
How do you isolate and propagate a piece of DNA 
(for example a gene)?

Genomic or Viral DNA

Vector (= plasmid or viral DNA that can replicate in a desired organism -
often E. coli)

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a

TIFF (Uncompressed) decompressor

are needed to see this picture.

Cut out piece of DNA

Insert into vector
Amplify in 
cells (e.g. E. 

coli) 



Table 4.1
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Restriction enzymes cleave DNA at specific
(usually palindromic) sequences

EcoRI

KpnI



Based on Fig. 4.1

Many bacteria contain restriction-modification 
systems to “restrict” invasion by foreign DNA

GAATTC 
CTTAAG

CH3
I

I
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Bacterial genome DNA Invading DNA (e.g. virus)
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Modifying enzyme (methylase)

EcoRI

EcoRI



Fig. 4.7

Ligating a DNA fragment to a vector

Vector

Insert



Obtaining bacterial clones with your recombinant 
plasmid

Fig. 4.4

Plate on selective 
media (e.g. 

tetracycline)

Bacterial colonies 
containing your plasmid 
(only plasmid-containing 
bacteria will survive on 

tetracycline)

Pick a colony -
you have your 

clone!



What - in addition to a selectable marker gene - is required in 
a plasmid to ensure that bacteria do not lose it?

A: A promoter 

B: An origin of replication

C: A restriction/modification site

D: A gene for a modifying enzyme

E: A DNA ligase gene

- Clicker Question -



Bacteriophages can be used instead of plasmids as 
cloning vectors (can take larger inserts)

Fig. 4.8

(Bacterio)phage lambda



How do you know your bacterial clone contains your 
plasmid (and not e.g. self-ligated plasmid)?

Pick a colony 
(and expand in 

selective medium)

Isolate plasmid

Restriction digest
(e.g. BamHI)

Analyze by 
agarose gel 

electrophoresis

Large
DNA

Small
DNA

Fig. 5.1

-

+
Stain with DNA-specific dye (e.g. EtBr)

Analysis by restriction digestion



Pick 5 clones (A-E);
Restriction digest

isolated plasmids with 
BamHI;

Separate in agarose
gel

4,000 bp

500 bp

4,000 bp

3,000 bp
2,000 bp

1,000 bp

A    B    C    D    E

Which clone (A-E) has the 
correct plasmid?

- Clicker Question -



How do you know your bacterial clone 
contains your plasmid ?

Sanger dideoxy DNA sequencing

Detection by 32P-labeling (autorad)

or

By fluorophor labeling (fluorescence)

Fig. 5.18

Fig. 5.20

DNA polymerase, dNTPs
+ small amount of ddNTP

(a) Primer extension reaction

(b) Products of the four reactions

(c) Electrophoresis of the products



5’

5’

3’

Primer

H
(3’)

dCTP

OH
3’

5’

How do dideoxynucleotides terminate DNA 
polymerization?

DNA

OH
3’

5’

dGTP

base

ribose

phosphates

OH
(3’)

DNA polymerase

H
3’

5’

ddATP (dd=dideoxy)



Latest technology: Deep sequencing

OH
3’5’

dGTP

DNA polymerase

OH
(3’)

Diphosphate (pyrophosphate) 
release is measured 

Pyrosequencing Deep sequencing

DNA

Fragmentation

DNA fragments 
put on beads

Individual 
beads put in 
microwells

Pyrosequencing
performed in 
each well and 

read by machine 

dNTPs added one at a time - only correct 
dNTP causes release of pyrophosphate 

Currently sequences ≈500 million base 
pairs in 10 hours 



How do you obtain your insert DNA (e.g. a 
gene)?



The polymerase chain reaction (PCR) for amplifying 
DNA

Fig. 4.15

Cycles 3,4
etc…

Final product

Max yield:
[start conc] * 2#cycles

e.g: 30 cycles starting with 
one molecule of DNA =>     

1 * 230 molecules ≈ 109 (one 
billion).

Gene specific DNA primer #1

Gene specific DNA primer #2



How many cycles of PCR would (minimally) be 
required to amplify a piece of DNA one million 

times?



Using reverse transcriptase (RT)-PCR for amplifying 
a specific copy DNA (cDNA)

Transform to bacteria, select

Fig. 4.16

:Restriction site (e.g. BamHI)

mRNA

cDNA
mRNA

ds cDNA :Restriction site (e.g. HindIII)

+ dNTPs

+ dNTPs



You have a sample of genomic DNA (part of the sequence shown below), 
and wish to generate the PCR product shown below. 

