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Fragments from 30 to 46 kb can be accommodated by a cosmid vector.
Cosmids combine essential elements of a plasmid and Lambda systems.

Cosmids are extracted from bacteria and mixed with restriction
endonucleases.

Cleaved cosmids are mixed with foreign DNA that has been cleaved with
the same endonuclease.

Recombinant cosmids are packaged into lambda capsids

Recombinant cosmid is inigcted Into the bacterial cell where the cosmid

arranges into a circle and replicates as a plasmid. It can be maintained and

recovered just as plasmids.
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Cosmid vector

m Thus, have some advantages of Lambda as Cloning Venhicle:
m Strong selection for cloning of large inserts

m Infection process rather than transformation for entry of chimeric DNA
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m Maintain Cosmids as phage particles in solution

= But Cosmids are Plasmids: |
so cloning proceeds via E. coli colony formation
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(a) A typical cosmid (b) Cloning with pJB8
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Fig. 4.38: A typical Cosmid vector and the way it is used 1o clone long fragments of DNA
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Purpose:

Cloning vehicles that propagate in eukaryotic cell hosts as eukaryotic Chromosomes
Clone very large inserts of DNA: 100 kb - 10 Mb

Features:
YAC cloning vehicles are plasmids
Final chimeric DNA is a linear DNA molecule with telomeric ends

m Often have a selection for an insert — ™ J>2le3s 53 5,m olise Selection 2 0s%2 53

m YAC cloning vehicles often have a bacterial origin of DNA replication (ori) and a

o2 08%e selection marker for propogation of the YAC through bacteria.
Bacterial origin

m The YAC can use both veast and bacteria as a host /‘}
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Yeast Artificial
Chromosomes (YAC)

YACs are designed to replicate as plasmids in

bacteria when no foreign DNA is present. Once a
fragment is inserted, YACs are transferred to cells,
They then replicate as eukaryotic chromosomes.

YACs contain: a yeast centromere, two yeast
telomeres, a bacterial origin of replication, and
bacterial selectable markers.

YAC plasmid—Yeast chromosome

DNA is inserted to a unique restriction site and
cleaves the plasmid with another restriction
endonuclease that removes a fragment of DNA and
causes the YAC to become linear. Once in the cell,
the rYAC replicates as a chromosome, also
replicating the foreign DNA.
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Fig. 4.45: The steps involved in cloning a large segment of human DNA in YAC
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Bacterial Artificial Chromosomes(BACs) and
Yeast Artificial Chromosomes(YACS)

BACs can hold up to 300 kbs.

DNA of bacterial filaments

The F factor of E.coli is capable of handling large segments of DNA.

Recombinant BACs are introduced into E.coli by electroportation ( a brief
high-voltage current). Once in the cell, the rBAC replicates like an F factor.

Example: pBAC108L

Has a set of regulatory genes, OriS, and repE which control F-factor
replication, and parA and parB which limit the number of copies to one or
two.

A chloramphenicol resistance gene, and a cloning segment.
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Human Artificial Chromosomes (HAC)

m A human artificial chromosome (HAC) is a mini-chromosome that is constructed
artificially in human cells. That is, instead of 46 chromosomes, the cell could
have 47 with the 47th being very small, roughly 6-10 mega-bases in size, and
able to carry new genes introduced by researchers.

m Using its own self-replicating and segregating systems, a HAC can behave as a
stable chromosome that is independent of the chromosomes of host cells.
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Retroviral Vectors sl il 200

m Retroviral vectors are used to introduce new or altered genes into the
genomes of human and animal cells.

m Retroviruses are RNA viruses.

O The IS convertedy the viral reverse transcriptase
Temn ISTET| ratec

and iIciently integ INTO the host genome

m Any foreign or mutated host gene introduced into the retroviral genome
will be integrated into the host chromosome and can reside there
practically indefinitely.

m Retroviral vectors are widely used to study oncogenes and other human
genes.
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EXxpression vectors

m Allows a cloned segment of DNA to
pe translated Into protein inside a
bacterial or eukaryotic cell.

m Vectors will contain the:

(a) In vivo promoter
(b) Ampicillin selection

(c) Sequencing primers -
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Expression Vectors Have Tightly Regulated Promoters: eg lacUV
promoter. To stimulate transcription, the artificial inducer, IPTG, is
added. IPTG binds to the Lacl repressor protein, which then detaches
from the DNA. This allows RNA polymerase to transcribe the gene.
Before IPTG is added, the Lacl repressor prevents expression of the
cloned gene.
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Expression Vectors Have Tightly Regulated Promoters: eg lacUV
promoter. To stimulate transcription, the artificial inducer, IPTG, is
added. IPTG binds to the Lacl repressor protein, which then detaches
from the DNA. This allows RNA polymerase to transcribe the gene.
Before IPTG is added, the Lacl repressor prevents expression of the
cloned gene.
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Types of expression systems

m Bacterial: plasmids, phages
m Yeast: plasmids, YACs

Expression vector J| JS Mamalian J!

