Microbiology
Chapter 13

Viruses, Viroids, and Prions
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General Characteristics of Viruses

Obligatory intracellular parasites =» Multiply inside living
cells by using the synthesizing machinery of the cell.

Contain nucleic acid (DNA or RNA) (single- or double-
stranded, linear or circular, or divided into several separate
molecules)

Contain a protein coat
Some are enclosed by an envelope
Some viruses have spikes

Most viruses infect only specific types of cells
In one host

Host range is determined by specific host attachment sites
and cellular factors
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Virus Sizes

Viral size is determined by
electron microscopy g[zzs nm E}

Bacteriophage T4 Rabies virus
;¢: 170 x 70 nm
Adenovirus
90 nm @ Bacteriophage M13
Rhinovirus 800 X 10 nm
30 nm Chlamydia elementary body
—— 300 nm
o Tobacco mosaic virus
Bacteriophages 250 X 18 nm —
2, MS2 Viroid
24 nm 300 x 10 nm
=

. e B

Poliovirus
30 nm 200 x 20 nm Vaccinia virus

300 x 200 x 100 nm

Ebola virus
970 nm

Ranges from 20 to
1000 nm in length.

Plasma
membrane
of red blood cell
10 nm thick
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Viral Structure

A virion is a complete, fully developed viral particle

composed of nucleic acid (DNA or RNA) surrounded by a
coat.

Viruses are classified by differences in the structures of these
coats.

The protein coat is called the capsid.

The capsid is composed of protein subunits call capsomeres.
Capsomeres and be a single type of protein or several types.

The capsid of some virus is enclosed by an envelope
consisting of lipids, proteins, and carbohydrates.

Some envelopes are covered with carbohydrate-protein
complexes called spikes (figure 13.3).
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Morphology of a polyhedral virus

Polyhedral viruses (e.g. adenovirus) are many-sided.
Usually the capsid is an |cosahedron ( +HES).
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(a) A polyhedral virus (b) Mastadenowrus TEM Jlpv—
Figure 13.2a
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Morphology of an Enveloped Virus

*Enveloped viruses are covered by an envelop and are roughly
spherical but highly pleomorphic.

*There are also enveloped helical viruses (e.g. Influenzavirus,
figure 13.3) and enveloped polyhedral viruses (e.g. Herpesvirus).

Nucleic acid

Capsomere Envelope

a) An enveloped helical virus Influenzavir
(a) velope ical viru (b) uenzavirus m

Copyright © 2010 Pearson Education, Inc. Figure 13.3



Enveloped Viruses

Capsomeres

(b) Herpesvirus
80 nm

Figure 13.16b

Copyright © 2010 Pearson Education, Inc.



Morphology of

a Helical Virus

Helical viruses resemble long rods and their capsids are
hollow cylinders surrounding the nucleic acid.

Nucleic acid

Capsomere ¢ 75

- Capsid

(a) A helical virus
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(b) Ebola virus TEM —
100 nm
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Morphology of a Complex Virus

65 nm

Capsid (head)

-Complex viruses
have complex
structures. For sneatn____ S8
example, many 1
bacteriophages ‘Am
have a polyhedral
capsid with a
helical tail sheath
attached.

Tail fiber

N Figure 13.5
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Taxonomy of Viruses

= Order names end In -ales
= Family names end in -viridae
= Genus names end In -VIrus

= Viral species: A group of viruses sharing the same
genetic information and ecological niche (host
range). Common names are used for species
= Such as human immunodeficiency virus (HIV)

= Subspecies are designated by a number
= Such as HIV-1
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Taxonomy of Viruses

= Herpesviridae
= Herpesvirus

= Human herpes virus
HHV-1, HHV-2, HHV-3
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Retroviridae
_entivirus

Human
Immunodeficiency
virus HIV-1, HIV-2




Isolation, Cultivation, and Identification
Growing Viruses

= Viruses must be grown
In living cells.

= The easiest viruses to
grow are
bacteriophages

= The plague method
mixed bacteriophages
with host bacteria and
nutrient agar.

= Bacteriophages form
plaques on a lawn of
bacteria.

