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1st Editorial Decision 19 February 2019

Thank you for submitting your manuscript for consideration by EMBO Reports. It has now been
seen by three referees whose comments are shown below.

As you can see, all referees express interest in the proposed function of Gas2L1 in regulating axon
morphology. However, they also raise concerns that need to be addressed in full before we can
consider publication of the manuscript here.

Given these constructive comments, I would like to invite you to revise your manuscript with the
understanding that the referee must be fully addressed and their suggestions taken on board. Please
address all referee concerns in a complete point-by-point response. Acceptance of the manuscript
will depend on a positive outcome of a second round of review. It is EMBO Reports policy to allow
a single round of revision only and acceptance or rejection of the manuscript will therefore depend
on the completeness of your responses included in the next, final version of the manuscript.

We generally allow three months as standard revision time. As a matter of policy, competing
manuscripts published during this period will not negatively impact on our assessment of the
conceptual advance presented by your study. However, we request that you contact the editor as
soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may
be able to grant an extension.

REFEREE REPORTS
Referee #1:

Interesting and important findings of Gas2L1 in neurons, indicating it stabilizes actin filaments in a
way that's auto-uninhibited by binding to microtubules, with functional relevance to the preference
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for axon branching over growth. The drug parts are a bit weak, with the actin drug somewhat
phenocopying the Gas2L1 knockdown but not quite really, and the lack of any nocodazole (or other
anti-microtubule drug) experiment to prove the point that without microtubules the Gas1L1 wouldn't
stabilize actin. I realize that it's hard to completely rid the neurons of microtubules but long
treatments with nocodazole or vinblastine could clear out most of the microtubules. None of the
drug stuff is really necessary, if the results are equivocal. Molecular work, in vitro work and
imaging work are well done.

Referee #2:
Manuscript Number: EMBOR-2019-47732-T

"Cytolinker Gas2L1 regulates axon morphology through microtubule-modulated actin stabilization."
Van de Willige et al.

This is an interesting manuscript that characterizes the potential function in neurons of the
cytolinker protein Gas2L 1, thought to specifically stabilize axonal actin filaments somehow
mediated by the interaction with microtubules. The paper appears quite advanced and contains a
significant amount of data, most of them quite solid, in particular the in vitro work and biochemical
experiments. The autoinhibition model presented by the authors is quite appealing, although it
appears to mostly work in vitro, and its relevance in vivo is less clear, as mentioned by the authors,
which could be considered as one weakness in the line of argument concerning the precise function
of this protein in neurons. This brings me to the cell biology, which is certainly less clear in places
than the rest of the work, in particular when it comes to functional interference or over-activation of
Gas2L1 and the precise outcomes of such treatments. I admit that this is mostly due perhaps to the
difficulty with working with primary neurons, which are also not entirely appealing concerning
work on the actin cytoskeleton (difficult to handle in this respect), but I will provide some specific
suggestions for improvements on the cell biology part of the paper for the authors to consider (see
below), in order to make the overall conclusions of the paper more comprehensible for the average
reader.

Specific Critique:

1) The knockdown experiments look interesting at first glance, and quite a few experiments in the
paper rely on the assumption that shRNA-mediated downregulation of G2L1 mRNA (as assessed by
qPCR) does indeed also correlate with a significant reduction of G2L1at the protein level. This is
not shown anywhere and I think the authors should try to confirm this by preparing enough material
for Western Blotting. Showing a reduction at the protein level would make conclusions on specific
effects of the knockdown much stronger, in particular those that include the lack of effects on, as for
instance on the velocity of MT lifetime (Fig. 6B) and MT growth (Fig. 6C).

2) In the first part of the results, the authors also mention that Gas2L.1 overexpression induces
excessive filopodia and lamellipodia-like structures (which is supposed to be shown in Fig. S1C),
but the displayed images are not convincing enough in this respect to justify such as statement. The
authors should use marker proteins for the mentioned structures (such as fascin for filopodia shafts
or VASP for filopodia tips as well as cortactin and Arp2/3-complex for lamellipodia) in these
cultures, which would make such a statement much more reliable.

3) Figure 2 looks very clear, but I was confused by a mixup I think in the images displayed in
Supplementary Fig. S2 as compared to both text and legends, since S2E is labeled as control
experiment showing that in the absence of Gas2L 1, there is no co-alignment of MT and actin
bundles. However, the image in S2E clearly shows the presence of bundles and G2L1, but also EB3,
so I think the authors have erroneously swapped the images shown in S2E with what's coming next
in S2F-H. This must be corrected!

