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Figure 1.10 Classification schemes for
animal viruses. Summary of the major
characteristics of 23 representative fami-
lies of viruses that infect vertebrates. Not
all virus families are shown in the figure.
Adapted from M. H. V. van Regenmortel et
al. (ed.), Virus Taxonomy: Classification and
Nemenclature of Viruses, Seventh Report of the
International Committee on Taxonomy of
Viruses (Academic Press, Inc., San Diego,
Calif., 2000).
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Figure |15 Structure and genome organization



omaviruses

Family: Polyomaviridae

o~
T

15 Type species
Simian virus 40

family Polyomaviridae includes mouse polyomaviruses
d two human viruses, JC and BK viruses, which were iso-
ed from a patient with progressive multifocal leuken-
alopathy and an immunosuppressed recipient of a kid-
y transplant, respectively. Under some conditions, mouse
yomavirus infection of the natural host results in forma-
of a wide variety of tumors (hence the name). A charac-
tic property of the members of this family is an ability to
msform cultured cells or to induce tumors in animals.
pstigation of such transforming activity has provided
ch information about mechanisms of oncogenesis, includ-
the discovery of the cellular tumor suppressor protein
. These viruses, particularly simian virus 40, have also
n important in elucidation of cellular mechanisms of tran-
ion and its regulation. For example, the simian virus 40
thancer was the first member of this class of regulatory
ces 1o be identified.

I5 Structure and genome organization. (A) The virion.
) Electron micrograph of negatively stained simian virus 40
ns. From F. A. Andered et al., Virology 32:511-523, 1967,
permission. (Right) Diagram of the virion, showing the
es and locations of virion proteins and the organization of
5,243-bp circular, double-stranded DNA genome into
ximately 25 nucleosomes by the cellular histones H2A,
. H3, and H4 (the core histones). One molecule of either VP2
ir VP3, which possess a common C-terminal sequence, is associ-
ated with each VP1 pentamer. (B) Genome organization.
tions of the origin of viral DNA synthesis (Ori) and of the
and late mRNA sequences encoding the large and small T
gens (LT and sT) and the virion structural proteins VP1, VP2,
and VP3 are indicated. The late mRNA species gencrally contain
ional open reading frames in their 5-terminal exons, such
8 that encoding leader protein 1 (LP1).

Figure 16 Single-cell reproductive cycle of simian virus 40. The
virion attaches to permissive monkey cells upon binding of VP1
to a major histocompatibility complex (MHC) class I molecule on
the surface of the cell. The virion is then endocytosed in caveo-
lae (1 and 2), is transported to the endoplasmic reticulum, and
enters that organelle (3). It is then transported to the nucleus and
uncoated by unknown mechanisms (4). The viral genome pack-
aged by cellular nucleosomes is found within the nudleus (5).
The early transcription unit is transcribed by host cell RNA poly-
merase I1 (6). After alternative splicing and export to the cyto-
plasm (7). the early mRNAs are translated by cytoplasmic ribo-
somes to produce the early proteins LT and sT (8). The former is
imported into the nudeus (9), where it binds to the simian virus
40 origin of replication to initiate DNA synthesis (10). Apart from
LT. all components needed for viral DNA replication are provided
by the host cell. As they are synthesized, daughter viral DNA
molecules associate with cellular nucleosomes to form the viral
nucleoproteins often called minichromosomes. LT also stimulates
transcription of the late gene from replicared viral DNA templates
(11). Processed late mRNAs are exported to the cytoplasm (12),
and translated to produce the virion structural proteins VP11, VP2,
and VP3 (13). These structural proteins are imported into the
nucleus (14) and assemble around viral minichromosomes to
form progeny virions (15). Virions are released by an unknown
mechanism (16).
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Figure 16 Single-cell reproductive cycle of simian virus 40
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Course of SV40 infection of permissive and nonpermissive cells. The vertical arrow indi-
cates the time (hr) following infection (0 hr) at which various events occur. Until about 14
hours (the early phase), both permissive and nonpermissive cells respond similarly to

the infection. However, the ensuing events—viral DNA synthesis, late mRNA, viral cap-
sid protein synthesis, the formation of virions and death of the cell—occur only in per-
missive cells. In nonpermissive cells, viral DN A integrates into the cellular DNA;
transformation occurs if large-T expression persists.




Associagoes de papilomavirus humanos com lesoes

—
Tipos Lesio

W N— S e
[ Verr s cutineds
), 8, 47 Tumores cutaneos EV
2, 51 Tumores cutaneos/mucosos
6, 11, 13, 42 Tumores mucosos, baiso nsco
16, 18, 31, 33, 35, 39, 51, 58 Tumores mucosos, alto risco




LCR

HPV-16

A map of the chromosome of HPV-
16, showing the positions of six of the
eight early viral genes (El through
E8) and the two major late viral
genes (L1 and L2). The E6 and E7
viral gene products are the tumor an-
tigens expressed in human carcino-
mas.




