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The Nobel Prize in
Chemistry 1980

K A
Paul Berg Walter Gilbert Frederick Sanger
Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Chemistry 1980 was divided, one half awarded to
Paul Berg "for his fundamental studies of the biochemistry of
nucleic acids, with particular regard to recombinant-DNA", the
other half jointly to Walter Gilbert and Frederick Sanger "“for their
contributions concerning the determination of base sequences in
nucleic acids".

Photos: Copyright @ The Nobel Foundation



Per sequenziare il DNA, si utilizzano 2 metodi:

Metodo chimico o di Maxam-Gilbert

In questo caso, una molecola di DNA viene marcata con 32P ad una
estremita. Sulla molecola marcata, si eseguono poi quattro reazioni
separate, che portano alla rottura del DNA in corrispondenza di una
base specifica. Le reazioni vengono condotte in difetto del reagente, in
modo che ogni molecola di DNA venga tagliata in media una volta
sola. I frammenti prodotti dalle 4 reazioni vengono poi separati con
elettroforesi ad alta risoluzione su gel di poliacrilamide, capace di
separare (risolvere) due molecole di DNA che differiscono per
lunghezza anche di un solo nucleotide.

Metodo enzimatico di Sanger

Questo metodo si basa sulla sintesi di nuove molecole di DNA, sullo
stampo da sequenziare, troncate a livello di basi specifiche, e fa uso di
speciali nucleotidi, preparati chimicamente, che mancano dell’ossidrile
in posizione 3": | 2.3 dideossinucleotidi trifosfati.




Maxam-Gilbert DNA chemical sequencing

Example for A

electrophoresis

(A)

gel

initial single-stranded DNA fragment
labeled with **P at its 5' end

(P)- TGCACTTGAACGCATGCT

a chemical that cleaves specifically
at A residues produces radioactive

fragments of different lengths

— (P)+TGCACTTGAACGE TGCT:

—— (P)- TGCACTTGA CGCATGCT

\:”Qa}:mmme ACGCATGCT
32

—— (P)-TGC CTTGAACGCATGCT

radioactive unlabeled

fragments fragments
| J

these fragments are separated
electrophoretically on a gel
strictly according to length; only
the radioactive fragments are
detected by autoradiography
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DNA sequence, reading
directly from the bottom
of the gel upward, is
TGCACTTGAACGCATGCT
1 18




Sanger’s method

Primer
strand

Template

Deoxyribonucleoside triP G

™ pleele|elele| el

(a)

ddATP
\

DK

A

Dideoxyribonucleoside triP
2’-3’H

A G T




(A) normal deoxyribonucleoside

triphosphate precursors AGT g‘ G A/ dideoxyribonucleoside
(dATP, dCTP, dGTP, and TATGICT triphosphate (ddATP)
dTTP) TAT CTG A
G RCCAAT
TegcT
rare incorporation of
oligonucleotide primer dideoxyribonucleoside by DNA
for DNA polymerase polymerase blocks further growth
5 of the DNA molecule
e IGCTACCTGCATGGA

GATGGACGTACCTCTGAAGCG—
3' 5'

single-stranded DNA molecule

to be sequenced
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double-stranded
DNA

single-stranded
DNA

+ DNA polymerase
+ 0xCess dATP

CAT! ATGTCA
SCAT ATGTCAGTCCA

|

The label is usually 2P,
so that detection
requires
autoradiography

sal. % i
LM
-

L |

AT
ATGT

l+ ddCTP

GEATI ATGTC
IGEATI ATGTCAGTC  [GCAT
BEATI ATGTCAGTCC [GEATI ATGTCAGTCCAG

Ine.
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SEQUENZIAMENTO DEL DNA
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121
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Jel
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541
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1021
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1621
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18¢el
1521
1981
-041
2101
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atggogggto
ctoccaccoct

gtottttate
aaacctctta
gqoottoccog
goagoctata
tt aggagt gt.
gtgcocgggty
cccggtgtgy
ggtgtaggty
ggagtoccocac
tacaccac adgf
aaggctggtt
aaagcagocadg
ggbtgttooctyg
ccagotgoag
ggcttagtge
gttoccaggtyg
ggtgctgogy
gocaaatacyg
gctggggget

