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Neuropathological Braak  Disease duration PMI  Fixation duration Brain weight

Cause of death

diagnosis stage (years)? (hours) (EVS] (g)
Lung carcinoma,
1 58 M Ctrl. 0 - 24 1088 1797 massive
hemorrhage
2 65 F Ctrl. 0 - 24 403 1234 Pulmonary
embolism
Myocardial
3 82 | F crl. - a8 38 1100 infarction,
ventricular
fibrillation
4 90 |F ctrl. - 5 143 1040 Metabolic
acidosis
Diabetes,
5 67 F Ctrl. - 70 NA 1158 decompensatio
cordis
Myocardial
6 72 |m Ctrl. I - 4 126 1330 infarction,
cardiogenic
shock
Cardiogenic
7 80 F Ctrl. I - 36 65 1205
shock
Cardiac failure,
myocardial
8 85 | ™ Ctrl. I - 5 126 1050 infarction,
coronary
sclerosis, lung
emphysema
9 77 |m AD I >5 4 127 1095 AD, Bronchial
pneumonia
AD,
10 88 M AD 11l 4 5 75 1058 decompensatio
cordis
11 86 M AD \ 10 4 77 1303 AD, uraemia
12 85 F AD V NA 2.5 NA 1020 AD
AD, ischemic
13 66 M AD VI 15 3 30 1270 cerebral stroke,
cachexia, sepsis
14 70 | F AD vi 12 13 34 780 AD, status
epilepticus

Supplementary Table 1. Cases included in the present study.

Supplementary Table 1. Cases included in the present study. Dentate gyrus (DG) of patients
diagnosed at different Braak stages. Abbreviations: Alzheimer’s disease (AD), Control (Ctrl.), Female

(F), Male (M), Not available (NA), Post-mortem interval (PMI).

2 Disease duration refers to the duration of dementia.
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Supplementary Figure 1. UBB*! accumulates in different AD models.



Supplementary Figure 1. UBB*! accumulates in different AD models. a Immunofluorescence of
control and FAD-expressing SK-N-SH cells stained with anti-UBB*l. b Quantification of puncta in
UBB*!-positive cells from (a) [n=7 biologically independent samples] (p=0.0000006). ¢ Anti-UBB*!
immunoblot of extracts from control and FAD-expressing SK-N-SH cells (top panel). Densitometry of
UBB*! signal normalized to B-actin (bottom panel). d Immunofluorescence with UBB*! antibody of
three-week-old differentiated SK-N-SH cells. e Quantification of UBB*! puncta in differentiated cells
(from d). [n=7 biologically independent samples] (p=0.000016). f Representative images of six-
week-old FAD ReNcell 3D cultures stained for UBB*.. Inset shows a control culture stained for UBB*..
g Quantification of UBB*! positive cells/field (field=25 cells) from f [n=3 biologically independent
samples]. P values were determined by unpaired two-tailed Student’s t-test. Error bars represent +
s.d. Images are representative of three independent wells. All experiments were repeated at least

twice. Scale bars: 10 um (a, d) 20 um (f).
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Supplementary Figure 2. Establishment of a 3D human neuronal AD model.



Supplementary Figure 2. Establishment of a 3D human neuronal AD model. a Sorting of ReN cells
that were transduced with polycistronic mCherry lentiviral vectors: Control (mCherry), FAD (APPS-
PSEN12E5—mCherry), and UBB*! (UBB*-mCherry). The cells were enriched based on the mCherry
signal. Black-dotted boxes indicate the sorted cell population (top 2%). b Representative
fluorescence confocal microscopy images showing expression of mCherry in ReN cells differentiated
by growth-factor deprivation for three weeks. ¢ Western blot analysis of APP3, PSEN1AE9, and
UBB*! ReN cells, showing expression of proteins following transduction. d Immunostaining for GFAP,
NR2B, and TH expression indicates proper differentiation of six-week-old neuronal cultures. Images
are representative of three independent wells. All experiments were repeated at least twice. Scale

bars: 50 um (b), 20 um (d).
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Supplementary Figure 3. Expression of UBB*! is sufficient to induce AB42 and tau-peositive
aggregates in a 3D human neuronal culture.



