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Series Preface

New textbooks at all levels of chemistry appear with great regularity. Some
fields like basic biochemistry, organic reaction mechanisms, and chemical ther-
modynamics are well represented by many excellent texts, and new or revised
editions are published sufficiently often to keep up with progress in research.
However, some areas of chemistry, especially many of those taught at the grad-
uate level, suffer from a real lack of up-to-date textbooks. The most serious
needs occur in fields that are rapidly changing. Textbooks in these subjects
usually have to be written by scientists actually involved in the research which
is advancing the field. It is not often easy to persuade such individuals to set
time aside to help spread the knowledge they have accumulated. Our goal, in
this series, is to pinpoint areas of chemistry where recent progress has outpaced
what is covered in any available textbooks, and then seek out and persuade
experts in these fields to produce relatively concise but instructive introductions
to their fields. These should serve the needs of one semester or one quarter
graduate courses in chemistry and biochemistry. In some cases the availability
of texts in active research areas should help stimulate the creation of new
courses.

New York CHARLES R. CANTOR



Preface

This monograph is based on a review on polynucleotide structures written
for a book series in 1976. The respective volume was, however, never
published and the manuscript was kept in the drawer until Springer-Ver-
lag decided to accept it as part of the Advanced Texts in Chemistry. When
I looked at my 1976 manuscript again in 1980, I found that many views
had changed. Left-handed DNA, above all, had been introduced and
changed the notion of the occurrence of exclusively right-handed double-
helices. As a matter of fact, the whole story had to be rewritten.

But even then, during the past two years many new discoveries were
made and it often appeared to me that I was trying to catch a running
train. Research on DNA structure is now booming, caused in part by the
availability of synthetic oligonucleotides of defined sequence. They can
be crystallized either per se or as complexes with certain metal ions,
drugs, and proteins binding to them. And with the proteins again a new
field has opened. We can now look at the three-dimensional structures of
quite a number of DNA- and RNA-binding proteins. Work is in progress
with more complicated systems involving the respective complexes,
made possible by recent advances in crystallographic techniques.

I cannot close this short preface without thanking those who have con-
tributed enthusiastically to this book. There are, above all, Meinhard Hei-
drich and Manfred Steifa who operated the Cambridge Data File to re-
trieve atomic coordinates. These were used in a combination of programs
sCHAKAL (Ref. 1376) and orTEP (Ref. 1377) to do most of the artistic plots
of molecules displayed in this book. Drawings which could not be pre-
pared on a computer came from the hand of Ludwig Kolb who did a mag-
nificent and superb job on the rough drawings I gave him.

If writing a book, one has to have available a good library and people



X Preface

associated with it. The library at the Max-Planck-Institut fiir Experimen-
telle Medizin is one of the best I have encountered and Mrs. M. Henschel,
B. Kiittner and Mr. W. Gellert helped to make available the more exotic
journals. Finally, writing and rewriting many versions of the manuscript
was done patiently by several secretaries, Chantal Celli, Jenny Gliss-
meyer and Petra Grofle contributing predominantly.

Last, but certainly not least, I would like to thank my scientific teacher
Professor Friedrich Cramer for his guidance and support during the past
18 years.

Gottingen, August 1983 WOLFRAM SAENGER
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Chapter 1

Why Study Nucleotide and
Nucleic Acid Structure?

Before embarking on a description of nucleotide and nucleic acid struc-
tures, let us examine the biological importance of this class of molecules
and find out why their structural principles should be known at the atomic
level.

Nucleotides have many functions in living organisms. The hereditary ma-
terial, deoxyribonucleic acid (DNA), is a linear polymer built up of mono-
meric units, the nucleotides. Even if these units were not constituents of
DNA, they would nevertheless be among the most important molecules in
biology.

A nucleotide consists of three molecular fragments: sugar, heterocy-
cle, and phosphate. The sugar, ribose or deoxyribose, is in a cyclic, furan-
oside form and is connected by a B-glycosyl linkage with one of four
heterocyclic bases to produce the four normal nucleosides: adenosine,
guanosine, cytidine, and thymidine (uridine in ribonucleic acid, RNA). If
the 3'- or 5’-hydroxyl group of sugar is phosphorylated, we have a nucleo-
tide. This unit, the nucleotide, is not only the building block of the polynu-
cleotides DNA and RNA but it also exhibits independent functions.

For example, with adenosine derivatives displayed in Figure 1-1, we
can show that, depending on chemical modifications, adenosine adapts to
several, dramatically different biochemical roles in life. As di- and tri-
phosphates, adenosine acts as an energy pool for many enzymatic pro-
cesses and for muscle work. The importance of adenosine triphosphate is
demonstrated by its turnover rate in humans: about one body weight per
day per person. The 3’, 5'-cyclic phosphate of adenosine is the ‘‘second
hormonal messenger,”’ controlling and mediating the activities of peptide
hormones. In the form of puromycin, adenosine is a potent inhibitor of
protein biosynthesis and as arabino- or 8-azaderivatives, adenosines dis-
play antibiotic activities. Adenosine diphosphate, equipped at the termi-
nal phosphate with certain biological molecules, is a constituent of both
coenzymes A and NAD* and is essential for the proper functioning of en-
zymes which require these cofactors.

To understand the biological function of a nucleotide, we must know its
structural features. With the adenosine derivatives mentioned above, we
know the chemical structure and we know the function. But why and how
do they function? Why, for instance, is 8-azaadenosine an antibiotic even
though, from a chemical point of view, the isoelectronic substitution of
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Nicotinamide-adenine-dinucleotide (NAD™), a coenzyme

Figure 1-1. The properties of a biological molecule can change dramatically with
only minor chemical modifications. This scheme displays adenosine (color) and
some of its derivatives which exhibit very different biochemical behavior.

8-CH by an 8-aza group is expected to have only a modest influence on its
chemistry? In this case it is not the electronic but rather the three-dimen-
sional structure or conformation of the nucleoside which is changed and
which explains 8-azaadenosine’s particular properties.

Because nucleosides and nucleotides interact with proteins in all their
metabolic or control operations, specific, mutual recognition of the two
(or more) reactants is required. This presupposes that the partners in-
volved have well-defined three-dimensional structures which, if we desire



