Molecules and Cells

Molecular Biology and Genetics

Lecture 1: DNA, RNA Synthesis: DNA Recombination

See hand written notes

Lecture 2: Mutation and DNA Repair

Why Mutation is an Important Phenomenon

Best seen with organisms that replicate quickly-bacteria/viruses
Antibiotic/antiviral resistance-changes in the characteristics of disease causing organisms

Ex: bacteria, AIDS (AZT)-selects for resistant organisms
CAD-genetic ties to MI’s- 1/500 humans have a mutation in the gene that codes for low 
density lipoprotein (takes cholest out of blood-( high serum cholest) 

Predisposition to CA
Production of vaccines ex: polio vaccine-positive implication-attenuated virus-enough 
mutations that it doesn’t cause dz

Chemistry of Mutations


Example: bacteria and their ability to grow on certain mediums



wt- can synthesize all essential compounds, can grow on any compound 



Xmut- can only grow in things distal to the block, no way to convert to final 




Cell will try to make more of what it needs to get to the next step


Sometimes defective in the proteins that decide whether to start a new round or not, takes 

a while for the kinetics to level off-just not starting new ones

How to find mutants


Examine them one by one, such as in the medical system-medical literature



Looking at simple organisms-use a selection-protocol that eliminates (kills) all 



non-mutants, ex: want to get all bacteria resistant to certain abx, apply the 



abx



When confers a disadvantage-grow bacteria in PCN-cells that aren’t dividing are



 very resistant to PCN-those who are dividing will be killed




Ex: Proline oxotroph-can make praline autotroph-can’t





Find it by taking e coli and grow them in the absence of proline-the 



mutants who can’t make it are not growing -those who can killed 




when add PCN b/c dividing


What you can learn from genetic analysis



Plaque-clonal growth from single virus particle


Could ask how many genes reside in that collection of mutations





Complementation Test


Each of the two mutants being tested are used to infect the same 


cell simultaneously



If they are each defective in one- then they would be successful in 


getting new progeny-would conclude different genes 


compliment


If defective on the same gene, still no protein produced-fail to


 compliment


No exchange of genetic material



Reverts




True Revert-reverts back at the same site


Second Site Revert-mutation somewhere else corrects the defect


Intragenic suppression-same gene



Ex: protein can’t fold right, bump in side chain-change another aa 



somewhere else to prod a space that accommodates this side chain



Protein dimerizes-make a bump on one, and another will make a 



groove

Extragenic suppression-different gene




Ex: pathway controlling cell growth-activating a parallel pathway


Powerful way of defining fxn in the cell


What Mutations do you see?


It’s NOT random




Often cluster in same area

Mechanisms


Spontaneous

Slippage and loop out during DNA replication



Short sequences that share identity ex: GTGTTGAA


G-C to A-T base changes




High frequency occurs in places where cytosine is methylated




Enzymes patrol DNA for uracil and assume base opposite is correct-if C is 



methylated (controlling strxr of chromatin) and then de-aminated 




you now have thymine opposite of guanine C to T mutations (in us 



too!)


Induced



Treating with mutagens-proteins that maintain fidelity of the genetic material are



 damaged and the rate of mutations are increased-irrelevant, plays no rules


Can also have chemicals directly damage the DNA- can study this on simple 



organisms b/c have same DNA as us and can also look at chemistry of the 



damage




Test by Ames Test-create a set of mutants that can’t make 






Histidine- then select for mutants that can revert-get a 





reversion rate-then find out exactly what the mutation is






Ex: Aflotoxin- some strains not affected, some very 







sensitive- can study reverts and see what the 







mutations are




Many carcinogenic compounds become carcinogenic in the liver





Many cause an ambiguity in the base pairing-creating by chemical 





modification an ambiguity or even switch





Planar aromatic compounds promote single base slippage-stabilize 





the slippage transition state
DNA Level


Changes that affect coding region



Ex: mRNA




Missense mutation-one aa traded for another (many can survive this)



Nonsense mutation-codes for a stop codon



Frameshift mutation-put in or take out 1 or 2 extra nucleotides-bad news-




affects downstream




Silent mutation-degenerate code, not seen


Suppressor Mutations



Translational suppressors-mutated tRNA-different anticodon-puts in wrong aas



Most are encoded by multiple tRNAs and not likely this would happen in 




all of them
Repair of Damage
Mutation on of the few single events in biology that can bring an organism to its knees-
single event in a single cell can do it in, must find a way to fix the damage

DNA double stranded-so have another copy to recover the information

Have enzymes to fix, controlled by the damage itself

Ex: take ds DNA virus and irradiate with UV light-get a response curve-dose v. light-measure survival with plaques-do the same with E. coli that have been irradiated first-get a different survival curve-larger number survive-b/c repair enzymes had been induced and were waiting 


Repair Mechanisms for…
UV Exposure- thymine dimer as a result of UV radiation-photoreactivation enzyme 


recognizes these and uses visual light to do a photochemical reversal


Any chemical lesion that distorts DNA (not just UV)-enzyme recognizes-Cut 



upstream and downstream, gap repaired by DNA polymerase using the 



other strand-extremely important in us-can test with complementation by 



fusing nuclei from two patients and scoring resistance to see if defect in 



same gene
Alkyl groups attaching-methyl acceptor protein with free cysteine picks up the methyl 


group-suicidal for protein-but it’s there to sacrifice itself for the greater good of 


the cell
-can also accept from the phosphate backbone with another cysteine-also a 

transcriptional activator for its own gene to make more of itself
Mismatch Repair

Assume that the template is the right one-wants to correct with the template

E coli does this by epigenetic modification-methylation

Enzymes patrol cell looking for hemimethylation in mismatches-slides down strand and 


knows which is which

Problems with this lead to CA-frequency of errors increases greatly-this process is central 

to keeping us from becoming huge blobs of CA cells

Lecture 3: Genetic Code and Protein Synthesis

See attached notes for first two pages
Basic Steps of Translation


1. Initiation

load ribosomes on mRNA and find the right AUG start codon





Problem of how the ribosome and the initiator tRNA can find it



Similarities and differences 

	Bacteria
	Eukaryotes
	Both

	· Shine-Delgarno
· Polycistronic


	· Dramatic modifications

· DNA each a different protein
	·    Have a start and stop codon

· AUG (and sometimes GUG or UUG) code for initiator methionine tRNA

· Termination code-UAG, UGA or UAA



Bacterial Initiation



Shine-Delgarno is engaged and three IFs bring f-Met-tRNAfMet to the P site



Shine-Delgarno

· A polypurine tract approx 6 to 8 bases upstream of AUG start site

· Loosely complementary to the 16S rRNA (polypurimidine recognizes polypurine) component of the small ribosomal subunit-allows for tethering of mRNA

· Polypurine tract correlates to how well those genes are expressed

A GTPase is involved in the ribosomal subunit joining the first step


Eukaryote Initiation

· Similar process, identification of the initial AUG is more complicated and dependent on cap and the polyA tail

· Complex of proteins assembles at the cap strxr, they interact with the polyA tail to form a closed loop complex ready for translation

· Initiation factor (eIF2) binds to a ternary complex with Met-tRNA and GTP-the AUG initiator codon located by scanning

· Scan for AUG in 5’ to 3’ direction, uses the first one it finds


2. Elongation

extend the growing chain by one aa


3 Basic Steps




1. A-site loading mediated by EF-Tu (EF-1)

· Discrimination of codon-anticodon interaction

· Aminoglycoside antibiotics (neomycin, paromycin, gentamycin, etc) bind to the small subunit in the decoding center-increased rates of miscoding

