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RESTRICTION ENDONUCLEASES,
(CUTTING DNA)

(LIGATION)



Restriction enzyme = Restriction Endonuclease

Is an enzyme that cuts DNA at or near specific
recognition nucleotides sequences known as
Restriction site.

These enzymes are found in bacteria and
provide a defense mechanism against invading
viruses.

To cut DNA, all restriction enzymes make two
incisions, once through each sugar-phosphate

backbone (i.e. each strand) of the DNA double
helix.



Restriction enzyme = Restriction Endonuclease

The phenomenon was first identified in work done in the
laboratories of Salvador Luria and Giuseppe Bertani in early
1950s. It was found that a bacteriophage A that can grow well in
one strain of Escherichia coli, for example E. coli C, when grown
in another strain, for example E. coli K, its yields can drop
significantly, by as much as 3-5 orders of magnitude. The E. coli
K host cell, known as the restricting host, appears to have the
ability to reduce the biological activity of the phage A. If a
phage becomes established in one strain, the ability of that
phage to grow also become restricted in other strains. In the
1960s, it was shown in work done in the laboratories of Werner
Arber and Matthew Meselson that the restriction is caused by
an enzymatic cleavage of the phage DNA, and the enzyme
involved was therefore termed a restriction enzyme.



Restriction enzyme = Restriction Endonuclease

Over 3000 restriction enzymes have been
studied in detail, and more than 600 of these
are available commercially.

Restriction site:

Restriction enzymes recognize a specific sequence of
nucleotides and produce a double-stranded cut in the
DNA.

The recognition sequences usually vary between 4 and
8 nucleotides, and many of them are palindromic,
meaning the base sequence reads the same
backwards and forwards




Restriction site:

In theory, there are two types of palindromic
sequences that can be possible in DNA.

The mirror-like palindrome is similar to those
found in ordinary text, in which a sequence
reads the same forward and backwards on a
single strand of DNA strand.

IAATTC
CTTAAG



http://en.wikipedia.org/wiki/File:EcoRI_restriction_enzyme_recognition_site.svg

Restriction site:

The inverted repeat palindrome is also a
sequence that reads the same forward and
backwards, but the forward and backward
sequences are found in complementary DNA
strands.

Inverted repeat palindromes are more common
and have greater biological importance than

mirror-like palindromes. (: l: i: GGG
GGOUC O


http://en.wikipedia.org/wiki/File:SmaI_restriction_enzyme_recognition_site.svg

Restriction site:

* EcoRI digestion produces "sticky" ends:

*whereas Smal restriction enzyme cleavage produces
"blunt" ends:

CCOGGG
GGGECCC


http://en.wikipedia.org/wiki/File:EcoRI_restriction_enzyme_recognition_site.svg
http://en.wikipedia.org/wiki/File:SmaI_restriction_enzyme_recognition_site.svg

Restriction endonucleases (restriction enzymes)
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Restriction Endonucleases:

Recognition
Enzyme Source & Cut
Sequence
o 0 . 5'GAATTC 5--G  AATTC-3'
EcoRl Escherichia coli SICTTAAG S CTTAA Gt
o Mo - 5'CCWGG 5'--  CCWGG--3'
EcoRIl Escherichia coli S1GaWCC 3GOWCC o
Bacillus 5'GGATCC 5'-G  GATCC-3'
amyloliquefaciens  [3'CCTAGG 3CCTAG G5
MRl Ha@m@phﬁﬂus 5'AAGCTT 5'-A AGCTT—3'
‘H’nﬂu@nza@ 3'TTCGAA 3'---TTCGA A--5'
. 5'TCGA ST CGA—
Thermus aquaticus  |Jiacer 3AGC T
o o 5'CCCGGG 5'---CCC GGG---3'
Smal Serratia Marcescens |siccacce 3GGG CCCt'



http://en.wikipedia.org/wiki/EcoRI
http://en.wikipedia.org/wiki/Escherichia_coli
http://en.wikipedia.org/wiki/EcoRII
http://en.wikipedia.org/wiki/Escherichia_coli
http://en.wikipedia.org/wiki/BamHI
http://en.wikipedia.org/wiki/Bacillus_amyloliquefaciens
http://en.wikipedia.org/wiki/Bacillus_amyloliquefaciens
http://en.wikipedia.org/wiki/HindIII
http://en.wikipedia.org/wiki/Haemophilus_influenzae
http://en.wikipedia.org/wiki/Haemophilus_influenzae
http://en.wikipedia.org/wiki/Haemophilus_influenzae
http://en.wikipedia.org/wiki/TaqI
http://en.wikipedia.org/wiki/Thermus_aquaticus
http://en.wikipedia.org/wiki/Thermus_aquaticus
http://en.wikipedia.org/wiki/Thermus_aquaticus
http://en.wikipedia.org/wiki/SmaI
http://en.wikipedia.org/wiki/SmaI
http://en.wikipedia.org/wiki/Serratia_marcescens
http://en.wikipedia.org/wiki/Serratia_marcescens
http://en.wikipedia.org/wiki/Serratia_marcescens

