Chapter Outline

I. At Your Service: Viruses and Bacteria







A. Viruses are noncellular entities responsible for a number of diseases in plants, 



animals, and humans.


B. Viruses are useful tools in the biotechnology laboratory.



1. Today, recombinant viruses are used to store the genes of eukaryotic 




organisms.




a) A researcher who wants to work with a particular gene selects a virus 




containing that gene.




b) Gene therapy also uses viruses to carry normal genes into the genomes of 




people with genetic disorders.


C. Bacteria and archaea are prokaryotes, organisms that are simple in structure but 



metabolically diverse.


D. Bacteria are of service to humankind.



1. Bacteria are decomposers, generate oxygen, and recycle nutrients.



2. Humans use bacteria to mine minerals and degrade sewage.



3. Some bacteria produce antibiotics.



4. Bacteria can be used to study basic life processes in the laboratory.



5. Bacteria can produce many commercial products through genetic engineering.


II. Viruses, Viroids, and Prions






_______
Critical concepts include: viral structure, viral lifecycles, bacteriophage, plant viruses, animal viruses, human viruses, AIDS, retroviruses, and emergent diseases. 


17.1 Viruses have a simple structure


A. Viruses are noncellular, and therefore do not fit into the current classification 
         system. 



B. How viruses might fit into the origin of the first cell is still being considered.



C. Viruses have a DNA or RNA genome, but they can reproduce only by using 




the metabolic machinery of a host cell. 



D. Structure of viruses




1. Viruses range from 0.2 to 2 μm. 




2. They possess an outer covering called a capsid, which is composed of 





protein.




3. The capsid may be surrounded by an outer membranous envelope.




4. Viruses have an inner core which at the very least contains a nucleic acid





 (DNA or RNA) genome.




5. The envelope may contain viral glycoprotein spikes that assist the virus in 





entering the host cell.



E. Viruses are categorized by their type of nucleic acid, their size and shape, and 




the presence or absence of an outer envelope.


17.2 Some viruses reproduce inside bacteria



A. All sorts of cells, whether prokaryotic or eukaryotic, are susceptible to viral 
         infection.




1. Viruses are specific.



B. Bacteriophages, or simply phages, are viruses that parasitize bacteria.




1. Most types of bacteriophages have a lytic life cycle. In the lytic cycle, viral 





reproduction occurs and the host cell undergoes lysis, releasing viral 





particles.




2. In the lysogenic cycle, viral reproduction does not immediately occur.



C. Lytic Cycle




1. The lytic cycle may be divided into five stages.





a) Attachment: portions of the capsid combine with a receptor on the 





bacterial cell wall.





b) Penetration: viral DNA is injected into the bacterial cell.





c) Biosynthesis: the virus brings about inactivation of host genes not 
              necessary to viral replication and then takes over the machinery of the cell 
              in order to carry out viral DNA replication and produce multiple copies of 
              the capsid protein. 





d) Maturation: viral DNA and capsids assemble.





e) Release: the cell wall is disrupted and the release of new viruses occurs.



D. Lysogenic Cycle




1. The phage is latent, or not actively replicating.




2. Following attachment and penetration, integration occurs.





a) Viral DNA becomes incorporated into bacterial DNA with no 





destruction of host DNA.





b) The viral DNA is called a prophage.





c) The prophage is replicated along with the host DNA.




3. Certain environmental factors can induce the prophage to enter the lytic 





stage of biosynthesis and complete the lytic life cycle. 

17.3 Viruses are responsible for a number of plant diseases


A. Approximately 2,000 kinds of plant diseases have been attributed to viruses.



B. Plant viruses are responsible for a loss of over $60 billion annually.



C. Tobacco Mosaic Virus (TMV)




1. TMV can infect a number of plants, including orchid, potato, tobacco, and 





tomato plants. 




2. TMV can remain viable for years on dried plant debris and is extremely 





tolerant of very high temperatures.




3. TMV enters plants through wounds sustained during transplanting or 





pruning.




4. TMV interferes with chlorophyll production. 



D. Transmission and Infection




1. Plant viruses do not differ significantly in size and shape from 
           bacteriophages and animal viruses.




2. Most plant viruses are RNA viruses except for three groups of DNA 





viruses.




