Chapter 18 Microbial Models: The Genetics of Viruses and Bacteria (328-251)


The Genetics of Viruses
Researchers Discovered viruses by studying a plant disease

· Adolf Mayer 1883
· seeking the cause of tobacco mosaic disease (stunted growth, mottled leaves)
· disease contagious through plant sap but found no microbe to cause the disease
· hypothesis—diseased caused by unusually small bacteria unseen (haha..)
· Dmitri Ivanowsky-tested Mayer’s hypothesis
· Passed the sap through a filter designed to remove tobacco, disease still stays
· Hypothesis
· Bacteria so small it passed through filter
· made a filterable toxin which then caused the disease
· Martinus Beijerinck-tested Ivanowsky’s 2nd hypothesis
· sprayed plants with filtered sap through a series of infections
· ability to cause disease undiluted from plant to plant, generation to generation therefore the pathogen can reproduce
· pathogen can only reproduce within the host it infected. Can’t be cultivated
· suspected a particle simpler and smaller than bacteria
· Wendell Stanley 1935
· Crystallized the tobacco mosaic virus (TMV)
A virus is a genome enclosed in a protective coat
· Confused people because cell’s cant aggregate into crystals. So then what are they?

· Infectious particles consisting of nucleic acid enclosed in a protein coat and sometimes a membranous envelope

· Viral Genomes

· Can be double or single-stranded DNA or RNA depending on the type of virus

· DNA virus or RNA virus depending on nucleic acid genome

· Organized as a single linear or circular molecule of nucleic acid

· Range from 4 to several hundred genes

· Capsids and Envelopes

· Capsid-the protein shell that encloses the viral DNA

· Can be rod/helical, polyhedral, or even more complex

· Made of capsomeres—protein subunits
· Number of different kinds of proteins is usually small

· Viral enveloped-some have these membranes cloaking the capsid as an accessory structures that assist in infecting the host

· Derived from membrane of host cell (phospholipids and proteins)

· Contain additional proteins and glycoproteins of viral origin

· Some carry viral enzyme molecules within the capsid

· Most complex capsid is found in bacteriophages a.k.a phages
· the three T-even phages (T2,4,6) have similar structure

· elongated 20 sided heads with a protein tail piece the phages use to attach to a bacterium (tail apparatus)

--

Viruses can only reproduce within a host cell: an overview
· obligate intracellular parasites-can only reproduce within a host cell, not when isolated

· lack enzymes for metabolism

· no ribosome or other equipment to make protein

· host range-the limited range of host cells a type of virus can infect and parasitize

· depends on the evolution of recognition systems by virus

· “lock-and-key” fit between virus proteins and receptor on cell surface

· some are broad enough for several species, some can only infect single species

· Eukaryotic viruses are tissue specific

· Steps of a viral infection

1- genome of a virus enters host cell-(entrance mechanism differs by type)

2- Virus reprograms host cell to copy viral nucleic acid and manufacture viral proteins

· most using the DNA polymerases of the host cell to synthesize new genomes using the  viral DNA template. 

· RNA viruses though use special virus encoded polymerase using the RNA as template (cells lack this RNA special enzyme).

3- Virus diverts its host’s resources for viral transcription/translation b/c host provides the nucleotides, enzymes, ribosomes, tRNAs, amino acids, ATP, etc

4- After production, viral DNA and capsid protein assembly into new viruses is spontaneous—self assembly

· If capsomeres are separated in the lab, can be reassembled by simply mixing components together

· Cell often destroyed when hundreds or thousands of viruses emerge

5- Then the new virus particles infect other cells, spreading the infection

--

Phages reproduce using lytic or lysogenic cycle
· Lytic cycle-phage reproductive cycle that culminates in death of the host cell

· During the last stage of the cycle, the cell lyses and releases the phages

· Can destroy a bacterial colony in hours

· Virulent phage-reproduces only by lytic cycle, i.e. T4 of e.coli

· However, bacteria haven’t been wiped out 

· natural selection favors bacterial mutants with new receptor sites
· cellular enzymes may break down phage DNA (restriction nucleases recognize and cut up foreign DNA but not bacterial DNA—chemically modified)

· Lysogenic cycle-replicates the phage genome without destroying the host. Does so by integrating into the bacterial chromosome at a specific site through genetic recombination (crossing over)--prophage
· Temperate phages-can check destructive tendencies by coexisting with the cells. They can use the lytic or lysogenic cycle

· One prophage gene codes for a protein repressing most of the other prophage gene

· Phage genome remains mostly silent in the bacteria
· Occasionally, the prophage genome will exit the bacterial chromosome, hence giving rise to the active phage (lytic cycle)-environmental trigger
· Or, the prophage gene will be expressed during the lysogenic cycle in the alteration of bacteria phenotype, making toxins or something
Animal viruses are diverse in their modes of infection and replication  (p.334 Table)
· Reproductive Cycles of Animal Viruses—classified by strand type and function in cell
· Depends on variables, such as the type of virus (DNA/RNA) or presence of membranous envelope
· Viral Envelopes-usually a lipid bilayer with glycoprotein spikes to bind to receptors
1- Fusion with plasma membrane transports capsid into cell

