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Figure S1. Test that fluidic isolation is intact in MFCs even after 24 h. (A) Alexa Fluor 488-labelled IgG antibody was added to the neuritic side for 24 h. Fluidic isolation was achieved by maintaining a lower volume at the treatment side (a volume difference of ~80 µl at the beginning of the treatment). Note that strong fluorescence signals were detected on the antibody-treated side (neuritic side), while no fluorescence is visible on the somal side even after 24 h. Scale bar: 20 µm. (B) Analogous experiments as in (A) with the small molecule dye Alexa Fluor 488. Imaging of an MFC where the Alexa Fluor 488 dye (100 µM) was added on the neuritic side for 24 h. Note that there is no fluorescence of the Alexa Fluor 488 dye in the microgrooves and on the opposite side even after 20 h, indicating that there is no diffusion of the Alexa Fluor 488 dye to the opposite side from the lower volume side. Scale bar: 20 µm. (C) Test proving that MAPT and MAP2 are localized in different compartments (axons, dendrites, resp.) in microgrooves. Colocalization of MAP2 (green) with MAPT (red) was visualized by orthogonal views of a z-slice of the processes in a microgroove. The analysis indicates no colocalization of MAP2 with MAPT in the microgroove. Scale bar: 5 µm.  

Figure S2. Local treatment with protein degradation inhibitors does not induce toxicity.Neurons were treated with autophagy inhibitors (bars 2,3 and 7,8) or proteasomal inhibitors (bars 4,5 and 9,10) on the neuritic side for 24 h. The media from the somal and neuritic sides were collected and cytotoxicity measured with LDH release assay. Protein degradation inhibitors applied only on the neuritic side did not result in a significant increase in LDH release on the neuritic side (compare red bars of DMSO control vs inhibitor-treated cultures). The same holds for the somal side (blue bars). Note that the LDH release in the neuritic side was lower than that in the somal side, presumably due to the absence of cell bodies on the neuritic side.

Figure S3. Inhibition of the autophagy or of the proteasome system in dendrites induces MAPT missorting. For analogous experiments with inhibitors wortmannin and epoxomicin, see Fig. 3. Rat hippocampal neurons (DIV 21-25) cultured in MFCs were treated on the neuritic side with the autophagy inhibitor bafilomycin A1 (A) or with the proteasome inhibitor lactacystin (B). The dendrites were stained with MAP2 antibody (green) and total MAPT with K9JA antibody (red). Magnified images of insets shown on the right highlighting a dendrite with MAPT. Treatment with bafilomycin A1 (0.2 µM, 24 h) or lactacystin (0.5 µM, 2 4h) strongly increased the fraction of dendrites with MAPT on the neuritic side (for quantification see Fig. 3D). Scale bars in the overview images: 20 µm; magnification of insets: 5 µm. (C) Rat hippocampal neurons (DIV 13) cultured in microfluidic chambers were treated on the neuritic side for 72 h either with control siRNA or with Atg5 siRNA or with Atg7 siRNA. Dendrites were stained with MAP2 antibody (red), total MAPT with K9JA antibody (green). Representative images are only from the neuritic side. In the control cultures treated with siRNA, MAPT is predominantly localized to the axons (see merged images). In cultures treated with Atg5 or Atg7 siRNA, the fraction of dendrites with MAPT increases strongly, and a clear colocalization of MAPT with MAP2 becomes visible (see merged images). 

