Mechanisms of Viral Variation (Lecture 22)
Viral genetic variation and its consequences
· Viruses evolve rapidly because of their propensity for genetic variation and shirt generation time

· Viruses with the greatest genetic variability are most able to evade human responses, elude protection by vaccination, and acquire drug resistance.

· Important consequences of viral genetic variation:
· Host range

· Virulence

· Tissue tropism

· Ability to elicit an immune response

· Ability to react with host antibodies

· Susceptibility to antiviral drugs

· Genetic diversity in viruses is a combination of 2 main mechanisms ( mutation and recombination

· RNA viruses generally show far greater genetic diversity the DNA viruses because the replication enzymes are more error-prone

· Those RNA viruses with the greatest variability are myxoviruses (i.e. influenza) and the retroviruses (i.e. HIV)

Differing mutation rates of RNA and DNA viruses

· RNA viruses have higher mutation rates (so high that genome cannot be defined)
· Most single nucleotide substitutions are the result of nucleotide misincorporation because viral RNA pol. lack editing fxns.
· RNA virus genome is an average of related genomes ( “quasispecies” or “swarm”
· Isolate – sample of viruses from single individual
· Strain – collection of highly related genomes

· Genome – nucleic acid molecules that comprise the entire genetics content of a single virus particle

· Propagation of a cDNA clone of an RNA virus genome is far less error prone ( cDNA cloning fixes the sequences of individual viral genomes for further study.
Mechanisms for persistence of mutations in viral populations
· Lethal mutation abolish fxn of essential genes ( can be rescued by coinfecting (phenotypic mixing)
· Neutral mutation can persist in population (genetic drift)

· Adaptive mutation confer a growth advantage under particular conditions and are fixed by selection (i.e. envelope protein that abolishes neutralizing antibody binding to envelope protein)
Neutralization of viruses by antibodies

· Antibody response to viruses
· Viruses elicit production of specific antibodies from host

· May be elicited by viral surface proteinsm internal components of disrupted virions, or viral products released by cells or expressed on surface of cell

· Virus neutralization – decrease in the infectious titer of a viral preparation following exposure to antibodies (because antibody interferes with steps leading to release of viral genome into host cells)
· Mechanisms of viral neutralization by antibodies
· Reversible neutralization – antibody-virion complex relatively unstable ( bindingis of low affinity

· Antibody attached by only one of its multiple binding sites

· Generally interferes with attachment of virus to cell surface

· High ratio of antibody to virus required ( neutralization depends on saturation
· Stable neutralization – antibody-virion complex does not dissociate readily
· Antibody molecules that bind to 2 sites of the virion ( greatly increases the stability of the complex

· Stable neutralization does not require saturation of the virion surface with antibody molecules – single bound antibody sufficient to neutralize
· Attachment not prevented ( instead later step preceeding delivery of the viral genome is affected

· Specific mechanisms include alteration of capsid formation preventing release of viral genome or prevention of a conformational change required for delivery of the genome

Vaccines

· Vaccination – generation of antibody mediated and cellular immunity against specific viruses by administration of whole virions or their components ( only known means of preventing viral diseases.
· 2 types:
· Whole virus vaccine -  pathogenicity must be eliminated while ability to elicit antibody response retained
· Killed (inactivated) virus vaccine – ability to express viral genes and to reproduce is eliminated by chemical treatment
· Generally administered by injection
· Elicit antibodies against surface components of virion
· Immunity of relatively short duration – require boosters
· Attenuated live virus vaccine – genetic changes abolish pathogenicity but not the ability to reproduce.  Generally isolated from diff host or adapted to growth in different cell type
· Can be administered orally
· Harder to make
· Call elicit immune responses against external and internal virion components and virally-encoded proteins expressed in infected cells

· Generally cheaper
· Immunity relatively long-lasting ( elicit good IgA response

· Disadvantage – possibility of genetic reversion to a pathogenic form and persistent infection with the vaccine strain

· Subunit (component) vaccines – consist of whole viral proteins, generally expressed from molecularly cloned genes.

· Efficacy requires that structure resembles that found in the intact virion

Genetic variation in retroviruses
· Retrovirus – positive stranded RNA viruses whose multiplication cycle includes an obligatory phase in which the viral genome exists as double stranded DNA
· Contains 2 identical ssRNA molecules

· Enters the cell by receptor-mediated endocytosis

· Nucleoprotein contains virally encoded reverse transcriptase ( copies ssRNA (viral) into dsDNA (linear)

· The duplex DNA copy becomes integrated into host genome in a rxn that depends on virally-encoded integrase

· Integrated retroviral genome – provirus, replicates along with host DNA

· Proviral DNA transcribed by host RNA pol. II

· Some of these RNA copies are spliced and translated into structural components of the virion or the viral protease, integrase, and reverse transcriptase enzymes, others are packaged into nascent virions.
· Infection is non-cytolytic

Variability introduced during retroviral multiplication
· Variability generated at 2 stages of the retroviral life cycle:
· Conversion of the viral RNA genome to a DNA copy (reverse transcription) 
· Variability introduced by infidelity of reverse transcriptase and recombination between the 2 copies of the genome that are present in the viral particle

· Transcription of an integrated DNA provirus into viral genomic RNA

· Variability introduced by the infidelity of RNA pol. II and by “read-through” of transcripts into neighboring cellular sequence
Mutation of retroviral genomes
· Measurement of nucleotide substitution rate for retroviruses

· To measure this rate, one must determine the number of nucleotide substitutions that have occurred in a defined number of replication cycles (DNA to RNA to DNA)
· Helper cell line – makes all the proteins required for replication and packaging of retroviral RNA but does not produce virus itself ( transfected with DNA vector that encodes a defective retrovirus (carries cis acting sequences needed for replication and packagaing, but viral genes replaced with gene that specifies neomycin resistance.

