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On Chapters 25 and 26 

Cellular [mRNA] depends on 
synthesis and degradation   
Levels of mRNA depend on its half-life. 
Euk: Average half life 3 h.  Sometimes just 
seconds. Prok: 1.5 min 

mRNA degraded by RNases:  
Prok: starts with cuts by endoRNase 
followed by 3’-5’ exoRNase.  
Euk: shortening poly-A tail, decapping, 
degrad’n in 5’->3’.  3’-> 5’ degradn also 
exists. The 3’-> 5’ complex is “exosome” 

RNA-dependent DNA and 
RNA synthesis   

Extension of the 
central dogma 

Info can flow 
“backward” from 
RNA to DNA… 

First, discuss this 

Reverse transcriptase   
Produces DNA from viral 
RNA. 

-it’s a DNA polymerase but 
RNA dependent 

RNA - - > DNA complement  
- -> degrade RNA - -> 
replace it with DNA - - > 
duplex DNA incorporated 
into genome. primer=tRNA 

Retrovirus=viruses that 
Contain reverse transcriptase 

Retrovirus: Integrated genome:  structure 
and gene products - polyprotein 

gag=group assoc 
antigen (interior 
core of viral particle 
pol =long 
polyprotein: 
integrase,protease 
and reverse 
transcriptase 
env=viral envelope 
LTR =long terminal 
repeats 

Reverse transcriptase   
3 reactions catalyzed by reverse transcriptase: 

a)   RNA-dependent DNA polymerase 

 -requires a cellular tRNA primer (from earlier infec) 

 -in 5’->3’ direction; - no 3’-5’ proofreading exonucl. 

 -high error rate (1/20,000),faster mutation rate 

b) DNA-dependent DNA synthesis 

 -makes possib synth of complementary DNA(cDNA) 

c) RNA degradation 

 -found in separate active site 
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Some retroviruses cause cancer and AIDS   
Rous scarcoma virus genome (found in chicken 
genome): 

src =encodes tyr-specific protein kinase 

 -affects cell division, cell-cell intxns, intracell 
communications. 

- in combination with Rous sarcoma virus, this gene 
contributes to unregulated cell division and cancer. 

Genome of HIV (AIDs virus) 
•  HIV contains many other small genes in addition to 

gag, pol and env.  (mainly inf. & kills T lymphocytes) 
 - altern. splicing mechs produce different proteins 
-  reverse.transcriptase: 10x more error prone! 
-  Repeated cycles of cell invas./replicn needed to 

propagate HIV infectn => HIV protease is targeted 

Inhibitors of HIV reverse 
transcriptase 

•  AZT= analogue of deoxy-thymidine 
 -in T lymphocytes => AZTTP (triphosphate)  

Viral reverse transcr. Affinity of AZTTP >affin. for dTTP 
Lack of 3’ end ==> viral DNA synth stops 
T lymph DNA pol Affinity of AZTTP < affin. for dTTP 

Retrotransposons: 
“defective viruses trapped in 

cells” 
•  -retrotransposons  have no env gene 
•  Reverse transcriptase may be an ancient 

enzyme predating multicellular organisms 

Retrovirus introducing 
oncogenes  

•  Oncogenes are mutant genes for proteins  that 
regulate the cell cycle 

Retrovirus introducing 
oncogenes  

•  Oncogenes are mutant genes for proteins  that regulate 
the cell cycle 
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Retrovirus introducing 
oncogenes  

•  Oncogenes are mutant genes for proteins  that regulate 
the cell cycle 

Homing of introns 
•  Group I & II introns - also mobile genetic elements. 
•  Self-splicing but also encode homing endonuclease 
•  These endonucleases promote insertion of the intron 

into an identical site in another DNA copy of a 
homologous gene that does not have the intron. 

•  This is called homing; enz: homing endonuclease 
•  Homing of Group I introns is DNA-based 
•  Homng of Group II introns is via Rna intermediate 

(“retrohoming”) 
Over time, every copy of particular gene in a population 

may acquire the intron. 

