The Chemical Components of DNA

DNA is the genetic material in all living organism (except certain viruses) Figure 6-4. And it’s components are:
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FIGURE 10-11 X-ray diffraction photograph of purified DNA
fibers. The strong arcs on the periphery show closely spaced
aspects of the molecule, providing an estimate of the periodicity
of nitrogenous bases, which are 3.4 A apart. The inner cross pat-
tern of spots shows the grosser aspect of the molecule, indicating
its helical nature. (M. H. F. Wilkins. Courtesy of Bio-Physics
Department, King's College, London, England. )
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The Watson-Crick Model

Watson and Crick published their analysis of DNA struc-
ture in 1953 (see p.219). By building models under the
constraints of the information just discussed, they pro-
posed the double-helical form of DNA shown in
Figure 10~12a. This model has these major features:

1. Two long polynucleotide chains are coiled around =
central axis, forming a right-handed double helix.

The two chains are antiparallel; that is, their C-5"
C-3' orientations run in opposite directions.

The bases of both chains are flat structures, lying pe
pendicular to the axis; they are “stacked” on o=
another, 3.4 A (0.34 nm) apart, and located on th
inside of the structure.

The nitrogenous bases of opposite chains are paire
as the result of hydrogen bonds; in DNA, only A
and G==C pairs occur.

Each complete turn of the helix is 34 A (3.4 nm) lox
thus, 10 bases exist per turn in each chain.

In any segment of the molecule, alternating larg
major grooves and smaller minor grooves are app
ent along the axis.

The double helix measures 20 A (2.0 nm) in diamets

FIGURE 10-12 (a) The DNA d
ble helix as proposed by Watson:
and Crick. The ribbonlike strands
constitute the sugar—phosphate
backbones, and the horizontal

rungs constitute the nitrogenous
base pairs, of which there are 10
per complete turn. The major ané
minor grooves are shown. The s
vertical bar represents the centra
axis. (b) A detailed view labeled
with the bases, sugars, phosphate
and hydrogen bonds of the helix.
(¢) A demonstration of the antip
allel nature of the helix and the
horizontal stacking of the bases.
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1- DNA is a nucleic acid, and nucleotides are the building block of all nucleic acid molecules.

2- Nucleotides have three essential components: a nitrogenous base, a pentose sugar (five-carbon sugar), and a phosphate group.
3- There are two kinds of nitrogenous bases: the nine-member double-ring purines and the six-members single-ring pyrimidines.
4- Two types of purines and three types of pyrimidines are found in nucleic acid. The two purines are adenine and guanine, abbreviated A and G. The three pyrimidines are cytosine, thymine and uracil (C, T and U). The chemical structure of the five bases are shown in the figure. Both DNA and RNA contain A, G and C; but only DNA contains the base T, and only RNA contain the base U. Each nitrogen or carbon atom of the ring structures of purines and pyrimidines is designated by a number.
5- The pentose sugars found in nucleic acids give them their names. Ribonucleic acid (RNA) contain ribose, while deoxyribonucleic acid (DNA) contain deoxyribose. 
James Watson and Francis Crick in 1953, proposed that the structure of DNA is in the form of double helix.

The data available to Watson and Crick, came primarily from two sources: (1) base composition analysis of hydrolyzed sample of DNA, and (2) X-ray diffraction studies of DNA.

The Watson-Crick Model   
 Watson and Crick published their analysis of DNA structure in 1953, this model has these major features:

  1- Two long polynucleotide chains are coiled around a central axis, forming a right-handed double helix.
  2-The Two chains are antiparallel; that is their C-5`-toC-3` orientation run in opposite directions.
  3- The bases of both chains are flat structures, lying perpendicular to the axis; "stacked" on one another, 3.4A˚(0.34nm) apart, and located on the inside of the structure.
4- The nitrogenous bases of opposite chains are paired as the result of hydrogen bonds; in DNA, only A=T and G=C pairs occur.

5- Each complete turn of the helix is 34A˚ (3.4nm) long thus, 10 bases exist per turn in each chain.
6- In any segment of the molecule, alternating large major grooves and smaller minor grooves are apparent along the axis.
7- The double helix measures 20A (2.0nm) in diameter.     
[image: image2.jpg]The story of heredity is the story of a chemical sym-
phony buried deep within the nucleus of the cell.
When an animal is conceived it receives a haploid
(*half”) set of chromosomes, from its dam (the fe-
male genetic parent) and a similar half from its sire
(the male genetic parent). Together, these contribu-
tions form the diploid (“double”) array of paired
chromosomes that contains all of the information
needed to transform a fertilized ovum into an ani-
mal with its own set of individual characteristics.

The alphabetic code used to spell out this re-
markable compilation of information has only four
letters, known as nucleotides and represented in
biochemical shorthand as A, C, G, and T. When
linked together in pairs in ladder-step fashion,
nucleotides take on the well-known helical shape
of DNA, the primary substance that comprises
chromosomes.

It is from special, functional stretches of DNA,
known as genes, that the cellular machinery makes
proteins, the basic building blocks of life. A gene
may consist of fewer than a thousand nucleotides,
or of hundreds of thousands. It may code for an en-
tire protein or for just part of one.

In the same way that digital variations deter-
mine the notes and pitches and hues that emanate
from a compact disc, the order in which A, C, G,
and T appear in a particular gene dictates the exact
nature of the proteins under construction—and ulti-
mately, the form and function of the symphony we
know as a living organism.

FIGURE 64

Kdeuiled look at the genetic system including the nucleus, chromosomes, DNA, and nucleotides. (Adapted
from Schook, 1995); by permission of L. B. Schook.
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