aware of any connection between the
thermodynamic properties of initial and
final states and the mechanisms involved
in the change from one to the other.

A very valuable feature of this mono-
graph is its extensive tabulation of pre-
melting and prefreezing phenomena near
the solid-liquid transition. However
meager, these slim clues may offer
our best hope of eventually understand-
ing the phenomena of melting and
freezing.

JoHN P. McTAGUE
Department of Chemistry,
University of California,
Los Angeles 90024

Bacterial Photosynthesis

The Photosynthetic Bacteria. RopEricKk K.
CrAayToN and WiLLiaM R. SisTrRoM, Eds.
Plenum, New York, 1978. xxii, 946 pp., illus.
$85.

Two ideas have profoundly influenced
modern thinking about photosynthesis.
One of them goes back 50 years to C. B.
van Niel, who, working with anoxygenic
photosynthetic bacteria, suggested that
the primary reaction in photosynthesis
results in the production of a reducing
component and an oxidizing component.
Today this is known as a charge separa-
tion.

The other idea is more general and
originated outside of this field. It is the
chemosmotic coupling hypothesis of P.
Mitchell. According to this hypothesis,
the transfer of electrons down a redox
gradient in a unit membrane occurs in
such a manner as to produce a proton
gradient over the membrane. This latter
gradient serves to drive phosphorylation
of adenosine diphosphate and other en-
ergy-demanding processes in the mem-
brane.

These ideas are central to the subject
of photosynthesis, and, accordingly,
they form the basis for the largest section
in this book, entitled Photometabolism.
The section is built up around the reac-
tion center, the isolation of which, by
Clayton and co-workers, is one of the
more recent landmarks in photosynthe-
sis research. The sequence of events be-
ginning with the transfer of excitation
energy from antenna pigments to reac-
tion center, and the conversion of this
energy into a proton gradient, are de-
scribed and discussed in 15 chapters.

The redundancy that the editors men-
tion in their preface is most apparent in
this section. Whether or not this is a dis-
advantage is a question for the individual
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reader to decide. I found it slightly irri-
tating.

Organisms that carry out the process-
es described above are structurally very
specialized. Therefore, the section on
structure is an important one. Most of
the chapters in the section are concerned
with membranes or membrane com-
ponents. The membranes of purple bac-
teria are much better understood than
those of the other groups, and hence the
long, well-written chapter on them by
Niederman and Gibson dominates the
section.

The structure of the photosynthetic
apparatus of the green bacteria is unique.
One of the light-harvesting components
of these bacteria is a water-soluble bac-
teriochlorophyll a-protein complex that
has been purified. Its structure and prop-
erties are described in a pithy paper by
Olson.

Over the years a large number of data
on many of the chemical constituents of
photosynthetic bacteria have accumu-
lated. Much of this information has been
collected, ordered, and evaluated in the
section on chemical composition. Carot-
enoids, cytochromes, and complex lipids
are treated here. Methods of isolation
and identification are also included, and
these chapters will serve as invaluable
sources of reference for years to come.

Apart from these sections and the bal-
anced introductory chapter by Pfennig,
the book presents a disconnected pic-
ture. Everybody would agree that the
ability to convert light energy to chem-
ical energy only under anaerobic condi-
tions must have profound physiological
(and ecological) consequences for the or-
ganism concerned. It follows that the
ways in which the cell’s physiological
and biosynthetic machinery interacts
with this special type of energy metabo-
lism are very important. An awareness of
this is cardinal in any attempt to properly
describe the photosynthetic bacteria. But
the sections on phosphorylation, periph-
eral oxidations and reductions, biosyn-
thesis, and physiology seem to have
been compiled without this in mind. As
the chapters in these sections show,
there are plenty of data and ideas. What
is needed is coordination and a more
imaginative disposition of the subject
matter so as to integrate the various as-
pects, as is accomplished in the section
on photometabolism.

Nevertheless many of the individual
papers in these sections are very good.
One of the most exciting is that by Kap-
lan on the control and Kinetics of photo-
synthetic membrane development. Al-
though it is established that at least some
of the intracellular photosynthetic mem-

brane is continuous with the peripheral,
cytoplasmic membrane, it is still uncer-
tain whether the intracellular membrane
originates by invagination of the periph-
eral membrane. Kaplan’s group has at-
tempted to answer this type of question
by the use of the technique of density
shift, in which ‘*heavy’’ membranes pro-
duced during growth in heavy water may
be separated from those produced after a
period of growth in ordinary water.

A sense of up-to-dateness is given
here, as it is in many of the other chap-
ters, by the inclusion of a note added in
proof. Kaplan’s addition describes an
extraordinary finding with synchronous
cultures of Rhodopseudomonas spher-
oides. In these cultures the rate of syn-
thesis and incorporation of membrane
proteins and photosynthetic pigments
was shown to be constant throughout
the cell cycle. However, synthesis and
incorporation of the phospholipids was
limited to a short period just prior to cell
division. These results raise questions
of great significance with respect to
membrane synthesis, not only in photo-
synthetic bacteria, but in every kind of
cell.

In summing up, I would say that the
book’s strength lies in its up-to-date
treatment of the photochemical and
closely associated metabolic and struc-
tural aspects of the anoxygenic photo-
synthetic bacteria (the blue-green photo-
synthetic bacteria are scarcely men-
tioned in the book), and it should be
available to every research worker in the
field of photosynthesis, oxygenic and
anoxygenic alike. Those looking for a co-
herent picture of the biochemistry and
biology of the photosynthetic bacteria
will not find it here.

JoHN G. ORMEROD
Botanical Laboratory,
University of Oslo,
Oslo 3, Norway

Commonalities

On Aesthetics in Science. JUDITH WECHSLER,
Ed. MIT Press, Cambridge, Mass., 1978. xii,
180 pp., illus. $12.50.