3. Plants exhibit common symptoms when infected with a virus.




4. Plant viruses can be spread by a variety of mechanisms, including soil, 





pollen, seeds, tubers, insects, nematodes, and parasitic plants.




5. Plant viruses have developed a number of means of infecting plants. 





a) Once inside a plant, the virus can move from cell to cell through 





plasmodesmata.





b) There is no cure for infected plants.



E. Some plants have been purposefully infected with a virus in order to produce 




traits considered desirable by gardeners.
How Biology Impacts Our Lives

17A Humans Suffer from Emergent Viral Diseases


A. Emergent diseases are ones that we newly recognize as causing infections in 




people.



B. Very often today, an emergent disease was originally confined to a specific 




group of animals, but then became capable of infecting humans.




1. Viruses are constantly in a state of evolutionary flux and can acquire new 





(spikes) surface proteins that allow them to attach to and enter human cells.




2. A virus that cannot pass from human to human after jumping from an 





animal host will not be capable of causing an epidemic.



C. Some emergent diseases are transmitted by vectors, usually insects.




1. Mosquitoes serve as a common vector for several viral diseases.



D. Vaccines are present or soon will be available for many emerging diseases.




1. It has been difficult to produce a vaccine against HIV because HIV often 





mutates and frequently changes its spikes.




2. Vaccines are available for these diseases:





a) H1N1 virus: in humans, causes fever, cough, sore throat, headache, 
            chills, muscle aches, diarrhea, and/or vomiting.





b) Severe acute respiratory syndrome (SARS): causes high fever, body 





aches and pneumonia.





c) Avian influenza (or bird flu): causes cough, sore throat, muscle aches, 





eye infections, respiratory distress, and life-threatening complications.





d) Ebola: causes hemorrhagic fever. 

17.4 Viruses also reproduce inside animal cells and cause animal diseases


A. Viruses are responsible for a number of diseases in humans.




1. These include rabies, measles, mumps, chickenpox, warts, and viral 





pinkeye. 




2. More serious human virus diseases include polio, yellow fever, dengue 





fever, type 1 herpes, type 2 herpes, shingles, mononucleosis, hepatitis, 





HIV, smallpox, rubella, and various forms of flu and colds.



B. Life Cycle of a DNA Virus




1. DNA viruses that invade human and animal cells use reproductive 





strategies similar to those of bacteriophages.





a) Attachment




b) Penetration




c) Biosynthesis




d) Maturation




e) Release


C. HIV




1. The genome for HIV (the human immunodeficiency virus that causes AIDS) 




   consists of RNA instead of DNA.




2. HIV is a retrovirus, meaning that it uses reverse transcription from RNA 





into DNA in order to insert a copy of its genome into the host’s genome 





DNA.




3. These steps are required for retrovirus reproduction:





a) Attachment: the HIV virus binds to the plasma membrane receptor.





b) Penetration: the HIV virus fuses with the plasma membrane, and the virus 





enters the cell. 





c) Reverse transcription: the enzyme called reverse transcriptase makes a 





DNA copy (cDNA) of the retrovirus’s RNA genetic material. 





d) Integration: the double-stranded DNA is integrated into the host DNA.





The viral DNA is called an HIV provirus.





e) Biosynthesis: the normal cell machinery directs the production of more 





viral RNA, some of which is used as mRNA to produce proteins.





f) Maturation: capsid proteins, viral enzymes, and RNA can be assembled 
            into new viral particles.





g) Release: the virus envelope and spikes are coded for by the viral 
            genetic material.



D. Viroids and Prions




1.Viroids and prions are subviral particles that can also cause diseases.





a) Viroids are naked strands of RNA that cause diseases in plants.





b) Prions (protein infectious particles) are misfolded proteins whose 
            presence causes other proteins to also become misfolded.
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17B Viruses and the Invention of DNA


A. Viruses may have been the first to utilize DNA as their genetic material.



B. In the early, lifeless sea, all that would be needed to make a virus was a protein 




capsid surrounding RNA. 




1. RNA is easier to make abiotically than DNA, so RNA was probably the 





first genetic material.