Adenoviruses

Family: Adenoviridae

Genus Type species
Mastadernnovirus Human adenowvirus C

Aviadertoviris Fowl adenowvirus A

Human serotypes are widespread in the population. Infection
bv these viruses is often asyvmptomatic. but can result in res-
piratory disease in children (members of subgenera B and C),
conjunctivitis (members of subgroup B and D) and gastroen-
teritis (subgroup F serotypes 40 and 41). Human adenovirus-
es 40 and 41 are the second leading cause (after rotaviruses)
of infantile wviral diarrhea. These viruses share capsid mor-
phology and linear double-stranded DNA genomes, but the
members of the two genera differ in size. organization. and
coding sequences. The Masradenovirinae comprise some 50
human adenoviruses and adenoviruses of other mammals.
including mice. sheep. and dogs. and some are oncogenic in
rodents. Study of human adenovirus transformation has pro-
vided fundamental information about mechanisms that con-
trol progression of cells through the cell cvcle and oncogene-
sis. Characteristic features of replication of these wiruses
include precise temporal control of viral gene expression and
an unusual mechanism of initiation of viral DNA synthesis
(protein priming). Mastadenoviral genomes also include
genes transcribed by cellular RN A polymerase IT1.

Figure | Structure and genome organization of human aden-
ovirus type 5. (A) The virion. (Left) Electron micrograph of a
negatively stained human adenovirus type 5 particle showing the
triangular faces of the icosahedral capsid and the fibers. Bar = 50
nm. Courtesy of M. Bisher, Princeton University. (Right) Diagram
of the virion illustrating the major structural units of the capsid,
hexons and pentons, additional proteins {(e.g.. VI and IX) that sta-
bilize the capsid, and the viral core proteins. The latter are asso-
ciated with the linear double-stranded DNA genome of nearly 36
kb, which carries covalently linked terminal protein art its 5" ends.
(B) Genome organization. The origins of replication (Ori) at
each end of the genome, the terminal protein (TP) covalently
artached o each end of the genome., and the ecight RNA poly-
merase [I (green arrows) and three RNA polymerase ITT (tan
arrows) transcription units are shown. Arrows indicate the direc-
tion of transcription. The three small major late (ML) exons des-
ignated I-1. 1-2, and 1-3 are spliced to form the 202-nucleotide tri-
partite leader common to all messenger RNA (mRNA) species
processed from major late primary transcripts. These mRNASs,
which form the five families (L1. L2, L3, L4, and L5) defined by
their common 37 polyvadenvylation sites, encode all but one
{polypeptide IX) of the wirion structural proteins, as shown for
several of the capsid proteins.

Figure 2 Single-cell reproductive cycle of human ad
type 2. The virus attaches 1o a permissive human cell
action beitween the fiber and the coxsackie-adenovirus
on the cell surface. The virus enters the cell via endo
and 2). a step that depends on the interaction of a second
protcin,. penton base. with a cellular integrin protein. Par
assembly takes place prior to entry of particles into the
{3). Further uncoating takes place and the viral genome as
ed with core protein VII is imported into the nucdeus
host cell RN A polvmerase Il transcription system (ranscr
immediate-early E1 A gene (5). Following alternative splicing
export of E1A mRNAs to the cytoplasm (6). E1A pro
synthesized by the cellular rranslation machinery (7). Th
teins, which are extensively modified by phospho
imported into the nucleus (8). where they regulate tra
of both cellular and wviral genes and the proliferation sta
host cell. The larger E1 A protein stimulates tra cription
viral early genes by cellular RNA polyvmerase [
Transcription of the VA genes by host cell RNA pol
also begins during the early phase of infection (9b).
pre-mRNA species are processed. exported to the oplz
and translated (11). These early protcins include the vir
cation prowins, which are imported into the nucleuas
cooperate with a limited number of cellular proteins in vi
synthesis (13). Replicated viral DN A molecules can serve
plates for further rounds of replication (14) or for transc
late genes (15). Some late promoters are activated simphy
DNA replication., but maximally efficient transcription
major late transcription unit requires the late TVa2 protei
second,. unidentified. infected-cell-specific protein. Pro
mRNA species are selectively exported from the nude
result of the action of early E1B 55kDa and E4 Orfé pro
Their efficient translation in the cyroplasm (17)
major VA RNA, VA RNA-1I, which counteracts a cellular
mechanism, and the late L4 100kDa protein. The lamter
also serves as a chaperone for assembly of trimeric hexons
and the other structural proteins are imported into the
(18). within the nucleus, capsids are assembled from: ths
teins and progeny viral genomes 1o form noninfectious im
virions (19). Assembly requires a packaging signal loca
the left end of the genome, as well as the IVa2 and L4 3
teins. Immature virions contain the precursors of the
forms of several proieins. Mawure infectious virions are
{20) when these precursor proteins are cleaved by the v
tease, encoded within the L3 region, and assembled into
on core. Progeny virions are released (21), usually upon
tion of the host cell via mechanisms that are not well und
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Figure |5 Structure and genome organization of the
adenovirus human adenovirus type 2.
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