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Big picture: 
Gene cloning

• From Gene to Protein
• Generally use bacteria as 
the “factory”

Gene cloning



• Decide which gene to clone

What we have 
done so far?
• Decide which gene to clone

• Designing primers

• PCR amplification (xx billions copies)

• Gel electrophoresis 

• Cutting our gene from gel



Move my gene to the bacteria to purify 

What is next

• Move my gene to the bacteria to purify 
protein as a final product.

PPPProblemroblemroblemroblem: Gene by itself does not go inside 

bacteria, it needs a carrier (vector or plasmid)



Cloning Tools

• Restriction endonucleases• Restriction endonucleases

• Ligase

• Vectors

• Host

• Methods for introducing DNA into a host cell



Restriction endonucleases
enzymes

Immune 
system of 
Bacteria



To date well over 3000 
diff REs to choose from, 

Haemophilus influenzae

Hamilton Smith 
1973 Nobel Prize

diff REs to choose from, 
which were found
from screening >10000 
bacteria



Cutting DNA
• Restriction endonucleases (restriction enzymes)

– sticky ends

– blunt endsblunt ends

• Nomenclature

– EcoRI

– E = genus (Escherichia)

– co = species (coli)

– R = strain

– I = # of enzyme



Some restriction enzymes
• 100’s of restriction 

enzymes (RE’s) are 

commercially available

• Artificial RE sites can be 

inserted at ends of any inserted at ends of any 

gene

• RE’s and ligase allow 

precise cutting and 

pasting of any DNA 

sequences



Pubmed 
http://www.ncbi.nlm.nih.gov
Omp25 Brucella 

Which enzymes I should useWhich enzymes I should useWhich enzymes I should useWhich enzymes I should use





Copy and paste sequence 

copy

paste



Restriction Map





Put sequence of Non 
cutting enzymes at both 

GGATCC GGATCC
CCTAGG

cutting enzymes at both 
ends of the gene

How? PCR and Primers 



Gene

Adding sequence to the ends by PCR

Vector 

linkers



Pasting DNA

• Complementary ends 
(sticky ends) HAbond

• Ligase forms 
phosphodiester bond to 
seal strands together.



How to chose your enzymes 

•Non cutting enzymes 
•Enzymes on Vector•Enzymes on Vector
•Enzymes that work together (Double 
digest)
•Price 
•Company (I highly recommend 
Promega) Don’t waste clean thinking on dirty enzymes

Efraim Racker, Cornell University



How use your enzymes 

•Ice
•No Vortex
•Set up reaction of 10 Bl at least 

Enzyme 
and 
buffer•Set up reaction of 10 Bl at least 

•1 Bl (10 units) enzyme 1 Bl 10xbuffer and 
8 Bl DNA(you need 1 unit to cut 1 Bg of 
DNA)
•Incubate (usually 37 °C for at least 1 hour)
•Clean your DNA after cutting 

buffer



LLLLigase enzyme 

anneal two pieces of 

Joining DNA

anneal two pieces of 
compatible ends of 
DNA together

Repair Mechanism 
in biological system



Get rid of restriction enzymes

How to join DNA

1 Bl (3 units) enzyme 1 Bl (3 units) enzyme 
1 Bl 10xbuffer 
4 Bl gene 
4 Bl vector (plasmid)



•4 ºC over night or 16 ºC over night 

•25 ºC  3 hours 

•TCL (temperature cycle ligations) Lund et al., 1996

Incubation ligation reaction 

•TCL (temperature cycle ligations) Lund et al., 1996

99 cycles (1 min 30 º C 1 min 10 º C )  4 fold increase ligation

•5 minutes ligation buffer (Polyethylene glycol  PEG 6000)



•T

How to check for successful 
ligation reaction 

•Transformation and count number of good colonies  



Alkaline phosphatase

dephosphorylationdephosphorylationdephosphorylationdephosphorylation

Removing phosphate 

PP

Removing phosphate 
group to prevent self 
ligation of the vector 

Add it only to the vector 



Questions!!!!


