
QUESTION #4: Why would authorities ask you to update vaccinations after a flood ?
     Bacteria are stunningly diverse and comprise an entire domain -- Eubacteria. It is impossible to cover the bioenergetics of this entire domain in any meaningful detail. However, brief introduction to the metabolic diversity of bacteria will help broaden your understanding of the variety of ways organisms can acquire energy.

Focused Reading: 
p 466-7  "A small minority…" stop at "Prokaryote…"





p 464-5 “ Prokaryotes have…” stop at “Nitrogen and sulfur…”





p 469 Fig 26.12

WWWeb reading:
http://www.cdc.gov/nceh/emergency/flood.html  Choose ‘Immunizations’
     We will focus on one bacterium, Clostridium tetanii, the organism that causes tetanus. During the summers of 1993 and 1995, the Mississippi River and its tributaries flooded and caused billions of dollars in property damage and catastrophic losses for thousands of people in the Midwest. The Red Cross responded to this natural disaster by providing shelter, food, clothing, and tetanus vaccine. Why, in the midst of chaos and misery, did the Red Cross spend time and money delivering this vaccine (and what does this have to do with studying bioenergetics)?  Well, herein lies the tale.

     Tetanus causes all of the skeletal muscles of the body to contract into rigid paralysis. If untreated, the disease is fatal -- the diaphragm (the skeletal muscle that facilitates breathing) contracts into a rigid paralysis along with all the other skeletal muscles. Because it cannot relax, the victim cannot exhale and subsequently suffocates.

     Tetanus is caused by a protein toxin (poison) released by the bacteria Clostridium tetanii. Because this toxin is released by the bacteria as a soluble molecule, it is called an exotoxin. Other bacteria (called gram-negative because they do not stain with a gram stain) such as Salmonella contain a toxic molecule in their outer membrane called lipopolysaccharide (or LPS). Because LPS remains bound to the bacterial membrane and is not released as a soluble product, it is called an endotoxin. Exotoxins are very dangerous and often lethal (e.g. tetanus, botulism, diphtheria, cholera, whooping cough), while endotoxins have lower levels of toxicity and are rarely fatal. 

     The exotoxin produced by Clostridium tetanii is called a neurotoxin because it attacks the nervous system. If the tetanus bacteria is growing somewhere in the body and is releasing this toxin, the toxin is carried throughout the body by the blood. When the toxin reaches the brain, it binds to and inactivates components within the membranes of neurons. The inactivation of these components inhibits the nerve impulse and blocks contraction of the muscles on the other side of synapse. While it is apparent that your brain causes muscles to contract, we often forget that your brain must also inhibit contraction (or cause relaxation.)  For instance, in order for you to flex your arm, the muscles that extend your arm must relax. Otherwise, both sets of muscles would contract into a tug of war and your arm would be rigidly paralyzed. Tetanus toxin prevents the victim's muscles from relaxing and all movement is halted in rigid paralysis. (NOTE:  Rigid paralysis can be contrasted with flaccid paralysis, a condition in which muscles cannot contract at all -- the body cannot move because it is limp or flaccid.)
Study Questions:

1. What is the difference between an exotoxin and an endotoxin?

2. What are the symptoms of tetanus?  What happens at the cellular level to cause these symptoms? 

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

     The genus Clostridium also contains other pathogens (i.e. disease-causing agents) such as the organism that causes botulism (Clostridium botulinum), a form of severe and often fatal food poisoning as well as the organism that causes gas gangrene (Clostridium perfringens). Other Clostridia are non-pathogenic and are used to produce valuable fermentation products such as various alcohols and organic acids, or to fix atmospheric nitrogen. All bacteria in the genus Clostridium are soil bacteria and all are obligate anaerobes. Anaerobes harvest energy in the absence of oxygen. The metabolic pathways we have discussed so far need oxygen (that's why they are called 'cellular respiration'). So how do these bacteria generate ATP? They rely on a bioenergetic pathway that looks very familiar but has a different ending. They rely on fermentation, a metabolic pathway that oxidizes glucose to pyruvate using the reactions of glycolysis, producing NADH and ATP in the process (no oxygen required). Then, instead of having further energy harvested from pyruvate (via respiration), these organisms use NADH to reduce pyruvate to lactic acid or to ethanol and CO2. The energy yield is less than aerobic cellular respiration but some ATP is harvested (2 ATP per glucose) and NAD is regenerated so it doesn't build up in the cell. (And a large industry has been built around the production of ethyl alcohol).

