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Abstract

Alzheimer’s Disease (AD) is a common cause of the onset of dementia in the older population of the United States, accounting for 60-80% of all cases.
Furthermore, AD affects 30 million people worldwide. In most people with AD, the loss of memory is the earlier manifestation of the disease. A recent
advancement in the early detection of AD has been the development of a blood test for the ratio of two biomarkers in the vasculature of presumptive
AD patients. The two biomarkers associated with the onset of AD include the Beta-amyloid peptides, and the hyper-phosphorylated microtubular
p-Tau 217 protein. The Beta amyloid peptides are the cause of the plaque formations in brain cells, while the p-Tau 217 proteins are responsible for
the diffuse presence of micro-fibrillary tangles widely distributed within the cytoplasm of brain cells. The present discourse describes the develop-
ment of a proposed treatment regimen for AD involving the use of antimicrobial-like amphipathic peptides. An example of one such fetal peptide
is described which may possibly be capable of addressing both the Beta-amyloid plaque formations and the Tau-induced microtubular tangle cell

dispersements.
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Introduction

Alzheimer’s Disease (AD) is the most common cause of demen-
tia in older populations of people in the United States 65 years and
older [1]. The early memory loss of people with AD encompasses
occurrences such as forgetting recent events and conversations
which later developed into the inability to do every day common
tasks. In advanced stages of AD, some people experience loss of
familial face recognition, loss of certain brain functions, bodily de-
hydration, poor nutrition, susceptibility to infection, inflammatory
disorders, and ultimately death [2]. AD has been uncovered to be
causative in two biological processes as follows; first, the appear-
ance of an increased amounts of circulating blood containing be-
ta-amyloid peptides capable of transversing the blood-brain barri-
er and ultimately forming amyloid plaques within brain cells; and
secondly, to the accumulation of neurofibrillary (microtubules) tan-
gles widely distributed throughout the cytoplasm of brain cells [3].

These latter two processes result in an overall reduction of brain
size, volume, and function.

One of the most prevalent symptoms in early AD affects a per-
son’s memory retention in conjunction with multiple dysfunction-
al nerve networks [4]. Early in the onset of AD, individuals display
mental problems which can include memory lapses and unclear
thought processing. Frequently, it is the family members or friends
that are most likely to first notice such mental issues. Moreover,
the memory losses in AD can be long lasting, affecting the person’s
ability to mentally function both at work and at home settings. AD
in people with memory loss tend to: 1) repeatedly speak the same
statements and questions; 2) forget conversations, appointments,
and events; 3) misplace items and/or placing them in illogical lo-
cations; 4) getting lost in previously well-known locations; and 5)
fumbling to find correct words to express themselves [5]. Addition-
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al memory-related symptoms can develop in situations involving
highly detailed and focused thinking and reasoning, addressing
judgements and decisions, and planning and performing familiar
tasks. Such events occur together with obvious changes in person-
ality, behavior, and memory retention.

Development of Blood Tests for Early
Alzheimer’s Disease

In the last several years, improved blood tests for AD have been
developed and reported in the medical literature involving the
occurrence of two main blood biomarkers [6,7]. Such biomarkers
include the 1) beta-amyloid peptides and 2) the hyperphosphor-
ylated microtubular Tau protein. In the first instance, the overpro-
duction of a beta-amyloid peptide can occur in which these pep-
tides circulate in the bloodstream and subsequently transverse the
blood brain barrier and enter into the brain. Secondly, the brain-de-
rived microtubule-associated protein (Tau) has been found to be in-
volved as a mutated hyperphosphorylated brain protein occurring
at the amino acid 217 position of the Tau protein [8].

