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PLOS GENETICS PLD3 is a neuronal lysosomal D associated with AB plaques and cognitive function in alzheimer's disease

Fig 1. PLD3 is enriched in lysosomes surrounding parenchymal -amyloid plaques in AD tissue. A. Low magnification images of temporal lobe cortex from
neurological control and AD brain demonstrated a neuronal pattern of staining against PLD3 (green) and consistent accumulation around B-amyloid plaques. B. 40x
magnification images of the same immunohistochemistry show PLD3 is in a punctate staining pattern within neuronal cell bodies and enriched around B-amyloid
plaques. C. Co-staining with lysosomal marker cathepsin B confirmed PLD3 was primarily lysosomal and enriched in dystrophic neurites in AD brain. D. In 5xFAD
mice, PLD3 was similarly enriched around every f-amyloid plaque and strongly colocalized with LAMP?2. E. 40x magnification of WT and 5xFAD tissue demonstrated
strong co-localization of PLD3 with lysosomal membrane marker LAMP2 (Pearson coefficient: 0.84:+0.07 for WT, 0.86+0.04 for 5xFAD) and strong staining in
dystrophic neurites around B-amyloid plaques, which are stained blue with methoxy-X04. F. The lysosomal lumenal protease cathepsin B is similarly co-localized with
PLD3 in both normal and diseased neurons.

https://doi.org/10.1371/journal.pgen.1009406.9001

amyloid plaques are surrounded by enlarged axon segments, termed dystrophic neurites,
which are filled with lysosome-like organelles [35] (Fig 1). PLD3 was enriched and strongly
localized with lysosomal membrane markers in dystrophic neurites around B-amyloid plaques
(Fig 1), although the association with lumenal markers Cathepsin B/D was attenuated com-
pared to cell bodies (Fig 1), consistent with a prior report that lysosomes in dystrophic neurites
are deficient in luminal proteases [36]. These data confirm that even around B-amyloid pla-
ques, PLD3 remains on lysosomes. We found minimal association of PLD3 with arteriolar
CAA; however, dystrophic neurites form around capillaries with CAA and PLD3 was enriched
in these neurites (Fig D in S1 Text). Similarly, in brain tissue from wild-type and 5xFAD mice
PLD3 was strongly colocalized with markers of lysosomes (Pearson coefficient: 0.72+0.22 for
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Fig 2. PLD3 has phospholipase D activity in isolated lysosomes. A. Overexpression of PLD3 does not produce increased phospholipase D activity in total lysate of
NSC cells compared to untransfected NSC total lysate. N = 4 biological/assay replicates. B. Lysosomes isolated following transfection of PLD3 via iron dextran
nanoparticles and magnetic affinity columns display enrichment for lysosomal marker LAMP2 and expected lack of cytoskeletal marker tubulin. Lysosomal fraction is
enriched with PLD3, further indicating that PLD3 is a lysosomal protein. C. Lysosomal fractionation demonstrates that overexpressed wild-type PLD3 (P) is
appropriately trafficked to the lysosomal fraction. Similarly, introduction of the AD-associated PLD3 mutation V232M (V) or a mutation in the HKD domain, K418R
(K), did not impact routing to the lysosome (representative blot shown), indicated by Western Blot. Samples isolated via lysosomal isolation detailed in the Methods
section. D. Data derived from lysosomes isolated from transfected NSC cells, each condition containing n = 4 biological/assay replicates per condition and n>16 sample
replicates per condition. Phospholipase D (PLD) activity measured by the Amplex Red PLD assay with negative (control lysosomes) and positive (cabbage PLD) controls
in each assay run. Lysosomes expressing PLD3 display significant increase in PLD activity compared to control lysosomes, which is similar in magnitude to the PLD
activity seen with purified cabbage PLD. Upon cotransfection of siRNA against PLD3 alongside PLD3 transfection, these lysosomes display no PLD activity above the
control condition. PLD3-K418R transfected lysosomes, which contain a mutated lysine residue in its putative HKD domain, have significantly reduced PLD activity
compared to wild-type PLD3 transfected lysosomes. Furthermore, human AD-risk associated variant PLD3-V232M displays no significant PLD activity, and displays a
significant reduction in PLD activity compared to PLD3. Data represented as mean +/- SEM. Data analyzed via one-way ANOVA. ****p<0.0001 following Bonferroni

post-hoc tests.

https://doi.org/10.1371/journal.pgen.1009406.9002

WT, 0.65+0.10 for 5xFAD). The AD mouse model 5xFAD recapitulates this phenotype (Fig

1). Furthermore, in 5xFAD PLD3 did not colocalize with B-amyloid (Pearson correlation coef-
ficient 0.13+0.10), but was enriched on lysosome-like organelles within dystrophic neurites
surrounding B-amyloid plaques. Finally, to confirm that PLD3 is a lysosomal protein, lyso-
somes were isolated from non-transfected HeLa cells by magnetic fractionation after “pulse
chase” loading of dextran-coated iron-oxide nanoparticles (Fig E in S1 Text). PLD3 was highly
enriched in the lysosomal fraction and accounted for the vast majority of the PLD3 in the cells
(Fig 2B), confirming that PLD3 is primarily a lysosomal protein.

PLD3 has phospholipase D activity in intact lysosomes

PLD3 is detected as two bands on western blot; the lower is reportedly derived from proteolytic
cleavage of the transmembrane domain.[6] Consistent with this report, we found the higher
molecular weight band segregated to the membrane fraction of human brain lysates (Fig F in
S1 Text). We could detect no phospholipase D activity above baseline in total lysate of PLD3
transfected mammalian cells (Fig 2A). We suspected this was due to PLD3 constituting a small
fraction of the total cellular PLD activity, as PLD1 and PLD2 are present as well. Consequently,
we isolated lysosomes from PLD3-transfected NSC34 cells (a murine neuroblastoma line) to
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