Each plague originates with a single viral particle; the
concentration of viruses is given as plaque-forming units.
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Growing Viruses

= Animal viruses
may be grown in
living animals or
In embryonated
eggs
= Chorioallantoic

membrane#s £
fRER

= Amniotic FEK
= Allantoic fRE
= Yolk sac Bl =&
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Shell cavity membrane Chorloallantolc
Air l membrane
. inoculation
4 % Amniotic
» inoculation
Yolk _
sac Allantoic
/ N\ inoculation
Shell ‘ Uy
membrane \ Yolk sac

Albumin Allantoic
cavity

&oculation
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Growing Viruses

= Animal and plant viruses may be grown in cell culture.

= Primary cell lines (JR{X#IAE%R), derived from tissue slices, tend
to die out after only a few generation.

= Diploid cell lines, derived from human embryos, can be
maintained for about 100 generations.

= Continuous cell lines GE#EH#MAa%k, transformed and cancerous,
iImmortal cell lines) may be maintained indefinitely.

Normal Transformed

cells cells
e
o -
!.‘
€ A tissue is treated with @) cCells are suspended €) Normal cells or primary cells grow
enzymes to separate in culture medium. in a monolayer across the glass or
the cells. plastic container. Transformed

cells or continuous cell cultures

do not grow in a monolayer.
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Virus ldentification
1. Cytopathic effect (CPE) #lli2jm %

*When viruses infect host cell, viruses may result in host cell
damage or death. This cell damage or death is called

cytopathlc effect

(a) — (b) @
monolayer 40pm 20pm
Cells pile up and “round u
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Virus ldentification

2. Serological tests
= Detect antibodies against viruses in a patient

= Use antibodies to identify viruses in neutralization tests,
viral hemagglutination, and Western blot (Chl7 & 18)

3. Nucleic acids

= RFLPs (restriction fragment length polymorphisms; DNA
fingerprinting)
= PCR (polymerase chain reaction)

Copyright © 2010 Pearson Education, Inc.



Viral Multiplication
The Lytic Cycle (##2H): (T-even bacteriophages):

= Attachment: Phage attaches by tail fibers to
host cell

= Penetration: Phage lysozyme opens cell walll;
tail sheath contracts to force tail core reaching
plasma membrane and injecting DNA into cell

= Biosynthesis: Production of phage DNA and
proteins

= Maturation: Assembly of phage particles

= Release: Phage lysozyme breaks cell wall
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A Viral One-Step Growth Curve

A
Acute infection

< >

Eclipse
period

Number of virions

Time (days) >
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Lytic Cycle of a T-Even Bacteriophage

Bacterial Bacterial Capsid DNA
cell wall chromosome :
Capsid (head)
Sheath
© Attachment: Tail fiber | .
Phage attaches |___Baseplate
to host cell. ___ Pin

Cell wall
Plasma membrane

e Penetration:
Phage penetrates
host cell and
injects its DNA.

Sheath contracted

Tail core

€) Biosynthesis:
Phage DNA directs
synthesis of viral
components by
the host cell.
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Lytic Cycle of a T-Even Bacteriophage

@) Maturation: ‘
Viral components .‘ T
are assembled ' A

into virions.

%%

I S ~ &
) : Tail fiber
e Release: R~ £ Q
Host cell lyses, I ﬁﬂ W \/ ﬁ

and new virions AfLA
are released. — 7 \

Figure 13.11
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Lytic and Lysogenic cycles

Lytic cycle (Z4f##A): Phage causes lysis and death of
host cell

Lysogenic cycle (BaH#A): Phage DNA incorporated in
host DNA. The host cells are still alive. The inserted
phage DNA is now called prophage.

The lysogenic phages also called temperate phages.

During the lysogenic cycle, prophage genes are
regulated by two repressor proteins coded by the
prophage. The prophage is replicated each time when
the cell divides.

The action of UV light or certain mutagens can lead to
the excision (popping-out) of the phage DNA, and to
Initiation of the lytic cycle.
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The Lysogenic Cycle

o Phage attaches e Occasionally, the prophage may
Phage DNA to host cell and excise from the bacterial chromosome
(double-stranded) —_ ; injects DNA. by another recombination event,
initiating a lytic cycle.
Bacterial
chromosome
Many cell
\ divisions
Lytic cycle Lysogenic cycle |
@ Cell lyses, releasing e Phage DNA circularizes and enters Lysogemc bacterium
phage virions. lytic cycle or lysogenic cycle. reproduces normally.
Prophage
OR
@ New phage DNA and Phage DNA integrates within the
proteins are synthesized bacterial chromosome by recombination,
and assembled into virions. becoming a prophage.
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Three results of lysogeny

1. The lysogenic cells are iImmune to reinfection by
the same phage. (However, the host cell is not immune to
Infection by other phage types.)

