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Why cloning ?

AGetting copies of long genes (because PCR limit
max 5kb)

ACopies of genes that has never been studied
(sequence not known)



Gene Cloning steps

(1) Selection of a cloning vector

(2) Selection of a host organism

(3) Preparation of a vector DNA

(4) Preparation of DNA to be cloned

(5) Creation of recombinant DNA vector (having foreign DNA)
(6) Introduction of recombinant vector into host organism

(7) Selection of clones having insert vector.

(8) Screening and multiplication of recombinant clones with desired DNA inserts.
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Gene Cloning steps

1 Construction of a recombinant DNA molecule
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recombinant
DNA to be DNA
cloned

DNA replication
within cells

many cell clones each containing multiple
copies of the same recombinant DNA
molecule (DNA clones)
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Different strategies of cloning
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Traditional cloning
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PCR cloning

PCR cloning involves the direct ligation of a PCR-generated DNA fragment
without using restriction enzymes to cut the insert. One of the most commonly
used PCR cloning method takes advantage of an adenine (A) residue that is
added by the Taqg polymerase at the 3’ ends of the DNA fragments during the
amplification process. These “A-tailed” products can be directly ligated with
“T-tailed” vectors. This method 1s therefore known as “TA” cloning.
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PCR (TA) cloning
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Ligation independent cloning (LIC)

ALigation independent cloning (LIC) is usually carried out by
adding short sequences of DNA to the fragment to be cloned
that are homologous to the destination vectfhis is easily
accomplished by using modified primers during the PCR
amplification).

AComplementary cohesive ends between the vector and insert
arethenformedd & dzaAy 3 Syl &YyYSa Al
activty @ KA OK OKSg o0l O]l o0Q 39naka
the resulting two molecules are then mixed together and
annealed.
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Ligation independent cloning
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Gibson Assembly Cloning System

AThis is a singlstep technique based on three enzymes that
allows assembly of multiple DNA fragmeimsan isothermal
singletube reaction First, an exonuclease Is used to create
singled 1 N YRSR o 2OSNKFy3a GKI
fragments at the overlap region. A DNA polymerase is then us
to fill in the gaps within each annealed fragment.

A Finally, a DNA ligase seals the nicks in the assembled DNA
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Overlapping fragments + linearised cloning vector

\

Incubate fragments at 50 °C with
5’ exonuclease + DNA Pol + DNA Ligase

Gibson Assembly Method 'l'

- J

Assembled cloning vector with overlapping fragments

V

Transformation and plating
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Recombinatorial cloning /Gateway Cloning System

ARecombinatorial cloning uses sipecific DNA recombinases,
Syl eySa OFLIotS 2F Gagl LILAY 3
molecules containing the appropriate sequences (known as
recombination sites).

ALG NBfASa 2y 062 LINBLINRASUI NE
[ 2yl asSeo 02 agl L) | 5b! FNJ 3
sites.

AFirst the appropriate recombination sites are inserted by PCR o

either side of the insert to be cloned, and then this is recombine
with a Donor vector to create an Entry clone.

AThisEntry clonds recombined again with a Destination vector
(the required final vector) to make the final construct.
Importantly, a large collection of Entry clones is already availab
on the market to facilitate Gateway cloning.



Recombinational cloning

Recombinational cloning is a rapid and versatile system for
cloning sequences without restriction endonuclease and ligatic
reactions. This system exploits the mechanism used by

0F OOUSNRA2LIKIFIS < (2 AYyaGSANI (S
Into the host bacterial genome during infection.
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PCR in
entry vector

In the first stage a PCR product (PCR) is transferred into an entry vector-byesitic
recombination across att sites.
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In the second stage, the product
Is transferred into a specialized vector by

Specialized recombination.

vector

PCR

PCR in
e specialized

vector

entry vector
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Recombinational Cloning/ gateway cloning

A By-product
attB1 attB2 attR1 attR2
T Target DNA T - Toxin gene -
Toxin gene Target DNA
attP1 attP2 attL1 attl.2
Donor vector —» Entry clone
SM1 SM1

(A) Recombination (thin vertical lines) between a target gene with flanking attachment
sites (attB1 and attB2) anddmnor vectorwith attP1 and attP2 sites on either side of a
toxin gene results in an entry clone where the target gene is flanked by attL1 and attL2
sites. The selectable marker (SM1) enables selection of cells transformed weitiiran
clone.The protein encoded by the toxin gene kills cells transformed with nonrecombine
donor vectors. The origin of replication of the donor vector is not shown.
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Recombinational Cloning/ gateway cloning

B
SM1 SM1
Entry clone By-product
attL1 attL.2 attP1 attP2
Target DNA Toxin gene
—-..
Toxin gene Target DNA
attR1 attR2 attB1 attB2
Destination vector Expression clone
SM2 SM2

(B) Recombination between the entry clone with flanking attL1 and attL2 sites and a
destination vectorwith attR1 and attR2 sites results in an expression clone with attB1 an
attB2 sites flanking the target gene. The selectable marker (SM2) enables selection of
transformed cells with an expression clone. The second plasmid, designhated -pscal bgt,
has the toxin gene flanked by attP1 and attP2 sifgdls with an intact destination vector
that did not undergo recombination or that retain the-4pyoduct plasmid are killed by the
toxin. Transformed cells with an entry clone, which lacks the SM2 selectable marker, are
selected against. The origins of replication and the sequences for expression of the targ

gene are not shown by SS Nishank, Dept. of Zoology, Utkal 19
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Cloning vector

AVectors are DNA molecules which can replicate
autonomously& can be used to carry the insert
DNAfor transfer into organisms& amplification of
this DNAIn vivo.