4) In Figs 5 and 6, the authors quite systematically analyze combined effects of treatments with
different concentrations of LatB or jasplakinolide and G2L1 knockdown or overexpression etc,
which is interesting and informative, of course, to certain extent, but also quite indirect!

I guess I would have expected a few more of the type of experiments shown in Figure 4, asking
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much simpler questions, as for instance: How does overexpression or knockdown of G2L1 affect
actin dynamics in the axon and in growth cones? In Fig. 4C, the authors show an interesting
buckling of MT in growth cones, and perhaps increased growth cone area using lifeact expression.
Can the authors expand on this? For instance, show some informative video microscopy data, and
provide some quantification on this? Finally, can the authors explore proposed differential F-actin
stabilities in different conditions of GsL1 manipulation by performing a photoactivation activation
experiment of actin in different subcellular regions (as for instance in the axon), in analogy to what
they have done with tubulin in Fig. 6B? Such experiments would be much more direct than the
combinations of inhibitor treatments mentioned above, which could then perhaps be shifted to the
Supplement and be replaced by more direct cell biological expts as suggested.

One more point: [ can't really discern the claimed displacement of EB1 upon overexpression of
G2L1 in Figure 6A, or the mentioned re-targeting of EB1 to actin. This has to be demonstrated more
clearly by counter-stainings with MTs and the actin system, using individual channels for each.

5) On the positive side, the control experiment with using the actin-binding domain of alpha-actinin
to replace the CH-domain in G2L1 is quite interesting, but in the end, I don't quite grasp what the
authors mean with: "the localization of Gas2L1 thus appears to be an emergent property of the
combination of its specific CH-domain and MT-binding tail)" (last sentence of the Results section)?
This is too vague, hence does not mean a lot! Is it really the specific interaction that's relevant or is
there anything else? The problem is that the MT-binding C-terminus used is very large, so how can
the authors exclude additional interactions with other proteins to play relevant functions? They
should at least mention this! If the authors want to make sure that MT binding alone is what's
important, they should narrow down the MT interaction surface or screen for point mutants to
interfere with this much more specifically, which would then help to substantiate such a statement!
It might also be worth constructing something like a "mini-G2L1" solely harboring the actin and MT
binding surfaces, and then explore the effects of that one, which would demonstrate whether or not
additional interactions are really relevant for the specific functions of G2L1 proposed.

Minor comments:

6) I couldn't find Supplementary Figures S3 and S4 until I realized that they were probably not there
because each Supplementary Figure fitted the main Figure named accordingly, but this seemed quite
strange to me...

7) On page 14, third para, the text should read ...Gas2L1 likely contributes to a certain level to (not
"of") actin stability required for normal growth cone behavior.

Referee #3:

Willige et al explore the role and mechanism of action of the actin-microtubule linker Gas2L1 in
neurons. The authors combine in vitro reconstitution assays, structure function studies and pull-
downs with gain and loss of function studies and pharmacology in primary neuronal culture to
further pinpoint the mechanism of action. The authors demonstrate that Gas2L1 promotes the
formation of branches along the axon whiles restricting elongation of the axon in developing
hippocampal neurons. They propose that these growth regulatory roles of Gas2L1 occur by
stabilising acting a function that requires interaction with the microtubule cytoskeleton and
overcoming an autoinhibitory mechanism.

Overall, I like the data and the combination of in vivo with in vitro reconstitution approaches. I find
that the authors provide satisfactory data to support most of their arguments and their findings will
be of interest to a broad range of reader interested in cytoskeleton regulation in neurons and belong.
The paper could improve from few corrections, further discussion and perhaps a couple of extra
analysis.

General comment:
- A key conclusion of the authors is that Gas2L 1 regulates neuronal morphology by stabilising the

actin cytoskeleton. This conclusion is based on localisation studies, similarity of phenotypes when
compared to the effects of actin destabilisation drugs and the rescue with jasplakinolide. However,
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several microtubule actin linkers have been reporter necessary for MT bundle formation, in their
absence, MTs acquired unbundle and misdirected trajectories and fail to extend into growth cone
filopodia. To rule out the contribution of Gas2L1 to the regulation of MTs, the authors test the MT
stability and the speed of polymerization but do not comment on MT organisation particularly at the
growth cone. A set of analysis aiming to describe the bundle organisation of MTs would be very
helpful in order to rule out MT regulation.

