Unit III: Bioenergetics

Brief Overview Reading:
Chapters 2-6 

     Certainly one of the primary differences between biological creatures and inanimate objects is their structural organization. Organisms are built from cells and, while cell structure varies dramatically from one organism to another, all cells share many common features (e.g. plasma membranes, genetic material, enzyme systems, receptors, membrane transport systems, etc.). In trying to define what we mean by "life", this structural difference serves us well. If you look through the microscope and see cells, you are certainly looking at a biological creature.

     But is it alive?  How do you distinguish living cells from dead cells?  Living creatures from dead creatures?  Well, okay, dead creatures don't move, or vocalize, or breathe, or eat -- i.e. they can't do anything. Doing something requires the contraction of muscles, the beating of cilia or flagella, or the secretion of products. In addition, as far as we can tell, dead creatures don't sense anything. They don't see, hear, feel, or taste. That is, they have no "sensory function."  And, again, as far as we living types know, dead creatures don't think about anything or have any emotions -- they don't remember, plan, enjoy, problem-solve, love, hate or do homework. 

     If you look for the common denominator in all these activities -- moving, sensing, thinking and feeling -- you find that they all require ENERGY. Only living creatures can use energy to accomplish these things, these characteristics of life. You can have the structure of a biological creature, but without energy, you cannot be alive. 

     Energy is an odd and sometimes hard thing to study. It's much less tangible than matter, which you can see, weigh, and measure directly. The effects of energy are manifested in movement (e.g. actin and myosin filaments sliding past one another, ions traveling up their concentration gradient) or in increases in temperature. We also have sense organs that can sense the presence of certain kinds of energy. For instance, our eyes can detect the presence of electromagnetic radiation with wavelengths between 380 and 750 nm (visible light). Our ears can detect the vibration of the air at certain frequencies (sound waves). However, we have no sense organs for many forms of energy including radio waves (your radio receiver can detect these, but you can't), radioactivity (a Geiger counter can detect these, but you can't) or neutrinos (they are passing through you right now, but you can't sense them.)  

     So, what is energy anyway?  

Focused Reading: 
p 28 Most biological…” stop at “Acids, Bases…”




p 25-6 " Chemical Reactions…" stop at "Water:…" 




p 95-99  "Energy conversions…" stop at "Chemical reactions…"

     Energy is the capacity to do work. In order for this definition to make sense, you must think of work in the very broadest sense of the word -- work is anything that changes the position or state of matter. Matter at absolute zero (no energy) is absolutely still and immutable -- no movement or change of any kind. Any movement or change in the structure of matter requires the input of energy. And that is how energy is defined. It's circular reasoning, but reasoning all the same. That which moves or changes matter is energy. And ENERGY IS MEASURED BY THE AMOUNT OF MOVEMENT OR CHANGE IN MATTER THAT IS PRODUCED. Big change or big movement equals big energy. Little change or little movement equals little energy. 

     In many ways, this is just common sense. Does it take energy to move a barge up river?  Yes. Does it take more energy to move a large barge than to move a small sailboat?  Yes. Does it take more energy to move a barge up river than down river?  Yes. Energy and matter functioning on the molecular level are NO DIFFERENT.  Does it take energy to move a molecule across a cell membrane?  Yes. Does it take more energy to move a big molecule than to move a small one?  Yes. Does it take more energy to move a molecule up its concentration gradient than down its concentration gradient?  Yes.

     Concepts, concepts, concepts -- there are only a few but they apply in many, many situations.

Study Questions:
1.
What is energy?  Give one of the classic definitions, and then define it in your own terms.

2.
How is energy measured?  How do you know that a lot of energy is being expended versus a small amount of energy?

3.
How do kinetic and potential energies differ?  Give some examples, not found in lecture or your textbook, of the two forms of energy.

4. What are the two laws of thermodynamics? Define them in everyday terminology.

--------------------------------------------------------------------------------------------------------------------

     This unit is about how biological creatures harvest energy from their environment and use it to live. The sun provides the energy we need to live, but in order to convert this energy into a usable form, biological creatures have had to develop elaborate systems for energy harvesting, storage, and use. This system is called metabolism and its study is the field of bioenergetics.

   In this Unit, we will look at four examples of cells that harvest, store and use energy in different ways. We will find out why the United States government spayed paraquat on Mexican marijuana, why cyanide is used by terrorists to poison consumer goods, why vegetarians eat tofu, and how a rusty nail can kill you.

QUESTION #1:  THE US GOVERNMENT V. MEXICAN MARIJUANA FARMERS

Rolling Stone, April 6, 1978 

 Whatever Happened to Mary Jane? by Michael Roger

The case of the poisoned Mexican marijuana started late in 1975, when the United States, faced with an abrupt increase in the amount of heroin entering from Mexico, began to assist that government with an elaborate program of spraying poppy fields with powerful herbicides. From the beginning, however, that aerial attack was equally aimed at marijuana fields. 

     The program has been a success; the Mexican heroin supply in this country has declined dramatically. But is has also meant that approximately twenty percent of the Mexican marijuana entering this country is contaminated with a dangerous herbicide, an estimate based on government analysis of marijuana samples confiscated recently in the Southwest.

     The herbicide in question is paraquat, an exceedingly toxic chemical that, less than a month ago, was placed on the Environmental Protection Agency’s restricted list - meaning that only licensed applicators may purchase it - and which some observers feel may be banned altogether in this country. Paraquat remains in the body even longer than DDT and has no know antidote, thus figuring occasionally in fail-safe suicides. At present, the maximum paraquat contamination that the EPA allows in foodstuff is 0.05 parts per million. Confiscated marijuana samples analyzed last November contained an average of 177 parts per million, with a high of 655. (One recently tested sample reportedly contained 2200 parts per million.)

     It is not yet clear what paraquat will do when burned and inhaled, although the National Institute on Drug Abuse is doing its best to find out. The current and hopeful guess, of course, is that the compound is rendered harmless during combustion. 

     Even assuming that to be the case, however, what about oral ingestion - brownies, majoun, and the like? The Drug Enforcement Administration estimates that 2700 tons of marijuana enter this country each year from Mexico. Assuming that only one percent of that produce is eaten, and that only twenty percent of that has been contaminated with paraquat, that still means that almost fourteen tons of poisoned marijuana have been eaten in this country since the spraying program began.

     It’s not clear what sublethal doses of paraquat can do because most cases reported have involved lethal doses due to the ingestion of pure material. Evidence suggests that damage would occur first in the lungs, liver, and kidneys.

_____________________________________

Rolling Stone, May 4, 1978

Poison Pot In the weeks since Michael Rogers’s Alternating Currents column (RS 262) described the possible health hazards of ingesting herbicide-contaminated Mexican marijuana, the situation has changed for the worse. Scientific studies have revealed that the herbicide involved - paraquat - can survive the burning process and be inhaled directly into the lungs. Paraquat is so exceedingly toxic that on March 12th, HEW Secretary Joseph Califano issued a warning that heavy use of contaminated marijuana could lead to irreversible lung damage. 

     At present, the only drug-analysis laboratory with an effective paraquat test is in California. Consumers may send a one-half gram sample (one joint) of suspected Mexican marijuana wrapped in foil to PharmChem Research Foundation, 1844 Bay Road, Palo Alto, CA, 94303. Enclose five dollars for lab costs plus any five-digit number. After ten days, the result of the analysis may be learned by calling (415) 322-9941 and giving the identification number. PharmChem also requests the following information about the sample: city and state where purchased, street price paid, and what it was sold to you as (Colombian, Mexican, Hawaiian, etc.)  

_____________________________________

Brief Overview Reading: Chapters 7 & 8

     Why would our government want to spend tax dollars to spray paraquat on Mexican marijuana? To answer this question, we need to know that paraquat is an herbicide. It kills almost all plants (except a few plants that are resistant to it). How does paraquat kill plants? Why might it be dangerous to humans? Before we can answer these questions, we need to understand how plants do what they do best - harvest energy from the sun and turn that energy into sugars, which are then used to support all life.

     A plant is nothing less than a miracle. Plants are able to harvest the energy of the sun and use it to convert CO2 into food. And in the process of doing this, plants produce a waste product called oxygen. All animal life depends on plants to harvest energy, make food from a gas in the air, and produce the oxygen we breathe. If there were no plants there could be no animals, whereas without animals, many plants would be just fine. We need them more than they need us. Remember that the next time you walk on the grass, or forget to water your houseplant, or lean against a tree, or read about the rapid loss of the planet's rain forests. 

     So, how do plants turn sunlight into sugars?  How do they harvest energy, use that energy to create food from CO2, and excrete oxygen?  Energy is harvested and oxygen is produced in a process called the light reactions of photosynthesis. The creation of food (sugars, proteins, nucleic acids and lipids) from CO2 occurs in a process called the dark reactions of photosynthesis or the Calvin-Benson cycle. Both processes occur in the leaves of plants. A typical plant leaf is illustrated in fig 8.19 (p149) of your text. The leaf is covered by a skin, or epidermis, which secretes a waxy coat, called the cuticle. The epidermis protects the plant and the cuticle prevents water loss on exposed surfaces. Under the epidermis lies the mesophyll, a tissue that contains the photosynthetic cells of the plant.

     First, let’s look at the light reactions of photosynthesis. Remember, during this process, the marijuana plant will harvest the energy of sunlight and give off oxygen. What do we mean by the term "harvest the energy of sunlight?"  How would you harvest sunlight energy if you were asked to do so?  The word "harvest" implies that the energy is gathered and stored in a form that can be used at a later time -- the harvest contains potential energy. Going out and eating a field full of corn would not be considered "harvesting" the crop. So, using sunlight energy to do something (e.g. illuminate a room, warm your skin, dry your clothes) is not harvesting energy because you have already "used" it -- none of the energy is stored for use at a later date. (Of course, you can't destroy energy, and in the process of using it, the energy has simply been converted to another form, namely to heat energy which is eventually radiated into space.)

     Have you thought of a way to harvest sunlight?  One high tech example of harvesting sunlight energy is the solar cell. The cell collects sunlight and uses it to separate charge (create voltage). This voltage can produce current to run electrical devices. A low-tech example would be hanging a blanket out in the sun to warm it and then using the blanket to warm yourself. The radiant energy of the sun increases the kinetic energy of the blanket, which can be used to warm you as it is released from the blanket.

Study Questions:
1.
What major events happen during the process of photosynthesis?

2.
In general, what happens during the light reactions of photosynthesis?  During the dark reactions?

3.   We say we use energy to perform tasks. However, the first law of thermodynamics instructs us that energy cannot be created or destroyed. What happens to the energy we "use" to live our lives?               