Cloning system based on

PLASMID VECTORS

Plasmid vectors
allowing
replication to
high-copy-
numbers

Plasmid vectors
whose copy
number is
constrained

PHAGE VECTORS

M13

Standard plasmid and
phagemid vectors

Cosmid vectors

Fosmid vectors

PAC (P1 artificial
chromosome) vectors

BAC (bacterial artificial
chromosome) vectors

YAC (yeast artificial
chromosome) vectors

A insertion vectors e.g. Agt11

A replacement vectors

P1

Insert size

Usually up
to 5-10 kb

30-44 kb
30-44 kb
130-150 kb
up to

300 kb

0.2-2.0 Mb

small

up to 10 kb

9-23 kb2

70- 100 kb

Copy
number
(per cell)

often high

high

1-2

low

low to
medium

low

low

Applications

Very versatile. Routinely used in subcloning of fragments amplified
by PCR. Also widely used in making cDNA libraries and for expressing
genes to give RNA or protein products. Phagemids can produce
single-stranded recombinant DNA

Used for making genomic DNA libraries with modest-sized inserts.
However, high copy number makes inserts comparatively unstable

An alternative to cosmid cloning, providing much greater insert
stability at the expense of lower yields of recombinant DNA

Used for making genomic DNA libraries, often as a supplementary
aid to BAC cloning

Used extensively to make genomic libraries for use in genome
projects

Used as an intermediate cloning system for some genome projects
(e.g. Human Genome Project) but inserts are often unstable. Also
useful in studying function of large genes or gene clusters

Useful in the past for making single-stranded recombinant DNA for
sequencing templates and site-directed mutagenesis. Superseded
by phagemids

Useful for making cDNA libraries because they can accept quite large
inserts and because large numbers of recombinants can be made

Used for making genomic DNA libraries in the past; rarely used now

Used for makln;f;l(genomlc libraries in the past; rarely used now
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Commonly used vectors

Vector Type Insert Size Examples Purposes

Plasmid 10-20 kb pUC19, pCMV | DNA
manipulation;
protein
expression; and
many others

Phage Around 10 kb | A gt11 cDNA libraries

(A, insertion)

Phage Around 23 kb | EMBL4 Genomic DNA

(A, replacement) libraries

Cosmid Around 45 kb | pHM1; p)B8 Genomic DNA
libraries

Phagemid 10-20 kb pBluescript DNA
manipulation;
in vitro
transcription;
in vitro
mutagenesis

BAC 130-150 kb pBACe3.6 Genomic DNA
libraries

YAC 1000-2000 kb | pYAC4 Genomic DNA

by SS Nishank, De
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Plasmid VVectoghould have basic
features needed for cloning)

AAntibiotic resistance
AMultiple copy number

ACompatibility (many different plasmids together in
a same cell)



Sizes of representative plasmids.

SIZE

NUCLEOTIDE LENGTH MOLECULAR MASS
PLASMID (kb) (MDa) ORGANISM

by SS Nishank, Dept. of Zoology, Utkal
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Plasmid vectors
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Copy number of some plasmids

Plasmid Size Copy
Plasmid | (Approx.) (bp) | Number
pUC 2700 500-700
pBR322 2700 >25
ColE1 4500 >15

by SS Nishank, Dept. of Zoology, Utkal
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PlasmidpBR322

EcoRl

BamHlI
Pstl

AMPR TETR

generop plays an important role in
maintaining the copy number. Absence of rop
gene leads to uncontrolled number of plasmid
copies and vice versa.

by SS Nishank, Dept. of Zoology, Utkal
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Use of pBR322 plasmid

BamHlI BamHI
Insert |

Cut with BamHI
and ligate

BamHl

BamHlI

AMPR TETFE

Recombinant

plasmid

rop

Transform E. colfi
/C‘;cblcmynr containing plasmid
Petri dish containing agar with ampicillin

Replica plate
Colony containing

/ non-recombinant plasmid

Petri dish containing agar with ampicillin
by SSNRBREXR Sept. of Zoology, olony containing

ecombinant plasmid

University on ampicillin plate
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pUC 18 plasmid

lacZ
....L 8 A H R C T 8 E L P D G P V &8 8 8 N T I M T M
HindIII Pstl Xbal Smal Sacl

5'-ccAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCgtaatcatggtecat-31"
3'-ggTTCGAACGTACGGACGTCCAGCTGAGATCTCCTAGGGGCCCATGGCTCGAGCTTAAGcattagtaccagta-5"
SphI HineII BamHI KpnI EcoRI

