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Fig. S6. Additional experiments showing that PSD-95 K63 ubiquitination is required for dendritic spine targeting of PSD-95 and SPAR. (A) A mouse hippo-
campal neuron transfected with Myc–PSD-95 (red) illustrating the selection strategy of proximal, medial, and distal dendritic segments. (Scale bar, 40 μm.)
Proximal, medial, and distal dendrites were selected based on their distance from the soma or branching points. Specifically, proximal segments were within
100 μm of soma on the primary dendrites; medial segments were within 100 μm of the first branching points on the secondary dendrites; distal segments were
on a tertiary or higher-order dendrite. (B) Impaired spine targeting of K558R in cultured PSD-95–KO hippocampal mouse neurons transfected with Myc–PSD-
95 or Myc-K558R. (Scale bar, 5 μm.) (C) Quantification of the spine/shaft fluorescence ratio in B. n = 6–23 cells; **P < 0.01, *P < 0.05; unpaired t tests vs.
respective controls. (D) Impaired spine targeting of K558R in cultured rat hippocampal neurons transfected with Myc–PSD-95 or Myc-K558R. (Scale bar, 5 μm.)
(E) Quantification of the spine/shaft fluorescence ratio in D. n = 3–8 cells; **P < 0.01, *P < 0.05; unpaired t tests vs. respective controls. (F) Impaired spine
targeting of K544R and K672R but not K703R in cultured rat hippocampal neurons transfected with Myc–PSD-95, Myc-K544R, Myc-K672R, or Myc-K703R. (Scale
bar, 5 μm.) (G) Quantification of the spine/shaft fluorescence ratio in F. n = 10–16 cells; **P < 0.01; post hoc Dunnett’s tests following one-way ANOVA.
(H) SPAR clustering is markedly diminished in cultured PSD-95–KO hippocampal mouse neurons, revealed by SPAR immunofluorescence. (Scale bar, 5 μm.)
(I) PSD-95–Flag, but not K558R-Flag, significantly restored clustering of HA-SPAR in cotransfected cultured PSD-95–KO hippocampal mouse neurons. (Scale bar,
5 μm.) (J) Quantification of SPAR clustering intensity in I. n = 12–14 cells; **P < 0.01; post hoc Dunnett’s tests following one-way ANOVA.
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Fig. S7. Additional data on K544R and K672R supporting the notion that K63 ubiquitination of PSD-95 promotes dendritic spine formation and maturation in
cultured rat hippocampal neurons. (A) sGluA1 clusters (red) from untransfected neurons or from neurons transfected with PSD-95–Flag, K544R-Flag, or K672R-
Flag (green). (Scale bar, 5 μm.) (B) Quantification of sGluA1 cluster intensity, normalized to untransfected neurons. n = 9–29 cells; ***P < 0.001, **P < 0.01. PSD-
95–Flag transfected and untransfected data are replotted from Fig. 6B for direct comparisons. (C) Plasmids containing dual-promoter expression cassettes. Syn,
synapsin I promoter. (D) Representative GFP images of dendrites and spines from DIV21 neurons transfected with the indicated plasmids. (Scale bar, 5 μm.)
(E) Quantification of spine density in D. n = 15–25 cells; **P < 0.01, *P < 0.05; one-way ANOVA followed by Dunnett’s test vs. GFP.
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Fig. S8. Activity-dependent regulation of K63 ubiquitination of PSD-95 in mouse brain slices. (A–F) Immunoblots of K63 polyubiquitination of PSD-95 in
mouse prefrontal cortical slices following various stimulations. Acutely cut slices (containing the anterior cingulated cortex and the prelimbic cortex) were
treated with the specified agonists or antagonists for the time indicated, lysed, and analyzed by immunoprecipitation and immunoblotting assays. In C–E, a
positive control (NMDA treatment for 3 min) was also included. Drugs were included in ACSF at the following concentrations: NMDA (30 μM), AP5 (50 μM), TTX
(2 μM), and bicuculline (40 μM). Each experiment was performed using pooled slices from an independent PSD-95 WT mouse. (G) Quantification of A–F.
Ubiquitinated and total PSD-95 in immunoprecipitation eluates following treatments were normalized to respective untreated controls. n = 3–5 experiments;
*P < 0.05; unpaired t tests vs. controls.
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Fig. S9. Additional data on NMDA-triggered PSD-95 declustering and sGluA1 internalization in cultured rat (A–C) and mouse (D–G) hippocampal neurons.
(A) Declustering of K703R-Flag, but not K558R-Flag, following NMDA stimulation. Neurons transfected with the indicated vectors were treated with NMDA or
control solution for 9 min before immunostaining for Flag. Cotransfected GFP was used to identify positive cells. (Scale bar, 5 μm.) (B) Quantification of
dendritic PSD-95 (Flag) fluorescence intensities in A. n = 13–22 cells; ***P < 0.001, *P < 0.05; unpaired t tests vs. respective no-treatment controls. (C) Rep-
resentative images showing the coinfected CYLD-601A mutant failed to rescue the sh-CYLD abolishment of NMDA-triggered PSD-95 declustering. Neurons
infected with sh-CYLD and C601A-GFP were treated with NMDA or control solution for 9 min before immunostaining for PSD-95. This experiment was run as a
part of the experiments shown in Fig. 8 E and F. (Scale bar, 5 μm.) (D) NMDA-triggered AMPAR internalization assay in PSD-95 WT neurons. Representative
images show surface and internalized GluA1 (iGluA1) receptors following NMDA (50 μM, 9 min) or control treatment. (E) Quantified sGluA1 internalization
ratio in D. n = 20–22 cells; ***P < 0.001; unpaired t test. (F) NMDA-triggered sGluA1 internalization in PSD-95–KO neurons infected with Myc-GFP, Myc–PSD-95
(and GFP), or Myc-K558 (and GFP) (expressed with dual-Syn promoter vectors). (G) Quantification of NMDA-triggered sGluA1 internalization in F normalized to
respective no-NMDA controls. n = 26–46 cells; ***P < 0.001; unpaired t tests.
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