Insect cells: baculovirus, plasmids J55 i yaii blizo Viruses b dick

: — f> w9934 Infection Joss @yb e 3| duixll
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— viral expression vectors (gene therapy):
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Important features of gene expression

3990 (1902 $= Rare codone daowl gdhuao (9 &3 14> JS.w.\ ol s U (g yll Jezmiw (950 @l
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m The presence of regulatable promoters.
m The number of copies of cloned genes.

m The location of the cloned genes whether inserted into a plasmid or integrated into
host genome. b > Ca3> 9951 Lo Gline Cdss (g By Liags

m The translation efficiency of the host.

m The cellular location of the foreign protein and its stability in the host cell.
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Regulatable promoter

m The presence of a strong regulatable promoter sequence is essential for an
effective expression of a cloned gene.

m This is achieved by employing the promoters of E. coli lac (lactose) operon or trp
(tryptophan) operon.

m These promoters have strong affinity for RNA polymerase, and consequently the
downstream region (of cloned gene) is transcribed.

m The promoters thus provide a switch for turning on or turning off the
transcription of a cloned gene
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EXxpression vectors

m Produces large amounts of a specific protein
m Permits studies of the structure and function of proteins

m Can be useful when proteins are rare cellular components or difficult to isolate
: Expression vectors JI Xlg8
Oliigydl 5o 835 ©lioS gl
.Hormonal activity o Enzymatic activity J| Bg:i g (umo (393 (b &3] Bagll 9ess wldgl
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Common problems with bacterial expression
systems

0 |Low expression levels:
= change promoter

P>y Rare codones 99 095 loJ

* change plasmid Yeast pasiuws byaSl Ju Mio iz ©luxJ Rare transfer RNA
change cell t eﬁ bywiSll J5 3 gan 8 w0 i ML o
= change cell type

aa8L U1 Rare RNA JI giuay yisdw
= add rare tRNAs for rare codons on second plasmid

m |Severe protein degradation:

— use proteasome inhibitors and other protease inhibitors —> ‘©lsgsdlisusS aial
— _trv.induction at lower temperature Protein stability JI Gle ahdlxoll

m |Missing post-translational modification:} co-express with kinases etc. -’1/
m |Glycosylation will not be carried out:

— use yeast or mammalian expression system 2593401 (9% £33 Bl
T —r . . Inactive Owigydl &lb gld Active veSs plixe
= |Misfolded protein (inclusion bodies): Loy LU| Kinase J1 6 DNA JI Ciwais Lgidg
— co-express with GroEL, a chaperone &udi Lo 3y=0 Phosphorylation uj
: lg24=) Denaturation of protein Josi Urea plasuiuwl @b e LG y4
— try refolding buffers 355 5 o 0 Refolding JLass Lo 4 S S0 Iagromen



Reporter Gene Vector 51551 05 lg=2lg Lga 050481 5l 3Ll 2

m A gene that encodes a protein whose activity can be easily
assayed in a cell in which it is not normally expressed

m These genes are linked to regulatory sequences whose function
IS being tested

m Changes in transcriptional activity from the regulatory sequences
are detected by changes in the level of reporter gene expression
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Shuttle Vectors

= Shuttle vectors can replicate in two different organisms, e.g.
bacteria and yeast, or mammalian cells and bacteria.

m They have the appropriate origins of replication.

= Hence one can clone a gene in bacteria, maybe modify it or
mutate it in bacteria, and test its function by introducing it into
yeast or animal cells.
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Cloning Strategy

: Cloning JI ddec Ju8 (94l (e g9y pgo Uloglso ;9

m Strategy depends on the starting information and desired endpoint.

m Starting Information or Resources:
— Protein sequence
— Positional cloning information

— MRNA species / sequence
— CDNA libraries S9y20 DNA sequences JI Jo

ﬁ Sy iy 830 Jol 39 L
— DNA sequence known or unknown
— Genomic DNA libraries

— PCR product




Insertion of Genes Into Plasmids?

bl padlao 3 pgds by yeaiy S Cloning J1 &l Wy ylise

To understand how genes are cloned, we need introduce three terms.

Recombinant DNA- Is mixed DNA

Vector -it carries recombinant DNA into cells.

Plasmids - are tiny circular pieces of DNA that are commonly found In
bacteria.




Digestion of rDNA and Plasmid

both rDNA and Plasmid should be digested by the same enzymes

Plasmid should be dephosphorylated by alkaline phosphatase to prevent

self re-ligation

alosy Tgy &l 830 dl> go iy Lo duoi Ml ] (oudas Glined puisBl puiis 3u0jMl g DNA JI padin Lus>
Sl Ml 35T die (S0 T papidl slog Alkaline phosphatase dousl puyi] plasiusl Dephosphorylation
Both digested plasmid and rDNA are run on the agarose gel and the
bands are excised from the gel

Each band will be purified using DNA purification kit
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m Alkaline phosphatase removes 5’ phosphate groups from DNA and RNA. It
will also remove phosphates from nucleotides and proteins. These enzymes
are most active at alkaline pH

m There are two primary uses for alkaline phosphatase in DNA manipulations:

— Removing 5’ phosphates from plasmid and bacteriophage vectors that
have been cut with a restriction enzyme. In subsequent ligation reactions,
this treatment prevents self-ligation of the vector and thereby greatly
facilitates ligation of other DNA fragments into the vector (e.qg.
subcloning). 2954 Radioactive DNA gius by Lo & alill dagbgl .o

2 9 Polynucleotide kinase > g Phosphate Juisi

Radioactive DNA Lo glhy ()Lisc Radioactive phosphate

— Removing 5 phosphates from fragments of DNA prior to labeling with
radioactive phosphate . I50I_ynucleot|de kinase is much more effective in
phosphorylating DNA if the 5" phosphate has previously been removed




Ligation of the rDNA to the plasmid

m Ligation is performed using DNA ligase catalyzes the formation of a phosphodiester
bond between the 3'-OH at one end of a strand of DNA and the 5'-phosphate group

of another.
m [n animals and bacteriophage, ATP is used as the energy source for the ligation,
while In bacteria, NAD* is used. S —

‘sticky ends’ (sugar-phosphate)
A Y /—)_\

Energy J| §9 3azuiw pasivuall ddl £95 cun>
.Ligation JI ales) source

ATP pasvius : Bacteriophages oi Animal cell 13

Insert
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Factors atfect ligation

m DNA concentration
m Ligase concentration
m Temperature

m Buffer composition