- A further conclusion of the authors is that the interaction of Gas2L1 with MTs is able to direct its
actin stabilization function. The authors discuss that this property depends on the autoinhibition of
Gas2L1 and propose in the discussion that the association of the Gas2L1 tail domain with MTs is
expected to liberate the CH domain and to allow Gas2L1 to interact with actin filaments. This comes
as a surprise since there are previous discussions suggesting the opposite, as an example please see
Pg. 8 "The localization of Gas2L1 to F-actin was also apparent in subcellular areas devoid of MTs.
This observation reveals that in contrast to our in vitro experiments, Gas2L1 can localize to actin
structures independently of MTs in neurons. This result further strengthens the idea that actin
binding may be the first step towards stably relieving the autoinhibition of Gas2L1". This
contradiction could require further clarification.

Specific comments:

- Pg. 6 "By contrast, the Tail mutant was able to bind MTs in the absence of actin filaments (Fig.
2F)" --- Tail mutant or Tail domain?

- Pg.6 "In a composite assay where more actin filaments were available for binding, we observed
MTs covered with multiple co-aligned actin filaments (Fig. 2H), whereas no MT-actin co-alignment
occurred without Gas2L1 (Fig. S2E)" --- S2E is in the presence of G2L1, do the authors refer to
S2E?

- Pg.8 "...the addition of 10 pM Latrunculin B (LatB), which inhibits actin polymerization, abolished
the interaction between actin and the CH domain (Fig. 3D). This reveals that our pull-down
experiments reflect an interaction between Gas2L1 and actin filaments rather than actin monomers"
--- Could the authors comment on the finding that full length Gas2L1+ CH domain ability to pull
down actin when coexpressed in not abolished with 10 uM Latrunculin B?

- Fig.S2 Potential levelling mistake: F-H TIRF images (F) (or H??) and kymographs (G, H) (or F,
G) showing specific Gas2L1 localization to MT-actin overlaps (E instead of H?) and absence of
plus-end tracking in an in vitro reconstitution with Gas2L1, F-actin (1 uM), MTs and EB3 (is the
first panel in F tubulin? If so mark it it in accordance). These data indicate that EB3 does not
influence the localization of Gas2L1 in this system, even when EB3 tracks growing MT plus ends
(H) (or G?).

- Pg. 9 "... These results are in agreement with our observation that Gas2L1 is not a plus-end
tracking protein in vitro. However, Gas2L1 does not recruit EB3 in vitro (Fig. S2H)...." --- S2H or
S2G?

- Pg.11 when describing the role of MTs in Gas2L1 activity, the authors compare GFP-Gas2L1-
SxAA with GFP-CH. GFP-CH tends to localise to dendrites the position where it protects actin.
However GFP-Gas2L1-SxAA also equally localises to dendrites but surprisingly fails to protect
dendritic actin and instead protects axonal actin. The authors comment by saying that "... SXAA
mutant displayed slightly less efficient axonal localization and actin stabilization (Fig. 6H),
implying that the SXIP motif of Gas2L1 may function to enhance the affinity of the protein for
axonal MTs" but the stamen does not represent the data presented and instead fails to support the
hypothesis. This would need further clarification.

1st Revision - authors' response 13 July 2019

REVIEWER COMMENTS
Referee #1:
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Interesting and important findings of Gas2L1 in neurons, indicating it stabilizes actin filaments in a
way that's auto-uninhibited by binding to microtubules, with functional relevance to the preference
for axon branching over growth. The drug parts are a bit weak, with the actin drug somewhat
phenocopying the Gas2L1 knockdown but not quite really, and the lack of any nocodazole (or other
anti-microtubule drug) experiment to prove the point that without microtubules the GaslL1 wouldn't
stabilize actin. I realize that it's hard to completely rid the neurons of microtubules but long
treatments with nocodazole or vinblastine could clear out most of the microtubules. None of the drug
stuff is really necessary, if the results are equivocal. Molecular work, in vitro work and imaging work
are well done.