2. Phage conversion

= The host cell may exhibit new properties, e.g. a toxin
gene carried by a temperate phage

3. Specialized transduction

= Only certain bacterial genes can be transferred.

= Lysogenic phage packages adjacent bacterial DNA
along with its own DNA in the same capsid.

= Any bacterial genes can be transferred by generalized
transduction (Fig. 8.28).
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Results of Multiplication of
Bacteriophages
= Lytic cycle
= Phage causes lysis and death of host cell
= Lysogenic cycle
= The lysogenic cells are immune to reinfection by the same
phage.
= Phage conversion
= Specialized transduction
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Generalized Transduction

RECOMBINATION

Phage protein coat ‘ ' Q ’—b‘ i‘. ’
@/ Phage DNA

Bacterial
chromosome

&) A phage infects the
donor bacterial cell.

©) Phage DNA and proteins are made,
and the bacterial chromosome is
broken into pieces.

Occasionally during phage assembly,
pieces of bacterial DNA are pack-
aged in a phage capsid. Then the
donor cell lyses and releases phage

: particles containing bacterial DNA.
i
Bacterial =0

DNA €) A phage carrying
bacterial DNA infects
a new host cell, the
recipient cell.

Recipient

cell
Donor * Recipient
bacterial bacterial

DNA / DNA €©) Recombination can

occur, producing a
recombinant cell with
a genotype different
from both the donor
and recipient cellis.

Recombinant
cell reproduces
normally

Many cell
divisions

Figure 8.28




Specialized Transduction

Prophage gal ge“e Bacterlal DNA

(\O/)

Galactose-positive
donor cell gal gene

&

gal gene _{

)

Galactose-negative ‘
recipient cell

~

40)
(O D)

Galactose-positive recombinant cell
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0 Prophage exists in galactose-using host

(containing the gal gene).

9 Phage genome excises, carrying

with it the adjacent gal gene from
the host.

e Phage matures and cell lyses, releasing

phage carrying gal gene.

e Phage infects a cell that cannot utilize

galactose (lacking gal gene).

e Along with the prophage, the bacterial gal

gene becomes integrated into the new
host’s DNA.

Lysogenic cell can now metabolize
galactose.

Figure 13.13



Multiplication of Animal Viruses

= Attachment Viruses attaches to cell membrane
= Entry By pinocytosis (#grtemR) or fusion
— (fusion only for enveloped viruses)

= Uncoating The separation of the viral nucleic
acid from its protein coat by viral or host enzymes

= Biosynthesis Production of nucleic acid and
proteins

= Maturation  Nucleic acid and capsid proteins
assemble

= Release By budding (enveloped viruses) or
rupture
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Attachment, Penetration, Uncoating

= By pinocytosis

(a) Entry of togavirus by pinocytosis W
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Attachment, Penetration, Uncoating

= By fusion

(b) Entry of herpesvirus by fusion sroa—
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Release of an enveloped virus by budding

Viral capsid

. ——Host cell plasma membrane

Viral protein

Bud

b Bud

Envelope

(a) Release by budding

Copyright © 2010 Pearson Education, Inc. Figure 13.20



Budding of an Enveloped Virus
S

;»;0. f‘{ :
e {'-',",

"
o

S

(b) Alphavirus SEM v
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Multiplication of DNA Virus

_ Papovavirus -
0 Virions released. P 2o o Virion attaches to host cell.

Host cell

9 Virion enters cell,
Cytoplasm and its DNA is

/ uncoated.

G Virions mature.

Viral DNA NG
° o 7 Capsid proteins ,°9°Q o0
° e & Capsid ——— 3 ~

é‘ proteins
mRNA

° o

e Late translation;
capsid proteins are

synthesized. —
o Viral DNA is replicated, O A portion of viral DNA is
and some viral proteins transcribed, producing mRNA
are made. that encodes “early” viral proteins.
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Sense Strand (+ Strand) RNA Virus

o Attachment.

