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Group I- 2S DNA viruses
largest group

important vertebrate viruses
Herpesviruses
Human papillomavirus
Nucleo-cytoplasmic large DNA Viruses

Poxviruses and Mimivirus  



Nobel Prize 2008 
Physiology or 
Medicine

Harald zur Hausen

Human papilloma viruses (HPV) 
causing cervical cancer"

1983-4, HPV16 and 18

Most of the 
remaining 30% 
are associated 
with other high 
risk HPV types (6 
and 11). 



HPV vaccine
Warts 

Occur principally in children and young adults
limited to the skin and mucous membranes
removed by electrosurgery, cryosurgery, or direct 
application of drugs

Genital HPV- oncogenic (high risk strains 6, 11, 16, 
18)

2006, a quadrivalent vaccine licensed in USA
100% efficacy (16~26 women), effective protection at 
least 5 y



Nucleo-cytoplasmic large DNA 
(NCLD) viruses

similar life cycle, most in cytoplasm
enveloped, isohedral capsids
virion and DNA are large

most encode all proteins needed for DNA replication
encode most recombination enzymes, RNA 
polymerases, transcription factors, and chaperones
Poxviridae – infect mammals, 
Mimiviridae

largest NCLD virus, infects Acanthamoeba
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Poxviruses

Variola virus
slightly larger than Chlamydia 
bacteria genome - over 200 genes
replicates in cytoplasm
receptor mediated endocytosis
viral RNA polymerases direct early 
mRNA transcription, DNA replication, 
and late transcription
20~50% fatality
as a bioweapon?

Fig. 37.7 Smallpox

Fig. 5.6a



The largest viral genome?
Mimivirus ( mimicking microbe virus) 

~ 400 nm diameter
Acanthamoeba polyphaga mimivirus
(APMV)
2S DNA genome 
1.2 X 106 nucleotides (Box 25.2)

~911 protein-coding genes with 298 
been assigned a function
Include genes encoding  tRNA and 
aminoacyl-tRNA synthetases for 
products needed for translation  

Science 306 (Oct  2004)

The giant virus



Mama virus and Virophage
A new strain of APMV
even larger than 
mimivirus
Contained an icosahedral 
small virus, Sputnik virus 
(satellite virus), 50 nm in 
size (2S circular DNA 
genome encoding 21 genes)

Virophage Nature Sep 2008

MVF-mamavirus virus factory

Sputnik virus

200 nm



Nucleoside analogs
inhibit virus enzymes involved in DNA and RNA 
synthesis and function

inhibits 
herpes
virus DNAP 

inhibits herpes
virus and
CMV DNAP

Fig. 34.21

Acyclovir Acyclovir-P 
resembles dGTP block 
DNA synthesis

Derivatives:

- Prodrugs of Acyclovir

Valacyclovir

- Ganciclovir, 
penciclovir, and 
famcoclovir

Viral TK

Pyrophosphate 
analog



Broad-spectrum anti-DNA virus drugs

inhibits
viral DNAP

papovaviruses,
adenoviruses,
herpesviruses
iridoviruses,
and poxviruses
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Group II  virus- 1S DNA genome

1S DNA phage φX174 and fd
Parvoviruses
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1S DNA phage φX174 and fd
1S circular (+) DNA injected 
into E. coli host

phage converted to replicative 
form (RF)

directs synthesis of more RF 
copies and plus strand DNA 
by rolling circle replication

Fig. 25.16
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Fig. 14.23Rolling-Circle 
replication
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Parvovirus B19
Erythema infectiosum in children 
(fifth disease), ~ 20% 
asymptomatic infection

HHV-6 /roseola infantum (sixth 
disease)

Icosahedral, naked, small 
genome of 1S (-) DNA
Rolling-hairpin replication

attaches specifically to red 
blood cell progenitor cell 
receptor, endocytosis
replicates in nucleus 

Fig. 25.18

Host DNAP
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Group III- Viruses with 2S RNA genomes 

φ6
Rotavirus
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Reproduction of RNA viruses

RNA genomes cannot 
rely on host cell enzymes 
for genome replication or 
mRNA synthesis
groups III, IV, and V use 
RNA-dependent RNAP

viral replicase and 
transcriptase activities

Fig 25.19
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Rotavirus
human rotavirus kills >600,000 
children worldwide each year

transmitted by fecal material 
virus stable in environment

virion
wheel-like appearance, non-
enveloped, segmented 2S RNA 
genome, virus-associated RNAP
virus loses outer layer of protein 
when it enters host cell – double 
layered particle (DLP)

Fig. 25.10
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Group IV- Virus with (+) RNA genomes

Bacteriophages MS2 and Qβ

Poliovirus
Tobacco Mosaic Virus
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Group IV Viruses

1S (+) RNA genomes
as mRNA with no 5’ cap but an 
IRES (internal ribosome 
binding site) 

replicate in cytoplasm and 
synthesize RNA-dependent 
RNA polymerase

synthesizes (-) RNA as 
template for (+) genome RNA

Fig. 25.11
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Poliovirus Life Cycle
Non-enveloped virion
attaches to receptor
viral genome as mRNA

virus uses internal 
ribosome binding site 
(IRBS) instead of 5’ cap
polyprotein translated, 
cleaves itself into smaller 
proteins
genomic RNA synthesized
assembly, lysis