Multiple cloning site

by SS Nishank, Dept. of Zoology, Utkal
University
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pUC 18

(a)

( b) lacZ’ (a-peptide)
EcoRI / I—I indIT1
Sacl S ph1
KP" P.rtI
Smal BamHI Xbal

Xmal Sall

Aeccl
Hincll

Map of plasmid pUCI 8. (a) The physical map, with the positions of the origin
of replication (ori) and the ampicillin resistance gene (Ap") indicated. The lacl gene (lac
repressor), multiple cloning site (MCS) or polylinker, and the lacZ’ gene («-peptide
fragment of [3-galactosidase) are also shown. (b) The polylinker region. This has multiple
restriction sites immediately downstream from the lac promoter (Pj;c). The in-frame
insert used to create the MCS is hatched. Plasmid pUCI9 is identical with pUCI8 apart

S hank Dept. of Zaol Utkal
from the orientation of the iﬁoﬁrl nker| region, w ich's reversed. 30




Ligation
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Use of DNA ligase

A DNA ligases catalyze the covaléng y R T 2 NI I U A Phbspbakl ¢ S
1 N2 dzLJ 4dhydrBxyl group,

ALGO FOG & 5b! NBLI ANI Syl &¥teddbreakRn d
nucleic acids

A If E. coli DNA ligase is useditjuires NADHand if T4 DNA ligase is usedsts
ATPas the source of energy required for the ligation reaction.

A The recommended ratio for a ligation reaction is 1 molecule of vector to 3 or !
molecules of insert. Even then, this is an enzymatic reaction and thus it will n
be 100% efficient, regardless of the vectorinsert ratio used.

A Therefore, the ligation reaction will include a mixture of nonligated fragments,
correctly ligated fragments, incorrectly ligated fragments,-a@lfiealing of the
plasmid vector, and sometimes even tandem ligations

by SS Nishank, Dept. of Zoology, Utkal
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Problem of ligation



Correct

orientation
BamHI BamHI

N
R =
T BamHI

h) ¥

Ligation Reaction

C-CQCQCO

Self-ligation of vector Recombinant DNA, Recombinant DNA, Tandem ligation
correct orientation wrong orientation of inserts

Unligated molecules

Possible products of a ligation reaction, where the vector and insert are both digested
with the same restriction enzyme.



Create nonidentical, complementary
sticky ends (directional cloning).

Vector DNA
EcoRl BamHl
Digest with both

EcoRl and BamHl.

_» Remove fragment.

Nonidentical
sticky ends

\ toinsert-DNA
‘. ends.

/’63' 5 W\
CTTAAS 36
a =

complementary

/
SERATTCN =63

/
/

Insert DNA
EcoRl BamHl|

f 1
Digest with
both EcoRl
and BamHl.

Y
I i
7 \

\
\
\
\

3 Gy [mCCTAGS

Combine fragments.

Recombinant vector

/ \
/ \
/ \

/

GAATTC‘//HGGATCC
ﬁCTTAAG_//JCCTAGG\ /

Inserted DNA can be ligated into
vector in only one orientation.

Unligated vector

Vector alone cannot
be religated.

by SS Nishank, Dept. of Zoology, Utkal

Directional cloning of DNA molecules.
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CTTAAS 3'G
3
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Solution to problems of ligation

A Using two different restriction enzymes for cloning (RE1on one end of the
fragment, and RE2 on the other end of the fragment) usually circumvents one
of the ligation mistakes, that is, ligation of the insert to the vector DNA in the
wrong orientation (Figure A). This is particularly important if the insert DNA w

be used for the expression of proteins (where the orientation will affect
promoter-driven expression).

A In order to avoid seffigation or seHannealing of the vector,it is customary to
UNBI O U0KS RAISa0SR OJ3lkniin2 Rosphaiadesy LIKIN
toligatiom G KA & YSlIya GKFEGO 0KS @SOG2NJ OF
phosphates on both strands (Figure B)



(A)

BamHl EcoRl

BamHI EcoRI
/—\
BamHl ECORI

—— G-OH '+, P-GATCC ——
—— CCTAG-P ™, OH-G ——

s, Al

No Self-Ligation !!!

(A) Ligation of the insert into the vector DNA in the wrong orientation can be avoided
using two different restriction enzymes. (B) Phosphatase treatment of the vector is
routinely used to minimize the possibility of vector sdifyation.



Ligationof foreignDNAwith plasmidby methods..

(a) Ligating blunt ends Ligation of blunt-ended DNA molecules by DNA ligase.
T Oy — I
(b) Ligating sticky ends

IO UL 00
\

Transient
base-paired structure

Discontinuities \‘

DNA ligase seals
the discontinuities

by SS Nishank, Dept. of Zoology, Utkal
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Blunt end ligation with a DNA topoisomerase.

/] £ SIF@F3S o0& GKS 02-hXR Ak PResdl A
. If the bluntended molecules to be cloned have been produce
from a larger molecule by cutting with a restriction enzyme,

UKSY U(UKSeét gl ffalelds. JS p

Before mixing these molecules with the vector, their terminal
LIK2 A LIKF(GSa Ydzad &8 endSthaecanSidgate 0
0 2 OKt&@mia of the vector. The molecules are therefore
treated with alkaline phosphatase

by SS Nishank, Dept. of Zoology, Utkal
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Blunt end ligation with a DNA topoisomerase.

