Fundamentals of Genetic
Engineering



What are vectors?

 Vectors are DNA molecules that act as destination
for GOI.

* Vectors act as a vehicle to ultimately transfer the
gene into host

* Host are like biofactory!

Vectors can be:
Plasmid, Bacteriophage, Cosmid/ phagemid,
Transposon, Virus, Artificial chromosome



What is Plasmid?

Plasmids are extra-

Chromosomal DNA mOlECUlE‘. Table 4.1 Some phenotypic traits exhibited by
‘ i . plasmid-carried genes.

Plasmid are replicons which are
I i Antibiotic resistance

St&b'y lnhented. Antibiotic producticn

Th ey range from 1kb to 200kb Degradation of aromatic compounds

Haemolysin production

In size. Sugar fermentation

; 5 Enterotoxin production
Most plasmids exists as double- .00 escance
stranded circular DNA Bacteriocin production

Induction of plant tumours
molecule. Hydrogen sulphide production
. . Host-controlled restriction and modification

Plasmids are present in Sot AR P
prokaryotes.

Plasmids gives special
phenotypes to the host.



Nomenclature of plasmid cloning
vectors

pBR322

‘v’ indicates that this is a plasmid.

‘BR’ indicates the laboratory where the
vector was constructed- Boliver and
Rodriguez are the researchers who
developed the constructs

‘322’ is a serial number. Distinguishes it
from other plasmids.



Plasmid cloning vectors

Useful properties of pBR322

< 10 kb; 4363bp; can thus be easily
purified

Selectable marker- amp' and tet";
insertional inactivation is possible as
there are multiple cutting sites

High copy number; generally 15 but can
be extended up to 1000-3000 copies
Conjugative plasmid
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Plasmid cloning vectors

{a) Construction of pBRA22
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Plasmid cloning vectors

pBR327

Higher copy number;
generally 30-45

Better suited for studying
the function of the clone
It is non conjugative

pBRIZZ _origin
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3273 bp
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Plasmid cloning vectors
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Selection by Amp’

Multiple cutting site: so can
be double digested with 2
enzymes to produce a
vector that has a direction!
e.g. one EcoR1 sticky end
one BamHI sticky end.




Plasmid cloning vectors

(a) pPGEM3Z

- pGEM3Z

* Similar to pUC

* Speialized for transcription as
additional RNA pol binding site
has been added

* RNA pol of phages can also be T7 promoter
used; just change the
recognition sequence as per ONA insart \

N
polymerass

(B) In witro BNA synthesis \

requirement and infect the
bacterial cells with phage!!

RNA,
transcripts



Phage based cloning vectors

M13

Viral genome is very small and
tightly packed (everything
unnecessary has been deleted
in the course of evolution)

So, freedom of engineering
original phage vector is tough
Only 507 nt IS (Intergenic
seguence) is manupulable




Phage based cloning vectors

Development of
M13mp2

LacZ insertion in IS

Mutagenesis to introduce an

EcoR1 site

(a) Construction of M12mp1

Restriction,
oFi llganon
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(b} Construction of M13mp2
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Development of
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Add a polylinker (to
introduce MCS)



Phage based cloning vectors

What happens restriction digestion happens?

a) Restriction of M13mp7
(a) P All or part of polvlinker
Polvinker P

{ —— EcoR), BamHi T,
Im:g\ or Sall /’;\;ﬂ vl \
Sticky ends .

LY i LY

(b) Religation with new
DNA-possible products (¢} Colour of plagques on X-gal agar

1 New DNA inserts:

‘u

/ _ lacZ’ disrupted == No p-gal lear plaque
; New Jiva

2 Polylinker reinserts:

T mmenms
f}':" ﬁ\ lacZ ' reformed —e= fi-gal —= Blue piavue
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3 Nothing inserts—self-ligation:

g
/, /x facZ'reformed —e= [i-gal —= Blue plague
! %



Hybrid vectors

Phagemids

Plasmid+ phage vectors =
Phagemids

Why is this useful?

There is a size limitation for Phage
vectors. Inserts higher than 1500
kb is hard to be accomodated
PEMBLS: pUC skeleton with 1300
bp from M13 genome

pEMBLS is able to replicate in
phage!

(a) pPEMBLB

M13 DNA
), fragment

Cluster of sites
(see fig. 6.3b)

(b) Conversion of pEMBLE into single-stranded DNA

0 M13 replication

protesn

The M13 protein
’_\ replicates pEMBLS into

; single-stranded DNA

Double-stranded

pEMBLB \

8 O

Single-stranded
pEMBLE molecules

pEMBLS ‘phage’
parbicles



Cloning vectors based on A phage

(a) The size limitation

. Problems with ofiginal Normal A genome Possible recombinant
| 49 kb ) > 52 kb
A phage as a vector T—
R l l New DNA
* Size limitation: Normal X >3 kb
genome 49 kb and &? Too big to
. . - package
highest Icapacity of 4
phage head is 52 kb; so
only 3 kbinsertis (b) Multiple restriction sites
possible! L1 1213141518)£coRi
* Multiple site for all the Qiom
restriction enzymes (so \/
' ' 3 e
no 5|.ngle/one cutteris 12) 15\, RIEon . Comolex mixturs
possible) LI gk >~ of molecules

4



Cloning vectors based on A phage

Solution to Size
limitation: Delete
region without which
the phage is viable; 15
kb can be deleted! So
18 kb insert is possible!

Solution to lack of
single cutter site: Use
mutagenesis, but in
nature’s way! Natural
selection

[

5 EcoRl sites

f”/»ﬁ‘ﬁ
Liblll]

Normal A, DNA

!

Infect E. cofi cells
producing EcoRl

Only 3 EcoRI

Plagque formed
by mutant phage

Repeat infection
with mutant phage

No EcoRl
("‘i‘ sites |

Second mutant
phage strain

Few more plagues



Cloning vectors based on A phage

(a) Construction of a i insertion vector

. Normal 4 DNA A insertion vector
|nSEl‘t10n vector: | (49 kb) | Cleave, ligate " (35-40 kb) |
A gt10 (can carry 8kb into st ‘

a EcoR1site in Cl gene), regien
AZAPII (10 kb insertion (b) Agt10 (c) AZAPII

. . EcoRl P
possible using any of the L 3:1 | 40 kb | p etk
Six enzymes Deletion cl lacZ’ Deletion

Replacem ent uector- DO (a) Cloning with a A replacement vector

Restrict, ligate

not insert; rather ey = LM’ '
substitute! AEMBL4, E i /

EcoRl, BamHI, Sall

AGEM11, AGEM12 (b) AEMBL4
or a combination

[ A A ] > L ﬁ—]
Mew DNA, up
e S to 23 kb

R=EcoRl B=BamHl S =Sall



Cosmids

Plasmid + A
Phage DNA =
COSMID
Specialized for
very large DNA
fragments
Special cos
(cohesive) site

& BAC,
YAC etc.

a) Cloning with circular 4 DNA

EcoRl Ecoﬂl

EcoRl, Ilgate

i insertion factor
= circular form

{(b) Cloning with linear &, DNA

- Ecoﬁl'_' Ligate

L L EcoRl —

Aarms
==
EcoRl | EccRI

[ “—
New DNA

CCIS

EcoRl

\ New DNA
EcoRl

\\ Tran sfact

Recombinant
molecule

cos

Catenans

E. coli

cos

i

A0

Hecombmant A

Infer:t E. coli

in vitro
packaging mix



