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Bacterial origin = enzymes that cleave foreign
DNA

Named after the organism from which they
were derived

— EcoRI from Escherichia coli

— BamHI from Bacillus amyloliquefaciens

Protect bacteria from bacteriophage infection
— Restricts viral replication

Bacterium protects it’'s own DNA by
methylating those specific sequence motifs



o Several hundreds enzymes identified,
many available commercially from
biotechnology companies



— Cuts the DNA on both strands but at a non-
specific location at varying distances
(>1000 or 24-26bp) from the particular
seqguence that is recognized by the
restriction enzyme

— Therefore random/imprecise cuts
— Not very useful for rDNA applications



— Cuts both strands of DNA within the particular sequence
recognized by the restriction enzyme

— Used widely for molecular biology procedures
— DNA sequence = symmetrical

e Reads the same in the 5’ 3’ direction on both
strands = Palindromic Sequence

e Some enzymes generate “blunt ends” (cut in
middle)

» Others generate “sticky ends” (staggered cuts)
— H-bonding possible with complementary tails

— DNA ligase covalently links the two fragments together by
forming phosphodiester bonds of the phosphate-sugar
backbones



Gli enzimi piu utilizzati per la
manipolazione del DNA sono
Enzimi _di restrizione di tipo IT:

- tagliano il Dna in corrispondenza del
sito di riconoscimento, in posizione
variabile su entrambi i filamenti

* necessitano di Mg**
- sono in forma mono-dimerica

* non hanno attivita metil-
transferasica (presente nel batterio
in un enzima separato)
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dam Methylation
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- Dam methylase puts a methyl group on the nitrogen of 6t
position of adenosine at the site: GATC

- All of the E. Coli that we use generate DNA with dam
methylation

* Some enzymes only cut dam methylated DNA: eg Dpnl

* Some enzymes do not cut dam methylated DNA: eg Xbal

http://www.neb.com/nebecomm/tech_reference/restriction_enzymes/dam_dcm_methylases_of_ecoli.asp



http://www.neb.com/nebecomm/tech_reference/restriction_enzymes/dam_dcm_methylases_of_ecoli.asp
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* Dcm methylase puts a methyl group on the carbon of 5t
position of cytidine at the site: CCAGG and CCTGG

* The enzyme we use most that can be affected by dcm
methylation is Sfil

* XL1-Blues and BL21s are both Dcm™

http://www.neb.com/nebecomm/tech_reference/restriction_enzymes/dam_dcm_methylases_of_ecoli.asp



http://www.neb.com/nebecomm/tech_reference/restriction_enzymes/dam_dcm_methylases_of_ecoli.asp
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Restriction Enzymes

e Nomenclature

— EcoRl
 E = Escherichia genus name
e CO = coli species name
R = strain RY12 strain or serotype
| = Roman numeral one = first enzyme
— HinDlI|

 Haemophilus influenza serotype d
3rd enzyme



Restriction Enzymes

 Recognition sites
— Generally 4, 6, or 8 bp in length

— Most sites are palindromic
« OTTO / HANNAH / REGAL LAGER
« A MAN A PLAN A CANAL PANAMA

— For REases - sequence reads the same in a
5’--->3’ direction on each strand



Table 4.1 Recognition sequences of some restriction endonucleases

Enzyme Recognition site Type of cut end
EcoRI G'A—A—T—T 5’-phosphate extension
T
BamHI G!G—A 5’-phosphate extension
C—C—-T
Pstl C—T—G 3’-hydroxyl extension
G A—C
Sau3Al LG—A 5’-phosphate extension
C—T
Poull C—A—G'C—T—G Blunt end
G—T—C ; G—A—C
Hpal G—T—T * A—A—C Blunt end
C—A—A
Haelll G—G Blunt end
C—C G—G
Notl G C 5’-phosphate extension
C

M0
AN

A O




Gli enzimi di restrizione generano estremita specifiche
nei loro siti di taglio

EcoR1 genera sporgenze 5' di 4 basi in un bersaglio di 6 bp

5'NNNGAATTCNNN3’ NNNG 4 S/AATCCNNN
3'NNNCTTAAGNNNS' NNNCTTAAS' GNNN

T

BamH1 genera sporgenze 5’ di 4 basi in un bersaglio di 6 bp

v

5'NNNGGATCCNNN3’ NNNG 4+ S'GATCCNNN
3'NNNCCTAGGNNNS’ NNNCCTAGS' GNNN

Pst1 genera sporgenze 3’ di 4 basi in un bersaglio di 6 bp

v

S5'NNNCTGCAGNNN3' NNNCTGCAZ" GNNN
3'NNNGACGTCNNNS’ NNNG 3'ACGTCNNN

Hpal genera estremita nette in un bersaglio di 6 bp

v

5'NNNGTTAACNNNS3’ NNNGTT + AACNNN
3'NNNCAATTGNNNS' NNNCAA TTGNNN

T

Haelll genera estremita nette in un bersaglio di 4 bp

5'NNNGGCCNNN3’ NNNGG + CCNNN
3'NNNCCGGNNNS5’ NNNCC GGNNN

t



Restriction Enzymes

 Cleave DNA to generate different “ends”
— Staggered cut
e 5" extension
e 3’ extension
— Blunt end






