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VECTORS AND THEIR
TRANSFORMATION
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Vector types

m SmalllDNA'molecule capable of self replication that are used as

cloning vehicle or carrier of DNA fragment.
> clohing aw.aJ %mh_s);&pl

m Selection of the vector type depends on host-used in the
cloning and size of insert

- Plasmids
- Phages
— Hybrid vectors

— Artificial chromosomes
1}:&‘ s\é»‘.\n PV
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PROMOTER
how do I know that the start making RNA here

OF WHAT?

cells I'm growing actually

Vector Characteristics —eranmeor

.
SELECTION O’O my INSERTed
MARKER : cDNA!
antibacterial p I asm |d
resistance gene
' ) vector «‘ how'd that get
- c c . if it grows, ) in here?
Self replication, multiple copies) Ty 30
. . . . . m | cut & pasted at
Repllcat|0n origin site. ORIGIN OF REPLICATION these
says start copying the DNA here RESTRICTION

SITES
what if | need more plasmid?

Cloning site.

Selectable marker gene.

Small size.
Easily isolated & purified.
Easily transformed into host cell.

Control elements - promoter, operator, ribosome binding s@Nt _
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Types

m There are two types of vectors:

- Cloningvectors: DNA molecules that are used to "transport”
cloned sequences between biological hosts and the test tube.

Examples: Plasmids, Phage or Virus to get millions ofcopies:
S p N Olnzliao & SSTEANS Y Ao

— Expressionyvectorsia plasmid or virus used to introduce a
specific.gene-into-a target.cell, and can commandeer the cell's
mechanism for protein synthesis to produce the protein
encoded by the gene expression alac gue o5 a3l e
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Cloning vectors

m Cloning vectors are used in genomic library, preparing probes and
Genetic engineering experiments.

m| Selection of cloning vector depends on :-
— Objective of cloning experiment

- Ease of working.

- Knowledge existing about the vector.
- Suitability.

- Reliability
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Gloning vettors el3=!

® Self replication, multiple
copies.

B Replication origin site.

m Cloning site.

B Selectable marker gene.
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Cloning vectors

m Cloning vectors share four common properties \é}'&
m 1. Ability to|promote autonomous replication. & 3\%

2. Contain a|genetic marker|(usually dominant) for selection.

3.

4.

Uniquejrestriction sites|to facilitate cloning of insert DNA.

Minimum amount of nonessential DNA to optimize cloning.
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PlasmidsS s . oo e s st s s

m Bacterial cells may contain extra-chromosomal DNA

called plasmids. o \
. . Q:’\
m Plasmids are usually represented by small, circular B
double stranded DNA. Z
w
O Solrlne plasmids are present in multiple copies in the e
ce

m |n addition to bacteria, it may exist in the nuclei of
some eukaryotic cells.

m They can replicate independently of the host cell. The

Origi
size of plasmids ranges from a few kb to near 100 kb —

m Can hold up to 10 kb fragments
10000 Liv 3000 s> saswnd Lol Lled Sl Notewise




Plasmid vectors
Origin of replication

Plasmid vectors contain:

Origin"of'replication’(Ori) is a DNA segment recognized by the cellular DNA-

replication enzymes.

Wit — gins DN | i inet !
a gene that permits selection,

Here the selectivergenerisrampr; it encodes the enzymesb=lactamase;,
which inactivatesrampigcillin.

E DI/ be. ' he | L egion,.
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Selective marker

Selectiveimarker is required for maintenance of plasmid in the cell.

Because of the presence of the selective marker the plasmid becomes useful
for the cell.

Under the selective conditions, only-cells that contain plasmids with
selectable marker can SUrvive 8 sl oySall coya

Genes that confer resistance to various antibiotics are used.

