group) the graviton is unified with lower
spin fields and gauge invariance is uni-
fied with internal symmetry. Supergrav-
ity theories are finite through two-loop
approximation, which is not the case
with ordinary quantum gravity in inter-
action with matter.

Since only canonical quantization
serves as a sure starting point to the path
integral formulation and development of
Feynman rules for calculation, Deser
presents a Hamiltonian formulation of
simple supergravity. He discusses the
initial value problem and takes the
‘‘square root of gravity.”” Energy is de-
fined in terms of Cauchy data on an
initial hypersurface, provided space is
asymptotically flat. Following Dirac, one
takes the square root of the gravitational
energy constraints that are quadratic in
the canonical momenta. Deser shows in
this way that no tachyons or negative
energies can appear in supergravity.
Taking the classical limit, he shows that
the Einstein equations have only positive
energy solutions. If a cosmological con-
stant were included, the global group
would be the deSitter group rather than
the . Poincaré group. Since asymptotic
flatness is necessary in order to define
the energy, a cosmological constant is
thus incompatible with the positive ener-
gy theorem. Throughout the book there
are many tantalizing statements about
the cosmological constant. These are im-
portant to particle physics, since particle
symmetry breaking or unbreaking neces-
sarily produces a huge vacuum energy
density or cosmological constant.

J. Scherk considers supersymmetry in
space-time containing extra dimensions
of the Bose type. On reducing the num-
ber of space-time dimensions to four,
these simple supergravity theories be-
come extended supergravity theories.

The reviews so far discussed contain
an admirably detailed and clear exposi-
tion of the current situation in quantum
gravity, supersymmetry, and supergravi-
ty. This complete presentation is likely
to suggest, as have similar presentations
in the past, new pathways in ordinary
quantum field theory. Even more sugges-
tive are proposals by S. W. Hawking, G.
’t Hooft, and Scherk of ways in which to
alter gravity so that it might be fully re-
normalizable. Hawking uses Euclidean
path integrals in order to emphasize top-
ological properties that are essential in
getting around the limitations of Feyn-
man diagram perturbations about flat
space. He takes the attitude that ‘‘quan-
tum theory and indeed the whole of
physics is really defined in the Euclidean
region and that it is simply a con-
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sequence of our perception that we inter-

pret it in the Lorentzian regime.”” He -

sums over metrics of very complicated
topology in order to see space-time as
having ‘‘foam like’’ structure on the
Planck length scale. Hawking’s lecture
also contains an interesting account
of black-hole thermodynamics showing
that the attractive and long-range nature
of gravity permits a microcanonical, but
not a canonical, ensemble to be defined:
because black holes have negative spe-
cific heat, they can be in a box in stable
equilibrium with thermal radiation if the
total energy is fixed but not if the temper-
ature is fixed.

New physics at the Planck length is al-
so suggested by 't Hooft. At this scale,
quantum gauge transformations make
the metric tensor scale-dependent. A lat-
tice gauge theory introduced into quan-
tum electrodynamics and quantum chro-
modynamics formally to simplify calcu-
lations is to be taken realistically in
quantum gravity.

Because alternative short-distance
modifications of the Einstein theory lead
to tachyons or ghosts, Scherk suggests
the quantized spinning string model for
renormalization. This suggestion origi-
nates in dual models for elementary par-
ticles.

Precisely because of its wealth of tech-
nical detail and the problems it exposes,
the book is a tribute to how far we have
already come in unifying gravitation with
the quantum field theory of gauge fields,
fermions, and scalar particles, the bread
and butter of particle physics. In the
conceptual area that mattered to him, the
spirit of Einstein triumphs again.

S. A. BLUDMAN
Department of Physics,
University of Pennsylvania,
Philadelphia 19104

Oxygen Biochemistry

Biochemical and Clinical Aspects of Oxygen.
Proceedings of a symposium, Fort Collins,
Colo., Sept. 1978. WiNsLow S. CAUGHEY,
Ed. Academic Press, New York, 1979. xx,
866 pp., illus. $45.

