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Supplementary Figure 1. Downregulated protein level and cytoplasmic inclusions of
mutant VAPB in various types of neurons of P56S KI mice.
Supplementary Figure 2. Downregulated protein level and cytoplasmic inclusions of
mutant VAPB in cultured cortical neurons of P56S KI mice.
Supplementary Figure 3. No apparent loss of hippocampal CA2 neurons, striatal

neurons, cerebellar Purkinje neurons, and lumbar SMNs in aged P56S KI mice.

Supplementary Figure 4. VAPB P56S mutation disrupts ER-mitochondria contacts and

calcium homeostasis.
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Supplementary Figure 5. VAPB P56S mutation does not affect the PERK-elF2a-ATF4-
CHOP and ATF6 branches of the UPR signaling pathway.
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Supplementary Figure 1. Downregulated protein level and cytoplasmic inclusions
of mutant VAPB in various types of neurons of P56S KI mice.

(A, B) Immunostaining of VAPB (green) and NeuN (purple) in the hippocampus of 2-
month-old WT and P56S KI mice. Note the reduced intensity and cytoplasmic inclusions
of mutant VAPB in the hippocampal CA2 neurons of P56S KI mice. Scale bar: 500 pm
(low-magnification images), 20 um (high-magnification images). The staining intensity

of VAPB in the soma of hippocampal CA2 neurons was quantified as mean = SEM (n

= 5 animals per genotype and >20 neurons per animal). Unpaired ¢ test, * p = 0.0018.
(C, D) Immunostaining of VAPB (green) and NeuN (purple) in the striatum of 2-month-
old WT and P56S KI mice. Note the reduced intensity and cytoplasmic inclusions of
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mutant VAPB in the striatal neurons of P56S KI mice. Scale bar: 200 um (low-
magnification images), 20 um (high-magnification images). The staining intensity of

VAPB in the soma of striatal neurons was quantified as mean = SEM (n = 4 animals

per genotype and >20 neurons per animal). Unpaired t test, * p = 0.0083.

(E, F) Immunostaining of VAPB (green) and NeuN (purple) in the cerebellum of 2-
month-old WT and P56S KI mice. Note the reduced intensity and cytoplasmic inclusions
of mutant VAPB in the cerebellar Purkinje neurons of P56S KI mice. Scale bar: 200 um
(low-magnification images), 20 um (high-magnification images). The staining intensity

of VAPB in the soma of cerebellar Purkinje neurons was quantified as mean = SEM (n

= 5 animals per genotype and >20 neurons per animal). Unpaired t test, - p = 0.0019.

(G, H) Immunostaining of VAPB (green), NeuN (red), CHAT (purple) in the lumbar
spinal cord of 2-month-old WT and P56S KI mice. SMNs located in the ventral horn
were visualized by CHAT staining. Note the reduced intensity and cytoplasmic inclusions
of mutant VAPB in the SMNs of P56S KI mice. Scale bar: 200 pm (low-magnification
images), 20 um (high-magnification images). The staining intensity of VAPB in the soma
of SMNs was quantified as mean = SEM (n =4 animals per genotype and >20 neurons

per animal). Unpaired t test, " p = 0.0002.
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Supplementary Figure 2. Downregulated protein level and cytoplasmic inclusions
of mutant VAPB in cultured cortical neurons of P56S KI mice. (A, B) Western
blotting of VAPB in cultured cortical neurons from WT and P56S KI mice on 0, 7, 14,
and 28 days in vitro (DIV). The protein level was quantified as mean &= SEM (at each

koo

time point, n = 4 independent cultures per genotype). Two-way ANOVA, p <0.0001
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(DIVO, DIV4, DIV7, DIV14, and DIV21). (C, D) Immunostaining of VAPB (green),
MAP2 (red), and ankyrin G (purple) in DIV28 WT and P56S KI cortical neurons. The
neuronal soma and dendrites were visualized by MAP2 staining. The axonal initial
segment (AIS) was visualized by ankyrin G staining. Note the reduced intensity of
mutant VAPB in the somata, dendrites, and axons of P56S KI neurons and the
cytoplasmic inclusions of mutant VAPB. Scale bar: 50 um (low magnification), 10 pum
(high magnification). The staining intensity of VAPB in the soma of cortical neurons was

quantified as mean = SEM (n = 6 independent cultures per genotype and >20 neurons

R

per culture). Unpaired ¢ test, p <0.0001.
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Supplementary Figure 3. No apparent loss of hippocampal CA2 neurons, striatal
neurons, cerebellar Purkinje neurons, and lumbar SMNs in aged P56S KI mice.(A,
B) Immunostaining of NeuN (red) and VAPB (purple) in the hippocampus of 24-month-
old WT and P56S KI mice. Scale bar: 500 um. The relative number of hippocampal CA2
neurons was quantified as mean £ SEM (n =4 animals per genotype and 5 sections per
animal). Unpaired ¢ test, not significant (ns) p = 0.9376. (C, D) Immunostaining of NeuN
(red) and VAPB (purple) in the striatum of 24-month-old WT and P56S KI mice. Scale
bar: 200 um. The relative number of striatal neurons was quantified as mean = SEM