The task of the green plant is to collect the energy of the sun and store it in a form that can be used later to do work. In order to understand this, we have to know a little more about sunlight, a form of radiant energy, and chemical energy, the kind of energy organisms use to run their lives.

Focused reading: 
p 138-9 "Properties of Light and Pigment" stop at end of page)

     Radiant energy comes in various forms including radio waves, microwaves, gamma rays, X-rays, visible light, and infrared. Each of these waves has a characteristic wavelength. The wavelengths of visible light are between 380 and 750 nm. Because we are primates and can see color, our eyes can distinguish the various wavelengths from one another, and we experience these different wavelengths as differences in color. For instance, when light at 400 nm hits our eyes, we experiences this as violet, while light at 600 nm will give us a yellow sensation. The relationship between colors and wavelengths is illustrated on page 139, Figure 8.5.

     Visible light has some of the properties of waves and therefore has a wavelength. However, light also has some of the properties of particles. These particles are called photons. They can be thought of as packets of energy. Each photon has a certain quantity of energy (a quantum -- plural quanta). The energy level of photons is inversely related to the wavelength. Thus, a photon of red light (wavelength 750 nm) has about half the energy of a photon of violet light (380 nm); short wave length = high energy.

     So during the day, you and the Cannabis plants are being bombarded by these photons of light (acting like waves and particles at the same time). Zillions of photons per millisecond hit us, each one having a particular energy level, wavelength, and color. [There is no such thing as a white photon -- the color white is caused by photons of all the different energy levels or wavelengths (colors) striking your retina simultaneously. White sunlight contains blue photons and red photons and violet photons and yellow photons, etc., all mixed up together. 

      IT IS THE ENERGY OF PHOTONS THAT THE GREEN PLANT HARVESTS. But how?  The first thing the plant has to do is absorb the energy of these photons. Most of the world around you absorbs photons. In fact, anything with any color or pigment is absorbing photons. The grand mixture of photons in white light hits an object; some of the photons are reflected back to your eye while some are absorbed by the object. If the object is colored, it contains a type of molecule, a pigment molecule, that is chemically structured in such a way that it can absorb some photons’ energy. Each type of pigment molecule will absorb photons based on their energy levels. Some pigments only absorb blue photons, some only absorb red, some absorb yellow and blue, etc.

     If no pigment molecules are present, then all the photons are reflected and the object appears white. If all the photons are absorbed, the object reflects no light and appears black. If only red photons are absorbed, the rest of the photons are reflected back, minus red photons, and the color will be a mixture of violet, blue, green, yellow and orange -- no red. If red, orange and yellow pigments are absorbed, the remaining colors (violet, blue and green) will be reflected back and the object will appear to be some shade of blue. [If a tree reflects green photons in the forest but no one is there to see it, is it really green?]

     Because photons are a form of energy, when colored objects absorb photons, they are absorbing energy and become warmer (due to an increase in the kinetic energy of the molecules in the colored object). Thus, black clothing absorbs all photons and heats up while white clothing reflects all photons and remains cool.

Study Questions
1.
Describe the components of white light. Which components have the highest energy?  The lowest?  What is the range of wavelengths spanned by visible light?

2.
Chemically and physically, what makes something appear to have color?  

3.
Visible light is an example of electromagnetic radiation. What are some other examples of this type of energy?

--------------------------------------------------------------------------------------------------------------------
Focused Reading: 
p 140-2  "Light absorption and…" stop at "Electron flows…"

WWW Reading: 
Relative Sizes: from glucose to cells and larger

Chlorophyll a and b are green pigments and carotenoids are shades of yellow and orange (as in carrots and fall leaves). Since chlorophyll a is the dominant pigment in most plant leaves, most plants appear green. But if you look at plant leaves closely, you’ll note that each plant, and each leaf on each plant, is a slightly different shade of green. This is due to a shift in the proportions of the various pigment molecules in the cells.

     Let's focus on chlorophyll a. It appears green. So, it reflects green light. So, it does not absorb green photons. Because colors are so complex, however, it's really hard to say what colors are absorbed. This has to be measured using a spectrophotometer. The absorption spectrum for chlorophyll a and b are illustrated in Figure 8.7 on page 140. You have used a spectrophotometer in lab and should understand how this piece of equipment works. You have also constructed an absorption spectrum so the figure should be easy to interpret. If it doesn’t look familiar, refer to your laboratory manual (IDH labs).

     This absorption spectrum shows that chlorophyll a absorbs maximally at about 450 nm (it prefers to absorb high-energy blue/violet photons) and also at 670 nm (orange/red photons). It does not absorb blue-green, yellow or true red photons so they are reflected back to the eye of the observer. The ultimate color produced by this absorption pattern is green. It is the energy of the blue/violet and orange/red photons that is harvested by chlorophyll a in the green plant. In addition to chlorophyll a, most plants have accessory or secondary pigments (e.g. chlorophyll b and the carotenoids) which absorb photons at other wavelengths. Therefore, plants can frequently harvest photons across the entire spectrum of white light.

Study Questions
1.
Explain how a spectrophotometer works. 

2.
What is an "absorption spectrum"?  How is it obtained?

3.
What wavelengths and colors of light are absorbed by the chlorophyll a?  Explain how this results in its green appearance.

4. 
Why does the absorption spectrum of chlorophyll a differ from the spectrum of an entire chloroplast?

--------------------------------------------------------------------------------------------------------------------  

     So, the leaves of green plants are full of these pigment molecules that absorb photons. Where are these pigment molecules?  Floating free in the cytoplasm?  Attached to a membrane?  (These are generally the two options in cell biology.)  Well, photosynthesis is a COMPLICATED PROCESS. It involves dozens of enzymes performing dozens of tasks in a set order. This is very much like assembling an automobile; you cannot put in the stereo before you have assembled the dashboard; you have to do things in order. So instead of having the molecules involved in the process floating around haphazardly in the cytoplasm, they are attached to membranes in macromolecular complexes. These complexes are organized so that the molecules involved in each reaction are kept near the next molecule in the sequence. The membrane serves as a scaffolding, or frame, that holds these molecules in position and carrier molecules travel between those positions. The membranes that hold chlorophyll, and all the other molecules associated with photosynthesis, are found in the chloroplast. 
Focused Reading: p 68-9  "Plastids photosynthesize or store materials" stop at "Other types…"

     Look at the picture of chlorophyll a on page 141 (Figure 8.9). You’ll remember that cell membranes have hydrophobic, lipid cores. Therefore, the non-polar hydrocarbon tail of chlorophyll a dissolves with great stability in the lipid membrane of the thylakoid (in the thylakoid membrane.)  The highly polar porphyrin ring containing the Mg atom is the portion of chlorophyll that interacts with light. Thus, part of chlorophyll is designed to anchor it to the membrane, maintaining its orderly relationship to the rest of the molecules of photosynthesis, and the other part is designed to harvest light energy.

Study Questions:

1.
Describe, in general terms, the chemical structure of chlorophyll a. Focus on the structural characteristics of the molecule that are significant for its function.

2.
Explain why it is advantageous to embed macromolecular complexes in cell membranes.

3.
Describe the structure of the chloroplast including the structure and location of thylakoids, grana, and stroma. Describe the location of chlorophyll a in the chloroplast, and explain how the molecule is anchored into the membrane.

--------------------------------------------------------------------------------------------------------------------
Focused Reading: p 139-40 "Absorption of a photon…" stop at “Light Absorption…”



  p 140 Fig 8.6

     Each pigment has a particular photon energy level that "fits" it perfectly such that photons of that energy level can be absorbed, while photons of other "misfitted" energy levels cannot be absorbed. This absorption results in a transfer of photon energy to an electron in the pigment molecule. This electron, normally at ground state, or in its normal non-excited position in an orbital around the nucleus, is boosted to a higher orbital (an excited state) by the absorbed energy. In regular pigment molecules such as the ones in your clothes, when the electron is in its excited state, it quickly returns to ground state and gives off the absorbed energy as light or heat. However, in the chloroplast, chlorophyll a is anchored in the thylakoid membrane in a macromolecular complex. One of the associated molecules is the primary electron acceptor. When the electrons of chlorophyll are boosted to an excited state, before they have a chance to fall back to ground state, this primary electron acceptor takes them away from the excited chlorophyll. 

     Because biologists and chemists have to give names to everything, this process -- where an electron is transferred from one molecule to another (or when an electron moves closer or farther away from a molecule without actually being transferred to another atom) -- is called oxidation-reduction or a redox reaction. 

Focused Reading: 
p 11506  "Redox Reactions..." stop at "The coenzyme NAD…"




p 116 Fig 7.2

WWWeb Reading 
A quick reference for reaction equations can be found at




http://www.whfreeman.com/purves6e choose the Math for Life icon and the




‘Biochemical reactions’ in the reference table section

Study Questions:

1.
What is oxidation?  Reduction?  Give examples. What is a reducing agent?  An oxidizing agent?  Give examples.

2.
What is electronegativity?  Electropositivity?  In which way will an electron naturally tend to flow -- from electropositive to electronegative or vice versa?

3.
What would you suspect is true of the primary electron acceptor in the thylakoid membrane; it is relatively electropositive, relatively electronegative, or about in the middle?  Explain your answer.

-------------------------------------------------------------------STOP-------------------------------------------------------------------------------

     So this is how chlorophyll harvests light energy. Well, it's a long way from this little excited electron to using paraquat to kill marijuana. In order to get there, we have to talk about the other kind of energy involved in photosynthesis, chemical energy.

     Potential chemical energy (food and fuels of all kinds) is said to be stored in the bonds of molecules. Covalent bonds, as you know, are shared electrons. These electrons are being shared because each element in the bond "needs" the stability that sharing electrons brings. (The elements are more stable or at a lower energy level if they are sharing electrons with one another.)  Each atom is trying to fill an electron shell with the correct number of electrons and covalent bonds help the molecule do this. [Refresher?  Read pages 20-24]

     Molecules contain POTENTIAL CHEMICAL ENERGY. We say that the potential chemical energy is "in the molecule's bonds", but this is in many ways misleading. Potential chemical energy can be thought of as the capacity to produce molecular change (to do chemical work). Thus, if a molecule is fairly UNSTABLE, it is likely to change to a shape or configuration that is more stable. The energy that is released when this change towards a stable configuration occurs is the heat of the reaction (∆H, H is referred to in the book as enthalpy) and it is a measure of how much potential energy was stored in that unstable molecule. [Actually, it is a measure of the difference in the potential energy stored in the reactant and the potential energy stored in the product, since the product could go on to react and become even more stable and release even more energy.]

