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Las bases nitrogenadas presentes en los acidos nucleicos
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- Dipolos
Las bases tienen atomos muy electronegativos (Ny O) dentro y fuera del
anillo aromaético, por lo que existe una atraccion asimétrica de los electrones
de la moléculay, por tanto, se forman dipolos que permiten formar puentes
de hidrogeno.
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Tautomeria
Watson y Crick postularon la tautomeria de las bases para explicar que se

puedan aparear de manera distinta a la que ellos proponian y generar
mutaciones espontaneas.

Hay dos tipos de tautomeria:

Tautomeria ceto-endlica (lactama-lactima)
Interconvierte un grupo ceto (=0) y enol (—OH) extraciclicos cerca de un N
ciclico. Se puede producirenlaG,C, Ty U.

Tautomeria imina-amina
Interconvierte un amino (—NH) extraciclico en un imino (=NH) cerca de un
N ciclico. Se puede dar en G,Ay C.

Lactama Lactima Imina Amina primaria
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Naturaleza basica

Todas las bases nitrogenadas son bases débiles
aunque los grupos ceto (=0O) pueden tautomerizar a enol (-OH), perder el

proton y conferir cierta acidez (lactimas).

NH, NH, NH,
@
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,,.ﬂ"
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Al no tener ningun grupo ceto, Adenina es la mas basica de todas.
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Conformaciones siny anti de la deoxiadenosina
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Hidrolisis quimica en medio acido

Los mecanismos deben justificar las diferencias de velocidad observadas entre
ribonucleodsidos y desoxinucledsidos

HO

mayor velocidad menor velocidad

Y las diferencias de velocidad observadas entre nucledsidos de bases puricas
y de bases pirimidicas
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Hidrolisis acida de nucledsidos

HO
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Nucledtidos

adenosina 5-monofosfato adenosina 5'-difosfato
(AMP) (ADP)

adenosina 5-trifosfato
(ATP)



baolar absorptivity, W' em™!

230

2410

250 2680 270
Wavelength (1), nm

280

200



Estructura primaria del los acidos nucleicos
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Hidrdlisis alcalina suave de ARN

/ O HN)ﬁ HO-
o |
L, oo

9 NH,
N
T NH
L, o 1)
N~ “NH,
I CH2 o /

O= /N/ ) 2 9
4
CB/\CHz O)\Nl O O ?H <N | /)\
6]

o)
0% Yo N Y \P/ NH,
/ /,
CO\CH < l /) o’ \O' N N
: N HO ¢ ] J
cH N= N
2.0
I —
o=N" 0
@) A/
1 O/)D\O

"
b
W



Hidrolisis acida suave de un polidesoxiribonucleotido




Linus Pauling

Linus Pauling (March 1932). "The nature of the
chemical bond. lll. The transition from one
extreme bond type to another". Journal of the
American Chemical Society.

J A vALUABLE

A\ BOOK
He recelved the Nobel Prlze in

the nature of the chemical bond and its
application to the elucidation of the
structure of complex substances".

CORNELL UNIVERSITY. ., 154 nosenrs siace
P R E S 'S ITHACA, N. Y

1939

Pauling, L; Corey, RB (1951). "Configurations of Polypeptide Chains With
Favored Orientations Around Single Bonds: Two New Pleated Sheets".
Proceedings of the National Academy of Sciences of the United States of
America 37 (11): 729-40.

Pauling L, Corey RB (February 1953). "A Proposed Structure For The
Nucleic Acids". Proc Natl Acad Sci U S A. 39 (2): 84-97.



Rosalind Elsie Franklin

Foto 51

Las notas manuscritas que deja Rosalind para sus conferencias no dejan lugar a duda:
tenia muy claro lo que significaban las imagenes que habia obtenido y sabia
interpretarlas; tenia las claves del retrato de la molécula de ADN, incluidas sus medidas.
Dicen las anotaciones de Rosalind: «Conclusion. Una gran hélice en muchas de las
cadenas, los fosfatos en el exterior, puentes fosfato-fosfato entre las hélices,

interrumpidos por moléculas de agua. Hay enlaces disponibles para proteinas» [...]
http://www.poramoralaciencia.com/2013/04/16/rosalind-franklin-descubridora-del-adn/
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

WZ wish to suggest a structure for the salt
of deoxyribose nucleic acid (D.N.A.). This