Supplementary Figure 3. Expression of UBB*! is sufficient to induce AB42 and tau-positive
aggregates in a 3D human neuronal culture. a Representative images of six-week-old control and
UBB*1(b7%) (UBB*! with a D79S amino acid substitution) cultures stained with a specific anti-AB
antibody (3D6, in red), showing staining of aggregates in between cells. b Quantification of the total
number of AB* aggregates (3D6) in three- and six-week-old control and UBB*1(P795) 3D cultures [n=3
biologically independent samples] (three-week-old p=0.00009; six-week-old p=0.0002). c
Representative images with Thioflavin S staining of six-week-old control and UBB*1(P79%) cultures,
showing aggregates in between cells. d Quantification of the total number of Thioflavin S* aggregates
in six-week-old control, FAD, and UBB*XP795) 3D cultures [n=3 biologically independent samples]
(Ctrl./FAD p= 0.0003; Ctrl./UBB*! p=0.00004) e SDS-soluble fractions extracted from six-week-old
UBB*1(P795) and control cultures, showing a four-fold increase in AB peptide by MS/MS quantification.
A comparison was done by calculating the peak area of each peptide [n=1]. f Dot-blot analysis using
T46 and PHF1 antibodies of sarkosyl-insoluble fractions extracted from eight-week-old 3D UBB*! and
control cultures. g Representative negative stained immuno-TEM of sarkosyl-insoluble fractions from
twelve-week-old UBB*! 3D cultures using T46 (left) or PHF1 (right) antibodies followed by 5 nm nano-
gold particles conjugated secondary antibodies. h Representative immunofluorescence images using
anti-alpha-synuclein of six-week-old control, FAD, and UBB*! 3D cultures. i Immunoblot of total
ubiquitin levels from eight-week-old 3D control, FAD and UBB*! cultures, showing no difference in
total ubiquitin levels between all three cultures. P values were determined by unpaired two-tailed
Student’s t-test. Error bars represent * s.d. Images are representative of three independent wells. All

experiments were repeated at least twice. Scale bars: 50 um (a), 20 um (c), and 100 nm (g), 50 um

(h).
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Supplementary Figure 4. UBB*! binds UCHL1 and interferes with its catalytic activities.



Supplementary Figure 4. UBB*!' binds UCHL1 and interferes with its catalytic activities. a
Quantification of AB in conditioned media (as in Fig. 3a) by densitometry of immunoblots. The signal
was normalized to the signal of tubulin in whole cell lysate WCL. [n=3 biologically independent
samples]. b AB42 protein levels quantified by ELISA from conditioned media of HEK293FT cells
expressing FAD or FAD +UBB*!. [n=3 biologically independent samples] (p=0.02). ¢ Immunoblot of
APP in HEK293FT cells transfected with FAD and treated with Chloroquine lysosome inhibitor, which
prevents endosomal acidification. APP levels are increased by lysosome inhibition. GAPDH was used
as loading control and LC3-B verified lysosome inhibition. d Mass spectrometry (MS/MS) analysis of
proteins that co-purified with immunoprecipitated UBB*! in HEK293FT cells. The most abundant
candidates are presented according to the number of unique peptides (x-axis), the total MS/MS count
(y-axis), and the total MS peak intensity (bubble size). e Co-IP of expressed UBB*! in HEK293FT cells
with endogenous immunoprecipitated UCHL1 using anti UCHL1 specific antibody. f In vitro binding
assay. Immobilized His-ubiquitin or His-UBB*! were incubated with recombinant GST-UCHL1.
Following elution with imidazole, proteins were resolved by SDS-PAGE and stained with Coomassie.
Input (In), flow-through (FT), wash (W), elution (E). g In vitro binding assay. Immobilized GST-UCHL1
was incubated with recombinant His-ubiquitin or His-UBB*.. Following elution with GSH, proteins
were resolved by SDS-PAGE and stained with Coomassie. Input (In), flow-through (FT), wash (W),
elution (E). h In vitro ligase assay. UCHL1 was incubated with ubiquitin-AMC for three hours, reaction
products were resolved by SDS-PAGE and stained for ubiquitin. Ubiquitin dimers were increased upon
the addition of 17xfold unmodified ubiquitin (second lane from the left), but not in the presence of
similar addition of UBB*L. i Ubiquitin-AMC hydrolysis by UCHL1. UCHL1 was incubated with ubiquitin-
AMC alone (in green), or with ubiquitin-AMC and UBB*! (in orange) or ubiquitin (in red). Consider
showing only up to 600-700 seconds. Data is shown as Relative Fluorescence Units (RFU) of liberated
AMC over time (seconds). j HEK293FT cells expressing FAD w/wo UBB*! or 3xUb were immunoblotted
for APP. The high molecular weight (HMW) region was overexposed to show modifications (top
panel). a-tubulin was used as a loading control. P values were determined by unpaired two-tailed
Student’s t-test. Error bars represent * s.d. All experiments were repeated at least twice, except 4d

and 4i.
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Supplementary Figure 5. Establishment of shRNA for UBB*in 3D cultures. 11