cotagtgtog
gotcaggoag

gotgotaaag
cotggagttyg
gttggogtgy
cctggtggag
cgagetgoag
ggacttggag

gaggcaggty
coctoctoct

goetgoeogota
goetetoggty
googoagoca
ggaggactog
coagotgoadg
ggtgccggge
attttoccag

tgacggcggce
ctoggoctag

caggggctgg
agccagtteco

cagttacctt
aagctgoctaa
Ctg’Cﬂ.ggtg’C
tggggc:tgc:c
gggtgc:tcc:c
gagctttt.gc
tggggtat.c:c
gga.aac:tgc:c
acccaacagg
caaagttcgg
gogtgoctgg
ctgcagcotge
ctggtgggoe
ttggtgtoce
ttoccaggggt
gggccaggec
ttoccoggott
gaggtgtteo
cagctgooge
cagcogooaa
gogtggote
ctoctggagt
ttgcagotge
ctgggettgy
ttggtgctggy
cagatgaggg
ctocagoacct
aagcagocaa
gagtaggcat
aagotgotge
gagtcggagyg
cogotaaags
agttoocact

gtggggccty

ggcccegegy
aggoggtooct
totoggagoo
cggagggctt
teocgggggct
ggctggeget
ggtggtteoct

aggtgtatac
tggagttoco

tggaatcocca
catcaaggco
ctatggctat

gacaggggtt
t.gc.'t. ggagca
ggcaattoct
agcagcagoo
aggctttgge
aggagctggyg
tgtgtcacca
cggagtcgga
tggtgtogga
cggagtcgga
caaggotgoo
agocogoocag
tggtgtoggt
tggtgtgget
agcaaaatce
tgotggoate
tgttocotgga
agttaggcgg
cooccagoace
atatggagca
cocaggoggt
caaagoogos
gettggagtt
agctaaatac
tggaggagtyg
cotggggaaa

cooggagtoo
gogggocatte
cttggaggag
gogggtgety
ctggtgoctg
gggcttggty
C'El.gC ct g’gﬂ.g’
ccaggtggcy
ac tggagc -El.g'
ggagttggac
coccaagotgo
gggcccggag
guoccococcagg
googgagtoo
ggaattggag
goctaaggocag
cogggagtag
attccagttg
gaagcagctg
gttggaggeca
gtcggaggta
ggtgtocogg
aagtacggag
tttgggttag
gtggetoctyg
cotggogtty
gotgocaagy
cotggacttyg
cttggagttyg
agoctgtece
coctcatcac
goagtgocty
gtggtgggag
cagtttggoc
ccaggtgttyg
ggtgctgety
o agcaagac
goettgtaggoc

tocctgotoct
ctggtggagt
gagcgotggy
gocottgggge
gtggagtgge
gtgtcoccagg
coggagtgaa
tgctcccagg
gagttaagoo
cctttggggy
ctggtggcta
gagtggctgy
cagcagcagc
tCCCtggtgt
gcat.cgcagg
ccaagtatgg
ttggtgtoce
tococcaggtge
ctaaggcage
ttcctactta
tococctggagt
gagttggoat
tggggaccoe
ttootggtgt
gagttggott
gogtggotes
tggotgocaa
gagttggtgt
gtgctggtgt
ctgagotoag
cocagggtace
gggtcottgy
coggaccoge
tagtgggages
ggggccttgy

goecttggagsy
ctggettegy

ggaagagaaa

gotgtocateo
toctggagga
gcotggagge
agggctogge
tgacgotgot
agttggtgge
g’C ct gggaaa
EI.gC.' t c:ggt.tc
caaggctoca
acc gﬂ aacct
tggactgoco
tgc.' agc: gggc.'
agcggoagot
tggaggggct
C.'gt t gggact
agctgotgoa
aggagctgge
tgggatcoca
tgcaaaggca
cggggttgga
cgcaggtgte
ttecccoogaa
agcagetgoa
cggogtggct
ggctootgga
cggoattgge
agcccageote
cggogtooct
tcctggotte
ggaaggagat
tggagecotyg
agggctcoggy
cgoogecgot
cgotgggote
aggtatacct
tgtectaggy
attgteteoce
atga



