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Figure 1     Ubiquitination cascade and proteasomal degradation. Ubiquitin (purple sphere) is activated 
by the E1 ubiquitin activating enzyme and transferred to a ubiquitin carrier, the E2 ubiquitin conjugating 
enzyme. Protein substrates to be targeted for degradation by the proteasome are recognized by one of the 
E3 ubiquitin ligase enzymes. In the case of RING-E3 ligases, the ubiquitin is directly transferred from the 
E3-bound E2 enzyme to a lysine residue in the substrate. For HECT-E3 enzymes, the ubiquitin is first 
transferred from the E2 to the E3 ligase and is subsequently attached to the substrate. Successive ubiquitin 
moieties are attached to the substrate-bound ubiquitin, forming a ubiquitin chain. With a K48-linked 
polyubiquitin chain of four or more ubiquitins the substrate is targeted to the 26S proteasome. Here, the 
ubiquitin chain is released and the substrate is degraded into small peptides by the 26S proteasome. Fi-
nally, the ubiquitin is recycled by release of free monomeric ubiquitin from the ubiquitin chain, an activity 
mediated by DUBs (Chapter 1). 
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Figure 4     Lentiviral transduction targets a heterogeneous cell population in cortex slice cultures. GFAP 
(red) and NeuN (blue) double staining on LV-Ub-M-GFP transduced organotypic cortex slice cultures of 
C57Bl/6 mice revealed mostly GFAP labelled GFP positive glia, but also GFP positive neurons. Arrows 
indicate transduced neurons, positive for both GFP and NeuN. Bar, 50 μm (Chapter 2). 
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Figure 5     UBB+1 is degraded by the proteasome in cortex slice cultures. Organotypic cortex slices of 
C57Bl/6 mice were transduced with LV-UbG76V-GFP, LV-UBB+1 or LV-UBB+1K29,48R. Both the UPS re-
porter protein UbG76V-GFP (green) and UBB+1 (red) are efficiently degraded by the 26S proteasome and 
only accumulate after treatment with proteasome inhibitor. The lysine mutant of UBB+1, UBB+1K29,48R, is 
not degraded by the proteasome an accumulates already without inhibitor treatment; - epox: not treated 
with epoxomicin, + epox: treated overnight with 1 μM epoxomicin. Bar, 100 μm (Chapter 2). 
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Figure 6     UBB+1 remains present after washout of inhibitor in cortex slice cultures. Overnight incuba-
tion of cortex cultures transduced with LV-UbG76V-GFP or LV-UBB+1 with the reversible proteasome 
inhibitor MG132 (10 μM) resulted in accumulation of both proteins. Washing out the reversible inhibitor 
reactivated the proteasome, as shown by the degradation of the proteasome reporter substrate UbG76V-
GFP. However, UBB+1 remained accumulated in a considerable amount of cells after reactivation of the 
proteasome. Transduction with the LV- UBB+1K29,48R control construct gave rise to accumulation of the 
UBB+1 protein regardless of proteasome inhibitor treatment. UbG76V-GFP is depicted in green, UBB+1 in 
red and the nuclear staining (TO-PRO) in blue. Bar, 500 μm (Chapter 2). 
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Figure 7     The UPS reporter system in cortex cultures of UbG76V-GFP transgenic mice. A: UbG76V-GFP 
tg organotypic cortex cultures without treatment with proteasome inhibitors. B: UbG76V-GFP tg cortex 
cultures treated with 1 μM epoxomicin. The GFP-reporter substrate only accumulated after proteasome 
inhibition. Bars, 50 μm (Chapter 2). 
 

 
Figure 8     High Ad-UBB+1 expression causes proteasome inhibition in cortex cultures. High levels of 
UBB+1 expression with Ad-UBB+1 lead to accumulation of UBB+1 without inhibitor treatment. A: Repre-
sentative Westernblot of HEK293 cell lysates transduced with equal MOI of LV-UBB+1 (left lane) or Ad-
UBB+1 (right lane). Equal amounts of protein were loaded per lane, as confirmed by Coomassie staining 
of total protein load of the same lanes shown on the right. The blot was stained with anti-UBB+1 antibody 
Ub3 and quantified with Imagepro software (quantification not shown). B, C: Organotypic cortex slice 
cultures of UbG76V-GFP tg mice were transduced with LV-UBB+1, which did not induce UBB+1 accumula-
tion (B) or Ad-UBB+1, which did result in many UBB+1 immuno-positive cells (C). D: UBB+1 accumula-
tion after adenoviral transduction lead to accumulation of UbG76V-GFP (arrows). Bars, 250 μm (B), 500 
μm (C), 50 μm (D) (Chapter 2). 
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Figure 9     UBB+1 properties shift from UPS substrate to inhibitor. (1) UBB+1 mRNA and translation 
levels are constant throughout life (Fischer et al., 2003; Gerez et al., 2005). In non-diseased tissue, the 26S 
proteasome is capable of degrading all the translated UBB+1 and accumulation of UBB+1 is not present. 
(2) Due to various causes such as disease or aging the efficiency of proteasomal degradation can decrease, 
leading to a diminished degradation of UBB+1. (3) The levels of translated UBB+1 exceed the degradation 
capacity of the proteasome and surpasses the accumulation threshold. Accumulated UBB+1 now holds 
UPS inhibitory properties itself, which can aggravate the initial decrease in UPS activity (Chapter 2).  
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Figure S3     Aβ plaque load measurement. Example of computer automated measurement of the amyloid 
plaque load in a 11-month old APPPS1 transgenic mouse at -1.82 anterior-posterior from bregma. First, 
50 μm coronal sections were stained with 6E10 anti-amyloid antibody (A).The sampled brain areas, cor-
tex (CTX), hippocampus (HIP) and dentate gyrus (DG), were outlined by hand, outlines are shown in 
green (B). Overlay in (C) shows the 6E10 stained section overlaid by the computer automated measure-
ment of Aβ plaque covered area shown in red (C). Scale bar = 1 mm (Chapter 6). 
 


