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Restriction enzyme = Restriction Endonuclease

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

site.
Idea:

—

[hese enzymes are found in bacteria and provide a

defense mechanism against invading viruses.

=

o cut DNA, all restriction enzymes make two incisions,

once through each sugar-phosphate backbone (i.e. each
strand) of the DNA double helix.

- /
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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.

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. p
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Restriction enzyme = Restriction Endonuclease

In the 1960s, it was shown in work done in the
laboratories of Werner Arber and Matthew Meselson and

they defined that:
T'he restriction is caused by an enzymatic
cleavage of the phage DNA, and the
enzyme involved was therefore termed a

restriction enzyme,
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Restriction enzyme = Restriction Endonuclease

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

commercially.
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Restriction site

The recognition sequences

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

usually

between 4 and 8 nucleotides, and many of
them are palindromic, meaning the base

sequence reads the same backwards and

Vary

/
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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.
AATTC
CITA G/



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

a I
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. CCCIGGG
CGGECCC
/



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

e
Restriction site:

® EcoRI digestion produces "sticky" ends:

GAATTC
ClTAAG

® whereas Smal restriction enzyme Cleavage

produces "blunt" ends:

CCCGGG
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)

StiCky ends Restriction site

blunt ends 5
Nomenclature DN 3—2##{,{2—3

FcoRI

E- genus (Escherichia) it

CO = Species ( CO ]]) backbones at each arrow.

R = strain '

[ - # of enzyme —il)) “II

Sticky end
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/




e

Restriction Endonucleases:

Recognition
Enzyme Source Cut
Sequence

o ) 5'GAATTC 5'-.G AATTC-..3'
EcoRI Escherichia coli A TS, (@
1 . 5'CCWGG 5. CCWGG--.3'
EcoRII Escherichia coli SO — O
HI Bacillus 5'GGATCC 5---G GATCC-..3'
BamHll am;zlo]iquefaciens 3'CCTAGG 3.__CCTAG G---5'
. P 5'AAGCTT 5"--A AGCTT...3'
HindIIl |Haemophilus influenzae |, rccan e

: 5'TCGA 5T CGA---3'

Tagl Thermus aquaticus e NG T
Small* Serratia marcescens > cecaaa > CCC GGG
2I0al Lo L W P P e 3' GGG CCC---5'



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 should use

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
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BioLab

S

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 I and commercially available Typ)
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". Furi

NEBcutter V2.0

options will appear with the output. The maximum size of the mput file is 1 MByte, and the maximum sequence length is 300 KBases.
What's newin V2.0  Citing NEBcutter

Local sequence file:
GenBank number:

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

Standard sequences:

[Browse GenBank] #Plasmid vectors =
#Viral + phage ~

. @ Linear
The sequence is:

Minitmum ORF length to display: 100

S Enzymes to use:
" Circular (

|
@ NEB enzymes
" All commercially available specificities

' All specficities
_ All + defined oligonucleotide sequences
" Only defined oligomicleotide sequences
[define oligos]

d.a.




COpy

paste

Copy and paste sequence

fdb_ xref="GORA:BSU&YO0™

Fdb xref="InterPro:IPRO011Z250™

Fdb xref="UniProtHEB/TrEMEL:ESU&SYO™
Seranslation="MRTLESLVIVSALLLPFSATAFALADATOEQPPVEPAPVEVAPQYS
WAGEY TG LY LY GWHNE AR T STWVES IKPDDWE AGAFAGWN FQODO TV Y GWVEGDALGY STWA
HESHDGLEVEOGFEGS LEARVGY D LN PVHMPY LTAGTAGSOTHILNNGLDDESKFRWVGWT

ORIGIN

atgocgcactc
gottttgotg
cooccagtata
gccaagacca
ggctggaact
Togggoccaaga

gcococgocgtog
Tcogocagatca
goctggtgcog
Ttacacccagt
gacacgcocagg

ACGLGLEAN L. TDN I LGRVE YR Y ITOYCGHEN Y DLAGTHNVRENE LDITQDIRVELEYEE™

ttaagtcoctcoct
cogacgocat
goctgoggcotgg
gcacocgttag
Tocagcagga
agtccaagga
gctacgacct
agcttaacaa
gtoctocgaagc
acggcaacaa
atatccgocgt

cgtaatcgtc
Ccocaggaacag
Tcggctatacc
cagcatcaag
ccagatcgta
coggococtoggaa
gaaccocggtt
coggCcttoggac
caagctgacg
gaactacgat
cggcatoggc

Togogoctgocgc
coctoocggtto
ggtcoctttcacc
coctgacgatt
tcatggtgttg
gtcaagcagg
atgcococgtaco
gacgaaagca
gacaacatcc
ctoggococoggta
tacaagttct

Tgcoctgoogtt
cggcoctooggt
Tcoggotacgg
ggaaggctgg
aaggtgatgc
gctttgaagg
Tocacggcoctog
agttococgogt
Toggococgogt
cgaatgtococg

ctotgocgacc
Ttgaagtagct
choggaacaag

gggCTocggaco

Caacaagoctg

NEW ENGLAND
-

Labs..