Which enzymes I shou

PubMed

http./[www.ncbi.nlm.nih.gov

gene 1..642
JSgene="omp25s"

CD5S 1..642
Sgene="omp25"
focodon_start=1
Sproduct="outer membrane protein 25"
/fprotein id="CAQGEE393.1"
fdb xref="GL:206596726"
fdb_xref="GOA:BSU6YO"
fdb_xref="InterPrD:ZPRDLLZSD"
fdb_xref="UniProtEE/TrEMEL:EBSUEY0™
Stranslation="MRTLESLVIVSALALLPFSATAFAADATQEQPPVPAPVEVAPQYS
WAGEY TGLY LY GWHNE AR T STVGES IKPDDWEAGAFAGWN QO DO IVYGVEGDAGY SWA
HE SEDGLEVEQGFEGSLEARVGYDLNPVHMPY LTAGIAGSQIKLNNGLDDE SKEFRVGWT
AGAGLEAR LTDNILGRVEYRYITQYGNENYDLAGTNVENELDTQDIRVGIGYRE™

CRIGIN
1 atgcgcocactc ttaagtctct cgtaatcgtec tcggoctgogo tgoctgococgtt ctoctgogaceo
6l gottttgcotg cocgacgcoccat ccaggaacag cctcoccggtto cggotcocgght tgaagtageoet

121 ccccagtata gotgggcoctgg tggcoctatacco ggtctttace tocggotacgg ctggaacaag

131 gccaagacca gcocaccgttgg cagcatcaag ccoctgacgatt ggaaggcoctgg cgottttgot

241 ggctggaact tccagcagga ccagatcgta tatggtgttg aaggtgatgc aggttattcco

301 tgggcoccaaga agtccaagga cggcctggaa gbtcaagcocagg gotttgaagg ctogotgogt

36l gocococgogteog gotacgacct gaaccocggtt atgoccgtacce tcacggotgg tattgoocggt

421 tcgocagatca agocttaacaa cggcocttggac gacgaaagoa agttcocgogt gggttggacg

481 goctggtgcoccg gtotcgaagec caagcoctgacg gacaacatcoc tocggoocgogt tgagtacogt

541 tacacccagt acggcaacaa gaactacgat ctggococggta cgaatgtbtoccg caacaagotg

601 gacacgcagg atatccgocgt cggcatcggoc tacaagttct aa

iy

Id use




%r&g W ENGLAND
BioLabs..

NEE homepage]

This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic code and the sites for all Type Il and commercially available Typ
restriction enzymes that cut the sequence just once. By default, only enzvmes available from NEB are used, but other sets may be chosen. Just enter vour sequence and "submit”. Furd

NEBcutter V2.0

options will appear with the output. The maximum size of the input file is 1 MByte, and the maximum sequence length is 300 KBases.

What's newin V2.0 Citine NEBcutter

Local sequence file:
GenBank number:

or paste in your DNA sequence: (plain or FASTA format)

Standard sequences:

#Plasmid vectors -

Browse_

[Browse GenBank]
#Viral +phage -

© Linear
() Circular

The sequence is:

Minimmm ORF length to display: 100

Enzymes touse:

@ NEB enzymes

. All commercially available specificities

' All specificities

_ All + defined oligonucleotide sequences

" Only defined oligomcleotide sequences
[define oligos]

d.d.




COpYy

paste

Copy and paste sequence

Sdb xref="GOR:BSUsYO™

JSdb xref="InterPro:IPR 250
Fdb xref="UniProtHEB/TrEMEL:ESU&SYO™
Stranslation="MRTLESLVIVSAALLPFSATAFAADATOEQPPVPAPVEVAPQYS
WAGEY TELY LY GWNE AN T STVGES I PDDWEAGAFAGNN FQODO TV Y GVEGDAGY STD
HE SHE DG LEVE G FEGS LREARVGYDLNPVHP Y LTAGTAGSOITH ILNNGLDDE SHEFRWVIGEIWT
AGLGLEAN L. TDHN I LGRVEYRY IQYGHEN YD LAGTHNVRNE LDIQDDIRVGIGYEE™

ORITGIN

s

@wk W ENGLAND
Bio

Labs.. NEBcutter V2.0 P | [

NEE homepaze]

This tool will take a DNA sequence and find the large, non-overlapping open reading frames using the E.coli genetic code and the sites for all Type Il and commercially available Type 111
restriction enzymes that cut the sequence just once. By default. only enzymes available from NEB are used, but other sets may be chosen. Just enter your sequence and "submit". Further
options will appear with the output. The maximum size of the input file is 1 MByte, and the maximum sequence length is 300 KBases.