Restriction Enzymes in DNA Cloning

« How are REases used ?
— Ends are “sticky”
— Complementary

— Any two DNAs cut with same enzyme can
stick together through complementary base
pairing
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Annealing
Sticky ends

DNA strands held
together only by
basepairing

Nicks In strands
need to be repaired

—ATGTTG

— TACAACCTAG

Nick

—ATGTTG
— TACAAC

GATC

CTAG

'GATCC TTGAC —

/GAACTG—-
OH

Anneal

C TTGAC —
GAACTG —




Restriction fragment length polymorphism

RELP is a polymorphic allele identified by the

presence or absence of a specific restriction
endonuclease recognition site:

— GAATTC versus GATTTC

RFLP is usually identified by digestion of genomic
DNA with specific restriction enzymes followed by
Southern blotting

Regions of DNA with polymorphisms:

— Introns

— Flanking sequences

— Exons



Diagnosi

Digestione

DNA allele 2 e

5l
DNA allele 1 e [
30
PCR (612 pb) 383 pb
50
3l

463 pb

Separazione dei Frammeti su gel

C___DFrammenti diagnostici

Allele 1

383 pb
149 pb
80 pb

Elettroforesi

C=>
C=>
Com D

149 pb
Allele 2 (mutato)
463 pb

149 pb
80 pb



Linking Restriction Fragments

« T4 DNA Ligase

— repairs nicks in DNA strands
(reforms phosphodiester bond)

— uses energy from ATP

— works on blunt or sticky ends



T4 DNA Ligase Mode of Action
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Recombinant DNA Cloning
Procedure

Source Cloning
vector

1) Enzymatic
digestion

Enzymatic Enzymatically
fragmentation linearize

Vector DNA




Pozzetti caricati con DNA
__Gel di agarosio

Alimentatore
././

Separation of DNA fragments
by gel electrophoresis

Dimensioni maggiori

Paia di basi

Dimensioni minori




Recombinant DNA Cloning
Procedure

- Vector DNA

2) ngatlon Of Join target DNA

Target and and cloning vector _
vector DNA ngase

DNA construct




And Iin the case we don’t have the possibility

of using the same restriction enzyme for the vector
and the insert?

How can we overcome this problem?



Compatible Coesive Ends

(b)

EcoRlI produce
estremita appiccicose

Mefl produce
estremita appiccicose

Unione dei frammenti con estremita
appiccicose complementari
utilizzando la DNA ligasi



First RE

Aatll (GACGTLC)
Ace65l (GLGTACC)

Acil* (CLCGE)

Acil* (GLCGG)

ARN* (ALCGEET)

ARII* (ALCGTAT)
ARII* (ALCACGT)
AfIll* (ALCATGT)
Alw211* (GTGCTLC)
Alw211* (GTGCALC)
Alw211* (GAGCTLC)
Alw211* (GAGCALC)
Alwddl (GITGCAC)
Apal (GGGCCLC)

Asel (GGLCRCACT)

BamHI (Gl GATCC)

Bhal (GGLGLLC)

BbvC1* (CCATCAGC)

BbwCI* (GLATGAGG)

Tabde 1.19. Newly Generated Recognition Saquences Resulting from Ligation of Protruding Compatitle DA Ends.

Second RE

Tail {ACGTL)

BshNI* (GLGTACE)

Bsp14071 (TLGTACA), PA23II (CLGTACG), Tatl* (WLGTACW)

Bsp1191 {TTLCGAA), Bsu15l (ATLCGAT), Hintl* (GRLCGTC), Maell (ALCET),
Psp1A06I (AALCGTT), Tagl (TLCGA), Xmil* (GTLCGAC)

Him1* (GRLCGCC), HinBl (GLCGEC), Narl (GGLCGCC)

Hpall (CLCGG), Mspl (CLCGE)

Bsp1191 (TTLCGAA), Bsuisl (ATLCGAT), Magll (ALCGT), Psp14061 (AALCGTT),

Tagl (TLCGA), Xmil* (GTLCGAC)

Himrt1* (GRLCGCC), Hinl (GLCGC), Narl (GGLCGCC)
Hirm1* (GRLCGTC)

Hpall (CLCGG], Mspl (CLCGE)

Asel (GLCGCGCC), Paul (GLCGCGC)

Dsal* (CLCGCGE)

Miut (ALCGCET)

Dsal* (CLCGTGG)

