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Ligation Procedure and
Application
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The final step in the construction of a recombinant plasmid is
connecting the insert DNA (gene or fragment of interest) into
a compatibly digested vector backbone.

This is done by covalently connecting the sugar backbone of
the two DNA fragments.

This reaction, called ligation, and is performed by the T4 DNA
ligase enzyme.

The DNA ligase catalyzes the formation of covalent
phosphodiester linkages, which permanently join the
nucleotides together.
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Ligation efficiency depends on the ends of DNA in the
reaction

Mainly two types of end are produced by cleaving by
restriction endonucleases-- i) sticky ends and ii)blunt ends

Both the vector and DNA are treated with same restriction
enzyme to develop sticky ends



Ligation efficiency

In sticky ends ligation is efficient

The ligation of sticky ends occurs by annealing of
complementary overhangs in which 5'P and 3'OH
into close proximity

In blunt ends ligation is less efficient

The blunt ends needs high concentiration of ligase
and DNA



Ligafion mechanism

@ DNA ligase catalyzes the formation of two covalent phosphodiester
bonds between the 3’ hydroxyl group of one nucleotides and the 5’
phosphate group of another

@ The bond formation takes place in an ATP dependent reaction.

@ In molecular cloning the ligation reaction is followed by the digestion
of the gene insert and the target vector.



Mechanism

@ The majority of ligation reactions involve DNA fragments that have
been generated by

® Most restriction enzymes digest DNA asymmetrically across their
recognition sequence, which results in a single stranded overhang
on the digested end of the DNA fragment.
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https://www.addgene.org/protocols/restriction-digest/

Mechanism

® Sealing of nick in DNA require three distinct catalytic steps and two covalent
intermediates

® Ist step:
--Enzyme adenylation done using either NAD+ or ATP, both of which are AMP-
linked to the enzyme

® 2nd step:
--- The AMP moiety is transferred to the 5’termini for the attack the 3°0OH in the
third and final phosphoryl transfer step, sealing the nick
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Next a synthetic nicked duplex with a 3’ dideoxynucleotide termini is sued to
form a stable reaction intermediate
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This is used to remove the 3’-OH group to form the phosphodiester bond
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Ligafion requirements

Two different restriction enzymes for adding an insert into a vector
(one enzyme on the 5' end and a different enzyme on the 3' end).

Dephosphorylation of the 5’ phosphate groups at both ends of vector
DNA by alkaline phosphatase

It is important to treat the digested vector backbone with a
phosphatase before performing the ligation reaction

Phosphatase removes the 5' phosphate and therefore prevents the
ligase from being able to fuse the two ends of the vector together
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Procedure

Standard Insert + Vector DNA Ligation

It is important to determine the amount of cut insert and
vector to use for the ligation reaction

Before setting up the ligation reaction
All reagents are thawed on ice

Assemble reaction are mixed into 10 puL volume in a
microfuge tube

Reaction may be scaled up to 20 uL if DNA concentrations
are low



Procedure for ligafion

Reagents water, buffer, insert, vector, T4 ligase are added in order
Reagents mixed by stirring gently with pipette tip

Typical Incubation time and temperature is 15°C for at least 4 hours.
Incubation at 4°C for overnight gives appropriate result

A control is prepared that excludes the insert. This is prepared for
detection of re-annealing due to incomplete vector digestion

Ligation reaction can be inactivated by incubation at 65°C for 20
minvutes. This step is optional



Factors affecting ligation

® Amount of cut insert and vector to use for the
ligation reaction.

® The volume of vector DNA and insert DNA used in
the ligation

® Size of each molecule and their concentration.

@ The time period and temperature of incubation



FaQcTtors

DNA concentiration:

@ The relative concentration of the DNA fragments , as well as their length, are
also factors that can affect whether intermolecular or intermolecular
reactions are favored

@ The concentration of DNA can be artificially increased by adding
condensing agents such as cobalt, Hexamine and biogenic polyamines
such as spermidine

® Some agents such as polyethelene glycol (PEG) which increases the
effective concentration of enzymes

Ligase concentration:
@ Higher the ligase concentration, faster the rate of ligation

@ High DNA ligase concentration in conjugation with PEG is used for
faster ligation




FaQcTtors

Temperature
The optimum temperature for DNA ligase activities is 37°C

The melting temperature of the ends of DNA is dependent on
the length and base composition of the DNA overhang

In ligation experiments the Tm of the DNA ends is much lower
than 37°C

Buffer composition

The standard buffer used for ligation must of minimal ionic
strength




Application of ligation

Ligation reactions are designed to promote the formation of
recombinant DNA

Used for genetic transformation into plant, animal and bacterial cells

Cloning is done by putting the correct ends onto the DNA fragments
such as by adding linkers, by adding adaptors and by adding
homopolymer tails
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