chlorophyll a.

8. Explain how carotenoids protect the cell from damage by light.

9. List the wavelength of light that are most effective for photosynthesis.

10. Explain what happens when a solution of chlorophyll a absorbs photons.  Explain what happens when chlorophyll a in the chloroplast absorbs photons.

11. List the components of a photosystem and explain the function of each component.

12. Trace the movement of electrons in noncyclic electron flow.  Trace the movement of electrons in cyclic electron flow.

13. Explain the functions of cyclic and noncyclic electron flow.

14. Describe the similarities and differences in chemiosmosis between oxidative phosphorylation in mitochondria and photophosphorylation in chloroplasts.

15. State the function of each of the phases of the Calvin cycle.

16. Describe the role of ATP and NADPH in the Calvin cycle.

17. Describe what happens to rubisco when O2 concentration is much higher than CO2 concentration.

18. Describe the major consequences of photorespiration.  Explain why it is thought to be an evolutionary relict.

19. Describe two important photosynthetic adaptations that minimize photorespiration (C4 & CAM).  

20. List the possible fates of photosynthetic products.
Structure of a leaf: http://dendro.cnre.vt.edu/forestbiology/photosynthesis.swf 
I. OVERVIEW 

· Life is powered by the sun
· Light energy is converted into chemical energy of organic molecules
· Autotroph – organisms that make their organic materials without taking in organic materials from another organism (also called producers)

· Heterotrophs – obtain their organic materials by eating them because they are unable to make organic from inorganic materials (can be decomposers and consumers)

II. GENERAL REVIEW OF THE PHOTOSYNTHETIC PROCESS

· All green parts of the plant have chloroplasts but the main site of photosynthesis is the leaves.

· Chloroplasts are in the mesophyll section of the plant’s leaf.  CO2 enters the leaf and O2 leaves it through the stomata – small openings that are opened and closed by guard cells.  Guard cells also regulate evaporation of water.

Figure 10.3 – parts of the chloroplast
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· Chlorophyll – green pigment, is located inside of the thylakoid membranes.  

· Photosynthetic prokaryotes do not have chloroplasts but have photosynthetic membranes

· A simplified equation of photosynthesis is:

6 CO2 + 6 H2O + light energy – C6H12O6 + 6O2
· This equation is the reverse of the overall equation of cellular respiration.  These two processes depend on each other for their products.

· Plant cells are able to perform both cellular respiration and photosynthesis, but heterotroph organisms depend on autotrophs to provide the oxygen and organic molecules to their cellular respiration.

· Photosynthetic processes are also mainly redox reactions.  However, in photosynthesis the electron flow is reversed.  Water is split and electrons with hydrogen ions are transferred from the water to carbon dioxide to form sugar through a series of reduction reactions.  The electrons increase their potential energy during the process.  This increase in potential energy is fueled by the energy of the sun.  

III. THE STAGES OF PHOTOSYNTHESIS

· Photosynthesis has two major stages with several steps each.  These two stages are:

a. light reactions – these steps convert solar energy to chemical energy.  Light absorption drives a transfer of electrons and a hydrogen ion from water to an acceptor molecule called NADP+, which temporarily stores energized electrons.  Water is split to refuel the chlorophyll with electrons and produce O2 as a byproduct.  The light reactions also generate ATP by using chemiosmosis to power the addition of a phosphate group to ADP – photophosphorylation.  The light reaction takes place in the thylakoids of the chloroplast.
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b. Calvin cycle – This cycle begins by incorporating CO2 from the air into organic molecules already present in the chloroplast – carbon fixation. The cycle reduces the fixed carbon into a carbohydrate by adding electrons from the NADPH molecules of the light reactions.  This process requires energy that comes from the ATP molecules from the light reactions.  Although this process does not require light it still usually occurs during the daylight because NADPH and ATP are mostly available at that time.  The Calvin cycle takes place in the stroma of the chloroplast.
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IV. THE PROCESSES OF THE LIGHT REACTION

A. LIGHT AND LIGHT ABSORPTION

· Light is a form on electromagnetic energy (electromagnetic radiation).  The distance between the crests of electromagnetic waves is called the wavelength.  The entire range of radiation is known as the electromagnetic spectrum.  The most important segment of this spectrum is the 380 nm – 750 nm range of wavelength.  This range is known as visible light.  This is also the range of energy that drives photosynthesis.
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· When light meets matter, some of the light will be absorbed, reflected back or transmitted.  Substances that absorb visible light are known as pigments.  Different pigments absorb different wavelength of light and that light disappears.  The colors what we see are the colors that are reflected back from a substance.  Chlorophyll absorbs violet-blue and red light while transmitting and reflecting green light.
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· The ability of a pigment to absorb various wavelength of light can be measured by using spectophotometers.
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· A graph plotting a pigment’s light absorption versus wavelength is called absorption spectrum.  
· The absorption spectrum of chloroplasts reveals the presence of three different pigments that drive photosynthesis: chlorophyll a, chlorophyll b and carotenoids.  Chlorophyll a is the main absorption pigment but chlorophyll b and carotenoids also help to make light absorption more efficient (accessory pigments).  Carotenoids also provide photoprotection against excessive light that would otherwise damage chlorophyll.  
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B. Excitation of Chlorophyll by Light
· When a molecule absorbs certain wavelength of light, the molecule’s electrons absorb the energy and move to a higher energy level (will have higher potential energy).  The photons that are absorbed have the exact same energy as the energy difference between the ground state and excited state of the electron.  This is why each pigment has a unique absorption spectrum.