2. RNA can be both a substrate and an enzyme (called ribozymes).



C. Viruses of today can use either RNA or DNA as their genetic material, and 




evidence suggests that DNA-based viruses evolved from RNA viruses. 




1. There may have been an intermediate form between the earlier RNA 





viruses and the later DNA viruses—the retroviruses. 



D. DNA is more stable than RNA. 



E. Today, the more stable DNA effectively serves as a hard copy of genetic 




instructions, while RNA is a temporary vehicle for transferring DNA 




information to various places in the prokaryotic and eukaryotic cell.
III. Origin of Life


_________________________________________________
Critical concepts include: prebiotic soup hypothesis, iron-sulfur world hypothesis, the RNA-first hypothesis, protocell, origin of the plasma membrane, origin of DNA, and the origin of metabolism.


17.5 Experiments show how small organic molecules may have first formed


A. Two different hypotheses have been developed to explain how organic 
         molecules could have formed from inorganic molecules.



B. Prebiotic Soup Hypothesis




1. Early Earth’s atmosphere was different than today’s atmosphere.




2. The early atmosphere most likely consisted mainly of inorganic 





chemicals: water vapor, nitrogen, and carbon dioxide, with only small 





amounts of hydrogen, methane, hydrogen sulfide, and carbon monoxide.




3. Because there was no oxygen, this was a reducing atmosphere. 




4. The Miller and Urey experiment mimicked this early reducing 





atmosphere and was able to produce a variety of amino acids and organic 





acids.




5. Energy would have been required, but early Earth had an abundance of 





energy sources. 



C. Iron-Sulfur World Hypothesis




1. Miller and Urey used ammonia, which would have been scarce in the 





early atmosphere. 




2. Ammonia would have been abundant in hydrothermal vents on the 





ocean floor.




3. Even today, the conditions at these vents produces nutrient molecules 





for microorganisms.




4. A laboratory test of the iron-sulfur hypothesis worked perfectly. 




5. Organic molecules will react and amino acids will form peptides in the 
           presence of iron and nickel sulfides under ventlike conditions.


17.6 RNA may have been the first macromolecule


A. During a chemical evolution, the first small organic molecules formed 
         abiotically.




1. The RNA-first hypothesis states that RNA was the first macromolecule to 
           from.



B. RNA-First Hypothesis




1. Scientists have been studying which of the three macromolecules—RNA, 





DNA, or protein—led to the origin of the first protobiont.




2. Because proteins do not store genetic information, proteins were rejected by 





some.




3. RNA could both store genetic information and replicate in order to transmit 





the genetic information to daughter cells.





a) RNA also acts as an enzyme (called a ribozyme).





b) Therefore, an RNA genome could have replicated on its own.





c) Ribozymes also join amino acids during protein synthesis.




4. Based on this evidence, researchers say that it was an “RNA world” some 4 





billion years ago. 


C. The next step in the origin of the first cell would be the formation of a 




protocell.



D. Amino acids collected in shallow puddles along the rocky shore where the heat 




of the sun could have caused them to become proteinoids. 



E. Origin of the Plasma Membrane




1. The protocell would have had an outer membrane.




2. There are two hypotheses about the origin of the first plasma membrane.





a) The first hypothesis suggests that if lipids are made available to 





microspheres, which are composed of protein, they acquire a lipid-protein 





outer membrane. 





b) The second hypothesis suggests that lipids in water naturally organize 





themselves into liposomes. 



F. Origin of Metabolism to Acquire Energy




1. The protocell would have had to carry on nutrition so that it could grow. 




2. The hypothesis suggests that the protocell was a heterotroph, an organism 





that takes in preformed food. 




3. If the protocell evolved at hydrothermal vents, it may have carried out 





chemosynthesis.



G. Origin of DNA Information System




1. A protocell became a cell when it contained a DNA information system: 
            DNA to RNA to protein. 




2. It is possible a ribozyme could have acted in the same manner as the 





enzyme reverse transcriptase to produce DNA.