We thank the reviewer for the positive assessment of our work. Unfortunately, it is not possible to
test the effect of complete microtubule removal on the actin-stabilizing activity of Gas2L1, because
microtubule depolymerisation is well-known to have a profound effect on the actin cytoskeleton, for
example, by affecting signalling by Rho GTPases (e.g. by activating the microtubule-bound RhoGEF,
GEF-HI1 [1]). Indeed, 2 hr treatment with 10 puM nocodazole had a strong effect on the cell
morphology and actin organization, (Figure for Reviewers 1). Microtubule depolymerisation appears
to result in an increase in F-actin, as was observed from staining with phalloidin. This was especially
clear in the cell soma of nocodazole-treated cells. In neurites of control neurons, F-actin is mainly
seen forming actin patches, whereas in nocodazole-treated neurons F-actin forms longer stretches.
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Referee #2:

This is an interesting manuscript that characterizes the potential function in neurons of the cytolinker
protein Gas2L1, thought to specifically stabilize axonal actin filaments somehow mediated by the
interaction with microtubules. The paper appears quite advanced and contains a significant amount
of data, most of them quite solid, in particular the in vitro work and biochemical experiments. The
autoinhibition model presented by the authors is quite appealing, although it appears to mostly work
in vitro, and its relevance in vivo is less clear, as mentioned by the authors, which could be
considered as one weakness in the line of argument concerning the precise function of this protein in
neurons. This brings me to the cell biology, which is certainly less clear in places than the rest of the
work, in particular when it comes to functional interference or over-activation of Gas2L1 and the
precise outcomes of such treatments. I admit that this is mostly due perhaps to the difficulty with
working with primary neurons, which are also not entirely appealing concerning work on the actin
cytoskeleton (difficult to handle in this respect), but I will provide some specific suggestions for
improvements on the cell biology part of the paper for the authors to consider (see below), in order to
make the overall conclusions of the paper more comprehensible for the average reader.

We thank the reviewer for the helpful suggestions.
Specific Critique:

1) The knockdown experiments look interesting at first glance, and quite a few experiments in the
paper rely on the assumption that shRNA-mediated downregulation of G2L1 mRNA (as assessed by
qPCR) does indeed also correlate with a significant reduction of G2L1at the protein level. This is not
shown anywhere and I think the authors should try to confirm this by preparing enough material for
Western Blotting. Showing a reduction at the protein level would make conclusions on specific effects
of the knockdown much stronger, in particular those that include the lack of effects on, as for
instance on the velocity of MT lifetime (Fig. 6B) and MT growth (Fig. 6C).

We used different amounts of rat cortical neuron extracts, ran these alongside a lysate of HEK293
cells expressing HA-Gas2L1 and tried to detect the endogenous Gas2L1 band using two different
antibodies (a commercial antibody and a custom-made antibody described previously [2]).
Unfortunately, despite our best efforts, we could not detect a specific band corresponding to the
endogenous Gas2L1 in neuronal extracts (Figure for Reviewers 2), which is consistent with the
published literature, where Gas2L1 protein was reported to be expressed only at low levels [3-5]. We
thus have to rely on qPCR to show that Gas2L1 is expressed and depleted in our neurons.
Importantly, we do rescue the phenotypes observed after depletion of Gas2L1 by expressing tagged
Gas2L1 constructs, and we think that this provides support for the validity of our conclusions.

Figure for
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described in Au et
al., 2017 [2], right

panel: Atlas
antibodies

#HPAO019858) and
actin (bottom
panels). Red
arrowheads indicate
the band

corresponding to
full-length Gas2L1.

2) In the first part of the results, the authors also mention that Gas2L1 overexpression induces
excessive filopodia and lamellipodia-like structures (which is supposed to be shown in Fig. S1C), but
the displayed images are not convincing enough in this respect to justify such as statement. The
authors should use marker proteins for the mentioned structures (such as fascin for filopodia shafts
or VASP for filopodia tips as well as cortactin and Arp2/3-complex for lamellipodia) in these
cultures, which would make such a statement much more reliable.

We performed the requested experiments and included these data in the manuscript (new Fig 1J, Fig
EV1H and EV1I). We observed continuous staining with anti-fascin antibodies in Gas2L1-induced
filopodia-like protrusions and a more sparse, punctate staining with antibodies against Arp2/3 and
cortactin in lamellipodia-like structures.

3) Figure 2 looks very clear, but I was confused by a mixup I think in the images displayed in
Supplementary Fig. S2 as compared to both text and legends, since S2E is labeled as control
experiment showing that in the absence of Gas2L1, there is no co-alignment of MT and actin bundles.
However, the image in S2E clearly shows the presence of bundles and G2L1, but also EB3, so I think
the authors have erroneously swapped the images shown in S2E with what's coming next in S2F-H.
This must be corrected!

We thank the reviewer for pointing out this mistake, which we have corrected in the revised
manuscript.

4) In Figs 5 and 6, the authors quite systematically analyze combined effects of treatments with
different concentrations of LatB or jasplakinolide and G2L1 knockdown or overexpression etc, which
is interesting and informative, of course, to certain extent, but also quite indirect!

