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IMPORTANT FACTS ABOUT IMPORTANT FACTS ABOUT VIRUS REPLICATIONVIRUS REPLICATION
 Viruses multiply only in living cellsViruses multiply only in living cells Host cell provides the energy & machinery Host cell provides the energy & machinery
 for the synthesis of viral proteins & nucleic for the synthesis of viral proteins & nucleic acidsacids
 Viral genome must be able to produce Viral genome must be able to produce mRNA mRNA host cell protein-synthesizing host cell protein-synthesizing machinery may be able to synthesize viral machinery may be able to synthesize viral proteinsproteins
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Soon after interaction with the host cell Soon after interaction with the host cell virion is disrupted virion is disrupted infectivity is lost infectivity is lost ECLIPSE PERIODECLIPSE PERIOD
 The yield of infectious virus per cell ranges The yield of infectious virus per cell ranges from moderate numbers to > 100,000 from moderate numbers to > 100,000 particlesparticles
 The duration of replication cycle varies The duration of replication cycle varies from 6-8 hrs to > 40 hrsfrom 6-8 hrs to > 40 hrs
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PRODUCTIVE INFECTIONS PRODUCTIVE INFECTIONS
 > occur in permissive cells > occur in permissive cells infectious infectious virusvirus
 ABORTIVE INFECTIONSABORTIVE INFECTIONS
 > no infectious virus produce because :> no infectious virus produce because :
 a. cell is non-permissivea. cell is non-permissive
 b. virus may be defectiveb. virus may be defective
 DEFECTIVE VIRUS – lack certain genes for DEFECTIVE VIRUS – lack certain genes for replication & requires the help of another replication & requires the help of another virus (dependo or helper virus)virus (dependo or helper virus)
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LATENT INFECTIONSLATENT INFECTIONS
 a. viral genome persists within the host a. viral genome persists within the host cellcell
 b. expression of no or few viral genesb. expression of no or few viral genes
 c. survival of the infected cellc. survival of the infected cell
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STEPS IN VIRAL REPLICATIONSTEPS IN VIRAL REPLICATION
 1.1. Attachment & adsorptionAttachment & adsorption
 2.2. PenetrationPenetration
 3.3. UncoatingUncoating
 4.4. Early viral mRNA synthesisEarly viral mRNA synthesis
 5.5. Early viral protein synthesisEarly viral protein synthesis
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6. Viral genome replication6. Viral genome replication
 7. Late viral mRNA synthesis7. Late viral mRNA synthesis
 8. Late viral protein synthesis8. Late viral protein synthesis
 9. Assembly9. Assembly
 10. Release10. Release
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ATTACHMENT & ADSORPTIONATTACHMENT & ADSORPTION
 Reversible stepReversible step Does not require energyDoes not require energy 2 requirements:2 requirements:
 1. recognition & attachment to specific 1. recognition & attachment to specific host host receptor receptor determines the host determines the host range of range of the virusthe virus
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> Rhinovirus – ICAM-1> Rhinovirus – ICAM-1
 > HIV – CD4 + T cells> HIV – CD4 + T cells
 > Rabies virus – acetylcholine receptors> Rabies virus – acetylcholine receptors
 > HSV-1 – fibroblast growth factor > HSV-1 – fibroblast growth factor receptorreceptor
 2. appropriate ph & ionic concentration 2. appropriate ph & ionic concentration both the host cell & viral particle are both the host cell & viral particle are negatively charged at ph 7 negatively charged at ph 7 require require counter-ion counter-ion Magnesium ion Magnesium ion
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PENETRATIONPENETRATION
 Refers to the entry of the viral particle into Refers to the entry of the viral particle into the cytoplasm of the host cellthe cytoplasm of the host cell
 Temperature-dependent step (37 C)Temperature-dependent step (37 C) Carried out through:Carried out through:
 a. receptor-mediated endocytosisa. receptor-mediated endocytosis
 b. direct penetration (viropexis)b. direct penetration (viropexis)
 c. cell fusionc. cell fusion
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UNCOATINGUNCOATING
 Refers to the physical separation of the Refers to the physical separation of the viral capsid from the viral genomeviral capsid from the viral genome
 Considered an obligatory step in viral Considered an obligatory step in viral replication replication makes the viral genome makes the viral genome accessible for transcriptionaccessible for transcription
 Favored by low pHFavored by low pH
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INFECTIOUS NUCLEIC ACIDINFECTIOUS NUCLEIC ACID
 Purified viral nucleic acid (without any Purified viral nucleic acid (without any protein) that can carry out the entire viral protein) that can carry out the entire viral growth cycle growth cycle complete viral particles complete viral particles
 Can bypass the host range specificity Can bypass the host range specificity provided by the viral protein-host cell provided by the viral protein-host cell receptor interactionreceptor interaction
 e.g. Poliovirus e.g. Poliovirus
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Viruses that do not require a polymerase Viruses that do not require a polymerase in the virion can produce infectious DNA or in the virion can produce infectious DNA or RNARNA
 Viruses that cannot produce infectious Viruses that cannot produce infectious nucleic acids:nucleic acids:
 PoxvirusPoxvirus
 (-) stranded RNA viruses(-) stranded RNA viruses
 ds RNA virusesds RNA viruses
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GENE EXPRESSION & GENOME GENE EXPRESSION & GENOME REPLICATIONREPLICATION
 11stst step in gene expression step in gene expression mRNA mRNA synthesissynthesis
