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ABSTRACT

Amyloid precursor protein is the precursor to the biochemical markers for Alzheimer's disease. (1-°) There has been
much research in the field of biochemistry to attempt to understand how these proteins interact with each other, both
on a biochemical level and on a neurological level. This research has led scientists to conclusions about these proteins'
substrates, structure, and functionality outside of the formation of Alzheimer's disease. Amyloid-Beta, for example, is
the main biochemical marker for Alzheimer's disease, however, many of Amyloid-Beta’s precursors have many sub-
strates outside of APP that are key in overall homeostasis and molecular functionality. (“°'2) There have been many
attempts to restrict, increase, and alter the expression of these proteins in hope of treating Alzheimer's. (>*!!13-16) Here,
we break down the core proteins responsible for these interactions and give an overview of current therapeutic ap-
proaches to Alzheimer’s.

Introduction

Amyloid Precursor Protein (APP) is a protein that is expressed by a gene located on chromosome 21 and serves as a
precursor to the creation of multiple proteins whose goal is to hydrogen-bond with a variety of substrates. ('1%) APP,
prior to being cleaved by a number of other proteins, operates as a neuron pathway exemplifier whose job is to aid in
synapse formation, synaptic transmission, and memory consolidation. (>!*-*!) Beta- Secretase is one of the varieties of
proteins that cleaves APP which results in the creation of SAPPB.(*>>*) After this interaction SAPPB hydrogen bonds
to a number of substrates. (**) APP is cleaved by beta-secretase results in C99 as the by-product after sSAPP8 is released.
(3142629) C99 comprises AICD and AB(Amoylid - beta), beta-amyloid is a 42 residue beta peptide that is the biochem-
ical marker for Alzheimer’s disease. (***%) C99 is then cleaved by gamma-secretase, which releases AR.(710:12:2530.36)
Beta-amyloid hydrogen bonds to itself if there is enough present. (1*37-*%) This causes the creation of oligomers in the
brain which slow brain function, resulting in Alzheimer’s disease. (1**7*) ADAM is a family of transmembrane and
secreted proteins that have a variety of responsibilities. (*°) Alpha Secretase is a member of this family and is more
officially known as ADAMI10. (**) Alpha Secretase interacts with APP in a similar way that beta-secretase does.
(310.12.19202336) Alpha secretase cleaves APP lower in the protein which releases sAPPa and leaves C83 which com-
prises AICD and P3. (+>!437:3940) When C83 is cut by gamma-secretase and AICD is released p3 is leftover instead of
ARB.(+31437:3940) The difference is that p3 does not create oligomers. (1337-37:38)
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Figure 1. As beta-secretase interacts with amyloid precursor protein, SAPPS is released. After this interaction gamma-
secretase interacts with the membrane-bound portion of the protein, C99, releasing AICD. After AICD is released the
remaining portion of the protein, beta-amyloid, is then also released.

Prevention of APP Cleavage by beta-secretase, by means of restriction of beta-
secretase

The prevention of APP cleavage by means of a reduction of beta-secretase is a popular hypothesis among scientists.
The idea behind this hypothesis is that a restriction of beta-secretase would result in fewer interactions with APP, thus
preventing gamma-secretase (y-secretase) from cleaving APP and preventing beta-amyloid from creating oligomers
in the brain.('3142437-3941) This solution is attractive if not for beta-secretase’s other substrates that contribute to overall
well-being. (*?) There are many types of beta-secretase, however, the specific beta-secretase that is important for the
treatment of Alzheimer’s is BACEL. (***) BACEI is a glycoprotein that cleaves APP at its peptide bond located at
Met671 and Asp672. (3>?+%:46) The cleavage site of beta-secretase is located in the 10s loop, which is located in the
S3 binding pocket of its structure. (*?) In the 10sp loop are aspartic acid(asp) - 32 and asp-228, which are both the
main contributors to the cleavage of APP.(**) (The 10s loop of beta-secretase also includes Trp76, Ser35, The 231,
and AZD 3839)(*") Beta - Secretase increases the activity of 116 different proteins, 43 of which are non-membrane
bound. (**) This means that there are a variety of substrates that are important for beta-secretase to hydrogen bond to,
which means the limitation of beta-secretase, only for restriction of the release of beta-amyloid is destructive to the
other substrates. (**) Beta-Secretase’s substrates other than APP include, but are not limited to [Transmembrane Pro-
tein 132A,; Disintegrin and Metalloproteinase domain-containing protein 10; Desmoglein; Glypican-3]. (**) Tumor
necrosis factor receptor superfamily member 21 for example, is a protein that promotes apoptosis within cancer-caus-
ing cells and is another substrate of beta-secretase. (“***4%) If there was a restriction of beta-secretase then tumor
necrosis factor receptor superfamily member 21 would not be able to inspire apoptosis within cancer-causing cells
resulting in the creation of tumors. (**#°) This is one of the problems scientists face when trying to restrict beta-secre-
tase.
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Figure 2. Restriction of beta-secretase prevents aAPPf from being released, which prevents gamma-secretase from
interacting with C99 and releasing beta-amyloid.