2- Cellular enzymes remove capsid

3- Viral genome is template for complementary RNA strands 

a. Templates for making new RNA

b. Serve as mRNA, which his translated into capsids and glycoprotein for the viral envelope. ER also makes glycoproteins

4- Vesicles transport glycoproteins to cell’s plasma membrane

5- Capsid assembles around each viral genome molecule

6- Virus buds from cell using cell plasma membrane as envelope

· Some use envelopes from the nuclear membrane b/c they reproduce within the cell nucleus. 

· Provirus-term for when the virus is integrated into the cell’s genome

· RNA as Viral Genetic Material-broadest variety of RNA genomes
· Same genome can have different function in the cell –ssRNA
· mRNA
· template for mRNA
· uses viral enzyme packaged in the capsid
· template for DNA synthesis-retroviruses

· most complicated—genetic information flows in reverse direction
· reverse transcriptase-transcribes DNA from RNA template, providing RNA(DNA information
· DNA integrates as provirus in cell nucleus, where it is a template to make new RNA molecules functioning as mRNA making viral proteins and as genomes for virus particles

· HIV—AIDS
· Causes and Prevention of Viral diseases in animals

· Damage/kill cell by hydrolytic enzymes

· Producing toxins or have toxic molecular components, etc

· Extent of damage depends on ability of infected tissue to regenerate by cell division

· Immune system is critical in body’s natural defense mechanism and medical defenses

· Vaccines-harmless variants or derivatives of pathogenic microbes stimulating the immune system to mount defenses (antibodies) against the actual pathogen

· Preventative, not curative 

· Emerging Viruses-not new but expanding host territory by evolving or transfer

· HIV (dysfunctional white blood cells), hantavirus, Ebola (hemorrhagic fever)

· Processes contributing to viral disease emergence

· Constant Mutation of existing viruses—esp RNA viruses b/c replication not proofread (Flu)-immunity to ancestral virus no longer effective

· Spread of viruses from one host species to another (3/4 Human viruses)

· Dissemination of disease from small isolated population to widespread epidemic

· HIV-proliferated by technological and social factors)

· Viruses and Cancer

· Some viruses cause cancer (tumor viruses) by producing tumors

· (adeno hepatitis B—liver cancer, herpes Epstein-Barr—Burkitt’s lymphoma, papova papilloma-cervical cancer, retro HTLV-1—leukemia)
· transform cells into cancer cells though integration of viral nucleic acid into DNA

· oncogenes-viral genes directly involved in triggering cancerous characteristics 

· not unique tumor cells—proto-oncogenes (versions in normal cells)

· code for proteins affecting cell cycle

· Virus may lack oncogenes, transforming the cell by turning on or increasing expression of the proto-oncogenes. 

· More than one change necessary to transform cell into fully cancerous state

· Likely the cancer is caused in combination with other mutagenic events

--

Plant Viruses are Serious Agricultural Pests

· Plant viruses can stunt growth, diminish yield-usually RNA with rod shaped capsids

· Horizontal transmission-plant infected from external source of the virus

· Threatened by damaged to epidermis or insects (virus carriers)

· Vertical Transmission-plant infected through inheriting it from a parent

· Asexual propagation or sexual reproduction

· Once entered and reproducing, the virus spreads through plasmodesmata.

--

Viroids and prions are infectious agents simpler than viruses

· Viroids-tiny molecules of naked circular RNA infecting plants

· only several hundred nucleotides long—don’t encode proteins but can replicate using cellular enzymes. Disrupt the metabolism of a plant cell and kill growth

· molecule can be infectious agent that spreads disease

· Prions-infectious proteins causing degenerative brain diseases

· Reproduces because it is a misfolded form of a protein in brain cells normally. When it enters a cell, the prion converts normal protein to the prion version

--

Viruses may have evolved from other mobile genetic elements

· Assume viruses evolved after the first cells appeared

· Favored hypothesis-viruses originated from fragments of cellular nucleic acids moving from one cell to another

· First naked DNA, then capsid proteins form from gene evolution

· Candidates for original source of viruses

· Plasmids (segments moving between cells)

· Transposons (segments moving between locations within a genome)

· Plasmids viruses and transposons are all mobile genetic elements

​The Genetics of Bacteria
The Short generation span of bacteria helps them adapt to changing environments 
· Bacteria are very adaptable in evolutionary sense and physiological sense

· Major component-one double-stranded circular DNA molecule-“bacterial chromosome”

