Chapters 13-14

Viruses

Viral epidemics

* 1918 & 1919 - Spanish flu (swine flu)
(read page 619)

* 1940s & 50s - polio

* 1970s & 1990s - Ebola

e 1980s & 1990s - HIV

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

e Others - hantavirus,

Viruses

* Too small to see with the light microscope
* No cell nucleus

* No organelles

* No cytoplasm

* Obligate intracellular parasites??
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Table 13.1 Comparison Between Viruses and Cells

Viruses Cells
Size 10-500 nm Bacteria: 1,000 nm
Animal: 200,000 nm
Plant: 400,000 nm
Maltiplication Maltiply only within cels; outside the cellthey are Most are free-living and multipy i the absence
metabolically inert; protein coat and nuclec acid of other cels; entie cell remains intact during multiplication
separate prior to multipiication
Nucleic Acid Content Contain ether DNA or RNA, but never both Always contain both DNA and RNA
Enzyme Content Contain very few, if any, enzymes Contain many enzymes
Internal Components Lack ribosomes and enzymes for generating energy Contain ribosomes and enzymes for generating energy

Viruses
Naked virus Enveloped virus
membrane envelope

protein capsid:

nucleic acid

Viral components (virion)

Capsid, &
composed of
capsomere subunits

Nucleic acid

(DNA) core




Classification of viruses Viruses can have DNA or RNA as the for their genome

e Nucleic acids DNA viruses RNA viruses
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Bacteriophages
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Host Range and specificity

* Most viruses are specific to the host they attack.

— Bacteria, fungi, algae, protozoa, plants and
vertebrates.

— Polio - only humans
— Rabies - many warm blooded animals

* Many are specific to the cells they attack
— Human papillomavirus (warts) - skin cells

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

Bacteriophage injecting genome

Bacterial
cell wall
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Virion

Infection
Host cell

Genetic alteration
of host cell

PRODUCTIVE INFECTION LATENT STATE
More virus produced Nucleic acid of virus

becomes part of host cell

Disease of host cell

Lysis of cells—
release of virions

Release of virions—
nonlysis of cells

Host cell multiplies—
Host cell dies continuous leakage
of virions

Host cell is often
modified and multiplies

[able 13.2 ive Important
Host Shape Genome Structure* i to Host Cell
11T Eschericia col Complex dsDNA Lytic
13, fd Eschericia col Filamentous 55 DNA Bxit by extrusion
o174 Escherichia col Isomeric 55 DNA Lytic
Lambda (4) Eschericia coli Complex dsDNA Latent
M2, QB Escherichia col Isometric ssRNA Lytic
Beta () Corynebacterium diphtherize Isometric dsDNA Latent; codes for diphtherta toxin
s, doblestranded: 5, inle-sranded
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Step 1: Attachment
The phage attach to

Step 6: Release
The bacterial cell
lyses and releases
many infective phage.

specific receptors on

the cell wall of E. coll.

Step 2: Penetration

Following attachment, phage DNA

@ is injected into the bacterial cell,
e @\ leaving the phage coat outside
“’% 7 \Gaseraions/ N

Step 5: Assembly
Phage ccmponems[
are assembled into
mature virions.

Phage DNA is transcribed,

Step 3: Transcription
1 producing phage mRNA, which

Step 4: Replication of Phage
DNA and Synthesis of Proteins. is translated to phage proteins.
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TABLE 13.4 Features of Interactions of Phage with Host Cells Copyight © G Ce . »e i
Phage Type of Interaction ‘Type of Nucleic Acid* Result of Interaction Table 13.3 Some Properties Conferred by Prophage
™ Productive dsDNA Cellyses Microorganism Medical Importance Property Coded by Phage
MS2,08 Productive s RNA Cell lyses Corynebacterium diphtheriae Causes diphtheria Synthesis of diphtheria toxin
Lambda (2) Latent dsDNA Phage and st ive in harmony Clostidium botulnum Causesbotulism Synthesis of otulinum toxin
3,4 Producie o Phage extrudesfrom cel, which continues to mulply Streptococcus (B-hemalytic) Causes scarlt fever, strep throat, nephritis Enythrogenic toxin responsible fo scarlet fever
x4 Productive sONA Celllyses Salmonella Causes food paisoning Modification of ipopolysaccharide of cell wall
ClolL Ll Vibio cholerae Causes cholera

