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Presenilin 1 deficiency impairs A B 42-to—A 3 40- and angiotensin-—
converting activities of ACE
(FLE=Y > 1 K$ENACE D AR ZEHIEMIC KT T HE)
FAALEm S D 4
Front Aging Neurosci. 2023; 15:1098034.
doi: 10. 3389 fnagi.2023. 1098034.
o T AR
OB Y )

A I Az, TR 5




WX N " o HF

Alzheimer’s disease (AD) is associated with amyloid B-protein 1-42 (AP42) accumulation in the
brain. AP42 and AB40 are the major two species generated from amyloid precursor protein. We found
that angiotensin-converting enzyme (ACE) converts neurotoxic AP42 to neuroprotective AB40 in an
ACE domain— and glycosylation-dependent manner. Presenilin 1 (PS1) mutations account for most of
cases of familial AD and lead to an increased AP42/40 ratio. However, the mechanism by which
PSEN1 mutations induce a higher AB42/40 ratio is unclear.

In the present study, we over expressed human ACE in mouse wild-type and PS1-deficient
fibroblasts. The purified ACE protein was used to analysis the AP42-to-AB40- and
angiotensin-converting activities. The distribution of ACE was determined by Immunofluorescence
staining.

To determine whether PS1 regulates ACE maturation and its AB42-to-Ap40—converting activity, we
purified three different recombinant ACE proteins from WT and PS1-KO fibroblasts. The molecular
weight of F-ACE and N-ACE from PS1-KO fibroblasts was slightly lower than that of the proteins
from WT fibroblasts, suggesting that PS1 deficiency affects the maturation or glycosylation of F-ACE
and N-ACE. To determine whether PS1 deficiency affects the AB42-to-Ap40—converting activity of
ACE, we incubated purified ACE proteins from WT or PS1-KO fibroblasts with AB42 and examined
the generation of AB40 using anti-Ap40 and anti-AP42 antibodies. As reported in our previous study,
only the F-ACE and N-ACE domains exhibited AP42-to-Ap40—converting activity. Interestingly,
F-ACE and N-ACE purified from PS1-KO cells showed significantly lower Ap42-to-Ap40—converting
activity compared to the domains purified from WT cells. These results suggest that PS1 deficiency
affects the maturation/glycosylation of ACE and reduces the AB42-to-Ap40—converting activity of
F-ACE and N-ACE. We also examined the angiotensin-converting activity of F-ACE, N-ACE, and
C-ACE purified from WT and PS1-KO fibroblasts. Surprisingly, the angiotensin-converting activity of
F-ACE and C-ACE purified from PS1-KO cells was completely abolished. These results suggest that
PS1 is essential for the angiotensin-converting activity ACE.

To determine whether PSEN mutations affect the AB42-to-Af40—converting activity of ACE, we
transfected PSIWT, PS1L166P, PS1AE9, or PS1G384A into PS1-KO fibroblasts. We then transfected
F-ACE, N-ACE, or C-ACE into these fibroblasts and purified the ACE proteins from the respective
transfectants. We then examined the AP42-to-Ap40-converting activity of the ACE proteins by
incubating them in the presence of AP42. Interestingly, PSIWT and PSIAE9 restored the
AP42-to-AP40-converting activity of both F-ACE and N-ACE to levels similar to those of F-ACE and
N-ACE from WT fibroblasts. However, PS1L166P and PS1G384A did not restore the
AP42-to-AP40-converting activity of F-ACE and N-ACE compared with PSIWT. These results
suggest that some PSENI mutations increase the Ap42/40 ratio by reducing the
AP42-to-APB40-converting activity of ACE. We also examined the angiotensin-converting activity of
F-ACE, N-ACE, and C-ACE proteins purified from PS1-KO fibroblasts transfected with PSIWT,
PS1L166P, PS1AE9, or PS1G384A. In contrast to the AB42-to-AB40-converting activity, all of the
PS1IWT and PS1 mutants of F-ACE and C-ACE proteins exhibited angiotensin-converting activity.
These results suggest that PS1 is essential for the angiotensin-converting activity of ACE and that

FAD-linked PS1 mutants do not affect the angiotensin-converting activity.



To gain mechanistic insights into the decreased AP42-to-AB40- and angiotensin-converting
activities of ACE protein in PS1-KO fibroblasts, we investigated whether the Golgi apparatus
distribution of ACE changed in the cells. We found that the localization of F-ACE protein in Golgi
apparatus decreased in PS1-KO fibroblasts. Transfection of PSIWT, PSAE9 and PS1G384A into
PS1-KO fibroblasts restored the distribution of F-ACE in Golgi apparatus, however, PS1L166P did not
restored the Golgi apparatus distribution of F-ACE. These results suggest that reduced distribution of
ACE in Golgi apparatus can decrease ACE maturation and impair its activities.

To examine which glycosylation is necessary for AP42-to-AP40- and angiotensin-converting
activities, F-ACE, N-ACE, and C-ACE were incubated with N-glycanase, O-glycanase, or sialidase A.
We then incubated AB42 with the de-glycosylated F-ACE and N-ACE proteins. After de-glycosylation
by N-glycanase, O-glycanase, or sialidase A, neither F-ACE nor N-ACE exhibited
AP42-to-AP40-converting activity. Similarly, the angiotensin-converting activity of F-ACE and
C-ACE was also abolished by treatment with N-glycanase, O-glycanase, or sialidase A.

To determine whether changes in brain AP42-to-AP40-converting activity are development
dependent, we incubated cortex lysate from 17-day-old embryos or 3-month-old mice with synthetic
AP42. The level of AP40 converted from APB42 in adult cortex was lower than that in embryonic cortex,
indicating that embryonic cortex has higher AP42-to-AP40-converting activity than adult cortex.
However, there was no difference in angiotensin-converting activity between the cortex lysates from
17-day-old embryos and 3-month-old mice. Interestingly, ACE protein in adult cortex showed two
bands on Western blotting, whereas a single band corresponding to the upper band of ACE in adult
brain was observed in the embryonic cortex. After de-glycosylation with N-glycanase, the molecular
weight of both adult and embryonic brain ACE decreased to a single band of approximately 150 kDa,
whereas O-glycanase did not significantly change the molecular weight of ACE. Notably, sialidase A
slightly reduced the molecular weight of the upper band of ACE from adult brain and ACE from
embryonic brain. These results suggest that the AB42-to-Ap40-converting activity of ACE decreases
with development in adult brain compared with embryonic brain and that glycosylation modulates the
AB42-to-AP40-converting activity of ACE.

Collectively, our data indicate that deletion of PS1 results in a significant decrease in both the
AP42-to-AP40-converting activity and angiotensin-converting activity of ACE. Moreover, some
FAD-linked PSEN1 mutations were shown to impair the AB42-to-Ap40-converting activity of ACE.
Our results suggest that the increase in the AP42/40 ratio associated with FAD-linked PSENI
mutations results from not only altered vy-secretase cleavage but also the decrease in the
AP42-to-AP40-converting activity of ACE. In addition, the presence of the ACE I allele with
decreased serum and tissue ACE levels appears to be strongly associated with AD onset. Thus,
approaches that maintain or enhance the Ap42-to-AB40-converting activity of ACE will be useful for
reducing the AB42/40 ratio and preventing the onset of AD. Taken together, our results suggest that
enhancing PS-mediated trafficking and maturation of ACE may decrease AB42/40 ratio and can be

used as a strategy for developing novel therapeutic regimens for AD patients.
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