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» A series of procedures used to recombine DNA
segments.. Under certain conditions, a recombinant DNA
molecule can enter a cell and replicate.

A

: IOqWINA |
=popog O7

» Recombinant DNA technology IS genetic engineering
which effects artificial modification of the geneilc
constitution of a living cell by introduction of foreign DNA
through experimental techniques. §

» The technique involves the splicing of DNA by restrictién
endonucleases, preparation of chimeric DNA molecu;ﬁe,
followed by cloning for the production of large numbers
of identical target DNA molecules |
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rDNA molecule are DNA sequences that results from the use of
laboratory methods (molecular cloning) to bring together genetic
materials from the multiple sources, creating sequences that wg)uld
not otherwise be found in biological organisms. gg

p

rDNA is possible because DNA molecules from all organisms share
the same chemical structure; they differ in the sequence : of
nucleotides within that identical overall structure.
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Consequently when DNA from a foreign source is linked to hést
seguences that can drive DNA replication and then introduced nz a
host organisms the foreign DNA is replicated along with the h@st
DNA.

rDNA are sometimes called as chimeric DNA
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» Recombinant DNA technology is one of the recent
advances in biotechnology, which was developed by
scientists named Paul Berg, Herbet Boyer and Stanley
Cohen in 1973.
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» This led to the development of recombinant DNA
tecnology which permitted biology to move from an
exclusively analytical science to a synthetic one.
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The various “biological tools™ used to bring
about genetic manipulations are:-

» Enzymes

» Passenger DNA/foreign DNA/ insert DNA
fragment

» Vector or vehicle DNA
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Restriction endonucleases

Exonucleases
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Endonucleases
Reverse Transcriptase
DNA polymerase

DNA ligase (T4 ligase)
S1 nuclease

Alkaline phosphatase



Some Enzymes Used in Recombinant DNA Technology

Enzyme(s)

Function

Time Il restiction endonucleases
DA gase

DNA polymerase | (E. col)
Reverse transcriptase
Polynucleotide Kinase

Termingl ransferase
Bonuciease I

Bacteriophage A exonuclease
Alkaling phosphatase

Cleave DNAS at specific Dase Sequences

Joins two DNA molecules or fragments

Fills gaps in duplexes by stepwise addition of nucleotides to 3" ends

Makes a DNA copy of an RNA molecule

Adds & phosphate to the 5'-O end of & polynucleotide to fabel t or permit figation
Adds homopolymer tails to the 3'-OH ends of & linear dupley

Removes nucleotide residues flom the 3" ends of a DNA strand

Removes nucleotides from the 5 ends of a duplex to expose Singl-stranded 3' ends
Removes teminal phosphates from ether the 5" or 3" end (or both)
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» Bacterial Plasmids
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» Bacteriophages

» Cosmids.

» Bacterial Artificial Chromosomes (BAC)

» Yeast Artificial Chromosomes (YAC)



» Small circular duplex DNA molecule whose
natural function is to confer antibiotic
resistance to the host cell and replicate
iIndependently from the bacterial
chromosomal DNA.

» Plasmids are the most commonly used
vectors and can accept short DNA pieces
about 6 to 10 kb long.

» Some useful plasmids for cloning are:
-pBR322
-pUC 8/18, pUC109.
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» F Plasmid (Sex Plasmid)
» R Plasmid (Drug Resistance Plasmids)
» Col Plasmid (Colicinogenic factor Plasmids)

» Ent Plasmid

—
—
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» An E. coli plasmid cloning vector must have three
features:
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- An ori (origin of DNA replication) sequence.

- A dominant selectable marker which enables E. coli
cells that carry the plasmid to be distinguished easily
from the cells that lack the plasmid.

-ampR
“tetR

- unique restriction enzyme cleavage sites.
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» Viral DNA capable of replicating in bacterial cell.

» They usually have linear DNA molecules into whic
foreign DNA can be inserted at several restriction
enzyme sites.

» The chimeric or hybrid DNA is collected after the
phage proceeds through its lytic cycle and produces:
mature, infective phage particles.
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» They can accept DNA fragment 10 to 20 kb long.
» Some useful phages for cloning are:

- Lambda (A) phage

-M13 phage.



