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

Genomic or Viral DNA Cut outpiece of DNA

—, Amplify in
Insert into vector cells (e.g. E.
coli)

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




Restriction enzymes cleave DNA at specific
(usually palindromic) sequences
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Table 4.1 Recognition Sequences and Cutting

Sites of Selected Restriction
Endonucleases

o GAATTC 3
Enzyme Recognition Sequence* 3 CTTAAG S
Alul AGlCT
BamHl GIlGATCC 1
Bglll ALGATCT
Clal ATLCGAT , , , ,
EcoRl GlLAATTC 5 G3 S"AATTC 3
Haell salcc T3 CTTAA S 3G 5
Hindll GTPylPuAC
Hindlll ALAGCTT
Hpall clCGG
Kpnl GGTACLC S GGTACC 3
Mbol LGATC 3 CCATGG 5
Pstl CTGCALlG
Pwvul CGATICG
Sall GITCGAC 1
Smal CCClGGG
Xmal ClCCGGG 5 GGTAC 3’ 5 C 3

*Only one DNA strand, written 5° — 3’ left to right is presented, but restriction
endonucleases actually cut double-stranded DNA as illustrated in the text for EcoRl.
The cutting sile for each enzyme is represented by an arrow. Table 4 . 1



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

Bacterial genome DNA

Modifying enzyme (methylase)

l

CH3
I

GAATTC

CTTAAG
|

/\CHB

Invading DNA (e.g. virus)

S GAATTC 3
3 CTTAAG )
S G3 5 AATTC— 3
3 CTTAAYS FGEG——5

Based on Fig. 4.1



Ligating a DNA fragment to a vector

BamHI
{
BamHI BamHI
. .
I
(3) | BamHI

‘F
ml B @ ® TInsert

Alkalin 4) DNA ligase
(2) ph oofalii / \” g

DNA ligase

No self ligation

Fig. 4.7



Obtaining bacterial clones with your recombinant

plasmid
. - Pstl Pstl
mp" tr
e ng32: | \LL', t ]
Pick a colony -
Pstl
| ) you have your

clone!

7\
A H H ]
ngase Bacterial colonies

containing your plasmid

(only plasmid-containing

bacteria will survive on
tetracycline)

Plate on selective

Transform

bacteria medla (eg

tetracycline) @
: \—-—/

Fig. 4.4 Tor

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

EcoRl EcoRl EcoRl

v 4

-I L]
s’ | — (Bacterio)phage lambda
lac
\l/ EcoRl \
Left arm Stuffers Right arm __/-;) Recombinant DNA
w— J | | | | | — H
Purif
\l/ s Ll O D A packaging system
EcoRl  EcoRI
Left arm V Right arm J,
— | — .
EcoRl EcoRl EcoRI EcoRl qﬁ‘P Infectious phages
Add insert (M} & ligate
\l/lniect cells

EcoRl EcoRl EcoRl EcoRl
’ Plaques
I—l

Recombinant DNA (b)

(a)

Fig. 4.8



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

Analysis by restriction digestion @

l

DwnERE T S|

Pick a colony
(and expand in
selective medium) 4 @

|
(a) l *
l Stain with DNA-specific dye (e.g. EtBr)
Isolate plasmid Analyze by Large
l agarose gel DNA

electrophoresis
BamHI BamHlI

: f

Restriction digest

Small
(e.g. BamHI) DNA
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How do you know your bacterial clone
contains your plasmid ?

Sanger dideoxy DNA sequencing

(a) Primer extension reaction (c) Electrophoresis of the products
— TACTATGCCAGA f f— ddA ddC dd@ ddT i
21-base primer — C Flg. 5 . 1 8
DNA polymerase, ANTPS | sogicaion win diTTe =T
+ small amount of ddNTP —_ G
— c oy e
— / TACTATGCCAGA 4 f— - A —= 5-ATGATACGGTCT-3
ATG —)
(26 bases) G — A
. —_— :i'1
(b) Products of the four reactions - g
Tube 1: Products of ddA reaction Tube 3: Products of ddC reaction
. 1 .
Templato: TACTATGOCAGA —  Tomplate: TACTATGOCAGA — Detection by *?P-labeling (autorad)
(22) (A ] (28) ATGATAD
(25) ATGD (32 ATGATACGGT® or
(27) ATGATE)
By fluorophor labeling (fluorescence)
Tube 2 Products of ddG reaction Tube 4; Praducts of ddT reaction I | I
br 1) , I
Template: TACTATGCCAGA — Template: TACTATGCCAGA — o | |
{24) ATE (23) T ' '
(29) ATGATAC® (28) ATGAD
(30) ATGATACGE (31) ATGATACGGD

[33) - ATGATACGSTCE




How do dideoxynucleotides terminate DNA
polymerization?

/ 5
AN

iiiii

Primer

base

DNA polymerase

ribose

phosphates —— C/l\'
> 3




Latest technology: Deep sequencing

Pyrosequencing Deep sequencing

DNA P
Individual
Fragmentation begds put in
DNA polymerase microwells
Pyrosequencing
DNA fragments performed in
'/ dGTP put on beads | each well and
‘| read by machine

Diphosphate (pyrophosphate)
release is measured Currently sequences =500 million base
pairs in 10 hours

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



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



The polymerase chain reaction (PCR) for amplifying

Gene specific DNA primer #1

Gene specific DNA primer #2
Cycle 2
Cycle 1 | i

]

.

