
ω Acidi nucleici: ƳƻƭŜŎƻƭŜ ŎƘŜ ŎƻŘƛŦƛŎŀƴƻ ƭΩƛƴŦƻǊƳŀȊƛƻƴŜ ƎŜƴŜǘƛŎŀΦ  

   DNA, RNA 

Definizioni 

ω Gene:  segmento di DNA che codifica per una catena polipeptidica 

ω Genoma: insieme delle sequenze di DNA di un organismo 
 

ω Codice genetico: è lo schema attraverso cui la cellula traduce  

  una sequenza di basi (codoni o triplette di basi)  
  in una sequenza di aminoacidi 



Acido nucleico 

Scoperto nel 1869 da Miescher 

Trovato come un precipitato che si forma quando estratti 
nuclari sono stati trattati con acido. 

Composto da C, N, O, e un alto contenuto di P 

Comunemente presente nei nuclei cellulari da cui il 
nome acido nucleico 





Lƭ 5b! Ŝ ƭΩƛƴŦƻǊƳŀȊƛƻƴŜ ƎŜƴŜǘƛŎŀ 

1944 Avery, MacLeod e McCarty identificano il DNA come 
ƳƻƭŜŎƻƭŀ ǘǊŀǎǇƻǊǘŀǘǊƛŎŜ ŘŜƭƭΩƛƴŦƻǊƳŀȊƛƻƴŜ ƎŜƴŜǘƛŎŀ 

1953 Watson e Crick propongono la struttura del DNA 

1958 Crick propone il dogma centrale della biologia 

1990 Inizia lo Human Genome Project (Celera Genomics) 



ÅUn principio ñtrasformanteò converte 

il ceppo R in S  



Esperimento di Avery-MacLeod-McCarty 1944 





L'esperimento del "frullatoreò -   Hershey e Chase, 1952  



La struttura fisica del DNA 



Componenti 



Nucleosidi e Nucleotidi 



Regole di Chargaff 
 
ωм [ŀ ŎƻƳǇƻǎƛȊƛƻƴŜ ƛƴ ōŀǎƛ ŘŜƭ 5b! ǾŀǊƛŀ Řŀ ǳƴŀ ǎǇŜŎƛŜ ŀƭƭΩŀƭǘǊŀ 
 
ω2 Le molecole di DNA isolate da tessuti diversi hanno la stessa  
composizione in basi 
 
ωо [ŀ ŎƻƳǇƻǎƛȊƛƻƴŜ ŘŜƭ 5b! ƴƻƴ ǎƛ ƳƻŘƛŦƛŎŀ Ŏƻƴ ƭΩŜǘŁ Ŝ ƭƻ ǎǘŀǘƻ 
nutrizionale 
 
ω4 In tutte le molecole di DNA la somma dei residui purinici è 
uguale alla somma dei residui pirimidinici (A+G = T+C) 



Linus Pauling 
(1901 - 1994) 

Rosalind Franklin  
(1920 - 1958) 

Maurice Wilkins  
(1916 - 2004)  

Francis Crick  
(1916 - 2004)  

James Watson  
(1928 -           ) 



Diffrazione dei raggi X di fibre di DNA  

Franklin R.E. & Gosling R., 1953 

configurazione B 

Wilkins M.H.F., 1956 

configurazione A 



La catena polinucleotidica 
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MOLECULAR STRUCTURE OF

NUCLEI C ACIDS

A Str ucture for Deoxyribose Nucleic Acid

We wish to s uggest a structure for the salt of

deoxyribose nucleic acid (D.N.A.). This structure has

novel features which are of considerable biological

interest.

A structure for nucleic acid has already been

proposed by Pauling and Corey (1). They kind ly made

their  manuscript available to us in advance of

publication. Their  model consists of three intertwined

chains, with the phosphates near the fi bre axis, and the

bases on the outside. In our opinion, this structure is

unsatisfactory for two reasons: (1) We believe that the

material which gives the X-ray diagrams is the salt , not

the free acid. Without the acidic  hydrogen atoms it is

not clear what forces would hold the structure together,

especially as the negatively charged phosphates near

the axis wil l repel each other. (2) Some of the van der

Waals distances appear to be too small .

Another three-chain structure has also been

suggested by F raser (in the press). In his model the

phosphates are on the outside and the bases on the

inside, li nked together by hyd rogen bonds. This

structure as described is rather ill- defi ned, and for this

reason we shall not comment on it.