SEQUENZIATORE AUTOMATICO
Una successiva evoluzione del metodo ha permesso I'automazione del
sequenziamento del DNA. In questo caso, i nucleotidi dideossi-
terminatori sono marcati mediante I'addizione di un gruppo chimico
fluorogeno, diverso per ogni base.

_LPrimer T \

g/ emplate o

T/unhown sequence = A Dye-labeled
P —_— el segments of DNA,

>~ 7_} % —_ —@G copied from
\ _—:‘__"9-—' g Denature —eme—g@ template with
DNA polymerase, e ]} UNKIIOWD SEQUEDCE
——— " fourdNTPs,

four ddNTPs




. —A Dye-labeled
——dll) segments of DNA,
—a

copied from

» template with
_—.. unknown sequence
E Dye-labeled segments
DNA |==| areapplied toa
. . ==| capillary gel and
IGEED —=| subjected to
: == | electrophoresis.
$ =
=
J ==| Laser beam 7
Detector | | Laser
20 30 40

CCTGCGT TTCAT CGTGGTTCCGCAAATCGG

Computer-generated result after
bands migrate past detector




:Tip_1g_27_09_04_G10.ab1 - Chromas N E3

File Edit Ophtons Help
e W VS N s o

Open Save Export | Fant | Mest  Find | |Sampb.Tm_1g |

180 130 200 210 220 230 240 250
AL A G GCAGTGGAC G TAC TG TAGAAGC TGGCCATTACG TAGTT TTGGCAACGATCAC CAG TAAACTCATTTGGGCACTTGCAC

4] 3
s | (Gdp D 2@ @

nL.( L Ak g nj\nm »..Jm bl udgiloalo bl " m»L%Mj

& | [0 Mioos | (@) adobe | Jongi | (BN | [ adobe. | [Ruies | [Encel |[@Tie_. @BROWELIS s




] B al.an 0 5 [ ]
File Edit Options Help

=S I — B . T — — T
Open Save  Export | Prink Mext  Find | |Sample. 7l
210 320 330 340 350 360 370 380

CAGGGTGTC T CAAC TC LG AG AR GATC TGCAT TG TTCCCAT TC TG GC TTGCC TAGTCAGCCTC TGCETCTGCATTGCTGGCCTE

ﬁ
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File Edit Options Help
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|_ Sample: Tip_L
Open  Save  Expork | Prink Mext  Find | |am|:|e P9

780 790 gaa g10 g20 830 g40 850
ATGCAGAGGC AGAG GC TG AC TAGGCAAGCCAGAA TGGGAACAAT GCAGATCTTCTC GG AGTTGAGACACCCTC TCAGGCGCTCA
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201

N\

reverse primer sl

CACACAGGAA
GTETGTCCTT

ACAGCTATGA
TGTCGATACT

JqCATGATTAC
HGTACTAATG

CTCAAGCTAT
GAGTTCGATA

EcoR |

I
GCTGEAATTC
CGACCTTAAG

TCCATCACAC
AGGTAGTGTG

GTCGTATTIAC
CAGCATANTG

Mﬁl

H.']i}d  Asp7i8|

.F{pnll Eci36 IISar,l‘I BlamH I

SP6 promoter/priming site |

GCCAAGCTAT TTAGGTGACA CTATAGAATA

CGGETTCGATA AATCCACTGT

GATATOTTAT

GCATCAAGCT TGGTACCGAG CTUGGATCCA

CGTAGTTCGA

GCCCTT
COGGAR Blunt PCR Product

NTI
TGECGECCEC

ACCGCCGECGE

CTGG
GACC

AATTC
TTARAG

ACCATGGCTC

Xhlﬂ I

TCGAGCATGC
AGCTCGTACG

CCGETCGTTTT
GGCAGCAAAR

Nsil Xbal

GAGCCTAGGET

Dra |l

||
RTIZTAI:L—'AGIG-:L—'

