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Chapter 14

Gene Recombination and
Genetic Engineering




Section | Gene Transfer and Recombination in Nature

1 Conjugation

plasmid DNA transfer from one cell
(germ)to another cell(germ)
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2 Transformation and Transduction
2.1 Transformation

2.2 Transduction
Virus, Phage
lysis pathway

lysogenic pathway
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3 Transposition

IS

transposons

4 Gene Recombination

< Covalent ligation of different DNA molecule




Section II Recombinant DNA Technology

1 Concepts

1.1 DNA Cloning(genetic engineering, molecular cloning)

< Clone: assembly of same copies from the same ancestor

< Cloning

<+ DNA cloning:
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1.2 Tool Enzymes

< common tool enzymes
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% Restriction endonuclease

O Concept

@ Features

1) Cut DNA at specific site
4-8bp base palindrome

2) In germ : restriction-modification system

3) Product bluntend

cohesive end 5’-
3°-

compatible end




Products generated by restricion enzymes
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Restriction endonucleases

» Restriction enzy mes cut DNA into specific fragments

» Restriction enzymes recognize specific base segquences in double-stranded
DNA and cleave both strands of the duplex at specific places

» Characteristics of restriction enzy mes:

1. Cut DNA sequence-specifically
2. Bacterial enzymes; hunhdreds are purfied and available commercially
3. Restriction-m odification system

Bacteria have enzymes that will cleave foreign DNA; hence, “restrct” the entry of viral
DHA. To prevent the hacteria’s own DHA from being cut, there is a second enzyme that
methylates the same sites recognized by the restriction enzyme (modifies that site).

4. Named (e.g., EcoRl) for bactenal genus, species, strain, and type
5. Recognize specific 4-B bp sequences
» sequences have symmetry (they are palindromes)
« after cutting the DNA, the cut ends are either
» blunt
» staggered {overhangs) - cohesive ends facilitate cloning the DNA

8. Frequency of cutting
- 4-hase cutter 4= 258 bp

- 5-bhase cutter 4°= 1,024 bp
- 6-hase cutter 45= 4,096 bp
- 8-hase cutter 4°= 65,536 bp




1.3 Target gene
@© Concept: target DNA
cDNA(complementary DNA)
@ Types  RNA — cDNA — dscDNA
genome DNA
1.4 Cloning vector

e DNA that can carry target gene into acceptor

e Types: Plasmid Phage Virus




O® Plasmid

* outside chromosome, small , circle , double-strand DN A
+~ can replicate (ori)

« site of restriction endonuclease

« ter ', amp-

» pBR322: 4.5Kb




Structure of pBR322 - a common cloning vector
+ derived from a naturally occurring plasmid
« has antibiotic resistance genes for selection of
transformants containing the plasmid
* has unique restriction enzyme cleavage sites for
insertion of foreign DMA
* has origin of DNA replication {ori) for propagation inE. coli

gene for
tetracycline
resistance

gene for
ampicillin
resistance



@ Phage
A phage: A gt EMBL

M13: M13mp pUC

® Virus

expression vector

A-FPhage genome

49 kb
DA recombination

Fackaging,
assembly

?
l Infect E cok
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2 Basic Principle of Recombinant DNA Technology

2.1 Obtaining of target gene(separation)

@O Chemical synthesis

@ Screening from gene library
< Gene library

Total DNA — restriction endonuclease cutting — ligation
with vector to form recombinant DNA — E.coli— clone of
all DNA fragments







® Screening from cDNA library

mRNA — ¢cDNA — dscDNA - ligation with vector —

= Genes that can code for protein

@ PCR: polymerase chain reaction

Target DNA primers DNA-pol dNTP

2.2 Cutting by restriction endonuclease (cutting)

target gene vector complementary ends




2.3 Ligation of target gene and vector (ligation )

DNA recombination DNA ligase
4 models
@ Ligation of sticky ends
Same RE (EcoR I )-same sticky ends
Different RE(Mbo | ,BamH [ ) —» compatible ends
@ Ligation of blunt ends
» same/different RE (EcoR V) — blunt ends

= low ligation efficiency




Restriction Enzyme
Action of EcoRlI
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® Homopolymer add tail: terminal transferase

3’-end ( polydA/polydT) — sticky ends

@ Artificial linker
linker: double-strand DNA ( 8~12bp) , RE site

Linker--target gene and vector — RE cutting — sticky ends
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2.4 Transfer of recombinant DNA into germ(transfer)
< Recombinant DNA — germ ( E.coli)

Transformation plasmid

Transfection phage,virus

< Competent cell
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Host Cell

Transformed
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2.5 Screening of recombinants ( screening )

< recombinant:recombinant DNA with target gene

ODirect selection

A. Antibiotics: transformed /non-transformed
amp',tet',kan’

B. o -complementation: X-gal — blue

pUC: N end of f -galactosidase /lac’E.coli—C end

(o fragment ) ( @ fragment )
White clone:with target gene

Blue clone:without target gene
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Transformed Non-transformed
Cell Cell

o —
— e,

~Nutrient medium
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C. in situ hybridization

@Indirect selection—immunological method
antigen-antibody

2.6 Expression of cloned gene

+ EXxpression system

prokaryotic expression system

eukaryotic expression system
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OProkaryotic expression system--E.coli

< Expression vector
=~ selection marker
+ strong promoter(lac promoter)
=~ regulation sequences (RBS+initiation site )
= polylinker cloning sites

< Target gene-vector — E.coli — screening — expression
X Advantages: simple, quick, economic, large-scale

< Disadvantages




@ Eukaryotic expression system

mammalian cell (Cc0OS, CHO)

< Transfection: expression vector — eukaryotic cell
transient transfection/ stable transfection

<+ Methods: calcium phosphate ~ , DEAE dextran-
mediated~,

electroporation, lipofection ~, microinjection

< Advantages /Disadvantages




3 Recombinant DNA Technology and
Medicine

Molecular medicine
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