so outstanding. Biologists would always
like to be able to look at specimens in
their natural forms at huge magnification.
But living cells can’t be viewed with an
electron microscope, the most powerful
tool for visualization, because the sample
must be in a vacuum chamber. So biolo-
gists try to stop the biological action by
various methods of preserving their
preparations.

To catch the events in the release of
transmitter, the elements of the nerve
ending must be immobilized in a few
tenths of a millisecond. Standard tech-
niques of preserving, which use chemicals
to cross-link the proteins in the sample,
take much too long, 15 to 20 milliseconds.
Heuser, therefore, decided to stop the
action by freezing his specimens.

But freezing introduced an additional
problem—ice crystals can destroy the
structure of cells. Heuser needed to freeze
his samples so rapidly that any ice crystals
would be too small to appear in the elec-
tron microscope.

To accomplish this feat, Heuser and
co-workers built a rapid-freeze machine.
Its design is based on the principle that
the fastest way to freeze tissue is to press
it against a cold metal block.

‘“We mount the tissue on a plunger and
let it drop through the air. We stimulate
it just before it hits the cold metal plate,”’
Heuser explains. ‘‘Smacking tissue
against cold metal is the fastest way to
draw out heat. It takes us 0.3 milliseconds
to freeze even the deepest parts of the
tissue.

““l wanted to see vesicles popping
open,’’ Heuser says. ‘‘But this technique
could also be used for studying muscle
contraction or movement of rhodopsin in
rod outer segments hit with light.”’

And Heuser did succeed in seeing ves-
icles pop. His pictures also illustrate a
process that he hypothesized years ago as
membrane recycling.

The diagram shows that to release
transmitter contents, the membranes of
the vesicles merge with the cell’s mem-
brane, then gradually flatten to become
indistinguishable from the rest. That extra
membrane is later recovered when the cell
membrane pinches in to form new spheres
that combine in larger structures and then
redivide into new vesicles. Heuser esti-
mates each vesicle goes through this
process about 100 times each day.

‘‘“These membrane movements,’’
Heuser says, ‘‘maintain the day-by-day
economy of the synapse by recycling
membrane for re-use after vesicle dis-
charge.”’

Heuser explained one current theory
about what triggers transmitter discharge.
When the nerve is not signaling, both the
cell’s outer membrane and the vesicle
membranes are negatively charged and
tend to keep apart from each other. A
nerve impulse opens gates in the cell
membrane that let calcium ions come in.
The work of Rodolfo Llinas at the Uni-
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versity of Iowa has described these gates
(SN: 2/22/75, p. 123). The positively
charged calcium ions neutralize the mem-
brane charge, ending the energy barrier
to the contact between vesicles and mem-
brane. About 0.2 milliseconds after cal-
cium enters, according to Llinas’s most
recent experiments, the vesicles collide
with the membrane and release their con-
tents.

Another neurobiologist, Samuel
Barondes of the University of California
at San Diego School of Medicine, reports
evidence of a way in which the release
of transmitter could be altered by experi-
ence. Barondes is studying large nerve
cells in the sea slug.

““If we stimulate a cell at a slow rate
for about one minute,’” Barondes says, ‘it
becomes a better releaser of neurotrans-
mitter for a long period. After 100 stimu-
lations, the cell is better for half an hour.”’

Barondes found that the rate of the
cell’s return to its normal release charac-
teristics was dependent on temperature in
arevealing manner. When the temperature
was lowered to 10°C, there was a sharp
decrease in the recovery rate.

““This abrupt change probably reflects
the fluidity of the cell membrane,”’
Barondes explains. ‘“The lipid molecules
in the membrane go from a fluid to a
crystalline state. It’s like butter, which
turns from hard to soft over a small tem-
perature range. When a membrane melts,
it means its molecules can move about.”’

To test this idea, Barondes added alco-
hol, an agent that makes the membrane
more fluid and acts as an antifreeze. As
predicted, the rate of recovery of normal
transmitter release increased. Alcohol thus
had an effect opposite that of cold tem-
peratures.