NEBcutter V2.0

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 II1
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 new in V2.0 Citing NEBcutter

INEE homepage

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

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

tattgeeggt -
421 tcgcagatca agcottaacaa cggcttggac gacgasagca agttcogcogt
gggttagacy
481 gctggbgocog ghctogaagc caagobgacg gacaacatcs toggocgogh
tgagracegt
541 tacacccagt acggcaacaa gaactacgat ctggccgota cgaatgtccg H|

caacaagetg
601 gacacgcagg atatccgcgt cggocatcgge tacaagttct aa

@ NEB enzymes
© All commercially available specificities [ setcolors |
@ Linear 1 All specificities

The sequence is: ' Ciret Enzymes to use:

' All + defined oligonucleotide sequences
' Only defined oligomicleotide sequences

define oligos
Minimum ORF length to display: 100 aa
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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
N S S | Overbang | Frequency Cut Posit
ame equence Length erhang | Frequency ut Positions
EcoRV GATATC b bhnt 1 612
FspAl RTGCGCAY g bhnt | 4
Acyl GRCGYC b five prime | 74
AfilT CTTAAG b five prime | 10
Agel ACCGGT b five prime | 148
Avall GGWCC 5 five prime 1 258
Becl CCATC 5 five prime | 85
BseYl CCCAGC b five prime | 131
BspMI ACCTGC b five prime | 280
Eeo3ll GGTCTC b five prime | 496
Esp3l CGTCTC b five prime | 33
Faul CCCGC 5 five prime | 370
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Ligation (Ligases & Phosphatases)

Ligation in molecular biology is the joining of two

nucleic acid fragments through the action of an enzyme.

[t is an essential laboratory procedure in the molecular
cloning by which DNA fragments are joined together to

create recombinant DN A molecules.

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
AATT oy

DNA fragment from another [E.EI'LEE * Complementary

source is added. Base pairing . ends StiCk endS
of sticky ends produces Fragment from different ( y )

; o s DNA molecule cut by the
various combinations. same restriction enzyme H-bond

Y

[ GJAATT CEETNG/AATT CT

 Ligase forms

One possible combination phOSphOdi€Ster
DNA ligase bond to seal
sallb bl strands together.
I N
BN T
Recombinant DNA molecule




Plasmid
Vector
Cleavage site
Foreign DNA
(a) | Cloavageby Econt  LLLLIEFFIRE NN TPV AR AN EFFIIFNUNNY
endonuclease 3 : H
Cleavage sites 1 2 3

Cleavage by EcoRl
endonuclease

AATT AATT

TTAA TTAA

Sticky ends
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Sticky-end ligation:

called:

The sticky or cohesive end.

become ligated in a sticky-end (or cohesive end) ligation.

sticky end ligations are performed at 12-16 C.
\

In cloning experiments most commonly—used restriction
enzymes generate a 4-base single—stranded overhang
These sticky ends can anneal to other compatible ends and

For most restriction enzymes, the overhangs generated

have a T_ that is around 15°C. For practical purposes,

/
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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 blunt-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.

-
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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. y
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Method of Ligation:

Add

1 ul of the PDrive vector of the ligation in

0.2 W or 0.5 ul PCR tubes,

Add

1:4 pl of the purified PCR product,

Add 5 pl of ligation master mix &

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




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

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

dephosphorylation reaction.

2. 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).

3. Shrimp alkaline phosphatase is derived from a cold-
water shrimp and is promoted for being readily destroyed by

heat (65C for 15 minutes).

™~
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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.

-




hdaolecular cloning

Plasmid DMA
Mew DMNA

|I'|5EI'|Z
new DA,

Feglicate inside

badena
Badenal
ol oy
o
e
hary copies K‘/
of DA

6111104 Copyight® motifollo. com
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with my Best Regards and My Best wishes

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




