2. Phage Cloning Vectors

Fragments up to 23 kb can accommodated by a phage vector
Lambda and M13 are most common phages
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60% of the genome is needed for lytic pathway.
Segments of the Lambda DNA is removed and a stuffer fragment is put in.

The stuffer fragment keeps the vector at a correct size and carries marker
genes that are removed when foreign DNA is inserted into the vector.

Example: Charon 4A Lambda

When Charon 4A Lambda is intact, beta-galactosidase reacts with X-gal and
the colonies turn blue.

When the DNA segment replaces the stuffer region, the lac5 gene is missing,
no beta-galactosidase is formed, and the colonies are white.



Bacteriophage lambda

Phgge lambda is a bacteriophage or phage, i.e. bacterial virus, that uses E. coli as

lts structure is that of a typical phage: head, tail, tail fibres.

Lambda viral genome: 48.5 kb linear DNA with a 12 base ssDNA "sticky end" at both
ends; these ends are complementary in sequence and can hybridize to each other
(this Is the cos site: cohesive ends).
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Infection; lambda tail fibres adsorb to a cell surface receptor, the tail contracts, and
the DNA is injected.

EggtDNA circularizes at the cos site, and lambda begins its life cycle in the E. coli
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Bacteriophage lambda
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The phage infects The phage DNA The cell divides, Under stressful conditions,
a cell. becomes incorporated and prophage DNA the prophage DNA is excised
into the host genome. is passed on to from the bacterial chromosome
daughter cells. and enters the lytic cycle.

DNA replication

Lysis A genetic map of the
) lambda phage genome
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When packaged in the phage head the dsDNA is linear
with single-stranded complementary overhangs of single-
stranded DNA at the cos site at each end. In the host
these ‘sticky-ends’ join together (and are sealed by the
host enzyme ligase) to form a circular dsDNA molecule
) ) . protected from degradation by host exonucleases. The
The cell lyses, releasing New phage particles Phage DNA replicates and host enzyme DNA gyrase also supercoils the cdsDNA.

the newly made phages. are assembled. phage proteins are made.
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Cosmid Cloning Vectors
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m Fragments from 30 to 46 kb can be accommodated by a cosmid vector.
m Cosmids combine essential elements of a plasmid and Lambda systems.
m Cosmids are extracted from bacteria and mixed with restriction endonucleases dsllas dlac

m Cleaved cosmids are mixed with foreign DNA that has been cleaved with the same
endonuclease.
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m Recombinant cosmids are packaged into lambda capsids
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m Recombinant cosmid is injected 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 Vehicle:
m Strong selection for cloning of large inserts

m [nfection process rather than transformation for entry of chimeric DNA into
E. coli host

m Maintain Cosmids as phage particles in solution

m But Cosmids are Plasmids:
so cloning proceeds via E. coli colony formation

m Its behave as a plasmid when it is inside the cell
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Fig. 4.38: A typical Cosmid vector and the way it is used to clone long fragments of DNA




Yeast Artificial Chromosomes

m Purpose:
m Cloning vehicles that propagate in eukaryotic cell hosts as eukaryotic Chromosomes
m Clone very large inserts of DNA: 100 kb - 10 Mb
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m Features:
YAC cloning vehicles are plasmids
Final chimeric DNA is a linear DNA molecule with telomeric ends
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m Often have a selection for an insert

m YAC cloning vehicles often have a bacterial origin of DNA replication (ori) and a selection
marker for propogation of the YAC through bacteria.

m The YAC can use both yeast and bacteria as a host
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Yeast Artificial
Chromosomes (YAC)
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Fig. 4.45: The steps involved in cloning a large segment of human DNA in YAC




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




Bacterial Artificial Chromosomes(BACs) and
Yeast Artificial Chromosomes(YACs)

m BACs can hold up to 300 kbs.
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m The F factor (felament gene)of E.coli is capable of handling large segments of DNA.
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m 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.

m 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.

m 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.
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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.




Retroviral Vectors

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

m Retroviruses are RNA viruses.

m The viral RNA is converted into DNA by the viral reverse transcriptase
and then is efficiently integrated 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.



Expression vectors

llows a cloned segment of DNA to be translated into
protein inside a bacterial or eukaryotic cell.

m Vectors will contain the:
(@) in vivo promoter =
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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.



Types of expression systems

m Bacterial: plasmids, phages
m Yeast: plasmids, YACs
m Insect cells: baculovirus, plasmids

m Mammalian:

— viral expression vectors (gene therapy):

3l gvirus shell J 8 4liai g cuall 336 e lal 48l Ba Lo 5 -
Liallinfection Jex

m SV40

B VacCcCinia VvIirus JYwcancer cells ¢« YSlhormal cells L:Ajlj.&j.ul\uﬁew Ll U
- o84l pdh LW s iy We eV : 3

m adenovirus el (B Al i b TQETCCRDY W PR YRS

m retrovirus
- Stable cell lines (CHO, HEK293)




Important features of gene expression

The presence of regulatable promoters. 4 aSail )l
The number of copies of cloned genes.
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The location of the cloned genes whether inserted into a plasmid or integrated into
host genome.
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The translation efficiency of the host.
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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 promoted by tryptophan amino acid.

m These promoters have strong affinity for RNA polymerase, and consequently the
downstream region (of cloned gene) is transcribed.
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m The promoters thus provide a switch for turning on or turning off the transcription of
a cloned gene
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Expression vectors

m Produces large amounts of a specific protein  s«ill (s a5 (ol 9i¥) (55

m Permits studies of the structure and function of proteins
aixgfunction J) <o si glie G 0 g llexpression Jazi (all jaz 8 m
m Can be useful when proteins are rare cellular components or difficult to isolate
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Common problems with bacterial
expression systems

m Low expression levels:
change promoter &l s
change plasmid
change cell type 4wlic (e Lgaading )4 ¢ S5 Ll
add rare tRNAs for rare codons on second plasmid
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m Severe protein degradation:
— use proteasome inhibitors and other protease inhibitors

— try induction at lower temperature «— v J ouis il 4eaS JEi Ll
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m Missing post-translational modification: co-express with kinases etc.
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Common problems with bacterial
expression systems

m Glycosylation will not be carried out:
— use yeast or mammalian expression system
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m Misfolded protein (inclusion bodies):
- co-express with GroEL, a chaperone
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- try refolding buffers
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