
laboratories. The results, as well as those of 
many other studies, are presented in three 
chapters organized according to the time 
and length scales of the motions involved. 
The chapter on short-time dynamics consid- 
ers motions during time intervals of less 
than 100 picoseconds. The treatment of 
these very fast motions provides the frame- 
work for the discussion of activated process- 
es that are intrinsically fast but occur infre- 
quently. Activated dynamics simulations are 
now being used to study the mechanism of 
such biologically important processes as 
electron transfer reactions. The book pro- 
vides the background required to read the 
current literature on this subject. 

As mentioned in the preface to the book, 
detailed computer simulations of proteins 
and nucleic acids involve a fusion of three 
"high technology" areas: molecular biology, 
chemical physics, and scientific computing. 
Dynamics ofPvoteins and Nucleic Acids explains 
how and why these fields coalesce in the 
study of biopolymer dynamics and shows 
how the foundation has been prepared for 
studies concerned with the interpretation 
and prediction of biological activity based 
on the physical properties of these macro- 
molecules. The book serves as a valuable 
resource for graduate students wishing to 
enter the field as well as for working scien- 
tists in diverse areas of biophysical chemistry 
who wish to develop an understanding of 
the macroscopic properties of proteins and 
nucleic acids by studying their underlying 
structure and dynamics. 

RONALD M. LEVY 
Department of Chemistry, 

Rutgevs Univevsity, 
Arew Bvunswick, NJ 08903 

Neurophysiology 

Long-Term Potentiation. From Biophysics to 
Behavior. PHILIP W. LANDFIELD and SAM A. 
DEADWYLER, Eds. Liss, New York, 1987. xiv, 
548 pp., illus. $140. Neurology and Neurobiolo- 
gy, vol. 35. 

- -  - 

In invertebrate animals the inquiry into 
the physical basis of learning and memory 
has proceeded from the systematic observa- 
tion of learned behaviors to the study of 
nervous-system structures and processes. In 
mammals the complexity of the central ner- 
vous system has hindered straightforward 
progress. The present volume focuses on an 
electrophysiologically defined phenomenon, 
long-term potentiation (LTP), that fulfills 
many of the criteria expected, a priori, of 
neural mechanisms of learning and memory 
and has therefore come under intensive in- 

vestigation. 
The fundamental demonstration of LTP 

is simple and compelling. A brief train of 
electrical stimuli delivered to certain fiber 
bundles in the brain causes a great increase 
("potentiation") in the size of subsequent 
single evoked responses. Most remarkably, 
the potentiation produced by a stimulus 
train lasting only a fraction of a second can 
endure for hours or days depending on the 
exact experimental conditions. 

~ rom- i t s  title, one might infer that this 
book treats a single phenomenon, but this is 
true only in a general sense. A lot of circum- 
stantial evidence suggests that more than 
one, perhaps many, superficially similar phe- 
nomena are designated "LTP." The subtitle, 
"From Biophysics to Behavior," should be 
understood in the same sense in which 
America is said to extend "from sea to 
shining sea"; that is, not much sea is includ- 
ed in the territorv. Finallv, the title does not , , 
mention "hippocampus," though nearly all 
of the work discussed was carried out on this 
structure for both historical and practical 
reasons: LTP was discovered in the hippo- 
campus and is produced especially readily 
there. Structurally, the hippocampus offers a 
number of technical advantages for studying 
LTP, and a large base of hippocampal data 
exists. There is evidence that the hippocam- 
pus is involved in behavioral learing. Be- 
cause of this bias, however, the non-hippo- 
campologist will occasionally find the going 
a bit rough without a review of the relevant 
anatomy and physiology handy. Luckily, 
such reviews are readily available. 