1 guess I would have expected a few more of the type of experiments shown in Figure 4, asking much
simpler questions, as for instance: How does overexpression or knockdown of G2L1 affect actin
dynamics in the axon and in growth cones? In Fig. 4C, the authors show an interesting buckling of
MT in growth cones, and perhaps increased growth cone area using lifeact expression. Can the
authors expand on this? For instance, show some informative video microscopy data, and provide
some quantification on this?

We have added a quantification of the growth cone area (Fig 1G) and of the microtubule
configuration inside growth cones (Fig 4D and E) of control, Gas2L1 knockdown and Gas2L1
overexpressing neurons to the manuscript.

Unfortunately, LifeAct expression is not a suitable tool to measure actin dynamics in live neurons by
FRAP: the dynamics measured are those of LifeAct-binding to actin rather than of actin itself.
Moreover, LifeAct shows selective binding to specific populations of actin filaments and has mild
actin-stabilizing effects [6,7], and thus could skew our conclusions. As an alternative approach, we
evaluated the potential of using a photoactivatable variant of GFP-actin, but unfortunately this fusion
protein does not incorporate into all Gas2L1-positive actin structures (Figure for Reviewers 3).
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Figure for
Reviewers 3

Still images taken
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Data information:
Scale bar: 5 um

Finally, can the authors explore proposed differential F-actin stabilities in different conditions of
GasL1 manipulation by performing a photoactivation activation experiment of actin in different
subcellular regions (as for instance in the axon), in analogy to what they have done with tubulin in
Fig. 6B? Such experiments would be much more direct than the combinations of inhibitor treatments
mentioned above, which could then perhaps be shifted to the Supplement and be replaced by more
direct cell biological expts as suggested.

We agree that this would be a good experiment and we performed pilot experiments prompted by the
reviewer, but unfortunately we saw that paGFP-actin is not incorporated into all Gas2L1-positive
actin structures (see Figure to Reviewers 3).

One more point: I can't really discern the claimed displacement of EB1 upon overexpression of G2L1
in Figure 64, or the mentioned re-targeting of EBI to actin. This has to be demonstrated more
clearly by counter-stainings with MTs and the actin system, using individual channels for each.

Unfortunately, co-staining of actin and microtubule plus-end tracking proteins such as EBs is
difficult. Microtubule plus-end tracking markers can only be visualised using methanol-based
fixations, which do not preserve actin structures well and completely prevent labelling with
phalloidin. On the other hand, fixations typically used for actin staining (e.g. paraformaldehyde) do
not preserve the localization of microtubule plus-end-tracking proteins.

We therefore cannot combine these stainings in the same neurons, and therefore instead indicate that
since Gas2L1 co-localizes with the actin (phalloidin) staining, and EB1 staining co-localizes with
Gas2L1 upon Gas2L1 overexpression, EB1 must be recruited to phalloidin-labelled actin structures in
neurons overexpressing Gas2L1. As a control, we included Gas2L1-SxAA, a mutant deficient in EB
binding that therefore does not recruit EB1. We have included clearer figure panels (Fig 6A and B)
and rephrased the text to more accurately reflect the data shown.

5) On the positive side, the control experiment with using the actin-binding domain of alpha-actinin
to replace the CH-domain in G2L1 is quite interesting, but in the end, I don't quite grasp what the
authors mean with: "the localization of Gas2L1 thus appears to be an emergent property of the
combination of its specific CH-domain and MT-binding tail)" (last sentence of the Results section)?
This is too vague, hence does not mean a lot! Is it really the specific interaction that's relevant or is
there anything else?

We have clarified this conclusion in the text: the experiment aimed to show that the behaviour of
Gas2L1 is not a simple result of combining any actin-binding domain with the microtubule-binding
tail of Gas2L1. Instead, the observed behaviour of Gas2L1 depends on the specific combination of its
two domains, suggesting that the interaction between the Gas2L1 CH domain and microtubule-
binding tail directs Gas2L1 activity. The statement about emergent properties has been removed.

The problem is that the MT-binding C-terminus used is very large, so how can the authors exclude
additional interactions with other proteins to play relevant functions? They should at least mention
this! If the authors want to make sure that MT binding alone is what's important, they should narrow
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down the MT interaction surface or screen for point mutants to interfere with this much more
specifically, which would then help to substantiate such a statement! It might also be worth
constructing something like a "mini-G2L1" solely harboring the actin and MT binding surfaces, and
then explore the effects of that one, which would demonstrate whether or not additional interactions
are really relevant for the specific functions of G2L1 proposed.

