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PREFACE

Textbooks of microbiology generally devote few paragraphs to the critical
roles of minerals in the growth, differentiation, and death of microbial
cells. Moreover, many microbiologists assume that either intact hosts
or tissue extracts automatically provide microorganisms with correct
qualitative and quantitative balances of minerals in available forms. We
hope that the present book will persuade the reader that individual minerals
not only have unique functions but must be acquired, stored, and cycled
by microbial cells with care and precision. Indeed, all persons who wish
successfully to detect, ‘propagate, exploit, or destroy microorganisms
should keep aware of the levels and balances of minerals and of organic
compounds that bind or transport minerals in the systems with which

they are working, \

The reader is referred to the Intreduction on pp. 1-4 for a general
overview of the chapters in this volume.

Eugene D. Weinberg
Bloontington, Indiana

In memory of

HENRY A. SCHROEDER

Dr. Schroeder was for many years Professor of Physiology at Dartmouth
Medical School and had built and operated a Trace Element Laboratory at
Brattleboro, Vermont, His numerous and systematic publications on each
of several dozen elements plus his leadership in trace element research
and applications were major factors in the worldwide establishment of
trace element biomedical research programs and awareness of health
applications since 1955, Although not a microbiologist, Dr. Schreeder
was quite cognizant of microbial roles in mineral cycling, and he was
always enthusiastic about the use of microorganisms as models in cell
biology.
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INTRODUCTION

Eugene D. Weinberg

What we learn from Nature's smallest living things often emerge
as principles of general biology. [ From Ref. 1.]

1t is clear that the initial inorganic matrix in the earth’s crust
has left its stamp, because metals are still involved in every
aspect of biosynthesis, degradation, and macromolecular
assembly. [From Ref. 2.]

The scientific practice of microbiology is presently entering its second
century. Well before the beginning of this practice, however, mineral
elements were employed to influence microbiological processes. Since
early medieval times, for example, mercury and its salts have been im-
portant therapeutic agents for skin and intestinal infections. The remark-
able selective toxicity of silver for microorganisms was utilized by physi-
cians as early as the 15008, three centuries prior to an understandirig of
the microbial etiology of infectious digsease. A proper balance of inorganic
elements in soils and waters has long been recognized to be a criticat fac-
tor in cultivation of plants from which desirable products of microbial
fermentation are to be obtained.

Nevertheless, identification of-the precise roles of minerals in the
physiology of microbial cells occurred slowly and sporadically during the
first century of scientific microbiology. For example, at the start of the
century, Raulin, a student of Louis Pasteur, reported that zinc is required
for growth of fungi [3]; in the 19408, industrial scientists became aware
of the importance of this metal in mycotic fermentations., Only within the
past decade, however, have microbiologists begun to examine intensively
the many metabolic aspects of zinc in microbial systems.

Although, as will be evident in the book, knowledge concerning molec-
ular aspects of mineral roles and requirements has been gained relatively
recently, a few significant discoveries were made in the early 1930s. At ,

- that time, for example, molybdenum was discovered to be needed for

microbial nitrogen fixation [4]. It also became apparent in that decade



2 E. D. WEINBERG

that the quantity of 2 metal that is needed and/or tolerated for growth of
microbial cells can be quite different from that required and/or permitted
for the organisms to carry on a specific physiologic process [5-7]. This
important principle of quantitation has only recently been extrapolated to
cells of plants and animals [8]. Also recognized in the 1930s and 1940s
was the attempt by vertebrate hosts to withhold growth-essential iron from
invading microorganisms [9,10]). This phenomenon, now termed
""nutritional immunity' [11,12], is finadly achieving well-merited, wide~
spread attention.

A number of books [e.g., 8,13-21] have appeared within'the past
decade on the roles of mineral elements in living matter. In each of these,
plants and/or animals have been the focus of concern. This is the first
book on biological aspects of a spectrum of mmeral elements that is devoted
primarily to microorganisms, ° :

The subject matter of the book is divided into four topics. The first
concerns the manner in which microbial cells acquire and store selected
mineral elements. This topic is important for several reasons. Its study
contributes knowledge at the cellular level on mechanisms, active com-
pounds, sites, and homeostatic regulation of acquisition of growth-essential
nutrilites. Moreover, specific metal-transport and possibly metal-storage
compounds that are being and will be isolated have actual or potential utility
in prophylaxis and therapy of metabolic and infectious diseases of animals
and plants. Addltlonally, knowledge of the ability of some intestinal micro-
organisms to facilitate and others to retard assimilation of essential min-"
eral elements by cells of the gut wall is of potential importance in human
and animal nutrition.