Dsal* (CLCACGG)

BspLU11I (ALCATGT)

Dsal* (CLCATGG), Eco1301* (CLCATGE), Nool (CLCATGG), Pagl (TLCATGA)
Sdul* (GTGCTLC)

BseSI* (GTGCALC), Sdul® (GTGCALL)

Mpi11031 (ATGCAJT)

Pstl (CTGCALG), Sdal (CCTGCALGE)

Eco241* (GAGCTLE), Sacl (GAGCTLC), Sdul* (GAGCTLC)

Sdul* (GAGCALC)
Bfmi* (CATGCAG)
BseSI* (GGGCCLC), Eco241* (GGGCCLC), Sdul* (GRGCCLC)

Afilli* (ALCGCGT), Miul (ALCGCGT)
Dsal* {CLCGLGG)

Paul (GLCGCGC)

Bell (TLGATCA), Bspl431 (LGATC), Mbol (LGATC)
Bglll (ALGATCT), Psul* (RLGATCT)

Psul* (RLGATCC)

Bsp14311* {(RGCACLC)

Bsp14311* (RGCGCIT)
BpuDI* (CCATCAGC), Bpurt1021* (GCLTCAGE)
Bpu10I* (GCITCAGG), Eco811* (CCLTCAGG)
Ddg|* (CLTCAG)

BpuADI* (CCITGAGC), Bpurl1021* (GCITGAGC)
Bpu0I* (GCITGAGG), Foo811* (CCITGAGE)
Ddgl* {CLTGAG)

RE cleaving newly genarated
recognition sequence

Maell, Tail

Acctsl, BshNI, BspLl, Csp6l, Kpnl, Rsal
Csp6l, Rsal

Acil
Hpall, Mspl

Hhal, HinGl

Hagal

Acil

Bsi2361, Hhal, HinGl
Acll, Bsfr2361

A, Bsin2361, Miul
Maell, Tail

Afflll, BspLUA1, Malll, Xeel

Malll

Alw2 1|, Sdul

Alwzil, Alwddl, BseSl, CviB|, HoyBl, Sdul
CuiRl

Bsgl, CwRl

Alul, Alw21l, Cwill, EcH361L Eco24l, Sacl,
Sdul

Alw2 1|, Sdul

Bsgl, CwRl

Apal, BseSl, Bsp120l, BspLl, BsuRl, i3,
Cwill, Eco24l, Sdul

BsmM 2361, Hhal, HinGl

Acll, Bsi2361, Hhal, Hintl

Bsi 2361, Cactl, Hhal, HinGl, Paul
Bspla3l, BspPl, Mbol

Bspid3l, BspPl, Mbol, Psul

BamHl, Bspi1431, BspLl, BspPl, Mbol, Psul
Bhel, BshNI, Bspid43ll, Bspll, Ehel, Hhal,
Him|, Hin6l, Kas|, Narl

Bspl431l, Hial, Hinél

BbwCl, Bpu10l, Bselil, BspCNI, Ddsl, Mall
Bselil, BspCNI, Ddel, EcoB1l, Mnill
Bselil, BspCHI, Ddel, Mnll

Bpu11021, BseMll, BspCNI, Ddsl

BbwCl, Bpul0l, Bselil, BspChl, Ddsl, Mall
Bselll, BspCHI, Ddsl




BamHl (GLGATCC) Bell (TLGATCA), Bspid3l (LGATC), Mbel (LGATC)

} ] " L IrII | : ] TI; *



Unfortunately, you have no luck!!!
How can we modify the ends to make them
compatible??



Filling recessed 3’ ends

DNA

DNA

DNA polymerase



Linkers
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Td T (terminal deossinucleotidil transferase)

[ A-esonucleasi A-esonucleasi
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 \What prevents plasmid DNA from
reforming during ligation and
transforming cells as do the
recombinant molecules?

e TWO ways to prevent

—Treat with Alkaline Phosphatase
—Directional Cloning



Vector DNA with
single BamH| site
“BamH|

*E&rmHl

[GATC j—
——{CTAG]

\

arget anly Vector target Vector only
(e.g. intermolecular (e.g. intramolecular;
concatemerization) cyclization)

| GATC]

- ™ By R T
L3~ I_.— L | L XKk

(TG [CTAG],

Note that only some of the possible
outcomes are shown. For example, vector molecules may also form intermolecular concatemers, multimers can undergo
cyclization and co-ligation events can involve two different target sequences being included with a vector molecule in the
same recombinant DNA molecule. The tendency towards cyclization of individual molecules is more pronounced when the