      By convention, when a reaction gives off energy (this energy is usually given off as heat, but it might also be light, electrical current or movement), the ∆H of the reaction is designated as negative. Thus, a reaction that gives off energy (e.g. burning fuel) has a -∆H and is said to be exothermic.

     Conversely, reactions that proceed only when energy is added (usually in the form of heat, but it might also be light, electrical current, or movement) the ∆H of the reaction is positive. Thus, a reaction that requires the input of energy (draws energy from the environment) has a +∆H and is said to be endothermic.
Focused Reading: 
p 96-100 "Energy Conversions:…" stop at "ATP: Transferring…”

WWW Reading:

Animation of Photosynthesis (from Virtual Cell)

     When a chemical reaction gives off energy (e.g. when gasoline is burned in a car engine), most of the energy given off by the reaction is given off as heat or car movement. Heat and movement represent work. [Car movement = propelling the car; and Heat = increasing the movement (kinetic energy) of molecules.]  However, some of the energy given off by the reaction is not represented in either heat or movement (is not represented by work.)  Rather, this energy is represented by a change in the entropy of the gasoline molecules. The chemical reaction is:


Oxygen + Gasoline ---> Carbon Dioxide + Water

     Gasoline (a long chain hydrocarbon) is more organized than CO2 and H2O. Therefore, gasoline has less entropy (or randomness) than CO2 and H2O. Some of the energy given off by this reaction has been used to increase entropy -- change low entropy (more organized) molecules into higher entropy (less organized) molecules. This change in entropy level (∆S) is not available to do work (in this case, provide heat or movement.)  Reactions (e.g. burning gas) in which entropy is increased have a positive ∆S while reactions (e.g. refining gasoline) in which entropy is decreased have a negative ∆S. 

     Thus, in all chemical reactions (the energy source for virtually all biological function), two kinds of changes occur -- changes in potential energy of the molecules (∆H) and changes in entropy (∆S). Usually, reactions that give off energy to do work (exothermic or -∆H reactions) also involve an increase in entropy (have a +∆S). Such reactions in biology include the burning of food for energy. Big, complex, organized molecules (proteins, carbohydrates, lipids and nucleic acids) are broken down to simple, small molecules of CO2 and H2O. Much energy is given off in the process (-∆H), and the entropy of the molecules is dramatically increased (+∆S).  

     Conversely, reactions that absorb energy (endothermic or +∆H) usually involve a decrease in entropy (have a -∆S); such reactions in biology include the building up of structures during growth. Simple, small molecules such as amino acids, nucleotides, and monosaccharides are linked together into large, organized molecules such as proteins, nucleic acids and polysaccharides. Much energy is required for this process (+∆H) and the entropy of the molecules is dramatically decreased (-∆S.) The production of sugars by plants is an example of an endothermic reaction that decreases the randomness in the world - a comforting thought.

     Biologists are very interested in the ∆H of reactions because this determines when a given reaction will be able to supply energy for life and when a reaction will require the input of energy from the organism. However, another factor is also very important to biologists and that is the free energy of the reaction (∆G). This factor determines whether a reaction will proceed or not. Reactions that proceed on their own without energy input from the cell (beyond activation energy) are called spontaneous, while reactions that will not proceed unless energy is added are called non-spontaneous. Spontaneous reactions are said to be exergonic and have a -∆G while non-spontaneous reactions are said to be endergonic and have a +∆G. Usually, exothermic reactions are exergonic and endothermic reactions are endergonic, but not always. If an endothermic reaction (takes heat from the environment, +∆H) involves a large increase in entropy (+∆S), then it may be spontaneous (have a -∆G) even though it requires the input of energy. Melting ice is an example of a reaction that requires the input of energy (heat is removed from the environment -- thus the reaction has a +∆H) but results in a dramatic increase in entropy (+∆S) as ice goes from an organized crystal to a disordered liquid form. 

------------------------------------------------------------------------------------------------------------------------

                                           Cheat Sheet
-∆S = product has less randomness 

+∆S = product has more randomness 

-∆H = rxn gives off energy (exothermic)

+∆H = rxn takes in energy (endothermic)

-∆G = rxn is spontaneous (exergonic)

+∆G = rxn non-spontaneous (endergonic)

------------------------------------------------------------------------------------------------------------------------

     The friendly relationship between ∆H and ∆S (given on page 121 of your text) is:




∆G = ∆H - T∆S
(T is the temperature in Kelvin units)

Thus, to determine whether a reaction is spontaneous or not (and to determine how much of the reaction energy is actually available (or free) to do work, you must subtract any gain in entropy multiplied by the temperature (Kelvin degrees) from the total change in potential energy of the reaction.  

     We do not introduce all this to confuse you, although it must seem like it. Rather, we face a dilemma in teaching you. In chemistry, you are learning about ∆H, which is widely used by chemists to describe the “simple” thermodynamics of chemical reactions. Biologists, however, focus less on the chemical reactions themselves, and more on what the chemical reactions can do for biological creatures, (i.e. we are interested in that portion of the energy that is available to run biological creatures). Thus, we have to introduce ∆G, and we have to tell you how it relates to ∆H so you can integrate what you are learning in the two classes.

Study Questions:
1.
How is energy stored in molecules?

2.
Be able to explain these terms: exothermic, endothermic, -∆H, +∆H, endergonic, exergonic, +∆G, -∆G, spontaneous, non-spontaneous, entropy, +∆S, -∆S.

3.
What determines whether or not a reaction will proceed without an input of energy from the cell?  Given examples of the types of biological reactions that tend to be exergonic and examples of those that tend to be endergonic.

4.
Explain the second law of thermodynamics as you would to a junior high school student in a science class. Give an example of how the second law of thermodynamics is important in the study of biological systems.

-------------------------------------------------------------------------------------------------------------------  

     The second law of thermodynamics governs all chemical reactions (that means your entire life). Now this is just fine if you want to do something exergonic. If you provide an enzyme to lower the activation energy barrier, the reaction will proceed just fine. The problem is, most of what you really want to do (move, pump blood, breathe, think, see, hear, secrete, etc.) is decidedly ENDERGONIC. This is another way of saying that living is an energy-absorbing activity. Living is endergonic and endothermic. So, you have a problem because endergonic reactions don't occur spontaneously -- you have to add energy to the reaction to get it to proceed.

     While ultimately, this energy you live on comes from the food you eat (which ultimately comes from plants which synthesize it using the energy harvested from the sun), the DIRECT SOURCE OF ENERGY FOR MOST ENDERGONIC REACTIONS IN LIVING THINGS IS ATP.

Focused Reading: p 100-102 "ATP: Transferring…" stop at "Enzymes: Biological catalysts"

Study Questions:
1.
Describe and draw the reactions converting ATP to ADP, and vice versa. What is the ∆G of each reaction?

2.
Be able to describe the process of energy coupling by phosphate transfer outlined in Figure 6.10 on p 102.

------------------------------------------------------------------------------------------------------------------- 

     For the most part, as long as you maintain an adequate supply of ATP, you can live your life -- ATP will supply the energy required for your endergonic reactions. And the same is true of all other creatures on the planet, including marijuana. As long as we have enough ATP (or other high-energy nucleotides that function in the same manner as ATP), we can do all the endergonic reactions we must do to stay alive. However, you can see that ATP is converted to ADP during the process of providing energy for endergonic processes. Thus, living cells are constantly sapping ATP's energy so cells must have a way of constantly replacing this lost ATP. Marijuana plants can do this directly by using solar energy (photosynthesis) or indirectly by burning fuel molecules (cellular respiration). Animals can do this only by burning fuel molecules.

     The Cannabis plant has two biological needs: 1) It must provide itself with enough ATP to stay alive and 2) it must provide enough nutrition in its seeds to nourish its offspring which will allow them to sprout, and in turn harvest energy on their own. In the process of harvesting energy and storing energy, marijuana leaves also happen to produce oxygen as a waste product, which animals gratefully inhale (we’re referring to the oxygen, OK?!).

Harvesting Energy and Generating Oxygen: 



The Light Reactions of Photosynthesis

Focused Reading: 
p 136-8 " Identifying photosynthetic reactants…" stop at "Properties of light…"



            p 100-2 "ATP: Transferring energy…" stop at "Enzymes…."




p 142-6 " Excited chlorophyll…" stop at "Making sugar…"

WWW Reading:

http://www.whfreeman.com/purves6e 





Ch8 Tutorial 81. Photophosphorylation 



Diagram of NADP+ conversion to NADPH



http://www.whfreeman.com/purves6e Math for Life“Biochemical reactions”

     With the help of photosynthesis, CO2 and H2O are converted to sugars (e.g. glucose = C6H12O6), lipids, amino acids (with the addition of nitrogen) and nucleotides (with the addition of nitrogen and phosphorus.)  This process is HIGHLY ENDERGONIC and the energy to power this non-spontaneous process is provided by the sun.

     Your text uses the example of the synthesis of glucose from CO2 and H2O and we will use this example too. However, you must remember that plants can make all the nutrient classes, not just glucose, via photosynthesis. The overall balanced reaction for glucose synthesis, then, is:


6CO2 + 12H2O + light energy ----> C6H12O6 + 6O2 + 6H2O

This overall reaction is actually a redox reaction. The light reaction is as follows:


12H2O + light energy --------> 6O2 + 24e- + 24H+
     At this point, we need to stop and talk a bit more about hydrogen and its propensity to fall apart into an electron and proton. Hydrogen is extremely electropositive, meaning that the nucleus of hydrogen (composed of only one proton and zero neutrons) does not have very much affinity for electrons -- it does not pull very hard, or attract very tightly, the electron in orbit around it. Thus, it is relatively easy for an electronegative molecule (one that has a high affinity for electrons and attracts them very strongly) to take hydrogen's electron away from it, rather than sharing the electron in a covalent bond. Thus, in the presence of electronegative molecules (such as NADP+, NAD+ and the cytochromes), hydrogen's electrons are more attracted to electronegative molecules than to the hydrogen nucleus -- they leave orbit and are added to the electronegative molecules (e.g. converting NADP+ into NADP, etc.). The "naked" hydrogen nucleus, having lost its electron, becomes a proton, or hydrogen ion (H+). These protons simply float around in the cytoplasm. 

     During the light reactions of photosynthesis, the 24 hydrogens on the 12 water molecules are removed, leaving 6 molecules of O2, which the plant gives off to the environment. The 24 hydrogens are split into 24 protons (H+) and 24 electrons (e-). The 24 electrons are added to "carrier" molecules called NADP+. 12 carrier molecules pick up the 24 electrons (2 electrons per NADP+----> NADP -) and 12 protons (1 proton each, NADP-  ----> NADPH). [To form reduced NADPH, NADP+ (the oxidized form) picks up 2 electrons and one proton. One electron neutralizes the NADP+ to NADP. The second electron plus the proton forms a hydrogen atom and is added to the molecule to form NADPH. The other 12 protons simply float free in the thylakoid space of the chloroplast, lowering its pH.]