3. Then DNA took over the function of storing genetic information.
IV.
The Prokaryotes_____________




_____________
Critical concepts include: prokaryote structure and reproductive features, endospores, gene transfer, nutrient acquisition, cyanobacteria, symbiosis, archaea characteristics and types, environmental impact, and medical/bioweapon roles.


17.7 Prokaryotes have unique structural features


A. Bacteria (domain Bacteria) and archaea (domain Archaea) are prokaryotes, but 
         each is placed in its own domain because of molecular and certain cellular 
         differences.




1. Both are unicellular organisms that range in size from 1 to 10 μm and from 





0.7 to 1.5 μm in width.




2. Both lack a nucleus and membranous organelles.





a) Although they lack mitochondria, they still carry on cellular respiration.



B. Bacteria have far greater metabolic capabilities than animal cells.



C. They do have a dense area called a nucleoid, where a single chromosome 




consisting of a circular strand of DNA is found.




1. Bacteria also have accessory rings of DNA called plasmids.



D. The outer envelope of a bacterium consists of a plasma membrane and a cell 




wall that is strengthened by peptidoglycan.




1. The cell wall may be surrounded by a layer of polysaccharides organized 





into either a capsule or a slime layer.



E. The appendages of bacteria include pili and flagella.




1. Pili are short, bristlelike fibers that allow bacteria to adhere to surfaces.




2. Flagella are capable of movement.



F. Common Shapes of Bacteria 




1. cocci, bacilli, and spirilla.

17.8 Prokaryotes reproduce by binary fission


A. Bacteria reproduce asexually by means of binary fission.




1. The process requires three steps.





a) DNA Replication begins at one location as the DNA double strand 
              unzips.

b) The cell elongates, and the chromosomes segregate.





c) Cytokinesis requires that the plasma membrane invaginate to divide the 
              cytoplasm.




2. The offspring are at first genetically identical to the parent cell.





a) Bacterial DNA has a relatively high mutation rate, and mutations are 





generated and passed on to offspring more quickly than in eukaryotes.





b) Because prokaryotes are haploid, mutations are immediately subjected 





to natural selection.



B. Formation of endospores in bacteria




1. When faced with unfavorable environmental conditions, some bacteria form 




   endospores. 




1. A portion of the cytoplasm and a copy of the chromosome dehydrate and 





are then encased by a heavy, protective spore coat. 




2. Spores survive in the harshest of environments and for very long periods. 

17.10 How genes are transferred between bacteria


A. Three means of gene transfer take place in bacteria: transformation, 




conjugation, and transduction.




1. In all three, the donor is the cell that provides the genetic material for 





transfer, and the recipient is the cell that receives the material.



B. Transformation




1. Transformation occurs when a recipient bacterium picks up free pieces of 





DNA secreted by live bacteria or released by dead bacteria. 





a) Ex: the experiment done by Griffith with the R and S strains of 





Streptococcus pneumonia



C. Conjugation




1. Conjugation occurs between bacteria when the donor cell passes DNA to 





the recipient by way of a conjugation pilus, which temporarily joins the 





two bacteria.




2. A plasmid is a small circle of DNA that can replicate independently of the 





bacterial DNA.





a) About 35% of the F plasmid consists of genes that control the transfer 





of the plasmid to a recipient.



D. Transduction




1. During transduction, bacteriophages carry portions of bacterial DNA from 





a donor cell to a recipient. 
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17C Disease-Causing Microbes can be Biological Weapons


A. Biological warfare is the use of viruses and bacteria, or their toxins, as 




weapons of war.



B. Bioterrorists prefer pathogens that are highly contagious, consistently produce 




a desired detrimental effect on a population, have a short incubation period, 




and are easy to disseminate and deliver to a population.



C. In addition to humans, valuable animals and crops can be the targets of 




biological attacks. 



D. The likely microbial agents for use by bioterrorists are these:




1. Anthrax: caused by the bacterium Bacillus anthracis.




2. Smallpox: caused by the variola virus.




3. Botulism: caused by the toxin of the anaerobic bacterium Clostridium 




botulinum.




4. Plague, caused by the bacterium Yersinia pestis.




5. Tularemia: caused by the bacterium Francisella tularensis.




6. Hemorrhagic fevers, caused by several types of viruses.



E. The bacterial diseases usually respond to specific antibiotics. Hemorrhagic 




fevers may respond to specific antiviral drugs.