TAGATCTCCC

ACRACGTCGET
TEITTGCAGCA

universal primer

I
AAGGGCGAATTCT
TTCCCGCTTARAGA

mFI

CTAGTAACGG CCGCCAGTGT
GATCATTGCC GGUCGGTCACA

EcoR | Pst| EcoRY
I |

SCAGATA

CETCTAT

ﬂ-plal T7 promoter/priming site
CCCRAATTCGEC CCTATAGTGA
GGGTTAAGCOGE GGATATCACT

I

GACTGGGAAR ACCCTGGCGT 470
CTGACCCTTT TGGGACCGCA

reverse primer:

5-CAGGAAACAGCTATGAC-3'

universal primer:
5’ -GTAAAACGACGGCCAG-3’



I r

everse SEQUENZE
GCTTATTT§::>
5-GCTATTTGCCCATTGACCAATTGGCCAATTGAAATTGGCCATTTGGTAA-3’
3—CGATAAACCGGTAACTGGTTAACCGGTTAACTTTAAC?E%?AAACCATT—5’

AAACCATT
universal

reverse
GCTTATTTG;;>
CGATAAACCGGTAACTGGTTAACCGGTTAACTTTAACCGGTAAACCATT

Sequenza CoOn reverse:
5’ - CCATTGACCAATTGGCCAATTGAAATTGGCCATTTGGTAA - 3’

AAACCATT

GCTATTTGGCCATTGACCAATTGGCCAATTGAAATTGGSS%TTTGGTAA
universal

Sequenza con universal:
5’ - TGGCCAATTTCAATTGGCCAATTGGTCAATGGCCAAATAGC — 37




SENSO ANTISENSO

5" -ATGCGTACCTTTAACTCGTAG-3’

5" -CTACGAGTTAAAGGTACGCAT-3'
3" -TACGCATGGAAATTGAGCATC-5"

3" -GATGCTGAATTTCCATGCGTA-5"

ATG STOP

STOP ATG
reverse > {universal reverse > {universal

55‘__3_3_5__ e 55_3_5__ - >
N
/ /
® 7~ ® Ea)
s pCR*-Blunt II- B - pCR*-Blunt I1I- B
3 TOPO"  E 3 TOPO"  E
3.5kb

3.5kb

Zeocin

Solo per uso didattico - vietata la riproduzione o la vendita

Zeocin



SENSO

reverse > 5’ -ATGCGTACCTTTAACTCGTAG-3'’

3’ -TACGCATGGAAATTGAGCATC-5" <universal

ATG STOP

reverse > {universal

- >

¥ _xx——_—==
c-ormwozsss [7
HLEZRIRAT

w
e
(o))

Nsi |
Hind 1l
Asp7181
Kpn 1
Ecl136 11
Sac |
BamH |
Spe |
EcoR |

|

pCR*-Blunt II-
TOPO"
3.5 kb

W0 ond
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Zeocin

Solo per uso didattico - vietata la riproduzione o la vendita



REVERSE :

reverse > 5’ -ATGCGTACCTTTAACTCGTAG-3'’

3’ -TACGCATGGAAATTGAGCATC-5’ <universal

NNNNNNATGCGTACCTTTAACTCGTAGNNNNNNN

ATG STOP

reverse > {universal

Asp7181
Ecl136 11

- - _ — >
- —_ T —_ —_—
—= —=— r_x—T_T=
SP6 5 E2A5Q590 O-ORQO=ZS oD T7
| 2TISEREEE \meﬁm%x%%% |
\ ~

