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Bacteriophage injecting genome

Bacterial
cell wall
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Step 1: Attachment
The phage attach to

play

Step 6: Release specific receptors on
The bacterial cell the cell wall of E. coli.
1yses and releiases 3& ® Step 2: Penetration

many infective phage.

Following attachment, phage DNA
is injected into the bacterial cell,

’% -~ feaving the phage coat outside.
Step 5: Assembly’
Phage components

are assembled into
mature virions,

Phage DNA is transcribed,
producing phage mRNA, which
is translated to phage proteins.
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l Step 3: Transcription

Step 4: Replication of Phage
DNA and Synthesis of Proteins
Phase proteins, other

Phage-induced
proteins.
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Phage A attaches
to bacteria
@ Cell lyses with
release of phage A
Injected phage DNA
may either integrate
or replicate
Linear phage DNA
Lambda phage circularizes
(a) Replication Pathway
(lytic cycle)

New virions
are formed
(assembly)

(b) Integration Pathway
(lysogenic cycle)

(d) Repllcahon of
@\ Integrated NA
DNA
Prophage is
integrated
into bacterial
chromosome

(c) Exclslon of
Phage DNA

Lambda
integration -
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Transduction

The DNA of a temperate phage enters into

The phages that are replicated are defective
the bacterial host cell.

because they lack viral genes that have been
replaced by bacterial DNA. Note that the
phage heads contain both phage and

|
&
bacterial DNA.
D)

The defective phage DNA enters new host
1 cells but cannot cause the production of new

The phage DNA may become integrated with Q. phage particles.
Il host cell DNA as a prophage.
Bacterial genes introduced into the new host

When the prophage is induced to leave the cell are integrated into the DNA, become a

bacterial chromosome, it may carry along a part of the bacterial chromosome, and are

piece of bacterial DNA in place of phage DNA. replicated along with the rest of the bacterial
DNA.
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Animal viruses
v Genome structure

=DNA or RNA, Single or double-stranded,
segmented or single molecule

v Virus particle structure

®|sometric (icosahedral), helical (rod), or
pleomorphic (irregular in shape)

v Presence or absence of a viral envelope
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TABLE 14.1 Classification of RNA Viruses [Meglng Vertebrates

e

Reoviridae 2] Neked virion Linear ds RNA~ Diarthea in animals
{respiratory enteic divided into
orphan virus) 10,11, 0r12

seqments
Bimaviridae © Neked virion; 2 seqments of  No human pathogens; diseases n chickens and fish
b, two) cosahedral finar ds RNA
Retroviridae Icosahedral; 2 identical HY
(retro, badwards) lipd-containing  molecules

envelope sRNA

TABLE 14.2 Classification of DNA Viruses Infecting Vertebrates

Iidoviridae Enveloped 1 molecule, ds DNA No known human pathogens; only animal pathogens
Girid, rainbow)

Drawing  Virion Genome
Family of Virion Structure Structure* Ch lics and Pathogenic Members
Hepadnavidae Upid-contaning 1 moecle,mainy _ Hepas B vius
Ghepa, lver; dr, ® envelope s DNA but with 2
deoyrbonicec acd) singe-sanded gap
Parvaiidae - Noked 1 molecle, s DNA  Outreaks of gastroentets following eating of shelsh
Gorus,smal)
Papovavirdae © Noked 1 moleae, drcar  Human iaed with genital
Gapiloms, polyoma, DA
saculting agen)
Adeviidae Noked 1 moleue,ds DNA  Some cause tumors i aimals
(adenos, ganc)
Hepesvidae Enveloped with 1 malecle s DNA  Hepessimplex vius; tomegalovirus
herpes,creeping) surface projectons
Poiidee Enveloped lorge s DNA;calenty  Smallpox vius; vaceia vius
Goc, pustle) bk haped ends

|acalitv in Ugandal

TABLE 14.3 Classification of Human Picornav

Family Canis Spacis
Pirormpericas Eripro
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Uninfected cells

adenovirus

herpes simplex

Plaque formation

NN
Phage i Top Bacterial
dilution i agar |mi cells

& Pour mixture
1 onto angar plate

i
M/} Nutrient agar
plate

&

Sandwich of top agar
and nutrient agar

& Incubate

Phage plaques
Lawn of host cells

Electron micrograph of Calicivirus
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Red blood Virus Hemagglutination
cells
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Myxovirus
hemagglutination

Cell entry of
enveloped
viruses
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Budding
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Infectious virus

Acute Infection with late complications

[ pisease

State of Virus

Measles

Chickenpox

(®)

()

Hepatits B Release of virus

Measles proteins in
SSPE  infected brain el result

replication after initial
fection

Latent infection (chickenpox-zoster)

Ater inital ifection, virus
Zoktor foplicats in neurons in
non-infectious state. Virus.
activated to produce new
discaso symptoms.

Virus
activation

Chronic Infection (hepatits B, hepatits C)

At initil infection with o
without discase symptoms,
infectious virus is released
from host with no symptoms.

Slow infoction (AIDS)

Slow developing disease.

Herpes
simplex 1

HIV infaction DS Transmissible agents
“multiply” without resulting
in dissase symptoms uni
they cause a fatal infaction
Days [ —
(d) Years
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Copyight e . "
TABLE 14.8 Examples of Chronic Infections . .