1. Vaccines and preventives may be the best way to counter biological agents. 

17.10 Prokaryotes have various means of nutrition


A. Prokaryotes require nutrients just as eukaryotic cells do.




1. Some bacteria are obligate anaerobes, meaning that they are unable to 





grow in the presence of free oxygen.




2. Facultative anaerobes are able to grow in either the presence or the 





absence of gaseous oxygen.




3. Most bacteria are aerobic and like animals, require a constant supply of 
           oxygen.



B. Heterotrophic bacteria




1. Most prokaryotes are heterotrophs that take in organic nutrients.




2. They are aerobic saprotrophs, which means they secrete digestive 





enzymes into the environment for the breakdown of large organic 





molecules to smaller ones that can be absorbed.




3. The vast metabolic capabilities of heterotrophic prokaryotes have long been 





exploited by human beings.





a) Bacteria are used commercially to produce many products.




4. Heterotrophs may be either free-living or symbiotic.





a) They can form mutualistic, commensalistic, or parasitic relationships. 





b) Mutualism occurs when both partners benefit.





c) Commensalism occurs when one population modifies the environment 





in such a way that a second population benefits. 





d) The parasitic bacteria cause disease.



C. Autotrophic bacteria




1. Some bacteria are photosynthetic and use solar energy to reduce carbon 





dioxide to organic compounds.





a) There are two types of photosynthetic bacteria: those that evolved first 





and do not give off oxygen, and those that evolved later and do give off 





oxygen.





b) Green and purple sulfur bacteria carry on the first type of 





photosynthesis.




2. Some bacteria and archaea are chemosynthetic.




a) They oxidize an inorganic chemical to acquire electrons and energy to 
            reduce carbon dioxide to an organic compound.





b) The nitrifying bacteria oxidize ammonia to nitrites. 





c) The archaea called methanogens oxidize hydrogen gas to give off 
            methane.



D. Cyanobacteria




1. Formerly the cyanobacteria were called blue-green algae, and were classified with eukaryotic algae but now they are known to be bacteria.





a) These cyanobacteria are named for the blue-green pigment, phycocyanin, 





they contain.





b) They can also contain other pigments.





c) The pigments occur in flatted disks called thylakoids.





d) Cyanobacteria photosynthesis in the same manner as plants and are 





believed to be responsible for first introducing oxygen into the early 





atmosphere.



E. Cyanobacterial cells are rather large, ranging from 1 to 50 mm in width.




1. They can be unicellular, filamentous, or colonial.




2. Some cyanobacteria possess heterocysts, which are thick-walled cells 





without nuclei, where nitrogen fixation occurs. 




3. They reproduce by binary fission and can produce endospores.



F. Cyanobacteria are common in fresh and marine waters, in soil, and on moist 




surfaces. 




1. Scientists hypothesize that they were the first colonizers of land during the 





course of evolution.



G. Cyanobacteria are symbiotic with a number of organisms.




1. When living in these organisms, cyanobacteria often lose their cell walls 





and essentially function as chloroplasts inside the cells of their host.




2. In association with fungi, they form lichens.


H. Cyanobacteria can form “blooms” when phosphates drain into lakes and ponds. 




1. This may result in fish kills because of the lack of oxygen due to 





decomposing prokaryotes.

17.11 Some archaea live in extreme environments


A. Because archaea and some bacteria are found in extreme environments, they 




may have diverged from a common ancestor relatively soon after life began.



B. Archaea and eukaryotes share some of the same ribosomal proteins, initiate 




transcription in the same manner, and have similar types of tRNA.



C. Structure and function




1. The plasma membranes of archaea contain unusual lipids that allow them to 





function at high temperatures. 




2. The archaea have also evolved diverse cell wall types, which facilitate their 





survival under extreme conditions.




3. Archaea have retained primitive and unique forms of metabolism.





1. Most archaea are chemosynthetic, and a few are photosynthetic. 





2. The methanogens produce methane and are chemosynthetic.





3. Halophiles are photosynthetic.




4. Archaea are sometimes mutualistic or even commensalistic, but none 






are parasitic.