(a) The ends of the vector resulting from topoisomerase cleavage

PO HO 5

“A-A-G-G—G
1—T-c-c—cA1 L]
“3

3
“““ (TS ssr
————— G—G-G-A—A
5 OH 20,P

(b) Removal of terminal phosphates from the molecule to be cloned

2- , , Alkaline
O,P 5 OH HO _OH

T |3/ phosphatase
/3 5\

HO PO HO” “oH

(c) Structure of the ligation product

C-C-C-T-T A-A—G-G—G -
A1 lee-g-an ALLLLL gy ccclll

\HO
OH

To carry out blunt end ligation with a
topoisomerase, a special type of cloning vector
IS needed.

by SS Nishank, Dept. of Zoology, Utkal
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A common situation is where the vector molecule has sticky
ends but the DNA fragments to be cloned are blantled.
Under these circumstances, one of the three methods can be
used to put the correct sticky ends onto the DNA fragments.

Aise of Linker
Aise of Adaptor
Aomopolymer tailing

by SS Nishank, Dept. of Zoology, Utkal 41
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Sticky ends are produced by ....

Ause of Linker
Ause of Adaptor
Ahomopolymer tailing



Ligationof foreignDNAwith plasmidby Linker

(a) A typical linker

C—-G—-A-T-G-G-A-T-C-C—-A—-T-C—C

G-C-T-A-C-C-T-A-G-G-T-A-G—G

I
BamHI| site

(b) The use of linkers

Cﬁc_‘:'l . :&%
[——% . | C::'J
2 o
Linkers Blunt-ended molecule
DNA ligase
v
[ | | [ | | | | | | | | | |
Linkers attached BamHI |
BamHI sticky end
T v
g == I I 1 ‘_\I:E_‘\Fﬂf

‘I:}_‘&T:QKH

by SS Nishank, Dept. of Zoology, Utkal
University
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Ligationof foreignDNAwith plasmidby Adaptor

(a) A typical adaptor

@-ATTC ¢ g

| IG—G—G—C

I
BamHI sticky end

(b) Adaptors could ligate to one another
C—C- GG G—A—T-C—C—C—GG

| | | | | | | |
G- G- C-C— C—-T-A G G G—C—C

(c) The new DNA molecule is still blunt-ended

— T
= | : | L
T | <
Adaptors Blunt-ended
molecule DNA ligase
[T T | [ T T ~T1

Adaptors ligate to themselves

by SS Nishank, Dept. of Zoology, Utkal 44
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(a) The precise structure of an adaptor

HD\ /DH
G-A-T-C-C—-C—-G—-G
[ I
The modified /G—G—C—C\
5'-0OH terminus HO PO %

3

(b) Ligation using adaptors

f:‘"l'_'lgH : | | HO—T
-
Blunt-ended OH
molecule DNA ligase Adaptor
HO
.CI\HE - O OH \I'_'J
Polynucleotide kKinase
E-OEP - | 1 | 1 PG D
3

5’-P terminus
by SS Nishank, Dept. of Zoology, Utkal
University
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Ligationof stickyendsof foreignDNA& plasmid

wWector

5 -GS -oH PO, -ARTITC-3"

: 3 -—CTTARA o, Ho_G—s’:

¢ Phosphatase

5 —G_-o= oH-ARTTC - 37
:3’—CTTM—OH Ho—G—s’:
5 "ro, om3”
A A T T =

= - o T A oA Insert + DMNA ligase
ro,5

3 mEmo-—

Breaks in DMNA backbone

5'—GAATTC4ATTC—3'
l— 3T CTTAA T s O TTARG - 57 —'

Transform into bacteria

S5 = @Al T TC o GARATTC—-37

3 —CTTANGS CTTARNG -5
' ' Wector plus insert

DHS B0 A HED GRE AP O R0 DYtk "
University




Mechanisnof DNAligaseaction

HO — TpGpCpCpApTp DNA ligase + ATP (or NAD)
pApCpG GpTpA —OH

(1)
O p
H

(2)

Ligase-AMP (pA)

HO — TpGpCpCpApTp
pApCpG GpTpA —OH
|
OPp

H |
pA

(3) | Ligase

HO — TpGpCpCpApTp
pApCpGpGpTpA —OH

by SS Nishank, Dept. of Zoology, Utkal
University
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DNAligationby homopolymertailing

(a) Synthesis of a homopolymer tail 3’
P>
-
3¢
5°

o
Gocp
¥
5
Terminal
transferase
+ dCTP
o

(b) Ligation of homopolymer tails

g

< §

(o]
el
g
E + //
(o ‘H

Recombinant

Vector - poly(dC) g DMNA molecule
tails i<

Insert DNA
- poly(d&) tails

(c) The repair steps
——— G—G—G—G — - —
LT T TT,87858 T T ]

Discontinuity

Klenow polymerase
repairs the nick

- — GGG GG GG - —
N O O I == V1 I I

cC—C—C—C—C —
s Boreo A |—O‘T/Z I kal
DS St of Zoclogy, Utka 48



Transformationuptakeof DNAby bacterialcells

ACompetent bacteria needed
ACompetence by 50mM CaQ& incubation at 42C.