· They tend to bind more tightly to bacterial than eukaryotic ribosomes (why it works)

· NMR studies have shown where they bind first

· Helps us to understand the common mechs for resistance



2. Peptide bond forms

· Chemical joining of two aas 

· Simple chemical reaction with a good Nu attacking an activated, labile aminoacyl ester bond and the transfer of the growing peptide chain to the aminoacyl (A) tRNA

· This step is targeted by abx like erythromycin, azithromycin- all must primarily bond to the RNA-rich active site (transition state analogue surrounded by nothing but RNA)

· Diverse abx bind in the same vicinity of ribosome strxr

· All target peptide bond formation directly or the extension of the chain

· Mutation of rRNA gene, r-proteins

· Acquisition of rRNA methylase




3. Translocation of the mRNA:tRNA complex-catalyzed by EF-G (EF-2)

· Moves the complex 3 codons forward

· Must empty A site for next cycle to begin

· EF-G hydrolyses GTP and promotes translocation



How Resistance Comes About

· Nucleotide changes in the rRNA

· Direct modification of critical positions of the rRNA or the abx

· Transport system

· Substitution of base pairs

3. Termination
recognizes the termination codon and release the peptide chain

· Release factors (RF1 and RF2) recognize (NOT tRNA) the set of stop  
codons and stimulate the hydrolysis of the growing peptide chain

· GTP hydrolysis is again involved

4. Ribosome Recycling
release the ribosome from the message for subsequent rounds of translation-RF-3, EF-G, IF3 and RRF
Protein Factors


Involved in all steps of protein synthesis

	
	Bacterial
	Eukaryotic

	Initiation
	IF1
	eIF1A

	
	IF2
	eIF5B

	
	IF3
	eIF1 (fidelity of AUG)

	
	
	eIF2(tRNAmet)

eIF4E (cap)

eIF4G (scaffold)

eIF4A (helicase)

eIF4B (RNA Binding)

eIF4B (RNA Binding)

eIF3 (unknown, large)

eIF5 (GAP for eIF2)

	Elongation
	EF-Tu
	eEF-1a

	
	EF-G
	eEF2

	Termination
	RF1
	eRF1

	
	
	

	
	RF3
	eRF3

	Recycling
	RRF
	No known homologue in eukaryotes


Ribosomes

	
	Bacterial
	Eukaryotic

	Small Subunit
	30S
	40S

	Large Subunit
	50S
	60S

	Total
	70S
	80S


Many clinically relevant abx target the ribosome

Targets are primarily RNA


High conservation makes targeting the ribosome a challenge



Rx needs to be able to find things that are different in the target


Ex) linezolid- new last-line drug, synthetic compound

Translation Regulation

· Most common during initiation

· Many signaling pathways impinge on translation and limit the rate of initiation

· Ex) insulin, aa starvation

· Important for understanding development and memory, and because viruses often hijack this process
Lecture 4: Molecular Genetics Methods I
Restriction Enzymes


Cut across both strands of the DNA molecule at a specific and small (4-8bp) recognition 


sequence


Also function to destroy infecting bacteria


Host DNA is protected by methylation 


Many cut to give sticky ends-can be efficiently rejoined with DNA ligase

Plasmids


Convenient vectors for cloning DNA


Typically several kilobases with an origin of DNA replication, abx resistance gene and a


 region not essential for propagation where a piece of foreign DNA can be 



inserted


Can produce some protein from the cloned DNA 




Small proteins that fold easily on their own




Ex) growth hormone production-recombinant source

Libraries

 
Collection of DNA segments that are inserted into a cloning vector , typically a plasmid 


or virus


Genomic DNA Libraries

cDNA Libraries



Complimentary DNA libraries 



DNA copies of mRNAs in cells 



Useful b/c only a small percent code for proteins

Denaturation and Renaturation of DNA or RNA = “hybridization”


Direct consequence of base pairing specificity of double stranded DNA or DNA-RNA 


hybrid


After the hybridization rxn is complete, the unbound probe is washed away and the 


location and the amount of bound probe determined 


Denatured by heating or high pH


Applications



Southern (DNA) blots, Northern (RNA) blots, in situ hybridization 

Detecting DNA (or Proteins)


Radioisotopes- disadvantages finite life of isotopes, requirement of nuclear reactor, small 


health risks


Enzymatic detection-DNA derivatized so that it can bind to the protein that is readily 


detectable 

Fluorescence

Restriction Enzyme Cleavage Maps & Southern Blotting


Agarose gel electrophoresis


Southern blotting: paper towels, nitrocellulose, agarose gel, buffer soaked filter paper



Can do whole genome Southern blotting

Synthetic DNA


Now routine to chemically synthesize DNA up to 100 bp in length


Done on a solid phase with the growing nucleotide chain anchored to a resin and the 


nucleotide to be added to the chain in solution


Growing chain treated after every reaction to remove the protecting group

Applications: synthetic genes, sequencing and PCR primers, etc

DNA Sequencing by the Sanger Method

1. Hybridize primer and template

2. Add DNA polymerase, dATP, dTTP, dGTP, dCTP with a radioactive phosphate in the first position and a little bit of ddATP (following the incorporation of this, the chain can’t elongate)

3. Do three more reactions with dTTP, dGTP, dCTP

4. Denature template from primer by heating and then run the DNA on a polyacrylamide gel to separate chains by size

Polymerase Chain Reaction (PCR)


Similar to cloning DNA by propagation of recombinant molecules in bacteria


Gives an amplification of a particular sequence-each amplification takes only minutes


Applications: forensic amplifications, site-directed mutagenesis, reverse transcriptase 


PCR, assembling complicated arrangements of DNA sequences 
DNA chip Hybridization


Miniaturized array of target DNA sequences immobilized on a solid surface


Applications: mutation detection, chromatin immunoprecipitation

Lecture 5: Molecular Genetics Methods II

Detecting and Purifying Proteins


Western Blotting 


Using antibodies to detect proteins separated by gel electrophoresis

1. separate denatured proteins by molecular weight using SDS/PAGE gel electrophoresis

2.  Filter with proteins

3. Filter with antibodies, localized to one band only

Tagging Proteins

Popular sequences to add:

1. other proteins that an easily be purified because of their affinity for simple molecules

2. 6-8 histidines confers binding to a solid support with partially chelated Nickel ions

3. The binding sites of available monoclonal antibodies


Yeast two hybrid screening


Purely genetic approach-identifies which other proteins bind to a particular protein of 


interest


Activates transcription of a modified his3 gene that is under Gal 4 control and allows the


 yeast cell to grow on plates lacking histidine

Tissue Culture


Mammalian Tissue Cx



Dispersed cell and slice cx



Growth medium: buffer, salts, amino acids vitamins, calf serum, phenol red



Need large surface to volume ratio to get enough diffusion


Applications: propagating and studying animal viruses, determining chromosome 



constitution, identifying chemical basis of genetic defects, study cell 



function, transfection (intro of DNA into cultured cells), and factories to



produce useful proteins


Production of Monoclonal Antibodies



A wedding of immunology and tissue cx




Immunize animal, isolate spleen cells, select hybrid cells in HAT medium,



wait two weeks for cells to grow, test medium from each well for the 



presence of antibodies directed against the antigen

Transgenisis and Gene Targeting in Mice


Producing transgenic mice



Mate male and female mice, harvest fertilized egg, microinject DNA into 



pronucleus, DNA integrates randomly, don’t know where it goes or how many 


copies, implant eggs in foster mother, and analyze pups by PCR of tail DNA

Homologous Recombination in Embryonic Stem Cells


Allows targeted mutation of any gene in the mouse


Introduce DNA segment into embryonic stem cells and select for homologous 



integration, want two crossover events, G418 selects for neoR ganciclovir selects 


for TK-Inject ES cells with correct targeting event into blastocysts and implant


 blastocysts into foster mother. Pups will be chimeras (as seen by coat color)