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure S4. Inhibition of autophagy or of the proteasome leads to an increase of SQSTM1/p62 or of the ubiquitinated substrates. Rat hippocampal neurons (DIV 21-25) cultured in microfluidic chambers were treated on the neuritic side for 24 h either with DMSO (control, A and E) or with the autophagy inhibitor wortmannin (B) or the proteasomal inhibitor epoxomicin (F). The dendrites were stained with MAP2 antibody (green). MAPT was stained with K9JA antibody (red). The anti-SQSTM1/p62 and anti-ubiquitin antibodies (cyan) were used to monitor the specificity of the autophagy and proteasome inhibitors, respectively. Images shown are from the neuritic side of the cultures. (A and E) In vehicle-treated controls (DMSO, <0.1%), MAPT is predominantly localized to the axons (see merge images at the bottom); few SQSTM1 or ubiquitin puncta were detected. (B and F) In cultures treated with wortmannin (B, 1 µM, 24 h) or with epoxomicin (F, 0.2 µM, 24 h), the fraction of dendrites with MAPT increases strongly where it colocalizes with MAP2 (merged images at the bottom in B and F) and the dendrites with MAPT localization also show an elevated level of SQSTM1 or of ubiquitin, as indicated by arrows (compare high magnification of A with B to see an increase in SQSTM1 and of E with F to see an increase in ubiquitin). Scale bars in the overview images: 20 µm; in magnifications of insets: 5 µm. (C and G) Quantification of the average number of SQSTM1 puncta per cell body on the somal side of the cultures treated with DMSO (control) or with wortmannin on the neuritic side (C). Error bars, SEM from n = 77-86 cell bodies from 3 chambers in each condition. n.s., not significant, using Student's t test. Quantification of the average number of the ubiquitin puncta per cell body on the somal side of the cultures treated with DMSO (control) or with epoxomicin (G). Error bars, SEM from n = 43-47 cell bodies from 3 chambers in each condition. n.s., not significant, using Student's t test. (D and H) Quantification of the average number of the SQSTM1 puncta per 50-µm length of each dendrite on the neuritic side of the control and wortmannin-treated cultures (D). Error bars, SEM from n = 24-31 dendrites from 3 chambers in each condition. ***p<0.005 using Student's t test. Quantification of the average number of the ubiquitin puncta per 50-µm length of each dendrite on the neuritic side of the control and epoxomicin-treated cultures (H). Error bars, SEM from n = 21-34 dendrites from 3 chambers in each condition. ***p<0.005 using Student's t test. (I and J) In cultures treated either with control (I, DMSO, <0.1%) or rolipram (J, an enhancer of proteasome activity; 10 µM, 24 h) on the neuritic side, there was a reduction of ubiquitin puncta (see arrows in merged image) in comparison to the control. 
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Figure S5. Inhibition of protein degradation does not result in the missorting of AT8- or PHF1-MAPT. Rat hippocampal neurons (DIV 21-25) cultured in microfluidic chambers were treated on the neuritic side for 24 h either with DMSO (control, A and D), or with the autophagy inhibitor wortmannin (B and E) or the proteasomal inhibitor epoxomicin (C and F). Phosphorylation-dependent MAPT antibodies (AT8 or PHF1) were used to probe the phosphorylation state of MAPT at S202/T205 and S396/S404 residues, respectively. The pan-MAPT antibody K9JA and MAP2 antibody were used to indicate total MAPT and dendrites, respectively. Magnified images of the insets shown on the right highlighting dendrites with or without colocalization of phospho-MAPT and total MAPT. (A-F) In vehicle-treated controls (DMSO, <0.1%), MAPT sorts mainly to the axons (A and D). Treatment with wortmannin (1 µM, 24 h) or epoxomicin (0.2 µM, 24 h) on the neuritic side causes an increase of MAPT in the dendrites (indicated by K9JA staining), which is not phosphorylated at the AT8 site (B and C) or at the PHF1 site (E and F). Scale bars in the overview images: 20 µm; in magnified insets: 5 µm. 

Figure S6. Local treatment with protein degradation inhibitors leads to dendritic MAPT mislocalization and spine loss. Rat hippocampal neurons (DIV 21-25) cultured in microfluidic chambers were treated on the neuritic side for 24 h either with DMSO (control, A) or with the autophagy inhibitor wortmannin (B) or with the proteasomal inhibitor epoxomicin (C). MAP2 antibody (green), K9JA antibody (red) and phalloidin (cyan) were used to label dendrites, MAPT and spines, respectively. Only magnified images of the neuritic side are shown here. Whole neuronal cultures (DIV 21) were treated with DMSO or with the autophagy inhibitor bafilomycin A1 or the proteosomal inhibitor lactacystin for 24 h (E-F). (A) In control, neurons treated with vehicle at the neuritic side (DMSO, <0.1%, 24 h), MAPT is predominantly localized to the axons, and the dendrites have a normal spine distribution (arrows), approximately 17 per 20-µm length (see D). (B and C) In cultures treated with wortmannin (B, 1 µM, 24 h) or with epoxomicin (C, 0.2 µM, 24 h) MAPT can be observed in dendrites, and these dendrites show approximately a 2-3 fold reduction of spines (~6-8 per 20 µm). Scale bar: 2 µm. (D) Quantification of the spine density of the dendrites on the neuritic side after treatment with DMSO or with protein degradation inhibitors. (n= 14 - 22 dendrites from 3-4 experiments; one-way ANOVA with Tukey’s post hoc test; F [2, 7] = 57.93; ***p<0.001; ****p<0.0001). (E) Standard neuronal culture treated with bafilomycin A1 (0.2 µM, 24 h) or lactacystin (0.5 µM, 24 h) shows reduced spine density and altered morphology. Upon treatment, compared to the control most of the spines are of the stubby type. (F) Quantification of the spine density of the dendrites (n=20 dendrites from 3 experiments; one-way ANOVA with Tukey’s post hoc test; F [2, 6] = 39.29; ***p<0.001). 

