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Classification of Viruses

Morphology: Viruses are grouped on the basis of size and shape, chemical
composition and structure of the genome, and mode of replication. Helical
morphology is seen in nucleocapsids of many filamentous and pleomorphic
viruses. Helical nucleocapsids consist of a helical array of capsid proteins
(protomers) wrapped around a helical filament of nucleic acid. Icosahedral
morphology is characteristic of the nucleocapsids of many “spherical” viruses.
The number and arrangement of the capsomeres (morphologic subunits of the
icosahedron) are useful in identification and classification. Many viruses also
have an outer envelope.

Chemical Composition and Mode of Replication: The genome of a virus may
consist of DNA or RNA, which may be single stranded (ss) or double stranded
(ds), linear or circular. The entire genome may occupy either one nucleic acid
molecule (monopartite genome) or several nucleic acid segments (multipartite
genome). The different types of genome necessitate different replication
strategies.
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Classification of Viruses

Viruses are classified on the basis of morphology, chemical composition, and
mode of replication.

The viruses that infect humans are currently grouped into 21 families,
reflecting only a small part of the spectrum of the multitude of different
viruses whose host ranges extend from vertebrates to protozoa
and from plants and fungi to bacteria.
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Morphology

Helical Symmetry

In the replication of viruses with helical symmetry, identical protein subunits
(protomers) self-assemble into a helical array surrounding the nucleic acid,
which follows a similar spiral path. Such nucleocapsids form rigid, highly
elongated rods or flexible filaments; in either case, details of the capsid
structure are often discernible by electron microscopy. In addition to
classification as flexible or rigid and as naked or enveloped, helical
nucleocapsids are characterized by length, width, pitch of the helix, and
number of protomers per helical turn. The most extensively studied helical
virus is tobacco mosaic virus (Fig. 41-1). Many important structural features of
this plant virus have been detected by x-ray diffraction studies. Figure 41-2
shows Sendai virus, an enveloped virus with helical nucleocapsid symmetry, a
member of the paramyxovirus family
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Icosahedral Symmetry

An icosahedron is a polyhedron having 20 equilateral triangular
faces and 12 vertices.

Lines through opposite vertices define axes of fivefold rotational
symmetry: all structural features of the polyhedron repeat five times
within each 360° of rotation about any of the fivefold axes.

Lines through the centers of opposite triangular faces form axes of
threefold rotational symmetry; twofold rotational symmetry axes are
formed by lines through midpoints of opposite edges.

An icosaheron (polyhedral or spherical) with fivefold, threefold, and
twofold axes of rotational symmetry is defined as having 532
symmetry (read as 5,3,2).

Viruses were first found to have 532 symmetry by x-ray diffraction
studies and subsequently by electron microscopy with negative-
staining techniques.

An icosahedron is a polyhedron having 20 equilateral triangular
faces and 12 vertices.

Lines through opposite vertices define axes of fivefold rotational
symmetry: all structural features of the polyhedron repeat five times
within each 360° of rotation about any of the fivefold axes.

Lines through the centers of opposite triangular faces form axes of
threefold rotational symmetry; twofold rotational symmetry axes are
formed by lines through midpoints of opposite edges.

An icosaheron (polyhedral or spherical) with fivefold, threefold, and
twofold axes of rotational symmetry is defined as having 532
symmetry (read as 5,3,2).

Viruses were first found to have 532 symmetry by x-ray diffraction
studies and subsequently by electron microscopy with negative-
staining techniques.



In most icosahedral viruses, the protomers, i.e. the structural polypeptide chains,
are arranged in oligomeric clusters called capsomeres, which are readily
delineated by negative staining electron microscopy and form the closed capsid
shell.
The arrangement of capsomeres into an icosahedral shell permits the
classification of such viruses by capsomere number and pattern.
This requires the identification of the nearest pair of vertex capsomeres (called
penton: those through which the fivefold symmetry axes pass) and the
distribution of capsomeres between them.
In the adenovirus model in Figure 41-4, one of the penton capsomeres is
arbitrarily assigned the indices h = 0, k = 0 (origin), where h and k are the
indicated axes of the inclined (60°) net of capsomeres.
The net axes are formed by lines of the closest-packed neighboring capsomeres.
In adenoviruses, the h and k axes also coincide with the edges of the triangular
faces. Any second neighboring vertex capsomere has indices h = 5, k = 0 (or h =
0, k = 5).
The capsomere number (C) can be determined to be 252 from the h and k
indices and the equation: C = 10(h +hk + k ) + 2.
This symmetry and number of capsomeres is typical of all members of the
adenovirus family.
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Figure: Icosahedral models seen, left to right, on fivefold, threefold, and twofold axes of rotational symmetry; these
axes are perpendicular to the plane of the page and pass through the centers of each figure. Both polyhedral (upper) and
spherical (lower) forms are represented by different virus families




