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Chemical Composition and Mode of Replication

RNA Virus Genomes

RNA viruses, comprising 70% of all viruses, vary remarkably in genome
structure.

Because of the error rate of the enzymes involved in RNA replication, these
viruses usually show much higher mutation rates than do the DNA viruses.
Mutation rates of 10 lead to the cont eration of virus variants which
show great adaptability to new hos
The viral RNA may be single-stran
genome may occupy a single RNA
separate segments (segmented genomes).

In addition, the RNA strand of a singlestranded genome may be either a sense
strand (plus strand), which can function as messenger RNA (mRNA), or an
antisense strand (minus strand), which is complementary to the sense strand
and cannot function as mRNA protein translation. Sense viral RNA alone can
replicate if injected into cells, since it can function as mRNA and initiate
translation of virus-encoded proteins.

Antisense RNA, on the other hand, has no translational function and cannot per
se produce viral components.

uble-stranded (ds), and the
r be distributed on two or more



DsRNA viruses, e.g., members of the reovirus family, contain 10, 11 or 12

separate genome segments coding for 3 enzymes involved in RNA replication, 3

major capsid proteins and a number of smaller structural proteins.

hydrogen bonded into a linear ds
The replication of these viruses | the sense RNA strands are
released from the infecting virion to initiate replication.

The retrovirus genome comprises two identical, plus-sense ssRNA molecules,
each monomer 7-11 kb in size, that areyrb“honcovalently linked over a short terminal

region.



**Retroviruses contain 2 envelope proteins encoded by the env-gene, 4-6
nonglycosylated core proteins and 3 non-structural functional proteins
(reverse transcriptase, integrase, protease: RT, IN, PR) specified by the gag-
gene.The RT transcribes the viral ssRNA into doublestranded, circular

proviral DNA.

**This DNA, mediated by the
the DNA of the host cell to ma
sense strands that eventually gi

becomes covalently bonded into
subsequent transcription of the
ovirus progeny.

s»After assembly and budding, retroviruses show structural and functional
maturation. In immature virions the structural proteins of the core are present
as a large precursor protein shell.

s After proteolytic processing by the viral protease the proteins of the mature
virion are rearranged and form the dense isometric or cone-shaped core
typical of the mature virion, and the particle becomes infectious.




DNA Virus Genomes

Most DNA viruses (Fig. 41-6) contain a single genome of linear dsDNA.

The papovaviruses, comprising the polyoma- and papillomaviruses, however, have circular
DNA genomes, about 5.1 and 7.8 kb pairs in size. DsDNA serves as a template both for
MRNA and for self-transcription.

Three or 2 structural proteins make up t
proteins are encoded that are functio
transformation.

'erus capsid: in addition, 5-6 nonstructural
cription, DNA replication and cell

Single-stranded linear DNA, 4-6 kb in' s ‘with the members of the Parvovirus
family that comprises the parvo-, the erythro- and the dependoviruses. The virion contains 2—
4 structural protein species which are differently derived from the same gene product (see
Ch. 64).

The adenoassociated virus (AAV, a dependovirus) is incapable of producing progeny virions
except in the presence of helper viruses (adenovirus or herpesvirus). It is therefore said to be
replication defective.

Circular single-stranded DNA of only 1.7 to 2.3 kb is found in members of the Circovirus
family which comprise the smallest autonomously propagated viruses. The isometric capsid
measures 17 nm and is composed of 2 protein species only.




Table 16.1 Types of Viral Nucleic Acids

Nucleic Acid Type Nucleic Acid Structure Virus Examples
DNA
Single-Stranded Linear single strand Parvoviruses
Circular single strand ©X174, M13, fd phages
Double-Stranded Linear double strand Herpesviruses (herpes simplex viruses,
cytomegalovirus, Epstein-Barr virus),
adenoviruses, T coliphages. lambda phage, and
other bacteriophages
Linear double strand with single chain breaks TS5 coliphage
Double strand with cross-linked ends Vaccinia, smallpox
Closed circular double strand Polyomaviruses (SV-40), papillomaviruses, PM2 phage.
cauliflower mosaic
RNA
Single-Stranded Linear, single stranded, positive strand Picornaviruses (polio, rhinoviruses), togaviruses.
RNA bacteriophages. TMV, and most plant viruses
Linear. single stranded. negative strand Rhabdoviruses (rabies). paramyxoviruses
(momps, measles)
Linear, single stranded, segmented. positive strand Brome mosaic virus (individual segments in
separate virions)
Linear, single stranded, segmented, diploid Retroviruses (Rous sarcoma virus, human
(two identical single strands), positive strand immunodeficiency virus)
Linear, single stranded, segmented, negative strand Paramyxoviruses, orthomyxoviruses (influenza)
Double-Stranded Linear, double stranded, segmented Reoviruses, wound-tumor virus of plants,

cytoplasmic polyhedrosis virus of insects. phage
&6, many mycoviruses

Modified from 5. E Luna, et al., General Virology, 3d edition, 1983 John Wiley & Sons_ Inc., New York, NY.

Figure: Types of virus nucleic acid and their example




Differences between viruses and cellular organisms

Viruses differ from living cells in at least three ways:

Their simple, acellular organization;

The presence of either DNA or RNA, but not both, in almost all virions (human

cytomegalovirus has a DNA gen MRNAS);

Their inability to reproduce indep and carry out cell division as
procaryotes and eucaryotes do. Alth | bacteria such as chlamydia and
rickettsia are obligately intracellular parasites like viruses, they do not meet the

first two criteria.