Plasmld bound

to cell exterior Plasmid transported

into the cell

Normal bacterium Competent cell Transformed cell

by SS Nishank, Dept. of Zoology, Utkal
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Transformationuptakeof DNAby bacterialcells

Heat
NN shock
(b) Pores
7 4 3 \mﬂ\\ﬁ\ w0 I'esea|
D T
DNA-coated ~ DNAand bead
bead dissociate

by SS Nishank, Dept. of Zoology, Utkal
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Transformation methods for nonbacterial cells



Transformation methods (for nonbacterial cells)

(2) Precipitation of DNA on to animal cells

Calcium phosphate
solution

DNA precipitated
onto the cell surface

mmmw Monolayer of

animal cells

(b) Fusion with DNA-containing liposomes

Animal cell

Fusion >
DNA Fused liposome
DNA transfer @
Liposomes to the nucleus

(c) Transformation of plant protoplasts
Entry of DNA

Degrade Reform Regenerate
cell wall cell wall
O —_—
Nucleus
Vacuole
Plant cell Protoplast Transformed Transformed
by SS Nishank, Dept. of Z&JR9Y, M al plant

University
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Transformation methods (for nonbacterial cells)

(@) Microinjection

9 a2a
| | |n°°¢:'-
| E-T'Y iu_'“

Firing pin Charge Microprojectiles

|

|
D: —[ 1"
| ]

Biolistic particle gtin°meth)|

.

pt. of Zoology, Utkal

rsity

Target cells

Target cells
bombarded with
microprojectiles
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Selection of transformed cell

A1l. Insertional inactivation of antibiotic resistance

by SS Nishank, Dept. of Zoology, Utkal

University o4



Identifying a Recombinant Plasmid Containing a Gene of Interest

Purpose: To identify a recombinant plasmid containing a gene of interest from a ligation
reaction mixture containing a bacterial cloning vector and a DNA fragment containing the

gene of interest, each digested with the same restriction enzyme.

Protocol:

Inserted DNA fragment
with gene of interest (red)

Recombinant plasmid

Resealed plasmid cloning vector
with no inserted DNA fragment

}

Nonrecombinant plasmid

KEY
Restriction e lacZ* gene
site Plasmid
cloning
ampR /J_Origin of vector
gene replication (ori)

1. The ligation reaction produces recombinant plasmids
(the only products with the gene of interest), nonrecombinant
plasmids, and joined pieces of genomic DNA (not shown).

} |
@) &0

Bacteria transformed with plasmids

Selection:

Bacteria transformed with plasmids
grow on medium containing ampicillin
because of amp® gene on plasmid.

Screening: //’ ."- :
Blue colony contains bacteria \.
(P b

with a nonrecombinant
plasmid; that is, the lacZ* \ @

gene is intact. /
White colony contains bacteria

with a recombinant plasmid, that is,
the vector with an inserted DNA fragment,
in this case the gene of interest.

Bacteria not transformed with
a plasmid or transformed
with gene fragments

J

|

Plate of growth
medium containing
ampicillin and X-gal

Untransformed bacteria
or bacteria transformed
with gene fragments
cannot grow on medium
containing ampicillin.

UInveioily

2. Transform ampicillin-sensitive,
lacZ~ E. coli (which cannot make
B-galactosidase) with a sample of the
ligation reaction. In this step, some
bacteria will take up DNA whereas
others will not.

3. Spread the bacterial cells on a plate of
growth medium containing ampicillin
and X-gal, and incubate the plate until
colonies appear.



AnMPR

BamHlI BamHlI
Insert |

Cut with BamHI
and ligate

BamHl

BamHI

AMPR TETR

Recombinant

plasmid

rop

Transform E. colfi
/Colony containing plasmid
Petri dish containing agar with ampicillin

Replica plate
Colony containing

/ non-recombinant plasmid

Petri dish containing agar with ampicillin

PSS NRAYANSept. of Zoology, Utkal Colony containing

. . recombinant plasmid 56
University on ampicillin plate



Selection of transformed cell

AH® LYaSNIAZ2YEFEE Ayl OGAOI
known adac selectiol

by SS Nishank, Dept. of Zoology, Utkal
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Ampicillin

resistance
gene
BamHI
lacZ’ gene New DNA inserted
in the BamHl site
R +
am -gal
(@) puCs8 P B-g ampfB-gal

(b) A recombinant pUC8 molecule

by SS Nishank, Dept. of Zoology, Utkal
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(@) The role of the lacZ’™ gene

Incomplete Complete
enzyme B-galactosidase
E.coli lacZ’~ molecules molecules

4B (B-galactosidase fragment coded by bacterial gene
< PB-galactosidase fragment coded by plasmid gene
Q Complete B-galactosidase molecule

a lactose analogue termedgal (5bromo-4-

chloro-3-indolyH -D-galactopyranoside) which is
(b) Screening for pUC8 recombinants o0NR2 Sy Ragalacipsidase toia product
that is coloured deep blue.

