ceptors are bound by transmitter, a high
probability of opening would guarantee
large, localized postsynaptic calcium tran-
sients and thus facilitate the activation of
calcium-dependent processes such as long-
term potentiation (29, 30).
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Axon Guidance by Gradients of a

Target-Derived Component

HerwWIG BATIER* AND FRIEDRICH BONHOEFFER

Spatial gradients of axon guiding molecules have long been suspected to provide
positional and directional cues for retinal ganglion cell axons growing within the optic
tectum. With the identification of a guiding activity from tectal cell membranes, it has
become possible to investigate the potential physiological significance of molecular
gradients for retinal growth cone behavior in vitro. A subset of retinal growth cones,
those from the temporal half, were highly sensitive to small concentration changes of
the guiding component. The degree of response was correlated with the strength of the
gradient. These findings demonstrate that the neural growth cone can read gradients

of surface-associated information.

URING NERVOUS SYSTEM DEVEL-

opment elongating axons can be

guided to their respective targets by
chemical cues (7). Concentration gradients
of specific molecules have been recognized
as a plausible means to generate directional
information for axonal pathfinding. Chemo-
tropic factors, for example, could be secreted
by the target region to form a diffusion
gradient within which the motile tips of the
axons, the growth cones, may orient (2).
Alternatively, local positional cues could be
differentially distributed along axonal path-
ways (3). The retinotectal map could also be
generated by a similar mechanism (4). Ret-
inal ganglion cells project their axons to the
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optic tectum so that their terminations form
a reversed image of the retina. The temporal
half of the retina projects to the anterior part
of the tectum, the nasal retina to the poste-
rior tectum. Precise mapping also occurs
along the dorsoventral axes.

Although it is now widely accepted that
retinotectal specificity is based on “chemoaf-
finity” (5) between retinal growth cones and
their target cells, the cellular mechanisms
governing this process are unknown. Ana-
tomical data suggest that there is a long-
range guidance of growth cones within the
tectum that could well be achieved by chem-
ical gradients (6). Theoretically, a small set
of graded cues in the tectum could specify
both direction and target position, provided
that the retinal growth cones carry differen-
tial sets of corresponding receptors (7).
Growth cone steering may depend on the
functional equivalents of attractive (pulling)
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