Lysed bacterium
with released

h phage

E. cob Bactenal
DNA coll

4 DNA integrated
in £ coli genome

Figure . Alternative Infection Modes For /. phage. Lambda phage can multiply within a host and lyse it (Iytic
pathway), or its DNA can become integrated into the host genome (lysogenic pathway), where it is dormant until
activated,
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» Specialized plasmids that contain DNA sequences, so called “COS
Sites” required for packaging lambda DNA into the phage particle.

» They are recombinant plasmids and bacteriophage.
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» Larger fragments of DNA can be inserted in it which combine wit
best features of plasmid and phages.

» It can accept very large DNA fragments 35 to 52 kb.
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gene
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Origin of —

replication
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restiiction

endonuclease

large foreign DINA fragment

BAC vector
DINA hgase

v 4
Recombinant BAC
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Figwre: B ACs as a cloning vector

electroporation

selection of chloramphenicol-
resistant cells

Agar containing chloramphenicol

Colonies with recombinant BACs are white
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Transform
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Enzymatic digestion
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Select for A and B

Yeast spheroplast

Yeast cell

Figure:

I o b

Yeast with YAC clone

Construction of a veast artificial chromosome (YAQC)




» Fragmentation of DNA (restriction fragments)
by restriction endonuclease enzyme.

» Isolation of specific human DNA

» Insertion of iIsolated human DNA into vector
to form chimeric or hybrid DNA molecule

» Joining of two different cut DNA fragments by
DNA ligase.
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s fragrment
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» Its achieved by various restriction endonuclease
enzymes. They are found in wide variety of
prokaryotes.
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Restriction Endonuleases:

» These enzymes were originally called restriction
enzymes.

» The cells own DNA is not degraded because the
sequences recognized by its own restriction enzmes
are methylated.

» Restricted enzymes cut DNA of any source in a
sequence specific manner in contrast to action of most
other endonuclease which break DNA randomly.
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» The restricted enzymes are named according to the
bacteria from which they are isolated. For example
EcoRI, BamHlI

» Restriction endonuclease recognizes specific base
sequences of double helical DNA, usually 4-6
basepairs in length and cleave both strands within this
seqguence.
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» Most of the DNA sequence recognized by restriction
endonuclease are palindromic.



m Characteristics of Some Restriction Enzymes

Organism in Which
Emzymec Is Found

Recognition “cgacnce

Enzyrme Namec and Position o/ Cur”

5'-GLGATCC-3'
3. CCT AG’G-S'

Bacillus globig: A‘G ATCT

CTAGYA

Enzymes with 6-bp BamHl Bacillus
Recognition Sequences amyloliquefacicns H

Bglil “bagel-two™

“echo-R-one™ E. coli RYI3

»H

.

W a0, =
Mo R Thao

QO Hp

“hay-two™ Hacmophilus
acgy pticus

--o‘*
O
00 >4

Hindlll “hin-D-three” Haemophilus
influenzae Ry

»d Q00
-
»

[ ]

Sall

“P-S-T-one™

“sal-one”

Providencia
stacertsi

Streptomyces

DY

Q0 00 00 Q6 Hp

an o0 H1y
a0 00 00
Q0 o0

albus

L

Smal Scrratia
marcescens

A
T
T
A
1
1
T
A
C
G

~O°h
an
OO0
a0

Enzymes with 4-bp Haclll “hay-three” Hacmophilus
Recognition Sequences acsypticus

a6
- -
00
Q0

Hhal “ha-ha-one™ Hacmophilus
hacmolyticus

Hpall “hepa-two™ Hacmophilus
parainfluenzac

“OO ao
afh o0

Sau3A “sow-three-A" Staphylococcus
aurecus 3A

»-oo Q

Enzyrme with 8-bp Nocardia
Recogmtion Segquence otitidis-caviarum

o0 [H» oot Tpa

aa" | »H
OO0
Ono

Enzyme with Recognitton “bs-t1-x-one” Bacillus
Sequence That is stcarothcrmophilus
Not Symumetrical

Qo

00 (oo log™ 00 00 00 |00
-
-

"
%

*“In this column the two strands of DNA are shown with the sites of cleavage indicated by arrows. Since there &5 an axis of twofold rotational
symmetry in cach recognition sequence, the DNA molecules resulting from the cleavage are symmctrical. Key: R = purine; Y = pyrtmadine;
N = any base
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» Some enzymes cleaves both strands of DNA, so as t
leave no unpaired bases on either end. These ends
are often called blunt ends.
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» Others make staggered cuts on the two strands,
leaving two to four nucleotides of one strand unpaired
at each resulting ends. These are referred to as
cohesive ends or sticky ends.

