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Fic. 3. Spatiotemporal expression of arg3.1 mRNA in brain after seizure. Coronal (4, B, F, and G) and sagittal sections (C, D, H, I, and J)
were assayed for arg3.1 mRNA using in situ hybridization with sense (4) and antisense probes (B-J). (B-D) Control animals. (F) Animal 1 hr after
seizure. (G-J and E) Animals 4 hr after seizure. (4-C and F-H) Autoradiographs. (D, I, and J) Dark-field emulsion photomicrographs. (E)
Bright-field photomicrograph corresponding toJ. Hybridization in the molecular layer is uniformly distributed and not associated with Nissl-stained
somata (arrows). Am, amygdaloid complex; CA1, CAl field of the hippocampus; Cb, cerebellum; CPu, caudate putamen; DG, dentate gyrus; GL,
granular layer; ML, molecular layer; Pir, piriform cortex; Rt, reticular thalamic nucleus; diamond demarcates boundary between temporal and
perirhinal cortex; black arrowheads indicate boundaries of occipital cortex; white arrowheads show the borders of the CA1 subfield; arrows point

to somata in the molecular layer.

mRNA was correlated and spatially confined to the granule
cells of the ipsilateral dentate gyrus. Most strikingly, after LTP
and seizure activity, we observed strong hybridization signals
in the stratum moleculare of the dentate gyrus. The staining
pattern suggests that arg3.1 mRNA is localized to the dendrites
of the granule cells. To date only a few mRNAs have been
identified to be prominent in the dendritic laminae (39). To
our knowledge, arg3.1 represents the first example of a gene
whose mRNA occurs in the dendrites and that is regulated by
synaptic activity.

Several IEGs in the brain encode transcription factors (12,
40). The localization of arg3.1 mRNA to the dendrites of
neurons suggests that arg3.1 is a member of a family of IEGs
that have other functions. Recently tissue plasminogen acti-
vator, cyclooxygenase (Cox-2), and a ras-related gene (rheb)
were reported to be rapidly regulated by seizures and LTP-
inducing stimuli (16, 18, 20). These genes represent early
effector genes that might quickly promote changes in the
activated neurons. arg3.1 might be distantly related to brain
a-spectrin (27). Spectrin is the major constituent of the
cytoskeletal network underlying the plasma membrane (28).

A

The mammalian brain contains at least two isoforms of
spectrin, one located primarily in the axons and the other in the
cell bodies and dendrites (41, 42). The processing of brain
spectrin by calcium-dependent proteases at the postsynaptic
membrane has been postulated to be one of the central
molecular mechanisms underlying LTP (43, 44). The similarity
between arg3.1 and spectrin has to be considered speculative
at present. A conclusive determination of the identity of arg3.1
has to await further analysis.

arg3.1 mRNA is expressed at low levels in nonneuronal cells.
Expression is virtually undetectable in quiescent fibroblasts but
is strongly induced by growth factors. The finding that arg3.1
mRNA is serum inducible suggests a role for arg3.1 in phe-
nomena of growth. In the brain, stimuli that evoke seizures or
LTP are capable of inducing structural changes (1, 45-47). A
hallmark of long-term memory and LTP is the requirement for
transcription and translation (6, 7, 9, 48). However, LTP is
spatially restricted to the postsynaptic dendrites directly op-
posed to the terminals of the activated fibers, whereas tran-
scriptional changes take place in the nucleus of the cell. How
synaptic activity-induced transcription can rearrange the com-

Fic. 4. Induction of LTP and arg3.1 mRNA in the hippocampal granule cell neurons in freely moving rats. Coronal sections were assayed for

arg3.1 mRNA using in situ hybridization with antisense probe. Representative autoradiographs are shown. (4) One hour after unilateral application
of low-frequency stimulus pulses. (B) Four hours after unilateral application of low-frequency stimulus pulses. (C) One hour after unilateral
application of high-frequency stimulus pulses. (D) Four hours after unilateral application of high-frequency stimulus pulses. (Insets) Evidence that
high-frequency stimulation evokes LTP in freely moving rats, whereas low frequency stimulation does not. Shown are superimposed field potentials
before and 1 hr or 4 hr after low- or high-frequency stimulation. (Scale bar in 4 = 5 mV/2 ms.)
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plex molecular architecture of the activated synaptic sites
distant to the nucleus is not known. Recent experiments
demonstrate that protein synthesis takes place within dendrites
where it can be stimulated by NMDA receptor-dependent
afferent synaptic activity (49, 50). The differential localization
of arg3.1 mRNA to dendrites offers the potential for the local
synthesis of the protein at activated postsynaptic sites and may
underlie synapse-specific modifications during long-term neu-
ronal plasticity.
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