     By causing chlorophyll to lose an electron, solar energy converts chlorophyll into a powerful oxidizing agent (it will get reduced). Because chlorophyll "wants" to replace that electron very badly, it is able to take the hydrogens away from oxygen in molecular water. By taking water's hydrogens, chlorophyll gains back the electrons it loses by photooxidation. Again, hydrogens are split into electrons, which enter the chlorophyll molecule, and protons, which float freely in the thylakoid of the chloroplast. Water is a very stable molecule, so removing its hydrogens is not easy -- oxidized chlorophyll is one of the most electronegative molecules known -- far more electronegative than oxygen. That's how it is able to take oxygen's hydrogens away in a water molecule.

Study Questions:
1.
Explain why the addition of a hydrogen atom to a molecule is reduction. How does the electropositive nature of hydrogen allow it to function as a reducing agent?

2.
Very specifically, how does solar energy cause the splitting of water into hydrogen and oxygen during the light reactions?

3.
What happens to the oxygen released from the split water?  What happens to the hydrogen released from the split water?

4.
Describe how the carrier molecule NADP+ works. Why is it called a carrier?  What does it carry?  To what molecule that you have studied in this course is it most closely related (besides NAD+ and FAD)? Is NADP+ a protein, lipid, carbohydrate, or nucleic acid?

5.
Describe the processes of cyclic and non-cyclic photophosphorylation. What is being phosphorylated in these reactions?  How do these processes different from one another?   Which process evolves oxygen?  Explain the mechanism through which this process evolves oxygen while the other process does not. Which of these processes produces NADPH?  Explain the mechanism through which this process produces NADPH while the other process does not.

6.
The ultimate products of the light reactions of photosynthesis are NADPH, ATP and O2. Be able to describe how each of these products is formed. 

7.
What is a cytochrome?  What is an electron transport system?  Upon what basic concepts is this model based?  (i.e. what attracts the electrons down the system?)

8.
Describe the chemiosmotic theory and explain how it works to produce ATP in the chloroplast during the light reactions of photosynthesis. 

9.
Explain, in the simplest possible terms for a younger brother or sister, how green plants harvest sunlight energy.

-------------------------------------------------------------------STOP-------------------------------------------------------------------------------

Synthesizing Food: The Calvin-Benson Cycle

Focused Reading: 
p 148 Fig 8.17




p 137-8 “The two pathways…” stop at "Properties of light…"




p 146-8 "Making sugar…" stop at  "Photorespiration…"

     The light reactions of photosynthesis generate O2, ATP, and NADPH. Oxygen is a waste product to the plant, but ATP and NADPH are required by the plant to make nutrients from CO2. For the synthesis of nutrients, the plant requires an energy source (provided by the ATP generated during the light reactions), a source of carbon (CO2 from the atmosphere), and a source of "reducing power". Look at the second half of the photosynthesis equation -- the part that synthesizes sugar:


24e- + 24H+ + 6CO2 + energy (ATP) ------->  glucose (C6H12O6) + 6H2O

In this reaction, CO2 is reduced to glucose; the carbon atoms have 12 hydrogens added and 6 oxygens removed. This reduction requires a reducing agent and that reducing agent is NADPH, itself reduced in the light reactions with electrons and hydrogens from water. Ultimately, the hydrogens used to reduce CO2 to glucose come from water. 

     Despite the fact that glucose was used in this example of photosynthesis, the molecule we should focus on is glyceraldehyde 3-phosphate (often abbreviated as G3P). The structure of this molecule is shown on p147. G3P is a three-carbon sugar and it is the starting molecule (precursor) for the synthesis of several sugars, not just glucose, and lipids. Amino acids used for protein synthesis can also be made using PGAL as a precursor, in addition to a source of reduced nitrogen. 

The overall reaction of the Citric acid cycle is:

 
  3CO2 (from the air or water) 


  + 1 G3P 


+ 9 ATP (from the light reactions)   ---------->
+ 9 ADP  + 8 Pi

+ 6 NADPH (from the light reactions)

+ 6 NADP+
The complete cycle is outlined in figure 8.17 on page 148. 

Study Questions:
1.
What role does "reducing power" play in photosynthesis?  What molecules provide reducing power directly to the Calvin-Benson cycle?  Where and how do these molecules obtain their reducing power?

2.
Explain how the photooxidation of chlorophyll a is related to the reduction of CO2 in photosynthesis. Trace the connection in general but accurate terms (i.e. you need not list every chemical in each pathway, but you need to list each pathway and discuss its significance.)

3.
What is the product of the Calvin-Benson cycle?  Why is this molecule of pivotal importance in the life of the plant?

4.
Rubisco is one of the most important enzymes in the entire biological world. What does rubisco do that is so impressive?  What is rubisco's full name?  Explain this name in terms of the enzyme's function.

5.
Explain the Calvin-Benson cycle in general terms. What is important about this cycle?  What does it do?  What are its products, what happens to them, and why are they important?

6.
Based on what you know about the role of phosphorylation in chemical reactions, develop a hypothesis that explains why 3-phosphoglycerate is phosphorylated in the second step of the Calvin-Benson cycle?  The phosphates come right off again in the next step. Why do you suppose the cycle doesn't simply convert 3-phosphoglycerate to glyceraldehyde phosphate in one step? This would save 6 ATP per cycle and would be of great adaptive advantage to the plant. Use an energy diagram to explain your hypothesis. 

NEWS ITEM: Macromolecular complexes appear to be very common for proteins involved in photosynthesis. Darl-Heinz Süss has evidence that suggests that Rubisco is anchored to the thylakoid membrane via the ATP-synthase. If this is true, it demonstrates that many proteins may have a primary function (synthesis of ATP) and a secondary function (anchor rubisco). This is the kind of dual function allows a duplicated gene to give rise to two similar proteins with very different functions - the kind of variation that is critical to evolution. (See Süss. Z. Naturforsch. Vol. 45c: 633-637. 1990.)
------------------------------------------------------------------------------------------------------------------- Now the marijuana leaf has harvested sunlight energy and stored it in the nutrient G3P. As the first law of thermodynamics tells us, energy cannot be destroyed or consumed, it can only be converted to another form of energy. As a summary of the process of photosynthesis, let's briefly describe the harvesting of energy through the light reactions. Remember, you measure energy by the effect it has on matter, so to follow energy, we describe what gets "energized" during this process.

1. 
The electrons in chlorophyll get energized and jump to a higher orbital

2.
These electrons pass across an electron transport system (ETS) and transfer their energy to the proton pumps, which use the energy to move protons up their concentration gradient. The energy of sunlight is now contained in the high concentration of protons in the thylakoid space.

3.
The protons fall down their concentration gradient and transfer their energy to the ATP synthase, which energizes ADP by phosphorylating it to become ATP.

4.
The high-energy electrons tumbling down the ETS in Photosystem I don't transfer all their energy to the proton pumps. Much of the energy remains in the electrons and is transferred to the NADP+ as it becomes NADPH.

5.
NADPH and ATP both contain much of the energy originally reaching the plant in sunlight. During the Calvin cycle, this energy is transferred to CO2 (in the form of high-energy electrons and hydrogen ions) as it becomes G3P. 

     At every step in this process, the energy transfer is not 100% efficient; a percentage of the energy is not transferred to the next step but is given off as heat to the environment. This is the nature of energy transfers. They are never 100% efficient. However, the energy transfers of photosynthesis are among the most efficient.

Study Question:
1.
Be able to explain the transfers of energy outlined in steps 1-5 above. Make sure you understand the nature of each energy transfer and the nature of energy transfers in general. 

-------------------------------------------------------------------------------------------------------------------

G3P has been synthesized and the marijuana plant uses G3P in the following ways:  

1. The leaves send G3P to the mitochondria inside the mesophyll cells. G3P is oxidized in the mitochondria to CO2 and H2O. The energy released by this process is stored in ATP, which powers the living processes of these leaves. 

2.
Plants synthesize glucose, fructose, sucrose (a fructose-glucose disaccharide) and starch (polyglucose) in the chloroplast. The starch is a storage form of sugars that the plant can live on in times of darkness when photosynthesis cannot occur. The mono- and disaccharides are stored in the mesophyll as well, but are also transported to all the cells that do not photosynthesize (roots, stems, and flowers). These sugars are used:

A.
As an energy source - the sugars are burned for energy by these cells.

B.
As a source of glucose for the production of cellulose, the major structural component of cell walls.

C.
As a source of glucose for producing starch in non-photosynthetic plant cells.

D.
As a precursor for amino acids and nucleic acids made in the cells of the root.

See Fig 8.22 (p152) for a diagram of how the Calvin-Benson cycle fits in plant metabolism. ____________________________________________________________________________

     Back to our original question, “Why did the US government use paraquat on marijuana plants to kill them?"  Paraquat is very, very electronegative and binds to a protein near photosystem I. When light hits chlorophyll at the reaction center, the electron is excited and sent to the primary electron acceptor. Rather than entering the electron transport pathway, it is sucked up by paraquat. As a result, no NADPH is produced. So.....? Later in this unit, we will see why it might be so harmful to humans.

      [image: image1.wmf]
Study Questions:
1. Why does paraquat kill marijuana? What affect would this have on marijuana’s ability to make G3P? 

2. If you wanted to design a weed killer what other steps in photosynthesis could be exploited? 

The New York Times Magazine

November 19, 1978 (an excerpt from)

Poisonous Fallout From The War On Marijuana
by Jesse Kornbluth 

     Mexican marijuana growers had learned that parquat-drenched plants might still be sold as commercial-grade marijuana if they could be harvested before the herbicide turned the leaves brittle and the taste harsh. Because their illegal crop meant the difference between a subsistence income of $200 a year and a cultivator’s income of as much as $5,000, the Mexicans unhesitatingly harvested the poisoned marijuana. And then they sold it to Americans.

     The dangers of paraquat were no secret to the State Department. Swallowing as little as a half ounce is suicidal; paraquat gravitates to the lungs, where it causes such massive damage that death almost invariably occurs within two weeks. There is no known antidote. But whether paraquat that has been burned and then inhaled, produces those same deadly results was unknown. In 1975, when State started funding the Mexican program, there had been no inhalation studies. There would be none until 1977, when Senate investigators forced the issue. 