Fig. 25.13

Fig. 25.12



Enterovirus- gastroenteritis
Hepatitis A

infectious hepatitis 
spread by fecal-oral contamination of food, drink, or 
shellfish

Hepatitis E
similar to HAV course of disease
~15%–25% fatality rates in pregnant women

enterovirus 71 (EV 71)- 1998~
Typical cold symptoms

mild enteric disease
hand, foot, and mouth disease

CNS (central nervous syndrome) diseases



Other methods to make multiple proteins
Subgenomic mRNA

mRNAs that are smaller than 
genomic RNA
Coronavirus

SARS-CoV 
10% of the 8000 infected died 
(2003)

Readthrough mechanism
TMV
2 proteins (126+ 183 kDa)

Fig. 37.6a
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Group V viruses with (-) RNA genome

enveloped virions, pleomorphic shape
segmented and nonsegmented genomes
Rhabdoviridae – rabies virus

Filoviridae – Ebola and Marburg viruses

Paramyxoviridae – measles virus

Bunyaviridae – segmented, hantaviruses

Orthomyxoviridae – segmented, influenza virus
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1S (-) viruses
cannot serve as mRNA
must bring into cell RNA-dependent RNAP 
(virion-associated transcriptase)

the newly synthesized plus strand serves as template 
for genome synthesis and mRNA as well



Rabies
transmitted by:

bites of infected animals
aerosols in caves where bats roost
contamination of scratches, abrasions, open 
wounds, or mucous membranes with saliva of 
infected animals

highly neurotropic
begins 2 to 16 weeks after exposure
pain or paresthesia at wound site, anxiety, 
irritability, depression, fatigue, loss of appetite, 
fever, and sensitivity to light and sound
quickly progresses to paralysis
death results from destruction of regions of the 
brain that regulate breathing

Fig. 37.22 
bullet shaped 
RNA virus



Zoonotic diseases
human viral infections in animal reservoirs before 
transmission to and between humans
RNA viruses, many are on Select Agents list as 
potential bioweapons 

Viral hemorrhagic fever (Box. 37.2)
Ebola and Marburg viruses 
hantaviruses
Lassa fever virus
Nipah virus 

Marburg virus



Ebola hemorrhagic fevers
infection  ~80% fatal
fruit bat may be reservoir
transmission via direct contact with 
body fluids or clinical samples 
experimental vaccines being 
evaluated

Fig. 37.21

Filoviridae- Ebola virus
1st recognition- 1976



Hantavirus Pulmonary Syndrome (HPS)

potentially deadly for humans    
but do not cause disease in  
their reservoir (rodent) hosts

1950 to 1953, hemorrhagic 
fever with renal syndrome    
(HFRS) in Korean war
1993, An outbreak of HPS in 
the Four Corners (Navajo      
Indian), USA

Deer mouse- the  carrier 
No person to person spread



Orthomyxoviridae- influenza virus

An  8 segments  RNA virus 
Classified into A, B, and C 
groups
16 HA (hemagglutinin) and 9 
NA (neuraminidase)
Enveloped virus

extremely fragile 
remains viable only minutes 
when exposed to air

However, it can remain 
viable 2 to 8 hours if 
protected from air exposure 
by materials 



Wide-host range: re-assortment virus
Antigenic drift

subtle changes in the viral 
proteins altering viral 
antigenicity
results from accumulation of  
mutations in HA or NA

Antigenic shift
drastic changes in the viral 
proteins resulting from the 
reassortment of genomes when 
2 different strains of flu viruses 
infect the same host cell Fig. 37.3a



A novel H1N1 flu virus- swine origin

Swine origin influenza 
virus- S-OIVs or 2009 
H1N1
Made up of genes 
from pigs, birds, and 
humans
The SO-H1N1 virus is 
susceptible to Tamiflu;
克流感 treatment

SCIENCE VOL 324 8 MAY 2009



2009 Pandemic flu 新流感

Nature 3 September 2009

Low immunity amongst 
the general population
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Fig. 25.26

Cap snatching

Influenza virus life cycle



Influenza viral infection
Attachment

HA- sialic acid containing 
glycoprotein receptor

Entry by endocytosis
HA HA1+HA2 (fusion protein)
M2 ion channel 
Release of vRNPs

replication of nucleic acids
8 segments

synthesis and assembly 
virion release

NA (neuraminidase) 

Fig. 37.3b



Anti-flu Drugs-

Anti-flu
Amantadine

M2 ion channel inhibitor
blocks uncoating of influenza 
virus

Tamiflu 克流感
a neuraminidase (NA) 
inhibitor 
not a cure for influenza (to 
shorten course of illness)
Emerging  resistant strain

Fig. 34.21

Fig. 37.3d



Flu vaccines
The seasonal flu vaccine is not expected to 
protect against the 2009 H1N1 flu. 

