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Nucleic acid Probes
I |

0 Previously cloned genes

O Synthetic oligonucleotides or DNA/RNA fragment
(complementary to part or all of target sequence)

o Radioactive labeled (32P-dNTP)
o Nonradioactive labeled

o DiG-dUTP

o Biotin-dUTP
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Nucleic acid Probes

0 The two basic methods for labeling probes are:

0 End labeling using T4 polynucleotide kinase:
0 adds the y-phosphate from 32P-ATP to the 5’-OH group
O Incorporation of labeled nucleotides into probe via PCR:

o labeled nucleotides are usually nucleotides modified with
either a radioactive atoms or fluorescent moiety.

O Radioactive nucleotides typically have 32P incorporated in the
O—phosphate of one of the 4 dNTPs

Labeled DNA Probes

> Enzyme-Linked Probes
» Biotin /streptavidin

[+]
» Digoxigenin- on §P
UTP/antibody 2 S oms -
> Radioactive 32P o A o "
UL Digoxigenin-11-dUTP
CHH

inzyme

32p




Factors Affecting Hybridization

« Temperature

+ lonic strength

+ Probe length

+ Probe mismatch
+ % GC

radiolabeled
DNA probe
? ¢

DNA bound to membrane

Other forms of hybridization

I
oDot/Slot Blot

o DNA samples are spotted directly on the membrane and
No electrophoresis is needed

0O Fluorescent in situ hybridization (FISH)

- combine with microscopy to localize cells expressing

gene
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DNA Cloning

0 DNA cloning: the ability to construct recombinant DNA
molecules and maintain them in cells

O A variety of techniques, often referred to as recombinant
DNA technology are used in DNA cloning

O Isolation of a large amount of a single pure DNA
molecule facilitates analysis of that DNA molecule.

DNA Cloning

Vector + Insert DNA

Recombinant DNA

'

Replication (Amplification) of
Recombinant DNA within host cells

!

Isolation*, sequencing, and manipulation of
purified DNA fragment
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Definition of terms used in cloning
A —

0 Recombinant DNA: any DNA molecule composed of
sequences derived from different sources

0 Vector: autonomously replicating genetic element used
to carry an insert DNA (or cDNA fragment) into host
cell for the purpose of gene cloning

0 The most common host used is E. coli (genetically
modified)

0 ¢cDNA: DNA molecule copied from an mRNA by
reverse transcription

Recombinant vectors:
T

O Recombinant vectors: autonomously-replicating DNA
used to ‘carry’ and amplify foreign DNA within host
cells

0 E. coli plasmids
0 Phage lambda
0 Cosmids (phage lamda + plasmid)

0 BAC- bacterial artificial chromosomes

0 YAC- yeast artificial chromosomes




Bacterial plasmids
|

0 Occur naturally in bacteria (plasmids also present in
single-cell eukaryotes, e.g, yeast)

Circular dsDNA

Autonomous replication
Extra-chromosomal elements
1-200 kb size range

Present in multiple copies per cell

Transmitted during conjugation

o o o o o o o

Exist in parasitic or symbiotic relationship with host cell
(e.g, Antibiotic resistance)

Class activity?
s

0 Why bacterial genomes and plasmids exist in a
circular configuration2?
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Engineered / Recombinant plasmids

A T —

0 Basic elements of recombinant plasmids:

o Small in size >1.2-3 kb

0 Origin of replication, specific DNA sequences of 50-
100bp> (Ori)

O Selection marker (antibiotic resistance gene)

0 Polylinker/ multiple cloning site

+ Most vectors are derived from pUC or pBR322

+ Cloning capacity ~ up to 10kb (also up to 20kb or larger is
possible, but is difficult)

Basic components of an E. coli “cloning
plasmid” (Vector DNA)

0 Basic elements of a
cloning vector: Hindill
Sphl o
1. Origin of replication Pstl k )
o P Sall Region into which
2. Selectable marker, Xbal exogenous DNA
1 tibioti BamHI 4 \ can beinserted
usually an antibiotic | |,
resistance gene Kpni L7
Sacl ’
3. Polylinker, with one EcoRl
or more unique sites Polylinker Plasiild
for REs cloning vector
e O
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Figure 5-11
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

Cleavage of DNA by EcoRl

Cleavage| EcoRI

5’ G
3E—/—"CTTAA

-

Sticky ends

AATT C e 3
G = 5’

Ligation of
restriction
fragments with
complementary
sticky ends.

Ligation of sticky
ends is more efficient
than blunt ends.

Genomic DNA fragments
(a)
P—AATT— i 3'
Vector DNA OH—I—— =5’

(a’) (b)
5’ — OH + P—C G—mm 3
3 TTAA—P HO—=——35'

(¢)
P—A G C T 3’
HO—{=———m1 5’

Complementary
ends base-pair

OH P

(@) \ / (a)
5’ ? {\TT—— 3 ” Unpaired genomic

Y — AA 5’ = fragments (b)and (¢)

P HO
2ATP
T4 DNA ligase

2AMP +2PP,

(a’) (a)
57 _—¢ iAT"l'-_ 3’
3’ ~TTAA- § 5’

Figure 5-12
Molecular Cell Biology, Sixth Edition
©2008 W. H. Freeman and Company
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Vector DNA
(a’)
5 I OH
JCC——1-TTAA-P

Genomic DNA fragments

(a)
P—A A T T—mm 3’

OH— I 5’
(b)