‘ / m}‘ ‘ Nucleus

&=,
0 Q0
‘/°\°/o e
e Entry
e Maturation and uncoating.

and release.

Translation and synthesis 0 RNA replication by viral RNA-

KEY of viral proteins. dependent RNA polymerase.
- strand is transcribed Uncoating releases
s‘r\liral genome from + viral genome. viral RNA and proteins.
Capsid ~ Viral Viral
¥ or sense /oo :/protein ~ genome 4 protein
=~ strand of / 0 ‘r_}g (RNA) 900
T 09 o

/8N

. viral genome 0 ’ ' 9 0
~F. — &)

| -orantisense

-
" strand of ¥ <\ /
V" viral genome strand/l : /
+

ss = single-stranded mRNA is transcribed (a) ssRNA;
ds = double-stranded from the - strand. + or sense strand;
Picornaviridae
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Antisense Strand (— Strand) RNA Virus

e Maturation
and release.

@) Transiation and synthesis
of viral proteins.

KEY

Viral genome

0 Attachment.

S

Capsid

RNA Host cell

e Entry

Nucleus
/— Cytoplasm

and uncoating.

© RNA replication by viral RNA-
dependent RNA polymerase.

(™F or sense
== gtrand of
viral genome

__"‘:?3 - or antisense
{ strand of
! viral genome

§s = single-stranded - strands are
incorporated
ds = double-stranded into capsid

— ==

Q
7 \\/;'-{\_o

The + strand (mRNA) must first be
transcribed from the — viral genome
before proteins can be synthesized.

° )
=2

Additional — strands are
transcribed from mRNA.
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Uncoating releases
viral RNA and proteins.

Viral Viral
genome ¢/ protein
(RNA) %00

9% o

(b) ssRNA; - or
antisense strand;
Rhabdoviridae

Figure 13.17b



Double-Stranded RNA Virus

’ 0 Attachment.

Capsid ‘ / Nucleus

Host cell ——Cytoplasm

°o

o, o

°\AGe Entr

a v
Maturation and uncoating.
and release.

,oéé‘

o Translation and synthesis e RNA replication by viral RNA-

of viral proteins. dependent RNA polymerase.
Uncoating releases
viral RNA and proteins.
Viral Viral
genome o/ protein
(RNA) %22
° %
KEY
Viral genome
(¥ or sense
=~ strand of
viral genome
P \ RNA polymerase initiates production of mRNA is produced inside the ‘
, . — strands. The mRNA and — strands form the capsid and released into the
A "j - or antisense dsRNA that is incorporated as new viral genome. cytoplasm of the host.
'\\_-_ stl'and O' N o&\° [ I :
V' viral genome 2 Ao | i
. (-] o o
NG 3 9, \’§ .
88 = single-stranded -~ s é{} s | \
2
ds = double-stranded & . N\
T °
Capsid proteins and RNA- (c) dsRNA; + or sense
dependent RNA polymerase strand with - or antisense
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Multiplication of RNA-Containing

o Attachment.

%

Capsnd

Viruses

Host cell
o

©
o‘

0
0

°0
00

o )
© maturation
and release.

e Entry

Translation and synthesis e RNA replication by viral RNA-
of viral proteins. dependent RNA polymerase.

and uncoating.

— strand is transcribed
from + viral genome.

P :/ gfcft::: — ﬁ‘
J \ l° o/ e 319
| / l ¢

+ strand /l =

from the — strand.

The + strand (MRNA) must first be

Capsid transcribed from the — viral genome
protein before proteins can be synthesized.
\ °\
;‘ — —
. Y . 7 =)
\ 4 =3 /
- = <« |
% > /*Z )
&: 2 5

— strands are

incorporated Additional — strands are

into capsid transcribed from mRNA.

Nucleus
/—— Cytoplasm

Uncoating releases
viral RNA and proteins.

Viral Viral
genome / protein
(RNA) A
3 % o
=]

{a) ssRNA;
+ or sense strand;
Picornaviridae \

(b) ssRNA; - or
antlsense strand,
Rhabdovir

KEY

\
(r\liral genome

¥ or sense
strand of
viral genome

__ ) —or antisense
& strand of
v viral genome

ss = single-stranded
ds = double-stranded
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RNA polymerase initiates production of
— strands. The mRNA and — strands form the
dsRNA that is incorporated as new viral genome.

o \o. @
<o '\-°
o, 9 \s

. o =

9, ’ﬁ\\‘

. ° \o °
~ o ‘o oo
o0

Capsid proteins and RNA-
dependent RNA polymerase

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

l
@ )
A\

{c) dsRNA; + or sense
strand with - or antisense
strand; Reoviridae

Figure 13.17



Multiplication of a Retrovirus ...