Figure S7. Local treatment with protein degradation inhibitors in MAPT knockout neurons does not lead to spine loss. MAPT knockout neurons (DIV 21-25) cultured in microfluidic chambers were treated on the neuritic side for 24 h either with DMSO (control, A) or with the autophagy inhibitor wortmannin (B) or with the proteasomal inhibitor epoxomicin (C). MAP2 antibody (green) and phalloidin (red) were used to label dendrites and spines, respectively. Only magnified images of the neuritic side are shown here. (A-C) In control (A), neurons treated with vehicle at the neuritic side (DMSO, <0.1%, 24 h), the dendrites have a spine distribution (arrows) of approximately 18- to 20-µm length (see D). Likewise, in cultures treated with wortmannin (B, 1 µM, 24 h) or with epoxomicin (C, 0.2 µM, 24 h), the spine number was found to be approximately similar to those of control. Scale bar: 2 µm. (D) Quantification of the spine density of the dendrites on the neuritic side after treatment with DMSO or with protein degradation inhibitors. (n=15-23 dendrites from 3-4 experiments; one-way ANOVA with Tukey’s post hoc test; F [2, 7] = 0.20; p=0.82). n.s., not significant. 

Figure S8. The inhibiton of protein translation prevents MAPT missorting. Rat hippocampal neurons (DIV 21-25) cultured in MFCs were treated with the protein translation inhibitors cycloheximide (A) or anisomycin (B) on the neuritic side for 24 h. The dendrites are stained with MAP2 antibody (green), while axons are labeled with MAPT antibody (K9JA) (red). Images of dendrites on the neuritic side highlighting a dendrite without MAPT. (A and B) When the neurons are treated with cycloheximide (A, 10 µM) or with anisomycin (B, 10 µM) for 24 h, there was no accumulation of MAPT in dendrites on the neuritic side (see merged images in the right panels). Scale bar: 5 µm. 

Figure S9. Local restriction of siRNAs in microfluidic chambers. (A) Rat hippocampal neurons (DIV 21-25) cultured in MFCs were treated with FAM-labeled (green) non-targeting siRNA (1 µM) on the neuritic side for 72 h. The dendrites were stained with MAP2 antibody (cyan), while axons were labeled with MAPT antibody (K9JA) (red). The siRNAs (green puncta) were mostly restricted to the neuritic side although occasionally some siRNA puncta were observed in the microgrooves and somal side. Scale bar: 20 µm. (B) Rat hippocampal neurons (DIV 25) were treated with FAM-labeled (green) non-targeting siRNA (1 µM, 3 days, lane 1) or with Mapt siRNA (1 µM, 3 days, lane 2). Western blots were carried out using an antibody against MAPT (K9JA). A reduced level of MAPT protein was observed upon knockdown of Mapt/Tau mRNA. 

Figure S10. The amplification probes used in the fluorescence in situ hybridization (FISH) analysis are specific. (A) Mapt/Tau mRNA in cultured hippocampal neurons (DIV 21-25) monitored by FISH with a rat Mapt/Tau mRNA probe. Axons and dendrites were visualized by immunostaining with pan-MAPT antibody K9JA (blue) and anti-MAP2 antibody (red) respectively. Note that Mapt/Tau mRNA (green puncta) can be found in cell body and dendrites, and occasionally also in axons. Arrows indicate the distribution of Mapt mRNA in dendrites. Scale bar: 5 µm. (B) Rat hippocampal neurons (DIV 21-25) cultured in MFCs were monitored by FISH using GFP mRNA probe. Axons and dendrites were visualized by immunostaining with pan-MAPT antibody K9JA (blue) and anti-MAP2 antibody (red), respectively, following the in situ hybridization procedure. Note that GFP mRNA puncta are absent, demonstrating the specificity of the Mapt/Tau mRNA probe used in Fig. 8. Scale bar: 5 µm.