-

} Cycle 1 products

DNA

l Heat

e

\L( Add primers

\1( DNA polymerase

-

Cycles 3,4
etc...

l

Final product

Max yield:
[start conc] * 2#cycles
e.g: 30 cycles starting with
one molecule of DNA =>

11 * 239 molecules = 10° (one

billion).

r Cycle 2 products




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)

Copyright & The MeGraw-Hill comparies, Inc. Permission reguired for

IIlRNA ) a7 -3:| 5'(Reverse

(a) lﬂeverse transcriptase primer)y + dNTPs
mRNA s e
cDNA ¢ I—— | 5

(b) |Denature; anneal forward
“primer
5 (- >
&4 Iy
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; ll —— Transform to bacteria, select

Fig. 4.16
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Creating a genomic library

BamHI
}
- Each clone will have a
. plasmid with a specific
Genomic DNA ..
genomic nsert.
Chop up with restriction enzyme . .
(e.g. BamHI) - Different clones contain
e—r® different inserts.
(1)] BamHI .:v. .

.4:'.

EED

t .
e j bacteria, select

1 DNA ligase

No self-liaation



Creating a cDNA library
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mRNA 5’ [ AAAA ——— A = OH 3

{a) | First strand synthesis
Oligo (dT) + dNTPs

y +reverse transcriptase

mANA 5’ [ AAAA — —— A — OH 3’

ONA 3 I 11T 5

(b) |RNase H

Il B O E] |
3 I 11T 5
{c) |Second strand synthesis (beginning)
DNA polymerase + dNTPs

) ) ) mm) )
I T TTT 5

(d) | Second strand synthesis (conclusion)
] DNA polymerase + dNTPs

5 I /A AA 3

Terminal transferase

{e) | Tailing
+dCTP

5 AAAACCCC-0OH &

3'HO-cccc I TTTT 5

+
Vector
5" I G GGG - OH 3
3 HO - GGGG I, 5
(f) IAnnaa]ing

GGGG
CCCC,

S
GagagT"

'."k.
Coc ah®

c

Transform to bacteria, select

Fig. 4.12




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

DNA on filter 32P-labeled probe
corresponding to plaques (DNA or RNA)

Block filter with nonspecific DNA or corresponding to your
\l, protein and hybridize to labeled probe. gene of interest
Detect by autoradiography. :
L @—®

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

Positive hybridization
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Expression of recombinant protein in bacteria

MCS

P
—— Stop codon
lact \ ]

|' \ e I Protein coding region
\ / Insen (Eukaryotic cDNA or bacterial DNA)

N \]/
Stop codon
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!
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Translation
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\'\’L@ Fig. 4.18



How do you know your protein is expressed?

SDS-PAGE
(PolyAcrylamide
Gel Electrophoresis)

Protein + SDS

N

Stain for proteins
using a protein-
binding dye

(e.g. coomassie
blue)

Fig. 5.4

(+)

M(D)

250

160

105

75

50

33

30
25

15

10

(a) SDS-PAGEon |-----

proteins

Immunoblotting

(Western blotting)

(b) Blot

(d) Bind labeled
secondary antibody

(e) Detect label

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

?xﬂ%f 0@ \\f\'\SUS x\ Mcg /

Expression vector

a proteinase)

EK: Enterokinase site (EK is

MCS: Multiple cloning site

Fusion protein:
& )

His, Protein of interest

|

His: Six histidines -
purification tag (has high
affinity for Ni*")

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

Fig. 4.20



Using affinity chromatography to purify your protein
(e.g. Hisg tag and Ni?* column)

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

Bacterial cell e ™
@@@@

2 1 Lyse cells

b Histidine or '_m
' imidazole ( B) |

Ni
Proteins @ {;:9 8 " @ g ;

Apply to :
@ @ affinity column T/ Elution \q/
,: = Enterokinase
[.-"
4 G
@ Cleave off tag

(optional)

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



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

Arabinose-induced promoter

N
Ppap

—
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GFP coding region

Anti-GFP Western blot
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Fig. 4.19
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Commonly used procedure to create point mutations

E. coli methylase ~ Dpnl cleaves only methylated DNA.

' Dpnl sites are methylated in E. coli.

CH3

|
5 GATC 3 5 GATC 3
3 CTAG 5 3 CTAG 5

i /

PCR with mutagenic primers

Primer
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. . in vivo b Ny
-
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Based on Fig. 5.25

Dpnl sites)



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

ACG AAT TCOG AGC TCG GTA CCC GGG GAT CCT CTA GAG TCG ACC TGC AGG CAT GCA AGC TTG 1

E. coli gene




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

ACG AAT TCOG AGC TCG GTA CCC GGG GAT CCT CTA GAG TCG ACC TGC AGG CAT GCA AGC TTG 1

Human gene

//

CXOI]S




Vectors exist for gene expression in eukaryotic cells
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