We wish to put forward a ra dically  differ ent

structure for the salt of deoxyribose nucleic acid. This

structure has two helical chains each coiled round the

same axis (see diagram). We have made the usual

chemical assumptions, namely, that each chain consists

of phosphate diester groups joining Ä-D-

deoxyribofuranose residues with 3',5' linkages. The two

chains (but not their bases) are related by a dyad

perpendicular to the fibre axis. Both chains follow

right- handed heli ces, but owing to the dyad the

sequences of the atoms in t he two chains run in

opposit e directions. Each chain loosely resembles

Furberg's2 model No. 1; that is, the bases are on the

inside of the heli x and the phosphates on the outside.

The confi guration of the sugar and the atoms near it is

close to Furberg's 'standard configuration', the sugar

being roughly perpendicular to the attached base. There

is a residue on each every 3.4 A. in the z-dir ection.  We

have  assumed   an  angle   of    36    between   adjacent

residues in the same chain, so that the structure repeats

after 10 residues on each chain,  that is, after 34 A. The

distance of a phosphorus atom fr om the fibre axis is 10

A. A s the phosphates are on the outside, cations have

easy access to them.

The structure is an open one, and its water content

is rather high. At lower water contents we would expect

the bases to tilt  so that the structure could become more

compact.

The novel feature of the structure is the manner in

which the two chains are held together by the purine

and pyrimidine bases. The planes of the bases are

perpendicular to the fibre axis. The are joined together

in pair s, a single base fr om the other chain, so that the

two lie side by side with identical z-co-ordinates. One

of the pair must be a purine and the other a pyrimidine

for bonding to occur. The hydrogen bonds are made as

follows : purine posit ion 1 t o pyrimidine position 1 ;

purine position 6 to pyrim idine position 6.

If  it is assumed that the bases only occur in the

structure in the most plausible tautomeric  forms (that is,

wit h the keto rather than the enol configurations) it is

found   that   only   specifi c   pairs   of  bases  can  bond

together. These pair s are : adenine (purine) with

thymine (pyrimidine), and guanine (purine) with

cytosine (pyrimidine).

In other words, if an adenine forms one member of

a pair , on either chain,  then on these assumptions the

other member must be thymine ; simil arly for guanine

and cytosine. The sequence of bases on a single chain

does not appear to be restric ted in any way. However, if

only specifi c pairs of bases can be formed, it foll ows

that if the sequence of bases on one chain is given, then

the sequence on t he other chain is automatically

determined.

It has been found experimentall y (3,4) that the ratio

of the amounts of adenine to thymine, and the ration of

guanine to cytosine, are always bery close to unity for

deoxyribose nucleic acid.

It is probably impossible to build this structure

wit h a ri bose sugar in place of the deoxyribose, as the

extra oxygen atom would make too close a van der

Waals contact. The previously published X-ray data

(5,6) on deoxyribose nucleic acid are in suff icient for a

rigorous test of our structure. So far as we can tell, it is

roughly compatible with the experimental data, but it

must be regarded as unproved until  it has been checked

against more exact results. Some of these are giv en in

the foll owing communications. We were not aware of

the detail s of the result s presented there when we

devised our structure, which rests mainly  though not

entirely  on publi shed experimental data and

stereochemical arguments.

It has not escaped our notice that the specific

pairing we have postulated immediately suggests a

possible copying mechanism for the genetic material.

Full  details of the structure, including the

conditions assumed in buil ding it , together with a set of

co-ordinates for the atoms, wil l be published elsewhere.

We are much indebted to Dr. Jerry Donohue for

constant advice and criticism, especially on interatomic

distances. We have also been stimulated by a

knowledge of the general nature of the unpubli shed

experimental results and ideas of Dr. M. H. F. Wilkins,

Dr. R. E . Franklin and their  co-workers at King's

College, London. One of us (J. D. W.) has been aided

by a fell owship fr om the National Foundation for

Infantil e Paralysis.

J. D. WATSON

F. H. C. CRICK

Medical Research Council Unit for the Study of

Molecular Structure of Biological Systems, Cavendish

Laboratory, Cambridge.
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Il modello a doppia elica di Crick e Watson  

suggerisce un meccanismo di replicazione  

OLD NEW OLD NEW

NEW NEW

OLD OLD



Dogma centrale della biologia 
1956 Francis Crick 



La struttura fisica del DNA 





[ΩŀǇǇŀƛŀƳŜƴǘƻ ŘŜƭƭŜ ōŀǎƛ 
implica la formazione di legami idrogeno 



A:C incompatibility 



Forme tautomeriche 









Impilamento delle basi 





La struttura del DNA (B)  