Synthesis of cholera toxin

+ sense RNA viruses

Virus attached to sex pilus
Sex pilus ﬁposmve (+) sense single-stranded

RNA in virus

¢ Picornaviridae

Bacterial DNA
o . frotshounin (0 | T
— Polio, rhinoviruses (common cold), hepatitis A enlargement)

» Togaviridae

— Rubella virus

Empty virus capsid
s (+) )
* Flaviviridae ransimono ()
\ . iage protein ——
— Yellow fever, Hepatitis C m:’::gg involved i Synthesis | .
. . . lysis protein |
* Retroviridae (reverse transcriptase) +sense @coat mcg:m,m\
) Translation
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- sense RNA viruses

* Paramyxoviridae
— Mumps, measles, viral pneumonia
* Rhabdoviridae
— Rabies
* Orthomyxoviridae
— Influenza
* Filoviridae
— Marburg, Ebola
* Bunyaviridae
— Hanta, LaCross virus

Double-stranded RNA viruses

* Reoviridae
— Repiratory and gastrointestinal infections
* Rotovirus - diarrhea in children

* Bluetongue virus - sheep

DNA viruses

¢ Adenoviridae
— Respiratory infections
¢ Herpesviridae
— Oral and genital herpes
¢ Poxviridae
— Smallpox
* Papovaviridae
— Human papilloma viruses (warts), cervical and penile cancers
* Hepadnaviridae
— Hepatitis B

Viral replication
 Adsorption

— The attachment of the viruses to the cells
* Penetration

— The entry of the virion (or the genome)
* Synthesis

— New nucleic acids, capsid proteins, & other viral
components

* Maturation
— Assembly of viral components
* Release
— Release generally, but not always kills the cell

Cold virus attaching
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HIV
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Most bacteriophages

Herpesviruses
Double-stranded () DNA

(+) MANA —> (-) RNA (%) DNA<€— (+) DNA [or (-) DNA]
Picomnaviruses Phage M13
Togaviruses Phage £X174
Coronaviruses Parvoviruses
(+) MRNA
(+)RNA —> (-) DNA —> (¥)DNA ——> <€——— (-)RNA
Retroviruses Orthomyxoviruses

Paramyxoviruses
Rhabdoviruses
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TABLE 14.5 Relationship of Virus Size to Dependency on Host Cell Enzymes for DNA Replication
pue Burt Lo ik i
Virus* Increasing Size of Virus Dependence on Host Cell DNA Synthetic Enzymes
Parvovinus
DN Depends otally on hos cllenzymes.
Polyomavirus ‘Codes fo a protein that i invlved in the start of DNA synthesi; rest depends
dsDNA on host enzymes.
Adenovinss Codes for protei in ntiaton of DN pol
dsDNA
Poxirus Is toally ndependent of host cell enzymes
dsDNA
e ——

s soglestrandd; ds, double-stranded

fd phage

Animal viruses
¢ Genome structure

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

* Virus particle structure

— Isometric (icosahedral), helical (rod), or
pleomorphic (irregular in shape)

* Presence or absence of a viral envelope

TABLE 14.1 Classification of RNA Viruses |l|f!€ﬂllg Vertebrates

Drawing Virion Genome

Family of Virion Structure Structure® nd Pathogenic Members
Picornaviridae =] Naked 1 molecule, Poliovirus; rhinovirus
(pico, micro; rna, isometric ss RNA
ribonucleic acid)
Caliaviidae ) Naked 1 molecule, Norwalk virus; many members cause gastroenteris
(calix, cup) isometric ss RNA
Togaviridae Lipid-containing 1 molecule, Many multiply in arthropods and vertebrates; encephalitis in humans.
(toga,dook) emvelope RNA
Faviviridae ® Lipid-containing 1 molecule, Yellow fever vius; dengue virus

envelope SSRNA
Coronaviridae Lipid-containing 1 molecule, Colds and respiratory tract infections
(corona, crown) ﬁ envelope. ss RNA
Rhabdoviridae Bullet-shaped; 1 molecule, Rabies virus.
(habdos, rod) m lipid-containing 55 RNA

envelope
Filoviridae, Long filamentous; 1 molecule, Marburg virus; ebola virus
o, trestke  CRNWUNWVIVTY  sometimes ;5 RAA

lipid-containing

envelope
Paramyxoviridae, Pleomorphic; 1 molecule, Mumps virus; parainfluenza virus
(para, by the side of; lipid-containing ss RNA
myxa, mucus) envelope
Orthomyxoviridae Pleomorphic; 7-8 segments of  Influenza virus
(orthos, straight; lipid-containing linear ss RNA
mya, mucs) emvelope

