
Contents 

Preface xvii 
Acknowledgments xix 
Author xxi 

1 THE FUNDAMENTALS OF 
MOLECULAR AND CELLULAR 
VIROLOGY 1 

1.1 Molecular arid cellular virology focuses 
on the molecular interactions that occur 
when a virus infects a host cell 2 

1.2 The discipline of virology can be traced 
historically to agricultural and medical 
science 3 

1.3 Basic research in virology is critical for 
molecular biology, both historically and 
today 6 

1.4 Viruses, whether understood as living 
or not, are the most abundant evolving 
entities known 8 

1.5 Viruses can be defined unambiguously 
by four traits 8 

1.6 Virions are infectious particles 
minimally made up of nucleic acids and 
proteins 10 

1.7 Viruses can be classified according to 
the ways they synthesize and use mRNA 11 

1.8 Viruses are propagated in the 
laboratory by mixing them with host cells 12 

1.9 Viral sequences are ubiquitous in animal 
genomes, including the human genome 14 

Essential concepts 17 
Questions 17 
Further reading 18 

2 THE VIRUS REPLICATION CYCLE 19 
2.1 Viruses reproduce through a lytic virus 

replication cycle 20 
2.2 Molecular events during each stage 

of the virus replication cycle 22 
2.3 The influenza virus is a model for 

replication of an animal virus 23 

2.4 The host surface is especially important 
for attachment, penetration, and 
uncoating 

2.5 Viral gene expression and genome 
replication take advantage of host 
transcription, translation, and 
replication features 

2.6 The host cytoskeleton and membranes 
are typically crucial during virus assembly 

2.7 Host-cell surfaces influence the 
mechanism of virus release 

2.8 Viruses can also cause long-term 
infections 

2.9 Herpesvirus is a model for latent infections 
2.10 Research in molecular and cellular 

virology often focuses on the 
molecular details of each stage 
of the replication cycle 
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3 ATTACHMENT, PENETRATION, 
AND UNCOATING 

3.1 

3.2 
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3.4 
3.5 

3.6 

3.7 

3.8 

Viruses enter the human body through 
one of six routes 
The likelihood of becoming HIV+ 
depends on the route of transmission 
and the amount of virus in the infected 
tissue 
Viruses are selective in their host range 
and tissue tropism 
The virion is a genome delivery device 
The genomic contents of a virion are 
irrelevant for attachment, penetration, 
and uncoating 
Animal viruses attach to specific cells 
and can spread to multiple tissues 
Noncovalent intermolecular forces are 
responsible for attaching to host cells 
Most animal virus receptors are 
glycoproteins 
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3.9 Animal virus receptors can be identified 
through genetic, biochemical, and 
immunological approaches 

3.10 Animal virus receptors can be identified 
through molecular cloning 

3.11 Animal virus receptors can be identified 
through affinity chromatography 

3.12 Antibodies can be used to identify 
animal virus receptors 

3.13 Rhinovirus serves as a model for 
attachment by animal viruses lacking 
spikes 

3.14 Several independent lines of evidence 
indicate that ICAM-1 is the rhinovirus 
receptor 

3.15 Experiments using molecular genetics 
support the conclusion that ICAM-1 is 
the rhinovirus receptor 

3.16 Structural biology experiments support 
the conclusion that ICAM-1 is the 
rhinovirus receptor 

3.17 Bioinformatics comparisons support the 
conclusion that ICAM-1 is the rhinovirus 
receptor 

3.18 Influenza serves as a model for 
attachment by enveloped viruses 

3.19 The influenza HA spike protein binds 
to sialic acids 

3.20 The second stage of the virus replication 
cycle includes both penetration and 
uncoating and, if necessary, transport 
to the nucleus 

3.21 Viruses subvert the two major 
eukaryotic mechanisms for internalizing 
particles 

3.22 Many viruses subvert receptor-mediated 
endocytosis for penetration 

3.23 Herpesvirus penetrates the cell through 
phagocytosis 

3.24 Common methods for determining the 
mode of viral penetration include use 
of drugs and RNA interference 

3.25 The virion is a metastable particle 
primed for uncoating once irreversible 
attachment and penetration have occurred 

3.26 Picornaviruses are naked viruses that 
release their genomic contents through 
pore formation 

3.27 Some enveloped viruses use membrane 
fusion with the outside surface of the 
cell for penetration 

3.28 Vesicle fusion in neuroscience is a model 
for viral membrane fusion 

3.29 HIV provides a model of membrane 
fusion triggered by a cascade of 
protein—protein interactions 

3.30 Influenza provides a model for 
viral envelope fusion triggered by 
acidification of an endocytic vesicle 

3.31 The destination for the virus genome 
may be the cytoplasm or the nucleus 

3.32 Subversion of the cellular cytoskeleton 
is critical for uncoating 

3.33 Viruses that enter an intact nucleus 
must manipulate gated nuclear pores 

3.34 Viruses introduce their genomes into 
the nucleus in a variety of ways 

3.35 Adenovirus provides a model for 
uncoating that delivers the viral 
genome into the nucleus 

3.36 The unusual uncoating stages of 
reoviruses and poxviruses leave the 
virions partially intact in the cytoplasm 

3.37 Viruses that penetrate plant cells face 
plant-specific barriers to infection 

3.38 Plant viruses are often transmitted 
by biting arthropod vectors 
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4 GENE EXPRESSION AND 
GENOME REPLICATION IN 
MODEL BACTERIOPHAGES 