· As opposed to linear chromosome of eukaryotes

· Packed so tightly despite length that it fills only the nucleoid region

· Secondary component-plasmid-smaller circles of DNA

--

Genetic Recombination produces new bacterial strains
· Tranformation-alteration of bacterial cell’s genotype by uptake of naked, foreign DNA from surrounding environment. Cell is now a recombinant

· Foreign DNA contains foreign alleles incorporated into the bacterial chromosome

· Transduction- phages carry bacterial genes from one host cell to another

· Generalized transduction- when the viral nucleic acid molecules are being packaged within the capsids, occasionally a small piece of host cell’s degraded DNA is packaged within the phage capsid in place of a phage genome—defective virus but capsid can then inject this DNA into another cell. Random DNA pieces

· Specialized transduction-infection by a temperate phage. When phage genome is excised from chromosome, sometimes takes small region of bacteria adjacent to the prophage—injected into another cell. Only certain genes, near the prophage site

· Conjugation-direct transfer of genetic amterial between 2 bacterial cells temporarily joined

· Their version of sexual reproduction—it’s a one way transfer

· “male”-DNA donor has sex pili appendages used to hook and pull in a female cell
· results from presence of F factor-special piece of DNA allowing sex pili to form

· F plasmid-plasmid form of F-factor, contains about 25 genes

· Males are F+ , heritable condition, “contagious”

· Hfr cell-F factor built into chromosome. Leading end of F factor drags copy of chromosomal DNA with it

· Random movements disrupt conjugation before entire chromosome is passed to F- cell, resulting in a partial diploid

· Then recombination occurs if newly acquired DNA aligns with homologous region properly(recombinant bacteria

· “female”-DNA recipient

· General Characteristics of Plasmids-

· Self replicating circular DNA molecule

· Episome-can exist as a plasmid or as part of the bacterial chromosome

· lack protein coat, can’t live outside the cell

· small # of genes, not required for survival and reproduction in normal conditions

· but can give a cell advantages, like the F-factor

· R plasmids and antibiotic resistance

· R plasmids-genes conferring antibiotic resistance which allow bacteria to evolve
· Exposure to specific antibiotic will kill antibiotic sensitive bacteria but not those with R-plasmids. Antibiotic resistance increases because they have F plasmids

· Transposons-never exist independently. Transposition occurs as a type of recombination between the transposon and another DNA site—target site—assist in antibiotic resistance because they can bring multiple genes for antibiotic resistance into a single R plasmid

· Cut and paste method

· Replicative transposition-replicates at original site,creplication interested elsewhere

· Does not depend on complementary base sequences

· Insertion sequences-simplest bacterial transposons

· consist of only the DNA necessary for act of transposition. 

· Sequence contains a gene coding for transposase

· Bracketed by inverted repeats-opposite side of strand is the reverse sequence

· Helped by DNA polymerase which creates direct repeats at new sides

· Cause mutations when they land within coding sequence regulating gene expression

· Composite transposons-longer and more complex-include extra genes, such as for resistance

· Help bacteria adapt to new environments

· Important in eukaryotes as well as bacteria

· Barbara McClintock’s breeding experiment with maize

· “controlling elements”-mobile genetic elements capable of moving from other locations in the genome to the gene for kernel color

The control of gene expression enables the individual bacteria to adjust their metabolism to environmental change—saves energy and resources
How does a bacterium locked in the genome is has inherited cope with environmental fluctuation?

--Metabolic Control (e.g. feedback inhibition)-genes switched on and off by metabolic status
· Operons: stretch of DNA for enzyme production (operator, promoter, genes they control)

· Genes clustered-Produces one long RNA molecule representing all 5 genes

· Advantage of grouping: single DNA segment (operator) switches on/off a cluster

· Operator positioned within promoter or between p and enz-coding genes

· Switched off by repressor-binds to operator, blocks RNA polyemerase attachment

· Regulatory protein-gene producing the repressor through transcription

· Trp operator vacillates between on/off depending on # active trp repressor molecules around (allosteric protein)—repressible operan
· Trp functions as corepressor-cooperates with repressor protein to switch operon off. If a lot produced, the operon is off

· inducer protein produced by the operon inactivates the repressor. Allolactose (lactose isomer) in the lac operson. Operon is on when the protein isn’t there. Why bother making enzyme to break down milk if milk isn’t there?
· If there is lactose present, there is allolactose present, which turns the protein off, making its configuration inable to bind with the operator, so its not blocking the RNA polymerase

· Positive Gene regulation

· Cyclic AMP (cAMP) regulated by cAMP regulatory protein (CRP). When cAMP is bound to CRP, protein assumes active shape and can bind to specific site at upstream end of lac promioter—bends DNA to allow RNA polymerase to bind to transcript

· Unlike repressor proteins, CRP works on several different operons. Speeds up several catabolic pathways. Glucose shuts CRP off

· Ability to catabolize other compounds provides backup system when cell is deprived of glucose[image: image1.png]
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