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Reviewer comments: 

Reviewer #4 

(Remarks to the Author) 
Sebastien et al. investigated a tubulin posttranslational modification, polyglutamylation, and its developmental role on
neuronal branching and migration associated with doublecortin. 
In response to Reviewer 1, a substantial amount of data has been added to address the criticism, and most of the criticism
has been addressed. Due to the lack of antibodies specific to TTLL and CCP, the authors could not show the localization of
endogenous TTLL. 

The new title adequately reflects the data presented and is more precise. 

A few points remain, such as the referee's well-taken point on choosing lysosomal trafficking as an unusual cargo is
unresolved in the revised manuscript. Other dyes are available to label mitochondria easily (mitotracker). Given that there is
an effect on lysosomal trafficking in DCX KO neurons, mitochondrial or vesicular transport is also likely impaired and could
impact overall neuronal homeostasis. 
In addition, throughout the study, DIV 3 is chosen. Looking at neuronal morphology at a later developmental stage would
strengthen the link between DCX and polyE, as it could be a transient phenomenon. 
Only polyE reduction is confirmed in iPSC-derived neurons carrying human DCX mutations. Information regarding neurite
number on patient neurons (at least in fixed cultures) is necessary to make claims about human disease. 

Fluorescent images are only presented in inverted modes with separate channels. Merged, pseudocolored panels would
help appreciate the up or downregulation of polyE or tubulin. 
Sebastien et al. modulate glutamylation levels by overexpressing TTLL11, an elongating glutamylase. Effects of decreasing
polyE levels by overexpressing a CCP in context of DCX KO are not investigated. 

Minor points: 
Figure 2 and elsewhere: only one scale bar per panel should be presented 
Figure 3: a higher zoom or an inset showing the reduced tubulin staining on the tip would be helpful. The caption indicates it
is Tubb3 staining, but on the panel it says tuba. Please clarify. 
Figure 5 and 6: a higher zoom is necessary to show the PolyE levels more convincingly. 
Figure 7: do tubulin levels change in U2OS cells? 

Reviewer #5 

(Remarks to the Author) 
In their study, Sebastien et al. provide a comprehensive research study on the role of the microtubule-associated protein,
doublecortin (DCX), in regulating neuronal branching and migration by promoting tubulin polyglutamylation. The authors
utilize the CRISPR/Cas9 system to knock out the dcx gene in induced pluripotent stem cells (iPSCs) then differentiating
them into cortical neurons. They find that DCX knockout (KO) neurons exhibit reduced nuclear movement velocities,



increased neurite branching, and impaired lysosome processivity. Interestingly, despite these changes, microtubule
dynamics, as measured by EB comet dynamics, were unaffected in DCX-KO neurons, answering a long-standing question
in the field about the role of DCX in microtubule polymerization. One of the most interesting findings in the paper is the
significant reduction in α-tubulin polyglutamylation in DCX-KO neurons. This is the first study to link DCX and a tubulin
posttranslational modification, highlighting a fascinating interplay between the MAP code and the tubulin code. The authors
perform rescue experiments and find that polyglutamylation levels and neuronal branching are rescued by expressing DCX
or TTLL11, an α-tubulin glutamylase. In addition, co-expression of DCX and TTLL11 in U2OS cells showed a synergistic
increase in polyglutamylation. Finally, the authors produce neurons with lissencephaly-causing DCX mutations and find that
these neurons also show reduced polyglutamylation levels. Overall, this study finds that DCX acts as a positive regulator of
α-tubulin polyglutamylation, restricting neurite branching and maintaining microtubule homeostasis, which is crucial for
proper neuronal migration and function. This is a beautiful study that has futhered our understanding of how the microtubule
cytoskeleton is regulated in precise, synergistic ways by specific proteins during development. After seeing both the original
and revised versions of the manuscript, I fully support publication in Nature Communications. 

I have one suggested modification for Figure 2. The title states “DCX-KO neurons establish more branches through
increased rates of initiation/retraction.” The word retraction should be deleted. The rates of initiation are significantly
increased, but the rates of retraction are not. That is likely the reason for increased neurite number. Yet the title makes it
sound like there are also increases in retraction rates, making it confusing to the reader. 
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Finally, we confirmed that polyglutamylation levels are reduced in 6 patient mutant knock-in neuronal 

models, linking our findings on the tubulin code to patient genotypes.” 

To test the relevance of our findings in the context of disease whether polyglutamylation is perturbed by 

mutations in DCX, rather than gene knockout, we used our CRISPR/Cas9 approach to introduce point mutations 

into DCX found in patients with X-linked lissencephaly causing patient mutations into DCX in iPSCs.” 
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