In his essay on ‘‘Darwin’s tree of na-
ture’’ in this volume, Howard E. Gruber
comments on the existence of different
esthetic moods in science. The pre-
vailing mood in the present volume is
one of reaction against the cold formality
of the idealized model and admission of
the subjectivity of science.

This subjectivity was imposed on
physics early in the present century
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when the interaction of the observer with
the system observed was shown to affect
both: the quantum of action couples the
two, and an observation necessarily
changes the observed system. Seymour
Papert, in his essay ‘‘The mathematical
unconscious,”’ starts with Poincaré’s
premise that the distinguishing feature of
the mathematical mind is not logical but
esthetic. He contrasts this point of view
with theories of the psychology of devel-
opment, such as that of Piaget, that ig-
nore the esthetic or even the intuitive.
Papert’s experiments in ‘‘loud thinking”’
at MIT have demonstrated that ‘‘mathe-
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“Wintry Mountains’’ by the early Ch’ing painter Kung Hsein (ca. 1620-1698). ‘“There is a kind
of phase rule relating the number of distinguishable types of features in a painting to the number
of kinds of just-visible units with which the artist works and the manner and density of their
packing. . . . It is [the] interplay [of atoms and lines] that gives unity and character to the
assembly even when the parts are invisible, and the assembly on one level—whether in matter
or in the perception that underlies art—itself becomes a part in a larger aggregate with its own
pattern of interplay. . . . As in a physical aggregate, areas in the Kung Hsien painting can be
distinguished not only by the nature of the individual brush strokes (=atoms) but also by the
density and orientation of their arrangements. The trees . . . are separable from each other by
the orientation of their leaves, just as individual microcrystals in a pure polycrystalline material
are distinguished by lattice orientation alone.”” [From C. S. Smith’s paper in On Aesthetics in
Science; painting from the collection of John M. Crawford, Jr.]

matical work does not proceed along
the narrow logical path of truth to truth
to truth but bravely or gropingly follows
deviations through the surrounding
marshland of propositions which are
neither simply and wholly true nor sim-
ply and wholly false.”’

Gruber, in the essay referred to above,
uses Charles Darwin’s notebook and
early drafts to study Darwin’s likes and
dislikes, starting with Erasmus Darwin’s
evolutionary theories and the influence
of his poetic account of nature on his
grandson Charles. Both Papert and Gru-
ber thus stress the importance of person-
al style and characteristics in the choice
of a scientist’s field of study and the way
in which he or she solves the problems.

Poincaré is also the starting point, his-
torically, in Arthur Miller’s essay on the
importance of visualization in the gene-
sis of the quantum theory in the period
1913-1927. Poincaré had surveyed the
famous Solvay Congress of 1911; he
placed a high premium on visual thinking
but was loath to abandon determinism,
as one would have to in order to accept
the discontinuities implied by Planck’s
radiation law. Miller traces the sub-
sequent incompatibility of Bohr’s visual
and Heisenberg’s nonvisual modes of
thinking, introducing in turn Max Born
and Erwin Schroedinger, analyzing the
personal expressions of concern in the
publications of each of the protagonists
(Heisenberg at one point criticized
Schroedinger’s wave mechanics as ‘‘dis-
gusting’’ and was enraged at Born’s de-
sertion of the cause of quantum mechan-
ics). Miller correlates Bohr’s discovery
that visual thinking precedes verbal
thinking with his lifelong interest in art,
especially Cubism, and shows that Hei-
senberg eventually acknowledged the
importance of intuition if not of visual-
ization.

The essays of Gruber, Papert, and
Miller undermining the myth of scientific
objectivity are capped off by Geoffrey
Vickers’s ‘‘Rationality and intuition.”’

Essays by Cyril S. Smith and Philip
Morrison deal with the perturbations of
perfectly symmetrical structures. In his
essay, ‘‘Structural hierarchy in science,

art and history,”” Smith stresses the in-
herent connection between deviations
from perfection and hierarchy in struc-
ture; the imperfections at one level con-
stitute the structural elements of the
next. Smith has made these observations
earlier and elsewhere, but this particular
essay abounds in quotable gems of wis-
dom; this reviewer must confine himself
to the following examples: ‘‘Most human
misunderstanding arises less from dif-
fering points of view than from per-
ceptions of differing levels of signifi-
cance’’; ‘‘One cannot overemphasize the
fact that everything—meaning and value
as well as appropriateness of individual
human conduct or the energy state of an
atom—depends upon the interaction of
the thing itself and its environment.”’

Morrison picks up the theme of per-
fection and imperfection in his essay on
broken symmetries. He starts with
Leibniz’s principle of the indiscernibility
of differences, pointing out the relation-
ship between symmetry and modularity.
Considering that perfect translational
symmetry is in effect a kind of night-
mare, the beginning and the end consti-
tute welcome perturbations, whose exis-
tence would, however, be meaningless
without the existence of the symmetry.
Morrison’s discussion of Lee and Yang’s
realization of our universe’s handedness
is not as clear as his welcome explication
of the second law of thermodynamics,
namely that if you create order you must
pay for it in energy. His exposition of
this possibility effectively dispels the
myth that the world necessarily tends to
disorder.

This collection of essays excels
through unity in diversity, an apt appli-
cation of what it preaches. Many such
collections suffer from a lack of con-
sistency in style or level of significance.
It is to the credit of the editor, Judith
Wechsler, that here the contribution is
greater than the sum of its parts. If fault
be found with the book, it is perhaps the
excessive reticence of its editor.

ARTHUR L. LoEB
Carpenter Center for the Visual Arts,
Harvard University,
Cambridge, Massachusetts 02138
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