Bharathidasan University
Tiruchirappalli
Tamil Nadu - India

Programme : M.S¢ Biotechn oloegy
Course Title : Genetic Engineering
Course code :22BTCC6

Unit -1
Tools of Genetic Engineering

Dr.M.Manickavasagam
Associate Professor
Department of
Biotechnology






ST Endonuclease

o §1 endonuclease is an enzyme widely used in molecular biology, particularly in nucleic
acid research, for its ability to cleave single-stranded DNA (ssDNA) and RNA. This
enzyme is derived from the bacterium Aspergillus oryzae and exhibits high specificity for
single-stranded nucleic acids while being relatively non-destructive to double-stranded
DNA (dsDNA).

o General Characteristics

» Source: S1 endonuclease is commonly sourced from Aspergillus oryzae, though it can
also be obtained from other organisms like Aspergillus flavus or Neurospora crassa.

* Molecular Weight: The enzyme typically has a molecular weight of around 30-35 kDa.

« Enzyme Class: It belongs to the class of hydrolases, specifically endonucleases that act
on single-stranded nucleic acids.

» Substrate Specificity: S1 endonuclease preferentially cleaves single-stranded regions of
DNA and RNA but does not significantly affect double-stranded DNA or RNA. Its action
Is highly sequence-independent, meaning it doesn't recognize specific nucleotide
sequences, but instead cuts the backbone of single-stranded nucleic acids.



ST Endonuclease

o Mechanism of Action

o S1 endonuclease cleaves the phosphodiester bonds between nucleotides in single-

stranded regions, thereby breaking the nucleic acid into smaller fragments. The
mechanism of action involves:

1.Binding to Single-Stranded Regions: S1 endonuclease binds to the single-stranded
regions of DNA or RNA, where the nucleotide bases are exposed.

2.Cleavage: The enzyme intfroduces endonucleolytic breaks in the phosphodiester bond,
cutting the backbone of the strand. The cleavage does not require a specific
sequence but depends on the single-stranded nature of the nucleic acid.

3.Product Formation: The cleavage of the single-siranded nucleic acid results in smaller
fragments, typically with 3" overhangs or blunt ends.

o The enzyme's specificity for single-stranded DNA and RNA makes it a useful tool for
processes that require the degradation of single-stranded nucleic acids, without
damaging the double-stranded regions.
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o Applications of S1 Endonuclease
o S1 endonuclease has several key applications in molecular biology and genetics:

1.Mapping of Nucleic Acid Structure:

1. Itis widely used in DNA mapping, specifically for identifying regions of single-stranded DNA
(ssDNA) or single-stranded RNA. This is particularly useful when studying secondary structures
of RNA or single-stranded regions of DNA.

2.Detection of Single-Stranded Regions:

1. S1 endonuclease can be used to identify single-stranded regions in DNA or RNA molecules,
as it preferentially cleaves ssDNA and ssRNA. For example, when studying the structure of
double-stranded DNA, S1 endonuclease can help identify single-stranded regions that may
be present due to secondary structures, nicks, or gaps in the molecule.

3.Hybridization Studies:

1. S1 endonuclease is often used in hybridization experiments, especially in Southern or
Northern blotting techniques. It can be used to eliminate any single-stranded regions of
nucleic acid that might interfere with the hybridization process, leaving only the regions of
interest.
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4. DNA Sequencing:

o Insequencing technologies, S1 endonuclease is utilized to generate single-stranded templates from double-stranded DNA. This
single-stranded DNA can then be used in various sequencing methods.

5. RNA Structure Studies:

o It can also be employed to study RNA secondary structures by selectively cleaving single-stranded regions and allowing researchers
to examine the nature of these regions in detail.

6. Genetic Engineering and Molecular Cloning:

o S1 endonuclease is used in the cloning process to create single-stranded overhangs, which are helpful for ligating the DNA fragment
into vectors or when preparing DNA for transformation.
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Enzyme Inactivation and Buffer Conditions

S1 endonuclease activity can be influenced by various factors:
Optimal pH: The enzyme operates best at a slightly acidic to neutral pH (typically around 4.5 to 7.5).
Temperature: The enzyme is most active at temperatures between 37°C and 50°C.

Inactivation: S1 endonuclease can be inactivated by heating (typically 65°C for 10-15 minutes) or by using chelating agents such as EDTA,
which sequester divalent metal ions that may be required for enzyme activity.

S1 Endonuclease vs. Other Endonucleases
While S1 endonuclease is a specific tool for single-stranded nucleic acids, it can be contrasted with other nucleases that cleave both single-

and double-stranded DNA, such as DNase |. DNase |, for example, will degrade both ssDNA and dsDNA, whereas S1 endonuclease has a
marked preference for ssDNA and ssRNA, making it more specialized for particular applications.
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