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Proofreading 
• During DNA replication (copying), most DNA polymerases can “check their work” 

with each base that they add. This process is called proofreading. If the polymerase 
detects that a wrong (incorrectly paired) nucleotide has been added, it will remove 
and replace the nucleotide right away, before continuing with DNA synthesis. 

 

• An enzyme, DNA polymerase, moves along the DNA strands to start copying the 
code from each strand of DNA.  

 

• This process has an error rate of about one in 100,000: rather high.   

 

• When an error occurs, though, DNA polymerase senses the irregularity as a 
distortion of the new DNA’s structure, and stops what it is doing. 

 

• Other molecules then come to fix the mistake, removing the mistaken nucleotide 
base and replacing it with the correct one. After correction, the polymerase 
proceeds.  

• This correction mechanism increases the accuracy 100 to 1000 times. 

 





Post-replication modification of DNA 

• The post-replication modifications are conferred on newly synthesized 
DNA while being packaged into chromatin.  

 

• They include the methylation of cytosine residues on hemi-methylated 
DNA and also de novo methylation.  

 

• The marking of histone tails with post-translational modifications like 
acetylation, methylation, phosphorylation, and ubiqutination (Ubiquitin and 
SUMO) and also the insertion of histone variants like H2A.Z, macroH2A, 
H2A.X or H3.1, H3.2, and H3.3 into nucleosomes are also carried out after 
replication. 
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Transcription: Transferring information 
from DNA to RNA 

 

• The first step a cell takes in reading out a needed part of its genetic 
instructions is to copy a particular portion of its DNA nucleotide sequence 
— a gene —into an RNA nucleotide sequence.  

 

• The information in RNA, although copied into another chemical form, is still 
written in essentially the same language as it is in DNA—the language of a 
nucleotide sequence. Hence the name transcription. 



Transcription 

• Like DNA, RNA is a linear polymer made of four different types of 
nucleotide subunits linked together by phosphodiester bonds .  

 

• It differs from DNA chemically in two respects:  

– the nucleotides in RNA are ribonucleotides—that is, they contain the 
sugar ribose (hence the name ribonucleic acid) rather than deoxyribose;  

– although, like DNA, RNA contains the bases adenine (A), guanine (G), 
and cytosine (C), it contains the base uracil (U) instead of the thymine 
(T) in DNA. Since U, like T, can base-pair by hydrogen-bonding with A , 
the complementary base-pairing properties for DNA apply also to RNA 
(in RNA, G pairs with C, and A pairs with U).  

 

• It is not uncommon, however, to find other types of base pairs in RNA: for 
example, G pairing with U occasionally. 







Transcription 

• Despite these small chemical differences, DNA and RNA differ quite 
dramatically in overall structure. 

 

• Whereas DNA always occurs in cells as a double-stranded helix, RNA is 
single-stranded. RNA chains therefore fold up into a variety of shapes, just 
as a polypeptide chain folds up to form the final shape of a protein. 

 

• RNA also possess the ability to fold into complex three-dimensional 
shapes allows some RNA molecules to have structural and catalytic 
functions. 



Transcription 

• Transcription begins with the opening and unwinding of a small portion of 
the DNA double helix to expose the bases on each DNA strand.  

 

• One of the two strands of the DNA double helix then acts as a template for 
the synthesis of an RNA molecule. As in DNA replication, the nucleotide 
sequence of the RNA chain is determined by the complementary base-
pairing between incoming nucleotides and the DNA template.  

 

• When a good match is made, the incoming ribonucleotide is covalently 
linked to the growing RNA chain in an enzymatically catalyzed reaction. The 
RNA chain produced by transcription—the transcript —is therefore 
elongated one nucleotide at a time, and it has a nucleotide sequence that is 
exactly complementary to the strand of DNA used as the template 



Transcription 

• Transcription, however, differs from DNA replication in several crucial ways. 
Unlike a newly formed DNA strand, the RNA strand does not remain 
hydrogen-bonded to the DNA template strand.  

 

• Instead, just behind the region where the ribonucleotides are being added, 
the RNA chain is displaced and the DNA helix re-forms. Thus, the RNA 
molecules produced by transcription are released from the DNA template 
as single strands.  

 

• In addition, because they are copied from only a limited region of the DNA, 
RNA molecules are much shorter than DNA molecules. A DNA molecule in 
a human chromosome can be up to 250 million nucleotide-pairs long; in 
contrast, most RNAs are no more than a few thousand nucleotides long, 
and many are considerably shorter. 



Transcription 

• The enzymes that perform transcription are called RNA polymerases.  

