[TOPIC 1] Principles of Biotechpology and
Tools of Recombination
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1.1 Biotechnology

Biotechnology can be defined as the use of
microorganisms, plants or animal cells or their
components to produce products and processes
useful to humans. According to the European
Federation of Biotechnology (EFB),
biotechnology is the integration of natural science
and organisms, cells, parts thereof and molecular
analogues for products and services. The term
‘Biotechnology” was coined by Karl Ereky in
1919,

Principle of Biotechnology

Principles of biotechnology are based on the
concept of the following techniques:

(/) Genetic engineering is the technique to
alter the chemistry of genetic material
(DNA/RNA), to introduce these into another
organisms to change the phenotype of the
host organism.

(ii) Sterlisation techniques Adequate
maintenance of sterile conditions to support

growth of only the desired
microbes/eukaryotic cells in large quantities
for the manufacture of biotechnological
products like antibiotics, vaccines, enzymes,

etc.

Techniques of Genetic

Engineering
The techniques of genetic engineering include the

following:
(i) Creation of recombinant DNA by
combining desired genes.
(ii) ‘Gene transfer.
(4ii), Maintenance of DNA in host and gene

cloning.

The basic steps in genetic engineering can be
summarised as:
(i) Identification of DNA with desirable genes.
(ii) Introduction of the identified DNA into a
suitable host to form recombinant DNA
(rDNA).
(i7i) Maintenance of introduced DNA in the host
and transfer of the DNA to its progeny.
At last, recombinant protein is obtained from host
through a process known as Down Stream
Processing (DSP).

Construction of First Artificial
Recombinant DNA

(7) It was achieved by linking a gene encoding
antibiotic resistance with a native plasmid
(an autonomously replicating circular
extrachromosomal DNA) of
Salmonella typhimurium.

(if) Stanley Cohen and Herbert Boyer
accomplished this in 1972. They isolated the
antibiotic resistance gene by cutting out a
piece of DNA from a plasmid of
typhimurium.

(if) The cutting of DNA at specific locations was
carried out by molecular scissors,

Le. restriction enzymes.

(iv) The cut piece of DNA was then linked to the
plasmid DNA with the enzyme DNA ligase.
The plasmid DNA acts as vector to transfer
the piece of DNA attached to it.

(v) When this DNA is transferred into E. coli, it
could replicate using the new host’s DNA
polymerase enzyme and make multiple
copies.

(vi) This ability to multiply copies of antibiotic
resistance gene in E. coli was called cloning
of antibiotic resistance gene in E. coli.
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* Ligation of alien DNA is carried out at a restriction site present in one of the two
antibiotic resistance genes, Example, ligating a foreign DNA at the BamH1 site of tetracycline

| gene in the vector pBR322.
= The recombinant plasmids will lose tetracycline resistance due to insertion of foreign DNA
But, it still can

be selected out from non-recombinant ones by plating the transformants
On ampicillin containing medium.

= The transformants growing on ampicillin containing medium are then transferred on a
um containing tetracycline.
= The recombinants will grow in ampicillin containing medium but not on that containing
tetracycline. Because in recombinants, tetracycline antiblotic resistance gene is disturbed

= The non-recombinants will grow on the medium containing both the antibiotics. Because
both antibiotic resistance genes are functional,

= In this example, one antibiotic resistance ene helps in selecting the transformants
whereas, the . e

other antibiotic resistance gene gets ‘inactivated due to insertion” of alien
DNA and helps in selection of recombinants.
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* The vector requires very few or single recognition sites for the commonly used restriction













(c) When transformed cells are grown on
agar plates containing ampicillin only
transformants will grow and others will

die.
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Figure N.o Jicgrammatic representation of
recombinant DNA technology

(vii) Culturing the host cells The cell
containing the foreign gene is cultured on
an appropriate medium at optimal
conditions. The DNA gets multiplied.

(viii) Extraction of desired gene product is carricd
out in the following steps:

(a) A protein encoding gene expressed in a
heterologous host is called
recombinant protein.

(b) Cells having genes of interest can be
grown on a small or on a large scale.

(c) In small scale, cells are grown on
cultures and then expressed protein 1
extracted and purified by various
separation methods.

(d) On large scale, cells are grown in a
continuous culture system in which
fresh medium is added from one side to

maintain cells growth phase and 2
desired protein is collected from the

other side.

2.2 Bioreactors

Bioreactors are the large volume (100-1000 L)
vessels in which raw materials are biologically
converted into specific products, individual
enzymes, etc., using microbial plant, animal or
human cells.

(1) It provides the optimal conditions for
achieving the desired product by providing
growth conditions like temperature, pH,
substrate, salt, vitamins and oxygen.

(71) The most commonly used bioreactors are of
stirring type:
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Figure 11.6 Simple stirred-tank bioreactor
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Figure 11.7 Sparged stirred-tank bioreactor through which
sterile air bubbles are sparged

(iif) The stirred-tank reactor is usually
cylindrical or with a curved base to facilitate
the mixing of the reactor contents.

(iv) The stirrer facilitates mixing and oxygen
availability throughout the bioreactor.



(v) In the sparged stirred-tank bioreactor, sterile
air bubbles are sparged to increase the
surface area for oxygen transfer.

(vi) The components of a bioreactor are:
(a) An agitator system
(b) An oxygen delivery system
(c) A foam control system
(d) A temperature control system
(e) pH control system

f

(f) Sampling ports to withdraw culture
periodically.

Downstream Processing

After the product formation in bioreactions, they
are subjected to a series of processes, collectively
referred to as downstream processing. These
include:

(1) Separation of desired product.

(1) Purification of products.

(777) Formulated with preservatives.

Finally, these products undergo strict quality
control testing before being marketed as a
finished products.