Recent Advances in Genetic Manipulation of Mice


Site specific DNA recombination: Cre and Flp are proteins from a bacterial virus and 


yeast which catalyze site specific recombination with DNA targets that are very 


large

Gene Therapy


Somatic v. germline therapy, who it affects and ethical considerations


Random events occur with high frequency and are very hard to avoid

Genetically Engineered Vaccines


Much more efficient than past methods

Stem Cell Therapy


Grafting in cells that can appropriately differentiate and integrate into the body
Lecture 6: Bacterial Cells

Prokaryotes


Differ from Eukaryotes



No membrane bound nucleus



Usually have a single circular chromosome



Genes interrupted by introns



Ribosomes 70s instead of 80s



Cell walls contain muramic acid (except Archaea)



No mitochondria or membrane bound organelles



No cytoskeleton or endocytic vesicles



Movement by flagellar rotations


Two Groups



Eubacteria true bacteria, human pathogens and cyanobacteria (blue-green algae)


Archaea methanogens, thermophiles, halophiles-ancient line of life




Cell walls lack muramic acid




Membrane lipids contain glyceryl ethers (rather than esters)




Membrane lipids contain polyisoprenoind chains (rather than alkyl)



Carl Woese discovered that all living things are derived from Eukaryotes, 




Eubacteria and Archaea

Classification of Prokaryotes


Gram Stain



Uses crystal violet and then fixed with iodine



Basis for differential staining is the thickness of the cell wall



Positive-purple



Negative-red


Shapes

single cocci

cocci in pairs

cocci in chains

cocci in clusters

cocci in a tetrad

coccobacilli

bacilli with rounded ends

bacilli with square ends

vibrio

spirillium

spirochete


Molecular Taxonomy



Common ancestry leaves residual similarity that is greater for related than




 unrelated individuals


Creation of phylogenetic trees



More recently, molecular bio, particularly 16s rRNA sequences have been used to 


determine relationships between different organisms

The Prokaryotic Cell


Cell division by fission, no spindle apparatus, bacterial cell wall made of rigid 



peptidoglycan and contains muramic acid

	Organelles
	· No true organelles,  certain bacteria have gas vesicles bounded by a protein layer

· Carboxysomes are the site of carbon dioxide fixation in autotrophic organisms 

· Photosynthetic organisms may have chlorobium vesicles

	Granules
	· Non-nitrogenous organic reserve molecules, stored as starch or glycogen or poly-beta-hydroxybutate

	Nucleoid
	· Single, circular DNA molecule, no membrane

	Mesosomes
	· Convoluted invaginations of the cytoplasmic membrane
· Septal mesosomes act in cross wall septum formation and nuclear segregation

· Lateral mesosomes the site of active electron transport systems

	Cytoplasm
	· Contains soluble enzymes, ribosomes, mRNA, tRNA, storage granules
· Bound by cytoplasmic membrane

· mRNA synthesis and translation take place simultaneously

	Cell envelope
	· cytoplasmic membrane and cell wall
· regulation of permeability and transport

· electron transport and oxidative phosphorylation

· site of enzymes for DNA and cell wall synthesis and membrane lipid synthesis

	Flagellum
	· swimming apparatus

	Pili
	· thin proteinaceous tubes projecting from bacterial surface
· F+ pili are organs for conjugation and DNA transfer

	Periplasmic Space
	· Periplasmic proteins reside in the space between the inner and outer membrane

	Glycocalyx or capsule
	· Slimy layer of polysaccharides polymerized at the outer surface
· Sometimes consists of polypeptides



Surface Structures


Functional role of the capsule




Attachment, protection, resistance to drying, reservoir for certain nutrients


Flagella, motility and chemotaxis



Flagellar filament is constructed from a single protein arranged in helical 




symmetry around a hollow core; rings in the basal body rotate relative to



 each other, energy obtained from protein motive force


Different from flagella in eukaryotic cells


Cell Envelope
	Gram -
	Gram +

	
	

	Have an outer membrane, and often have periplasmic space

Helical lipoproteins (Braun’s) covalently linked to the peptidoglycan anchor to the OM.

No polysaccharides are bound to the peptidoglycan of gram –

Lipopolysaccharides are found in the outer leaflet of OM, transmembrane porins occur only in the OM
Nutrients acquired through OM via porins
	No outer membrane, Thicker than gram – 

Have polysaccharides covalently linked to pepetidoglycan teichoic acids and lipoteichoic acids, which penetrate the peptidoglycan layer from the cytoplasmic membrane

Teichoic acids found in two types: membrane type (polyglycerol phosphate polymer) and cell wall type (attached to amino sugar chains, polyglycerol phosphate or polyribitol phosphate)

	O-Antigen
Core

Lipid A


	Lipoteichoic Acid


	OM a phospholipid bilayer and is more permeable to charged ions than is the cytoplasmic membrane


	



Peptidoglycan


Rigid layer-backbone composed of alternating polymer 2 sugars, N-acetyl 




glucosamine and N-acetyl muramic acid (NAM only in eubacteria)



Attached to NAM side chain are 4 aa (tetrapeptide)




Gram + third aa = lysine, Gram - =meso-diaminopimelic acid 





In both side chain lysines involved in cross-linking peptidoglycan



50% of total cell wt in Gram + and 1-2% in Gram –

How Antibiotics Work


PCN 1


Substrate for peptidoglycan linking is a pentamer with two D-ala groups at the 4th and 5th 


positions-cross-linking enzyme recognizes D-ala D-ala


2 step rxn 



1: nucleophile of the active site attacks D-ala D-ala amide bond (acyl 




intermediate



2: Acyl intermediate attacked by an amine of DAP (Gram -) or amine of 




pentaglycine (Gram +)( releases the acyl enzyme and replaces it with a 



peptide bond


PCN works because its Beta lactam ring is a structural mimic between ala4 and 



ala5-acts as a competitive inhibitor of the transpeptidase as it attacks in 



Step 1




Permanently inactivates-“suicide inhibitor”

Cidal Drugs


Ex: PCN 



Turbidity and viable counts fall after administration of the drug



Acts only on growing cells


Static Drugs


Ex: Chlorampheicol



Inhibits further growth, but does not kill the cells, which will grow well once the 



drug is removed


Antibiotic Resistance


Can result from cleavage or other modification of the drug


Can be a change in the drug target, a pump that pumps the drug out of the cell, encoding 


a beta lactamase (what happens with PCN)



Vancomycin and the Horizontal Transfer of Resistance




Structurally unrelated to PCN-but targets same process




Resistance is coded by a multigene operon-vanco can’t bind to the side 




chain, but its still a substrate for transpeptidase-can still be 





cross linked, but reduces binding to vanco by 1000 fold




Important Genes in the van operon
	vanH
	A reductase that makes D-lactate from normal metabolites

	vanA
	D-ala D-lac ligase

	vanX
	D-alal D-ala dipeptidase




Transfer of Resistance




Transposons and plasmids






The van containing plasmid can be transferred in the lab via sexual 




conjugation to enterococci and streptococci
Lecture 7: Bacterial Gene Transfer

All comes down to DNA recombination
Bacterial Viruses


Viruses that infect bacteria (not people)


