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Our overall interest is the molecular and morphological
basis of long-term information storage in brain synapses.
The objective of this particular project is to understand

636

the molecular mechanisms that control the morphogene-
sis of dendritic spines, which are tiny protrusions found
on dendritic shafts of principal neurons. These postsy-
naptic specializations are remarkable for being highly het-
erogeneous and markedly plastic in form; among neuronal
structures, dendritic spines show perhaps the most con-
vincing activity-dependent changes in their morphology
and number. It is widely believed that the regulation
of dendritic spine morphogenesis is of central importance
in the plasticity of synapses and circuits. However, rel-
atively little is known about the molecular mechanisms
that control the formation or the size and shape of den-
dritic spines. Moreover, the actual role of spines in den-
dritic information processing or cognitive function in vivo
(e.g. learning and memory) is not known. Recent advances
in the cloning of specific protein components of dendritic
spines have opened an in-road into the molecular mecha-
nisms of spine morphogenesis. The identification of specific
molecules that regulate dendritic spines will allow genetic
approaches to investigate their physiological significance in
the organism.

Our experimental objectives are:

(1) identification of spine regulatory proteins and
molecular characterization of the signaling pathways that
determine the number, size and shape of dendritic spines

(2) time-lapse imaging of the growth and motility of
dendritic spines in cultured neurons and slice cultures, and
how this dynamic behavior is affected by spine regulatory
proteins; time-lapse imaging of movements of spine regu-
latory proteins and their regulation by synaptic activity

(3) transgenic manipulation of spine regulatory
molecules in mice to confirm their involvement in dendritic
spine morphogenesis in vivo; and correlation of changes in
dendritic spine morphology in these genetically modified
mice with altered brain functions and physiological prop-
erties.

Research Subjects and Members of Labora-
tory for Regulation and Function of Dendritic
Spines

1. Molecular mechanisms of dendritic spine morphogen-
esis

2. Time lapse imaging of dendritic spine dynamics and
their regulation

3. A genetic approach to the regulation and functional
significance of dendritic spines in brain

Principal Investigator
Dr. Morgan H. SHENG

Postdoctoral Associates
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Dr. Myung Jong KIM
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