Focused Reading: 
p 129-130 "Fermentation..." stop at "Connections with other pathways"

Study Questions:

1.
What is the difference between a facultative anaerobe and an obligate anaerobe?  If you were to do a protein analysis of a facultative anaerobe and an obligate anaerobe, what differences would you find?  In other words, what enzymes would you expect to find in the facultative anaerobe that would be missing from the obligate anaerobe and vice versa?

2.
Explain the process of fermentation. The absence of oxygen is a requirement for the fermentation process. Explain why this is the case?

3.
Compare and contrast the production of ATP through aerobic and anaerobic metabolic processes. How is ATP made in each process?  Which process yields more usable energy for the cell?  By how many fold?  Explain. What are the end products of each process? Explain how these end products are produced.

4.
Facultative anaerobes need a control mechanism that responds to presence or absence of oxygen. Based on what you know about molecular control systems, develop a reasonable hypothesis that describes such a functional control system for facultative anaerobes. 

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

     Because the Clostridia are obligate anaerobes, they are killed by oxygen. Thus, they must live in an environment in which oxygen levels are extremely low. While it is not clear how oxygen kills these microbes, the dominate hypothesis is that they are unable to detoxify (eliminate) the toxic by-products of oxygen reduction (hydrogen peroxide (H2O2), superoxide (O2-) and hydroxide radicals (OH-). These by-products are toxic to all cells, but facultative anaerobes and aerobes contain enzymes that immediately destroy these substances as soon as they are formed, while obligate anaerobes lack these enzymes. 

     Getting away from oxygen on this planet is no small task. Thanks to the phototrophs, air is 20% oxygen, a lethal level for anaerobes. They must, therefore, live in places that are deprived of oxygen such as deep soil, sediments of rivers and lakes, bogs and marshes, canned foods, intestinal tracts of animals, sewage-treatment systems, or injured tissue which has had its blood supply interrupted. Because Clostridium tetanii lives in soil and the intestinal tract of animals, wounds that come in contact with dirt or animal feces are particularly susceptible to the development of tetanus. This is why people who work with animals professionally or as a hobby should be sure they have their tetanus vaccinations up to date. The common practice of bleeding a wound, especially a deep puncture wound, is a good one since the bacterium enters the body through a wound and blood carries oxygen to the area, which can kill the tetanus bacterium.

     So why give tetanus vaccinations to flood victims? Because the floodwaters would wash the tetanus bacteria from soils, water treatment plants, and animal feces. If an open wound came into contact with this floodwater, it might become infected with the tetanus. Losing your possessions to a flood is one thing--losing your life is something else!

     When Clostridium tetanii enters a wound, if the oxygen level is very low, it will begin to divide and produce a colony. This bacterial colony does not invade the body, but excretes the toxin that is carried from the wound into the body and eventually into the central nervous system. The exotoxin enters neurons by endocytosis (review on p 111) and travels retroaxonally (in reverse direction to nerve impulses) to reach the spinal inhibitory interneurons. Tetanus toxin is a protease (it degrades proteins) but it is a very selective one. Its substrate is VAMP - the integral membrane protein that facilitates neurotransmitter release. (Remember way back when we talked about neurotransmitter release? Why don’t you go back and take a quick peak at Unit I. (For a good summary, see Montecucco and Schiavo TIBS. 18: 324-329. 1993.) ) By blocking the release of inhibitory neurotransmitters, no muscles get the message to relax and get stuck in a contracted state. Tetanus vaccinations are aimed at this toxin, rather than the bacteria itself. The tetanus vaccine contains purified tetanus toxin, which has been denatured with formaldehyde. Because protein function is dependent on its 3-D structure, denaturation makes the toxin inactive. In this form, the toxin is called a toxoid. The immune system, however, will react to the toxoid in the same manner that it would a toxin. Thus, the body produces an immune response (antibodies) against tetanus toxoid which neutralizes the real toxin, should it ever be encountered, before it reaches the brain.