Eukaryotic transposons 
•  Some euk. transposons (retrotransposons) are 

structurally similar to DNA from retrovirus 
•  They transpose via an RNA intermediate -> DNA copy 

via reverse  transcriptase -> integ at new site in DNA. 
•  (in contrast: bacterial transposons move as DNA 

directly from one location to another) 

Group I 
intron 

homing 
•  Gene 

inside 
Intron I 
translated. 
Site-
specific 
endonuclea
se  

Group I 
intron 

homing 

Group 
II intron 
retro- 

homing 
•  Gene inside 

Intron II 
translated:  

•  Site-specific 
endonuclease-
reverse 
transcriptase 



4 

Telomerase is a specialized  reverse 
transcriptase   

Telomere = DNA structure at end of  linear eukaryotic 
chromosomes  
=usually many tandem copies of short 
oligonucleotide sequence (TxGy in one strand) 

Telomerase adds telomeres to 
chromosomal ends 

•  Ends of linear 
chromosome not 
readily replicated by 
cellular DNA pol.  
(they require a 
template and primer, 
beyond the ends, no 
template is available. 
Telomerase solves 
this. 

5’* 

3’* 

5’ 

5’* 
5’ 

3’* 

RNA primer 

How to remove this? Pol I can’t do it since 
it would have no upstream RNA primer 

Leading strand 

Lagging strand 

DNA Replication 

Leading strand 

Lagging strand 

Leading strand synthesis can proceed to the 
end of the chromosome (top ) 

However since Pol I can’t synthesize the 
extreme 5’ end of the lagging strand (it can only 
extend an RNA primer that is paired with the 3’ 
end of a template strand (bottom).  Removal of 
the primer and degradation of the remaining  
single strand would cause chromosome to 
shorten with each round of replication. 

Without telomerase activity, chromosome 
would shorten after each replication 

Telomerase, aging and cancer 
•  Without telomerase activity, chromosomes would 

shorten after each replication. Somatic cells of 
multicellular organisms can only divide a limited # 
of times (I.e. 20-60) before reaching senescence. 

•  Telomeres are capped (T-loop formation) for 
protection. 

•  Probability of uncapping increases as telomere 
length decreases. 

•  Why do multicellular organisms eliminate 
telomerase activity in somatic cells? 

Telomerase 
•  Telomerase has its own 

built-in RNA template 
for synthesis of TG 
strand of telomere 

•  RNA:150 nts long 
•  Copies only small 

segment of RNA it 
carries 

•  Requires 3’ end of 
chromosomal DNA as 
primer. 5’->3’ synth. 
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Telomerase: T loop formation 
•  After TG strand is 

extended by telomerase, 
the single strand region is 
protected by specific 
binding proteins.   

•  Specialized structure: T 
loop in higher organisms 
Single strand is folded 
back and paired with 
complement in double 
stranded portion of 
telomere. 

Some viral RNA’s are 
replicated by  RNA dependent 

RNAP 
Some 
bacteriophages 
and eukaryotic 
viruses like 
influenza viruses 
have RNA 
genomes 

RNA-dependent RNA 
polymerase or RNA replicase 

RNA viruses (except retroviruses)have single 
stranded RNA which act as mRNA for viral 
proteins.  These RNA must be replicated in the 
cell by RNA-dependent RNA Polymerase activity. 

(host cell has no such protein) 

RNA replicase ≈ 210 kdaltons 

-4 subunits,requires RNA as template (not DNA!) 

RNA replicase is specific for RNA of its own virus  

RNA and evolution 

Complexity of biological systems: Which came first, 
complex information for constructing the cell or the 
catalysts that maintain and transmit the information? 

Maybe both resided in early molecules being both catalyst 
and information carriers:  RNA world 

Adenine synth from CN- 

SELEX Method generates 
RNA polymers with new 

functions 
•  SELEX =systematic 

evoln of ligands by 
exponential 
enrichment 

•  Is used to generate 
aptamers, 
oligonucleotides that 
bind a specific 
molecular target. 


