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Color code for the left structure 
(nucleotide specific):    G, C, A, T.
Color code for the right structure  
(atom specific):    C, N, O, P.

50 Years of 
DNA Double Helix Structure

On Wednesday, April 2, 1953, Francis Crick and 
James D. Watson, then working at the Medical 
Research Council Unit in the Cavendish 
Laboratory of the University of Cambridge/UK, 
submitted a manuscript of about 900 words on the 
three-dimensional structure of desoxyribonucleic 
acid (DNA) to the journal Nature. The paper did 
appear on April 25, 1953. This work marks the 
birthday of modern molecular biology as well as 
of structural biology. Together with Maurice H.F. 
Wilkins, whose fiber diffraction data, besides 
related data by Rosalind Franklin, were of utmost 
importance, they were awarded the Nobel Prize for 
Physiology and Medicine in 1962. Perhaps, the 
discovery of the DNA double helix structure, 
including ist significance for information transfer in 
biological systems, is one of the most important 
scientific achievements of the 20th century.

The original diffraction data were obtained from 
oriented fibres. They can thus only result in an 
average model structure. In 1981 the first single-
crystal B-DNA structure was reported by the group 
of R.E. Dickerson (PDB code: 1bna). This was the 
first time that sequence-specific geometry 
parameters of  DNA could be obtained. 

Currently, the Protein Data Bank (PDB) and the 
Nucleic Acid Database hold about 1400 entries of 
three-dimensional DNA structures including DNA-
protein complexes. They show a marked 
geometrical diversity and are by no means that 
regular as displayed in the original Watson-Crick 
paper from 1953.

A few examples of the structural diversity of DNA 
are shown here. 
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Nucleotides (DNA building blocks): C, G, T, A. Usualy two nucleotides form a pair. In normal DNA structures the 
standard Watson-Crick pairs C.G und T.A do occur. A nucleotide consists of a base part, a sugar ring and a 
phosphate group.

Ideal DNA conformations as top and side views
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Two representations of the first single-crystal
B-DNA structure
(PDB code: 1bna).

Complex between the 
minor-groove binding drug 

Hoechst 33258 and DNA (Code: 128d).

Color code: bases - magenta, backbone - green.

The structure of the nucleosome core particle gives an impression of the spatial arrangement of 
genomic DNA . The DNA double helix is wrapped around the histone proteines in a superhelical 

mannner (PDB code: 1aoi).

Guanine-rich sequences at the ends of chromosomes, the telomeres, 
contribute to genome stability and therefore play a role in ageing processes 

and the development of cancer. They form tetraplex structures. The basic 
building blocks of the tetraplexes are guanine-tetrads (PDB code: 143d).

Two representations of DNA-triplex structure.
The third strand is used, for example, for gene targeting 

(PDB code: 1d3x). 

Complex between the repressor protein cro
of bacteriophage 434 and of a DNA with an

operator sequence OR1. The protein with a so-called 
helix-turn-helix motif binds to the major groove  

of the DNA (PDB code: 3cro).

Top view of a complex between the 
TATA-box-bindung protein (TBP), transcription factor IIB, 

and a  DNA target. 
In addition, results of a quantitative bending analysis

for the DNA part are shown.  (PDB code: 1ais). 