+ P—C G~ 3/

HO———15'

(c)
P—A G C T 3'
HO—-———— 5%’

Complementary
ends base-pair

OH P
@) \ / (a)
5’ ,?,;ATTI—l:l 3! Unpaired genomic

T TAA Fﬂ:‘,' & fragments (b) and (c)

P HO

P
Wy \ / (a)

5" AAT T 3/

3'I:I—'|! TA/A FIF

P HO

T4 DNA ligase

(a’)

Unpaired genomic
fragments (b) and (c)

/ZATP
\2AMP+2PPi

y

(a)

5’ ——AH\TTI—{:J 3
3 - TTA A 5
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DNA cloning in a
plasmid vector
permits amplification

lasmid &
% vector
2 8

+ DNA fragment
to be cloned

Enzymatically insert
DNA into plasmid vector
4

Recombinant DNA ligase
of a DNA fragment Pt @

E. coli
chromosome

survives

Mix E. coli with plasmids

in presence of CaCly; heat-pulse
Culture on nutrient agar

plates containing ampicillin

®o) &

Transformed cell

Cells that do not
take up plasmid die
on ampicillin plates

Plasmid replication

‘@OQQ“

l Cell multiplication

Plasmid preparation

Figure 5-14

Colony of cells, each
containing copies

9/@ of the same recombinant

| plasmid
(o) P!

Molecular Cell Biology, Sixth Edition
© 2008 W. H. Freeman and Company

Plasmid
vector + DNA fragment (B_Oth are cut
to be cloned with same RE)
Enzymatically insert .
l DNA into plasmid vector (DNA Ligase)

Recombinant
plasmid

Mix E. coli with plasmids
in presence of CaCly; heat-pulse
Culture on nutrient agar
E. coli plates containing ampicillin
chromosome
e LB T T T T N
), / ‘,
QO \ /
Transformed cell Ce][s_ti\;; ;lc_)‘not
survives take up plasmid die

on ampicillin plates

Figure 5-14 part 1
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company
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E. coli chromosome

@ ’/ \\I

“ l\ /

Transformed cell Ce_II_s_til;t_ Elc_)_not
survives take up plasmid die
on ampicillin plates

Plasmid replication

8Y

1Cell multiplication

Colony of cells, each
containing copies

of the same recombinant
plasmid

Figure 5-14 part 2
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

Genetic Transformation of Prokaryotes

0 Transformation: the process by which a host organism can
take up DNA from its environment

0 Two methods are commonly used:
1. Chemical transformation
= Usually involves CaCl, and heat shock
2. Electroporation
= Electric field mediated membrane permeabilization

= 10-100 times more efficient that chemical approach
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Electroporation
|
A Covtte o Cells suspended in DNA
scuesl;laensim solution in cuvette between two
electrodes
Electrade O% Flectrode o High voltage electric field
] pulses administered
o DNA migrates through HVEF
induced openings in cells
B
0o
=N
o 0%3
e
T
P
1 2

Recombinant vectors:

O Recombinant vectors: autonomously-replicating DNA
used to ‘carry’ and amplify foreign DNA within host

cells
0 E. coli plasmids

0 Phage lambda

0 Cosmids (phage lamda + plasmid)

0 BAC- bacterial artificial chromosomes

0 YAC- yeast artificial chromosomes
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Phage Lambda (A phage)
A —

O Infection of E. coli by A phage is 1000-fold more
efficient than plasmid transformation

O Many more clones of phage can be grown on a single
plate

0 Infection and lysis of cells> ~100 phages
/cell>plaques

0 Can be assembled in vitro

o0 Cloning capacity ~ 25 kb

Bacteriophage Lambda genome and

packaging of phage DNA
T

(a) A\ Phage genome

Head Tail Replaceable regiow Lytic functions

‘ DNNNNNJEIES
o] \ 10 [ 20 30 [/ /O/4c>\P \ 49kb
Nul A J N cro Q

Some regions of the genome can be replaced by exogenous
DNA (diagonal lines) or deleted (dotted) without affecting the
ability of phage to infect host cells and assemble new virions.
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(b) A Phage assembly

Bacteriophage O M
La m bd a. Preassembled

in Vit'I‘O Preisr?:;\jbled X tail
assembly cog 9% ey

Concatomer of A DNA

Nu1 and A proteins
promote filling of A head
with DNA between COS
sites

O— A genome (1 copy)

\ tail attaches only
to filled head

"y
o
O
O.llq.. 99
9

Complete \ virion

Recombinant vectors:
T

O Recombinant vectors: autonomously-replicating DNA
used to ‘carry’ and amplify foreign DNA within host
cells

0 E. coli plasmids
0 Phage lambda
0 Cosmids (phage lamda + plasmid)

0 BAC- bacterial artificial chromosomes

0 YAC- yeast artificial chromosomes
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Cosmids

o0 Cloning capacity 35-45 kb
sites

85kb insert

0 Combine the properties of plasmids and A phage

0 Common cosmids: pLFR-5 (6kb): a plasmid with 2 cos

0 Cosmids based on P1 phage (115 kb) can carry up to

Cosmid Cloning System

_Source
% .

BamHI;
fractionata by
size ~45 kb

into a small
plasmid

L A-C0s sites inserted

Target DNA ligated
between two
cosmid

DNA molecules

Recombinant DNA
packaged and £.
coli

Infected as before

Can clone DNASs up
to 45 kb
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