SENSO

Solo per uso didattico - vietata la riproduzione o la vendita



3" -TACGCATGGAAATTGAGCATC-5"

reverse > 5’ -ATGCGTACCTTTAACTCGTAG-3'’
{universal

REVERSE : NNNNNNATGCGTACCTTTAACTCGTAGNNNNNNN
UNIVERSAL: NNNNNNCTACGAGTTAAAGGTACGCATNNNNNNN
ATG STOP

reverse > {universal

Hind 1l
Asp7181
Kpn |
Ecl36 11
Sac
BamH |
Spe
EcoR |
EcoRV
Not |

7))
o
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Nsi |
// EcoR|
Pst |
Xhol
Nsi |
Xba |
Dra Il
Apa
_i
~

-
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SENSO

Solo per uso didattico - vietata la riproduzione o la vendita



200bp 100bp SENSO

reverse > 5’ -ATGCGTACCTTTAACTCGTAG-3'’
{universal

3" -TACGCATGGAAATTGAGCATC-5"

REVERSE: NNNNNNATGCGTACCTTTAACTCGTAGNNNNNN

UNIVERSAL: NNNNNNCTACGAGTTAAAGGTACGCATNNNNNN

BLAST:

Query: 1 ATGCGTACCTTTAACTCGTAG 21
EEErr e

Subjct Reverse: 201 ATGCGTACCTTTAACTCGTAG 221

Query: 1 ATGCGTACCTTTAACTCGTAG 21

P Err e
Subjct Universal: 121 ATGCGTACCTTTAACTCGTAG 101

ATG STOP

reverse > {universal

—_— Y —

Solo per uso didattico - vietata la riproduzione o la vendita




ANTISENSO

reverse > 5’ -CTACGAGTTAAAGGTACGCAT-3’

3’ —GATGCTGAATTTCCATGCGTA-5’ <universal

STOP ATG
::reverse > <universal
b Eial G oo
e oo B —oO® 00T =
| 253885348 GRS
~
/
@ =~
- pCR -Blunt II- 3
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S TOPO® g
- s.

3.5 kb

Zeocin

Solo per uso didattico - vietata la riproduzione o la vendita



reverse >

REVERSE :

ANTISENSO

5" -CTACGAGTTAAAGGTACGCAT-3’

3" -GATGCTGAATTTCCATGCGTA-5' <{universal

NNNNNNNCTACGAGTTAAAGGTACGCATNNNNNNN

ATG STOP

reverse > {universal

Solo per uso didattico - vietata la riproduzione o la vendita

Asp7181
Ecl136 11
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reverse >

REVERSE :
UNIVERSAL:

ANTISENSO

5" -CTACGAGTTAAAGGTACGCAT-3’

3" -GATGCTGAATTTCCATGCGTA-5' <{universal

NNNNNNNCTACGAGTTAAAGGTACGCATNNNNNNN
NNNNNNNATGCGTACCTTTAACTCGTAGNNNNNNN

ATG STOP

reverse > {universal

Solo per uso didattico - vietata la riproduzione o la vendita
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200bp 100bp
reverse > O’/ -CTACGAGTTAAAGGTACGCAT-3'
3" -GATGCTGAATTTCCATGCGTA-5" {universal
REVERSE : NNNNNNNCTACGAGTTAAAGGTACGCATNNNNNNN
UNIVERSAL: NNNNNNNATGCGTACCTTTAACTCGTAGNNNNNNN
BLAST:
Query: 1 ATGCGTACCTTTAACTCGTAG 21
N

Subjct Reverse: 221 ATGCGTACCTTTAACTCGTAG 201
Query: 1 ATGCGTACCTTTAACTCGTAG 21

P Err e
Subjct Universal: 101 ATGCGTACCTTTAACTCGTAG 121

ATG STOP

reverse > <universal

ANTISENSO

Solo per uso didattico - vietata la riproduzione o la vendita



co_s T ANTISENSO

MUTATO
reverse > 5’/ -CTACGAGTTAAAAGTACGCAT-3’

3’ —GATGCTGAATTTTCATGCGTA-5/ <universal

STOP ATG
::reverse > <universal
b Eial G oo
e oo B —oO® 00T =
| 253885348 GRS
~
/
@ =~
- pCR -Blunt II- 3
: )
S TOPO® g
- s.

