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Supplementary Figure 6  Effect of GKAP mutants on the activity-dependent turnover of endogenous 

PSD-95, Shank, and synaptic scaling. (a) Quantification of activity-dependent changes of transfected 

WT and ΔR1 HA-GKAP, measured by HA puncta density. n > 20 per condition. (b) Representative 

images showing the effect of HA-GKAP (WT) and HA-GKAP (ΔR1)  on the activity-dependent 

turnover of endogenous Shank. (c) Effect of HA-GKAP (S54A) or HA-GKAP (S54D) overexpression 

on the Bic- and TTX-dependent turnover of endogenous PSD-95. (d) Quantification of activity-

dependent changes of endogenous PSD-95 in WT, S54A, and S54D-transfected neurons, measured by 

changes in cluster intensity (top) and cluster density (bottom). n > 30 per condition. ***P < 0.001, 

**P < 0.01, n.s., not significant. (e) Effect of HA-GKAP S340&S384A or S340&384D overexpression 

on the activity-dependent turnover of endogenous PSD-95. (f) Quantification of activity-dependent 

changes of endogenous PSD-95 in S340&S384A or S340&384D transfected neurons. n > 30 per 

condition. ***P < 0.001, n.s., not significant. (g) HA-GKAP S54A overexpression blocks Bic-

induced synaptic scaling. n > 10 per condition. ***P < 0.001, n.s., not significant.(h) HA-GKAP 

S340&384A and S340&384D mutants block TTX-induced synaptic scaling. n > 10 per condition. 

***P < 0.001. Scale bars, 5 mm.
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Supplementary Figure 7  Specificity of GKAP RNAi and its effect on activity-dependent 

turnover of PSD-95 and Shank. (a) Design basis of GKAP RNAi. Nucleotide sequence alignment 

of rat GKAP/SAPAP cDNAs in the GKAP RNAi targeting regions. (b) Effective and specific 

knockdown of all 4 SAPAPs by GKAP RNAi #3-1. Various GKAPs or NSF (as indicated on the 

left; all myc-tagged) were transfected in COS cells either without (Control) or together with 

Control RNAi , GKAP RNAi #1-1, or #3-1. The effect of RNAi was examined by anti-myc 

blotting. (c) Effect of GKAP RNAi on endogenous GKAP/SAPAP. b-Gal was co-transfected as a 

transfection marker. (d) Quantification of GKAP RNAi on endogenous GKAP puncta density 

(left) and intensity (right). n > 12 per condition. (e-g) GKAP RNAi (#3-1)blocks activity-

dependent turnover of PSD-95  and Shank. Representative images are shown in (e) and 

quantified in (f,g). n > 12 per condition. ***P < 0.001, n.s., not significant. Scale bars, 5 mm.
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Supplementary Figure 8  Effect of GKAP ΔR1 mutant on the PTX-induced expression of Arc and Plk2 and on the 

Plk2-mediated removal of PSD-95. (a) Effect of GKAP WT and DR1 mutant overexpression on PTX-induced 

expression of endogenous Arc. Hippocampal neurons (21 DIV) were transfected with either bGal alone, WT, or 

DR1. At 1 d post-transfection, neurons were treated with either DMSO (Control) or PTX (100 mM), further 
incubated for 2 d, and examined for Arc (red) by immunofluorescent staining. (b) Quantification of PTX-induced 

Arc expression. n > 20 per condition. *** P < 0.001.(c) Effect of GKAP WT and DR1 mutant overexpression on 
PTX-induced expression of endogenous Plk2. Hippocampal neurons (18 DIV) were transfected, treated with PTX 
as described in (a), and examined for Plk2 (red) by immunofluorescent staining. (d) Quantification of PTX-
induced Plk2 induction. n > 20 per condition. *** P < 0.001. (e) Effect of GKAP turnover mutants on the Plk2-
induced removal of synaptic PSD-95. Hippocampal neurons (18 DIV) were transfected with either Plk2 alone, 

Plk2 + WT, Plk2 + DR1, or Plk2 + S54A and examined for their effect on endogenous PSD-95 at 2 d post-
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Supplementary Figure 10  GKAP (ΔR1) forms coclusters 

with PSD-95 regardless of α-CaMKII activation. Effects of 

α-CaMKII (T286D) on co-cluster formation between GKAP 

(ΔR1) and PSD-95. HA-GKAP (ΔR1) and Myc-PSD-95 were 

co-transfected in COS cells without (a1) or with α-CaMKII 

(T286D) (a2). Cocluster formation is examined by double 

immunofluorescence staining (green, GKAP; red, PSD-95).
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Supplementary Figure 11 Activity-dependent changes of synaptic protein 
clusters. (a) Full image of GKAP and PSD-95 double immunofluorescence 
staining in hippocampal neurons (untreated control). Green and red arrows 
indicate GKAP- and PSD-95-dominant puncta, respectively. Note that GKAP 
shows more pronounced staining in the soma than PSD-95. (b) Activity-
dependent changes of synaptophysin. Representative images are shown on the 
left and quantified data are shown on the right. n = 12 per condition. Scale bars, 
20 mm (a), 5 mm (b). (c) Cumulative distribution analysis of GKAP cluster 
intensities from control and Bic-treated neurons. n = 162 from each condition. 
P <0.0001 (K-S test).
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Supplementary Figure 12. DAPI staining of hippocampal neurons treated with DMSO 
(Control), Lactacystin (10 mM), or MG132 (50 mM) for 24 h. GKAP was counter-stained with 
anti-GKAP antibody and Cy3-conjugated secondary antibody (red) . Note that all neurons 
showing GKAP clusters in dendrites show intact nuclei, indicating that proteasome inhibitors 
did not induce significant apotosis in these neurons. Scale bar, 20 mm.
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Supplementary Figure 13 Uncropped full-length blots for figures in the main text. 
Dashed rectangles (red) indicate the cropped regions shown in the main figures. 
Antibodies used are shown on the left and the relative positions of molecular weight 
markers are indicated on the right (kDa). 
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