Blue colony = non-recombinant

Agar + X-gal + IPTG

White colony = recombinant

Blue colonies = B-galactosidase synthesized
X-gal — blue product

White colonies = B-galactosidase not synthesized

by SS Nishank, Dept. 0kZegapa% hékBlue product 59
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A. polylinker (PL)

Sacl Smal Xbal Pstl Hindlll
| | | | 1 1 1
agtgaattCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGEgtaatcatggtceat
| 1 |
EcoRlI Kpnl BamHI Sall Sphl

e

pUC19

2686 bp
mpR

by SS Nishank, Dept. of Zoology, Utkal
University
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Basis of the lacZ complementation

nonrecombinant recombinant
insert DNA
lacZ' (vector) lacZAM15 (host cell) v
— ﬁ lacZ' (vector)
s PO [ s [[PC
18 extra ll TRANSLATION l frameshift IL inframe many extra
amino amino
amds l /acids
N [ ) c N N D
active active C-terminal inactive large
La—fragment J fragment a-fragment
I2. COMPLEMENTATION lf
active inactive
B-galactosidase p-galactosidase
\L 5-bromo- 5,5'-dibromo- *
Xgal ——> 4-chloro- —— 4,4'-dichloro-indigo Xgal —>
indoxyl (blue) (white)

by SS Nishank, Dept. of Zoology, Utkal
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by SS Nishank, Dept. of Zoology, Utkal
University

Blue precipitate

Non-anzymatic
dimarisation and
oxidation

H

M

Br
OH cl
Fe=bBircimio=4-
chloro=-indoxyl
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|dentification of transformed bacterial cells through blue white
selection

(b)

White colonies identify
In a medium containing X-gal, by werast . ovowt W bacteria in which the lacZ
blue colonies identify bacteria e B | —— gene is disrupted, and
with functional lacZ gene. ' thus contain recombinant
DNA molecules.

by SS Nishank, Dept. of Zoology, Utkal 63
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Some commercially available plasmid vectors

Vector Features Applications Supplier
pBR322 Ap" Tc General cloning and subcloning Various
Single cloning sites in E. coli
pAT 153 Ap" Tc General cloning and subcloning Various
Single cloning sites in E. coli
pGEM®—BZ Ap" General cloning and in vitro Promega
MCS transcription in E. coli and
SPé/T7 promoters single-stranded DNA
lac/ a-peptide production
pCI® Ap" Expression of genes in Promega
MCS mammalian cells
T/ promoter
CMV enhancer/promoter
pET-3 Ap” Expression of genes in bacterial Stratagene
MCS cells
T7 promoter
pCMV- Neo" High level expression of genes in Stratagene
Script® Large MCS mammalian cells and cloning

CMV enhancer/promoter

of PCR products

by SS Nishank, Dept. of Zoology, Utkal
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Bacteriophage based cloning vectors



Life cycle of lambda phage

DNA circularises

A
‘ via cos sites

RS N

(

& =
Lytic pathway

Lysogenic pathway
by SS Nishank, Dept. of Zoology, Utkal
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Life cycle of lambda phage

Lysogenic pathway Lytic pathway

» DNA integrated

into E. coli genome » DNA replicated

Rolling circle replication

Lytic
induction

DNA cleaved at cos sites
and packaged into newly
synthesised head particles

A prophage replicated
with E. coli genome

Cell lysis and
phage release

by SS Nishank, Dept. of Zoology, Utkal
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preparation for visualizing phage infection

=~
. phage v ) Bacteria
Top a

A plaque
| Bacterial lawn

by SS Nishank, Dept. of Zoology, Utkal
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Lambda phage as vector

Non-essential
for lytic growth

48502 bp

Recombination Clll N ¢l cro cll DNA replication

<

Non-essential
for lytic growth

by SS Nishank, Dept. of Zoology, Utkal
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Use of A phage as a vector.

) phage DNA

45 kbp

lEcoRI
Not necessary for
| A DNA replication

Portions of the genome that contain

Eukaryotic DNA

lEcoRI

I
Restriction

fragments of
different sizes

l SIZE FRACTIONATION

Size suitable for packaging
|

all the genes needed for replication
but are too small for packaging
\J
I I
| |
.
|
\ - I I

!

The size of the insert should be ~15 kbp to allow efficient packaging
of the recombinant DNA into infectious viral particles.

by SS Nishank, Dept. of Zoology, Utkal
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15kbp |

A phage containing
eukaryotic DNA

PACKAGING OF
RECOMBINANT DNA
INTO A COATS
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A insertion and replacement vectors.