Virus Site of Infection Location of Infectious Virions in Carrier State Disease

Hepatiis B Liver Plasma, salva, genital secteions Hepatts, cihasis, carcinoma

Hepatits C Liver Plasma, salv, genial secretions Hepatts,cithsi, arcinoma

Rubella virus Many organs Urine, saliva Congenital rubela syndrome
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TABLE 14,10 Some Oncagenes Associated with Tamars
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Viral epidemics
v 1918 & 1919 - Spanish flu (swine flu)
(read page 619)
v 1940s & 50s - polio
v 1970s & 1990s - Ebola
v 1980s & 1990s - HIV

v 1996 & 1997 - hepatitis, dengue fever,
yellow fever, Ebola, Lassa fever, and polio

v Others - hantavirus,

Host Range and specificity

v Most viruses are specific to the host they
attack.

®Bactera, fungi, algae, protozoa, plants and
vertebrates.

«Polio - only humans
®Rabies - many warmblooded animals

v Many are specific to the cells they attack
«Human papillomavirus (warts) - skin cells

=Cytomegalovirus (CMV)- salivary glands, liver,
lungs, and other tissues

+ sense RNA viruses

v Picornaviridae
®Polio, rhinoviruses (common cold), hepatitis A
v Togaviridae
®Rubella virus
v Flaviviridae
«Yellow fever, Hepatitis C
v Retroviridae (reverse transcriptase)
«Adult leukemia, HIV(AIDS)

- sense RNA viruses

v Paramyxoviridae
«Mumps, measles, viral pneumonia
v Rhabdoviridae
«Rabies
v Orthomyxoviridae
«|nfluenza
v Filoviridae
«Marburg, Ebola
v Bunyaviridae
«Hanta, LaCross virus

Double-stranded RNA viruses

v Reoviridae

«Repiratory and gastrointestinal infections
=Rotovirus - diarrhea in children
&Bluetongue virus - sheep

10



DNA viruses

v Adenoviridae
® Respiratory infections
v Herpesviridae
« Oral and genital herpes
v Poxviridae
® Smallpox
v Papovaviridae
® Human papilloma viruses (warts), cervical and penile cancers
v Hepadnaviridae
= Hepatitis B

Cold virus attaching

Host plasma membrane

Membrane
protein

=

. Rhinovirus capsid
.i{/ with capsomeres

“Canyon”——

(a)

e

HIV virus binding

Membrane
protein receptor

Viral glycoprotein

Host plasma Viral
membrane envelope of
HIV

Lytic cycle

Reprodsctive cycle of a bacteriophago
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Viroids and Prions

v Viroids (plants - stunt disease)
«| ow molecular weight circular RNA molecule
«Exist without capsid or envelope
«Do not require a helper virus
«Do not produce proteins
v Prions (Creutzfeldt-Jakab disease CJD, kuru,
scrapie, BSE)
«Resist heating to 90°C
®|nsensitive to radiation treatment
«Not destroyed by nucleases
«Are sensitive to protein-denaturing agents

Hast cell » Viral replication
chramosome “e T T prateins.
fumor il
. 5 DNA
formation g
Synthesis of AT
axcess vial N, /o o integrated el
replication o T ragment
‘proteina | "}, encoding viral
'\\‘://‘ replication protein
J-’ \ Uncentrolled division of
/ host cells, stimulated by
‘excess viral replication

Makignant tumor
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Virus life cycle
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Four effects on host cells

Tumor cell
dlvlsion Transformation
of normal cells
Transformation to tumor cells

into Iumor
Cell cell

J— _, * Lytic
- M . J infection

Adsorption  Penetration Multipli
release of virus

Slow release of infection
virus without
cell death

0
Virus present’

but not causing harm to
cell; later emerges in Iytic infection

Latent
infection

Viral epidemics

v 1918 & 1919 - Spanish flu (swine flu)
v 1940s & 50s - polio

v 1970s & 1990s - Ebola

v 1980s & 1990s - HIV

v 1996 & 1997 - hepatitis, dengue fever,
yellow fever, Ebola, Lassa fever, and polio

v Others - hantavirus, West Nile virus
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Diagram of HIV

Lipid
envelope

Reverse
transcriptase
(RT)

Integrase (IN)
Protease (PR)
Nucleocapsid (NC)
RNA

HLA antigens from

host cell membrane X

(a)

Surface
glycoprotein (SU)
gp120

Transmembrane
glycoprotein (TM)
g4t

Matrix protein (MA)
p17

Capsid protein (CA)
24

HIV Genome

Accessory gene products

v Tat - regulates transcription
v Rev - nuclear export of unspliced RNA

v Nef - removes CD4 antigens from the
surface of the host

v Vif - regulates virion assembly

v Vpr - Nuclear transport of uncoated viral
DNA and cell arrest in G2

v Vpu - Blocks transport of CD4 to the cell
surface

Cells infected by HIV

Epithelium

Cell mediated immunity
Principle target for HIV

EE 3 [

CD4* Th-2 cells
Control antibody production

HIV-1 genome

] ~

[t oo [ [ e |

e [ Revtat e SRR
2 ]
Rbeia
A transated
Cleaved ellul
ooy clluer
Cleaved by viral
proteases

MA,CA,NC | PR RT,IN

Surface or envelope proteins
gp120 & gp4l
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Binding of HIV in macrophages

e el Pusskcn —_— em

HIV receptors

CCRS5 - macrophages ——
CXCR-4 (fusion) - T cells

HIV attachment

Binding of CD4 and a chemokine co-receptor change
the conformation of gp41 and force the fusion of the
viral and cellular membranes

Reverse transcriptase copies
viral RNA into DNA

Inegration into the host's genome
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Infection pathways

e
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Viron production

Proteins are trandlated
and cleaved

Protein production and cleavage

e sy
]

Envelope protein assemble on the cell surface

Virus budding

HIV budding from a T-cell
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CD8 T-cells are cytotoxic
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CD4 T-cells regulate the immune
response
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HIV infection destroys CD4 T-
cells
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