 DNA viruses Except Poxviruses replicate DNA viruses Except Poxviruses replicate in the nucleus in the nucleus use host cell DNA- use host cell DNA-dependent RNA polymerase dependent RNA polymerase synthesize synthesize mRNAmRNA
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Poxviruses replicate in the cytoplasmPoxviruses replicate in the cytoplasm no no access to host cell RNA polymerase access to host cell RNA polymerase carry their own RNA polymerasecarry their own RNA polymerase
 RNA viruses replicate in the cytoplasm RNA viruses replicate in the cytoplasm EXCEPT Influenza virus & RetrovirusEXCEPT Influenza virus & Retrovirus
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4 groups & strategies in mRNA synthesis:4 groups & strategies in mRNA synthesis:
 1. Single-stranded RNA (+ polarity) 1. Single-stranded RNA (+ polarity) genome directly act as mRNAgenome directly act as mRNA
 2. Single-stranded RNA (- polarity) 2. Single-stranded RNA (- polarity) virus encode its own RNA-dependent virus encode its own RNA-dependent RNA polymerase RNA polymerase + polarity + polarity
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3. Double-stranded RNA 3. Double-stranded RNA cell has no cell has no enzyme to transcribe RNA into mRNA enzyme to transcribe RNA into mRNA virus carries its own polymerase virus carries its own polymerase
 4. Single-stranded RNA (+ polarity) e.g. 4. Single-stranded RNA (+ polarity) e.g. Retrovirus Retrovirus carries RNA-dependent carries RNA-dependent DNA polymerase DNA polymerase ds DNA ds DNA transcribed to mRNA by host cell transcribed to mRNA by host cell polymerasepolymerase
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POSITIVE POLARITY POSITIVE POLARITY
 > an RNA with the same base sequence > an RNA with the same base sequence as the mRNAas the mRNA
 NEGATIVE POLARITYNEGATIVE POLARITY
 > has a base sequence complementary to > has a base sequence complementary to the m RNAthe m RNA
 e.g. mRNA sequence A-C-U-G, (-) polarity e.g. mRNA sequence A-C-U-G, (-) polarity RNA U-G-A-C & (+) polarity RNA A-C-U-GRNA U-G-A-C & (+) polarity RNA A-C-U-G
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(+) POLARITY RNA VIRUSES(+) POLARITY RNA VIRUSES
 PicornavirusesPicornaviruses
 TogavirusesTogaviruses
 FlavivirusesFlaviviruses
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(-) POLARITY RNA VIRUSES(-) POLARITY RNA VIRUSES
 OrthomyxovirusesOrthomyxoviruses
 ParamyxovirusesParamyxoviruses
 RhabdovirusesRhabdoviruses
 FilovirusesFiloviruses
 BunyavirusesBunyaviruses
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Once m RNA is synthesized Once m RNA is synthesized translated translated into viral proteins (enzymes & early into viral proteins (enzymes & early proteins for the genome) by host proteins for the genome) by host ribosomesribosomes
 The most important of the early proteins is The most important of the early proteins is the the PolymerasePolymerase synthesize many synthesize many copies of viral genetic material for the copies of viral genetic material for the progeny virus particleprogeny virus particle
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RNARNA
 GenomeGenome
 PolarityPolarity VirionVirion
 Polyme-Polyme-
 raserase
 SourceSource
 OfOf
 mRNAmRNA
 InfectivityInfectivity
 Of Of GenomeGenome
 PrototypePrototype
 SS, non SS, non segmentedsegmented
 ++ NoNo GenomeGenome YesYes PoliovirusPoliovirus
 SSSS
 Nonseg-Nonseg-
 mentedmented
 -- YesYes Transcrip-Transcrip-
 tiontion
 NoNo MeaslesMeasles
 RabiesRabies
 segmentedsegmented -- YesYes Transcrip-Transcrip-
 tiontion
 NoNo InfluenzaInfluenza
 DS DS segmentedsegmented
 +/-+/- YesYes Transcrip-Transcrip-
 tiontion
 NoNo ReovirusReovirus
 SS diploidSS diploid ++ YesYes Transcrip-Transcrip-
 tiontion
 NoNo HLTVHLTV
 HIVHIV
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Replication of the genome is governed by Replication of the genome is governed by the principle of complementarity the principle of complementarity requires a strand with complementary requires a strand with complementary base sequence be synthesized base sequence be synthesized serve serve as template as template synthesis of actual viral synthesis of actual viral genomegenome
 Late synthesis Late synthesis viral structural proteins viral structural proteins for the capsid are also synthesized almost for the capsid are also synthesized almost simultaneouslysimultaneously
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ASSEMBLY & RELEASEASSEMBLY & RELEASE
 Progeny particles assembled by Progeny particles assembled by packaging the viral nucleic acid within the packaging the viral nucleic acid within the capsid proteinscapsid proteins
 2 processes of Release:2 processes of Release:
 1. Rupture or lysis of cell membrane 1. Rupture or lysis of cell membrane
 2. Budding through the outer membrane2. Budding through the outer membrane
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It is thru budding that the virus acquire its It is thru budding that the virus acquire its envelopeenvelope
 Budding process begin when virus-specific Budding process begin when virus-specific proteins enter the cell membrane at proteins enter the cell membrane at specific sitesspecific sites
 Herpesviruses Herpesviruses nuclear membrane nuclear membranePoxviruses Poxviruses inclusion bodies inclusion bodiesCoronaviruses Coronaviruses endoplasmic reticulum endoplasmic reticulum
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Viral nucleocapsid then interacts with the Viral nucleocapsid then interacts with the specific membrane site mediated by matrix specific membrane site mediated by matrix proteinprotein
 Cell membrane evaginates at that site Cell membrane evaginates at that site an enveloped particle bud off from the an enveloped particle bud off from the membranemembrane
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