Discovered in the early 1900’s-realized that it was an organism that could kill bacteria, 


leaving people unharmed-have not proven particularly useful in combating human 

infection


Ex: (no details) Lambda-attaches and injects its DNA into the cell, two cycles so it 


doesn’t just kill all the hosts-not strictly a parasite-provides resistance to other 


viruses and other lambdas


Lytic Cycle-explodes cell


Lysogenic cycle-integrates into cell’s genome or is carried passively-host doesn’t 



seem to mind-silent genetically
Gene Transfer


Reassortment of genes within a population of organisms


Occurs at meiosis in higher organisms


Bacteria multiply by fission and there is no obligatory coupling-no bacteria actually fuse 


cells

Transduction



Transfer by a virus or virus-like particle


Moving host genes around advantageous-recombination 



Transducing phage can:

1. integrate via homologous recombination via the transduced bact seqs

2. integrate by homologous recombination with an already integrated phage genome

3. persist as an extrachromosomal circle, if unable to crossover=abortive transduction

4. rarely, it can integrate into the chromosome by site-specific integration



Ex: Cholera-dance between vibrio, bacteria and bacterial virus


Transformation



Direct uptake of free DNA



Typically inefficient-usually less than 1% of cells transformed



Ex: Demonstrated by the Griffith experiment



Some bacteria have a DNA uptake system that only takes its own DNA 



Ex: Model for transformation of streptococcus


Conjugation


Transfer by cell-to-cell contact



Unidirectional transfer mediated by a plasmid




Plasmid called an F-factor mediates 





Want to max their spread and survival regulate the expression of 





their transfer functions






Tra operon-encodes the transfer functions, active following 






entry into recipient cells-cell becomes competent to 






reproduce






Fin-fertility inhibition-inactivator of pilus receptors





F+ cells-have the F-factor, F-pili





F- cells-have receptors for pili



F+ x F- mating




Most common mating event, transfer of F plasmid only-no chromosomal 




DNA

1. site specific nick on the end of one strand of the F plasmid (endonuclease)

2. DNA replication from this site displaces a single stranded tail that is passes into the recipient cell where the complementary strand is synthesized

3. When the entire plasmid has been replicated, the result is two F+ cells


Hfr x F- mating




Occurs when the F plasmid integrates into the host chromosome






F Factor integration via recombination between one of the many 





transposable elements in the F-factor




Recipient remains F-




Some genes are transferred more efficiently than others 





Chromosomal genes close to the site of F-plasmid integration and 





the side towards which ori-T initiated DNA replication are 





the most efficient



F’ x F- mating




F factor integration is reversible, and Hfr can revert to an F+ and an F+ 




can become and Hfr




F’ result of a rare, F factor excision with adjacent cellular sequences 




excised with it



F’ formation is mediated b homologous recombination between 





transposable elements




Analogous to transfer by lambda




Upon entering recipient, F’ can:

1. replicate autonomously

2. exchange genetic material with the recipient chromosome by double recombination

3. recombination 

Outcomes 1 and 3 are interconvertable and produce a partial diploid
Lecture 8: Bacterial Gene Regulation

Lac Operon*

Regulation



Positive (CAP) 


Negative (repressor)

How mutations in each part of the operon would affect it



Ex: two operons, one normal and one constitutively on



If the mutation in the const on operon was in the repressor protein gene, 




the presence of the normal operon would suppress the mutation in 




the other operon because wild type repressor could bind to the 




promoter of the const on operon and begin regulating





 transcription.  



If however, the mutation is in the promoter, wild type repressor 





cannot bind and the operon is still const on

See attached diagram for additional information

Quorum Sensing

(don't get caught up in the specifics, just understand the basic concept)


Cells actually communicate with each other instead of living as isolates. 

They can sense cell density and change their expression patterns to account for the 


changes (eg. becoming competent for gene transfer, preparing for depletion of 


media nutrients in a high cell density)

Attenuation

Ex: gene for the enzyme that synthesizes tryptophan



If the environmental levels of trp are low, there is no need for the cell to waste its 



energy synthesizing the enzymes to make trp since there is already trp 



present. 



 However, if there is low environmental trp, the cell will need to make the 




enzymes to make trp.  


So the cell wants low expression levels in high trp conc and high expression 



levels in low trp conc.  


Two ways that E. coli accomplishes this: 



1. A repressor protein that binds to the DNA in the presence of trp, 





physically inhibiting transcription.  (Obviously it doesn't bind in 




the absence of trp.)  



2. Attenuation
· The cell doesn't directly monitor environmental levels of trp;instead it monitors conc of tRNA(trp) since high levels of environmental trp get incorporated into high levels of tRNA(trp). The mRNA of the genes encoding for the trp synthesizing enzymes are able to form two mutually exclusive secondary structures.  
· The placement of the ribosome on the mRNA directs which secondary structure forms.  (Thus attenuation is dependent on simultaneous transcription and translation, which is why eukaryotes don't utilize attenuation.)  
· Right before the gene for the enzyme that synthesizes trp is a gene for a short polypeptide (say gene X)

· While the ribosome is translating gene X, it reaches a point in the mRNA where two trps are required (2 trps in a row is actually very rare in most proteins). 
· If the levels of tRNA(trp) are low, it takes a while for the 2 trps to be incorporated by the ribosome because there just isn't much trp to be had.  
· During this ribosomal delay, a mRNA secondary structure (antiterminator) forms that hides the stop codon for transcription and allows RNA polymerase to transcribe the trp synthesizing genes.  
· If the levels of tRNA(trp) are high, the ribosome has no trouble incorporating the 2 trps into polypeptide X and there is no pause. The ribosome quickly finishes translation of X and falls off of the mRNA.  
· This allows a different mRNA secondary structure (terminator) to form which exposes the stop codon to the RNA polymerase and stops transcription before the gene encoding the trp synthesizing enzyme can be transcribed.
Lecture 9: Drug Resistance and Transposons

Mechanisms of Drug Resistance



Bacteriocidal



Kill bacteria, ampicillin



Bacteriostatic




Slow or stop bacterial growth-which resumes once drug is removed



Drug Resistance Gene Classes

1. Enzyme alters drug structure-not the same compound-


Ex: PCN-b-lactamase

2. Alteration of drug target structure


Ex: Erythromycin-will put methyl group on binding site of 

3. alteration of membrane behavior-drug pumps-molecs inserted into membrane, lowers intercellular concentration of drug

4. gene encoding drug-resistant form of enzyme-whole new gene takes over for one that would normally be present-creates a new pathway
See other notes
Lecture 10: Mechanisms of Microbial Pathogenesis

The Koch Postulates

1. The microorganism must be found in all cases of the dz

2. It must be possible to isolate the microorganism from the host and grow it up in pure cx

3. The microorganism must reproduce in the original dz when introduced into an experimental animal

4. The microorganism must be recoverable from the experimentally infected host
Molecular Koch Postulates

1. Gene is present in strains of bacteria that cause the dz

2. Gene is absent in avirulent strains

3. Disrupting the gene reduces virulence

4. re-introduction of the cloned gene into the disrupted avirulent strain restores virulence
Action of Select Microbial Toxins