» Different restriction fragments of DNA can base pair
with each other. If they have sticky ends which are
complementary.

» Therefore two unrelated DNA fragments can base pair
with each other, if they were cleaved by the same
restriction endonuclease enzyme.
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» Once DNA has been cleaved into fragments by
restriction endonuclease, a particular fragment of interest
can be separated by various techniques like
electrophoresis, HPLC etc.
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» A specific selected fragment of DNA of human genom
IS Inserted into vector (carrier). A vector Is a carrier
DNA molecule, to which the fragment of DNA of
Interest is attached.
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» A segment of the foreign DNA and the DNA vector are
usually cleave with the same restriction enzyme to
produce complementary sticky ends in both the foreign:
DNA and the DNA vector. These complementary stlcky—
ends can base pairs.



» After the fragments have base paired, the ends are
covalently joined by the action of DNA ligase. Restriction
enzymes in conjunction with DNA ligase, therefore, can
produce vector containing recombination or hybrid or
chimeric DNA
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(A)  JOINING TW0O COMPLEMENTARY STAGGERED ENDS
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recombinant DNA

(B) JOIMING TWO ELUNT ENDS
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» Aclone is a large population of identical molecules, bacteria,

>
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Molecular cloning is a technique developed for amplifying th
guantity of DNA, in vivo.
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cells that arise from a common ancestor.
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Cloning allows for the production of a large number of identica
DNA molecules, which can be produced as follows:

-introduction of recombinant DNA into appropriate host cell.
(transformation)

- Amplification of recombinant DNA



Molecular basis of disease.

-familial hyperchlestrolemia -cystic fibrosis
-sickle cell disease -muscular dystrophy
-thalassaemias

Diagnosis of disease

Production of proteins/hormones:

-anticoagulants - interleukins

-human growth hormone -monoclonal antibodies
-growth factors -superoxide dismutase
-colony stimulating factors -proteins for diagnosis

-Erythropoietin -vaccines

-Blood factors
-insulin

-interferons

W
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Gene therapy
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Gene isolation/purification/synthesis
Transgenic animals

Cell/tissue culture

Genetic counseling

In forensic medicine

Commercial application

- Industrial application

- Agricultural appication
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1) Obtaining the human insulin gene

Human insulin gene can be obtained by making a complementary
DNA (cDNA) copy of the messenger RNA (MRNA) for human insufif.

N
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Human
pancrasiic
cedis

mRNA
sxaractac

from human
pancaatic coells

Complementary DNA,
made from mRNA using

Plasmed cut
revarse transcnglase

with restnchon

enizyme
’gene o antitiotic

resistance
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» The bacterial plasmids and the cDNA are mixed together. The human
iInsulin gene (cDNA) is inserted into the plasmid through §§
complementary base pairing at sticky ends. 58

Cut bacterial
plasmid

DNA ligase

cDNA bind to the cut
plasmid forming a
recombinant plasmid

=t




The bacteria E.coli is used as the host cell. If E. coli and the
recombinant plasmids are mixed together in a test-tube.

Recombanam

' plasmid

Iimroduction of recombnamnt
plasmics inlo baciersa
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The bacteria are spread onto nutrient agar. The agar also §<§,
contains substances such as an antibiotic which allows growthzof
only the transformed bacteria. g8

.Q.Q | I

Bacterla growina Only transformed bacteria
medium with antibiotic can grow

l Cuiture

Translormed bacleria

I rephicale in the nulrient agar
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» As bacteria is commonly used in recombinant DNA work, thge:
has always been a concern among scientists and a worry amoag
people that there is a possibility that a clone of highly pathogeriie
recombinant bacteria were made by accident, then escaped frong
the laboratory and caused an epidemic for which no drugs werg
available.
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» Recombinant DNA Advisory Committee (RAC) was
established in 1974 in the United States, which responds
to public concerns regarding the safety of manipulation of
genetic material through the use of recombinant DNA
techniques.
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» It is always possible that an antibiotic-resistant plasmi
could be accidentally incorporated into a dangerous
pathogen with serious medical consequences.
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