Lipid-containing 3 molecules of ‘Hantaan virus

. O emelope SRNA

locality in Uganda)
Arenaviridae 2 molecules of Lassa virus
(aren,san) RNAwith

55 RNA wit
hycrogen-bonded
ends




TABLE 14.1 Classification of RNA Viruses Infecting Vertebrates

Reoviridae S Naked virion
Gespiratory enteric
orphan virus)
Bimaviridae < Naked viron; 2 seqments of
i, two) icosahedral linear ds RNA
Retroviidae osahedral; 2 identical
(retro, backwards) lipd-containing  molecules

s RNA

TABLE 14.2 Classification of DNA Viruses Infecting Vertebrates
it

Diartea in animals

No human pathogens; diseases i chickens and fish

HV

Drawing  Virion Genome

Family of Virion Structure Structure® Ch and Pathogenic Members
Hepadaviidoe Upid-containing 1 malece, mainy  Hepattis B vius

(hepa, lve, dra, ® envelope ds DNA but with a

deoxybonudeic dd) singe-sranded gap

Parvoiidae A Naked 1 molecule,ssDNA  Qutbreaks of gastoenterts ollowing eating of shelfish
parvs,smal)

Papovaiidae © Naked 1 molecle, ciclar Human popilomavirses assodated withgenital and oral carcinomas
(aapiloma, polyoma, dsDNA

sacuoating agen)

Adenoviidae Naked T molecle, ds DNA Some cause tumors n anials

(adenos, gland)

Hepesvidae Emveloped with 1 molecle ds DN Herpes simpex vius; omegalovins

herpes,ceeging) surace pojecions

Poniridae Emveoped; lrge  ds DN cowlenty  Smalpoxvis;vaccina i

(poc, pusile) ckshoped josed ends

Iidoiidae Emeoped 1 malecue,ds DNA N known human pathogers; only animal pathogens

Grid, rainbow)
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TABLE 14.3 Classification of Human Picornaviruses

sssindns v

Family Genus Species

Pic id: Ent Polioviruses 1-3
Coxsackieviruses A1-A24
(no A23), B1-B6
Echoviruses 1-34 (no 10
or 28)Enteroviruses 68-71
Rhinovirus Rhinoviruses 1-100
Hepatovirus

Hepatitis A virus

Culturing viruses

protease (s
o aspurse cars

ITABLE 14.4 Grouping of Human Viruses Based on Route of Transmission
Virus Group Mechanism of Common Viruses Transitted
Enteric Fecal-oral route Enteroviruses (polio, coxsackie B); rotaviruses (diarrhea)
Respiratory. Respiratory or salivary route Influenza; measles; thinoviruses (colds)
Zoonoses Vector (such as arthropods) Sandly fever; dengue
Animal to human directly Rabies; cowpox
Sexually transmitted ‘Sexual contact Herpes simplex virus-2 (genital herpes);
HIV
Uninfected cells
adenovirus

herpes simplex

05um

Plaque formation
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Phage 1 Top | | Bacterial
dilution | agar jgy cells
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¢ Nutrient agar
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Sandwich of top agar
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Phage plaques
Lawn of host cells




Plaques (polio an bacteriophage)

Electron micrograph of Calicivirus
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e il infection occurs in
35 year-od chidren and symptoms inciude
cold sore orfover bisters.The vius then
moves up the tigeminal nerve whre i
romains atent i the sensory ganglia
)
Actaton of
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). ) N
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Vions move down )
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“The latent virus is

activated and cold sores can
recur after the virus moves.
back down the nerve.

