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Summary

Neuronal dendrites, together with dendritic spines,
exhibit enormously diverse structure [1]. Selective
targeting and local transiation of mRNAs in dendritic
spines have been implicated in synapse remodeling
or synaptic plasticity [2, 3]. The mechanism of mRNA
transport to the postsynaptic site is a fundamental
question in local dendritic translation [4, 5]. TLS
(translocated in liposarcoma), previously identified as
a component of hnRNP complexes, unexpectedly
showed somatodendritic localization in mature hippo-
campal pyramidal neurons. In the present study, TLS
was translocated to dendrites and was recruited to
dendrites not only via microtubules but also via actin
filaments. In mature hippocampal pyramidal neurons,
TLS accumulated in the spines at excitatory postsyn-
apses upon mGIURS5 activation, which was accompa-
nied by an increased RNA content in dendrites. Con-
sistent with the in vitro studies, TLS-null hippocampal
pyramidal neurons exhibited abnormal spine mor-
phology and lower spine density. Our results indicate
that TLS participates in mRNA sorting to the dendritic
spines induced by mGluRS activation and regulates
spine morphology to stabilize the synaptic structure.

Results
TLS, also called FUS, was first identified as a re-

arranged gene at a chromosomal translocation junction
invariably linked to human myxoid liposarcomas [6].

*Comrespondence: takumi@obi.orjp
?These authors contributed equally to this work.

Recent structural study of TLS has identified 2-folded
domains: a C4 zinc finger domain and RNA recognition
motif (RRM) domain [7]. Consistent with its RNA bind-
ing properties, TLS is involved in rapid nuclear-cyto-
plasmic shuttling by binding mRNAs in the nucleus and
exporting spliced mRNA as a ribonucleoprotein com-
plex to the cytoplasm [8] and further in the initiation of
cell spreading [9]. However, ho neuronat function of TLS
has been reported. Our initial observation that TLS is
expressed in the mouse neccortex and hippocampus
led us to investigate the neuronat functions of TLS.

TLS Localization in Mouse Neuronal Dendrites

TLS is expressed in the brain, and recent proteomic
analysis revealed that TLS is included in an NMDA re-
ceptor complex [10] and an RNA-transporting granule
as a binding partner of conventional kinesin {(KIF5) [11].
We examined the subcellular distribution of TLS in hip-
pocampal neurons in culture. Immunostaining with anti-
TLS polyclonal antibody (TLS-C) exhibited a punctate
distribution of TLS within dendtrites and a clustering in
the nucleus (Figure 1A, upper middle panel), whereas
no specific signals were observed in the preadsorbed
specimen {Figure 1A, upper right panel). Consistent
with this endogenous expression of TLS, when ex-
pressed in the hippocampatl neurons, TLS-fused to
green fluorescent protein (TLS-GFF) exhibited a similar
granular distribution within dendrites in addition to
staining in the nucleus (Figure 1A, upper left panel).
Furthermore, double-label immunocytochemistry with

" anti-TLS and anti-PSD95 antibodies revealed colocali-

zation of TLS immunoreactivity with PSD95-positive
spines (Figure 1A, arrows in lower panels) {the ratio of
colocatization is 65%~73%, n = 50, dendritic segments
from spiny neurons). This result suggests that TLS is
localized in postsynapses and is consistent with further
analysis described helow {see Figure 81 in the Supple-
mental Data available with this article online). The hip-
pocampal neurons expressing TLS-GFP were immu-
nostained with anti-MAP2 antibody, a somatodendritic
marker, to confirm that TLS was localized in the neuronal
dendrites (Figure 1B, upper panels). The result clearly
showed that TLS-GFP was colocalized with MAP2-immu-
nopositive dendrites. In contrast, TLS-GFP was absent
from Jong thin axonal projecticns of hippocampal pyrami-
dal neurons marked by antihody against phosphorylated
neurofilament protein (SMI31). The SMI31-positive pro-
jections were MAPZ2 negative, confirming their identity
as axons (Figure 1B, lower paneis). These results indi-
cate that TLS is exclusively localized in the neuronal
dendrites of polarized neurons.

TLS-GFP Moves toward Dendrites

TLS localization within dendrites was examined by
using an adenovirus-mediated expression system to ef-
ficiently express TLS-GFP in cultured hippocampal
neurons. Movement of TLLS-GFP was assayed by time-
lapse confocal microscopy 48 hr after infection with ad-
anovitus expressing TLS-GFP {Figure 2 and Movies 1



