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ABSTRACT

In current models of Notch signaling, endocytosis of the Delta ligand is a required
step prior to or during Notch activation. One line of evidence that supports these models
comes from the studies of a temperature-sensitive loss-of-function DIFF allele that reportedly
fails to undergo endocytosis. Here we show that in Delta-expressing larval neurons the
DIFF protein fails to localize to neurites consistent with a failure in trafficking to the plasma
membrane. We find that the DIFF allele carries two mutations, G305E and C348Y, in the
extracellular epidermal growth factor-like (EGF) repeats EGF3 and EGF4. Coexpression
of GFPtagged DIFF and RFP-tagged wild-type Delta (DIWT) in S2 cells demonstrates
complete segregation of subcellular localization of the proteins at 30 C with DIRF failing
to localize to the plasma membrane. A functional assay of antibody uptake reveals that
DIFF protein does not reach cell surface. As well, DIFF fails to undergo a characteristic
proteolytic processing. Altogether, the data indicate that the DIRF is a misfolded protein
that fails to reach cell surface and instead accumulates in perinuclear region. Therefore,
DIRF allele has limited utility for studying Delta endocytosis mechanisms but remains well
suited as a tool for loss-of-function studies.

INTRODUCTION

Delta-Notch signaling is a fundamental pathway that controls cell fates during
development.l Temperature-sensitive loss-of-function alleles of Delta have been
instrumental in determining the role of Delta during development.2® One of these alleles,
DIRF (FBal0029364), was successfully used to map the function of Delta during larval
and pupal stages.?2 These same alleles have contributed to understanding the molecular
mechanisms of ligand induced Notch receptor activation. For example, DIRF protein
reportedly fails to be endocytosed® and has been used to establish the model of Notch
activation by trans-endocytosis , whereby endocytosis of the Delta ligand promotes
subsequent proteolysis and activation of the Notch receptor on an adjacent cell.” Delta
endocytosis is central to an alternative model whereby epsin-dependent recycling of
Delta is necessary for activation of the ligand, a step that may also lead to proteolytic
processing.8-19 The unusual behavior of DIRF prompted us to investigate the underlying
molecular lesion and the trafficking properties of the protein in more detail. We show that
the DIRF fails to reach the cell surface, as seen by its accumulation in the perinuclear region
and in large cytosolic vesicles and by its inability to uptake a Delta-extracellular domain
specific antibody. Our data refutes the endocytosis mutant model of DIRF and supports
a model whereby DIRF is a temperature sensitive misfolding protein that fails to traffic to
the plasma membrane at a restrictive temperature.

RESULTS

DIRF protein fails to reach neurites and accumulates in the soma of neurons. We
recently documented that Delta is expressed in all neuroblasts and ganglion mother
cells, as well as, in seven (out of 24) post-mitotic neuronal lineages of the larval thoracic
ganglion.!? Utilizing the highly polarized neuron cell type we examined the distribution
of DIRF protein both at permissive (18 C) and restrictive temperatures (30 C) in vivo.
Endogenous wild-type Delta (DIWT) is expressed along the full length of neurites and their
terminals and in vesicles in the cell soma at both temperatures (Fig. 1B and D; ref. 11).
At the permissive temperature, the overall pattern of DIRF protein expression is similar
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