· The excited state of the electron is unstable so electrons release this excess energy very quickly.  This is the reason why a chlorophyll extract glows in the dark and releases heat.  

C. Photosystems:

· In the thylakoid of the chloroplast, chlorophyll molecules are organized with other accessory pigments and proteins into photosystems.  
· Photosystems are composed of a reaction center that is surrounded by a number of light-harvesting complexes.  Each light-harvesting complex is composed of pigment molecules that are bound to particular proteins.  The additional pigment molecules make it possible to harvest energy over a larger surface and a larger portion of the spectrum than a single pigment would do.  

· First a pigment molecule absorbs energy and its electrons move to the excited state, then electrons return to their ground state and pass the energy on to another pigment molecule.  The energy eventually ends up in the reaction center.  The reaction center is a protein complex that includes two special chlorophyll a molecules and a molecule called the primary electron acceptor.
· The first step of the light reaction is when the chlorophyll a molecule releases and electron that is taken by the primary electron acceptor.  The electron acceptor is reduced and the chlorophyll a molecule is oxidized.  
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· The thylakoid membrane has two types of photosystems that work together in the light reaction of photosynthesis.  These photosystems are photosystem II (PS II) and photosystem I (PS I).  Each photosystem has a characteristic reaction center with a particular type of primary electron acceptor and the chlorophyll a molecules are associated with a characteristic protein.  

· The reaction center chlorophyll a of PSII is known as P680 because this pigment is best at absorbing light at the wavelength of 680 nm.  The reaction center chlorophyll a of PSI is known as P700 because this pigment is best at absorbing light at the wavelength of 700 nm.  These chlorophyll molecules have different absorption wavelengths because of the associated proteins that they bind with.  

III. THE LIGHT REACTIONS

A. Noncyclic Electron Flow – Light Reactions
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· Light drives the synthesis of NADPH and ATP molecules by energizing the two photosystems in the thylakoid membranes of chloroplasts.

· The steps of this process are the following:

1. A photon of light strikes a pigment molecule in a light harvesting complex.  This energy is gradually passed on to the chlorophyll a molecule in the PS II.  It excites one of the electrons to a higher energy state.

2. The electron is captured by the primary electron acceptor.

3. An enzyme splits a water molecule to replace the electron of the photosystem that was lost to the primary electron acceptor.  In this process O2 is formed that is released from the chloroplast.

4. The electron from the primary electron acceptor is passed through an electron transport chain. 

5. As the electrons are moved through the electron transport chain, they gradually lose their energy that is used to fuel the synthesis of ATP.  

6. Meanwhile, light energy also excites an electron in the PSI reaction center. This electron is also moved on to a primary electron acceptor.  The missing electron from chlorophyll a is replaced by the electron of PSII that was passed on through the electron transport chain.

7. The electron from the second primary electron acceptor is passed on to a protein (called ferredoxin…don’t have to know).

8. The enzyme NADP+ reductase transfers electrons from ferredoxin to NADP+ to form NADPH. 

B. Cyclic Electron Flow
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· Under certain conditions only photosystem I is used in the light reaction but not photosystem II.  In this case the electrons cycle back to the P700 chlorophyll a.  
· This process does not produce NADPH and does not release oxygen and used only to generate ATP. 

· This cyclic process is useful, if there is plenty of NADPH available but there is a need for ATP in the Calvin cycle.  The Calvin cycle in general needs more ATP than NADPH so the difference is made up by using the cyclic electron flow.  

· NADPH seems to be the regulator that determines which process takes place – regulation in the cell
D. Comparing Chemiosmosis in Chloroplasts and in Mitochondria
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· The electron transport chain is located on a membrane in both and it is close to ATP synthase in both.  Some of the electron carrier proteins are also similar, so as the structure of ATP synthase.
· However, there are many differences as well.  High-energy electrons are taken from organic molecules in mitochondria.  In chloroplast, these electrons are energized by capturing light energy.