““These findings . . . suggest that the
rate is limited by the membrane fluidity
of some nerve terminal component,’’
Barondes and co-workers wrote in Na-
TURE (260:797). ‘‘The change in effi-
ciency of transmitter release may itself be
a change in presynaptic membrane orga-
nization (for example, a change in the
number or effectiveness of ‘vesicle at-
tachment sites’).”’

The cell membrane is made up of two
layers of lipid molecules with protein
molecules interspersed among them. The
vesicles are thought to merge only with
portions of the membrane that are free of
protein. Such regions have been observed
with the electron microscope.

Repetitive stimulation, Barondes sug-
gests, may somehow result in larger
patches of protein-free membrane. The
larger the patches, the greater the proba-
bility of vesicles fusing with the mem-
brane. During recovery, Barondes says,
the large protein-free patches would decay
back to resting size.

The new techniques of electron micro-
scopy may soon allow investigators to see
directly the changes involved in these al-
terations of the nervous system. d
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THE AUDUBON SOCIETY BOOK OF WILD
BIRDS—Les Line and Franklin Russell—
Abrams, 1976, 9x12, 292 p., 200 color plates,
$35. Splendidly illustrated, organized by habi-
tat, from seabirds to tree dwellers of wood-
lands, birds in groups are examined and the
survival techniques of different species com-
pared. Large print should make it a special
treat for the armchair ornithologist.

BIRDLAND: The Story of a World Famous
Bird Sanctuary—Len Hill and Emma Wood—
Taplinger, 1976, 144 p., color plates, b&w
photographs, drawings, $9.95. Personal nar-
rative describes one of the most successful
small bird zoos, a five-acre English manor
garden with 1,200 birds from 20 countries.

BUTTERFLY MAGIC—Michael G. Emsley—
Penguin, 1976, 8x10, 128 p., 76 color plates
by Kijell B. Sandved, paper, $4.95. Informative
text accompanies a brilliant display of butter-
flies, both in their natural surroundings and
greatly magnified.

CATCH THE WIND: A Book of Windmills and
Windpower—Landt Dennis—Four Winds Pr,
1976, 120 p., photographs by Lisl Dennis,
drawings, $7.95. Tells about early history,
windpower in the U.S. and in the rest of the
world, and prospects of scientifically designed
models of windpower.

CLEANING UP AMERICA: An Insider’s View
of the Environmental Protection Agency—
John Quarles—HM, 1976, 270 p., pho-
tographs, $8.95. A book about EPA from the
inside, written by active environmentalist/
bureaucrat, shows in a collection of episodes
how decisions were made, and how the gov-
ernment responded to demands of people to
do something about the abuse of the environ-
ment.

PROLONGEVITY—AIlbert Rosenfeld—Knopf,
1976, 280 p., $8.95. Reports on a wide range
of scientific discoveries now being made
about aging and dying, their promise of an
extended human life span without senility, and
explores the consequences of such a pros-
pect. Full bibliography included.

PROTEIN BIOSYNTHESIS—Alan Smith—
Halsted Pr, 1976, 64 p., photographs, dia-
grams, paper, $3.50. Detailed account of the
mechanism and methods of control by which
the ribonucleotide sequences of messenger
RNA are translated into the amino acid se-
quences of protein molecules.

THE QUESTION OF ANIMAL AWARENESS:
Evolutionary Continuity of Mental Experi-
ence—Donald R. Griffin—Rockefeller U Pr,
145 p., $8.95. Citing recent discoveries of
animal behavior that makes use of symbolic
communication systems such as the honey-
bees’ dance and the sign language of captive
chimpanzees, the author develops his sub-
stantiated view of the prospect of a truly ex-
perimental science of cognitive ethology.

ROOTS: The Saga of an American Family—
Alex Haley—Doubleday, 1976, 587 p., $12.50.
Carefully researched and highly readable
epic, covers seven generations of one black
American family traced to its roots in Africa.
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