We find that the Gas2L1 tail fragment contains at least two microtubule-binding sites, as was also
reported for the Drosophila Gas2L ortholog Pigs and suggested for Gas2L proteins [3,5]: the GAR
domain and the unstructured C-terminal tail. We have now illustrated this in the new Fig. EV3A,
where we also show that these two parts of the protein can both promote MT lattice binding. Because
of this complexity, making a mini-Gas2L1 is complicated and may not be informative. Further, we
fully agree with the reviewer that we cannot exclude that additional interactions with other proteins
may contribute, and we have mentioned this in the revised paper in the discussion on p. 13.

Minor comments:

6) I couldn't find Supplementary Figures S3 and S4 until I realized that they were probably not there
because each Supplementary Figure fitted the main Figure named accordingly, but this seemed quite
strange to me...

This is indeed the numbering for Supplemental figures that we used in the initial submission of our
manuscript. It has now been substituted for a more straightforward numbering, where the
Supplemental figures are labelled Figure EV1, Figure EV2, in accordance with the Expanded View
format of EMBO Reports.

7) On page 14, third para, the text should read ...Gas2L1 likely contributes to a certain level to (not
"of") actin stability required for normal growth cone behavior.

We have corrected this sentence.

Referee #3:

Willige et al explore the role and mechanism of action of the actin-microtubule linker Gas2L1 in
neurons. The authors combine in vitro reconstitution assays, structure function studies and pull-
downs with gain and loss of function studies and pharmacology in primary neuronal culture to
further pinpoint the mechanism of action. The authors demonstrate that Gas2L1 promotes the
formation of branches along the axon whiles restricting elongation of the axon in developing
hippocampal neurons. They propose that these growth regulatory roles of Gas2L1 occur by
stabilising acting a function that requires interaction with the microtubule cytoskeleton and
overcoming an autoinhibitory mechanism.

Overall, I like the data and the combination of in vivo with in vitro reconstitution approaches. I find
that the authors provide satisfactory data to support most of their arguments and their findings will
be of interest to a broad range of reader interested in cytoskeleton regulation in neurons and belong.
The paper could improve from few corrections, further discussion and perhaps a couple of extra
analysis.

We thank the reviewer for the helpful suggestions.

General comment:

- A key conclusion of the authors is that Gas2L1 regulates neuronal morphology by stabilising the
actin cytoskeleton. This conclusion is based on localisation studies, similarity of phenotypes when
compared to the effects of actin destabilisation drugs and the rescue with jasplakinolide. However,
several microtubule actin linkers have been reporter necessary for MT bundle formation, in their
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absence, MTs acquired unbundle and misdirected trajectories and fail to extend into growth cone
filopodia. To rule out the contribution of Gas2L1 to the regulation of MTs, the authors test the MT
stability and the speed of polymerization but do not comment on MT organisation particularly at the
growth cone. A set of analysis aiming to describe the bundle organisation of MTs would be very
helpful in order to rule out MT regulation.

We have analysed the microtubule growth trajectories and included the data in the new Fig. 4D and
4E of the revised manuscript. Microtubule trajectories in growth cones appear normal in the absence
of Gas2L1, reinforcing the idea that it has a function distinct from ACF7/Shot and that it acts
primarily on actin rather than microtubules.

- A further conclusion of the authors is that the interaction of Gas2L1 with MTs is able to direct its
actin stabilization function. The authors discuss that this property depends on the autoinhibition of
Gas2L1 and propose in the discussion that the association of the Gas2L1 tail domain with MTs is
expected to liberate the CH domain and to allow Gas2L1 to interact with actin filaments. This comes
as a surprise since there are previous discussions suggesting the opposite, as an example please see
Pg. 8 "The localization of Gas2L1 to F-actin was also apparent in subcellular areas devoid of MTs.
This observation reveals that in contrast to our in vitro experiments, Gas2L1 can localize to actin
structures independently of MTs in neurons. This result further strengthens the idea that actin
binding may be the first step towards stably relieving the autoinhibition of Gas2L1". This
contradiction could require further clarification.

We have clarified this apparent contradiction in the discussion. Presumably, there are additional
modes of regulation at play in cells, which are absent from our in vitro reconstitutions. Importantly,
we find that localization of Gas2L1 to different actin populations in neurons is not sufficient to
stabilize them: the stabilization pattern matches the pattern of the microtubule-binding tail fragment,
instead of the localization pattern of the full-length protein (Fig. 6I). Therefore, there is no
contradiction between the observed localization of Gas2L1 to actin and the statement that its actin-
stabilizing properties depend on microtubule binding.

