
LECTURE 22 
 
Replication of Telomeres in Eukaryotes 
 
A. DNA polymerase cannot replicate the terminal segment of the “leading” strand of a linear 

chromosome, as there would be no 3’-OH group (primer) after the RNA primer of the terminal 
Okazaki fragment has been removed. 

 
1. This led to the prediction that there must be either (a) a unique structure that facilitates 

replication of termini of chromosomes, or (b) a special enzyme that replicates termini.  The 
answer turned out to be both! 

 
2. The unique structure is a “repeat” of the sequence 5’-TxA0-1Gy-3’, and the special enzyme is 

telomerase. 
 

a) Telomerase recognizes the unique (repeat) sequence and extends it 5’→3’ one repeat unit at 
a time.  The number of repeats depends on the species. 

 
b) A unique feature of telomerase is that it possesses a “built-in” RNA primer (with a 3’-OH) 

that is complementary to the repeated DNA sequence.  DNA polymerizing starts from the 3-
OH and synthesizes 5’ – 3’ by using the complementary strand as a template.  Recall that a 
3’ end single-strand overlap remains at the terminus. 

 
 
B. Note that without telomerase activity, the ends of chromosomes would become progressively 

smaller during each round of replication. 
 

1. Most human somatic cells lack significant telomerase activity and there is a correlation 
between telomere length and the number off cell divisions preceding senescence and death. 

 
a) Transformed cells that grow indefinitely (cancer cells) possess telomerase activity, so there 

is the suggestion that inhibiting telomerase activity may be one method of combating 
cancer. 

 
2. There also is a correlation between genetic disorders that are characterized by premature aging 

and decreasing telomere length.  This has led to the suggestion of “fountain-of-youth” effects 
of telomerase. 
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RNA and RNA Synthesis: 
 

A. The Central Dogma: note reverse transcription and evidence against Lamarckianism. 
 

 Central Dogma is:  DNA   →       mRNA   →   protein 
→ tRNA 
→ Other RNA types (eukaryotes only) 
 a)  snRNA (Snerps) 
 b)  snoRNA (Snors) 
 c)  RNAi (interference RNAs) 

 
B. There are six types of RNA molecules: 

 
 Messenger RNA      mRNA  template for protein synthesis (translation) 

Transfer RNA       tRNA  1-4 tRNAs for each of 20 amino acids 
Ribosomal RNA      rRNA  components (with proteins) of ribosomes 
Small nuclear RNA      snRNA  components (with proteins) of spliceosomes 

       (found only in the nucleus and only in eukaryotes) 
 Small nucleolar RNA      snoRNA  found in nucleolus; modification of rRNA 
 Interference RNA      RNAi  found in nucleus; gene regulation 
 

C. A few salient factoids: 
 

1. All RNAs, except for mRNA and RNAi, are extensively modified post-transcriptionally.  The 
modifications serve to protect RNA molecules from degradation by nucleases.  mRNA 
molecules are degraded quickly after translation. 

 
2. The synthesis of RNA is from a DNA template, using ribonucleoside triphosphates as 

precursors. 
 

3. RNA chains can be initiated de novo and do not need a preexisting primer strand. 
 

4. Only one strand of the DNA is used as the template (the “template strand”) for RNA 
synthesis; the other DNA strand is the  “non-template strand” and has the same sequence as 
the RNA molecule synthesized off of the “template strand” (with U instead of T). 

 
5. Synthesis of RNA occurs in the 5’→3’ direction (copying a 3’→5’ DNA template) and 

involves addition of ribonucleotides to a 3’-OH (hydroxyl) group and the end of the growing 
RNA chain (just like DNA synthesis). 

 
6. RNA polymerases initiate RNA synthesis at specific nucleotide (DNA) sequences called 

promoters.  RNA synthesis occurs within a locally unwound (and single-stranded) region 
called a transcription bubble. 
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D. Transcription in prokaryotes: the same enzyme synthesizes all RNAs in prokaryotes. 
 

1. RNA polymerase is a multimeric protein comprised of five different polypeptides.  The 
“core” enzyme consists of four polypeptides: α2ββ’.  The complete enzyme consists of the 
core enzyme and a fifth subunit called σ (sigma). 

 
a) The α subunits are responsible for assembly of the tetrameric protein core (α2ββ’). 
 
b) The β subunit contains the ribonucleoside triphosphate-binding site. 
 
c) The β’ subunit contains the DNA binding region. 
d) The σ subunit (σ factor) is responsible only for binding the core enzyme to the promoter 

site, and is released from the core enzyme after initiation of RNA syntheses.  Note that the 
core enzyme (α2ββ’) will initiate RNA synthesis without σ but at random sites on both 
DNA strands. 

 
2. The initiation of RNA synthesis is at promoter sites: note that the first transcribed base is 

referred to as the “+1” base.  DNA bases to the “left” (3’ to the +1 base) are upstream; bases 
to the “right” (5’ to the +1 base) are downstream. 

 
a) Several hundred promoters in E. coli have been sequenced.  Most differ from one another 

in sequence, but all share two similar (consensus) sequences: the mid-point of the first is 
at roughly -10 (the -10 sequence); the mid-point of the second is at roughly -35 (the -35 
sequence). 

 
(i) The consensus of the -10 sequence (non-template strand) is TATAAT [the 

Pribnow box]. 
 
(ii) The consensus of the -35 sequence (non-template strand) is TTGACA. 

 
b) Binding of RNA polymerase is first at the -35 sequence, followed by tighter binding at the 

-10 sequence.  The -10 sequence (being AT rich) facilitates the formation (unwinding) of 
the single-stranded transcription bubble. 

 
c) The distances between the +1 base, the -10 sequence, and the -35 sequence are highly 

conserved and clearly are critical for proper RNA polymerase (σ) binding.  The exact 
bases between the –10 sequence and the –35 sequence are not critical, accounting for the 
diversity in E. coli promoters. 

 
3. Elongation of growing RNA is straightforward. 

 
a) The transcription bubble (roughly 20 bases) stays “ahead” of the growing RNA chain; 

both the unwinding of DNA to form the bubble and the rewinding of the DNA behind the 
polymerization site are catalyzed by the RNA polymerase. 

 
b) The stability of the transcription complex is maintained by the binding of the DNA and 

RNA to the RNA polymerase. 
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4. Termination of RNA synthesis in E. coli is via one of two mechanisms:  rho-dependent 

termination or rho-independent termination. 
 

a) Rho-dependent termination involves a protein (rho) and a rho-dependent termination 
sequence that is rich in cytosine (C) bases and fairly devoid of guanine (G) bases.  
Apparently, the rho protein follows RNA polymerase during transcription and “catches 
up” when RNA polymerase runs into (and slows) at the rho-dependent termination 
sequence.  The rho protein is then involved in the removal of the RNA chain from the 
transcription bubble. 

 
 
b) Rho-independent termination involves a GC-rich region, followed by an AT-rich region, 

where the adenine (A) bases are on the template strand.  The GC-rich region also is on the 
template strand and is structured to form a “stem-and-loop” or “hairpin” region.  The 
“hypothesis” is that the hairpin structure causes the RNA polymerase to pause, releasing 
the RNA chain via separation of the U bases from the A bases on the template strand 
(perhaps because of the weaker bonds). 

 
5. Transcription, translation, and mRNA degradation all occur in a 5’→3’ direction, and in 

prokaryotes are tightly coupled, i.e., occur more-or-less simultaneously in the nucleus. 
 
 
 