D. Types of Archaea




1. The methanogens are found in anaerobic environments, such as swamps, 





marshes, and the intestinal tracts of animals.





a) They couple the production of methane from hydrogen gas and carbon 
            dioxide to the formation of ATP.





b) This methane, a biogas, is released into the atmosphere.




2. The halophiles are adapted to living in high-salt concentrations. 





a) They have evolved a number of mechanisms to thrive in high-salt 





environments.




3. The thermoacidophiles live in extremely hot and acidic environments, 




such as hot springs, geysers, hydrothermal vents, and around volcanoes. 





a) They reduce sulfur to sulfides, producing acidic sulfates.

17.12 Prokaryotes have medical and environmental importance


A. The vast majority of bacterial species are not pathogenic to humans.



B. However, several have had a tremendous impact on human health.




1. Many species of pathogenic bacteria invade and destroy the tissues of their 





host. Others produce powerful toxins (poisons).



C. More different types of human disease are caused by bacteria from the genus 




Streptococcus than any other type of bacteria.



D. Tuberculosis (TB) kills more people worldwide than any other infection 




disease.




1. TB is caused by Mycobacterium tuberculosis.



E. Food poisoning is caused by a number of bacterial species. 




1. E. coli produces exotoxins.




2. Clostridium botulinum produces a neurotoxin. 



3. Salmonella produces endotoxins.



F. Chlamydia trachomatis is a small, intracellular parasite that causes a variety of 




human diseases, including trachoma. 



G. Treatment




1. Sometimes vaccines are available that can make people immune to 





bacterial diseases so that a future infection does not occur.




2. For the most part, however, the medical profession must rely on antibiotics 





to cure a bacterial disease. 




3. Unfortunately, pathogenic bacteria seem to be winning the evolutionary 





arms race against antibiotics.





a) Ex: MRSA, gonorrhea, pulmonary tuberculosis



H. Guidelines




1. Get vaccinated when vaccines are available. Take antibiotics exactly and 





only as a doctor prescribes.




2. Always handle food safely.




3. Wash hands frequently and thoroughly. Exercise, eat right, drink lots of 





water, and get plenty of sleep. 



I. Prokaryotes were and are environmentally important. 




1. Ancient photosynthetic cyanobacteria altered Earth’s primitive atmosphere.





a) They provide oxygen in the atmosphere.





b) They create soil fertility and help recycle nutrients.





c) They fix atmospheric nitrogen.





d) They play an essential role in the carbon, nitrogen, sulfur, and phosphorus 





environmental cycles. 
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17D Why can you catch Gonorrhea over and over again?


A. Each year, as many as one million persons in the United States catch gonorrhea 




from a sexual partner.




1. Diagnosis in men is not difficult.




2. Women are less apt to have symptoms.



B. If gonorrhea is suspected, patients should be tested for the presence of the 




infection because if untreated, gonorrhea can lead to pelvic inflammatory 




disease (PID).




1. PID causes reduced fertility and tubal pregnancies.




2. A newborn who contacts the bacteria in the birth canal can become blind.




3. Gonorrhea can spread to other internal organs and cause crippling arthritis 





and fatal heart disease.



C. Gonorrhea can infect the anus, mouth, throat, tonsils, or eyes. 



D. A person with gonorrhea has a greater risk of also becoming infected with 




HIV.



E. The chances of getting a gonorrheal infection from an infected partner are 




good.




1. Gonorrhea is usually curable with antibiotic therapy, but resistance to 





antibiotics is becoming more common.




2. Women using birth control pills have a greater risk of contracting 





gonorrhea. 



F. There is no effective vaccine to prevent a gonorrheal infection.



G. Why can we catch gonorrhea over and over again?




1. Gonorrhea is caused by the bacterium Neisseria gonorrhoeae and a number 





of different strains exist. 



H. The best way to prevent catching a sexually transmitted disease (STD) is by 




practicing abstinence, having a monogamous sexual relationship with 




someone who does not have an STD and is not an intravenous drug user, and 




always using a female or male latex condom in the proper manner. 