Reverse Capsid Envelope
transcriptase /

Virus Two identical +

stands of RNA
t O

o~ Retrovirus enters by fusion
o = Hasteall between attachment spikes
Mature retrovirus

and the host cell receptors.
BTN
7 3
/ leaves the host cell,
e acquiring an DNA of one
& envelope and _ of the host cell’s ©) uncoating releases the two

attachment spikes chromosomes viral RNA genomes and the

asit.bude out. viral enzymes reverse
transcriptase, integrase,
and protease.

Reverse
transcrlptase Viral DNA
e Viral proteins are processed Viral RNA—-—-‘ —’P/
by viral protease; some of the e Reverse transcriptase
viral proteins are moved copies viral RNA to
to the host plasma membrane. produce double-
stranded DNA.
Viral -
proteins Identical strands )
\ of RNA Provirus
K e Transcription of the provirus
BNAY 0 S may also occur, producing
A/»" RNA for new retrovirus ! o The new viral DNA
( =Y genomes and RNA that b is transported into
encodes the retrovirus the host cell’s nucleus,
capsid, enzymes, and where it is integrated into

a host cell chromosome
as a provirus by viral
integrase. The provirus
— may be replicated when
the host cell replicates.

- envelope proteins.
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Viral Nucleic Acid

DNA, single-stranded

DNA, double-stranded

DNA, reverse transcriptase

RNA, + strand

RNA, — strand

RNA, double-stranded

RNA, reverse transcriptase

Copyright © 2010 Pearson Education, Inc.

Virus Family

Parvoviridae
Herpesviridae
Papovaviridae
Poxviridae
Hepadnaviridae
Picornaviridae
Togaviridae
Rhabdoviridae

Reoviridae

Retroviridae

Special Features of Biosynthesis

Cellular enzyme transcribes viral DNA in nucleus
Cellular enzyme transcribes viral DNA in nucleus
Viral enzyme transcribes viral DNA in virion, in cytoplasm

Cellular enzyme transcribes viral DNA in nucleus; reverse transcriptase
copies mRNA to make viral DNA

Viral RNA functions as a template for synthesis of RNA polymerase which
copies — strand RNA to make mRNA in cytoplasm

Viral enzyme copies viral RNA to make mRNA in cytoplasm

Viral enzyme copies — strand RNA to make mRNA in cytoplasm

Viral enzyme copies viral RNA to make DNA in cytoplasm; DNA moves to nucleus



Viruses and Cancer

The earliest relationship between cancer and viruses
was demonstrated in the early 1900s, when chicken
leukemia and chicken sarcoma were transferred to
healthy animals by cell-free filtrates.

Activated oncogenes transform normal cells into
cancerous cells.

Transformed cells have increased growth, loss of
contact inhibition, contain virus-specific antigens (tumor
specific transplant antigen and T antigen), exhibit
chromosomal abnormalities, and can produce tumors
when injected Into susceptible animals..

The genetic material of oncogenic viruses becomes
iIntegrated into the host cell's DNA.
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Oncogenic Viruses

= Oncogenic DNA
viruses

= Adenoviridae

Herpesviridae
Poxviridae
Papovaviridae

Hepadnaviridae
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= Oncogenic RNA
viruses

= Retroviridae

= Viral RNA Is
transcribed to DNA,

which can integrate
iInto host DNA

= HTLV-1
= HTLV-2



Latent and Persistent Viral Infections

= |Latent Viral Infections

= Virus can remain in the host y

i i Acute infection
cell for_long _perlods without : :
producing disease symptoms. ﬂ

— Cold sores (& 7,
herpes simplex virus, 8
#e 7% i+ ), shingles (s
#¢ % , chickenpox virus,”k
Ef.}ﬁai )
= Persistent Viral Infections