 

• Like the DNA polymerase that catalyzes DNA replication, RNA polymerases 
catalyze the formation of the phosphodiester bonds that link the 
nucleotides together to form a linear chain.  

 

• The RNA polymerase moves stepwise along the DNA, unwinding the DNA 
helix just ahead of the active site for polymerization to expose a new region 
of the template strand for complementary base-pairing.  

 

• In this way, the growing RNA chain is extended by one nucleotide at a time 
in the 5′-to-3′ direction.  

 

• The substrates are nucleoside triphosphates (ATP, CTP, UTP, and GTP); as for 
DNA replication, a hydrolysis of high-energy bonds provides the energy 
needed to drive the reaction forward  



Transcription 

• The almost immediate release of the RNA strand from the DNA as it is 
synthesized means that many RNA copies can be made from the same 
gene in a relatively short time, the synthesis of additional RNA molecules 
being started before the first RNA is completed. 

• When RNA polymerase molecules follow hard on each other's heels in this 
way, each moving at about 20 nucleotides per second (the speed in 
eukaryotes), over a thousand transcripts can be synthesized in an hour from 
a single gene. 



Transcription 

• Although RNA polymerase catalyzes essentially the same chemical reaction 
as DNA polymerase, there are some important differences between the two 
enzymes.  

– First, and most obvious, RNA polymerase catalyzes the linkage of 
ribonucleotides, not deoxyribonucleotides. Second, unlike the DNA 
polymerases involved in DNA replication, RNA polymerases can start an 
RNA chain without a primer. This difference may exist because 
transcription need not be as accurate as DNA replication. 

– Unlike DNA, RNA does not permanently store genetic information in 
cells.  

– RNA polymerases make about one mistake for every 104 nucleotides 
copied into RNA (compared with an error rate for direct copying by DNA 
polymerase of about one in 107 nucleotides), and the consequences of 
an error in RNA transcription are much less significant than that in DNA 
replication. 



Transcription 

• Although RNA polymerases are not nearly as accurate as the DNA 
polymerases that replicate DNA, they nonetheless have a modest 
proofreading mechanism. If the incorrect ribonucleotide is added to the 
growing RNA chain, the polymerase can back up, and the active site of the 
enzyme can perform an excision reaction that mimics the reverse of the 
polymerization reaction, except that water instead of pyrophosphate is 
used.  

• RNA polymerase hovers around a misincorporated ribonucleotide longer 
than it does for a correct addition, causing excision to be favored for 
incorrect nucleotides. However, RNA polymerase also excises many correct 
bases as part of the cost for improved accuracy. 



Transcription 



Tanscription in Prokaryotes 
• Polymerization catalyzed by RNA polymerase 

– Can initiate synthesis  

– Uses rNTPs 

– Requires a template 

– Unwinds and rewinds DNA 

• 4 stages 

– Recognition and binding 

– Initiation 

– Elongation 

– Termination and release  



RNA Polymerase 
• 5 subunits, 449 kd (~1/2 size of DNA pol III) 

• Core enzyme 

– 2  subunits---hold enzyme together 

– --- links nucleotides together 

– ’---binds templates 

• ---recognition 

• Holoenzyme= Core + sigma 



Eukaryotic RNA Polymerases  

RNA Pol. Location Products 

 

-Amanitin 
Sensitivity 

Promoter 

I Nucleolus 

 

Large rRNAs 
(28S, 18S, 
5.8S) 

Insensitive 

 

Bipartite 
promoter 

II Nucleus Pre-mRNA, 
some snRNAs 

Highly 
sensitive 

Upstream 

III Nucleus tRNA, small 
rRNA (5S), 

snRNA 

Intermediate 
sensitivity 

Internal 
promoter and 
terminator 



Eukaryotic Polymerase I  Promoters 

• RNA Polymerase I 

– Transcribes rRNA 

– Sequence not well conserved 

• Two elements 

– Core element- surrounds the transcription start 
site (-45 to + 20) 

– Upstream control element- between -156 and -
107 upstream 

– Spacing affects strength of transcription 



Eukaryotic Polymerase II  Promoters 
• Much more complicated 

• Two parts 
– Core promoter 

– Upstream element 

• Core promoter 
– TATA box at ~-30 bases 

– Initiator—on the transcription start site 

– Downstream element-further downstream 

• Many natural promoters lack recognizable versions of 
one or more of these sequences 



RNA pol III  

• Precursors to tRNAs,5SrRNA, other small RNAs 

• Promoter Type I 

– Lies completely within the transcribed region 

– 5SrRNA promoter split into 3 parts 

– tRNA promoters split into two parts 

• Polymerase II-like promoters 

– EX. snRNA 

– Lack internal promoter 

– Resembles pol II promoter in both sequence and position 