Such mineral elements as magnesium, cal¢ium, manganese, zine,
iron, silicon, potassium, cobalt, copper, and molybdenum are important
in the life of microbial cells. Because of space limitations and because the
first five have been most intensively studied, only these five will be dis-
cussed here (Chapters 1 to 5). A review of thé momentous competition for
iron bétween invading microorgamsms and animal hosts is contained in
Chapter 6.

The second topic is concerned with the functions of magnesw.m calci-
um, manganese, zine, and iron in microbial cells. As with cells of plants
and animals, the catalytic function of minerals in microorganisms has be-
come well recognized within the past three decades. The structural and
stabilizing functions of minerals in microbial cells presently comprise
exciting areas of research. The various roles of the five selected elements
in microbial systems are discussed in Chapters 1 to 5 and, where pertinent,
are compared with plant and animal systems. A possible novel function,
thus far studied mainly in microorganisms, is that of the ability of a few
mineral elements (e.g., manganese, zine, iron) to induce and suppress the
processes of secondary metabolism and differentiation (Chapter 7). Com-
parisons of mineral requirements for growth with those needed for specific
functions in plant and animal cells are only now beginning to be made.
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The third topic, microbial roles in cycling of mineral elements, is
divided into two aspects: geochemical (Chapter 8) and phytochemical
(Chapter 9). The first deals with microbial conversion of elements between
inorganic and organic forms ‘and among their various oxidation states. The
second aspect concerns the role of microorganisms in facilitating assimila-
tion of minerals in plants. Each aspect is indispensable to the economy of
life on earth.

The fourth topic is that of the antimicrobial action of mineral elements
(Chapter 10). Not only are silver, mercury, copper, and zinc still em-
ployed to suppress and kill unwanted microorganisms, but metals are now
also important activators of various organic antimicrobial agents.

Within the past half century, the doctrine of the biochemical unity of
living matter has become well established. Metabolic pathways as well as
methods of storage, transfer, and use of energy and of genetic information
are found to have strong similarity in the cells of microorganisms, plants,
and animals. The qualitative and quantitative equivalencies in require-
ments for and roles of minerals in these three forms of life are examples
of such unity. As we will see, in some cases principles of mineral aspects
of biology were learned first with cells of higher organisms and then ap-
plied to microbial cells; in others, microorganisms served as model sys-
tems in inorganic cell biology.

But within the overall theme of bioinorganic unity lie variations of
fascinating diversity. Sufficient examples of uniqueness in the metabolism
and roles of minerals exists in specific groups of microorganisms to pro-
vide a wealth of productive areas of research. As 1mportantly, the exam-
ples of .uniqueness described in this book may suggest potentially useful

and novel methods for (a) environmental enhancement of desirable micro-
" bial groups; (b) suppression of microbial pests; (¢) microbial detoxification
of poisoned local environments; and (d) microbial accumulation of elemental
metals. Thus we hope that the material will be useful not only to bioin-
organic scientists but also to environmental, medical, molecular, and
physiological microbiologists.
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INTRODUCTORY NOTE TO CHAPTERS
1, 2, AND 3

Our laboratory has been concerned with bacterial divalent cation metabo-
lism for the last 8 years or so. Whereas an enormous body of information
about microbial iron metabolism is available because of the importance of
iron compounds to microbial metabolism and also because of the clinical
use of microbial extracellular iron chelates, the other essential divalent
cations of all living cells have experienced an era of benign neglect. '+ We
have attempted in the following three chapters to redress the balance with
regard to microbial magnesium, calcium, and manganese metabolism.
Each of the three chapters represents the first attempt that we are aware
of to organize and rationalize what is known about transpor{ of the divalent
cation as well as about nutritional requirements and cellular roles. The
three cations (and transport systems) are very different. Magnesium is

the major intracellular divalent cation, and active transport systems for its
accumulation and maintenance have evolved and been retained by all living
cells. Calcium is the major extracellular divalent cation, and the different
locations and properties of Mg2* and Ca2* are frequently used to regulate
metabolic activities. * All cells, we believe, actively ex'» ude calcium;
Chapter 2 presents the first explicit exposition of this hypothesis. Already
much supportive data are available. Manganese differ s from Ca2+ and
Mg2t in that it usually is found as a "trace' element. For most, if not all,
living cells, Mn2% is an essential micronutrient; therefore highly specific
active transport systems evolved to provide cells with this needed material
in the face of a Mn2*-famine environment rich in other divalent cations,
especially Mg2+ and Ca2*, It has proved easier to demonstrate the uni-
versal existence of Mn2% transport systems than it has been to prove
universal requirements for Mn2* for cell growth. This, of course, is a
tribute to the potency or high efficiency of these cellular systems.

Simon Silver