4.1 Bacterial host cell transcription is 
catalyzed by a multisubunit machine 
that catalyzes initiation, elongation, 
and termination 

4.2 Bacterial host cell and bacteriophage 
mRNA are typically polycistronic 

4.3 Transcription and translation in 
bacterial host cells and bacteriophages 
are nearly simultaneous because 
of the proximity of ribosomes and 
chromosomes 

4.4 Bacterial translation initiation, 
elongation, and termination are 
controlled by translation factors 

4.5 Bacteriophages, like all viruses, encode 
structural and nonstructural proteins 
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expression 86 
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differential translation accounts for 
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4.32 Bacteriophage M13 genome replication 
is catalyzed by host proteins and occurs 
via a replicative form 108 

4.33 Bacteriophage MS2 is a (+) ssRNA virus 
that encodes four proteins 110 

4.34 Bacteriophage MS2 protein abundance 
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4.35 Bacteriophage RdRp enzymes subvert 
abundant host proteins to create an 
efficient replicase complex 114 

4.36 Bacteriophage proteins are common 
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GENOME REPLICATION IN 
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Class IV virus replication cycles have 
common gene expression and genome 
replication strategies 
Terminal features of eukaryotic mRNA 
are essential for translation 
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5.3 Monopartite Class IV (+) strand RNA 
viruses express multiple proteins from 
a single genome 

5.4 Picornaviruses are models for the 
simplest (+) strand RNA viruses 

5.5 Class IV viruses such as poliovirus 
encode one or more polyproteins 

5.6 Class IV viruses such as poliovirus use 
proteolysis to release small proteins 
from viral polyproteins 

5.7 Translation of Class IV virus genomes 
occurs despite the lack of a 5' cap 

5.8 Class IV virus genome replication 
occurs inside a virus replication 
compartment 

5.9 The Picornavirus 3Dpo1 is an RdRp and 
synthesizes a protein-based primer 

5.10 Structural features of the viral genome 
are essential for replication of Class IV 
viral genomes 

5.11 Picornavirus genome replication occurs 
in four phases 

5.12 Flaviviruses are models for simple 
enveloped (+) strand RNA viruses 

5.13 The linear (+) strand RNA flavivirus 
genomes have unusual termini 

5.14 Enveloped HCV encodes 10 proteins 
including several with transmembrane 
segments 

5.15 Togaviruses are small enveloped viruses 
with replication cycles more complex 
than those of the flaviviruses 

5.16 Four different togavirus polyproteins 
are found inside infected cells 

5.17 Different molecular events predominate 
early and late during togavirus infection 

5.18 Translation of togavirus sgRNA 
requires use of the downstream 
hairpin loop 

5.19 Suppression of translation termination 
is necessary for production of the 
nonstructural p1234 Sindbis virus 
polyprotein 

5.20 Sindbis virus uses an unusual 
mechanism to encode the TF protein 

5.21 A programmed—1 ribosome frameshift 
is needed to produce the togavirus TF 
protein 

5.22 The picornaviruses, flaviviruses, and 
togaviruses illustrate many common 
properties among (+) strand RNA viruses 

5.23 Coronaviruses have long (+) strand 
RNA genomes and novel mechanisms 
of gene expression and genome 
replication 

5.24 Coronaviruses have enveloped spherical 
virions and encode conserved and 
species-specific accessory proteins 

5.25 Coronaviruses express a nested set of 
sgRNAs with leader and TRS sequences 

5.26 Coronaviruses use a discontinuous 
mechanism for synthesis of replicative 
forms 

5.27 Most Coronavirus sgRNA is translated 
into a single protein 

5.28 Coronaviruses use a leaky 
scanning mechanism to synthesize 
proteins from overlapping sequences 

5.29 Coronaviruses may proofread RNA 
during synthesis 

5.30 Plants can also be infected by Class IV 
RNA viruses 

5.31 Comparing Class IV viruses reveals 
common themes with variations 
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GENOME REPLICATION IN 
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VIRUSES 

6.1 Study of two historically infamous 
Class V viruses, rabies and influenza, 
were instrumental in the development 
of molecular and cellular virology 

6.2 The mononegavirus replication cycle 
includes primary and secondary 
transcription catalyzed by the viral 
RdRp 

6.3 Rhabdoviruses have linear (-) RNA 
genomes and encode five proteins 

6.4 Rhabdoviruses produce five mRNAs 
with 5' caps and polyadenylated 3' tails 
through a start-stop mechanism 

6.5 Rhabdovirus genome replication 
occurs through the use of a complete 
antigenome cRNP as a template 

6.6 The paramyxoviruses are 
mononegaviruses that use RNA editing 
for gene expression 
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