Oxygen plays a fundamental role in
the biochemistry of all higher organisms.
It is a mixed blessing for the biomolecu-
lar machinery of the cell, however; while
aerobes have very effectively taken ad-
vantage of O, as the ultimate electron ac-
ceptor in the respiratory chain, they also
pay a price for its presence in that they
need special safeguards against its indis-

criminate action. Both aspects of oxygen
biochemistry are well represented in this
volume of symposium proceedings. The
contents delineate the frontier of current
research with contributions ranging from
a description of the quantum chemistry
of oxygen to a discussion of the role of
O, in the radiation treatment of tumors.
Biochemical studies with an emphasis on
physical techniques account for the ma-
jority of the papers. The prospective
reader should not expect an even, sys-
tematic coverage of the important issues
but must be prepared to work his or her
way through masses of often fascinating
yet incidental detail in search of the es-
sential features. Discussions following
each paper often help to establish proper
perspectives.

The major part of the book is devoted
to the molecular machinery and reac-
tions involved in the cell’s utilization of
oxygen. Heme proteins clearly dominate
the scene with 28 contributions out of
51. Other O.-binding proteins are briefly
but competently reviewed, in particular
those containing flavin (papers by Mas-
sey and by Hemmerich and Wessiak are
most noteworthy) or non-heme metal ac-
tive centers.

The O carriers hemoglobin and myo-
globin have been studied more exten-
sively than any other proteins, and they
continue to be the focus of new experi-
mental and theoretical endeavors. Iron
porphyrin, the prosthetic group of all
heme proteins, is a spectroscopist’s de-
light, as is illustrated by excellent contri-
butions on infrared stretching frequen-
cies (Caughey et al.), single crystal ab-
sorption spectra (Churg et al.), and
electron paramagnetic resonance and nu-
clear magnetic resonance studies (Gupta
et al.). Information gained through these
techniques raises new questions about
molecular structure and function. Quan-
tum chemical calculations (Goddard and
Olafson) provide useful guidelines but
need further refinement before they can
reproduce the experimental data.

The more complex heme enzymes are
represented by papers on peroxidase,
cytochrome P450, cytochrome oxid: e,
and others. Considerable progress has
been made in the characterization of
membrane-bound proteins such as the
mammalian P450’s and cytochrome oxi-
dase. Still, much less is known about
heme enzymes than about the O, car-
riers; in the absence of structural infor-
mation the studies focus on the rich
chemistry of these proteins, readily mon-
itored by spectroscopic means. Chem-
ical analogs with specified heme ligands
have been synthesized to mimic the
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spectral properties of given enzymes
(Groves and McClusky; Chang; Traylor
et al.). Interpretations that relied on
analogies with known heme proteins can
now be verified by these model studies.
Spectral similarity, of course, does not
guarantee similar reactivity; in fact, it is
clear that the reactivity of the heme
group in an enzyme is governed by the
dynamic structure of the protein. A de-
tailed elaboration of these ideas is yet to
come.

Roughly a quarter of the proceedings
is concerned with the detrimental forms
of oxygen, that is, singlet oxygen, super-
oxide, peroxide, and hydroxyl radical.
Their effects on lipids and on the lens of
the eye are described, and the enzymes
that inactivate the reactive O, deriva-
tives are discussed, in particular super-
oxide dismutase, peroxidase, and cata-
lase. Other papers treat the bactericidal
effect of leukocyte-generated activated
oxygen species and the toxicity of ele-
vated O, pressure. Related topics rang-
ing from clinical studies to experiments
at the molecular level are briefly touched
upon.

Many of the papers capture the excite-
ment of current research; all are informa-
tive, and together they provide an over-
view of the state of the art in this bur-
geoning field.