) insertion vectors

cos Wild-type 2 DNA (48,502 bp) cos cos A vector (30-43 kbp) cos
Tall Head Recombination CINN clcrocll DNA replication Q@ Lysis _b Tail Head Neclcrocll DNAreplication Q@ Lysis
< > Cut and
Non-essential ligate
for lytic growth
cos 2gt10 (43,430 bp) cos cos ALZAPII (40,820 bp) cos
EcoRl MCS
Accepts-8 kbp Accepts-10 kbp

A replacement vectors

cos cos

cos cos
T —— [ eovA

ut and . ) .
c Selection on basis of size

ligate .
non-recombinant vector too small to
be packaged
cos AWES.,B' cos cos cos
—» [ weeov:
EcoRl EcoRl Cut with EcoRl
and ligate with Accepts 417 kbp
insert DNA
cos AEMBL4 (42,360 bp) cos cos cos
> [ eeronA [
moo pom Cut with EcoRl, or BamHI
23 = 57 3% Nishank onSpll (or ineampjnalion) Accepts-23 kbp

Urangrliggte with insert DNA 71



Selection for recombinant phages

insert DNA size acceptable is 37 to 52 kb

(d) Selection on the basis of A cos sites

genome size ﬂ\\

L1 1 [ L1 L_1 |A catenane
| | | | | | |
|
| B E
Correct size Too small
for packaging too package

by SS Nishank, Dept. of Zoology, Utkal
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RS Max

A4 |

(@) i :
I

|

|

|

RS RS I

\J Y |

() i [
1

I

_Insertion and replacement phage vectors. (a) An insertion vector is shown in

part i. Such vectors have a single restriction site (RS) for cloning into. To generate a
recombinant, the target DNA is inserted into this site. The size of fragment that may be
cloned is therefore determined by the difference between the vector size and the
maximum packagable fragment size (Max). Insert DNA is shaded in partii. (b) A
replacement vector is shown in part i. These vectors have two restriction sites (RS),
which flank a region known as the stuffer fragment (hatched). Thus, a section of the
phage genome is replaced during cloning into this site, as shown in part ii. This approach

enables larger fragments to bgycisgnwah@ﬂérﬂagrﬁg%éB?JeOWitlﬂ“ﬁlsertion vectors. 7




0 10 20 50 40 50 kb

I [ [ I I Al
I+
ol
- Agt10
LA 32.7 A RA 10.6
EcoRI1
lacZ
- Charon 16A
LA 19.9 A RA 21.9
EcoR1

Bacteriophage A insertion vectors Agtl0 and Charon |6A. The cl and lacZ
genes in Agtl0 and Charon |6A, respectively, are shaded. Within these genes there is an
EcoRl site for cloning into. The lengths of the left and right arms (LA and RA, in kb) are
given. The size of the wild-type A genome is marked on the scale bar as A*. Redrawn

from Winnacker (1987), From Genes to Clones, VCH. Reproduced with permission.

by SS Nishank, Dept. of Zoology, Utkal
University

74



A replacement vectors. (a) Cloning with a A replacement vector. (b) Cloning with AEMBL4.

(a) Cloning with a A replacement vector

Restrict, ligate

L_Y_J'
Storar / New DNA
fragment

EcoRlI, BamHI, Sall
or a combination

L /f\ A l > 1 F:-_l
New DNA, up
RBS SBR t6 23 Kb

(b) AEMBL4

R=EcoRl B=BamHI S =_Sall

by SS Nishank, Dept. of Zoology, Utkal
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(a) Construction of a A insertion vector

Normal A DNA A insertion vector
(49 kb) Cleave, ligate (35-40 kb)
I ’ > | |
I‘_ | —.I |

Non-essential

region
(b) Agt10 (c) AZAPII
EcoRlI P
| | ] 40 kb | }J—j | 41 kb
Deletion cl lacZ’ Deletion

by SS Nishank, Dept. of Zoology, Utkal
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Different strategies for cloning with a A vector. (a) Using the circular form of A as a plasmid. (b) Using left and right arms
of the A genome, plus in vitro packaging, to achieve a greater number of recombinant plaques.

(a) Cloning with circular A DNA

EcoRI
EcoRlI
EcoRI  £CcoRl

) \ New DNA
\b EcoRI

EcoRl, ligate
. . Transfect
E. coli
A insertion factor Recombinant
— circular form molecule
(b) Cloning with linear . DNA
cos cos
cos b—— Ecicfgﬁll }C08 =N Catenane cos
_I
A arms
[ — r\
EcoR| k=== EcoRlI |E ‘
[ él‘?.l
New DNA
in vitro
packaging mix
Recombinant A
by SS Nishank, Dept. of£99|po¥}/tkal —-
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0 10 20 50 40 50 kb

| | | | | Al

1+

Stuffer

LA 19.9 g“; RA 8.8
EBS SBE

Polystuffer

Charon 40
LA 19.2 — :
? MCS MCS RA9.6

Bacteriophage A replacement vectors EMBL4 and Charon 40. The stuffer
fragment in EMBL4 is 13.2 kb and is flanked by inverted polylinkers containing the sites

for EcoRl (E), BamHI (B), and Sall (S). In Charon 40 the polystuffer is composed of short
repeated regions that are cleaved by Nael. The multiple cloning site (MCS) in Charon

40 carries a wider range of restriction sites than that in EMBLA4.

by SS Nishank, Dept. of Zoology, Utkal
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use of Charon 4 ( a replacement vector)