· At the beginning of the expt., the neo resistance gene carried an inactivating nonsense mutation ( at the end, the reversion frequency was scored
· Results indicate mutation rates of about 10-4 per nucleotide per replication cycle.
· Mutations generated by reverse transcriptase in vitro
· Misincorporation rate greater for RT than for DNA pol.

· Deletions generated by RT, “jumping” ( a consequence of the nonprocessivity of RT

Genetic recombination in retroviruses

· Retroviruses are diploid – 2 copies of RNA genome
· If the copies differ in sequence ( heterozygous

· Upon infection of a host cell, homologous recombination between these RNA genomes occurs during reverse transcription

· Frequency of recombination ( ~2% per kilobase per replication cycle

· Important part of the process by which cellular genes are picked up by the retrovirus

Retroviral variability and HIV infection

· HIV-1 and HIV-2, the causative agents of AIDS, are retroviruses and the lentivirus group
· Lentivirus infections give rise to slow developing, degenerative diseases
· AIDS ( characterized by immunodepression and opportunistic infections.
· CD4 ( transmembrane protein found on important subsets of immune cells, is the receptor for HIV
· Presence of CD4 not always sufficient to permit infection ( membersof a particular group of G-protein coupled receptors, called chemokine receptors, serve as coreceptors for strains of HIV that exhibit distinct tissue tropisms
· HIV strains adapted for growth in transformed T cell lines use CXCR4 receptor as cofactor
· HIV strains adapted for growth in macrophages use the CCR5 receptor as cofactor
· Attachment of HIV to CD4 and chemokine receptor mediated by gp120, an external, viral, glycoprotein attached to the viral envelope by a non-covalent interaction with gp41 transmembrane protein.
· Gp120 and gp41 encoded by env gene
· DNA clonse of HIV from any 2 isolates are significantly diff
· Divergence is greatest in the env gene ( up to 50% nucleotide substitution in this region is observed between different isolates ( likely the result of selective pressure exerted by the host’s immune system: antibodies that neutralize the virus are directed against gp120
· The difference in HIV strains that use CXCR4 and CCR5 as coreceptors map to a highly variable portion of the gp120 protein called the V3 loop
· Other consequences of genetic variability in HIV include increased replication rate and drug resistance
· At least 109 new cells are infected each day in an HIV-infected patient ( Thus, every point mutation that could possibly occur along the length of the viral genome occurs between 104 and 105 times every day
· Problem ( rapid emergence of drug resistance by HIV virus.
· Documented in clinical trials with reverse transcriptase inhibitors such as AZT (azidothymidine) and with retroviral protease inhibitors.
· Drug-resistant mutants contain similar amino acid changes at characteristic positions.  Mutants retain the ability to process the wt substrate sequences at lower rates.
Genetic variation in myxoviruses

· Include influenza
· Exhibit extreme variability

· New strains appear frequently ( associated with radical changes in the structures of envelope glycoproteins, so that immunity acquired by prior infection is no longer protective

· This antigenic variability accounts for the explosive nature of influenza epidemics

Virion surface proteins

· Hemagglutinin (HA) – the cellular receptors for HA are cell membrane glycoproteins and glycolipids that have a specific sugar, NANA, as the terminal residue in the carbohydrate moieties
· Neuraminidase (NA) – an enzyme that splits terminal NANA from carbohydrate chains.  This activity ensures that influenza virions do not contain receptors for themselves (so they don’t form large aggregates)
Classification

· Influenza viruses ( 3 major types (A, B, & C)
· Type A infect many animal species including humans, B and C viruses are mainly human pathogens
· Clinically, type A most important (shows most variability)
· Classified into subtypes on the basis of antigenic determinants in HA and NA.  Antigenic relatedness determined by inhibition tests for hemagglutination or neuraminidase.  HA or NA proteins that do not cross react in these tests are given diff subtype designations (H1, H2, N1, N2, etc.)
Genome structure and variability

· Genome of influenza virus is segmented ( it consists of several different, ssRNA molecules, each with negative polarity.
· Each segment encodes one or two proteins – can be separated by gel electrophoresis
· Type A – 8 RNA segments
· During infection, viral RNA segments transcribed into positive strange by virus coded ARNA-dependent RNA pol.  Some positive strands serve as mRNA’s, others as templates for synthesis of progeny genomes.  Both of these RNA synthesis steps are relatively error-prone.
· Variability of influenze virus stems from unfaithful nucleic acid replication and the segmented nature of the genome.
· In mixed infections, the segments belonging to 2 diff influenza viruses can reassort and produce recombinant viruses at high frequency.
Epidemiological consequences of genetic variability in influenza viruses
· Radical changes in antigenicity – antigenic shifts
· 3 documented influenza antigenic shifts this century ( associated with pandemics
· Usually, when antigenic shift occurs, new serotype replaces the old, so that only one subtype circulates in the human population at any one time
· Interpandemic periods – minor antigenic changes occur in the prevalent subtype
· The gradual emergence of new antigenic variants as a result of mutation and selection is called antigenic drift
· Magnitude of antigenic change during shift is far greater than during drift.
· Antigenic shift likely the consequence of recombination (reassortment of RNA segments)
· Most widely accepted hypothesis is that new subtypes arise during rare instances when an animal or human is infected simultaneously with an animal influenza virus and the current prevalent human subtype ( these recombinants would have selective advantage because humans would have not been exposed (and thus have no antibodies for) animal virus HA or NA.