· The inner membrane of mitochondria pumps protons from the mitochondrial matrix out to the intermembrane space which than serves as a reservoir of hydrogen ion.  This concentration and potential difference between the two sides of the inner membrane fuels the synthesis of ATP molecules.
· The thylakoid membrane of the chloroplast pumps hydrogen ions from the stroma into the thylakoid space.  ATP is formed when hydrogen ions move down the concentration gradient back to the stroma through ATP synthase.  When illuminated, the thylakoid space has a pH of 5 while the stroma has a pH of 8, so there is a substantial pH and H+ concentration difference between the two sides of the thylakoid membrane.

Figure 10.17 – summary of the light reactions
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Watch: http://vcell.ndsu.nodak.edu/animations/photosynthesis/movie.htm and 

http://vcell.ndsu.nodak.edu/animations/photosystemII/movie.htm 
IV. THE CALVIN CYCLE USES ATP AND NADPH TO CONVERT CO2 TO SUGAR

· The Calvin cycle is an anabolic cycle that builds sugar from smaller molecules while using energy.  Carbon enters the cycle in the form of CO2.  The cycle also requires ATP (provides energy) and NADPH (provides reducing power in the form of high energy electrons, also provides H+ ions).  The carbohydrate that is directly produced in the cycle is a 3 carbon molecule called glyceraldehydes-3-phosphate (G3P).  For the synthesis of 1 glucose molecule the cycle needs to turn 6 times.  To simplify this fact we follow 3 molecules of CO2 at the same time:

· Phase 1: Carbon fixation – The cycle incorporates 3 CO2 molecules (one at a time) by attaching it to a five-carbon sugar named ribulose bisphosphate (RuBP).  The enzyme that catalyzes this first step is RuBP carboxylase or rubisco (the most abundant protein on Earth).  
· Phase 2: Reduction – ATP phosphorylates molecules in the cycle and NADH reduces them to produce G3P. For every 3 CO2 that enter the cycle, 1 G3P is produced. 
· Phase 3: Regeneration of RuBP – In a complex series of reactions molecules are rearranged to form RuBP.  This reaction requires more molecules of ATP.  
· G3P is than used to synthesize all other organic molecules that are used by living organisms.
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V. ALTERNATIVE MECHANISMS OF CARBON FIXATION (ADAPTATIONS TO HOT, DRY CLIMATES)

A. Photorespiration and C3 plants
· Plants have to compromise between losing too much water and taking in enough CO2 because both transpiration and gas exchange for photosynthesis takes place through the stomata of the leaf. 
· Photorespiration:  When there is a shortage of CO2 because the stomata of plants are partially closed on hot, dry days, the Calvin cycle is starved and the plant produces less sugar.  When rubisco does not have available CO2 it adds O2 to the Calvin cycle.  Oxygen added to the Calvin cycle results in the release of two carbon organic molecules.  These organic molecules are picked up by mitochondria and peroxisomes and broken down into CO2.  However, this process does not generate ATP in fact it consumes ATP and is wasteful for plants.  Photorespiration also reduces crop yields and with that food supplies.

· Photorespiration is common in plants called C3-plants.  Examples of these are rice, wheat, soy beans.
B. C4 Plants

· C4 Plants are named because they have an alternative mode of carbon fixation before the Calvin cycle takes place.  They form a four carbon compound that stores CO2 until it enters the Calvin cycle.  
· These plants have a unique anatomy that allows the alternative process to take place.  They have two different photosynthetic cells – mesophyll cells and bundle-sheath cells.  Bundle sheath cells are locked away from high levels of oxygen and they are arranged in a tight circle around the veins of the leaf.  Mesophyll cells are loosely arranged around the bundle-sheath cells.  The Calvin cycle takes place in the bundle-sheath cells while the incorporation of CO2 takes place in the mesophyll cells.  
· The steps of the C4 pathway are the following:

· In the mesophyll cells the enzyme PEP carboxylase (PEPcase) takes in CO2 and adds it to a molecule of PEP (phosphoenolpyruvate).

· The produced four-carbon molecule moves the CO2 into the bundle-sheath cells via plasmodesmata.  

· In the bundle-sheath cells CO2 is released and enters the Calvin cycle.

· With the C4 process photorespiration is minimized and the productivity of the plant is increased.  This process is especially beneficial on dry, hot climates, where the stomata are partially closed during the day to prevent excessive transpiration.  

· Examples of C4 plants are corn, sugarcane.
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C. CAM Plants

· CAM adaptation evolved in succulent plants (cacti, pineapples).  These plants open their stomata at night to take in CO2 and close them during the day to prevent transpiration.  

· The plants take in CO2 at night and incorporate it into a variety of organic acids (the CAM abbreviation comes from crassulacean acid metabolism).  The mesophyll cells store the organic acids in their vacuoles and during the day when ATP and NADPH are produced in the light dependent process, they can use CO2 for making sugars in the Calvin cycle.  In CAM cycle the carbon fixation occurs at different times but in the same cells (leaf mesophyll).
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CHAPTER 11a & b – INTRO TO CELL COMMUNICATION

OBJECTIVE QUESTIONS:
1. Describe the basic signal-transduction pathway. 
2. Define “paracrine signaling” and “synaptic signaling” & give an example.

