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1. ADN COMO MATERIAL 

GENÉTICO

• PRINCIPALES EXPERIMENTOS:

Gregor Mendel (1865)

Fred Griffith (1928)

Oswald T. Avery, C. M. MacLeod, and M. J. 

McCarty (1944)

Alfred D. Hershey and Martha Chase (1952)

1953. James Watson & Francis Crick anunciaron su modelo 

para la estructura del ADN y proporcionaron un marco teórico 

de cómo el ADN puede servir de material genético. 

R. Franklin y R Gosling,

Nature,171,740 (1953)

• 2 April 1953
MOLECULAR STRUCTURE OF NUCLEIC ACIDS

• A Structure for Deoxyribose Nucleic Acid

•
• We wish to suggest 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 kindly made their manuscript available to us in advance of publication. Their
model consists of three intertwined chains, with the phosphates near the fibre 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 will 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 Fraser (in the press). In
his model the phosphates are on the outside and the bases on the inside, linked
together by hydrogen bonds. This structure as described is rather ill-defined, and
for this reason we shall not comment on it.

• We wish to put forward a radically different 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 ß-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 helices, but
owing to the dyad the sequences of the atoms in the two chains run in opposite
directions. Each chain loosely resembles Furberg's2 model No. 1; that is, the
bases are on the inside of the helix and the phosphates on the outside. The
configuration 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-direction. 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 from the fibre axis is 10 A. As 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 pairs, a single base from
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 position 1 to pyrimidine position 1 ;
purine position 6 to pyrimidine position 6.

• If it is assumed that the bases only occur in the structure in the most plausible
tautomeric forms (that is, with the keto rather than the enol configurations) it is
found that only specific pairs of bases can bond together. These pairs 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 ; similarly for guanine and cytosine. The sequence of bases
on a single chain does not appear to be restricted in any way.
However, if only specific pairs of bases can be formed, it follows that
if the sequence of bases on one chain is given, then the sequence
on the other chain is automatically determined.

• It has been found experimentally (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 with a ribose 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 insufficient 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 given
in the following communications. We were not aware of the details of
the results presented there when we devised our structure, which
rests mainly though not entirely on published 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
building it, together with a set of co-ordinates for the atoms, will 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 unpublished
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 fellowship from the National
Foundation for Infantile Paralysis.

• J. D. WATSON F. H. C. CRICK

• Medical Research Council Unit for the Study of Molecular Structure
of Biological Systems, Cavendish Laboratory, Cambridge.April 2.

• 1. Pauling, L., and Corey, R. B., Nature, 171, 346 (1953); Proc. U.S. 
Nat. Acad. Sci., 39, 84 (1953). 
2. Furberg, S., Acta Chem. Scand., 6, 634 (1952). 
3. Chargaff, E., for references see Zamenhof, S., Brawerman, G., 
and Chargaff, E., Biochim. et Biophys. Acta, 9, 402 (1952). 
4. Wyatt, G. R., J. Gen. Physiol., 36, 201 (1952). 

5. Astbury, W. T., Symp. Soc. Exp. Biol. 1, Nucleic Acid, 66 (Camb. 
Univ. Press, 1947). 
6. Wilkins, M. H. F., and Randall, J. T., Biochim. et Biophys. Acta, 10, 
192 (1953).

• VOL 171, page737, 1953
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James Watson & Francis Crick

1953

Premios Nobel 1962

2. MACROMOLÉCULAS E INFORMACIÓN 

GENÉTICA

Propusieron:

1. El DNA es una doble hélice, con 

cadenas antiparalelas y 

complementarias.

2. 3,4 A por base, 10 bases por 

vuelta

3. 10 A entre el grupo fosfato y el 

eje de la doble hélice

4.Pares de bases: A/T  y  G/C.

5. Uniones de las bases a través de 

puentes de hidrógeno

6. Duplicación semiconservativa del 

DNA.

Cada una de las 

nuevas cadenas 

de ADN solo 

conservan el 

50% de la 

molécula original

ACIDOS NUCLEICOS (ADN / ARN):

Conjunto de nucleótidos unidos 

por enlaces fosfodiéster

Grupo 

fosfato

Pentosa

Base 

nitrogenada

BASES NITROGENADAS

Purinas Pirimidinas

PENTOSAS
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5´

3´

Formas A, B y Z EL ARN

Con excepción de ciertos virus que contienen ARN de doble cadena, 

todos los ácidos ribonucleicos son moléculas de cadenas sencillas. 