DNA is at low concentration and the chance of collision between different molecules with complementary sticky ends is
reduced




e Alkaline Phosphatase
—removes 5’ PO, from end of DNA strand

— prevents formation of new phosphodiester
bond by DNA Ligase



Alkaline Phosphatase Action

Plasmid DNA

\

Restriction endonuclease
cleavage

Alkaline phosphatase
tfreatment

OH

OH

Target DNA

T4 DNA ligase

Restriction endonuclease
cleavage




Alkaline Phosphatase Action

O
-O_ I Phosphodiester

P bond

Phosphodiester
bond

Two nicks remain

Will be repaired in
bacterial cell follow-
Ing transformation



Directional Cloning

e Digest plasmid and target DNA with two
different restriction enzymes
— Hind Ill and BamHlI
— Ends are not compatible (can’t basepair)

— Plasmid won'’t re-circularize unless target
DNA has inserted



Directional Cloning




Cloning of PCR fragments



Terminal decxynucleatidyl
| ftransferase of
thermaostable polymerass

PCR product with
A overhang

Treatment with

T -”l‘ﬂ“r""ﬂ‘..-;/ polishing enzyme

_ Polylinker - i Blunt-end

1L cloning

Cloning of PCR products

PCR products frequently have an overhanging adenosine at their 3
ends. The T-A cloning system has a polylinker system with
complementary thymine overhangs to facilitate cloning.




Topo Cloning

DNA topoisomerase | from Vaccinia virus binds to double strand DNA at specific sites
and cleaves the phosphodiester backbone after 5'-CCCTT in one strand (Shuman,

1991).

« The energy from the broken phosphodiester backbone is conserved by formation of
a covalent bond between the 3’ phosphate of the cleaved strand and a tyrosyl residue

(Tyr-274) of topoisomerase |.

Topoisomerase | recognition sites

TT-I"'CL E

— 3" phosphate ) )
+ Tag-amplified PCR product

TOPO TA Cloning* vector

5 minutes at
room temperature

Topoisomerase |
is released

Ligation complete



(@) \Vettore con la topoisomerasi
legata covalentemente

La Tag polimerasi lascia una A sporgente
all'estremita 3’ dei prodotti di PCR,
che pud essere usata per il clonaggio

[AGGG
TECT

[T

CCCT . A
CCCh ml— Prodotto di PCR ‘|—,

0—®

Topoisomerasi

Topoisomerasi

La topoisomerasi catalizza
il legame covalente del vettore
con il prodotto di PCR

Il vettore covalentemente chiuso
& pronto per la trasformazione
nei batteri
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(generally E.Coli)

res — - mutants of the
restriction system

Rec A (-) = mutants of the
recombination system



Transformation of Bacteria

e IDNA constructed in the lab must be
Introduced into “host” cell

e Cells must be able to take up DNA -
“COMPETENT”

* Growing bacteria will produce lots of
copies of the DNA



Transformation of Bacteria

 Two basic methods to produce competent
bacteria (able to take up added DNA)

—Chemical competent
— Electroporation



Transformation of Bacteria

 Chemical competent
— Divalent metal ion Ca** , required
— treat cells with ice-cold CacCl, solutions

— Ca** lons alter membrane so it iIs permeable
to DNA

e

Aliquot competent cells '

VoY
G’Entrifugﬂ ! Hgsuspgnd bacterial \ _--;:"1- § ::-"'_ ﬁ I N
: pellet in CaCl; solution Gl 3 1
Log phase Store at "80 °C
E. coli culture

P ) amp' plasmid DNA

Flate
on LB +
T ampicillin

-
- -
-

108108 amp’ o ]
colonies / pg DNA 42 ¥C Hp0 bath Chill on ice



Transformation of Bacteria
o Electroporation

— Cell/DNA mix given high voltage electric shock
— 2.5kvolts, ~5msec

— useful for high efficiency transformation

— 10° transformants / ug of DNA

Before Pulse During E-field After Pulse

Cell membrane

Introduce Cell "heals" with
genes/drugs gene/drug inside

O N f

F e
oS
. +

/ +
Electric field induces a
voltage across cell
membrane

\




Transformation of Bacteria

 Both methods are very inefficient
— only a few % of cells actually take up DNA

 How are the transformed cells selected?
— antibiotic resistance gene on plasmid
— ampiclilin, tetracycline, chloramphenicol, etc.
— transformed cells grow; non-transformed die



Selection of clones by antibiotic

e =
0000 /s \

—

Plasmid wvectors == DMA fragrments to be cloned




DMA

. to be
Plasmid vector

Enzymatically insert
DMA into plasmid vector

Recombinant plasmid

Mix E. coli cells with

plasmids in prese

CaCly

Culture on nutrient agar
Bacterial plates containing ampicillin
chromosome

alls that do not
take up plasmid die
anampicillin plates
Independent
plasmid replication




Chemically Competent E. coli 1 x 10° cfu/ug plasmid DNA

1 pug plasmid DNA 99,999% is cut 0,001% isn’t cut

1ng plasmid DNA

1 x 106 cfu
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