= Disease Processes OoCCcurs

Latent infection— /7
over a long period, generally
fatal

\} Persistent infection
— Subacute sclerosing \ \ ]

panencephalitis (I; & [+ H Time (days) Time (months, years)
it 4 > "% X ,measles virus,

B8 )
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Number of virions
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Prions, Viroids (3%&#=), and Plant
Viruses

Prions (B4 ERH):

= |nfectious proteins discovered in the 1980s

= Inherited and transmissible by ingestion, transplant, &
surgical instruments

= Spongiform encephalopathies (GE#EHHE5E): Sheep
scrapie, Creutzfeldt-Jakob disease (EE KJE),
Gerstmann-Straussler-Scheinker syndrome (GSSKJE),
fatal familial insomnia (B23t 14 &K & k< BRJE), mad cow

disease

= Allinvolyed degeneration of brain tissue.

Copyrig



EREFRBIEEREXIEE] EZ AR

TI__ (20165058028, EE B )

= BN —ERE KEERREREYERERIBIEEREXIESE ]
(Fatal Familial Insomnia, FFl), BRIZXEEEERE, —TEAHL

RE|— AN, BEZERE FRIEEEELHETENMEZRERE, BF—RHXR
IR B R IRSE, ;ﬁuaﬁj\ ZEER, HEZHRREEEZOES
IRERZFRERAE, FFINEEER AR ANMHE,EQEEERER
R, EMe MR ZIE, EIEET R ZE £ iEiRARRIZER, m
FERSIF 2 EEERMEE SR,

= SHE30FEH(Hayley Webb)[RARZ BN E N EE)ERBELE,

BAEBFLVERYMIMMEBCEREEEEELRR % ﬁiﬂ’]ﬁﬂﬂ&

HEiEhE, BMeRAZRITEHR ), SHMMEZRLER, X 9&

B, EEEHRAmRER, W FERIALOS, xEERER %‘BE?&

HZERF ABEREFF, RZATIET, 2%, hiEH. E5. Bﬂﬂﬁ[‘%"‘:

BT, IMERDHF T thEd285% 56 58 Hi 5 B (Lachlan Webb), B il
ﬁﬁﬁﬂ%E‘, CEEE T, AIEERMM KREBZBE—IEMREE FL
etk B ERE e, (NEBh HRENEHRE)
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e
Prions

= PrP¢: Normal cellular prion protein, on cell surface

= PrP>¢: Scrapie protein; accumulates in brain cells,
forming plaques

= Prion diseases are due to an altered protein; the
cause can be a mutation in the normal gene for PrP
or contact with an altered protein (PrP>°).
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How a Protein Can Be Infectious

| o o °
PrP° produced by cells e PrPS¢ may be acquired or e PrPS¢ reacts with PrP° o PrPS¢ converts the PrP°
is secreted to the cell produced by an on the cell surface. to PrPSe,
surface. altered PrP° gene.

/Lysosome

@ S @ @ '4‘;9\ 2

j\l‘ n_j] & ,—‘?A /;O
A . VAN ( > S VAN 7 =
f @ t) {'\[ \ F J -

{
)

@ @ i @ >\Endosome[/§

The new PrPS¢ converts The new PrP%¢ is taken o PrPS¢ accumulates in o PrPS¢ continues to accumulate
more PrP°. in by endocytosis. endosomes. as the endosome contents are
transferred to lysosomes.
The result is cell death.
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Plant Viruses and Viroids

= Plant Viruses

= Plant viruses enter
through wounds or
via Insects

= Some plant viruses
also multiply In
Insect (vector) cells.

= Viroids
= Viroids are

Infectious RNA
(short naked RNA,

~300 to 400
nucleotides)
= potato spindle TEM JEprva—

tuber disease
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Characteristic

Double-stranded DNA,
nonenveloped

Single-stranded RNA,
+ strand, nonenveloped

Single-stranded RNA,
— strand, enveloped

Double-stranded RNA,
nonenveloped

Viral Family

Papovaviridae

Potyviridae

Tetraviridae

Rhabdoviridae

Reovirus
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Viral Genus or
Unclassified Members

Cauliflower mosaic virus

Watermelon wilt

Tobamovirus

Potato yellow dwarf virus

Wound tumor virus

Morphology

Method of
Transmission

Aphids

Whiteflies

Wounds

Leafhoppers and aphids

Leafhoppers