Genomic DNA:
5’...CTGCGCGGCAGGTTGTAGTTGTTTAGTGTAGTGCGTATTTGAGTAGA...3’
3’...GACGCGCCGTCCAACATCAACAAATCACATCACGCATAAACTCATCT...5’

A: 5’-GGATCC-3’ and 5’-AAGCTT-3’

B: 5’-GGATCCAGGTTGTAGT-3’ and 5’-CACGCATAAATTCGAA-3’

C: 5’-GGATCCAGGTTGTAGT-3’ and 5’-GTGCGTATTTAAGCTT-3’

D: 5’-GGATCCAGGTTGTAGT-3’ and 5’-AAGCTTAAATACGCAC-3’

E: 5’-AGGTTGTAGT-3’ and 5’-AAATACGCAC-3’

PCR Product:
5’-GGATCCAGGTTGTAGTTGTTTAGTGTAGTGCGTATTTAAGCTT-3’
3’-CCTAGGTCCAACATCAACAAATCACATCACGCATAAATTCGAA-5’

Which primers would you use?

- Clicker Question -



Creating a genomic library

Genomic DNA

Chop up with restriction enzyme 
(e.g. BamHI)

Transform to 
bacteria, select

Vector

- Each clone will have a 
plasmid with a specific 
genomic insert.

- Different clones contain 
different inserts.



Creating a cDNA library

Fig. 4.12
Transform to bacteria, select

+ dNTPs

+ dNTPs

+ dNTPs



Finding the colony that contains a plasmid with your 
gene of interest in a library

(or colonies)

32P-labeled probe 
(DNA or RNA) 
corresponding to your 
gene of interest

Fig. 4.9 (see also Chapter 5 
pp. 90-91 and 93-94 for hybridization)



You have a patient with Myotonic Dystrophy. 

To isolate the complete gene encoding the DMPK protein (≈13,000 base 
pairs), you wish to create a library of the patient’s genomic DNA.

If you do not know the sequence of the gene, which method of digesting 
the genomic DNA will give you the best chance of obtaining the complete
DMPK gene?

A: Complete digest with NotI
(recognizes 8 bp sequence; i.e. on average once every 16,000 bps)

B: Complete digest with BamHI
(recognizes 6 bp sequence; i.e. on average once every 4,000 bps)

C: Complete digest with Sau3A 
(recognizes 4 bp sequence; i.e. on average once every 250 bps)

D: Partial digest with Sau3A, so it cuts at 1 in every 50 Sau3A sites.

How would you find a clone that contains the complete DMPK gene ?

- Clicker Question -



Expression of recombinant protein in bacteria

Protein coding region
(Eukaryotic cDNA or bacterial DNA)

Fig. 4.18



How do you know your protein is expressed?
-

+

Protein + SDS

SDS-PAGE
(PolyAcrylamide
Gel Electrophoresis)

Immunoblotting
(Western blotting)

Fig. 5.4

(c) Bind primary antibody

Stain for proteins 
using a protein-
binding dye
(e.g. coomassie
blue)

blot: transfer pro-
tein from gel to a 
membrane

Fig. 5.17



How do you purify your protein?
The use of purification tags

Gene of interest

His6: Six histidines -
purification tag (has high 

affinity for Ni2+)

Many other tags can be 
used, e.g. GST, MBP, 

Protein A etc....

His6

Fusion protein:

EK: Enterokinase site (EK is
a proteinase)

MCS: Multiple cloning site

Fig. 4.20

Protein of interest
Expression vector



Modified Fig. 4.20 (see also Chapter 5, pp. 88-90)

Expression vector

Bacterial cell

Proteins

Using affinity chromatography to purify your protein 
(e.g. His6 tag and Ni2+ column)

Apply to 
affinity column Elution

Cleave off tag 
(optional)

Other combinations:
GST tag - glutathione column
MBP tag - maltose column
Protein A tag - IgG column
FLAG tag - anti-FLAG column
etc.



The usage of inducible promoters
(e.g. arabinose-regulated)

GFP coding region

PBAD

Fig. 4.19

Anti-GFP Western blot

Arabinose-induced promoter



1

102

104

106

[cells/ml]

(log scale)

time

Below is shown a growth curve for E. coli.

You want to express a protein, which is toxic to E. coli and use an 
inducible promoter. 

At which point during growth would it be best to induce expression? 

(A)
(B)

(C)

(D)- Clicker Question -



Commonly used procedure to create point mutations

GATC 
CTAG

CH3
I

I
CH3

5’
3’ 5’

3’

E. coli methylase

DpnI

GATC 
CTAG

5’
3’ 5’

3’

DpnI

DpnI cleaves only methylated DNA. 
DpnI sites are methylated in E. coli.

+

PCR with mutagenic primers

Based on Fig. 5.25

Plasmid produced 
in E. coli

(methylated at 
DpnI sites)

DpnI



How would you make a plasmid for bacterial 
expression of an E. coli protein in fusion with His6?

E. coli gene

Plasmid



How would you make a plasmid for bacterial 
expression of a human protein in fusion with His6?

Human gene

Plasmid
exons



Vectors exist for gene expression in eukaryotic cells

Fig. 4.23



Why can it be necessary to produce a eukaryotic protein in a 
eukaryotic cell?

A: Introns would not be removed in bacteria 

B: Codon usage is different between eukaryotes and bacteria

C: Protein may not fold correctly/obtain correct modifications in bacteria

D: Protein may be toxic to the bacterial cell

E: The eukaryotic cDNA may be cleaved by the bacterial restriction-
modification system

- Clicker Question -


