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SERIES EDITOR’S PREFACE

In the past decade there has clearly been no more exciting and
advancing field than molecular biology; yet, to the novice, it may appear
excessively complex. Dr. Niederman has prepared this volume with the
needs of the novice in mind. So much information and such a wealth of
literature exist that it has been important to select those papers which
provide not merely superficial understanding but real knowledge of how
and why and on what evidence we know how DNA is replicated, how
proteins are synthesized, and how the complex, yet exquisitely tuned,
machinery is controlled. Previous collections were designed for workers
in the field, to whom the methods and the language were familiar. This
volume has as its purpose to provide a knowing and useful guide to the
fundamental papers upon which modern molecular biology is based. In
this task, Dr. Niederman has brought not only his experience as an
operator of a research laboratory actively involved in this field but also
his experience as a teacher of undergraduates (and graduates) in a
course that is a model of its kind. As such, we have here a volume useful
to the novice—as well as to the advanced investigator whenever the
latter wishes to refer to the major contributions to the field.

The volume is composed of five parts. In the first, eight papers
cover the field of DNA structure and replication and introduce the
novice to polymerase Il and Okazaki pieces. Part Il provides six papers
on messenger RNA formation which introduce the novice to core en-
zyme, sigma factor, and other transcription factors (M, PSI, and rho), as
well as information regarding the action of the promising antibiotic
rifampicin and the beginnings of an explanation for catabolite repres-
sion. There is also a discussion of ppGpp and pppGpp, originally known
as ““magic spots.”’

The third part contains eight papers on the nature and the assembly
of the ribosome, the organelle that translates messenger RNA into pro-
tein. The proteins, especially, seem to be exceedingly numerous and
complex, and the RNA that they contain may well come from cleavage of
a much larger molecule. Part IV, with eight papers, covers the actual
mechanism of peptide-bond formation, and for persons brought up in
an earlier day, the number of external, or at least dissociable, factors
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Series Editor’s Preface

seems tremendous. Actually it appears that peptide-bond formation is
considerably more complicated than originally supposed. In the fifth
part, seven outstanding papers deal with the genetic code and transfer
RNA, the latter known in such detail that one can begin to visualize
three-dimensional structures.

Although a glance at the contents will reveal this arrangement, it
seems sensible to outline it here so as to point out the unusual and
illuminating findings that these sections report.

WAYNE W. UMBREIT
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INTRODUCTION

An assessment of the explosive growth in molecular biology that
has occurred during the last two decades reveals many significant con-
tributions from a variety of disciplines. Indeed, biochemistry, bio-
physics, crystallography, genetics, and microbiology have each provided
major contributions. However, the demonstration of deoxyribonucleic
acid (DNA) rather than protein as the carrier of the cell’s genetic
information by Avery et al. (1944) marks the beginning of this scien-
tific revolution. These investigators identified highly polymerized DNA
as the constituent that caused the transformation of one strain of
bacterium to another. This startling finding stimulated a number of
attempts at elucidating the structure of DNA in the hope that decipher-
ing its molecular architecture would provide a basis for understanding
how this molecule functions as the primary hereditary material within
the cell. This hope was finally realized with the advent of the double-
helical model of Watson and Crick (1953) for the structure of DNA.
The double helix represented a series of brilliant insights by the latter
investigators that were largely based upon X-ray diffraction analysis
(Wilkins et al., 1953; Franklin and Gosling, 1953) and the purine and
pyrimidine contents of a variety of DNA molecules (described in Part
1). The complementarity of the two DNA chains suggested that, upon
strand separation, each serves as a template for the synthesis of a new
complementary strand. This provided a plausible model for replication
of the chromosome, thus maintaining continuity in the transfer of
genetic information from one generation to another. The area of molecu-
lar biology encompassed within this volume, that is the biochemical
aspects of DNA replication and the processing of this genetic informa-
tion into protein gene products, has largely stemmed from the funda-



Introduction

mental discoveries made in these early investigations. The mechanism
of DNA replication is the subject of Part | and has recently been exten-
sively reviewed (Klein and Bonhoeffer, 1972; Kornberg, 1974; Schek-
man et al., 1974).

