- *quJ

 PETER W. HOCHACHKA
. GEORGE N.SOMERO
. - .a = .

 Biochemical Adaptation

] SR ] o b .
.\";,-.l:?ll-‘ﬁ;::?é;.f. i ﬁ‘=
g g

'/ — [
i . i |
»




PETER W. HOCHACHKA

GEORGE N. SOMERO

Biochemical Adaptation

Princeton University Press

Princeton, New Jcrsey



Copyright © 1984 by Princeton University Press

Published by Princeton University Press. 41 William Street,

' Princeton, New Jersey 08540
In the United Kingdom: Princeton University Press, Guildford,
Surrey

All Rights Reserved
Library of Congress Cataloging in Publication Data will be
found on the last printed page of this book

ISBN 0-691-08343-6 (cloth)
ISBN 0-691-08344-4 (paper)

This book has been composed in Lasercomp Times Roman

Clothbound editions of Princeton University Press books are
printed on acid-free paper, and binding materials are chosen for
strength and durability. Paperbacks, although satisfactory

for personal collections, are not usually suitable

for library rebinding

Printed in the United States of America by Princeton
University Press, Princeton, New Jersey



PREFACE

One of the great accomplishments of biochemistry and molecular .
biology has been the elucidation of many of the major unifying prin-
ciples and mechanisms that serve as the foundations of all living sys-
tems. Common mechanisms of energy transformation, catalysis, and
the coding and processing of genetic informatfgn testify to the unity
of life at the molecular level. While no one can deny these triumphs of
reductionist approaches to biology, these insights into unifying prin-
ciples of biochemical design in living systems seem to offer relatively
few direct answers to a quesfion of central importance to many bi-
ologists: How to account for the mechanisms underlying the immense
diversity of organisms? What are the fundamental ways in which
the basis biochemical structures and functions of living systems are
adaptively modified to allow organisms to exploit the full 1ange of
natural environments and te maintain the radically different modes of
life we see in nature?

The question of how a set of common mechanisms are extended
into uncommon and diverse contexts is not new. Decades ago a simi-
lar gap existed between the fields of comparative anatomy and physi-
ology. This gap was bridged by the concept of adaptation, and it is
our belief that the concept of adaptation can be extended to the mo-
lecular level to effect a bridge between the observations of universal
molecular mechanisms, on the one hand, and extreme biological di-
versity, on the other hand. Thus, the focus of our book is on the
ways in which the ubiquitous molecular structures of organisms are
modified to permit organisms to thrive in such diverse environments
as the polar regions, deserts, and the deep sea, and to achieve modes
of living that may involve:major changes in type and quantity of nu-
trients availahle and in the axygen thet is present to support respi-
Ak

fn deyalapang the central theme of biochemical adaptation we have
selected examples for study that strike us as providing especially clear
llpsirations oi the fundamental strategies of adaptation at the bio-
chemical level. Our scope of treatment is not encyclopedic. Instead,
we have focused on topics for which there either are numerous data,
which allow a detailgd analysis to be achieved, or where the basic
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phenomenology is so interesting that, despite a lack of large numbers
of data, it seemed to us worthwhile to draw questions of potential
interest to the readers’ attention. Our hope is tha! the examples we
have chosen will be exciting and will provide the reader with an
impetus to examine other, less well-studied problems in biochemical
adaptation.

Our indebtedness to those whose efforts have helped make this
book possible is a pleasure to acknowledge. At the top of the list are
the students and postdoctoral scholars who have given us the type of
stimulation that has kept our enthusiasm for this writing project, and
for research per se, at a high pitch. P.W.H. wishes to express par-
ticular thanks to the students and postdoctoral fellows contributing
to the current fermentations in his laboratory: H. Abe, J. Ballantyne,
M. A. Castellini,. G. P. Dobson, J. F. Dunn, B. Emmett, R. Foreman,
C. J. French, U. Hoeger, T. P. Mommsen, B. J. Murphy, W. Parkhouse,
E. A. Shoubridge, and R. Suarez. Earlier students who have continued
to influence the thinking and work in P.W.H.’s laboratory include
J. Baldwin, H. Behrisch, J.H.A. Fields, H. Guderley, M. Guppy, T. P.
Moon, T. Mustafa, T. Owen, J. Storey, aad K. B. Storey. "n. addition,
P.W.H. wishcs to acknowledge his numerous colleagues around the
world who have made the entire enterprise all the more exciting and
who on occasion have combined the adventures of intellect with the
adventures of scientific expedition.

G.N.S. wishes to express his gratitude to past and present members
of the Scripps Institution of Oceanography High Pressure Zone Lab-
oratory: L. Borowitzka, R. D. Bowlus, M. A. Castellini, B. J. Davis,
K. A. Dickson, V. Donahue, J. G. Duman, H. Felbeck, S. L. French,
E. Golanty, J. E. Graves, G. S. Greaney, S. C. Hand, K. H. Hoffmann,
D. Kramer, G. Lopez, P. S. Low, M. S. Lowery, J. Malpica, E. Pfeiler,
M. A. Powell, S. J. Roberts, J. F. Siebenaller, K. M. Sullivan, R. R.
Swezey, P. J. Walsh, P. H. Yancey, and M. Yacoe. Stimulating discuss-
ions of many of the ideas in this book with Drs. J. J. Childress,
. M. E. Clark, and F. N. White also have been invaluable.

Neither this project nor much of our work described in it could
have been achieved without support from NSERC and the Canadian
Heart Feundation (P.W.H.) and the NSF and NIH (G.N.S.). Special
thanks are given by P.W.H. to the Australian Department of Science
and Technology for support vi~. a Queen’s Senior Fellowship.

Finally, we wish to emphasize that the task of preparing a book
transcends the generation of ideas. The manipulation of manuscripts
and figures, while the primary responsibility of the authors, could
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not have been achieved effectively without the enormous efforts of
Ms. Leslie Borleski, Ms. Kathy Lingo, and Ms. Cecelia Ross. And,
lastly, both authors acknowledge the emotional support of the mem-
bers of the Laika family tree.

Peter W. Hochachka
Vancouver, British Columbia
George N. Somero
La Jolla, California
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