This figure is purely
dlagrammatic. The two

structure has novel features which are of derabl.
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey'. They kindly made
their manuscript available fo us in advance of
publication. Their model consists of three inter-
twined 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, cspecially 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 threo-chain structure has also been sug-
gosted by Fraser (in the press). Tn 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 s radically different
structure for the salt of de
This structure has two b
round the same axis (see diagram). We have made
the usual chemical assumptions, namely, that each
chain consists of phosphate di-ester groups joining
8--deoxyribofuranose residucs with 3,5 linkages.
The two chains (but not their bases) arc related by a
dyad perpendicular to the fibre axis. Both chnins
follow right-handed helices, but owing to the dyad
the sequences of the atoms in the two chains run in
apposite directions. Each chain loosely resembles
Furberg's! model No. 1; that is, the bases are on
the insido of the helix and the phosphates on th
outside. The configuration of the sugar and th
atoms near it is close to Furberg’s ‘standard con-
figuration’, the sugar being roughly perpendicular to
the attached base. There is a residue on each ehain
every 3-4 A. in the z-direction. We have assumed an
angle of 36° botween adjacent residues in the sam
chain, so that the structure repeats after 10 residues
on each chain, that is, after 3¢ 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 rathor high. At lower water contents we would
oxpect 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 perpondicular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to @ singlo base from the other
chain, 8o 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.

it is assumed that the bases only occur in the
structure in the most plausiblo tautomeric forms
(that is, with tho keto rather than the enol con-
figurations) it is found that only speci irs 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

¢ nucleic acid.

ribbons symbolize the

bas
together
line marks the fibre axis

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 bo
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is sutomatically determined.

It has been found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very 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 proviously published X-ray data*# on deoxy
ribose nucleic acid are insufficient for & rigorous test
of our structure. So far as we can tell, it is roughly

tible with the | data, but it must
be regarded as unproved until it has beert 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 stereo
chemical 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 dotails of the structure, including the con-
ditions 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 inter-
atomic distances. We have also been stimulated by
& knowledge of the general nature of the unpublished
oxperimental 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. Warson
F. H. C. Crrck
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendish Laboratory, Cambritge.
April 2.

Nature, 171, 146 (1953) ; Proe, 118

634 (195
for references see Zamenhof
Fiochim. et Biophys. Acta, 9,
38, 201 (195;
Exp. Biol. 1, Nucleic Acid, 66 (Camb.

. Nrawerman, G.. and
2 (195

A Kandall, J. T., Biochim. et Diophys. Acta,

James Watson, Francis Crick, Maurice Wilkins y
Rosalind Franklin. Fuente: undsci.berkeley.edu

Watson, Crick y Wilkins consiguieron en
1962 el Premio Nobel de Fisiologiay
Medicina por su trabajo en el descubrimiento
de la estructura del ADN, y aunque el nombre
de Rosalind Franklin no se menciond, ni se
reconocid su contribucion al descubrimiento

de la estructura del ADN, ésta fue al menos
comparable a la que tuvieron los
galardonados.

Este articulo reproducido aqui arriba, escrifo por J. D. Watson y F. H. C. Crick, constituye un hito de la bioquimica
moderna. (Reimpreso en su fotalidad, con permiso especial de Nature, Abril 25, 1953, p. 737). Unas semanas después
fue seguido por un segundo articulo, en el cual, se describié en forma més explicita, el proceso de la replicacion.

866 .

http://www.nature.com/nature/dnas0/watsoncrick.pdf
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Estructura de una doble hebra de DNA
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Giro a derechas
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Giro a derechas
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Giro a izquierdas

C-2' exo

Pirimidinas Purinas

Conformacion del enlace glicosidico:
sym purinas
anti pirimidinas

Apareamiento de bases
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A form

B form

/ form

Helical sense

Diameter

Base pairs per helical turn
Helix rise per base pair

Base tilt normal to the helix axis
Sugar pucker conformation

Glycosyl bond conformation
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Secuencias que adoptan estructuras inusuales S

Secuencias palindromicas: Palindrome

regiones de ADN de doble hebra (R

con secuencias de bases que se "dj“ TAGCAC ? T ? Cf T ? ‘?'
repiten en forma invertida entre

N T T I
AATCGTGCACGATT
ambas cadenas presentando doble
simetria
Son potenciales formadoras de:

Horquillas (ADN simple hebray ARN) Estructuras cruciformes (ADN duplex)
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Secuencias que adoptan estructuras inusuales

Repeticiones espejadas: regiones de ADN de doble hebra que no tienen
secuencias complementarias en la misma cadena. Se encuentran en
moléculas de ADN largas (varios miles e pares de bases)

Mirror repeat

- o TTAGCACCACGATT

N [N [N N N N N N N N SN A A B
AATCGTGGTGCTAA
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Estructuras de 3 0 4 hebras: ADN triplex y ADN cuadruplex

ADN triplex: se presenta en segmentos polipirimidinicos y polipurunicos

Apareamientos de bases

CHj

Las hélices triplex son mas estables a pH acido
porque C tiene que estar protonada C* (pKa en
la hebra 7,5, pKa normal 4,2)

Paralelas



H-ADN: Hélice triplex en trayectos polipirimidina o polipurina
Con repeticiones espejadas

D' ---GGACAG

G
[TETT
C

Repeticion espejada
3 ===CCTGTC

T
T (pertenece a la misma hebra)
T

e e s
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Desnaturalizacion

Las soluciones de ADN nativo son
muy viscosas apH 7 y 25°C

Al aumentar temperatura o variar el
pH a situaciones extremas la
viscosidad decrece abruptamente
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Densidad de flotacion

Determinacién de la densidad de flotacién.