PETER G. DEBRUNNER
Loomis Laboratory,
University of Illinois,
Urbana 61801

Pre-Columbian Societies

Ancient Panama. Chiefs in Search of Power.
MARrY W. HELMSs. University of Texas Press,
Austin, 1979. xvi, 228 pp., illus. $16.95. Texas
Pan American Series.

The concern of this book is with the
cultural evolution of ranked societies
and their sociopolitical systems in pre-
Columbian Panama and with the eco-
nomic and intellectual values associated
with the political life of the area. Its prin-
cipal subjects are power relationships
that depended on education of individ-
uals, the maintenance of power, and far-
flung trade. Helms draws her basic mate-
rial from the Spanish chroniclers and
ethnohistoric sources and utilizes com-
parisons with chiefdoms from the San
Blas Cuna and peoples of northern Co-
lombia and to some extent Poly-
nesia.

When the Spanish Conquest began,
the dominant form of social organization
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in Panama was the clan with patrilineal
succession. Settlements (‘‘pueblos’’)
were composed of kinship groups each
under a chief. If many people were in-
volved, the ‘‘pueblos’” were called
‘‘provinces.’’ These were rank societies.
Generally chiefly power was hereditary,
falling to the eldest son, but there were
occasions when the lack of male line-
age drew the oldest daughter or the
son of the second daughter because of
his demonstrable ancestry. There was
also a provincial chief or ‘‘cacique
mayor,”” whose domain was marked by
water (river, stream, or ocean) bound-
aries.

The resources of a province were lim-
ited according to its geographical posi-
tion, and trade, local, regional, and long-
distance, was necessary whether for sub-
sistence items, raw materials, or luxury
goods. Alliances for trade and war be-
tween provinces developed as means of
controlling resources and of maintaining
leadership as well as the social setting.
Even when in power, the high chiefs
were immersed in politics to assure or
better their position and to push aside or
use as tributing vassals less ranking
rulers. To this it might be added that al-
most constant warfare was waged be-
tween rival alliances composed of non-
related groups on account of the pres-
sure for slaves, who.sometimes were
sold but whose principal role was for re-

Headdress of a Cuna kantule (chief). The tall
feathers are (left to right) red, blue, and yel-
low. [From S. H. Wassén, ‘‘Original Docu-
ments from the Cuna Indians of San Blas Pan-
ama,’’ Etnologiska Studier, No. 6, 1938, plate
1, by permission of the Goteborgs Etnogra-
fiska Museum; from Ancient Panama)

ligious sacrifice. One does not mind kill-
ing a stranger but family is a different
matter.

All of Panama shared an ideology that
had its roots in northern Colombia, the
seat of an elite group of teacher-scholars
who excelled in esoteric knowledge. Co-
lombia was likewise one of the most im-
portant centers of gold working in the
Americas. Helms suggests that the rec-
ognition of the Colombian authorities
formed one of the major elite ‘‘re-
sources.”” Certain young chieftains jour-
neyed to locations in Colombia to be
schooled in cosmography and versed in
sacred symbols, lore, ritual, and a spe-
cial language, thus acquiring knowledge
that was necessary for the acquisition of
a mystical character to enhance political
standing. At the same time, these distant
voyages provided a commodity ex-
change network, making it possible to
obtain prestige articles, particularly of
gold, which gave the esoteric knowledge
material expression and also contributed
politically to the maintenance and expan-
sion of chiefly power.

As Helms makes clear, gold artifacts
were restricted to the sociopolitical elite.
However, her premise that all Pan-
amanian gold objects were imports from
the south is debatable. Archeologically,
gold-working tools and defective pieces
that would have been unsuitable for
trade are known from Veraguas, and in
Costa Rica, which has the same pre-Co-
lumbian sociopolitical and ethnological
background as Panama, one clay mold
has been excavated and at least three
unique styles of figures can be identified,
offering evidence of this art in lower
Central America.