ÅIl DNA ha una forma ad elica regolare, 
diametro 20Å, passo 34Å  
ÅLegami idrogeno tra le basi  

ÅLõimpilamento delle basi ¯ determinato da 
interazioni idrofobiche  

ÅOgni coppia è ruotata di 36 °  

ÅSolchi maggiore (22Å) e minore (12Å)  

ÅAvvolgimento in senso orario (elica 
destrorsa)  



A DNA  (bassa umidità) 



Canonical B DNA Canonical A DNA 



Z-DNA 



Struttura Z del DNA 

ωTipica in regioni di 
DNA riccche in G:C 

 

ωG in conformazione 
sin- 

 

ωC in conformazione 
anti- ma con il 
nucleotide ruotato 
di 180ϲ 



Proprietà DNA A DNA B DNA Z 

Senso di rotazione 

dellôelica 

Destrorsa Destrorsa Sinistrorsa 

Diametro dellôelica 22 Å 20 Å 18 Å 

Paia di basi per giro 

dôelica 

10,9  10 A 12  

Distanza tra le 

coppie di basi 

2,6 Å 3,4 Å 3,7 Å 

Inclinazione delle 

basi rispetto allôasse 

20°  6°  7°  

Conformazione del 

legame glicosidico 

Anti Anti Sin (purine) 

Anti (pirimidine) 

Morfologia generale Corto e largo Più lungo e sottile Allungato e sottile 

Solco maggiore Estremamente 

stretto e molto 

profondo 

Largo e di 

profondità 

intermedia 

Appiattito sulla 

superficie dellôelica 

Solco minore Molto largo e poco 

profondo 

Stretto e di 

profondità media 

Estremamente stretto 

e molto profondo 

Posizione dellôasse 

dellôelica 

Solco maggiore Attraverso le 

coppie di basi 

Solco minore 



Confronto tra le forme B, A e Z del DNA 

http://www.federica.unina.it/mini/img.php?src=../files/_docenti/de-simone-vincenzo/img/desimone-39-01-9.jpg




Sequenze ripetute 



5ô 
3ô 

5ô 
3ô 

5ô 
3ô 

3ô 
5ô 

3ô 
5ô 

3ô 
5ô 

http://www.federica.unina.it/mini/img.php?src=../files/_docenti/de-simone-vincenzo/img/desimone-39-01-32.jpg
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ASSORBIMENTO UV 



DENATURAZIONE  DEL DNA 



220 240 260 280 300 320 

0.5 

1.0 

1.5 

lunghezza dôonda (nm) 

Assorbanza  

Spettro di assorbimento del DNA  
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DENATURAZIONE  DEL DNA 

Temperatura di melting (Tm) 



G+C Content Is Proportional to Tm 
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Separazione elettroforetica di 
frammenti di DNA 

http://podcast.federica.unina.it/mini/img.php?src=/files/_docenti/de-simone-vincenzo/img/desimone-39-03-8.jpg




TOPOLOGIA  DEL DNA 



 







Lk = T + W  

Lƭ άƭƛƴƪƛƴƎ ƴǳƳōŜǊέ όƴǳƳŜǊƻ Řƛ 
legame topologico), Lk,  

 uguale alla somma  
del numero di avvolgimenti (T)  

e del numero di superavvolgimenti 
(W). 

Topoisomeri: stessa sequenza ma topologia diversa 

TOPOLOGIA  DEL DNA 



L = T + W 

L = numero di legame 
T = twist 
W = writhe 

TOPOLOGIA  DEL DNA 











Topoisomerasi  

http://www.federica.unina.it/mini/img.php?src=../files/_docenti/de-simone-vincenzo/img/desimone-39-01-37.jpg


Topoisomerasi I 

http://www.federica.unina.it/mini/img.php?src=../files/_docenti/de-simone-vincenzo/img/desimone-39-01-38.jpg


Topoisomerasi I 



Topoisomerasi II 



Inibitori delleTopoisomerasi  



INIBITORI TOPOISOMERASI  

Etoposide  

Inibitore  

topo II  

Irinotecan  

Irinotecan    SN38  
 carboxylesterase  

Camptothecin  

Inibitore topo I  



IL CODICE GENETICO 



IL DOGMA CENTRALE 











I CODONI 





IL CODICE GENETICO 



Evoluzione del codice genetico 
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{ǘǊǳǘǘǳǊŜ ǎŜŎƻƴŘŀǊƛŜ ƴŜƭƭΩwb! 



Appaiamenti di basi canonici 