3.5 kb

Zeocin

Solo per uso didattico - vietata la riproduzione o la vendita



reverse >

REVERSE :

co_s T ANTISENSO
MUTATO

5" -CTACGAGTTAAAAGTACGCAT-3’

3" -GATGCTGAATTTTCATGCGTA-5' <{universal

NNNNNNNCTACGAGTTAAAAGTACGCATNNNNNNN

ATG STOP

reverse > {universal

Solo per uso didattico - vietata la riproduzione o la vendita
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reverse >

REVERSE :
UNIVERSAL:

co_s T ANTISENSO
MUTATO

5" -CTACGAGTTAAAAGTACGCAT-3’

3" -GATGCTGAATTTTCATGCGTA-5' <{universal

NNNNNNNCTACGAGTTAAAAGTACGCATNNNNNNN
NNNNNNNATGCGTACTTTTAACTCGTAGNNNNNNN

ATG STOP

reverse > {universal

Solo per uso didattico - vietata la riproduzione o la vendita
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200bp Cc ->T 100bp

REVERSE: NNNNNNNCTACGAGTTAAAAGTACGCATNNNNNNN

UNIVERSAL: NNNNNNNATGCGTACTTTTAACTCGTAGNNNNNNN

BLAST:

Query: 1 ATGCGTACCTTTAACTCGTAG 21
Errrr et

Subjct Reverse: 221 ATGCGTACTTTTAACTCGTAG 201

Query: 1 ATGCGTACCTTTAACTCGTAG 21

Errrrrr rr e
Subjct Universal: 101 ATGCGTACTTTTAACTCGTAG 121

ATG STOP

reverse > <universal

reverse > O’/ -CTACGAGTTAAAAGTACGCAT-3'
3" -GATGCTGAATTTTCATGCGTA-5" {universal

ANTISENSO

MUTATO

Solo per uso didattico - vietata la riproduzione o la vendita



200bp Cc ->T 100bp
MUTATO
reverse > O’/ -CTACGAGTTAAAAGTACGCAT-3'
3" -GATGCTGAATTTTCATGCGTA-5" {universal

REVERSE : NNNNNNNCTACGAGTTAAAAGTACGCATNNNNNNN

UNIVERSAL: NNNNNNNATGCGTACTTTTAACTCGTAGNNNNNNN
BLAST:
Query: 1 ATGCGTACCTTTAACTCGTAG 21

LI Fr el

Subjct Reverse: 221 ATGCGTACTTTTAACTCGTAG 201
Query: 1 ATGCGTACCTTTAACTCGTAG 21

LEErrrr e
Subjct Universal: 101 ATGCGTACTTTTAACTCGTAG 121

Tdentifico la posizione della mutazione sulle sequenze
Query, Reverse ed Universal:

Query Reverse Universal
9 213 109

ANTISENSO

Solo per uso didattico - vietata la riproduzione o la vendita
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File Edit Options Help

=S I — B . T — — T
Open Save  Export | Prink Mext  Find | |Sample. 7l
210 320 330 340 350 360 370 380

CAGGGTGTC T CAAC TC LG AG AR GATC TGCAT TG TTCCCAT TC TG GC TTGCC TAGTCAGCCTC TGCETCTGCATTGCTGGCCTE

ﬁ
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[l P reverse.ab DMd L]
File Edit Options Help
E L V8 0 .
|_ Sample: Tip_L
Open  Save  Expork | Prink Mext  Find | |am|:|e P9

780 790 gaa g10 g20 830 g40 850
ATGCAGAGGC AGAG GC TG AC TAGGCAAGCCAGAA TGGGAACAAT GCAGATCTTCTC GG AGTTGAGACACCCTC TCAGGCGCTCA
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REVERSE:

UNIVERSAL:

NNNNNNNCTACGAGTTAAAAGTACGCATNNNNNNN

|

NNNNNNNATGCGTACTTTTAACTCGTAGNNNNNNN

ﬁ

M

———————

109
I

213

ﬂ

|

ﬂ

ANTISENSO

MUTATO

Solo per uso didattico - vietata la riproduzione o la vendita