NEWS ITEM: During the summer of 1997, millions of waterbirds died to a mysterious illness. The common symptom prior to death was flaccid paralysis and the disease was initially called “limberneck”. The cause was eventually identified - an outbreak of botulism caused by Clostridium botulinum. (Science Vol. 278: 1019. November 1997)

Study Questions: 

1. What kind of paralysis is caused by tetanus toxin and how does it cause paralysis?

2. Are we capable of anaerobic metabolism? If so, when and where?

3. What kind of toxin would cause “limberneck” and why would this be fatal?

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

     As you know we are capable of burning glucose anaerobically for short periods of time. It has been determined that our muscles contain about 5 millimoles of ATP per kilogram. This ATP supply is depleted in a few seconds when we begin to exercise. After 10 seconds, we use ATP that has been generated by an enzyme called phosphocreatin kinase that rips a phosphate from phosphocreatin and adds it to ADP. After one or two minutes of hard breathing, you will be using anaerobic metabolism (glycolysis) to generate ATP and lactic acid, which is why your muscles burn with extensive exercise. Eventually, this oxygen dept must be repaid so your muscles can return to aerobic metabolism, which is why we are obligate aerobes.

TWO RESEARCH QUESTIONS AND APPROACHES IN BIOENERGETICS

Focused Reading:
p 331-2  stop at "Hemoglobin"




p 340-1 "Screening for abnormal…" stop at  "There are several…"

Genetic Defects in Metabolism: Sometimes a mutation will occur in an organism that interferes with its ability to metabolize fuels properly. Because mutations alter genes, and each enzyme in the metabolic pathways is produced by one gene, each mutation in a single gene should alter or destroy only one metabolic enzyme. By studying the results of these mutations, some of the complexities of the metabolic pathways can be unraveled. For instance, 1 in 15,000 human infants is born with the inability to metabolize (oxidize) the amino acid phenylalanine. This condition is called phenylketonuria or PKU. Normally excess phenylalanine is converted to either fumarate or acetyl Co-A and is oxidized in the Krebs cycle for energy. However, this normal oxidation pathway cannot occur in people with PKU because ability to make the first enzyme in the pathway, phenylalanine 4-monooxygenase, is destroyed by a mutation in both alleles of this locus. Thus, excess phenylalanine must be eliminated by an alternative pathway in which it is converted to phenylpyruvate. Phenylpyruvate accumulates in the blood, is excreted in the urine, and causes irreversible brain damage and mental retardation. People with PKU can escape the effects of this disease by eliminating phenylalanine from their diet (including Nutrasweet). 

Focused Reading: 
p 218-20   "One gene…" stop at "DNA, RNA, …”




p 219 Figure 12.1 

    Metabolic mutations (naturally occurring or induced by agents such as x-rays) in lower organisms, (e.g. yeast and bacteria) can be especially useful in helping us characterize metabolic pathways. For instance, in 1941, GW Beadle and EL Tatum induced a series of mutations in the mold Neurospora. (See Figure 12.1 on page 219 for a diagram of this study.)  Normal or wild type Neurospora can synthesize all 20 amino acids. Therefore, it will grow on a simple medium containing only glucose and a source of nitrogen in the form of ammonia. Mutants, however, cannot grow on this simple medium but rather each mutant needed one nutritional supplement in order to survive. For instance, one mutant could only live if the amino acid arginine was added to the medium. This meant that this particular mutant was defective in one of the enzymes that synthesize arginine. Without arginine, the mold could make no proteins, and died. In looking further at the arginine mutants, Beadle and Tatum discovered that there were several different types of mutants. Class III mutants required arginine in the medium or it would die. Class II mutants could live on arginine or citrulline. Class I mutants could live on arginine, citrulline or ornithine. Thus, Beadle and Tatum were able to arrange the three terminal enzymes in the proper sequence of arginine synthesis. Since these experiments were performed, investigators have used metabolic mutations in other pathways to characterize many of the enzymatic steps in metabolism.

Spectroscopic Analysis of Cytochromes: The oxidation and reduction rates of the cytochromes can be measured using a spectrophotometer because the cytochromes change color as they become oxidized and reduced. This is very much like hemoglobin, the molecule that carries oxygen in mammalian blood. When oxidized (by the gain of oxygen), hemoglobin is bright red. When reduced (by the loss of oxygen) the color shifts to a more bluish-red or reddish purple. Because spectrophotometers can analyze the wavelengths of light being absorbed by a substance and since the wavelength of absorbance changes as the color changes, the oxidized and reduced forms of the cytochromes produce different absorption spectra. When the cytochromes are spectroscopically analyzed across time, their rate of oxidation and reduction can be measured. The affect of various factors on the rate of electron transport can then be tested.

Study Questions:
1. If you are given data similar to that in figure 12.1 (p219), be able to determine the order of genes/proteins in a metabolic pathway.
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