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Supplemental Figure Legends 
Figure 1. Generation of floxed Psmc1 mice. (A) Targeting strategy for the Psmc1 

locus. Homologous recombination introduced a loxP-flanked neomycin-thymidine 

kinase selection cassette and a loxP site into introns 1 and 3 respectively of 

Psmc1 in mouse 129/Sv embryonic stem cells (targeted Psmc1). Transient 

expression of Cre recombinase in vitro excised the selection cassette leaving 

exons 2 and 3 floxed (floxed Psmc1). PCR amplification identified correctly 

targeted ES cell clones. Male chimeric mice were generated using aggregation 

(Tanaka et al., 2001) with CD1-derived morulae and bred with CD1 females to 

establish homozygous floxed Psmc1 mice (Psmc1fl/fl). Mating Psmc1fl/fl mice with 

cell type-specific Cre recombinase-expressing mice (Lindeberg et al., 2002) 

(Lindeberg et al., 2004) results in deletion of exons 2 and 3 in vivo (knockout 

Psmc1), inactivating Psmc1. (B) Position of primers for genotyping Psmc1 allele: 

(1) 5’CAGAAATACAGCCAGTGACC; (2) 5’TACGAACCTCCTGTCCCAAC; (3) 

5’CTGGAACTCAGTGGATTGAG. Primers for Cre recombinase: 

5’CGTACTGACGGTGGGAGAATG; 5’CCAGCTTGCATGATCTCCGG. Protocol: 

3 min 94 oC, 35 cycles (45 sec 94 oC, 45 sec 60 oC, 45 sec 72 oC), 3 min 94 oC. 

(c) PCR amplification of genomic DNA from ear (E) and brain (Cx, cortex; S, 

striatum; H, hippocampus; Cb, cerebellum) using the primers noted in B. Mouse 

1 is a control, carrying the floxed Psmc1 alleles, but not the Cre recombinase 

transgene. Mouse 2 demonstrates specific expression of Cre and recombination 

of the Psmc1 allele in the brain. (D) Immunostaining of cortical or nigral neurons 

in control and Psmc1fl/fl;CamKIIα-Cre (cortical mutant) or Psmc1fl/fl;THCre (nigral 

mutant) mice respectively using anti-PSMC1, x40. Anti-TH staining highlights the 

substantia nigra. (E) Psmc1fl/wt (control) and Psmc1fl/ko (mutant) MEFs 

transduced with adenoviral Cre recombinase Green Fluorescent Protein (GFP) (+ 

Ad-Cre). GFP-expressing cells were collected by fluorescence activated cell 

sorting at 4 days post-transduction and Western analysis for PSMC1 carried out 

as detailed in Materials and Methods. Non-transduced MEFs are also shown. 

Anti-actin was used as a loading control. 
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Figure 2. Ablation of Psmc1 causes 26S proteasomal impairment. 

Representative proteasome profiles from cortex of 2 (A), 3 (B), 4 (C) and 6 (D) 

week old control and Psmc1fl/fl;CamKIIα-Cre (mutant) mice following glycerol 

density gradient centrifugation, as shown in Fig. 1. Proteins in 300 µl of each 

fraction were acetone precipitated, separated by SDS-PAGE and subjected to 

Western blotting with antibodies to several subunits of the 26S complex (as 

indicated) to confirm the proteasome profiling.  

 

Figure 3. Neurological abnormalities in Psmc1fl/fl;CamKIIα-Cre mice. (A) Body 

weight curves for male Psmc1fl/fl;CamKIIα-Cre (mutant) and control mice from 

weaning. Decreased body weight of mutant mice was not significant until 8 

weeks of age (controls n = 21, mutants n = 4, P < 0.05 from control mice by two-

tailed Student’s t test). (B) Statistically increased distance moved, velocity, % 

time moving and % thigmotaxis of Psmc1fl/fl;CamKIIα-Cre (mutant) mice 

compared to controls in the open field test. Graphs represent mean ± SEM 

(controls n = 13, mutants n = 11, P < 0.001 from control mice by two-tailed 

Student’s t test). (C) Psmc1fl/fl;CamKIIα-Cre (mutant) animals were unable to 

perform a submerged platform Morris water maze task, exhibiting no reduction of 

escape time and persistent thigmotaxis. Graphs represent mean ± SEM (controls 

n = 8, mutants n = 9). Mutant mice also spent less time moving [controls (n = 8) 

95.3 % ± 0.94 (SEM), mutants (n = 9) 84.7 % ± 1.48 (SEM), P < 0.001 from 

control mice by two-tailed Student’s t test, data not shown] and had a significantly 

reduced swim speed [controls 24.23 cm/s ± 0.6 (SEM), mutants 10.74 cm/s ± 

0.84 (SEM), P < 0.001 from control mice by two-tailed Student’s t test, data not 

shown], but these observations are not sufficient to explain the differences in 

escape time. 

 

Figure 4. Neuropathological changes in the cortex of Psmc1fl/fl;CamKIIα-Cre 

(mutant) mice over time. Coronal brain sections from control and mutant mice 

stained with H&E (A and B) and immunolabeled using antibodies to ubiquitin (C) 

and α-synuclein (D). We did not observe any significant differences in control 
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brains with increasing age, therefore the left panel of images shown are 

representative of control brain. (A) H&E images of the whole brain sections. (B-

D) magnified images of the cortical region shown in A. Arrows in B (x 20) point to 

pyknotic and fragmented nuclei in cortical neurons from 4 weeks. Accumulation 

of ubiquitin (C, x 10) and α-synuclein-positive intraneuronal inclusions (D, x 20) 

from 2 and 4 weeks of age respectively in the mutant cortex, each indicated by 

arrows. A higher magnification image of each neuropathological finding is shown 

in the insets. 

 

Figure 5. Lewy-like inclusions form in the substantia nigra of Psmc1fl/fl;THCre 

mice. (A) Comparison of mouse nigral intraneuronal inclusions at 3 weeks of age 

with human Parkinson’s disease brainstem Lewy bodies using H&E staining and 

immunostaining with ubiquitin and synuclein antibodies, x 100. Eosinophilic 

paranuclear inclusions are ubiquitin- and α-synuclein-positive. No inclusions 

were observed in the control mouse brains (data not shown). (B) γ-tubulin 

immunolabelling of Lewy-like intraneuronal inclusions in Psmc1fl/fl;CamKIIα-Cre 

and Psmc1fl/fl;THCre mouse models, x 100. (C) Gross histological analysis of 

sequential sections from the substantia nigra of Psmc1fl/fl;THCre mice using TH, 

ubiquitin, α-synuclein and γ-tubulin antibodies, x 20. TH highlights Psmc1-

targeted nigral neurons. Arrows point to α-synuclein-positive intraneuronal 

inclusions.  

 

Figure 6. Ultrastructure of Lewy-like inclusions in Psmc1fl/fl;THCre nigral neurons. 

(A) Two adjacent neurons in the Psmc1fl/fl;THCre substantia nigra illustrate Lewy-

like inclusions. (B) The central region (cnt) of the mouse nigral inclusion is 

composed of filaments and granular material (C, inset), surrounded by a zone of 

mitochondria (m) and around this a zone of membranous vesicles (v). Arrows 

indicate mitochondria and filaments in B and C respectively and arrowheads 

point to membrane-bound vesicles in C. (D) Fluorescent staining of a Lewy-like 

inclusion in the mouse substantia nigra with thioflavin S and tyrosine 

hydroxylase. Bottom panel represents the merged image, x 100. 


