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16 Chapter 2 / The Molecular Nature of Genes

tein coat is
sled specifically
]

Attachment of phage
o host cells

Removal of phage
coats by blending

Cell containing little
g jabeled protein,
plus unlabeled DNA

{a)

Figure 2.4 The Hershey—Chase experiment. Phage T2 contalns
genes that allow it to replicate in £. cofi. Because the phags is
composad of DNA and protein only, its genes must be made of
one of these substances. To discover which, Hershay and Chase
perlormed a two-part experiment. In the first pari {a}, they labeled
the phage protain with ¥ {red), Isaving tha DNA unlabeled (black).
In the second part {k), they labaled the phage DNA with 320 ired),

shown in Figurc 2.5, reveal that adenine and guanine are
related to the parent molecule, purine. Therefore, we
refer to these compounds as purines. The other bases
resemble pyrimidine, so they are called pyrimidines.
These structures constitute the alphaber of genctics.

Figure 2.6 depicts the structures of the sugars found in
nncleic acids. Notice that they differ in enly one place.
Where ribose contains a hydroxyl {OH) group in the
2-position, deoxyribose lacks the oxygen and simply has
a hydrogen (H), represented by the vertical line. Hence
the name decxyribose. The bases and sugars in RNA and
DNA are joined together inro units called nucleosides
(Figure 2.7), The names of the nucleosides derive from the
corresponding bases:

- DMA. is labeled
specifically with *F

Attachment of phage
to host cells

Removal of phage
coats by blending

Cell containing
92p_Jabeled DNA

(b)

lzaving the protein unlabeled {(black). Since the phage genes must
enter the cell, the experimenters reasoned that the type of label
found in the infected gells would indicate the nature of the genes.
Mast of the labeled protein remained on the outside and was
stripped off the cells by use of a blender (a), whereas most of the
labeled DNA entered the infected cells (b). The conclusion was that
the genes of this phage are made of DNA.

Base Nucleoside (RNA)  Deoxynucleoside (DNA)
Adenine  Adenosine Deoxyadenosine
Guanine  Guanosine Deoxyguanosine
Cyrosine  Cytidine Deoxycytidine

Uracil Uridine Not usually found

Thymine Not uspally found  {Deoxy)thymidine

Because thymine is not usually found in RNA, the
“deoxy” designation for its nucleoside is frequently
assumed, and the deoxynucleoside is simply called
thymidine. The numbering of the earbon atoms in the
sugars of the nucleosides (see Figure 2.7) is inporrant,
Note that the ordinary numhers are used in the bases, 5o
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chat it cherefore stood at the very center of the study of
[ife. Yot the three-dimensional structure of DNA was un-
known. For these reasons, several rescarchers dedicated
themselves o finding this structure.

Expcrimental Background

One of the scientists interested in DNA structure was Linus
Pauling, a theoretical chemist at the California Institute of
Technology. He was alrcady famous for his studics on
chemical bonding and for his elucidation of the'a-helix; an
important feature of protein structure. [ndeed, the o-helix,
held together by hydregen bonds, laid the intellectual
groundwork for the double-helix model of DNA proposed
by Watson and Crick. Another group trying to find the
structure of DNA included Maurice Wilkins, Rosalind
Franklin, and their colleagues at King’s College in London.
They were using x-ray diffraction to analyze the three-
dimensional structure of DNA. Finally, James Watson and
Francis Crick entered the race. Watson, still in his early
twenties, but already holding a Phi.D. degree from Indiana
Unjversity, had come to the Cavendish Laboratories in
Cambridge, England, to learn about DNA. There he met
Crick, a physicist who at age 35 was retraining as a mo-
lecular biologist, Watson and Crick performed no experi-
ments themselves, Their tactic was to usc other groups’
data to build a DNA model.

Erwin Chargaff was another very important contribu-
tor. We have already seen how his 1950 paper helped
identify DNA as the genetic material, but the paper con-
tained another piece of information that was even more
significant. Chargaff’s studies of the base compositions of
DNAs from various sources revealed that the content of
purines was always roughly equal to the content of py-
rimidines. Furthermore, the amounts of adenine and thy-
mine were always roughly equal, s were the amounts of
guanine and cytosine. These fAndings, known as Char-
gaff’s rules, provided a valuable foundation for Watson
and Crick’s model. Table 2.1 presents Chargatf’s data.

2.2 DMNA Structure 19

You will notice some deviation from the rules due to in-
complete recovery of some of the bases, but the overall
pattern 1s clear.

Perhaps the most crucial piece of the puzzle came
from an x-ray diffraction picture of DNA taken by
Franklin in 1952—a picture that Wilkins shared with
James Watson in London on January 30, 1953, The x-ray
technique worked as follows: The experimenter made &
very concentrated, viscous solution of DNA, then reached
in with a needle and pulled out a Aber. This was not a
single rolecule, but a whole batch of DNA molecules,
forced into side-by-side alignment by the pulling action.
Given the right relative humidity in the surrounding air,
this fiber was enough like a crystal that it diffracted
x-rays in an interprerable way. In fact, the x-ray diffrac-
tion pattern in Franklin’s picture (Figure 2.12) was so
simple—a series of spots arranged in an X shape—that it
indicated that the DNA structure itself must be very sim-
ple. By contrast, a complex, irregular molecule like a pro-
tein gives a complex x-ray diffraction pattern with many
spots, rather like a surface peppered by a shotgun blast.
Because DNA is very large, it can be simple only if it has
a regular, repeating structure. And the simplest repeating
shape that a long, thin molccule can assume is a
corkscrew, or helix.

The Double Helix

Franklins x-ray work strongly suggested that DNA was
a helix. Not only that, it gavc some important informa-
tion about the size and shape of the helix. In particular,
the spacing between adjacent bands in an arm of the X
is inversely related to the overall repeat distance in the
helix, 33.2 angstroms (33.2 A}, and the spacing from the
top of the X to the bottom is inversely related to the spac-
ing (3.32 A) between the repeated elements (base pairs}
in the helix. {See Chapter 9 for information on how
Bragg's law explains these inverse relationships.) How-
ever, even though the Franklin picture told much about

Table 2.4 Composition of DNA in Moles of Base per Mole of Phosphate

Human i Bovine
Avian
Liver Tubercle
Sperm Thymus  Carcinoma Yeast Bagilli Thymus Spleen
#1 #2 #1 fi2 1 #2 #3 #1 #2
Al 0.29 0.27 0.28 0.27 0.24 0.30 012 026 028 030 025 026
T: 0.31 0.30 0.28 0.27 0.25 0.29 0.1 0.256 0.24 0.25 0.24 0.24
G 0.18 017 019 0.18 0.14 0.18 0.28 0.21 0.24 0.22 0.20 0.21
c 018 0.18 016 .15 0.13 015 0.26 0.16 018 017 0185 017
Recavery: 0.86 0.92 0.91 0.87 0.76 0.92 0.77 0.88 0.94 0.94 084 088

Aource; E. Chargall "Chemical Specifivily of Nuclsic Acirs and Mechanism of Their Enzymatic Dagradaticn,” Experientia £:208, 1950.
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