Supplementary Figure 5. Establishment of shRNA for UBB*'in 3D cultures. a Immunoblot of
HEK293FT cells transfected with UBB*! together with shVB8+1 or shSCR, shUBB+1gpecifically targeted UBB
*1 (right panel) without affecting other ubiquitin species or conjugates detected in whole cell extract
(left panel). b Immunoblot of total ubiquitin in HEK293FT cells carrying shY8*1 or scrambled control.
Both HMW and mono-ubiquitin were tested showing that shY88*1 does not affect total ubiquitin levels
in the cell. ¢ FACS plots of ReNcell VM that were transduced with polycistronic H2B-GFP and mCherry
lentiviral vectors: FAD +sh5R (APPSL--PSEN128°—mCherry+SCRambled-H2B-GFP) and FAD+shVB8+1 (APPsL-
PSEN128—mCherry+shUBB*'-H2B-GFP). Cells were enriched based on GFP and mCherry signals. Black-
dotted boxes indicate the sorted cell population (top 2%). d Immunofluorescence of 3D neurons
expressing shYB8*1 showing a decrease in UBB*! protein levels compared to SCRambled control. e Dot-
blot analysis of formic acid (FA)-soluble fraction extracted from six-week-old FAD+sh>R or FAD+shYB8+1
cultures blotted against UBB*! showing decreased levels of UBB*L. f Inmunoblot of total Ubiquitin
levels from eight-week-old 3D FAD+shSR or FAD+shYB8*1 cultures, showing no difference in total
ubiquitin protein levels. g RT-qPCR of RNA extracted from eight-week-old 3D FAD+shSR or FAD+shYB8+1
cultures, showing no difference in UBB mRNA levels (normalized to GAPDH). h Immunofluorescence
of cleaved caspase-3 (cCas3) in six-week-old 3D neurons, showing there is no significant increase of
cleaved caspase-3 in accordance to UBB*! overexpression. i Quantification of cleaved caspase-3
positive particles in six-weeks-old cultures [n=4 biologically independent samples]. j Dot-blot analysis
of Sarkosyl-soluble fractions extracted from four-week-old FAD+sh>R or FAD+shV88*1 cultures blotted
against amyloid beta and beta-tubulin. k Dot-blot analysis of Sarkosyl-insoluble fractions extracted
from eight-week-old 3D cultures stained for p-tau (PHF1) or tau (MC1). P values were determined

by unpaired two-tailed Student’s t-test. Error bars represent £ s.d. Images are representative of three

independent wells. All experiments were repeated at least twice. Scale bars: 20 um (d) 50 um (h) .



Sup. Fig. 1b

Avg

Std

SE

Control

10

13.42857143

3.82087

1.444153

20

14.3

12.5

10

10.5

16.7

FAD

64.2

64.6

13.58627

5.135126

40

67

56

80

78

67

P value
5.60118E-07



Sup. Fig. 1c
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Sup. Fig. le
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Sup. Fig. 1g
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Sup. Fig. 3b-1

Avg Std SE
2
Control 2
2 2 0 0
12
UBB+1 12
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Sup. Fig. 3b-2
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P value
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P value
0.000177



Sup. Fig. 3d

Avg Std SE
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Sup. Fig. 4b
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Sup. Fig. 4c
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Sup. Fig. 4d

Gene B | LUAGE Unique

count count (4 x-y_3 3 4 4-3>3
names to4d

IM3 IM4
UBB 0 2 8.30044 | 21.3272 | 29.6277 + +
WRNIP1 0 11 7.04493 | 20.8978 | 27.9427 + +
UCHL1 0 6 6.30418 | 21.3505 | 27.6547 + +
LDHB 0 2 5.79512 | 20.3444 | 26.1395 + +
ALDOA 0 4 4.30932| 21.74 | 26.0493 + +
CLINT1 0 4 4.22157 | 22.6438 | 26.8654 + +




Sup. Fig. 4e
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Sup. Fig. 4h
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Sup. Fig. 5a
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Sup. Fig. 5b
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Sup. Fig. 5e
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Supplementary fig. 5f
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Sup. Fig. 5g
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Sup. Fig. 5i
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Sup. Fig. 5j
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Sup. Fig. 5k
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