Genes that make cells resistantto ampieitlin, neemyein, tetraeyeline or
chieramphenicolare used
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m Many cloning vectors contain a multiple cloning site or polylinker: a DNA
segment with several unique sites for restriction endonucleases located
next to each other

m Restriction sites of the polylinker are not present anywhere else in the
plasmid.

m Cutting plasmids with one of the restriction enzymes that recognize a site
in the polylinker does not disrupt any of the essential features of the
vector
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Restriction site

Multiple cloning site e ™™™

@ Cleave vector with

9o 999 vestrictions GV\’L\,MGS o ey aale @CVL“ Joal 528l > US> LacZz]! restriction enzyme
aisl sudiss fragments clos oSy s pelasg diay MCS yeo o urig sifes
Restriction sites
D3 7y M DNK bow o) To - ol doys e freezer 8 bacteria Js-1s | |
(s S yasI amp® Foreign DNA
T Gene of
%30 Josude doo auadg US> Tp - e dasd l interest
m Gene to be cloned can be introduced into the &\ @Clﬁaveforeign
. . . . DNA with same
cloning vector at one of the restriction sites “ restriction enzyme
present in the polylinker, transformed into o T—
. _—
bacteria - —
m After culture growth, the clone fragment can l (8) Mix vector and DNA fragment under
be recovered easily. The cells are lysed and s i
the DNA is isolated and purified. l @;;::;:::v::;:t:;gasm'°'" PNA

m A DNA fragment can be kept indefinitely in
bacterial culture if mixed with glycerol in a -
70 degrees C freezer.

Recombinant vector

‘ carrying gene of
interest

(b) Preparation of recombinant plasmj Ctdated with

L3
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Plasmid Polylinkers and Marker Genes for Blue-White
screening

Colonies with recombinant plasmids are white,
and colonies with nonrecombinant plasmids are
blue.

Example: pUC19
Resistantto-ampicillin,“has(amp™gene)

Contains portion of the lac operon which codes
for beta-galactosidase.

X-gal is a substrate of beta-galactosidase and
turns blue in the presence of functional beta-
galactosidase is added to the medium.

Beta e Lud 2y B galactosidase <ays insert ©isl ey (ool lgig) I
B33 o9 pid e X gal sy il ié s
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X-Gal reaction B e e

plasmed + insert

HO

Cl
HO H : H
-Galactosidase Br
= / " OH
N OH

S-bromo-4-chloro-3-hydroxyindole  galactose

X-gal
(5-bromo-4-chloro-3-indolyl-[i-D-galactopyranoside) <o
oxidation
'l:'l Br
‘ M O
Br H

Cl

insoluble blue 5,5'-dibromo-4 4'-dichloro-indigo
(5,5'-dibromo-4,4'-dichloro-1H, 1'H-(2, 2" )biindolylidene-3,3'-dione)
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TYPES OF CLONING VECTORS
1. PLASMID VECTORS

m Plasmid vectors are used to clone DNA ranging in size from several
base pairs to several thousands of base pairs (100bp -10kb).

m ColE1 based, pUC vehicles
commercially available ones, eg pGEM3, pBlueScript, pET16
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Plasmids advantages and
disadvantages

m Advantages:

Small size (easy to manipulate and isolate)

Circular (more stable)

Replication independent of host cell

Several copies may be present (facilitates replication)
Frequently have antibiotic resistance (detection easy)

m Disadvantages:

Cannot accept large fragments
Sizes range from O- 10 kb

- Standard methods of transformation are_inefficient
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2. Phage Cloning Vectors

Fragments up to 23 kb can accommodated by a phage vector

Lambda and M13|are giosicommomphiages

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 gorrect'sizerand 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 lacS gene is missing,

no beta-galactosidase is formed, and the colonies are white. -
Notewise
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: damyg Ad> virus Jesso  LyeSdl o5 DNA
Bacteriophage lambda virus 15-10 ghas Lyl adsl lajody
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Wda IS a bacteriophage or phage, i.e. bacterial virus, thatq

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

m 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).

C

The DNA circularizes at the cos site, and |dmbda’beginsiitsiife’cyclelinthe e
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Bacteriophage lambda

20 )

The cell divides, Under stressful conditions,

and prophage DNA the prophage DNA is excised
is passed on to from the bacterial chromosome
daughter cells. and enters the Iytic cycle.

+ |
£ /"'lh > M 2, @
® ¥ FED @ e
4 ~~ ST 4N

~ \@\:gl !/)( 6 6

The cell lyses, releasing New phage particles Phage DNA replicates and
the newly made phages. are assembled. phage proteins are made.

The phage infects The phage DNA
a cell. hecomes incorporated
into the host genome,

'

}cut cos site Prm

P, 7 Pre
Head genes
Tail genes

Recombination

att

Head genes

Tail genes

DNA replication

Lysis A genetic map of the
A lambda phage genome
}cut cos site

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
host enzyme DNA gyrase also supercoils the DNA
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