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The Drosophila AWP1 ortholog Doctor No regulates JAK/STAT signaling for left-right
asymmetry in the gut by promoting Domeless receptor endocytosis
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The molecular mechanisms of left-right (LR) asymmetric development are a principal question in developmental biology. In
invertebrates, the mechanisms to establish their LR asymmetry are not as conserved as the well-known systems including nodal
flow in vertebrates. Many internal Drosophila organs show stereotypical LR asymmetry, for which the underlying mechanisms
remain elusive. Through genetic screens, an evolutionarily conserved ubiquitin-binding protein, AWP1/Doctor no (Drn) was
identified as a novel factor required for the LR asymmetry of the embryonic anterior gut in Drosophila. In this study, the results
showed that drn is essential in the circular visceral muscle cells of the midgut for JAK/STAT signaling, which contributes to the
first known cue for anterior gut lateralization via LR-asymmetric nuclear rearrangement. Mutants of various JAK/STAT
signaling components also showed LR laterality defects in the embryonic anterior gut. Taken together, these results suggest a
role of JAK/STAT signaling in regulating LR-asymmetric development. To confirm whether drn interacts with JAK/STAT
signaling in other contexts during development, characteristic phenotypes associated with JAK/STAT signaling were examined.
Embryos homozygous for drn and lacking its maternal contribution showed phenotypes similar to that of depleted JAK/STAT
signaling, such as disturbed expression of a pair-rule gene, even-skipped (eve), and truncation of the trachea in the embryos,
suggesting that Drn acts as a general component that positively regulates JAK/STAT signaling.

Since the mammalian ortholog AWP1 binds ubiquitin and modulates functions of ubiquitinated proteins, I hypothesized that
Drn might be involved in regulating endocytic trafficking of the JAK/STAT signaling pathway in Drosophila. To test this
hypothesis, the colocalization of Drn with various endosomal compartments was examined. Drn appeared to localize to endocytic
compartment markers such as Hrs, Rab5, Rab7, and LAMP1 at low frequency, which is consistent with the idea that Drn plays
a role in endocytic trafficking. Furthermore, loss of Drn resulted in the specific accumulation of Domeless (Dome), the receptor
for JAK/STAT signaling, in intracellular compartments including ubiquitinated cargos. Immunohistochemical data also showed
that Dome colocalized with Drn in wild-type embryos. These results suggest that Drn is required for the endocytosis of Dome,
which is a critical step in the activation of JAK/STAT signaling and subsequent degradation of Dome, as shown in previous
studies. Overall, this study presents a working model of drn, a novel gene required for the strict regulation of JAK/STAT
signaling through controlling endocytosis of Dome receptor, which is a mechanism involved in LR-asymmetric morphogenesis

in the Drosophila anterior gut.
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