Another crucial aspect of the Watson-Crick double helix was the
lack of restriction on the sequence of bases within the interior of the
DNA helix. This suggested a coding mechanism for the expression of
hereditary information. The manner in which this code, embodied
within the base sequence of the DNA, is transcribed and translated into
a specific linear array of amino acids in the protein gene products thus
became the central question of molecular biology. These studies, in
little more than a decade, led to the complete elucidation of the genetic
code. In addition, many components of the transcription and transla-
tion apparatus have now been elucidated. However, very little is pres-
ently known about the manner in which the cell controls the selective
transcription of specific regions of DNA templates into the various
ribonucleic acid (RNA) species. (For a recent review on the selectivity
of transcription see Chamberlin, 1974.) Part |1 deals with the transcrip-
tion process and several of its regulatory aspects.

The overall process in which the specific information contained
within the sequence of bases in the RNA messenger species is translated
on the ribosome into a linear protein sequence can now be looked upon
as a series of partial reactions involving initiation, elongation, and
termination of peptide chains. The mechanisms of the individual steps
and the details of the role that the ribosome plays in the translation
sequence are presently the object of extensive investigations (Nomura
et al., 1974). Several aspects of translation, for instance, the structure
and function of the ribosome, the mechanism of peptide bond forma-
tion, the genetic code, and the role of transfer RNA, form the subject
matter of Parts IIl, IV, and V.

This Benchmark volume has been designed primarily as an introduc-
tion for the beginning student of molecular biology. Accordingly, the
comments at the beginning of each chapter and their accompanying
bibliographies are mainly intended as a guide for the advanced under-
graduate and beginning graduate student. These introductory com-
ments are by no means exhaustive reviews of the literature (references
to appropriate reviews are provided in each section). Instead, it is hoped
that they will aid in bringing the collected papers within each section
into 2 more coherent framework. In addition, they should serve both
as an overview and a critical guide for the student. Where appropriate,
they also function in updating the selected papers.

In that the papers in this collection represent diverse areas of
molecular biology, it is also hoped that they will prove useful to investi-
gators in the field who might appreciate having them compiled in a
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single volume. In addition to many of the classical papers of molecular
biology, several recent papers of unusual impact have been included.
Where essentially the same findings have been reported simultaneously
by more than one research group, the task of choosing a single bench-
mark paper has been difficult. In these cases, largely because of space
limitations, the papers not reprinted have been cited in the introduc-
tory comments preceding each section. Since this volume forms part
of a series of classical papers in microbiology, it has been confined to
studies that broadly fit into this overall discipline, and, in general, to
those with prokaryotic microorganisms. In many cases, these studies
have provided a basis for understanding the various aspects of molecular
biology in higher forms.

It is a pleasure to thank Sewell P. Champe, Sam Kaplan, K. Sieg-
linde Neuhauser, John P. Reeves, and W. W. Umbreit (series editor)
for their critical reading of the manuscript and for their many valuable
suggestions. | also wish to express my appreciation to M. L. P. Collins,
John A. Distasio, and Lawrence C. Parks, who also served in this capac-
ity. | am especially grateful to K. S. Neuhauser for her excellent English
translation of Paper 16, which appeared originally in French.

REFERENCES

Avery, O. T., C. M. MacLeod, and M. McCarty (1944). Studies on the chemical
nature of the substance inducing transformation of pneumococcal types: I. In-
duction of transformation by a desoxyribonucleic acid fraction isolated from
pneumococcus type 1. /. Exptl. Med., 79, 137-158.

Chamberlin, M. J. (1974). The selectivity of transcription. Ann. Rev. Biochem., 43,
721-775.

Franklin, R. E., and R. G. Gosling (1953). Molecular configuration in sodium
thymonucleate. Nature (London), 171, 740-741.

Klein, A., and F. Bonhoeffer (1972). DNA replication. Ann. Rev. Biochem., 41,
301-332.

Kornberg, A. (1974). DNA Synthesis. W. H. Freeman, San Francisco.

Nomura, M., A. Tissiéres, and P. Lengyel (1974). Ribosomes. Cold Spring Harbor
Monograph Series, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.
Schekman, R., A. Weiner, and A. Kornberg (1974). Multienzyme systems of DNA

replication. Science, 186, 987-993.

Watson, J. D., and F. H. C. Crick (1953). The structure of DNA. Cold Spring
Harbor Symp. Quant. Biol., 18, 123-131.

Wilkins, M. F. H., A. R. Stokes, and H. R. Wilson (1953). Molecular structure of
deoxypentose nucleic acids. Nature (London), 171, 738-739.



o BE, 75 258 #EPDFIG Vi IAl : www. ertongbook. com