Inactivated 2009 H1N1 vaccine can be administered 
at the same visit as any other vaccine, including 
pneumococcal polysaccharide vaccine. 
Live 2009 H1N1 vaccine can be administered at the 
same visit as any other live or inactivated vaccine 
EXCEPT seasonal live attenuated influenza vaccine



Seasonal influenza vaccine
Each contains three influenza viruses-

one A (H3N2) virus
one seasonal A (H1N1) virus (not the 2009 H1N1 
virus)
one B virus

The viruses in the vaccine change each year
based on international surveillance and scientists' 
estimations about which types and strains of viruses 
will circulate in a given year

About 2 weeks after vaccination, protective 
antibodies develop in the body (1 y)



Against vaccination
Most virus strains do not match current vaccine 

The predominant type A flu virus this year is the 
H3N2 strain; 87% are the "Brisbane" strain. And 93% 
of this year's type B flu bugs are from the "Yamagata" 
lineage 
The current flu vaccine's H3N2 component is the 
"Wisconsin" strain; the type B component is from the 
"Victoria" lineage (CDC Feb 2008)

Guillain-Barre Syndrome
An autoimmune disease causing flaccid paralysis 
triggered by vaccination



Avian flu virus
H9N2 (1998/1999) 

China and Hong Kong
H7N7 (2003) 

Netherlands
H5N1 in human (1997~2003~) 

Hong Kong, China, and worldwide….
since 2003, > 300 infected and > 150 died



Group VI- Viruses with 1S RNA genomes 

Retroviruses



Retroviruses - HIV
human immunodeficiency 
virus (HIV)
Lentivirus member 

HIV-1 and HIV-2
enveloped virus

gp120
gp41

two copies of RNA genome
Viral associated reverse 
transcriptase and integrase



Retroviruses
convert ssRNA into dsDNA using reverse 
transcriptase

Error prone: RNA dependent DNAP RNasH
DNAP

Integrase integrates 2S DNA into host cell 
genome and serves as template for mRNA
synthesis and genome synthesis



HIV- cause of acquired 
immunodeficiency syndrome (AID) 

Nobel Prize 2008 
Physiology or Medicine

Françoise Barré-Sinoussi 
and Luc Montagnier

A global pandemic



HIV Life Cycle
Gp120 CD4+ T cells
Co-receptor
Endocytosis
Uncoating
1S RNA 2SDNA moved 
to the nucleus

Integrase integrate 
proviral DNA forces cell 
to synthesize viral mRNA 

viral proteins
assembly and budding 
occurs
eventually cell dies

- binds CD4+T cells, 
macrophages, dendritic 
cells, and monocytes

coreceptor 
required

Fig. 25.28



AIDS
CDC definition of AIDS

all HIV-infected individuals who has fewer than 200 CD4+ T
cells/microliter of blood or a CD4+ cell percentage of 
lymphocytes of less than 14

AIDS-related CNS diseases
headaches, fever, subtle cognitive changes, abnormal 
reflexes, and ataxia; dementia and severe sensory and 
motor changes observed in advanced cases; autoimmune 
neuropathies, cerebrovascular disease, and brain tumors
are common

AIDS-related cancers
Kaposi’s sarcoma; carcinoma of mouth and rectum; B-cell 
lymphomas



Anti-HIV drugs
Target to RT

Target to protease Fig. 34.16



Group VII- Viruses with gapped 
DNA genomes

Hepadnavirus



Hepadnaviruses

Hepatitis B virus
3.2 kb genome, 4 partially overlapping 
reading frame
circular, 2S DNA genome

one complete, nicked strand
complementary strand has large gap

viral infection
gapped DNA released into the nucleus
host repair enzymes repair gap

Fig. 25.30
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HBV genome
transcribed by host RNAP

generates several mRNA molecules
one for pregenome RNA 
others encode polymerase with reverse 
transcriptase activity

pregenome converted to 2S DNA by virus polymerase 
(+RNA -DNA 2S DNA)



Hepatitis B (serum hepatitis)
infectious virion- Dane particle

transmitted through body fluids and 
intravenous equipment

can pass the placenta and breast milk

most asymptomatic
symptoms occurs after 1–3 month
infects hepatic cells causing liver 
damage

yellow appearance (jaundice) 
results from bilirubin accumulation 
primary liver cancer (2nd only to 

tobacco as known cause of cancer)

Fig. 37.18
HBV



Hepatotropic viruses and HCC

HDV cause acute or chronic hepatitis in HBV infected patients



Other forms of hepatitis
Group IV RNA virus

HCV (1989)
transmission virus contaminated blood, fecal oral route, 
also spread from mother to fetus, and through organ 
transplants
chronic infection common 
leading cause of liver transplant in U.S.
epidemic with more than 1 million new cases/yr in U.S.

Newly discovered, transmitted sexually or through 
needles

HFV- fulminant, posttransfusion hepatitis
HGV (1995-6)- syncytial, giant-cell hepatitis
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