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DEFINITION OF VIRUS
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GENERAL PROPERTIES OF VIRUSES
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CLASSIFICATION OF VIRUSES
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CAPSIDS
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SIZE OF VIRUSES
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225 nm |

Bacteriophage T4 Rabies virus
:‘C 170 x 70 nm
" Adenovirus
it ‘ Bacteriophage M13
Rhinovirus * 800 x 10 nm
30 nm
Chlamydia elementary body
— 300 nm
® Tobacco mosaic virus
Bacteriophages 250 x 18 nm R it
f2, MS2 Viroid
24 nm 300 x 10 nm
,. " Prion
Poliovirus 200 x 20 nm :
30 am Vaccinia virus Ebola virus

300 x 200 x 100 nm 970 nm

Plasma membrane
of red blood cell
10 nm thick

FIGURE 13.1 Virus sizes. The sizes of several viruses (teal blue) and bacte-
ria (pink) are compared with a human red blood cell, shown to the right of the
microbes. Dimensions are given in nanometers (nm) and are either diameters
or length by width.
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TABLE 13.1 Viruses and Bacteria

Compared
Bacteria Viruses

Typical Rickettsias/

Bacteria  Chlamydias
Intracellular No Yes Yes
parasite
Plasma membrane Yes Yes No
Binary fission Yes Yes No
Pass through No No/Yes Yes
bacteriological
filters
Possess both DNA Yes Yes No
and RNA
ATP-generating Yes Yes/No No
metabolism
Ribosomes Yes Yes No
Sensitive to Yes Yes No
antibiotics
Sensitive to No No Yes

interferon
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(a) A polyhedral virus

FIGURE 13.3 Morphology
of an enveloped helical
virus. (a) A diagram of an
enveloped helical virus. (b) A
micrograph of Influenzavirus
A2. Notice the halo of spikes
projecting from the outer
surface of each envelope (see

Chapter 24).

® What is the nucleic acid in @
viruse

nere Nucleic acid

Capsid

FIGURE 13.2 Morphology
of a nonenveloped poly-
hedral virus. (a) A dic-
gram of a polyhedral
(icosahedral) virus. (b) A
micrograph of the adenovirus
Mastadenovirus. Individual
capsomeres in the profein
coat are visible.

® A viral capsid is composed
of capsomeres that often
form an icosahedron.

; ) ——
(b) Mastadenovirus 40 nm

Capsomere

Nucleic acid

(a) An enveloped helical virus (b) Influenzavirus " son
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Nucleic acid

FIGURE 13.4 Morphology
of a helical virus. (a) A
diagram of a porfion of a
helical virus. Several rows of
capsomeres have been re-
moved to reveal the nucleic
acid. (b) A micrograph of
Ebola virus, a filovirus show-
ing helical rods.

Capsomere

" Helical viruses look like long
or coiled threads,

(a) A helical virus (b) Ebola virus @ 100
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Sheat!

Tail fiber

(b) Orthop, OXVirus -

T
200 nm

FIGURE 13.5 Morphology of complex viruses. (a) A
m'.°9f0m and micrograph of a T-even bacteriophage. (b) A

‘‘rograph of variola virus, a species in the genus
—_'9Poxvirus, which causes smallpox.

a
What is the chemical composition of a capsid?
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VIRAL NUCLEIC ACIDS
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VIRAL PROTEIN
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VIRAL PROTEIN
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PRESERVATION OF VIRAL
INFECTIVITY
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PRESERVATION OF VIRAL
INFECTIVITY
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REPLICATION OF VIRUSES
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Papovavirus o Virion attaches to host cell

o Virions are released
Dty . P ‘\ﬁost cell

’ /é\psid

; Nucleus —

{

: ,..-O / Y : ' 7 e Virion penetrates
ytoplas At ‘ cell and its DNA

is uncoated

5, %"‘7Capsid proteins .;.‘Q.‘ :

¢

€ synthesized

Early trrgr;srcrription

Late tr;;s/c):-ription; and franslation; enzymes
DNA is replicated are synthesized

13.15 Multiplication of Papovavirus, a DNA-containing virus.
s MRNA made?
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ATTACHMENT OF VIRUS TO
HOST CELLS
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TRANSLATION
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GENOME REPLICATION

ool ol ladas 7] Gb (e DlwgpallIncuies,
CETSIRY

gy Aol wlidgy i)l DwzJsd



Machine Translated by Google

ASSEMBLY
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(b) Endocytosis (c) Penetration (d) Uncoating

TEM s
100 nm

5URE 13.14 The entry of herpes simplex virus (Simplexvirus)

d an animal cell. (a) Attachment of the viral envelope to the plasma
mbrane. (b) The cell's plasma membrane folds inward, forming a vesicle
und the virus; this results in loss of the envelope. (¢) The nonenveloped
5id penetrates the cytoplasm of the cell from the vesicle. (d) The nucleic
d core is uncoated by digestion of the capsid.

iruses enter animal cells by endocytosis.
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Viral genome

+0r sense
¥ strand of
viral genome

- or antisense
strand of

viral genome

= single-stranded
= double-stranded

— strands ars/ ¢

incorporated
into capsid

RNA polymerase initiates production of
— strands. The mRNA and — strands form the
dsRNA that is incorporated as new viral genome.

[

wchmem ¢ f

Capsid Nucleus
RNA /— Cytoplasm
Host cell

e Penetration
and Uncoating

@) RNA Replication
- strand is transcribed

Translation and Synthesis
of Viral Proteins

from + viral genome. Viral
Capsid Viral / protein
e @ il
< protein -'J - genome £
LL. & *r (RNA) T S s
. o .
- \'I
AV Ve SRS, oo AR LS,
(a) ssRNA; +

or sense strand;
Picornaviridae

mRNA is transcribed

from the — strand. The + strand (MRNA) must first

be transcribed from the — viral
genome before proteins can
be synthesized.

Capsid
S protein i
,-. l..
A b e (b) ssRNA; — or

~ antisense strand;
Rhabdoviridae
Additional - strands are
transcribed from mRNA.

mRNA is produced inside the
capsid and released into the
cytoplasm of the host.

(c) dsRNA; + or sense
strand with - or antisense

strand; Reoviridae

Capsid proteins and RNA-
dependent RNA polymerase

FIGURE 13.17 Pathways of multiplication used by various RNA-containing
viruses. (@) After uncoating, ssRNA viruses with a + strand genome are able to synthesize
proteins directly from their + strand. Using the + strand as a template, they transcribe — strands
to produce additional + strands fo serve as mRNA and be incorporated into capsid proteins as
the viral genome. (b) The ssRNA viruses with a — strand genome must transcribe a + strand to
serve as mRNA before they begin synthesizing proteins. The mRNA transcribes additional

— strands for incorporation into capsid protein. Both ssRNA and (c) dsRNA must use mRNA

{+ strand) to code for proteins, including capsid proteins.
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E Viral capsid
j : R Host cell

plasma membrane

Viral protein

Bud

Bud

Envelope

(a) Release by budding

s
100 n

(b) Alphavirus

FIGURE 13.20 Budding of an enveloped virus.
(a) A diagram of the budding process. (b) The small
“bumps” (at arrow) seen on this freeze-fractured plasi
membrane are Sindbis virus (Alphavirus) particles can
in the act of budding out from an infected cell.



CULTIVATION OF VIRUSES
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DETECTION OF VIRAL GROWTH
IN CELL CULTURE
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Syncytium

Host-cell
4 receptor

Uninfected

el Viral fusion

Viral genome
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