What's newin V2.0  Citing NEBcutter

Local sequence file: Standard sequences:
GenBank number: [Browse GenBank] #Plasmid vectors ~

or paste in your DNA sequence: (plain or FASTA format) #Viral+phage ~

421 tcgoagatca agcttaacaa cggottggac gacgaaagca agttcogogt
g

) 4-3_'I.mgc¢:ggt,gccg gtctcgaagc caagctgacg gacaacatcc toggoogogh -
Conoaneat |_Submit |

541 tacacccagt acggcaacaa gaactacgat CLggccggta cgaatgtocg
caacaagetg
601 gacacgcagg atatccgcgt cggcatcgge tacaagttct aa

m

@ NEB enzymes
All commercially available specficities

. @ Linear [ All specificities
The sequence is Circular Bazymes to use: All + defined oligomucleotide sequences
Ouly defined oligomucleotide sequences
define oligos
Minimum ORF length to display: 100 aa




Restriction Map

Noncutters: Aarl, Aatll, Absl, Accl, Acll, AfIlIT, Al, AT, Alo[, AwNI, Apal, Apall, Apol, Arsl, Ascl, Asull, Aval, Awll, Ball, BamHI, Barl, BovCI, Begl, BaiVI, Bell, Bdal, Bgll, Bglll, Bpll,
Bpul(L, BsaAl, BsaBl, BsaXl, BseMII, BsePI, BseRI, Bsgl, Bsml, Bsp14071, BspHI, BstBI, BstDI, BstEIl, BstXI, BtgZI, Btel, Btsl, Clal, CspClI, Drall, Dralll, Drdl, Eam1 1031, Ecil, Eco471IL,
Fco3 71, Eco3TMI, EcoNI, EcoRl, Fsel, Gsul, HaeIV, Hindl, Hind[l, Hpal, Kpal, MauBI, Mboll, Mfel, Mhul, Msll, Nael, Narl, Ncol, Ndel, Nhel, Notl, Nrul, Nspl, OHl, Pacl, Pasl. PAMI, Plel,
PmaCl, Pmel, Ppil. PpuMI, PshAT Psil, PI-Pspl, Pstl, Pvul, Pvull, RstIl, Sacl, Sacll, Sall, SanDI, Sapl, Scal, PI-Scel, SexAl SAl, Sefl, SgrAl SgrDI. Smal, SnaBI. Spel, Sphl, eI, Sse83871, Sspl
Stul, Swal, Taqll, Tatl, THT, Tsp431, TspDTL. TspRI, Tth1111, Vspl, Xbal, Xhol, Xholl, Xmnl

Name Sequence Ljiltgth Overhang |Frequency Cut Positions
EcoRV GATATC 6 bhunt 1 612
FspAl RTGCGCAY § bhunt 1 4
Acyl GRCGYC 6 | five_prime 1 74
ARTT CTTAAG 6 | five_prime 1 10
Agel ACCGGT 6 | five_prime 1 148
Avall GGWCC § || five_prime 1 258
Becl CCATC 5 || five_prime 1 85
Bsell CCCAGC 6 | five_prime 1 131
BspMI ACCTGC 6 | five_prime 1 280
Eco3ll GGICTC 6 | five_prime 1 496
Esp3l CGICIC 6 | five_prime 1 33
Faul CCCGC § || five_prime 1 370




Ligation (Ligases & Phosphatases)

Ligation in molecular biology is the joining of two
nucleic acid fragments through the action of an
enzyme.

It is an essential laboratory procedure in the molecular
cloning by which DNA fragments are joined together
to create recombinant DNA molecules, such as when a
foreign DNA fragment is inserted into a plasmid.

The ends of DNA fragments are joined together by the
formation of phosphodiester bonds between the 3'-
hydroxyl of one DNA termini with the 5'-phosphoryl of
another.