Estan formadas por una sola cadena de nucleótidos y a diferencia del 

ADN presenta ribosa y uracilo 
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Las moléculas de ARN se pueden doblar sobre sí mismas 

en regiones donde haya la posibilidad de apareamiento 

complementario de base para formar una variedad de 

estructuras muy plegadas.

Existen 3 tipos fundamentales de ARN que desempeñan 

funciones cruciales en la célula:

1. ARNm o ARN mensajero.

2. ARNt   o ARN de transferencia.

3. ARNr  o ARN ribosómico. 

Estructura del ribosoma en procariotas

ARNr  o  ARN RIBOSÓMICO

Estructura 

secundaria del 

rRNA 16S de 

Escherichia coli

(Ward y col., 1992)

Árbol filogenético de los tres dominios basados en la 

secuencia del gen rDNA propuesto por Woese y col., 1990

Bases :

A = adenina

T = timina

G = guanina

C = citosina

TGAGTCAACG

La molécula 

de la vida:

ADN

3. ORGANIZACIÓN DEL MATERIAL GENÉTICO
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Genomas, Genes y Bioinformática

6,000 12,000 19,000 22,000

1.4 X 107

Tamaño del Genoma (pb)

Número aproximado de Genes

1 X 108

1 X 108
3 X 109

4.5 X 106

4,500

• Eucariotas

Tamaño genoma 107-

1011 pb

• Cantidad de DNA no 

determinado por

complejidad (“paradoja

del valor C”) Levadura-

Humanos:

• Genoma 300 veces

• Num. genes 5-6 

veces

• Variacion debida a ADN 

no funcional?

• Bacterias

– Genomas 0.5-10 Mb

– Tamaño genoma

determinado por

número de genes

– Casi nada de ADN 

basura (pseudogenes)

PARADIGMA DEL VALOR C

Humanos
25,000 
genes

GENOMAS

Chimpancé
25,000 
genes

A. thaliana
25,000 
genes

Ratón
25,000 
genes

C. elegans
19,000 
genes

D. melanogaster
13,000 
genes

95% idéntico

70% 

20% 

60% 

De 289 genes
humanos 
implicados en
enfermedades,
hay 177

cercanamente
similares a los 
genes de
Drosophila. 

Entre una 
persona y otra el 
ADN solo difiere 

en 0.2%
IDENTIDAD GENÉTICA

3 X 109 3 X 109 3 X 109 1 X 109 1 X 108 1 X 108

EL CASO DE LA EVA MITOCONDRIAL
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DOGMA CENTRAL DE LA BIOLOGÍA
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FLUJO DE LA INFORMACIÓN GENÉTICA

REPLICACIÓN

Perpetuación del ADN

División celular

Puede ser Unidireccional o bidireccional.

Replicón:

Unidad de organización del material genético

Un Replicón presenta un sitio de Origen y un sitio de término

Toda la secuencia de ADN que se encuentre entre estos puntos será
replicado una vez que comience el proceso.

En procariontes:

•Todo el genoma se encuentra organizado en un solo replicón.

•Si poseen plásmido, éstos no son considerados como parte del

genoma y cada uno representa un replicón autónomo.

•Cada fago o virus de ADN constituye un replicón.

En Eucariontes:

•El genoma se encuentra organizado en un gran número de replicones.

Cada replicón se activa una sola vez por ciclo celular, aunque no lo

hacen simultáneamente.

http://es.wikipedia.org/wiki/Imagen:Genoma.png
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Topoisomerasas:

Topoisomerasa I

Topoisomerasa II

Fragmentos de 

Okasaki

Polymerase III

DNA Polymerase I

ligase

Fragmentos de 

Okasaki
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TRANSCRIPCIÓN Y TRADUCCIÓN

Tipos de RNA polimerasa:

Procariotas: 1 solo tipo (RNA pol)

Eucariotas: 3 tipos principales

•RNA polimerasa I (RNA pol I) rRNA

•RNA polimerasa II (RNA pol II) mRNA

•RNA polimerasa III (RNA pol III) tRNA; 

1 tipo de rRNA

No necesita cebador o primer.
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TRADUCCIÓN

• Síntesis de proteínas

• Molde: mRNA

• tRNA

• Ribosomas: 70S, 80S

• Aminoácidos.

tRNA-Phe

mRNA
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EL CÓDIGO GENÉTICO

• Código de tres letras.

• Es universal (plantas, animales, bacterias)

• Excepciones: mitocondrias, algunos virus.

• Es degenerado.

• Nº combinaciones: 64 combinaciones para 

20 aminoácidos.

• Determina codones de iniciación y 

terminación.

INICIO DEL MARCO DE LECTURA


