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Site directed Mutagenesis

•The first site-directed mutagenesis(SDM) experiment was performed into the year 1974, 
in the laboratory of Charles Weissmann. The induced mutation was from GC to AT. 
However, the mutation was inserted randomly.

•The basic principle of site-directed mutagenesis is simple, DNA primers along with the 
desired mutation are artificially synthesised and used to amplify the gene of interest.

•Site-directed mutagenesis is an in vitro method for creating a specific mutation in a 
known sequence. While often performed using PCR-based methods, the availability of 
custom-designed, synthetic, double-stranded DNA (dsDNA) fragments can drastically 
reduce the time and steps required to obtain the same sequence changes.
In this article we describe several PCR-based methods for site-directed mutagenesis. 
Primers designed with mutations can introduce small sequence changes, and primer 
extension or inverse PCR can be used to achieve longer mutant regions. Using these 
site-directed mutagenesis techniques allows researchers to investigate the impact of 
sequence changes or screen a variety of mutants to determine the optimal sequence for 
addressing the question at hand. 



Traditional PCR
When PCR is used for site-directed mutagenesis, the primers are designed to include the desired change, 

which could be base substitution, addition, or deletion . During PCR, the mutation is incorporated into the 

amplicon, replacing the original sequence.

Mutations introduced by PCR can only be incorporated into regions of sequence complementary to the primers 

and not regions between the primers [1].





Primer extension
Site-directed mutagenesis by primer extension involves incorporating mutagenic 
primers in independent, nested PCRs before combining them in the final product 
[2]. The reaction requires flanking primers (A and D) complementary to the ends 
of the target sequence, and two internal primers with complementary ends (B 
and C). These internal primers contain the desired mutation and will hybridize to 
the region to be altered. During the first round of PCR, the AB and CD fragments 
are created. These products are mixed for the second round of PCR using 
primers A and D. The complementary ends of the products hybridize in this 
second PCR to create the final product, AD, which contains the mutated internal 
sequence . Longer insertions can be incorporated by using especially long 
primers,
To create a deletion, the internal primers, B and C, are positioned at either side 
of the region to be deleted to prevent it from being incorporated within 
fragments AB and CD from the first round of PCR. The complementary 
sequences at the ends of the these fragments, created by primers B and C, 
enable hybridization of AB to CD during the second round of PCR, and the final 
product with the desired deletion (AD) is created 





Inverse PCR
Inverse PCR enables amplification of a region of unknown sequence using 
primers oriented in the reverse direction. An adaptation of this method 
can be used to introduce mutations in previously cloned sequences. 
Using primers incorporating the desired change, an entire circular 
plasmid is amplified to delete , or inser the desired sequence.

Applications of site-directed mutagenesis:
The site-directed mutagenesis helps to improve the quality of the protein by 
removing harmful elements from it.
Also, the modified, genetically engineered proteins have high commercial 
value.
The tool is used in the study of a gene characteristics in which by introducing 
specific mutations, the properties of the DNA, its encoded protein and post-
translational modifications of that, can be studied.
The method is the first choice in gene synthesis and gene-editing technology.
It is used in the cloning as well.
By mutating the promoter or the regulatory regions of a gene, one can 
construct the map of regulatory elements of a gene.
It is also useful in the screening of SNPs

https://geneticeducation.co.in/story-of-protein/
https://geneticeducation.co.in/story-of-gene/


Attenuation is a regulatory mechanism used in 
bacterial operons(unit of genetic material that functions in a 
coordinated manner and is transcribed as one unit) to ensure 
proper transcription and translation.

Prokaryotic transcription attenuation mechanisms are 
described in which different metabolic signals and sensing 
events are used to regulate transcription termination at sites 
preceding structural genes.

• Genes in this class contain transcription termination signals in the region 
upstream of the coding sequence. 
•termination/antitermination of transcription in response to external signals
•The activity of these regulatory termination signals is controlled through a 
variety of mechanisms.
• These include modification of RNA polymerase to a terminator-resistant, or 
terminator-prone form, 
• Alterations in the structure of the nascent transcript, to determine whether the 
stem-loop structure of an intrinsic terminator or an alternate antiterminator is 
formed. 
•Structural alterations in the transcript can be controlled by the kinetics of 
translation of the RNA, by binding of specific regulatory proteins, and by mRNA-
tRNA interactions. 



Transcription-attenuation is characterized by the presence of 5'-cis acting regulatory 

regions that fold into alternative RNA structures which can terminate transcription. These 

RNA structures dictate whether transcription will proceed successfully or be terminated 

early, specifically, by causing transcription-attenuation.

The result is a misfolded RNA structure where the Rho-independent terminator disrupts 

transcription and produced a non-functional RNA product. This characterizes the 

mechanisms of transcription-attenuation. The other RNA structure produced will be an 

anti-terminator that allows transcription to proceed .

• Attenuation is a mechanism utilized by bacteria to regulate 

unnecessary gene expression.

• Attenuators are characterized by the presence of stop signals within 

the DNA sequence that can result in either transcriptional-attenuation or 

translational-attenuation.

•Transcriptional-attenuation is characterized by the presence of an attenuator 

within the DNA sequence that results in formation of mRNA-stem loops that 

prevent further transcription from occurring. 

•The non-functional RNA produced prevents proper transcription.Translational-

attenuation is characterized by the misfolding of the Shine-Dalgarno sequence.

• The Shine-Dalgarno sequence, responsible for ribosomal binding to allow 

proper translation, is inaccessible because it is folded into a hairpin-loop 

structure, thus, translation cannot occur.



Translation-attenuation is characterized by the sequestration of the Shine-Dalgarno 
sequence. 
The Shine-Dalgarno sequence is a bacterial specific sequence that indicates the site 
for ribosomal binding to allow for proper translation to occur. However, in 
translation-attenuation, the attenuation mechanism results in the Shine-Dalgarno 
sequence forming as a hairpin-loop structure. The formation of this hairpin-loop 
structure results in the inability of the ribosomal complexes to form and proceed 
with proper translation. Hence, this specific process is referred to as translation-
attenuation.



Constitutive and inducible promoters

• Certain genes are transcribed at all times and 
circumstances

-Examples – tRNAs, rRNAs, ribosomal proteins, RNA 
polymerase

-Promoters of those genes are called constitutive

• Most genes, however, need to be transcribed only 
under certain circumstances or periods in cell life 
cycles

-The promoters of those genes are called inducible 
and they are subject to up- and down- regulation 



Regulation at promoters

• Promoters can be regulated by repression 
and/or activation

• Many s70 promoters are controlled both by 
repression and activation, whereas, for 
example s54 promoters are controled solely by 
activation 



Mechanisms of repression

• Repression by steric hindrance

• Inhibition of transition to open complex

• Inhibition of promoter clearance

• Anti-activation

• Anti-sigma factors



•The lac operon of E. coli contains genes involved in lactose 

metabolism. It's expressed only when lactose is present and glucose 

is absent.

•Two regulators turn the operon "on" and "off" in response to 

lactose and glucose levels: the lac repressor and catabolite activator 

protein (CAP).

•The lac repressor acts as a lactose sensor. It normally blocks 

transcription of the operon, but stops acting as a repressor when 

lactose is present. The lac repressor senses lactose indirectly, 

through its isomer allolactose.

•Catabolite activator protein (CAP) acts as a glucose sensor. It 

activates transcription of the operon, but only when glucose levels 

are low. CAP senses glucose indirectly, through the "hunger signal" 

molecule cAMP.



Lac Operon
