     This month, Secretary of Health, Education, and Welfare Joseph Califano announced the disturbing results of those tests: Heavy users of this tainted marijuana might develop fibrosis, an irreversible lung disease, and “clinically measurable damage” might befall less frequent smokers. In the furor that followed, the Administration explained that there was nothing it could do but warn smokers against Mexican marijuana - the Government of Mexico selected this herbicide independently, purchased it from a British company with its own funds, and sprayed marijuana mostly when opium-poppy fields, the true targets of the American-funded program, lay fallow.

     Among the many accomplishments of the Mexican-American eradication program are these unforseen results:

• Contrary to the original, widely publicized White House announcement, this poisoned marijuana is generally indistinguishable from the ordinary Mexican product.

• Because of the distribution of patterns of Mexican marijuana, paraquat-sprayed marijuana is sold mostly on the West Coast to teen-agers, on the East Coast in ghettos, and across the nation to the estimated 200,000 Armed Forces enlisted personnel who smoke. These are the three groups least likely to have heard Secretary Califano’s warning, or to believe it if they did.

• Conflicting statistics released by various Government agencies have caused widspread confusion. Secratery Califano’s announcement indicated that one-fifth of the marijuana confiscated at the Mexican border had been contaminated by paraquat, some of it at concentrations 40,000 times greater thatn the Environmental Protection Agency allows for domestic use. In August, the Center for Disease Control tested paraquat-positive marijuana forwarded by PharmChem, the California laboratory which had received more contaminated samples than all other private labs combined. PharmChem’s findings - that as much as 39 percent of its 10,000 samples were paraquat poisoned - had been widely publicized;  when the CDC discovered that only 2 percent of this laboratory’s “contaminated” samples were paraquat-positive, PharmChem rexeamined its testing procedures, found them to be inadequate, and suspended its operations. In the confusion which surrounded these developments, the CDC’s warning against “paraquat test kits” - devices which might enable consumers to resolve their doubts at home - hurt sales of the one kit said to be reliable, a simple chemical test developed by University of Mississippi marijuana researcher Dr. Carlton Turner for Landis Labs of Horsham, PA. Last month, when the National Institute of Drug Abuse announced that paraquat was as prevalent and as potentally dangerous as Secretary Califano origianally indicated, this news went almost unreported. 

-------------------------STOP----------------------
Question #2 Why Do Vegetarians Eat Tofu?
Focused Reading: 
p 640-41 "nitrogen fixation…" stop at "Some plants 




p 889 “Food provides…”, stop at "Animals need mineral elements…"




p 890 fig 50.5

WWW Reading:

What are Tofu Pups?

     Tofu is made from soybeans and soybeans are excellent sources of protein. It harvests the sun's energy, gives off oxygen for our consumption, AND stores nutrients in its seeds that contain an unusually high concentration of protein. As you know, protein gives us our structure, which allows us to function. Without protein, we can't produce any chemical reactions, pump any ions, phosphorylate any substrates, or send any electrical impulses (to name a few functions that depend on proteins). We animals need a constant source of protein in our diet. If you are a carnivore, you get much of your protein from meat (the muscle cells of other animals.)  However, this is an inefficient source of protein. It takes at least 10 times more energy to create a gram of animal protein than it does to create a gram of plant protein. Therefore, with the human population explosion, and hunger and starvation a constant threat, it makes sense for humans to consume less meat and eat more plants in order to conserve the precious energy resources of the planet. Unfortunately, many plants are poor in protein, but the soybean is an exception. 

     A note here about "complete" and "incomplete" proteins. All 20 amino acids must be available to you on a daily basis in order for you to make the proteins you need to be healthy. You need to consume eight amino acids (the essential amino acids) in your diet every day (see figure 50.5, on p 890). From these, you can biosynthesize the other 12 (the non-essential amino acids), thus giving you all 20. [In case you are interested, the essential amino acids are isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine.] Because most animals (especially vertebrates) are composed of the much same proteins you are, if you eat animal muscles, you will automatically take in the correct amino acids in about the right proportion for your dietary needs. [We’ll ignore fats and vitamins for now.] However, plants are quite different in their amino acid compositions and are present in proportions that vary significantly from humans. Therefore, if you eat only one kind of plant (say wheat, or corn, or rice), you usually get too much of some essential amino acids and not nearly enough of others. You will be eating "incomplete protein."  Therefore, if you are vegetarian, you should eat legumes (peanuts, soybeans, garbanzo beans, navy beans, kidney beans, pinto beans, etc.) and grains (wheat, rice, oats, corn, etc.)  These two types of plants provide a "complete" protein mixture by compensating for each other's missing essential amino acids.

Study Question:

1.
When do you classify an amino acid as "essential?"  In order to remain healthy, why must vegetarians eat meals containing both legumes and grains?  

------------------------------------------------------------------------------------------------------------

Focused Reading: 
p 635 “Autotrophs…”, stop at "How does…"

     Sugars and lipids contain only carbon, hydrogen, and oxygen, like G3P. Therefore, G3P can be used as the precursor for the biosynthesis of carbohydrates and lipids without the addition of other elements. (As is true for all synthetic processes, these processes are ENDERGONIC and require an energy source in the form of ATP.) However, proteins, which are composed of amino acids, contain carbon, hydrogen, oxygen and nitrogen. Therefore, in order to synthesize amino acids, and therefore protein, the plant must have a source of nitrogen.

Focused Reading: 
p 465-66 "Nitrogen and Sulfur metabolism" stop at 





"Prokaryotes and their…"




p 641 "Some plants and bacteria…" stop at  " Biological nitrogen





fixation…"

The equation for nitrogen fixation is as follows:


N2 + 8H+ + 8e- + 16ATP ----> 2NH3 + H2 + 16ADP + 16Pi
    As you can see, this is a redox reaction in which nitrogen is reduced; hydrogens are added to nitrogen. Thus, the reaction requires reducing power, which it gets from NADH produced during bacterial metabolism (see below). The reaction is also very endergonic requiring at least 16 ATP per reduced nitrogen molecule. (Some estimates of the overall energy requirements of nitrogen fixation place this figure at 25-35 ATP per nitrogen molecule.) Thus, the creation of amino acids, the raw materials of protein synthesis, is itself a costly endeavor for biological creatures. Nitrogen fixing bacteria contribute about 2 x 108 tons of ammonia (NH3) to the soil each year for plant growth and produce many times more soil ammonia than is provided by agricultural fertilizers.

     The soybean obtains nitrogen in the form of ammonium from the Rhizobium residing in its root nodules. Sucrose is transported to the plant roots where it is converted to alpha-ketoglutarate. Root cells synthesize the amino acid L-glutamate by combining alpha-ketoglutarate and ammonia as follows:

[image: image7..pict][image: image8..pict]
                                    + NH3 + NADPH + H+------>                                       + NADP+ +  H2O

              alpha-ketoglutarate




 L-glutamate                

The amino acid L-glutamate can be used as a source of amino groups to make all of the other amino acids. The amino acids are transported all over the plant to meet its own protein synthesis needs. In the case of the soybean, amino acids are also supplied in large numbers to the developing soybeans. These soybeans, then, are a rich source of protein for humans and other animals when harvested. And with this came the invention of soy-burgers and tofu pups - what some vegetarians eat on picnics and at ball games.

NEWS ITEM: The recommended daily allowance of vitamin E (10- 13.4IU) can be easily obtained in your daily diet. However higher levels of the vitamin (100-1000 IU) have been found to decrease your risk of heart disease and some cancers and improve the immune system. This level was almost impossible to reach without vitamin supplements--until now. Soybean oil is one of the main sources of dietary vitamin E and researchers in Nevada are working to bioengineer a better bean. A precursor of vitamin E is abundant in plant oils but most of it doesn't get converted into the vitamin.  By cloning in a gene that overexpresses the necessary biosynthetic enzyme, scientists are able to shift the equilibrium of the reaction from precursor to product and increase the overall vitamin E content. (D. Shintani and D. DellaPenna Science 1998 vol 282 p 2098.)  

Study Questions
1.
Describe the various ways in which G3P is used by the green plant, in general terms.  

2.
In what form must nitrogen be supplied to plants in order for them to incorporate the nitrogen into amino acids?  How is this form of nitrogen provided to non-legumes?

3.
Describe the symbiotic relationship between legumes and Rhizobium. What does the legume gain from this relationship?  What does the Rhizobium gain?

4.
Describe the efforts of genetic engineers and selective breeding to increase the protein productivity of crops. Why is this work important?  What is the problem with simply fertilizing crops to provide more ammonia and nitrates?

------------------------------------------------------------------------------------------------------------

QUESTION #3:  WHY IS CYANIDE THE TERRORIST’S POISON OF CHOICE?

The  Cyanide  Scare

A Tale of Two Grapes

by Bill Grigg and Vern Modeland   (excerpts from FDA Consumer) 

         [image: image2.wmf]
     March 1989 marked the most intensive food safety investigation in Food and Drug Administration history. Millions of tons of fruit became suspect when a terrorist, 6,000 miles away, apparently made good on a phone call threatening to poison this nation’s fresh fruit supply. Fruit in stores was returned or destroyed, and shipments coming into the country from Chile were halted. 

     In Chile, seasonable fruit and vegetable exports are second in importance only to copper to the national economy. In the United States, the cost of the terrorist’s call might reach $50 million - the estimated value of 45 million crates of nectarines, plums, peaches, apples, pears, raspberries, strawberries, blueberries, and table grapes that faced destruction. 

     How did it happen?

     ********************************

Since it was his turn as duty officer, Dick Swanson wasn’t surprised when the black box on his belt beeped at 7:20 p.m., Friday, March 3. Ever since the 1982 Tylenol tampering crisis, his wife only half counted on him on Fridays. A second beep sounded as he reached his door, so he headed straight to the telephone and called the number that had appeared on the beeper. A U.S. Customs official came on the line. He told Swanson that a cable from the U.S. Embassy in Santiago, Chile, had informed Customs:

ON MARCH 2 AT 1550 HOURS AN EMPLOYEE OF THE AGRICULTURE PUBLIC HEALTH INSPECTION SERVICE RECEIVED A CALL FROM A SPANISH SPEAKING MAN, WHO SOUNDED MIDDLE AGED AND WHO SPOKE WITH AN UNEDUCATED ACCENT. THE MAN STATED THAT FRUIT BEING EXPORTED TO BOTH THE UNITED STATES AND JAPAN WILL BE INJECTED WITH CYANIDE... IN ORDER TO FOCUS ATTENTION ON THE LIVING CONDITIONS OF THE LOWER CLASSES IN CHILE. HE FURTHER STATED THAT TOO MANY PEOPLE IN THE COUNTRYSIDE WERE STARVING DUE TO INCREASED LIVING COSTS AND WERE UNABLE TO BUY SUFFICIENT FOOD TO SURVIVE.

