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David Baltimore classification scheme

Fig. 25.3
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David Baltimore

Born: 7 March 1938 (New York City)
Fields: Biology
Institutions: MIT, Rockefeller U, Caltech…
Known for Reverse transcriptase
Nobel Prize in Physiology or Medicine (1975)

for the discoveries concerning the interaction 
between tumor viruses and the genetic material of the 
cell

1981, generate recombinant plasmid DNA encoding 
infectious poliovirus
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Group I- 2S DNA viruses
largest group

most bacteriophages and all known archaeal
viruses



55 Figure 25.5

Adsorption, penetration, and DNA injection

“Receptor”
specific surface 

structures on host
can be proteins, LPS 

(lipopolysaccharides), 
techoic acids, etc.

empty capsid remains outside of host cell

gp5 lysozyme
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Multiplication of 2S DNA viruses

Figure 25.4- T4 phage

Late proteins

• Proteins help for phage assembly

• Proteins involved in cell lysis and 
phage release

Bacterial 
RNAP

Viral DNAP



77

Reproduction of 
2S DNA Phages

transcription (modify 
bacterial RNAP) early 
mRNA production of 
viral encoded DNA 
polymerase (DNAP)

viral DNA bidirectional 
replication

HMC DNA
Sigma factor gp55 

(Viral RNAP: e.g., T7 
RNAP) late mRNA

translation of capsid
and lysis proteins

Life Cycle of T4 Phage

Figure 25.6
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Synthesis of T4 DNA

contains hydroxymethyl-
cytosine (HMC) instead of 
cytosine
HMC glucosylation

protects phage DNA 
from host restriction 
endonucleases

Figure 25.8



Box. 25.1 Bacteria ( and Archaea) Fight Back   
CRISPR

Clusters of regularly interspaced short palindromic
repeats   (Science 321:922, Aug 15, 2008)

Widespread in the DNA  of bacteria and archaea
Consist of multiple short nucleotide repeats separated by 
unique spacer sequences and flanked by characteristic 
set of CRISPR-associated (cas) genes



How do these sequences protect the 
bacterial cell?

cr-RNAs + viral DNA or 
mRNA destruction of 
the viral molecules

RNA silencing or RNA 
interference (RNAi)

(Molecular Cell 37, Jan 15, 2010)
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T4 DNA is terminally redundant

base sequence 
repeated at both 
ends
allows for formation 
of concatamers

packsome
phage head the 
concatamer is 
cut (holin and 
lysozyme) 150 
virus

Figure 25.9
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Lambda phage

2S DNA phage
linear genome with 12 
base single-stranded 
cohesive ends
the DNA circularizes 
upon entry into host by 
complementary base 
pairing

Figure 17.17

Figure 25.11
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Lambda Phage

40 genes, genes clustered 
together by function
transcription from different 
promoters determine if lytic
cycle or lysogeny occurs
cII, Cro, and cI (λ repressor)

Fig. 25.12
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The cII level determines 
lysogeny or lytic cycle

High cII level (activator)
increases int gene (intergrase) transcription 

integration of λ into host genome lysogeny

increases transcription of cI gene (λ repressor) 
represses all transcription lysogeny

Low cII Levels
Cro increases further decreases cII

increases transcription of regulatory protein Q Q 
activates genes needed for the lytic cycle
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If cI wins race with the Cro
lysogeny is established

Induction reverse lysogeny
due to UV light or mutagenic chemicals
drop in λ repressor levels increases transcription 
of xis gene (excisionase) binds integrase
excision of λ phage from host chromosome
Cro protein levels increase blocked synthesis of 
λ repressor increased Q protein lytic cycle
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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



Herpesviruses
Herppesviridae- 3 subfamilies

Alphaherpesviruses
Herpes simplex virus-1 and HSV-2
The varicella-zoster virus (VSV)

chickenpox and shingles
Betaherpesviruses

Cytomegalovirus (CMV)
Gammaherpesviruses

Epstein-Barr virus (EBV)



Herpesvirus Infections
productive (primary) infections

50,000–200,000 virons
produced/cell
cell dies due to degraded DNA

latent infections
occurs in neuronal cells
infectious virus not detected
can be reactivated in neurons
productive infection recurs 

Fig. 37.13 
Core Sores- herpes 
simplex 1 virus (HSV-1)
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Replication of HSV-1

- receptor mediated 
attachment 
-virus envelope fuses 
with host cell 
membrane
- uses host RNAP for 
synthesis of viral
mRNA
- uses viral DNAP
for genome replication



Herpesvirus productive infection

In epithelial cells:
nucleocapsid assembles
leaves nucleus associated 
with tegument proteins 
virus envelop generated by 
Golgi apparatus mature 
enveloped virion leaves cell

Fig. 37.16 
HSV-2 infection
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Chickenpox (Varicella)

caused by varicella-zoster 
virus (VSV)
results from initial infection
Attenuated vaccine

Figure 37.1b



Herpesvirus latent infection
In neurons: 

VP16 and HCF (host cell factor) which are 
required for full expression of immediately 
early genes do not enter the nucleus
immediate early gene expression 
decreased
small noncoding RNAs (microRNAs) 
produced by virus further reduce  
expression of immediate early genes 



Shingles (herpes zoster)

postherpetic neuralgia
reactivated form of chickenpox

Figure 37.2



Cytomegalovirus (CMV)
Human CMV can infect any cells

causes formation of intranuclear 
inclusion bodies and cytoplasmic 
inclusions
virus shed in semen and cervical 
solutions

can be transmitted by blood transfusions 
and organ transplants

usually asymptomatic infection
can be serious in immunocompromised 
individuals
leading cause of congenital viral disease
symptoms often resemble mononucleosis
Acute hepatitis (mild, self-resolving)

Fig. 37.15



Epstein-Barr infection
Infectious mononucleosis 
(kissing disease)
Cancers

Burkitt’s lymphoma
tropical Africa

Nasopharyngeal carcinoma 
(NPC)

Southeast Asia, East and 
North Africa, and Inuit 
populations

Acute hepatitis
mild, self-resolving
Fatigue, nausea, malaise

Fig. 37.17

Infectious mononucleosis



Nobel Prize 2008 
Physiology or 
Medicine

Harald zur Hausen

Human papilloma viruses 
causing cervical cancer"

1983-4, HPV16 and 18

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



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, e.g., smallpox
Mimiviridae

largest NCLD virus, infects Acanthamoeba



Copyright © The 
McGraw-Hill 

Companies, Inc. 
Permission required 
for reproduction or 

display 28

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

Fig. 37.7

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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