Prevention of APP cleavage by gamma-secretase, by means of restriction of
gamma-secretase

Another popular hypothesis among scientists is to restrict gamma-secretase so that it cannot cleave C99 and release
beta-amyloid. (**°°) This solution has similar issues to restricting beta-secretase, whereas gamma-secretase has many
other substrates that cannot be interfered with if homeostasis is going to be maintained. (**°') Gamma Secretase has
around 88 known substrates that cannot be interfered with, other than C99. (*°2%) Gamma-Secretase’s structure can
be separated by two lobes: a large lobe and a small lobe that can be further specified into four other lobes: BAP large
lobe, ECD large lobe, ECD small lobe, and BAP small lobe. (°****) Gamma-Secretase bonds to C99 by means of a
binding pocket enclosed by a lid on the gamma-secretase structure, which is located on the BAP large lobe. (*°034)
The binding pocket is made of two zinc ions and the amino acids Glu289 and Tyr293. (**) This binding pocket is also
used to hydrogen bond to a variety of other substrates as well, these include but are not limited to [Delta 1; Dystro-
glycan; DCC; EpCAM; NPR-C; Ptprz]. (****) These substrates must be hydrogen-bonded with gamma-secretase for
their specific protein capabilities to be carried out. (*’) So the restriction of gamma-secretase for the specific reason to
prevent the release of beta-amyloid would be catastrophic to the homeostasis that gamma-secretase provides. Dystro-
glycan, for example, is a protein that is vital in the repair of epithelium and specifically wound repair of the epithelium.
(%) This means that one of the substrates of gamma-secretase is vital in the repair of skin tissue. (**) This is one of the
many problems faced while restricting gamma-secretase.

Prevention of APP cleavage by Beta - Secretase, by means of increasing alpha -
secretase

Alpha secretase (ADAM10) interacts with APP in a similar way to beta-secretase, with the only key difference being
that alpha-secretase cleaves APP lower in the protein releasing sSAPPa and C83 instead of SAPPR and C99. (352545:5)
After gamma-secretase cleaves C99, AICD and p3 are released, the key difference between that p3 does not create the
Alzheimer’s causing oligomers that beta-amyloid does.(*3*%7) The hypothesis when in regards to Alpha - secretase
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is to increase the amount of alpha-secretase so that there is more interaction between alpha-secretase and APP, and an
increased amount of beta-amyloid will not be released (because of beta-secretase’s lack of interaction with APP) and
cause oligomer formation. (>!13364041) This hypothesis theoretically works in contradiction to the way that the previous
hypotheses theoretically work. Whereas this hypothesis works by increasing an enzyme and the others work by de-
creasing an enzyme. However, the application of this hypothesis has unintended consequences in the same way that
the previous hypotheses have. ADAM10 has many other substrates other than APP, in the same way, that all of APP’s
substrates do. (>*®) These substrates include but are not limited to [VE-cadherin, TNFa, IL6R, CXCL16, CX3CL1].
(®) VE-cadherin, for example, is a substrate of APP that promotes proliferation in new cells. (**) Theoretically, if there
was an increase in ADAMI0 then the expression of VE-cadherin would be overexerted and cause an increased likeli-
hood of tumor growth. (*%)

Prevention of beta-amyloid Bonding by means of decreasing beta-amyloid

Beta-Amyloid is one of the many by-products of interaction between APP, beta-secretase, and gamma-secretase. (2%)
As previously stated beta-amyloid is the biochemical marker for the progression of Alzheimer’s disease. (7-230:3961-63)
This is because of beta-amyloid’s nature of hydrogen bonding to itself to create oligomers. ('*%*) This poses the ques-
tion of preventing beta-amyloid from bonding to itself to prevent the formation of oligomers. Aducanumab, for ex-
ample, is a medication that was approved by the FDA for use in patients with Alzheimer’s. (®*%°) The medication
works by binding to oligomers in a patient’s brain, which causes the immune system to believe that there is an invader
and will then destroy the plaque. (°*%5) This medication is still very new and has already posed problems in some
patients. (%) 30% of patients have experienced brain swelling and 10% have experienced brain bleeding, neither of
which have a specific answer to why they are taking place. (%)

Conclusion

Amyloid Precursor Protein is very helpful to the body as its use as a neuron pathway exemplifier, however, the inter-
action between APP and many of its substrates can be detrimental to the creation of Alzheimer’s. These proteins and
their by-products are key in understanding Alzheimer’s as well as treating Alzheimer’s. The restriction of these en-
zymes is still being studied and many of them are soon to enter clinical trials. There has been a multitude of attempts
to alter the expression of these proteins and their by-products, in an attempt to restrict the formation of oligomer
formation within the brain. Most of these attempts have resulted in unintended consequences in regards to protein
production. As illustrated in this report, there is currently a multitude of new research taking place in an attempt to
restrict these proteins without having many of the consequences associated with protein restriction.
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