     The caller said killing policemen and placing bombs had not solved the problem and he wanted to involve other countries. Although the Manuel Rodriguez Patriotic Front and the Leftist Revolutionary Front had been attacking policeman and placing bombs to bring about changes in the country and government of Augusto Pinochet, the caller did not say if he was involved with either group.

     Saturday, FDA Commissioner Frank E. Young, M.D., Ph.D., and others met at FDA headquarters in Rockville, MD. They continued to confer on Sunday. But by Monday, the State Department had concluded the telephone call was “probably a hoax.” FDA then released news of the call and State’s view of it as a likely hoax. FDA said fruit had been temporarily held but was moving again. Few newspapers reported FDA’s announcement. The crisis appeared over. 

    *********************************

     The terrorist called the embassy in Santiago again on the eighth of March, and again on March 17, warning that the March 2 threat was no hoax.

     FDA began to step up inspections, mostly at the Port of Philadelphia, where 80 percent of all Chilean fruit imported by the United States arrives. 

     First to be inspected would be the Almeria Star, which had sailed Feb 27 from Santiago with 364,000 boxes of fruit in her holds. On Sunday, March 12, investigators began examining a representative 12,000 boxes of fruit. 

     To examine the mountain of Chilean fruit, the FDA Philadelphia district office needed extra help. Among those assigned to the temporary duty was William Fidurski, from FDA’s North Brunswick NJ, resident inspection post. He was one of some 40 FDA people assigned to inspect fruit at the Tioga Fruit Terminal in Philadelphia.

     “They were right on top of the box,” Fidurski recalls. The red seedless grapes were discolored. They had damaged skins.  That’s about all he remembered about them, out of the 2 million grapes FDA investigators saw that day.

     Being careful not to disturb anything in the box, Fidurski turned the crate over to his

supervisor. It went, among others containing damaged or discolored fruit, to the FDA Philadelphia laboratory for closer examination. There, color photos were taken that showed rings of a crystalline substance surrounding what might be puncture sites. The grapes then were sliced carefully and placed in small glass flasks. In the flasks, the slices were squeezed with a glass rod to release the juice, and a solution of dilute sulfuric acid was added. Sulfuric acid will cause chemical changes to cyanide compounds, releasing hydrogen cyanide. This “cyantesmo test” would detect the presence of as little as 10-millionths of a gram of cyanide. Within minutes, it did. The analysts then did a Chloramine T test, which produces a pink-purple color in a reactive solution. The second test confirmed results of the first.

     Those two red grapes contained cyanide in amounts far too small to cause death, or even illness, to anyone eating them. And, because crystalline potassium cyanide and sodium cyanide change to hydrogen cyanide gas in acid fruit which can then dissipate, FDA scientists couldn’t determine how much of the poison might have originally been injected into the grapes. But, cyanide was present.

     FDA Commissioner Young said, “Very low levels. Very low... 0.03 mg vs. 20 mg to hurt an adult.” The newly confirmed Secretary of Health and Human Services Sullivan was briefed. The many political and financial ramification of a quarantine were discussed. They agreed that HHS and FDA weren’t charged with foreign policy considerations and commerce. 

     A news release was drafted, in case it was needed. Copies were passed around the table and quickly approved: “The FDA said today it has found and confirmed traces of cyanide in a small sample of seedless red grapes from Chile and as a result, is detaining all grapes and other fruit from that country....”  The news was made public on the evening newscasts on March 13.

 Why is cyanide poisonous? How does it kill people? To answer these questions, we need to learn how all organisms generate ATP from sugars like glucose.

     Non-photosynthetic organisms are called heterotrophs (troph = to feed on; hetero = other; therefore, "one who feeds on others") as opposed to photosynthetic organisms which are called autotrophs ("ones who feed themselves.")  Animals, many bacteria, most protists, and non-photosynthetic plant cells (roots, stems, flowers) must get ATP by non-photosynthetic means. These means are called fermentation and cellular respiration. Fermentation does not require the presence of oxygen (we’ll cover this later), while, as the name implies, cellular respiration does. While all nutrient molecules can be burned to obtain energy, by far the molecule most frequently used for this purpose, under normal circumstances, is the monosaccharide glucose. Glucose is the predominant sugar in human blood. Homeostatic mechanisms maintain the plasma glucose concentration at about 80 mg per 100 mls of blood.

Focused Reading:
p 108 "Metabolism and the…" stop at "Enzyme activity is subject…"




p 145 Fig 7.1--note relationship between autotrophs and heterotrophs 




p 43-46 "Carbohydrates…" stop at "Derivative carbohydrates…"

     The energy of sunlight has been harvested and stored in the glucose molecule through the process of photosynthesis. Humans eat sugars and complex carbohydrates, which are converted to glucose for consumption by the cells. The energy stored in glucose by the green plant is thus released to the cell (and converted to ATP) during the process of cellular respiration. 

     Complex carbohydrates come in three varieties -- starch, cellulose (made by plants), and glycogen (made by animals). All of these polysaccharides are polyglucose. Because they contain alpha-glycosidic linkages, people can break down glycogen and starch to glucose molecules that serve as fuel for the cells of the body. Because it contains beta-glycosidic linkages, cellulose cannot be broken down to glucose by us. You do not have the enzyme required to break the beta-glycosidic linkage, therefore lettuce, celery, carrots, broccoli, etc. actually contain thousands of calories but you can't get at these calories because you can't break down the primary bulk of the vegetables -- cellulose. So it simply passes through your body as "roughage." 

     The overall equation for cellular respiration is:


C6H12O6 + 6O2 + 6H2O  ----->  6CO2 + 12H2O +  energy  (ATP + Heat)

You will immediately recognize this as the reverse of photosynthesis. Photosynthesis is an endergonic reaction with a ∆G of +686 kcal/mole. Conversely, cellular respiration is an exergonic reaction with a ∆G of -686 kcal/mole. Thus, for every mole of glucose oxidized by the cell, 686 kcal of energy becomes available to do cellular work. However, as in the case of photosynthesis, each of the many energy transfers in cellular respiration is inefficient. Thus, about 254 kcal of this total energy is given off as heat while only about 432 kcal is successfully stored in ATP. This heat is definitely used by humans to maintain their body temperature, and cannot be considered “wasted” energy. However, in warmer environments, much of the heat is "dumped" into the air by cooling mechanisms (most notably perspiration). Nonetheless, the transfer of energy from glucose to ATP is about 63% efficient (432 kcal stored out of 686 available). By the standards of other biological processes as well as those of human-built machines, this is an extraordinarily efficient process.

     In addition to being highly exergonic, cellular respiration, like photosynthesis, is a redox reaction.

Focused Reading: 
p 115-16  "Obtaining energy and electrons…" stop at "An overview…"

Cellular respiration happens in two basic processes:

1.
The oxidation of glucose and water  -- glycolysis and the citric acid cycle (also called the Krebs cycle after the scientist who first described it)

2. The reduction of oxygen  -- oxidative phosphorylation
While ATP is synthesized from ADP and Pi (Pi = H2PO4) throughout both halves of cellular respiration, the vast majority of ATP is synthesized during oxidative phosphorylation. During glycolysis and the citric acid cycle, the hydrogens (high-energy electrons plus protons) are removed from glucose, which becomes CO2 in the process. This equation is:


C6H12O6  + 6H2O  ------>  24e- + 24H+  +  6CO2
The 24 hydrogens that are removed from glucose and water come off as 24 high-energy electrons plus 24 protons. As in the case of photosynthesis, the 24 electrons and some of the protons are transferred to carrier molecules. In cellular respiration, this carrier molecule is NAD+ (the same molecule as NADP but minus one phosphate) and, in one case, FAD. NAD+ and FAD pick up the 24 electrons from glucose and water that are released during glycolysis and the citric acid cycle. As in the case of photosynthesis, the hydrogens picked up by NAD+ and FAD are high-energy electrons plus protons. NAD+ becomes NADH by picking up two electrons and one proton while FAD becomes FADH2, by picking up two electrons and two protons. These high-energy electrons are carrying the energy that was originally carried to the earth as photons.

     In the second part of cellular respiration, called oxidative phosphorylation, oxygen is reduced to water. The equation is as follows:


24e- + 24H+ + 6O2 ---->  12H2O

The 24 electrons required to reduce oxygen are donated from the carrier molecules NADH and FADH2, which picked up the hydrogens during glycolysis and the citric acid cycle. Some of the 24 protons come directly from NADH and FADH2, while others come from the pool of H+'s in the cytoplasm. This should all sound vaguely familiar. Same idea as photosynthesis -- shuttle high-energy electrons plus protons (hydrogens) from one molecule to another using a dinucleotide (e.g. NAD) as an intermediate. Nature has a few good ideas and they provided a selective advantage over and over again. 

     One idea that should not escape you in all this is that electrons are not all equal in energy level. When an electron is bound into covalent bond between hydrogen and carbon (as in glucose, amino acids, lipids, etc), it has a relatively high energy level. When it is bound into a covalent bond with oxygen, as in water, it has a relatively low energy level. Thus, the transfer of hydrogens from a carbohydrate (forming CO2) to oxygen (forming H2O) constitutes an exergonic process in which the energy level of the electrons falls. This loss of energy is converted to ATP and heat which is released into the environment.

Study Questions:
1.
Explain the process of homeostasis in relation to thermodynamics. What is it and why is it important? 

2.
In this unit on bioenergetics, you have now encountered the four biological processes that yield the ATP that living creatures use to power their lives. What are they?

3.
Analyze the cellular respiration equation as a redox reaction. What is being reduced?  What is being oxidized?  During which processes do each of these reactions occur?  Be able to do the same for the photosynthesis equation.

4.
Explain how hydrogens are shuttled from one process to the other in cellular respiration. What molecules do the shuttling?

5. Explain the concept of high-energy electrons storing energy. How is this energy released?  How is it stored in the first place?

-------------------------------------------------------------------STOP-----------------------------------------------------------------------------

     So, how is this all accomplished?  Cells in our body get glucose from the blood. The concentration of glucose is always very low in the cytoplasm for two reasons: 1) glucose is constantly being burned for energy and 2) as soon as glucose enters a cell, it is immediately converted to glucose-6-phosphate (whether it enters glycolysis or not.)  Glucose-6-phosphate is not the same as glucose -- thus glucose is removed from the cytoplasm by phosphorylation and the cytoplasmic glucose concentration remains very low. 

     Being a hydrophilic organic molecule and not a simple ion, glucose must cross a cell’s plasma membrane by being transported by a glucose transport protein and not a glucose channel. However, because the concentration of glucose is higher outside the membrane (in the blood) than in the cytoplasm, the process can be passive (not requiring ATP.) 