3. Define local regulation and explain why hormones are not local regulators.

4. Explain how (plant and animal hormones) travel to target cells.

5. List and briefly define the three stages of cell signaling.

Signal Reception and the Initiation of Transduction
6. Describe the nature of a ligand-receptor interaction and state how much interactions initiate a signal-transduction system.  
7. State where signal receptors may be located in target cells.

Cellular Responses to Signals

8. Describe how signal information can lead to a cellular response. 
I. OVERVIEW:
· Cell-to-cell communication makes it possible to coordinate activities among cells in multicellular organisms, but it is also important in unicellular organisms.
· In this chapter we will focus on the main mechanisms by which cells receive, process and respond to chemical signals sent from other cells.
· Changes inside of cells can be brought on by a signal transduction pathway – the process by which a chemical signal on the surface of a cell is converted into a specific cellular response inside the cell.  
· Molecular pathways of cell signaling are very similar in simple organisms such as yeast and in more complex organisms such as humans.  This proves that these signaling mechanisms are very ancient and developed early in evolution.
A. Local and Long-Distance Signaling

· Some signals directly effect neighboring cells (cell junctions and cell-cell recognition) – direct communication
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· Local regulators – messenger molecules that are secreted by signal cells and travel only to short distances.  
· Numerous surrounding cells can receive these signals and respond to it.  (Ex. Growth factors – make cells in the vicinity grow and multiply).  In animals this local signaling is called paracrine signaling.
· Synaptic signaling – is also a local signal type but it occurs in the animal nervous system.  An electrical signal travels along the nerve cell and triggers the release of specific chemicals called neurotransmitters.  This signal travels across a gap (synapse) between the neighboring cells and stimulates the target cell.
· Local signaling is not well understood in plants.
· Long-distance signaling affects specific target cells that are far away in the body from the regulator cells.  Examples:
· Endocrine cells – hormone releasing cells that release hormones into the vessels of the circulatory system by which they travel to the target cells.  Plant hormones frequently reach their target cells by moving from cell to cell or through the air or soil.  
· Transmission of nerve signals can also be considered long-distance signals when the long nerve cells carry the impulse to various parts of the body and converts the electric signal back to a chemical signal that crosses a synapse

· No matter what type of signal is received, the target cell must have a specific receptor molecule to receive the signal, this signal also must be transduced -- changed into an other form that is useable for the cell.
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B. The Three Stages of Cell Signaling

· Reception – The target cell detects a signal molecule coming from outside of the cell. The signal molecule must bind to a receptor molecule on the cell’s surface to be detected.
· Transduction – The binding of the signal molecule changes the receptor protein and initiates the process of transduction – converting the signal to a useful form that will generate changes in the cell.  Transduction sometimes occurs in a single step but in most cases it requires a several changes in many molecules in the cell – this is called a signal transduction pathway
· Response – the transduced signal triggers some kind of change inside of the cell (enzyme activation, activation of genes, etc.)
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http://learn.genetics.utah.edu/content/begin/cells/cellcom/ 
II. SIGNAL RECEPTION

· A receptor protein on or in the target cell will be able to detect the signal molecule by a matching (complementary) shapes.  The signal molecule acts as a ligand by specifically binding to a specific molecule, often a larger one.  

· Ligand binding usually causes a receptor to undergo conformation (shape) change.  This change usually directly activates the receptor to interact with other molecules inside the cell.  In some instances receptor binding causes the aggregation of two or more receptors and causes further cellular changes.  

· Most receptors are protein molecules.  Their ligands are large water-soluble molecules that cannot pass through the cell membrane easily.  However, some of the receptors are located inside the cell.

A. Intracellular Receptors:

· Intracellular receptor proteins are found inside the cytoplasm or in the nucleus of the target cells.  The ligands in these cases must be able to pass through the cell membrane to reach the receptor.  Signal molecules can do this by being hydrophobic or small to cross the phospholipids bilayer.  Examples of ligands that can pass through the cell membrane includes steroids, thyroid, nitric oxide (NO).
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· The hormone-receptor complex is able to regulate gene expression by acting as a transcription factor that turns on specific genes.  In cases of receptors that get into the nucleus, the receptor and ligand complex can carry out the entire reception and transduction process

· Many of the intracellular receptor proteins have similar structures that suggest their common evolutionary origin.

B. Receptors in The Plasma Membrane:

· Water-soluble signal molecules bind to receptor molecules on the surface of the plasma membrane.  These receptors have to change shape or aggregate to perform transduction.