(n = 4 animals per genotype and 5 sections per animal). Unpaired ¢ test, ns p = 0.9483.
(E, F) Immunostaining of NeuN (red) and VAPB (purple) in the cerebellum of 24-month-
old WT and P56S KI mice. Scale bar: 200 pm. The relative number of cerebellar Purkinje
neurons was quantified as mean + SEM (n = 4 animals per genotype and 5 sections per
animal). Unpaired ¢ test, ns p = 0.7848. (G, H) Immunostaining of CHAT (green), NeuN
(red), and VAPB (purple) in the lumbar spinal cord of 24-month-old WT and P56S KI
mice. Unbiased stereology was performed to estimate the number of lumbar SMNs
(CHAT" neurons located in the ventral horn) of 24-month-old WT and P56S KI mice.
Scale bar: 500 um. The relative number of lumbar SMNs was quantified as mean + SEM

(n =5 animals). Unpaired ¢ test, ns p = 0.6137.
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Supplementary Figure 4. VAPB P56S mutation disrupts ER-mitochondria contacts
and calcium homeostasis. (A, B) Immunostaining of BiP (green), GRP75 (red), and
VAPB (purple) in DIV14 WT and P56S KI fibroblasts. Scale bar: 40 pm (low
magnification), 10 um (high magnification). Line plots show the relative fluorescence
intensity of each channel at the points along the arrow. Note the reduced ER-
mitochondria contacts in P56S KI fibroblasts. (C, D) Live imaging of DIV14 WT and
P56S KI fibroblasts co-expressing Sec61B-GFP (green) and Mito-7-mCherry (red).
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Images at 0, 60, 120, and 180 seconds were presented. Scale bar: 20 um. Line plots show
the relative fluorescence intensity of each channel at the points along the arrow. Note the
reduced ER-mitochondria contacts in P56S KI fibroblasts. (E, F) Proximity ligation assay
(PLA) of VAPB-PTPIP51 interaction in DIV14 WT and P56S KI fibroblasts. Scale bar:
50 um. Note the impaired VAPB-PTPIP51 interaction in P56S KI fibroblasts. The area
fraction of PLA signals in the fibroblasts was quantified as mean + SEM (n = 5
independent cultures per genotype and >20 fibroblasts per culture). Unpaired ¢ test, =
p < 0.0001. (G, H) PLA of IP3R-VDACI interaction in DIV14 WT and P56S KI
fibroblasts. Scale bar: 50 pm. Note the impaired IP3R-VDACI interaction in P56S KI
fibroblasts. The area fraction of PLA signals in the fibroblasts was quantified as mean +
SEM (n = 5 independent cultures per genotype and >20 fibroblasts per culture). Unpaired
ttest,” p<0.0001.(I,]) Live imaging of DIV14 WT and P56S KI fibroblasts incubated
with the cytosolic Ca®" probe, Fluo-4 AM. Scale bar: 100 um. The labeling intensity of
Fluo-4 AM in the live fibroblasts was quantified as mean + SEM (n = 6 independent

cultures per genotype and >20 fibroblasts per culture). Unpaired ¢ test, " p = 0.0012.
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Supplementary Figure 5. VAPB P56S mutation does not affect the PERK-elF20-



Page X of 6 Surname et al. Ageing Neur Dis Year;Volume:Number | http://dx.doi.org/10.20517/and.xxx.Xx

ATF4-CHOP and ATF6 branches of the UPR signaling pathway. (A, B) Western
blotting of p-PERK (Thr982), PERK, p-elF2a (Ser51), elF2a, ATF4, CHOP, and ATF6
in the cortex of 12-month-old WT and P56S KI mice. The protein level was quantified
as mean + SEM (n = 4 animals per genotype). Unpaired ¢ test, not significant (ns) p =
0.0541 [p-PERK (Thr982)], ns p = 0.8897 (PERK), ns p = 0.7042 [p-elF2a (Ser51)], ns
p=0.3829 (elF2a), ns p =0.6783 (ATF4),ns p=0.1918 (CHOP), ns p = 0.7369 (ATF6).
(C, D) Immunostaining of p-elF2a (Ser51) (green), CTIP2 (red), and NeuN (purple) in
the motor cortex layer V of 12-month-old WT and P56S KI mice. Scale bar: 20 um. The
staining intensity of p-eIF2a (Ser51) in the soma of CSMNs was quantified as mean =+
SEM (n = 5 animals per genotype and >20 neurons per animal). Unpaired ¢ test, ns p =

0.9415.