Focused Reading: 
p 85-6 “Physical nature…” stop at “Osmosis…”




p87-8 “Diffusion..." stop at "Active transport…"

WWW Reading: 

Relative Sizes

     The model for the glucose transport protein is very much like the active transport models you studied in Unit I. However, there is only one substrate binding site on the molecule -- a site highly specific for glucose. The affinity of this site does not change as the protein opens to the inside and then the outside of the membrane. Let's say the concentration of glucose is 100 fold higher outside a cell than inside. Thus, when the glucose transporter is open to the outside the cell, it is 100 times more likely that a glucose will hit its binding site on the transporter and stick before the transporter flips to the inside. After the transporter flips, because the bonds between glucose (a ligand) and its transporter are weak, glucose wiggles free through its own kinetic energy. Now it is 100 times less likely that a glucose molecule from the cytoplasm will bind to the site before it flips back to the outside. After it flips, it is 100 times more likely that glucose will bind.... Thus, for every glucose molecule that is transported outward, 100 are transported inward and the net transport is inward without the expenditure of energy in the form of ATP. One more thing, the glucose transporter does have one additional site on it for allosteric modulation. This causes the transporter to flip faster or slower, allowing the rate of transport to be increased or decreased.

     Molecular oxygen is hydrophobic because the double bonds between the two oxygens are not polar; both oxygens have equal affinity for the electrons. Therefore, oxygen can enter a cell by passive diffusion across the phospholipid bilayer. Since oxygen is constantly being converted to water by cellular respiration, the oxygen concentration in the cytoplasm is lower than in the blood outside the cell. Therefore, oxygen enters down its concentration gradient. In fact, this is a self-regulating system since a rapid consumption of oxygen due to increased cellular respiration increases the concentration gradient across the plasma membrane and causes oxygen to enter a cell at a faster rate by passive diffusion.

Study Questions:

1. The transport of glucose into most mammalian cells is a passive process. Explain the conditions that make it possible for glucose to cross the membrane without the expenditure of energy in the form of ATP.

2. Explain the passive transport process of glucose. In what ways does it differ from active transport?  How can the rate of passive transport of glucose be changed?

3.
Explain how the delivery of oxygen to cells is a self-regulating process that adjusts as the rate of cellular respiration changes.

4.
Along the lining of your intestines, there a different glucose transporter, a symporter, that uses the Na+ gradient to power glucose uptake. (See Fig 5.13 p 90) Why is this necessary?

------------------------------------------------------------------------------------------------------------

Once the glucose is inside the cytoplasm, it can be oxidized for energy.
Focused Reading: 

p 68 "Mitochondria are…" stop at "Plastids photosynthesize…"





p 31-2 "Functional groups…" stop at "Isomers have…"





p 31 Table 2.20





p 116-25  “In the presence...” stop at “The respiratory…"





In lab we worked with IDH--Find the Krebs cycle step catalyzed by the mitochondrial form of IDH

WWW Reading:
Glycolysis Summary

     Look over all the steps in glycolysis and the Krebs cycle and try to understand each one. While you do not have to memorize these steps, you will understand the overall concepts a lot better if you have some understanding of the individual steps in the process. 

Here are some chemical rules that will help you understand glycolysis and the Krebs cycle. In general, •  alcohols end in -ol (e.g. ethanol, butanol, and estradiol)

•  aldehydes end in -aldehyde; (e.g. formaldehyde)

•  ketones end in -one (e.g. cortisone, acetone)

•  acids end in -ic acid or -ate (e.g. carbonic acid/carbonate; phosphoric acid/phosphate.)




oxidation

oxidation


R-COH   
-------->
R-CO
--------->
R-COOH


R-COH
<-------  
R-CO  
<--------   
R-COOH
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      reduction

      reduction
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alcohol



aldehyde

    acid







or ketone

When alcohol groups are oxidized, they become aldehydes or ketones. When aldehydes or ketones are oxidized, they become acids. Conversely, when acids are reduced, they become aldehydes or ketones, which become alcohols when they are reduced. For example:





1


2


CH3-CH2OH    <--------->  CH3CHO  <-------->  CH3COOH

            ethanol


acetaldehyde

   acetic acid

     The forward reaction is oxidation while the reverse is reduction. In reaction 1, the oxygen in the hydroxyl group breaks its bond with hydrogen and the carbon breaks its bond with one of its hydrogens, and carbon and oxygen form a double bond. This carbon=oxygen double bond is a carbonyl group. [If this occurs at the end of a molecule, it is an aldehyde group; if it occurs anywhere but the end, it is a ketone group]. This is the loss of hydrogen, or oxidation. 

     In reaction 2, the carbon breaks its attachment to the hydrogen and bonds with a hydroxyl group. When a carbonyl and hydroxyl are bonded to the same carbon, this is an acid group. During this process, the ketone or aldehyde gained an oxygen -- thus, this process is oxidation.

     Sugars contain one carbonyl group and several hydroxyl groups. Therefore, they are not very highly oxidized or, in other words, they are highly reduced. Through the process of glycolysis and the Krebs cycle, more and more hydroxyl groups are converted to aldehyde, ketone and acid groups by the process of oxidation. Finally, the most highly oxidized form of carbon is produced -- carbon dioxide.

     One more rule that may help, if a compound ends in -ate, it is the ionized form of an organic acid. For instance, because acetic acid is an acid, when you put it in water, it "donates" a proton as follows:

                              
CH3COOH <------> CH3COO- + H+

                         acetic acid

acetate

Thus, when you call a molecule glutamate, or pyruvate, or oxaloacetate, you are indicating that the molecules are acids that have ionized. In their non-ionized forms, they are glutamic acid, pyruvic acid, and oxaloacetic acid. Biologists frequently use the ionized and non-ionized names interchangeably, so don't be thrown off by this.

Study Questions:

1.
What is the difference between substrate level phosphorylation and oxidative phosphorylation?  What is being phosphorylated in each process?

2.
For what purpose is ATP spent during the first few reactions of glycolysis?  If glycolysis is supposed to yield energy, not cost energy, why is the cell doing this?

3.
While glycolysis is considered to be a redox process, really only one step in the pathway is a redox reaction. What happens at this step?

4.
Given just the names of compounds in reactions, be able to determine whether the reaction is an oxidation or a reduction. For example:
formaldehyde to formate; phosphoglyceraldehyde to phosphoglycerate.

5.
Explain the difference in the chemical structure of a molecule whose name ended in  "-ate" as opposed to "-ic acid".

6.
What is the overall reaction of glycolysis?  What goes in and what comes out?  What is the fate of all products?

7.
What is the overall reaction of the Krebs cycle (including pyruvate oxidation)?  What goes in and what comes out?  What is the fate of all products?

8.
What is cyclical about the Krebs cycle?  Explain, in general, how carbons cycle through this pathway.

9.
If you had to summarize the processes of glycolysis and the Krebs cycle in the simplest terms, how would you describe it?  If your life depended on clearly conveying what happens in these processes in two or three sentences, what would you say?

10.
How do our cells obtain glucose from the blood?  Does this process require the expenditure of ATP?  Explain.

11.
While the overall reactions of glycolysis and the Krebs cycle yield energy, the process also costs some cellular energy in the form of ATP. What steps in the process require energy and why?  By how much is the total ATP yield reduced by these endergonic steps?

NEWS ITEM: A group of researchers at Duke University have located a second protein that interacts with huntingtin, and it also interacts with HAP-1. The “new” protein is glyceraldehyde-3-phosphate dehydrogenase, the first enzyme in the “energy harvesting half” of glycolysis. This is the first protein in the HD story that has a known function. The scientists are entertaining the idea that HD and four other less common neurodegenerative
diseases have reduced energy production due to a molecular interference with glyceraldehyde-3-phosphate dehydrogenase. (See related summary; Marcia Barinaga. Science. Vol. 271, pp1233-1234. 1 March, 1996.)

A group from Syracuse University has used antibodies to localize the enzymes involved in glycolysis in Drosophila flight muscles. Surprisingly, these “cytoplasmic” proteins were found spaced in regular intervals over the striations in the muscles. When mutations were made in these enzymes so that they were still functional but no longer located over the striations, the Drosophila was no loner able to fly. Therefore, glycolytic enzymes are necessary for energy production but it appears that this production must be located in specific areas inside some cells in order for the cells to function properly. (Molecular Biology of the Cell Vol. 8: 1665. September, 1997)
-------------------------------------------------------------------STOP-----------------------------------------------------------------------------

     For every one glucose molecule and six molecules of water that enter glycolysis and the Krebs cycle, a cell makes six molecules of CO2. This CO2 is hydrophobic and it leaves the cell by passive diffusion across the lipid bilayer. As in the case of oxygen, increased levels of CO2 in the cytoplasm (which would occur if cellular respiration rates increased) would increase the concentration gradient. This would in turn increase the rate at which CO2 diffuses out of the cell. Thus CO2 elimination is a self-regulating process, too.

     To make this CO2, cells transfer 24 hydrogens (24 high-energy electrons plus 24 protons) to carrier molecules, two at a time. You need 12 carriers to transfer 24 electrons: 10 NADH and two FADH2. While these electrons have lost some of the energy they had when they were in glucose, they haven't lost very much, and they continue to be "high-energy."

     In addition to the 24 hydrogens, we have a net synthesis of four ATP (two from glycolysis and two from the Krebs cycle) produced by substrate level phosphorylation. These four ATP are a net gain and can be used by the cell for anything it wishes. ATP made in glycolysis is in the cytoplasm ready to be used. The ATP generated in the Krebs cycle is in the mitochondria and can be used there or can be transported across the mitochondrial membrane into the cytoplasm for use there. Because ATP is in such high concentration inside the mitochondria, ATP can go down its concentration gradient on a transport protein into the cytoplasm by the process of passive transport.

     The majority of ATP is synthesized by the cell from the energy stored in the high-energy electrons found in NADH and FADH2. The process of oxidative phosphorylation harvests this energy.

Focused Reading: 
p 125  “The respiratory chain:…" stop at "The respiratory chain 





transports…"




p 126-28 “Active proton…” stop at “Two experiments…”

WWW Reading:

Animation of Photosynthesis

     The process of ATP synthesis in photosynthesis and oxidative phosphorylation is essentially the same. This process must be very ancient, having evolved before plants and animals separated during evolution. In fact, because bacteria synthesize ATP this way too, it must be one of the most ancient "good ideas" in the biological world. Bacteria pump protons toward the outside across their plasma membranes. Protons then reenter the cell via an ATP synthase, and ATP is synthesized. Thus, in bacteria, the plasma membrane has a function that is equivalent to the inner mitochondrial and thylakoid membranes in eukaryotes.

