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• Genetic engineering recombinant DNA• Genetic engineering, recombinant DNA 
technology, genetic modification/manipulation 
(GM) and gene splicing are terms that are applied 
to the direct manipulation of an organisms genes.

• Recombinant DNA is a form of artificial DNA which 
is engineered through the combination or insertion of 

DNA t d th b bi i DNAone or more DNA strands, thereby combining DNA 
sequences which would not normally occur together.

• Cloning is the process of creating an identical copy• Cloning is the process of creating an identical copy 
of something. In biology, it collectively refers to 
processes used to create copies of DNA fragments 
(molecular cloning), cells (cell cloning), or organisms. 
Th t l it ti h bThe term also encompasses situations whereby 
organisms reproduce asexually.



Recombinant DNA Technology



DNA-manipulating enzymes

1 N l1. Nucleases
– exonucleases
– endonucleases, e.g. 

restriction enzymes

2. Ligasesg

3. Polymerases
These four main groups of 

4. DNA-modifying 
enzymes

g p
enzymes are used to 
manipulate DNA in vitro. 

A suitable aqueous 
environment is created 
(salt pH temp) for the(salt, pH, temp) for the 
enzyme. 



Restriction enzymesRestriction enzymes

• bind to DNA at specific Class I type II enzymes• bind to DNA at specific 
sequence called the 
recognition site

l DNA t thi it

Class I type II enzymes
• Two different enzymes 

mediate cleavage and, e.g. 
methylation (binary system)
A li d i• cleave DNA at this site or a 

defined distance from it

• hundreds are commercially 

• A palindromic sequence 
that is 4 or 6 pg is often 
cleaved, resulting in “sticky 
ends” or “blunt ends”

available

• Restriction and modification 
systems are very common 

Class II (ATP-dependent, the 
same enzyme cleaves and 
methylates)
T I l

y y
in bacteria.

• Function: 
exogenous DNA is

• Type I – cleave 
unmethylated DNA > 1000 
bp from the binding site

• Type III – cleave about 25 
b f th bi di it- exogenous DNA is 

cleaved
- endogenous DNA is 
modified via methylation or 
glycosylation of A or C

bp from the binding site

glycosylation of A or C.





Class I type II enzymesClass I type II enzymes



Restriction Endonucleases and 
Their Recognition Sequences



Steps in Cloning a GeneSteps in Cloning a Gene



Recombinant DNA moleculesRecombinant DNA molecules

J k S• Jackson, Symons, 
and Berg (1972)
– generated first g

recombinant DNA 
molecules

• Cohen and Boyer 
(1973)

f– produced first plasmid 
vector capable of 
being replicated within 
a bacterial hosta bacterial host

• vectors – carriers of 
foreign DNA





Inserting Recombinant DNA 
into Host Cells

El t ti• Electroporation

• microinjection• microinjection

• gene gungene gun

• Ti plasmid ofTi plasmid of 
Agrobacterium 
tumefaciens (used 
to introduceto introduce 
foreign DNA into 
plant genomes)



Gene gunGene gun



PCR
• enables the rapid synthesis 

of many copies of a specific 
DNA fragment from a g
complex mixture of DNA 
and other cellular 
components

• reaction mix contains
– primers
– target DNA

thermostable DNA– thermostable DNA  
polymerase such as 
Taq polymerase 

– each of the four 
deoxyribonucleotidedeoxyribonucleotide 
triphosphates

• thermocycler is the 
i t t d i thinstrument used in the 
reaction
– DNA is denatured
– primers anneal to target p g

DNA
– copies of the target 

DNA are synthesized



Metabolic Engineering
• Metabolic Engineering is a 

new approach to understanding 
and using metabolic processesand using metabolic processes. 
As the name implies, ME is the 
targeted and purposeful 
alteration of metabolic 
pathways found in an organismpathways found in an organism 
in order to better understand 
and use cellular pathways for 
chemical transformation, 
energy transduction, and 

l l blsupramolecular assembly. 
Knowledge acquired from this 
research will benefit society in 
a number of ways, including the 
ability to modify biologicalability to modify biological 
pathways to produce biological 
substitutes for less desirable 
chemical processes; allowing 
greater agricultural productiongreater agricultural production, 
permitting more efficient and 
safer energy production, and; 
providing better understanding 
of the metabolic basis for some 
medical conditions that could 
assist in the development of 
new cures.



Bioremediation

Bi di ti b

Bioremediation

• Bioremediation can be 
defined as any process 
that uses 
microorganisms or their 
enzymes to return the 
environment altered by 
contaminants to its 
original condition.



Genetically Modified Organism (GMO)Genetically Modified Organism (GMO) 

An organism is "genetically modified", if its genetic material has 
been changed in a way that does not occur under natural 
conditions through cross-breeding or natural recombination -conditions through cross breeding or natural recombination 
Article 2 of the EU Directive on the Deliberate Release into the 
Environment of Genetically Modified Organisms (2001/18/EG). 





Social Impact of Recombinant 
DNA technology

h i i ifi d hil hi l• there is scientific and philosophical concern 
about
– the use of embryonic stem cells in gene– the use of embryonic stem cells in gene 

therapy. This is currently a major 
controversial issue in the U.S.

– the production of genetically engineered 
food
the possibility of the production of– the possibility of the production of 
genetically engineered organisms by 
bioterrorists

– and other issues


