Response to Editor and Reviewer Comments:

Many thanks to the editor and reviewers for the thoughtful assessment of our manuscript
“Commissureless acts as a substrate adapter in a conserved Nedd4 E3 ubiquitin ligase pathway
to promote axon growth across the midline.” Thank you also for the positive comments about
the quality of our writing, and for deeming our study rigorous and thorough. We are very
pleased that, overall, you believe our combination of genetic and biochemical approaches offers
useful insight into the mechanism of Robo regulation at the Drosophila embryonic midline and
effectively reconciles the contradictory findings of previous studies done in this field.

In addition, we appreciate the concerns you expressed and your identification of areas in which
the study and manuscript could be improved. Your suggestions were very helpful as we revised
our manuscript in order to strengthen our mechanistic understanding of Robo downregulation
and better characterize the role Nedd4 plays in this process. We strongly agree with your
sentiment that our insight into the mechanism of Robo downregulation via Comm would be
much stronger had we not solely relied on overexpression experiments to investigate the effects
of PY motif mutations on Comm function. While it is outside the scope of this particular paper,
we appreciate your suggestion to use gene editing to investigate the role of PY motif mutation
on endogenous comm function and believe this would be a useful question to address in future
papers. In addition to this concern, you have identified additional opportunities to strengthen
the paper. We have done our best to incorporate reviewer suggestions and will outline how we
addressed the following four areas that were identified by both reviewers as areas where
additional data could strengthen our conclusions:

1. Additional experiments to examine Comm and Robo1 localization in vivo:
Characterizing Robo localization in vivo when co-expressed with PY-mutant Comm
variants.

2. Testing biochemical interactions in embryonic protein extracts: Examining the
biochemical interaction between Robo, Comm, and Nedd4 in a more biologically
relevant context than cell culture.

3. Additional genetic interaction experiments: A) Investigating whether Nedd4
overexpression enhances the Comm G.O.F phenotype of enhanced ectopic crossing.
B) Testing for additional genetic interactions with comm.

4. Editing the text of the manuscript for clarity.
1. Characterizing Robo localization in vivo when co-expressed with Comm variants.
In the first version of our manuscript, we characterized the localization of wild-type and PY
mutant Comm variants expressed in apterous neurons (Figure 5C), but did not examine how

these variants of Comm affected localization of their cargo Robol. To address this gap, we co-
expressed 10X UAS Comm-myc (WT, 1PY, 2PY) with 10X UAS Robo-HA under the ap gal4 driver,



visualized Comm and Robo by immunostaining for Myc and HA, and measured colocalization
between Comm and Robo. We found that Robo colocalizes equally with all comm variants and
that its expression pattern mimics that of the Comm variant with which it is expressed. We
observe that Robo is restricted to cell bodies when overexpressed with WT Comm but “leaks
out” into axons when co-expressed with Comm 1PY or 2PY. This finding suggests that PY motifs
are not only required for effective Comm localization to the appropriate cellular areas, but also
for proper routing of its cargo, Robol. These new data are presented in a new supplemental
figure: Figure S3.

2. Examining the biochemical interaction between Robo, Comm, and Nedd4 in vivo.

To examine biochemical interaction between Comm, Robo, and Nedd4 in a more biologically
relevant context, we performed immunoprecipitations in fly embryonic lysate prepared from
the following categories: WT, elav gal4: 5X UAS Comm-myc WT, and elav gal4: 5X UAS Comm-
myc WT + 10X UAS Nedd4-HA. We performed immunoprecipitation for myc (Comm), and
blotted for endogenous Robo, Myc (Comm), and HA (Nedd4). Corroborating our results in cell
culture (Figure 7 A-C), we were able to pull down a three-protein complex consisting of Comm,
Nedd4 and Robo in embryonic fly tissue. These new data are presented in a new supplemental
figure: Figure S8.

3. Investigating additional genetic interactions between Comm and Nedd4.

A) In our submitted manuscript, we demonstrated that overexpression of Nedd4 enhances
Comme-induced downregulation of Robo levels (Figure 7 D-G). To determine whether Nedd4 also
increases ectopic crossing, which is a morphological output of Comm activity/Robo
downregulation, we analyzed nerve cord phenotypes in embryos from the following categories:
WT, embryos expressing WT Comm under the elav gal4, and embryos co-expressing WT Comm
and Nedd4 under the elav gal4 driver. We measured nerve cord widths and sorted them into
three different “bins” of phenotypic severity, with more severe phenotypes being characterized
by thinner nerve cords. We find that the distribution of phenotypes in embryos expressing
Comm alone differs significantly from embryos expressing Comm + Nedd4, with the latter
shifted toward more severe/thinner phenotypic classes. In addition to examining nerve cord
width, we investigated whether Nedd4 can enhance collapse of the nerve cord segments
(defined by loss of negative space within the segment) induced by Comm overexpression. We
determined percentage of collapsed nerve cord segments and divided these values into three
phenotypic classes: no collapse, partial collapse, and total collapse. The distribution of
phenotypes in embryos co-expressing Nedd4 and Comm differs significantly from those
expressing Comm alone. In the Comm expressing population, we only observe nerve cords with
no or partial collapse, but in flies co-expressing Comm and Nedd4 we observe the more severe
complete collapse phenotype. These findings suggest that addition of Nedd4 enhances the
Comm gain of function phenotype both by further reducing nerve cord width and increasing the
occurrence of defects related to ectopic crossing. These new data are presented in a new
supplemental figure: Figure S9.



B) The reviewers also suggested additional genetic interaction experiments between Nedd4 and
Comm. It was suggested that we included experiments to look at Nedd4 manipulations in

Comm null mutant backgrounds. However, given the complete penetrance and expressivity of
the Comm null mutation in which no axons cross the midline, these experiments would not be
informative. As an alternative, we attempted to use the described hypomorphic Comm allele,
but here too, the baseline commissural axon guidance defects are too strong to allow
meaningful detection of enhanced phenotypes. Finally, we tested whether removing one copy
of comm could reveal phenotypes in the nedd4 zygotic mutants, but we did not detect defects.
This is perhaps unsurprising given that comm heterozygotes have no detectable midline crossing
defects.

4. Text edits.

We have made a variety of changes to decrease ambiguity in the text and create a more user-
friendly experience for the reader. In the text, as opposed to just the figures, we now explicitly
state whether we use 5X or 10X UAS constructs for each of our overexpression constructs. We
also edited all mentions of the truncated frazzled construct (FraAc) so that they are uniform. We
have also edited all mentions of MiMIC so that they are uniform. In addition, we answer a few
guestions the reviewers posed. First, we clarify that S2R+ cells express endogenous Comm at
very low levels. In addition, we clarify about how we know expression levels are similar across
the three Comm variants by explaining that transgenes incorporated into the fly genome by
targeted insertion into the same location on the third chromosome.

We hope that these changes adequately address reviewer concerns, strengthen our study, and
enhance readability of the paper. We appreciate the time you took to evaluate our manuscript
and the thoughtful commentary and suggestions that you provided.

Sincerely
Kelly Sullivan and Greg Bashaw



