
Supplemental material 

Materials and methods: 

Antibodies 

Primary and secondary antibodies were used at the following dilutions: anti-α-tubulin 

1:2000 (Sigma), anti-phospho-p38 1:200 (anti-active p38TM; Promega), anti phospho-

JNK 1:100 (Thr-183/Tyr-185; Cell Signaling Technology cat # 9251), anti-glu-Tubulin 

1:500 (AB3201 Chemicon), anti-acetylated-Tubulin 1:1000 (Sigma) anti phospho-cJUN 

1:200 (Ser-73; Cell Signaling Technology cat# 9164) and Alexa488/568/647 coupled 

anti-mouse or rabbit 1:500 (Invitrogen, Carlsbad, California, USA). To estimate total 

protein levels, 5-(4,6-Dichlorotriazinyl)aminofluorescein (DTAF) was used at 20 µM for 

20 minutes. The phospho-p38 antibody has previously been shown to recognize activated 

p38 in zebrafish (Fujii et al., 2000). The phospho-JNK antibody was tested by Western 

blotting on zebrafish extracts, and found to recognize bands of the expected size (p46 and 

p54, representing JNK1 and JNK2/3 respectively). 

Inhibitor treatment 

Before use, stocks of SB203580 and SP600125 further diluted in DMSO to yield a 1000x 

solution, which was then dissolved in the final medium. As controls, cultures were treated 

with 1:1000 dilution of DMSO. SB203580 was used at 50 µM. SP600125 was used at 2,  

4, 10 and 20 µM. Cultures were carried out in the continuous presence of the inhibitor.   

Image analysis 

Microtubule defect quantitation. Tubulin immunofluorescence images were given 

randomized file names to mask the genotype and pharmacological treatment during 

analysis. In each image the number of microtubule looping defects (single, double, or 



multiple loops) was counted, ignoring multiple defects in the same axon. If multiple 

defects could not be unambiguously assigned to different axons, all but one were 

ignored.. The number of peaks in a linescan transecting as many axons as possible in the 

image was used as an estimate of the number of axons in a field of view. 

Kymographic analysis Only growth cones with low level of EB3-GFP expression (i.e. 

only the plus-ends were visible) were selected for quantitative analysis of microtubule 

polymerization. Time series images acquired in neurons expressing EB3-EGFP were 

analyzed using NIH ImageJ (Rasband, 1997-2007) and the Kymograph plugin by J. 

Rietdorf and A. Seitz. Analysis was done blind to sample genotype as above. 

Detyrosinated tubulin analysis. Images of total and detyrosinated tubulin was 

obtained using sequential acquisition to minimize bleed-through. The co-localization 

highlighter plug-in of ImageJ was used, with threshold for both total and detyrosinated 

tubulin set to 20 and the ratio set to 50%. The number of axons showing co-localization 

within 30 pixels from the axon tip, was counted. Results are based on 3 separate 

experiments. 

Phospho-JNK and phospho-p38 quantitation. Confocal images were imported into 

ImageJ and split into separate channels. A standard-sized circular ROI was used to select 

growth cones in the bright field image. Growth cone ROIs were used to measure total 

fluorescence intensity from each channel. For each ROI, the ratio of phospho-JNK or –

p38 intensity to DTAF (a label for total protein content) was calculated. These values 

were used for statistical analysis. Outliers were removed from each sample (upper/lower 

quartile + 1.5 x interquartile range method; n<10 in all cases), and wild type and mutants 

were compared using nonparametric tests of difference. 



 

Supplementary movie 1. A wild type axon expressing EB3-GFP. Microtubules undergo 

periods of extension and retraction. 

 

Supplementary movie 2. In a mutant, microtubule retrograde movement is associated 
with buckling and looping. Subsequent microtubules follow these loops. 


