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Abstract png-1 encodes the Caenorhabditis elegans homolog of Peptide: N-glycanase, a highly conserved cytosolic enzyme that cleaves N-glycans from misfolded glycoproteins, png-1 was found to regulate several aspects of neuronal morphology including axon branching. In this study, we show that mutations in the NDR kinase pathway genes sax-1 and sctx-2 result in png-1 like phenotypes, including excessive branching and ectopic neurites. Furthermore, we found that png-1; sax-1 and png-1; sax-2 double mutants display enhanced defects compared to single mutants, suggesting that png-1 and sax-1/sax-2 act in parallel pathways to restrict axon and branch overgrowth. These interactions suggested a sax-1 enhancer screen as a means to identify additional genes in the png-1 pathway as enhancer mutants should phenocopy/wg-7 and enhance sax-1 branching defects.. This approach recovered at least three sax-1 enhancers (sens) that act like png-1 to limit axon growth and branching. The identification of these genes should provide new insight into how PNG-1 regulates neuronal morphology.
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Figure 4. Phenotypic classification of VC4 and VC5 axon branching defects.
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Figure 5. VC4/VC5 axon branching defects in png-1, sax-1, and sax-2 single and double mutants.
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Figure 6. Ectopic VC4/VC5 neurite outgrowth defects inpng-1, sax-1, sax-2 single and double mutants.
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Figure 10. DVB axon overextension defects inpng-1, sax-1, and sax-2 single and double mutants. Figure 11. DVB axon branching defects inpng-1, sax-1, and sax-2 single and double mutants.
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Figure 14. AVL axon branching defects inpng-1, sax-1, and sax-2 single and double mutants.



64
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Figure 19. VC4/VC5 axon branch termination and neurite outgrowth defects in sens mutants. Figure 20. DVB axon branching defects in sens mutants.
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Figure 4. Phenotypic classification of VC4 and VC5 axon branching defects. Ventral view of VC motor neurons visualized using the cyls4[cat-l::gfp] reporter trans gene. Fluorescence micrographs and diagrams of wild-type and mutant axon morphologies are shown. (A) Wild type VC4/5 axons typically contain 3-5 branches on the left and right sides of the vulva. (B) Mild, (C) moderate, and (D) severe phenotypes are defined as animals displaying 20 excess or longer branches on either the left or right sides of the vulva respectively. Examples of branch length (asterisk) and branch number (arrowhead) defects are shown.
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Figure 5. VC4/VC5 axon branching defects in png-1, sax-1, and sax-2 single and double mutants. Compared to wild type (A), png-1, sax-1, and sax-2 single and double mutants display an increase in branch number and branch length (B-G). (B-D) Moderate branching defects are found in png-1, sax-1, and sax-2 single mutants. (E) Branching defects in sax-2; sax-1 double mutants are indistinguishable from sax-1 and sax-2 single mutants. (F-G) Branching defects in png-1; sax-1 and png-1; sax-2 double mutants are more severe compared to single mutants. (AG) Arrowheads mark VC branching defects. Neurons were visualized with the cyls4[cat-l::gjp] transgene. All images, ventral views with anterior to the left. Scale bars, lOum. (H) The percentage of young adult animals with mild (4-20), and severe (>20) branching defects for single and double mutants. The enhancement of branching defects in png-1; sax-1 and png-1; sax-2 double mutants is highly significant when compared with either single mutant alone (***P c£ 0x #



d-



^



, /



/



v



# , 1^J>



Strain



lr^J> J



wild-type



N



J)



100±0



0±0



0±0



0±0



180



69±2 100±0 97 ±3



27±3 0±0



8±1 0±0 0±0



3±1 0±0 3±1



156



93 ± 4 11±4 8±4



3±1 88 ± 6 91 ±2***



0±0



5±0 1 ±1 2±0



Single mutants png-I(cy9) sax-1 (ky491) sax-2 (allO)



1±1



180 174



Double mutants sax-2(otI0);



sax-l(ty491)



png-1 (cy9); sax-1 (ky491) png-1 (cy9); sax-2(ot!0)



31±5* 53 ± 1 "*



180 156 168



*Young animals were scored for axon overgrowth and axon branching defects using the otIs92[flp10::gfp] transgene. Axon overgrowth defects were scored if the DVB axon failed to terminate and extend past the vulva, either dorsally or anteriorly. Axon branching defects were scored if at least one ectopic branch was observed at the distal tip of the axon, either adjacent to the vulva or near the vulva. Schematic drawings show the posterior end of the animal with the vulva represented by a triangle. Animals with more than one defect were scored in multiple categories; therefore percentages do not always add up to 100%. 'Values represent the mean ± SEM of three independent counts with an n=50-60 for each set. N= total number of animals scored. Asterisks represent significant differences between single and double mutants (*P 
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