NEWS ITEM: The study of apoptosis (programmed cell death) has become provided potential links to bioenergetics and to neurodegenerative disease. Some of the main players in apoptosis are proteases called caspases that help to kill the cell by degrading it from the inside out. Dr. Shimizu and colleagues have shown that caspases are activated when cytochrome C is released from the mitochondrion. When apoptosis is initiated, cytochrome C, which normally acts to help harvest energy, acts as a messenger of doom to activate the caspases so that they can destroy the cell. Caspases also appear to be activated in Huntington's disease. In this case, it seems that the presence of the CAG repeats activates the apoptosis cascade leading to neuronal death in both mice and humans. This finding leads to hope for treatment of HD since caspase inhibitors (injected into the cerebrospinal fluid) slowed progression of the disease. (See Nature 1999 vol299 p411 and 263.)

                 [image: image3.wmf]
Study Questions:

1.
Explain the process by which ATP is synthesized from ADP and Pi using the energy of the high-energy electrons from NADH and FADH2. You need not memorize the name of the cytochromes, but you should understand the process and be able to explain it accurately.

2.
What role does oxygen play in oxidative phosphorylation?  Why is oxygen a good molecule to play this role (why not carbon, or neon, or hydrogen?)

3.
Approximately how many ATP are synthesized in oxidative phosphorylation per glucose molecule?

------------------------------------------------------------------------------------------------------------

     Most cells in our body do not absolutely have to use glucose as a source of energy. They can oxidize lipids or amino acids to make ATP. [While most cells are like this, the cells of the brain must burn glucose -- no other fuel will do. Thus, if you suffer from low blood sugar (hypoglycemia (hypo = low; glyc = sugar; emia = in the blood), you may experience loss of ability to concentrate, to speak coherently, and even to stay conscious -- all signs of compromised brain function.]  

     If a source of lipids is available, a cell will burn lipids along with glucose for fuel. Fats are digested into glycerol and fatty acids--both of which can 'feed' into metabolism. Glycerol is converted into glyceraldehyde phosphate and used in glycolysis. This releases a little energy but most of the energy from fat is stored in the fatty acids. A process called beta oxidation breaks fatty acids into 2 carbon units that can enter cellular respiration as acetyl coA. If glucose and lipid levels are low, the cell will begin to burn amino acids for fuel. This can be detrimental to your health because the amino acids must be deaminated in order to be burned, and the brain and kidneys have a hard time dealing with the extra ammonia that is produced. 

Focused Reading: 
p 130-32  "Metabolic pathways…" stop at "Regulating energy…"




p 49-51  "Lipids:..."; stop at "Phospholipids …" 
Study Questions:

1.
Fat stores more energy per gram than carbohydrates. What part of a fat molecule stores the most energy? How is that part broken apart so that components can enter metabolism?

2.
How is glycerol burned for fuel?  Where does it enter the cellular respiration pathway?

3.
What must happen to amino acids before they can be burned as fuel?  One common point of entry for amino acids into the Krebs cycle is at alpha-ketoglutarate. Refer back to the section on nitrogen fixation and the production of amino acids in this unit, and explain how an amino acid such as L-glutamate might enter the Krebs cycle at alpha-ketoglutarate.

------------------------------------------------------------------------------------------------------------

     Intestinal cells work very hard all the time and have a fairly constant metabolic rate. In contrast, cardiac myocytes have a fairly low metabolic rate when you are sleeping and a very high metabolic rate when you are exercising. Therefore, the rate at which glucose is burned must be regulated so that you don't waste energy (burning a lot of fuel when little energy is needed) or starve for energy (burn very little fuel when a lot of energy is required). All cells must be able to regulate the rate at which glucose is burned and ATP is created.

Focused Reading: 
p 132-4 "Regulating the energy pathways" to the end.

Study Questions:

1. Explain in chemical terms how the rate of glucose oxidation is controlled by environmental conditions. Why is this evolutionarily adaptive?

2. Describe the structure of phosphofructokinase. How many sites binding does it need to perform its function?  What molecules bind at each?  Explain the name of the enzyme. What makes it a good enzyme to function as a rate regulator for cellular respiration?

     Now that we understand how cells get energy from sugar, we can understand why cyanide is so lethal, and so popular with extortionists. Cyanide (its chemical formula is CN-) has a negative charge, as the name indicates since it ends with the suffix “-ide”. As you know from your basic chemistry, negative ions are attracted to positive ions (cations). Unfortunately, some of our vital enzymes use cations as a part of their structure. One class of enzymes that use iron ions is cytochrome oxidases. As the name tells you, they oxidize cytochromes by taking away an electron and these oxidases are located in the inner mitochondrial membrane. The high-energy electron temporarily binds to the iron in the cytochrome oxidase before the electron is passed onto the next cytochrome in the electron transport pathway, as seen in this diagram:

   [image: image4.wmf]
As a result, our enzymes, and our very lives, depend upon cytochrome oxidases being able to carry high-energy electrons temporarily. Cyanide has the unfortunate tendency to bind irreversibly to the iron ions in cytochrome oxidases. If the iron is occupied by CN-, then it cannot accept another electron from a cytochrome that is carrying a high-energy electron. 
                          [image: image5.wmf]
     But CN- does not bind to all of the cytochrome oxidases, only the next to last one. So what’s the problem??? As you know, most of the H+ ions are transported into the mitochondrial intermembrane space before this next to the last step of the electron transport pathway. How could missing out on the last two steps kill you?

     Think of yourself in a bucket brigade where each person passes one bucket of water onto the next, and receives another bucket of water from the person “upstream”. You are the next to last person passing on buckets in a long line of bucket passers. All of a sudden, the person you normally give your bucket to has stopped - he has been given an ice cold glass of sweet tea, and cannot be bothered to accept your bucket. What are the repercussions for every one else in this long line of bucket passers? Since you cannot get rid of your bucket, the person who normally passes a bucket to you cannot unload her bucket.... and a domino effect rushes backwards until every person in the long line is left holding a bucket of water with no one to accept it. This is what kills you with cyanide poisoning. The next to last cytochrome oxidase is gummed up with CN-, therefore it cannot relieve a cytochrome of its high-energy electron and this clogs up the entire electron transport pathway. 

                 [image: image6.wmf]
Therefore, no H+ ions are transported into the intermembrane space, no H+ gradient is created, which results in an absence of the chemiosmotic generation of ATP. You die by a deprivation of ATP -- you run out of energy even though you have already generated lots of NADH and FADH2. 

Study Questions:

1.
Given what you know about electron transport, why might paraquat be harmful to humans?

2. 
How does cyanide kill?

3. 
What do photosynthesis and cellular respiration have in common? How do they differ?

NEWS ITEMS: A single base pair substitution has been identified in patients who suffer from severe infantile lactate acidosis and encephalomyopathy. These symptoms were due to a genetic disease but surprisingly, the gene is not located in the nucleus. The base pair substitution occurred in a mitochondrial gene, which encodes one subunit of the mitochondrial ATP-synthase. The mothers of each patient contained 1:1 mixtures of wild-type and mutant mitochondrial DNA suggesting that each mother had inherited mutant DNA from their mothers too. (See Houstek et al., Biochemica et Biophysica Acta. Vol 1271: 349-357. 1995.)

In the 29 April, 1997 issue of Proc. Nat. Acad. Sci., a team from UVa has identified a gene that is mutated in many patients with Alzheimer’s Disease. This gene is located in mitochondrial DNA and encodes for one of the 13 proteins that make up cytochrome oxidase. These data are consistent with two points. 1) It has been suspected for many years that AD patients may suffer from poor energy metabolism. This would suggest that oxygen free radicals (O-) cause neuronal damage. 2) Children of mothers with AD are more likely to get AD than children whose fathers have AD. We inherit almost all of our mitochondrial DNA from our mothers. (Science Vol. 276: 682. May 1997)

4.    Mitochondrial genes encode several components of the ATP synthase complex. One family   

       has been identified that has a missense mutation in subunit a of the synthase and this gene is a 

       mitochondrial gene (patients suffer from neurogenic muscle weakness). Draw a pedigree for 

       this family.

5.    Hypothesize why paraquat is probably toxic to animals. 

     Sour Grapes Land US in the Dock

by Dan Charles

excerpted from New Scientist, 16 March, 1991 

     The US Food and Drug Administration may have botched tests that appeared to detect cyanide in grapes from Chile two years ago. ON the basis of the tests, the US banned imports of all fruit from Chile for five days. Last month, Chilean fruit growers filed a legal claim against the US government, arguing that the FDA’s mistakes in analytical chemistry cost them more than $400 million. 

     Manuel Lagunas-Solar, a radiochemist at the University of California, Davis, has spent the last two years injecting grapes with cyanide and trying to duplicate the FDA’s results. From his research, which was paid for by Chile’s fruit growers, one thing seems clear: the grapes were not contaminated with cyanide when they left Chile. Lagunas-Solar suspects that the grapes were never contaminated at all.

     The central problem with the FDA’s results is that they found too much cyanide, says Lagunas-Solar. His tests show that the chemistry of grapes breaks down and detoxifies cyanide with remarkable speed. 

     The FDA detected 6.2 micrograms of cyanide in the pulp of the two grapes. According to Lagunas-Solar, this would mean large amounts must have been injected into the grapes just a few hours before the tests. But the grapes were on the docks in Philadelphia or in the custody of the FDA for longer than that before the tests were carried out.   Working backwards, Lagunas-Solar estimates that a terrorist in Chile would have had to inject a minimum of 4000 micrograms of cyanide into the grapes in order to produce this result. It is more likely that ten times this much would be necessary, he says. But the larger of these quantities cannot physically be injected into grapes, and even the smaller amounts would have damaged the grapes and contaminated other grapes in the package.

     The grapes the FDA analyzed were in good physical shape, and they did not find any other contaminated grapes, even in the same bunch. “We were able to rule out with confidence the hypothesis that cyanide tampering could have occurred in Chile, “ says Lagunas-Solar. 

     Bill Grigg, a spokesman for the FDA rejects Lagunas-Solar’s conclusions. The FDA’s own studies confirm that cyanide does disappear rapidly from grapes and other kinds of fruit. But in one FDA study, two grapes did retain large amounts of cyanide for between 3 and 6 days without having much effect on the look of the grapes. No one has been able to explain this result.

     A further puzzle in the saga is that the FDA was also unable to find any traces of cyanide on the other grapes from the same bunch, even using their most sensitive techniques. Lagunas-Solar’s experiments show that traces of cyanide from contaminated grapes will show up throughout an entire crate of grapes.

--------------------------STOP-------------------
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