Specific comments:

- Pg. 6 "By contrast, the Tail mutant was able to bind MTs in the absence of actin filaments (Fig.
2F)" --- Tail mutant or Tail domain?

We meant “Tail domain”, this was changed in the text.

- Pg.6 "In a composite assay where more actin filaments were available for binding, we observed
MTs covered with multiple co-aligned actin filaments (Fig. 2H), whereas no MT-actin co-alignment
occurred without Gas2L1 (Fig. S2E)" --- S2E is in the presence of G2L1, do the authors refer to
S2E?

We thank the reviewer for pointing out this mistake, which we have corrected in the revised
manuscript.

- Pg.8 "...the addition of 10 uM Latrunculin B (LatB), which inhibits actin polymerization, abolished
the interaction between actin and the CH domain (Fig. 3D). This reveals that our pull-down
experiments reflect an interaction between Gas2L1 and actin filaments rather than actin monomers"
--- Could the authors comment on the finding that full length Gas2L1+ CH domain ability to pull
down actin when coexpressed in not abolished with 10 uM Latrunculin B?

This result is indeed confusing, and with some additional experiments using lysis buffers with
varying salt concentrations we found that the ability of full-length Gas2L1 (but not the CH domain)
to pull down actin in the presence of LatB strongly changes depending on the ionic strength of the
buffer. We decided to avoid making any statements on this difference and removed the figure panel
and the corresponding conclusion.

- Fig.S2 Potential levelling mistake: F-H TIRF images (F) (or H??) and kymographs (G, H) (or F, G)
showing specific Gas2L1 localization to MT-actin overlaps (E instead of H?) and absence of plus-
end tracking in an in vitro reconstitution with Gas2L1, F-actin (1 uM), MTs and EB3 (is the first
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panel in F tubulin? If so mark it it in accordance). These data indicate that EB3 does not influence
the localization of Gas2L1 in this system, even when EB3 tracks growing MT plus ends (H) (or G?).

We erroneously swapped the references to individual panels of Fig. S2 (now EV2) in the text, and we
have corrected this in the new version. We use the label “MTs”, except when the freshly incorporated
tubulin and the MT seed have a different fluorescent label.

- Pg. 9 ".. These results are in agreement with our observation that Gas2LI is not a plus-end
tracking protein in vitro. However, Gas2L1 does not recruit EB3 in vitro (Fig. S2H)...." --- S2H or
S§2G?

We meant S2G (now EV2G), the mistake has been corrected.

- Pg. 11 when describing the role of MTs in Gas2L1 activity, the authors compare GFP-Gas2L1-SxAA
with GFP-CH. GFP-CH tends to localise to dendrites the position where it protects actin. However
GFP-Gas2L1-SxAA also equally localises to dendrites but surprisingly fails to protect dendritic actin
and instead protects axonal actin. The authors comment by saying that "... SxAA mutant displayed
slightly less efficient axonal localization and actin stabilization (Fig. 6H), implying that the SxIP
motif of Gas2L1 may function to enhance the affinity of the protein for axonal MTs" but the stamen
does not represent the data presented and instead fails to support the hypothesis. This would need
further clarification.

We have adjusted the text to reflect the results more accurately. As explained above, a key
observation here is that the localization of wild type full length Gas2L1 does not fully match its actin-
stabilising activity probed with LatB: the strongest actin stabilization is observed in axons, whereas
the localization of Gas2L1 is not polarised. The SXAA mutant shows the same trend, however, it is
less abundant in the axon and more enriched in non-axonal neurites. This is likely due to the fact that
this mutant has a somewhat lower overall affinity for microtubules because it does not interact with
the microtubule-binding EB proteins. Importantly, the tail part of Gas2L1-SxAA can still bind to
microtubules and to the CH-domain of Gas2L1 (Fig. 3A, Fig. EV3A; the latter figure also illustrates
the effect of the SXAA mutation on MT binding of the Gas2L1 Tail domain) and thus its actin
stabilization pattern is similar to that of the wild type protein.
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2nd Editorial Decision 5 August 2019

Thank you for submitting the revised version of your manuscript. It has now been seen by all of the
original referees.

As you can see, all referees find that the study is significantly improved during revision and

recommend publication. Before I can accept the manuscript, I need you to address some editorial
points below:

REFEREE REPORTS
Referee #1:

Revisions are adequate.