EcoRI EcoRI EcoRI

(a)
V V \
[ —
cos oS
l/ EcoRI
Left arm Stuffers Right arm
= | N N | L
Purify arms
EcoRI EcoRlI
Left arm V ! Right arm
— | | i
EcoRIl EcoRl EcoRIl EcoRI
Add insert (W) &ligate
EcoRIl EcoRl EcoRIl EcoRI
L -
=

Recombinant DNA

by SS Nishank, Dept. of Zoology, Utkal
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Introduction of phage DNA into bacterial cel

Aby Transfectiofphage DNA mixed with competent
bacteria followed by heat treatment so that DNA is
taken up by bacteria)

A&
Aby in vitro packaging

by SS Nishank, Dept. of Zoology, Utkal

University 80



in vitro packagingof lambdacloningvector

./> Recombinant DNA

_|_
O H ). packaging system

@ Infectious phages

l/lnfect cells

© Plaques

by SS Nishank, Dept. of Zoology, Utkal
University
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|dentification for recombinant
phages

(a) Insertional activation of the lacZ’ gene
Y/

\ Agar + X-gal + IPTG

%Clear plaque = recombinant
\—/ Blue plague = non-recombinant

by SS Nishank, Dept. of Zoology, Utkal
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ldentification for recombinant
phages

(b) Insertional activation of the A cl gene

Clear plaque = recombinant

Turbid plaque = non-recombinant

by SS Nishank, Dept. of Zoology, Utkal
University
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|dentification for recombinant
Spiselections can only be used in the case @
p hages replacement vectors. It cannot be used if the
@S OG0 2 NJ-insrtorirveckods <
c) Selection using the Spi phenotype

X Only recombinant A
j phage can infect
Non-recombinant A

— cannot infect
F2 pmphage

by SS Nishank, Dept. of Zoology, Utkal 84
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t phages

Inan

f recomb

ion O

t

ifica

ldent

(&) INnsertional activation of the lacy™ gene

SAoagar + XM -ogal + 1P TG

Clear plague = recombimnant

EBlue plague — nmnon-recomibbimnant

() Insertional activation of the A cl gene

Clear plaque = recomibimnant

Turbid plague = Nnon-recombimnant

o) Selection using the Spi phenotype

\ Oy recormibimnant 2
Prhage can infect
NMon-recomibimnant A
.|"r — cannot infect
PZ2 prophage

() Selection omn the basis of A cos sites

genome size /’,?-\\

L 1 | | 1 1 1 | | | 1 ] A catenanae
| | |

T - —
for pretiairdy SS Nishank, Dept F2RITHIREL, a5
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ldentification by plague hybridization

Plaques

S

0" o T = _ DNA on filter
= corresponding to plaques

Block filter with nonspecific DNA or
protein and hybridize to labeled probe
Detect by autoradiography.

a5

Positive hybridization

by SS Nishank, Dept. of Zoology, Utkal
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EB individual bacterial cells from a DNA library are
spread over the surface of a solid growth medium.
The cells divide and form colonies—clusters of
millions of genetically identical daughter cells.

A DNA-binding filter pressed onto the surface of
the growth medium will bind some cells from each colony.

The filter is soaked in a solution that ruptures the
cells and releases their DNA. The DNA clings to the
paper in spots mirroring the distribution of colonies.

€3 A radioactive probe is added to the liquid. The
probe hybridizes with (sticks to) only the spots of
DNA that contain complementary base sequences.

S R NN NN e e E N e RN NN SN AN RN N TN N NSNS N NSNS ERasR R sRnaee”

Here, one radioactive spot darkens X-ray film.
The position of the spot on the film is compar

ed to
the positions of all thp\v&S MM}@%MOO'OQM Utkal
Cells from the colony that made th t ar 87
cultured, and the DNA they containtﬂ iﬂ@@d-



Canaid * <«—— Gene 3
Pﬁ.‘l .

] protein
(contains
DNA)
- Coat
protein

<«— Tail .
i’El— DNA

- Structure of bacteriophages A and M| 3. Phage A has a capsid or head that

encloses the double-stranded DNA genome. The tail region is required for adsorption to
the host cell. M13 has a simpler structure, with the single-stranded DNA genome being
enclosed in a protein coat. The gene 3 Emduct is important in both adsorption and

n

Dept. of Zoalogy, Utkal
extrusion of the phage. M| Pis hot crraymvgélﬁpaﬁa in reallty it is a long thin structure. S8




REP

Map of the filamentous phage vector MI3mp|8. The double-stranded
replicative form is shown. The polylinker region (MCYS) is the same as that found in
plasmid pUCI8 (Fig. 5.2). Genes in the REP region encode proteins that are important
for DNA replication. The CAP and MOR regions contain genes that specify functions
associated with capsid formation and phage morphogenesis, respectively. The vector
MI3mp |9 is identical except for the orientation of the polylinker region.

by SS Nishank, Dept. of Zoology, Utkal
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Insert DNA cut
with Hindlll

M13RF DNA cut
with Hindlll
Higate use of M13 phage as
cloning vector

j Transformation

@

Replication

Oy OO @
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