Estado inicial

Relacion entre la densidad de Flotacién del
DNA de doble hebra y su composicién
en bases. [Datos tomados de C. L.

| pNA Schildkraut, J. Marmur y P. Doty ].
| aissstes a6 Mol. Biol., 4: 430 (1962}].
CsCl 8 M
Micrococcus 4
lysodeikticus g
1,730 —
Después de la ® Pseudomonas
centrifugacion al 1,720~ fluorescens
equilibrio - )
3 .
o N # Aerobacter aerogenes
~ eurospora crassa
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=155 =
GiEE 2 1.710 Bactericfago A o* ; ,
a 1, 7 . coli
El CsCl a /
forma un Cada banda ; ilis
el e e Bacillus subfilis ,
densidad sitta donde
lineal su densidad
(indicado es igual a la 1,700~
por la del CsCl
coloracién)
Clostridium perfringens
Densidad l | l ]
1,690 -
= 1,80 g cm™ """3p 40 50 60 70

Tantos por ciento de pares G—C
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Efecto hipercromico:
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Estimacion del porcentaje de pares
de bases en funciéon de la magnitud
del efecto hipercromico

100 poli AT:AT

80

Bacillus megatherium

60 Bacillus subtilis ® * T'imo de ternera

® E. coli

Sarcina lutea
40

Pseudomonas aeruginosa

Tantos por ciento de pares A-T

20
poli GC:GC

1 | I |

0,5 0,6 0,7 0,8
Incrementos de absorcién a 260 nm




Absorbance at 260 nm
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el 50 % de desnaturalizacion

100 -

a0

Denaturation (%)

U | 1 : |
75 80 85
Temperature (°C)

(a)




4 "w““
b
W

Tm y complejidad del ADN

Relative abkorbanck at m{ m
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Melting curves for DNA from different species,

ADN parcialmente desnaturalizado
Las flechas indican regiones ricas en A=T




Estimacion del porcentaje de pares

de bases en funciéon de Tm

G + C (% of total nucleotides)
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“Estructura secundaria” de ARN
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Otras bases nitrogenadas presentes en ARN

S 0 o 0
N T N
) T LD
0 I*|~I I'l" H,N~ °N f‘f
Ribose Riboze 'Ribose
4-Thiouridine (S*11) Inosine (1) 1-Methylguanosine (m'G)
CH,-;
NH—CHE GH=D O 0 O -
GH CH. :
*} ’ HN | ' HN | R“hﬂsa| HN H
L\ A A A H
0 I‘|~.I 0 N 0 I'~|.I H
H
Hlbﬂse Ribose Ribose
f'n."ﬁ-lsr:r]}entenyladenﬂaine (i A) Ribothymidine ('T) Pzeudouridine () Dihydrouridine (L))

Las bases son modificadas en reacciones postranscripcionales



ARNm 5’cap del ARN,,
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ARN,

General cloverleaf secondary structure
of tRMAs. The large dots on the backbone repressnt
nuclectida residuss; the blus lines represent bass pairs.
Characteristic andfor invariant residuss commeon to all
thMAs are shaded in pink. Transfer RMAs vary in length
from 73 to 93 nuclectides. Extra nucleotides ccour in
the extra arm <r in the D amn. At the end of the anti-
codon arm iz the anticedon loop, which always
contains seven unpaired nuclectides. The O arm
contains two or three D (5, 6-dibydroundineg) rasidues,
depending on the tRMA. In some tRMAs, the D amm has
only three hydrogen-bonded bass pairs.
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Estructura tridimensional de un ARN;
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Estructura general y forma de unién un aminoacido al extremo 3’ terminal

de un ARN;

3" end of tRNA

Aminoacyl

group

arm

Aminoacil ARN; sintetasas

(a) (b)
FIGURE 27-17 Ami yl-tRNA syntt Both synthetases are (a) GIn-tRNA synthetase from E. coli, a typical monomeric type | syn-
complexed with their cognate tRNAs (green stick structures). Bound thetase (PDB ID 1QRT). (b) Asp-tRNA synthetase from yeast, a typi-

ATP (red) pinpoints the active site near the end of the aminoacyl arm. cal dimeric type Il synthetase (PDB ID TASZ).



Bacterial ribosome Eukaryotic ribosome
085 M 27x10% g8 M, 4.2 x 10°

1 MT 2.8 x 10¢
Mg 55 rRNA
M, 1.8 = 10¢ (120 nuelestides)
_ 285 rRNA
55 rRNA {4,700 nucleotides
(120 nueleotides) 5,88 rRNA
235 rRNA (160 nueleotides)
(3,200 nuclentides) ~ 4% proteins
| 36 proteins |
GH“E - G
M, 0.9 x 10° M, 1.4 x 107
165 rENA -
. 185 rRNA
(1,540 nueleatides) (1,900 nueleatides)
21 proteing

~ 33 proteins



Estructura secundaria de ARN,

bacteria
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