Referee #2:

The authors have addressed all major points raised in my previous review to my satisfaction, so in
my view, the manuscript can now be published as is.

Referee #3:

I am satisfied with the revised manuscript

2nd Revision - authors' response 7 August 2019

The authors performed all minor editorial changes.

3rd Editorial Decision 15 August 2019

Thank you for submitting your revised manuscript. I have now taken a look at everything and all
looks fine. Therefore I am very pleased to accept your manuscript for publication in EMBO Reports.

© European Molecular Biology Organization

12



EMBO PRESS

YOU MUST PLETE ALL CELLS WITH A PINK BACKGROUND W
PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Corresponding Author Name: Casper Hoogenraad, Gijsje Koenderink, Anna Akhmanova

Journal Submitted to: EMBO Reports
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures

1. Data

The data shown in figures should satisfy the following conditions:
= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the

experiments in an accurate and unbiased manner.

figure panels include only data points, measurements or observations that can be compared to each other in a scientifically

meaningful way.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should

not be shown for technical replicates.

if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be

justified

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship

guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

* are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

L 2 X 2 X R

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.org

http://www.consort-: org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting: porting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nlm.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.htm|
http://www.selectagents.gov/

Please fill out these boxe: (Do not worry if you cannot see all your text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Experiments were mostly performed thrice and, sometimes, twice using independent primary
neuron cultures (derived from rat embryos of different mother animals) with ~15-20 neurons
analyzed per condition per experiment.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

NA; experiments were conducted using primary hippocampal neurons, and apart from neuron
isolation (a procedure from which no conclusions are drawn) no experiments were performed on
live animals.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

In general: no samples were excluded from analysis upon starting the experiment. Prior to starting
the experiment, neuron culture health and density was checked and neurons were discarded in
case of obvious issues with culture quality (e.g. excessive cell death).

3. Were any steps taken to minimize the effects of bias when I les to treatment (e.g. Neurons were grown in 12-well plates, and the experimental layout was always pre-determined
randomization procedure)? If yes, please describe. and followed in case cell culture quality was deemed sufficient to proceed with the experiment.
For animal studies, include a about r evenifnor ion was used. NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

We did not include blinding. However, during data collection, all neurons that came into the field
of view were included ("first come, first serve") and analyzed if overall cell culture quality was
[deemed sufficient (see 2). No individual neurons were discarded on the basis of their morphology.

4.b. For animal studies, include a statement about blinding even if no blinding was done

NA

5. For every figure, are statistical tests justified as appropriate?

Datasets were first tested for normality in GraphPad 5 using Shapiro-Wilk tests. Accordingly,
datasets that did not satisfy the normality assumption were compared using Mann-Whitney U
test, and datasets that did were compared using unpaired t-tests.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

See above: datasets were first tested for normal distribution in GraphPad 5 using Shapiro-Wilk
tests, which are suitable for small sample sizes (up to approximately 50 data points).




s there an estimate of variation within each group of data? No

Is the variance similar between the groups that are being statistically compared? As the number of datapoints within datasets that are being compared are similar, we assume
variances to be equal.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog [We have provided catalog and clone numbers of all antibodies in the supplementary materials and
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., methods.
[Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for Primary hippocampal neurons were not authenticated or tested for mycoplasma contamination,
mycoplasma contamination. as they were isolated directly from embryonic rats and consumed within one week of isolation.
COS-7 cells were routinely tested for mycoplasma contamination and tested negative. COS-7 cells
were purchased from ATCC and were not recently authenticated.

*for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic ification status where i Please detail housing |Neuron cultures were derived from hippocampi of E18.5 mixed-sex pups from pregnant Wistar
and husbandry conditions and the source of animals. rats (Janvier). Adult rats were at least ten weeks of age, not involved in previous experiments,
provided with unrestricted access to food and water and kept with a companion, wood-chip
bedding and paper tissue for cage enrichment. Animals were housed in an environment with a
12 hour light-dark cycle and a temperature of 22 + 1°C.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |Animal experiments were approved by the Dutch Animal Experiments Committee (DEC) and
committee(s) approving the experiments. cond d in agreement with i of Utrecht University, Dutch law (Wet op de Dierproeven,
1996) and European regulations (Guideline 86/609/EEC).

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [We have consulted the ARRIVE guidelines and implemented the recommendations where
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting applicable.

Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
[compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA

16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) ~ [NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under
‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA
[generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the ~ |NA
ljournal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while NA
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a [NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top NA
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