The classic virulence factor, which in purified form can damage the host


A-B Toxins



A. carries the toxin activity 



B. binds to the host cell



Both encoded in a single polypeptide

Clostridial Toxins 



8 toxins from the two species listed below, all affect the same process



Proteolytic toxins


Botulinum




A family of 7 related toxins ingested orally and enters the motor neurons 




at the neuromuscular jxn by binding to a receptor




Causes flaccid paralysis by blocking acetylcholine release




No muscular contraction


Tetani




Causes spastic paralysis by blocking inhibitory neurons in the CNS-failure 



to relax excited muscle




After uptake, the toxin is taken into the body of the neuron, where it 




blocks release of inhibitory transmitters

Cholera Toxin



Also an A-B toxin



One of the most common toxic mechanisms



Involves ADP-ribosylation of host components involved in diverse processes



Basic Rxn: adenosine diphosphate is transferred from Nicotinamide-adenosine




 diphosphate to a target protein



CT (Cholera Toxin) Mobility




Encoded in the chromosome vibrio cholera-has an element that looks like 




a transposon consisting of two direct repeats 




The bacterial receptor for CT is a pilus that was long know to be 





coregulated with the toxin





Important for intestinal colonization and efficient delivery of the 




toxin




Toxin producing strains can share toxin producing genes with non-toxin 




producing strains during coinfection
Manipulation of the Host I: Mechanism of Virulence Factor Selection


Pathogenicity Island

1. When compared to a non-pathogen the gene cluster is clearly the result of insertion into a chromosomal locus (the DNA seq to the right and left of the island are contiguous in the non pathogen

2. often there are transposon associated sequences encoded within the island

3. GC content is different than the content of the bacteria as a whole, suggesting recent acquisition from a different species with a different content 

4. Major islands often encode a secretion apparatus and may encode the secreted effectors. The effectors may also be encoded elsewhere in the genome

Type III Secretion



Hallmark of gram – bacterial virulence



Structure 




Consists of two pairs



of rings, one in the 



inner membrane and 



one in the 




outer membrane



Two of the proteins secreted by the system are thought to form a pore in the host 



membrane through which the effectors are injected


Structure of Type III Secretory Apparatus




Enters the host via contaminated water or food, and invades the mucosal 




epithelium of the small intestine




Must accomplish two things to cause Typhoid fever

1. Crossing the mucosal barrier via intestinal enterocytes or through a specialized epithelioid cell, an M cell, that forms part of the Peyer’s Patch


Enters cells by a massive rearrangement of the actin cytoskeleton



Salmonella Pathogenicity Island 1
2. avoiding death by cells of the innate immune system (phages)


Engineers its survival and replication as well as its distribution to 
target tissues all intracellularly within the macrophage



Salmonella Pathogenicity Island 2


Salmonella typhii, typhimurium


Type IV Secretion



Genes of the bacteria are homologous to the genes of conjugative pilus of gram –


Homologous genes encode a secretory system that injects a DNA-protein complex 


directly into cells



Delivers proteins into the host cell (same as Type III)


Helicobacter pylori




Causative agent of gastric ulcers



Type A more pathogenic



Type B less pathogenic
Manipulation of the Host II: The Secreted Effector

Intracellular pathogens



Salmonella typhimurium




Three major secreted Proteins are responsible for the reorganization 





SopE, SopB, SptP





Operate by changing the activity of the Rho family of small G 






Proteins

1. Stimulation of actin polymerization by SopE

2. SopE catalyzes the exchange of GDP from the inactive forms of CDC42 or Rac1 for GTP

3. SopB acts indirectly via inositol phosphate second messengers to inactivate CDC42





Following invasion (SopB and SopE have constitutively activated 





Rho), it needs to ensure that it doesn’t kill the host





Secretes protein SptP that acts as a GAP to inactivate the CDC42 





and Rac 1 G proteins
Evolution of Virulence

Horizontal Transfer

Non-Human Hosts


Exploitation of Host Mechanisms

1. pathogens have acquired a toxin-dedicated secretory apparatus by modifying the existing flagellar support apparatus by modifying the existing flagellar export apparatus

2. pathogens have acquired a virulence-dedicated secretory apparatus by modifying another broadly distributed structure-the conjugative pillus
Lecture 11: Eukaryotic Gene Expression, RNA Processing
Eukaryotic RNA Polymerases


Pol I transcribes ribosomal RNA genes


Pol II transcribes protein-coding genes (most of the genes in the cell)


Pol III transcribes 5S RNA, tRNAs ad other small structural RNAs


RNA Pol II Transcription Units


General pathway

1. initiation of RNA synthesis by RNA pol II


starts next to a well-defined promoter, which is heavily regulated

2. Addition of a methylated cap structure to the 5’ end of the nacent transcript

Addition of GMP residue by 5’-5’ linkage


Carried out by the enzyme guanylyl transferase


Cap further modified by methylation 


Splicing and translation are more efficient on capped transcripts, 


although capping is not essential 


Makes more stable in the cytoplasm
3. Splicing of pre-mRNA to remove introns

Coding regions = exons must be connected to form mRNA


Proceeds via two sequential esterification reactions, products are


 ligated exons and the intervening intron released as a lariat


 strxr-many believe RNA catalyzed

Alternative splicing



Can be constitutive alternate splicing



Some specific sites are regulated



Proteome much larger than transcriptome

4. cleavage and polyadenylation of the 3’ end of the fully elongated transcript

instead of terminating transcription at well defined sites 



(prokaryotes), eukaryotic transcription continues beyond 


the 3’ end of the gene


cleavage of the nascent transcript abt 15 bases down from 



AAUAAA


some genes have more than one polyadenylation site and 



alternative use of different sites can result in the formation 


of different proteins
5. transport of mRNA into the cytoplasm
Transcription Initiation


Regulated by mechanisms generally similar to prokaryotes


Activators and repressors recognize specific sequences and either stimulate or block transcription


Differences



Many more proteins involved in regulating transcription of RNA

SEE other notes!!

Lecture 12: Chromosomes


See handwritten notes

Lecture 13: Mendelian Inheritance I


Human disease is due to both genetic and environmental factors (continuum)


Mendel’s First Law



Alleles segregate randomly


Results create a mono hybrid cross 




P Generation

yellow x green




Fl Generation

all yellow




F2 Generation

3:1 yellow: green







1:2:1 genotypic (pure yellow: “impure yel”:green)



Mendel’s Impression

1. Traits are controlled by genes

2. Each gene exists as a pair of alleles

3. Alleles can be dominant or recessive

4. Alleles segregate randomly



Using Mendel’s Rules to Predict Dz in Families




Ex: Cystic Fibrosis (autosomal recessive)




Autosomal Recessive Diseases often appear as sporadic cases (problem of 




small families)




Autosomal Dominant Diseases 




Probability Rules





Additivity: If A and B are mutually exclusive, probability that one 




or the other will occur is the SUM of their separate probabilities





Independence: If A and B are mutually exclusive, probability that 




BOTH will occur is the PRODUCT of their separate probabilities


Mendel’s Second Law



Different pairs of alleles segregate independently



Dihybrid cross shows the genes behave indep of each other



P

RR YY

x

rr yy




Round, yellow


x
wrinkled, green



F1



F2
9:3:3:1




Round, yellow: round, green: wrinkled, yellow, wrinkled, green


Chromosomal Theory of Inheritance



Genes reside on chromosomes



Morgan’s Discovery of Sex Linkage




red-eyed female

x
white-eyed male



P
XX



x
XwY


F1   
XXw
red females

x 
XY white males



F2


3:1 red-eye to white eye




XX red fem XXw white fem XY red male
XwY white male




X-Linked Inheritance



Ex: Hemophilia-mutation in x-linked gene coding for coag factor VIII



X-linked Recessive Disorder-Duchene’s Muscular Distrophy




I




II




III



Probability that II2 is a carrier= ½      Probability tat III1 is a carrier= ½ * ½ = ¼