The book aims to a "highly com- 
prehensive overview of LTP at all major 
levels of analysis" as well as a detailed discus- 
sion of specific research findings and contro- 
versies. This ambitious program is under- 
taken in 15 chapters written by investigators 
who, for the most part, work on hippocam- 
pal LTP. The chapters are a mix of reviews 
and shorter, more narrowly focused essays. 
In general, the objectives of the book are 
weti met, and a number of the critical re- 
views are excellent. Ample coverage is given 
to the phenomenology of LTP, including 
stimulus parameters appropriate for its in- 
duction: "cooperativity" (there may be a 
minimal degree of excitation necessary to 
produce LTP) and "associativity" (coinci- 
dent inputs from different fiber systems can 
interact to produce greater LTP than either 
could produce alone). The major types of 
analvsis applied to LTP to date are thor- . L 

oughly discussed: anatomical (changes in 
the size or number of synaptic contacts or in 
the shape of the dendiitic- spines on which 
most synapses are made); biochemical 
(changes in receptor number, the phospho- 
rylation state of certain proteins, and the 

role of protein synthesis); and physiological 
(increases in synaptic potentials, the role of 
calcium and of the postsynaptic membrane 
potential in LTP induction). As is pointed 
but in the last sentence of the book; deter- 
mining the behavioral relevance of LTP will 
require much further effort. The evidence 
available is presented in a balanced wav. 

The authors seem to have been given a 
free hand, the better to allow controversial 
points to surface. This often produces the 
hesired effect, although occasi'onaIIy at the 
cost of redundancy on points on which no 
disagreement is expressed. The most ex- 
treme case is the number of not very differ- 
ent renderings of the N-methyl-D-aspartate 
(NMDA) hypothesis. However, the book's 
open stvle diows the reader to draw his or 
her own conclusions. One finds, for in- 
stance, general agreement that different 
forms of LTP exist and that disinhibition 
enhances the probability of LTP induction. 
On the other hand, there is no consensus as 
to whether the important events of LTP 
occur presynapticaily or postsynaptically. 
Both hypotheses are represented and de- 
fended. The phenomena of associativity and 
cooperativity and the excess potentiation of 
theaction-potential generation all seem to 
call for a postsynaptic explanation. Mea- 
sured increases in the release of glutamate, 
the presumed excitatory neurotransmitter at 
some synapses undergoing LTP, imply a 
presynaptic locus. 

The NMDA hypothesis provides a mod- 
ern rationale for an idea put forward in 1949 
by D. 0 .  Hebb that memory storage might 
involve participation of both presynaptic 
and postsynaptic elements. The emphasis on 
the state of the postsynaptic element was 
new. Much recent excitement centers on the 
NMDA subclass of the excitatory amino 
acid receptors since it is unique in requiring 
both the binding of a neurotransmitter to its 
receptor site and an appropriate level of 
depolarization for opening of the associated 
ion channel. Direct support for the NMDA 
hypothesis in LTP comes from the observa- 
tion that NMDA antagonists block LTP at 
certain synapses. Since neurotransmitter re- 
lease has its provenance in the presynaptic 
neuron, whereas the membrane potential 
sensed by the NMDA channel is determined 
on the postsynaptic side, the NMDA com- 
plex seems idea& suited to the requirements 
of a Hebbian synapse. Even more suitably, 
calcium, already implicated in the establish- 
ment of LTP, is quite permeable in the 
NMDA channel. Calcium influences are, of 
course, ubiquitous, and so the number of 
possibilities-for its involvement is rather 
large. Hence the NMDA hypothesis is com- 
patible with many disparate ideas and helps 
tie together much o f  the book, but other 
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points of view, both competing and comple- 
mentary, are also presented. 

The authors were charged to "speculate 
freely as a means of generating innovative 
concepts and new hypotheses." Most of the 
contributors have plainly taken up the chal- 
lenge, pointing out gaps in the literature and 
possibilities for the future. If recent rumors 
and abstracts are any guide, important new 
developments in LTP can soon be expected 
on the biochemical and molecular biological 
fronts. Years ago it could be said that there 
were only two answers to any electrophysio- 
logical question: voltage clamp and quanta1 
analysis. Neither will provide a satisfying 
solution to the puzzle of LTP, and a more 
extensive discussion along the newer lines of 
investigation might have been interesting. 

The book, which includes a commendable 
number of references to recent work, will do 
much to put future work in context. Those 
wishing to get a detailed look at what has 
been going on in LTP research, as well as 
laboratory workers interested in taking part, 
will want to have copies. 

B. E .  ALGER 
Depavtment of Physiology, 

University ofMayland School of Medicine, 
Baltimore, M D  21201 
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