Pasting DNA

DNA fragment from another ‘"“*-——51'[& g Complementary

source is added. Base pairing Fragment from different endS (Sthky €l’ldS)

of sticky ends produces
. Al DNA molecule cut by the
various combinations. same restriction enzyme H—bOl’ld

Y
| GAATT C G/AATT C | o ngase forms
| C TTAAJGEENC TTAAG :
One possible combination phOSphOdleSter
DNA ligase bond to seal
colidbiloied strands together.
| |

Recombinant DNA molecule
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Sticky-end ligation

In cloning experiments most commonly-used restriction
enzymes generate a 4-base single-stranded overhang called the
sticky or cohesive end.

These sticky ends can anneal to other compatible ends and
become ligated in a sticky-end (or cohesive end) ligation.

EcoRI for example generates an AATT end, and since A and T
have lower melting temperature than C and G, its melting
temperature T_ is low at around 6°C. For most restriction
enzymes, the overhangs generated have a T_ that is around
15°C. For practical purposes, sticky end ligations are performed
at 12-16°C, or at room temperature, or alternatively at 4°C for a
longer period.



Blunt-end ligation

Blunt end may be ligated to another blunt end,
Blunt ends may be generated by restriction
enzymes such as Smal and EcoRV.

However a major advantage of Dblunt-end
cloning is that the desired insert does not
require any restriction sites in its sequence as
blunt-ends are usually generated in a PCR, and
the PCR generated blunt-ended DNA fragment
may then be ligated into a blunt-ended vector
generated from restriction digest.




Disadvantages of blunt-end ligation:

1- ligation is much less efficient than sticky end
ligation, typically the reaction is 100X slower than
sticky-end ligation.

2- The concentration of ligase used is higher than
sticky end ligation (10x or more).

3- The concentration of DNA used in blunt-end ligation
is also higher to increase the likelihood of collisions
between ends.

4- Longer incubation time may also be used for blunt-
end ligations.



Method of Ligation

Add 1 pl of the PDrive vector of the
ligation in 0.2 ul or 0.5 ul PCR tubes,

Add 1:4 ul of the purified PCR product,
Add 5 pl of ligation master mix &

Variable ul of water then put in the thermo
cycler for four hours at 16°C.




pDrive Cloning Vector

e Ampicillin and kanamycin
selection

o Blue/white screening

e Unique restriction endonuclease
recognition sites around the
cloning site

e T7 and SP6 promoter on either
side of the cloning site allowing in
vitro transcription of cloned PCR
products as well as sequence
analysis using standard
sequencing primers.

e Phage f1 origin to allow
preparation of single-stranded
DNA

- \
+1
§ EcoRl
™ /
U

pDrive Cloning Vector
PR

TT? promoter

Accéd5l
Kpnl
Sphi
Pstl
Ml
SnaBl
BamHI

EcoRl
Sall

Accl
Hincll
Hindlll
Xhol
Avrll/Styl
Nhel
Xbal
Eco72I
BsiX|
EcoO109]
Apal
Sacl

Nofl

_tSPé promoter



Alkaline phosphatase
dephosphorylation

Removing phosphate
group to prevent self
ligation of the vector




Alkaline phosphatase:
Removes 5' phosphate groups from DNA and RNA. It
will also remove phosphates from nucleotides and

proteins. These enzymes are most active at alkaline
pH - hence the name.

Alkaline phosphatase

.




There are several sources of alkaline phosphatase
that differ in how easily they can be inactivated:

Bacterial alkaline phosphatase (BAP) is the most
active one, but also the most difficult to destroy at the
end of the dephosphorylation reaction.

Calf intestinal alkaline phosphatase (CIP) is purified
from bovine intestine. This is phosphatase most widely
used in molecular biology labs because, although less
active than BAP, it can be effectively destroyed by
protease digestion or heat (75C for 10 minutes in the
presence of 5 mM EDTA).

Shrimp alkaline phosphatase is derived from a cold-
water shrimp and is promoted for being readily
destroyed by heat (65C for 15 minutes).



Trouble-shooting

Sometimes ligation fail to produce the desired ligated
products, and some of the possible reasons may be:

1- Damaged DNA - over-exposure to UV radiation during
preparation of DNA for ligation can damage the DNA.

2- Excessive amount of DNA used.

3- Incomplete DNA digest, The vector DNA that is
incompletely digested will give rise to a high background.
Insert that is not completely digested will also not ligate
properly and circularize.

4- Incomplete ligation. Blunt-ends DNA and some sticky-ends
DNA that have low-melting temperature require more ligase
and longer incubation time.
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with my Best Regards and My Best wishes

Amira A. AL-Hosary
E-mail: Amiraelhosary @yahoo.com
Mob. (002) 01004477501