Y-Linked Trait


Ex: Azoosperma-deletion of AZF region on Y chromosome




ART has made it possible to procreate




Probability that male offspring is affected = 100%


Population Genetics



Allele Frequencies in a Population




A locus has 2 alleles A and a




Frequency of A = p




Frequency of a = q



Hardy-Weinberg Equation




Equilibrium distribution is p2 + 2pq + q2 = 1



p2= frequency of AA homozygotes




2pq = frequency of Aa heterozygotes




q2= frequency of aa homozygotes

Linkage


An exception to Mendel



Bateson and Punnett Experiment




Noticed an overabundance of parent phenotypes compared to what was 



expected from the 9:3:3:1 ration


Chiasmata site of crossing over



Recombination is rare



When two loci are farther apart, will see more recombinants




Mapping is a useful way to figure out where a dz locus is




Use landmarks on the chromosomes and ask where the dz locus is relative 




to them 


Fair Coin Toss



LOD Score = log (probability of obtaining data under hypothesis/probability of 




obtaining data under the null hypothesis)




Compares the likelihood of obtaining test data if the two loci are indeed 




linked to the likelihood of obtaining the same data purely by




 chance




= log (likelihood of data if loci is linked to distance THETA/ likelihood of 



data if loci are unlinked)




THETA that gives the highest LOD is the most likely 





By convention, a LOD of +3 or higher is considered definite 




evidence of linkage
Lecture 14: Mendelian Inheritance II

Variation, Health and Dz


Logic of Life



Genes approx 25,000, what you start with and not much else, genetic heritage of 



the evolution that came before you, determines how you respond to 



environmental responses over the lifespan



Proteins approx 100,000, do the work of the cell, integrate into a set of complex 



systems



Biological Systems number and organization is uncertain, hierarchy of integrated 



systems, open to the environment, which is constantly changing


Genetic Variation



Sequence variation is extensive




85% of loci have at least 1 aa altering variant allele frequency >.01




Many loci have several variants with freq >0.01




Variation in level of expression




Epigenetic regulation- influence of the environment



Proteins do the work of the cell




Normal variants





Conditional variants-variant proteins that function normally under most 




circumstances, but less well when stressed by the enviro or genetic 





insults




Disease variants





Causative-monogenic (Mendelian) disorders that result from 





mutations altering a single gene




Susceptibility- variants that by themselves are not sufficient to produce a 




phenotype, but in concert with other variants and environmental 




variables contribute a “complex trait”



Variation not just what we see


Roles of Genes in Dz


1/3-1/2 of hospitalized patients have monogenic or complex trait disorders as their 


primary dx, and genes play some role in nearly all human dz
 Mendelian or monogenic disorders


Numerous, but most are rare



Inherited as Mendelian traits



Help to identify and implicate particular biological systems with dz 




phenotypes- help us understand relationship between genes, 




pheno, and enviro



Dominant heterozygote is discernable in the clinical phenotype (less than homo)




Incomplete dominance-what Mendel would have called this



Predictive Value of Mendelian Disorders




Precise alterations of protein function from mutations in a single gene 




identifies particular proteins and the biological system in which 




they fxn-relating them to phenotype



Burden of Mendelian Disorders
Complex or multifactorial traits




Common, result from interaction of multiple genes and enviro variables,




 run in families, but don’t follow simple Mendelian segregation

Chromosomal




Abnormalities of chroms in number or structure, frequent 15% of all 




conceptions, 1/2000 live births
SEE provided notes for the rest

Lecture 15: Genome Structure, Variation, Informatics
Lecture 16: Complex Trait Analysis

Lecture 17: Non-Mendelian Inheritance

Lecture 18: The Genetics of Hyperlipidemia

Lecture 19: Population Genetics in Medicine

Lecture 20: Genetics of Cancer

Take Home Lessons

1. Cancer is a genetic dz

2. There are many genes

3. They act similarly

4. There are clinical implications

Basis Biology


Types of Cancer



Colon, breast, prostate, lung, bladder, leukemias, brain tumors, sarcomas, 



melanomas, lymphomas, myelomas, etc. 


What Causes Cancer?



Viruses, infectious agents, breakdown in immunity, changes in gene expression, 


mutations in specific genes (this one is key)
Pathogenesis


Tumor Types



Non-neoplastic




Eg: cysts



Neoplastic




Benign (polyps, adenomas, nevi) v. Malignant (cancer-carcinomas, 




sarcomas, leukemias) 





Malignant can invade neighbors





Final stage=metastasis




Essence of Neoplasia





Cell Cycle Control (cell birth) and Apoptosis control contribute to 





net cell growth





Normal: Birth/Death = 1 





Cancer: Birth>>>>Death





Atrophy: Birth<<<Death



In some cases the genotype relates pretty much directly to the phenotype, 




but this is not the case in cancer





No single mutation is significant enough to result in CA 






Waves of clonal expansion


Basis for Two-Hit Hypothesis

1. Familial and non-familial forms of CA exist 
2. familial form 10,000 x incidence

3. familial form often multiple tumors

4. familial form often occur earlier

5. familial form only a small portion of cells become cancers


Classic Fusion Experiment



Fuse a tumor and a normal cell( will it be tumor or normal?


Two Hits Needed or Tumor Initiation

1. Mutation- first hit present in every cell
2. LOH or germ line mutation- only one somatic hit needed for tumor initiation


Retinoblastoma



Chromosome 13 instead of 11-germline hit


Isochromosome 17q



Most colon CA have an abnormal chromosome 17
Tumor Suppressor Genes

Normally inhibit growth

CA with p53 Mutations



Colon, breast, stomach, pancreatic, prostate, etc. 



P53 mutation spectra 

	Mutagen
	Mutation
	Organ

	Sunlight
	278: C(T
	Skin

	Aflatoxin
	249: G(T
	Liver

	Cigarette
	157: G(T
	Lung

	?
	175: G(A
	Colon




Net Cell Growth Control by p53



Transcriptional activation of p21( inhibits cell birth by stopping the G1 to




S transition




Transcriptional activation of PUMA(Cell death
Oncogenes


Normally stimulate growth

Found in DNA tumor viruses (papilloma viruses, papoviruses, adenoviruses, herpes 


viruses) and endogenous genes (genes in us)


Protein produced by an oncogene binds to the promoter of the tumor suppressor gene



Can’t say they cause CA, but we do know they contribute


The Philadelphia Chromosome



Extra chromosome that comes from chromosome 22



Generation: 



Usually activated by point mutations or amplifications-has more activity than it 



should


Possibly a good target for tx 



Is an ATP mimic-fits into the ATP binding pocket
DNA Repair Genes


Normally limit mutations
Model for Pathogenesis of Colorectal Neoplasia

Lecture 21: Multiplication of Animal Viruses

Fundamental Nature of Viruses


Viruses consist of a cluster of genes that replicate inside cells


Have an ability to directly synthesize a protective protein or lipoprotein shell



Makes it possible to transfer their genetic info from one cell to another


Virion extracellular form of a virus, metabolically inert


Likely that viruses evolved from cellular genes or their transcripts, perhaps via plasmids


Genomes consist of either DNA or RNA, not both



Completely dependent on host for energy prod and protein synth



Have the ability to evolve by mutation and selection

Patterns of Virion Structure


At the core of the Virion is the viral nucleic acid-DNA or RNA


Capsid protein shell that is immediately surrounding the nucleic acid



Built from mult copies of viral genomes, each contains only a small number of 



distinct protein subunits
	Naked Helical
	Enveloped Helical
	Naked Icosahedral
	Enveloped Icosahedral

	P=v (units per turn of helix) x p (pitch)
	20 triangular faces, 12 vertices related by two-fold, three-fold and five-fold rotational axes of symmetry

	
	
	Economical b/c require the smallest possible protein subunit for a given internal volume

	TMV
	Myxovirus
	SV40
	Herpesvirus

	
	
	
	



Lipoprotein Envelope some viruses have this



Modified version of the cytoplasmic or nuclear membrane

Major Functions of Virion

1. protect the viral genome from nucleases and extreme enviro cond.