The lesions are caused by one.
typo of horpes vius, he
simplex type 1 (HSV-1).
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Infectious virus Disease
Acute infection with late complications state of Virus
(measles- Subacute Scierosing Panencephalits [SSPE]) Infectious virus disappears.
Meastes proteins in
Measies infected brain cells result
from defective virus
replcation afer inial
infoction
@
Latent infection (chickenpox-zoster)
Atter initial nfection, virus
Ghickenpox c Zoster replcates in neurons in
Virus non-infoctious state. Virus
activation activated to produce new
disease symptoms
b)
Chronic infection (hepaiits B, hepatits C)
Afer iniial infection with or
Hepatits B Release of virus withou dissase symptoms,
infoctious virus is roleased
rom host with no symptoms.
©
Slow infection (AIDS)
Slow developing disease.
HIV infection A Transmissiblo agents
multply” without resuling
in disoase symptoms unti
they cause a fatal infection.
Days Time
@ Years
Comygnt e
TABLE 14.7 Examples of Latent Infections
Virus Primary Disease Recurrent Disease Cells Involved in Latent State
Herpes Simplex Virus
HSV-1 Primary oral herpes. Recurent herpes simplex Neurons of sensory ganglia
HSV-2 Genital herpes Genitalis Neurons of sensory ganglia
Varcel-zoster irus Cicken pox Herpes zoster shingles Satelite cels of sensory gongla
(herpesvirus family)
Ctomegalovins Usually subciical exceptin fetus  CMV preumonia, ey infections, Salvary glands,Kidney eptheium, eukocyes
(CMV; famil o host I m

Epstein-Bar virus Mononucleosis
(herpesvins family)

Burkits ymphoma

B cells, which are invlved in antibody production

®
Copyian e ne
TABLE 14.8 Examples of Chronic Infections
Virus Site of Infection Location of Infectious Virions in Carrier State Disease
Hepatts B Liver Plasma, sava, geita secretions Hepatits, cihasis, carcinoma
Hepatts C Liver Plasma saiv, geital secetions Hepatis, cihosis, carcnoma
Rubella virus Many organs Urine,slia

Congenitl rbella syndrome
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TABLE 14.10 Some Oncogenes Associated with Tumors

Oncogene  Virus Function of Oncogene

src Rous sarcoma Tyrosine protein kinase*
fFps Fujinami sarcoma virus ~ Tyrosine protein kinase
(chickens)

H-ras Mouse sarcoma virus Mutant guanosine triphosphate—
binding protein

raf Mouse sarcoma virus Serine protein kinase

jun Avian sarcoma virus Mutant sequence-specific gene
activator

skv Sloan-Kettering virus Mutant sequence-specific

DNA-binding protein

Oncogenes identified in different retroviruses. Each of these oncogenes
corresponds to a proto-oncogene in the host.
“An enzyme that adds a phosphate molecule to tyrosine in a regulatory
protein modifying the activity of the protein.

Copyright © The MeGraw-Hil C ine dsplay

TABLE 14.11 Viruses Associated with Cancers in Humans

Virus Type of Nucleic Acid Kind of Tumor

Human papillomaviruses DNA Different kinds of tumars, including squamous cell and genital
(HPY) carcinomas, caused by different HPY types

Hepatis B virus DNA Hepatocellulr carcinoma

Epstein-Barr virus DNA Burkitt’ lymphoma; nasopharyngeal carcinoma; B-cel lymphoma
Hepatits Cvirus DNA Hepatocellular carcinoma

Human herpes, virus 8 DNA Kaposi's sarcoma

HTY-1 RNA (rerovirus) AdultT-cel leukemia (rare)

Host cell Viral replication
—.

Tumor Pt —
formation

Synthesis of
excess viral N Integrated viral
replication ONA fragmers
proteins encoding viral
repication protein

[Uncontrolled division of |
host calls, stimulated by
excess viral replication

Malignant tumor

Virus life cycle

Nuclsus Host DNA

Normal cell grow(h Host epithelial cell
Viral DNA integrates

mto host DNA

Vlral DNA produces proteins that
suppress the host cell's ability to
control cell growth

Viral oncogenes ”
S°D

Tumor cell growth
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Segmented nucleic acid
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Four effects on host cells

Tumor cell

division Transformation

—— of normal cells
Transformation to tumor cells

into tumor
Cell ooy

Virus ‘ Lyt
. — JE— ytic
> p ! infection

Adsorption  Penetration \ \ Multiplication

release of virus

Slow release of infection
virus without -
cell death ™
—_— Latent
infection
Virus present

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

Viroids and Prions

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