Researchers identify transport mechanism
for synaptic junction reinforcement
7 August 2017
RNAs to enable protein synthesis is dependent on
synaptic activity. The new findings appear online in
the journal EMBO Reports.
Nerve cells typically consist of a cell body (in which
the nucleus resides), a long fiber (the axon) which
conducts outgoing nerve impulses, and a set of
shorter projections (dendrites) near the cell body
that serve as antennas for incoming signals. The
instructions for the synthesis of proteins are stored
in the DNA in the cell nucleus, are first 'transcribed'
into mRNAs, and exported from the nucleus to the
ribosomes in the cell cytoplasm. Ribosomes are the
molecular machines responsible for the translation
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close to the synapses of the dendrites, thus
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enabling proteins that are required for synaptic
function to be produced close to their sites of
action. This localized delivery system also enables
Learning involves constant restructuring of nerve- particular synapses to be specifically modified
without concomitant alteration of their neighbors.
cell connections. This requires specialized
transport systems to ensure that these specific
Kiebler and his group had previously shown that
synapses can structurally and functionally be
modified. One such delivery mechanism has now the brain-specific RNA-binding protein Staufen2
(Stau2) plays a central role in the transport of
been characterized.
mRNAs from the cell nucleus to synaptic
At the cellular level, learning and memory require ribosomes. "However, it remained unclear how
continuous readjustment of the strength of synaptic Stau2 recognizes the mRNAs it conveys to the
synapses, and how these are translated into
junctions – the functional connections between
proteins that modify specific synapses in an activitynerve cells. These modifications are achieved by
dependent manner," Kiebler explains.
the incorporation into individual synapses of
proteins that modulate the efficiency of intercellular
signal transmission. The blueprints for the
synthesis of these molecules, in the form of
messenger RNAs (mRNAs), are delivered to active
synapses by a dedicated transport system. An
international team led by LMU biochemist
Professor Michael Kiebler has now demonstrated
that a key factor involved in this transport binds
specifically to regions of its mRNA cargo that lack
protein-coding information, and that release of the

In the new study, the researchers show that Stau2
binds specifically to a so-called intron sequence
found near the end of a specific subset of mRNAs –
in a region that contains no coding information, but
serves a regulatory function instead. Introns are
regions in the so-called primary transcript
transcribed from the nuclear DNA, which are either
removed (by a process called alternative splicing)
or selectively retained prior to export of the
processed mRNA. "Most introns found in mRNAs
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are located in protein-coding regions and their
selective retention permits different versions – socalled isoforms – of a protein to be synthesized
from the same precursor RNA. It is however quite
unusual to find an intron retained in the
untranslated region of an mRNA," says Tejaswini
Sharangdhar, first author of the study. Moreover,
Stau2 fails to bind to the mRNA isoform that lacks
the intron. Consequently, this RNA isoform is not
transported to the dendrites for translation. Thus
the intron in the non-coding region serves as one of
the regulatory markers which ensure that mRNA is
recognized by Stau2 and transported to synapses.
"Our second surprising discovery is that this
transport process is dependent on synaptic
activity," says Kiebler: The intron-containing mRNA
is transported from one synapse to the next – but
will only be released for translation in the vicinity of
synapses that are momentarily active. Hence,
synaptic activity stimulates the docking of the
mRNA to specific synapses, and its protein product
marks "learning" synapses. Here too, Stau2 plays
an essential role, for in the absence of the protein,
none of the mRNA reaches the dendrites.
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