2. to mediate the delivery of the viral genome into a susceptible host cell


Other Virion Proteins



A number contain a small amount of proteins that play a critical role after the 



virus has infected a host



Ex: enzymes that catalyze reactions that don’t normally occur





Synth of viral DNA from an RNA template



Unique to viruses-possible target for antivirals

Classification of Viruses

Major Criteria

1. the type (RNA v. DNA), polarity (+ or -) and structure (linear, circular, ss or ds) of the viral nucleic acid


Polarity: + RNA itself infectious



  -  virus has to bring transcriptase or polymerase

2. the type of symmetry (helical, Icosahedral) of the viral Capsid

3. the presence or absence of a lipoprotein envelope

4. the presence or absence of specific viral enzymes
One-Step Growth Curve- An Overview of Virus Infection

Multiplication of animal viruses involves a number of sequential steps that culminate in 


the release of newly synthesized progeny viruses


One-step growth conditions achieved by infecting with a large virus inoculum


Stages: 
1. eclipse-very few virus particles can be detected inside or outside the cell

2. intracellular accumulation- newly-synthesized progeny viruses can be found inside, but not outside the cell

3. rise period-increasing numbers of progeny viruses are appear in the extracellular fluid

Three Basic Processes Common to All Viral Infections

1. Delivery of the viral genome into the cell

2. Synthesis of new viral genomes and virion structural proteins

3. Assembly and release of infectious progeny virions

Attachments


Attachment of virion to cells involves interactions between certain proteins in the surface 


of the virion and specific receptors on the cell surface



The specificity of the attachment process is one of the main factors in determining 


virus host range
Penetration and Uncoating


Two major routes


Endocytosis

· Both enveloped and nonenveloped

· Following attachment virus-receptor complexes migrate to coated pits and enter the cell in clathrin coated vesicles produced by the pinching off of invaginations of the cytoplasmic membrane- analogous to the Endocytosis of nonviral ligands

· Inside the cell the clarithin coats are lost and the particles fuse with endosomes

· Acidic pH of the endosome triggers conformational changes that activate the fusion proteins of enveloped viruses(viral nucleoplasmid is released into the cytoplasm

· Also possible that some non-enveloped enter though channel formation
· Ex: Influenza Virus


Direct Fusion



Paramyxoviruses enter cells by the fusion of the viral envelope membrane with 



the cytoplasmic membrane




Requires a special fusion (F) protein on the viral envelope



Leaves the viral envelope glycoproteins embedded in the membrane

The Synthetic Phase of Viral Multiplication 


SV40-A Model DNA Virus



Endogenous to rhesus monkeys



Normally enters the cell by endocytosis-viral cell migrates to the nucleus, where 



viral multiplication takes place



Early Phase (prior to viral DNA replication)




Early region of the viral genome is transcribed into mRNA, which directs 




the synthesis of the T antigen





T-antigen is a site-specific DNA binding protein with intrinsic 





helicase activity




T antigen accumulates in the nucleus, performs several imp fxns:





1. Induces the host cell to enter S phase so that cellular enzymes 





involved in DNA replication are expressed





2. Initiates SV40 DNAT replication at the viral origin





3. Activates a late mRNA synthesis





4. Represses early mRNA synthesis





5. Prevents the host cell from undergoing apoptosis




Initiation of SV40 starts when T-antigen binds to the origin of replication 




and unwinds the two parental strands of DNA



Late Phase

· Marked by the onset of viral DNA replication

· mRNAs transcribed from the late region of the genome appear in the cytoplasm, direct the synthesis of VP1, VP2, VP3-large amounts of these proteins are needed
· Newly synthesized viral genomes and Capsid proteins are assembled into infectious virions in the nucleus

· Virions accumulate until cell metabolism stops and autolysis occurs


Temporal Regulation

· Serves to increase the efficiency of viral multiplication

· If made too many in the early phase, a large part of the templates for viral replication would be packaged into progeny virions-reduces efficiency later in the mech

· This is why in many DNA viruses, proteins involved in the genome duplication are synthesized early and virion structural proteins are synthesized late


SV40 T-Antigen

· Suppresses its own transcription by binding to the SV40 early promoter

· Prevents extensive accumulation of its own gene during late phase

· Binds to Rb(retinoblastoma) a cellular protein known to inhibit the transcription of cellular genes that are needed for S phase ( inactivates Rb and allows resting cells to enter S phase where they express all of the proteins for DNA replication 

· Plays a key role in activating the SV40 late promoter

· Prevents host cell apoptosis (a host cell defense mech) by binding to p53


Poliovirus-A Model RNA Virus

· Only natural reservoir=man

· Enters the cell by endocytosis
· Genome=ssRNA
· Translated as a monocistronic messenger that produces a giant polyprotein, which is then cleaved by a protease to produce individual viral proteins protein processing
· RNA polymerase and a precursor to the Capsid proteins produced by protein processing

· Synthesis carrier out in two steps

1. infecting viral genome copied into complementary RNA strands

2. complementary strands then serve as templates for synthesis of viral progeny genomes, some of which associate with ribosomes and direct the synthesis of more virus




NOT temporally regulated, turns the cell into a factory synthesizing 




exclusively viral proteins



Other RNA Viruses

1. genomes of paramyxoviruses, orthomixoviruses, and rhabdoviruses have opposite polarity of mRNA and can’t be translated immediately after entry into the cell(viral genome first transcribed into a primary RNA by an RNA-dependent RNA polymerase, then used to direct the synth of viral proteins

2. genomes of reoviruses are dsRNA, carry a virus coded transcriptase which carries out the asymmetric transcription of the viral genome into mRNA

3. Retroviruses
· Undergo reverse transcription and replicate through a chromosomally integrated DNA intermediate

· Found in all vertebrate animals, consists of two identical ~9,000 base ss RNA molecules

· Contains virus encoded reverse transcriptase

· The dsDNA generated by reverse transcription migrates to the nucleus beginning several hours after infection and is integrated into the chromosome, replicated along with the chromosomal DNA

Assembly and Release
Assembly of capsids begins spont in the infected cell, special mech req to generate viral envelopes

General Envelope Structure

· These proteins have external domains which project from the surface of the envelope (“spikes”)

· Mediate important fxns during the early stages of viral infxn, such as attachment to the cell surface and penetration

· These glycoproteins are the most sensitive targets of neutralizing antibody

· Ex: The cytoplasmic domains of influenza virus interact with M proteins-important during the final stages of assembly of the virus

· Sometimes a Capsid protein rather than a matrix protein

Envelope Formation by Budding

· Viral envelopes formed when nucleocapsids are released from an infected cell 

· budding through modified areas of the cytoplasmic membrane

· these areas contain viral glycoproteins, which are synthesized and transported to the cell surface by normal cell mechanisms( continuity of the lipid bilayer left intact

Lecture 22: Mechanisms of Viral Variation

General Aspects


Viral Variation and Its Consequences



Evolve rapidly b/c of propensity toward genetic variation



Those with greatest variability able to:

1. evade host immune responses

2. elude protection by vaccination

3. acquire drug resistance



Important consequences of viral variation:

1. host range (ducks(humans, etc)