From the point of view of plant geog-
raphy, Helms’s inclusion of citrus fruits
in a list of foodstuffs enjoyed by pre-Co-
lumbian Panamanians (p. 11) bears men-
tioning. Citrus did not exist in the Ameri-
cas until brought by Europeans during
Conquest times. This error does not de-
tract, however, from Helms’s stimulat-
ing and careful account of the power
struggle among the chieftains of ancient
Panama.

DoRris STONE
Peabody Museum,
Harvard University,
Cambridge, Massachusetts 01238

591



	Article Contents
	p.590
	p.591

	Issue Table of Contents
	Science, Vol. 208, No. 4444, May 9, 1980
	Front Matter [pp.533-556]
	Letters
	Carter's Innovation Initiatives [pp.550-552]
	Fossils in Asphalt [p.552]
	Room Temperature [p.552]

	Beef Production and Consumption [p.555]
	Sweden beyond Oil: Nuclear Commitments and Solar Options [pp.557-563]
	Does Malnutrition Affect Fecundity? A Summary of Evidence [pp.564-569]
	Animals as an Energy Source in Third World Agriculture [pp.570-574]
	News and Comment
	Legislating an End to Animals in the Lab [pp.575-576]
	Bergland Opposed on Farm Machine Policy [pp.578-580]
	Another Smallpox Scare [p.579]
	NAS Elects New Members [p.580]
	EPA Announces Toxic Waste Controls [p.581]

	Briefing
	Big Future for Synthetics [pp.576-577]
	Feds Defend Bubble Meddle [p.577]
	Time for Discover [p.577]

	Research News
	Perilous Times for U.S. Microcircuit Makers [pp.582-586]

	Book Reviews
	The Study of Plant Populations [pp.587-589]
	Theoretical Particle Physics [pp.589-590]
	Oxygen Biochemistry [pp.590-591]
	Pre-Columbian Societies [p.591]

	Reports
	Stratospheric Ozone, Middle Ultraviolet Radiation, and Carbon-14 Measurements of Marine Productivity [pp.592-593]
	Cogeneration of Electric Energy and Nitric Oxide [pp.593-594]
	Crustal Structure of the Northeastern United States: Contrasts between Grenville and Appalachian Provinces [pp.595-597]
	Sexual Characteristics of Adult Female Mice are Correlated with their Blood Testosterone Levels during Prenatal Development [pp.597-599]
	Monte Carlo Simulation of Water Behavior around the Dipeptide N-Acetylalanyl-N-Methylamide [pp.599-601]
	Calcification Inside Artificial Hearts: Inhibition by Warfarin-Sodium [pp.601-603]
	Alteration in Connections between Muscle and Anterior Horn Motoneurons after Peripheral Nerve Repair [pp.603-605]
	Bladder-Surface Glycosaminoglycans: An Efficient Mechanism of Environmental Adaptation [pp.605-607]
	Olfactory Sensitivity in Humans: Genetic Versus Environmental Control [pp.607-609]
	Gutless Bivalves [pp.609-610]
	Neurotransmitter Receptor Binding in Bovine Cerebral Microvessels [pp.610-612]
	Single-Shot Channel Activation Accounts for Duration of Inhibitory Postsynaptic Potentials in a Central Neuron [pp.612-615]
	A Disparity Gradient Limit for Binocular Fusion [pp.615-617]
	Telemetered Electromyography of Forelimb Muscle Chains in Gibbons (Hylobates lar) [pp.617-619]
	Suprathreshold Processing of Complex Visual Stimuli: Evidence for Linearity in Contrast Perception [pp.619-621]
	Saccadic Eye Movements and Body Sway [pp.621-623]
	Opioid and Nonopioid Mechanisms of Stress Analgesia [pp.623-625]
	Rings of Uranus: Proposed Model is Unworkable [pp.625-627]

	Back Matter [pp.628-640]