2. virulence

3. tissue tropism

4. ability to elicit an immune response

5. ability to react with host antibodies

6. susceptibility to antibiotic drugs



Genetic variation due to mutation and recombination


Differing Mutation Rates of RNA and DNA


RNA viruses show greater genetic diversity than DNA viruses, b/c enzymes used 



to carry out their reactions more error-prone 



Viral RNA polymerases lack editing fxns, while most DNA pols have 




them



Many times it is hard to define an RNA genome-called quasi-species or 




swarm




RNA mutation rate=10-4 to 10-6



DNA = 10-7 to 10-11


Greatest variability: myxoviruses and retroviruses



Isolate a sample of viruses from a single individual



Strain a collection of highly related genomes



Genome the nucleic acid molecules that comprise the entire genetic content of a 



single virus particle



Propagation of a cDNA clone of an RNA virus genome is far less error prone than 


propagation of viral RNA




cDNA cloning fixes the sequences of individ RNA virus genomes


Mechanisms of Persistence of Mutations in Viral Populations



Lethal mutations abolish the fxn of an essential gene



Neutral mutations can persist in the pop-genetic drift (goes to 0 or fixation)



Adaptive mutations confer a growth advantage under particular conditions


Neutralization of Viruses by Antibodies



Antibody Response to Viruses 




Viruses usually elicit antibody response




May be elicited by viral surface proteins, by internal components of 




disrupted virions, and by viral products release by cells or 





expressed on the surfaces of cells


Virus Neutralization




A decrease in the infectious titer of a viral preparation following exposure 




to antibodies




Occurs when the antibody interferes with any steps leading to the release 




of the viral genome

Mechanisms of Viral Neutralization by Antibodies

	Reversible
	Stable

	· Low binding affinity

· Antibody attached to one of multiple binding sites, 

· Generally interferes with attachment of virus to the cell surface by hindrance interaction between viral protein and cell surface receptor

· Neutralization depends on saturation of the virus surface
	· Antibody-viron complexes don’t dissoc readily

· Complexes produced by antibody molecules that bind to two sites on the viron

· Neutralization doesn’t require saturation of the viron surface with antibody molecules-a single antibody is sufficient to neutralize

· Mechs include alteration of Capsid conformation or prevention of conformational change req. for delivery of the genome

	
	


Vaccines 


Vaccination



Generation of antibody-mediated and cellular immunity against specific viruses 



by administration of whole virion or their components



Dz prevention


Whole Virus Vaccines



Must eliminate pathogenicity while still eliciting immune response



Killed (or inactivated) ability to express viral genes and to reproduce eliminated 



by chemical tx 




Ex: Salk polio vaccine




Generally administered via injection





Elicit antibodies against surface components of virus-IgG





Immunity of short duration-requires repeat doses



Attenuated Live Virus genetic changes abolish pathogenicity but not the ability to 



reproduce




Usually isolated from a different host (ex: vaccinia virus from cows) or 




adapted to growth in a different type of cell




Ex: Sabin-type polio vaccine




Administered via orally





Response against external and internal virion components and 





against virally encoded proteins




Immunity long lasting





Elicits good IgA response, which confers protection at mucosal 





surfaces





Cheaper, but possibility of genetic reversion to pathogenic form,





 especially dangerous in immunocompromised hosts


Component (subunit) Vaccines



Consist of whole viral proteins expressed from molecularly cloned genes



Efficacy requires that strxr resemble the intact virion

Genetic Variation in Retroviruses


Retroviral Lifecycle



Positive strand viruses whose replication includes an obligatory phase during 



which the viral genome exists as dsDNA




Pol gene(reverse transcriptase( RNA(dsDNA



Viral Integrase catalyzes the transposition rxn into host gene



Replication of Retroviral Genomes




Retroviral virions contain two identical ssRNAs




Virus enters cell by receptor-mediated endocytosis




Nucleoprotein released into the cytoplasm





Contains virally encoded reverse transcriptase-copies ssRNA into 





dsDNA




Duplex copy of DNA integrated into host genome by integrase




Provirus-integrated viral genome, replicates with host DNA





Transcribed into RNA by RNA pol II of the host cell





Some spliced and translated into strxrl components of the virion




Other retroviral RNA virus transcripts packaged into nascent virions




Virus assembled at the cell membrane and released by shedding




Infxn non cytolytic



Variability Introduced During Retroviral Replication




Generated at two stages: 

1. conversion of viral RNA into DNA (rev. transcript) by infidelity of reverse transcriptase

2. transcription of integrated DNA provirus into viral genomic RNA by the infidelity of RNA pol II



Mutation of Retroviral Genomes




Measurement of nucleotide substitution rate of retroviruses





Must determine the number of nucleotide substitutions that have 





occurred in a defined number of replication cycles





Experimental approach: a helper cell line transefected with a DNA





 vector that encodes defective retrovirus that carries cis-





acting sequences needed for replication and packaging, but 





viral genes are replaced with neomycin resistance






Score reversion frequency at the end of the exp. 







Mutation rate = 10-4 per nucleotide per repl cycle




Mutations generated by reverse transcriptase in vitro





Misincorporation rate greater for RT than for DNA pol





Deletions generated by RT jumping a conseq of the 






nonprocessivitiy of RT



Genetic Recombination in Retroviruses





Retroviruses are diploid; ea particle has two copies of RNA 





genome





Recombination between these genomes occurs during reverse 





transcription





Freq of recomb = 2% per kilobase per cycle





Recombination is an important part of the way proto-oncogenes 





are picked up by retroviruses


Retroviral Variability and HIV Infection



HIV-1 and HIV-2 retroviruses of the lentivirius group, which give rise to slowly 



developing, degenerative dzs-immunodepression and opportunistic infxns



CD4 a 58 kD protein found on important subsets of immune cells and a receptor 



for HIV




Enormous selective pressure on env gene-where much of the divergence is seen



Other Consequences of Genetic Variability:




Increased replication rate and drug resistance



Every point mutation that could occur along the length of the viral genome occurs 


between 104 and 105 times every day



Rapid Emergence of Drug Resistance




Primary obstacle in HIV drug therapy

Genetic Variation in Myxoviruses


Exhibit extreme variability, radical changes in structures of envelope glycoproteins

Influenza



Antigenic variability accounts for the explosive nature of influenza epidemics


Virion surfaces proteins



Two types of surface proteins:

1. Hemaglutanin-the glycoprotein that projects from the external surface of the virion envelope-cell receptors=membrane glycoproteins and glycolipids that have N-acetyl neuramic acid as the terminal residue of their carbohydrate moieties

2. Neuraminidase-external envelope glycoproteins

Classification

A- infects many animal species including humans, much greater variability in their homologues than B or C

B and C- mainly human pathogens


Genome Strxr and Variability



Flu virus is segmented and consists of several different ssRNA, ea. w/ - polarity



During infxn viral RNA segments are transcribed into + by a virus-coded RNA 



dependent RNA polymerase, some + strands serve as mRNAs, others as 



templates for progeny genomes



In mixed infections, flu viruses can reassort to produce recombinant viruses at 



high frequency


Epidemiological Consequences



Periodically Type A influenza virus undergoes a major antigenic change or 



antigenic shifts



Three documented incidences:

1. 1918 HA similar to that found in swine

2. 1957 involved HA and NA proteins

3. 1968 only HA, milder epidemics



New serotype replaces the old, so only one circulating in human pop at a time



Antigenic Drift gradual emergence of new antigenic variants



             Magnitude of antigenic change during antigenic shift >>>antigenic drift



Antigenic Shift



             Consequence of recombination


Avian Influenza Viruses



Do not generally multiply well in humans



H5N1 isolated from a 3 yo boy in May 1997



Few human to human transmissions( not fully adapted to human host


Vaccination against Flu



Only available method at present for controlling epidemic flu



Consist of inactivated (killed) virus or HA proteins-short lived immunity and poor


       mucosal response-limited effectiveness
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