Tau-Induced Tangle Formation

Tau protein microtubules are crucial for maintaining the cell
structural integrity of brain cells (neurons) by interacting with the
microtubule system of the brain cellular cytoskeleton. Tau protein
binding to the cell cytoskeleton proteins aid in stabilizing the cell
microtubule network system, to ensure proper brain neuronal
function. Tau proteins are quite soluble and abundant being lo-
calized throughout the central nervous system and in the cerebral
cortex of the brain. In AD, Tau proteins become inappropriately hy-
per-phosphorylated at the protein’s amino acid position 217; the
resultant aberrant protein then circulates throughout the cerebro-
spinal fluids and eventually accumulating within brain cells [9]. The
hyperphosphorylated 217 Tau protein concentrations increase in
AD patients and are causative in the formation of the microtubular
tangles within brain cells causing disruptions in neural cell func-
tion. The hyper-phosphorylation at AA 217 prevents the Tau pro-
teins from attaching to and supporting the microtubule network
system, causing the microtubules to form insoluble aggregates
(clusters) in brain cells collectively referred to as neurofibrillary
tangles [10]. Thus, it is the accumulation of neurofibril tangles that
disrupts neuronal activities, leading to brain cell dysfunction and
ultimately resulting in cell death.

Beta Amyloid-Induced Plaque Formation

It is of interest that the formation of microtubular tangles cor-
relate with the increased presence of beta-amyloid peptide plaques
also localized within the cytoplasm of brain neurons. Thus, the
presence of the amyloid plaques, together with the neurofibrillary
tangles, are the two structural hallmarks of AD pathology and to-
gether play key roles in the progression of AD [10,11]. It is note-
worthy that the increased presence of 3-amyloid peptides are seg-
ments or fragments derived from a larger precursor protein called
the “Amyloid Precursor Protein” (APP); “this protein is the original
source from which the beta amyloid peptides are produced as frag-
ments or segments. The APP is enzymatically cleaved by specific
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secretase enzymes; however, the dysfunctional APPs in AD can be-
come irregularly and inappropriately cleaved leading to an over-
production of beta-amyloid derived peptide fragments [12]. This
APP cleavage event results in an overabundance of blood clearance
rate in the blood vasculature causing an accumulation of increased
levels of beta-amyloid peptide fragments in the bloodstream. Such
peptide fragments are known to circulate in the blood and are capa-
ble of crossing the blood-brain barrier due to the peptide’s smaller
molecular size [13]. Once within the brain, the disorganized be-
ta-amyloid fragments are able of enter neurons and become dis-
tributed throughout the brain neuronal cytoplasm; such peptides
can eventually aggregate into larger oligomer segments, called pro-
tofibrils. These protofibrils later contribute to the insoluble amy-
loid plaque formations. The main classical peptide plaques display
a dense accumulation core, while the diffuse plaques reveal a more
scattered intracytoplasmic distribution in the cytoplasm of neurons
[14]. Overall, the beta-amyloid plaques form clumps which become
densely distributed throughout the brain neuronal cytoplasm of AD
patients. Unfortunately, such plaques can occur simultaneously to-
gether with the formation of the neurofibrillary tangles mentioned
above.

The presence of beta-amyloid plaques together with the tan-
gles are the two known pathological neuronal dysfunctions leading
to memory loss and cell death present in many AD patients brain
cells [10]. The dual combination of such pathological events in the
brain interferes with signal transduction communications and re-
ceptor crosstalk among and between neuronal pathways which
further impact and impair cognitive brain function. Furthermore,
the abnormal presence of plaques and tangles are known to attract
and activate immune brain cells termed microglia and astrocytes,
both of which can initiate inflammatory responses causing further
damage to both neurons and other associated brain cells [15]. Thus,
both the beta-amyloid peptide oligomers and aggregates becomes
toxic to neurons resulting in multiple and varied brain cell malfunc-
tions due to the multiple inflammatory reactions which trigger the
programmed cell death (apoptosis) process.

Could the Presence and Use of Antimicrobi-
al-Like Peptides Aid in Reducing the Damag-
ing Effects of Beta Amyloid Plaques and Tan-

gles Found in the Brain?

Amyloids and Effects of Beta-Amyloid Induced Brain Cell
Plaques

Amyloidosis (ALD) is a byproduct of cell cytoplasmic poly-
peptide assembly events, while amyloid bodies (A-bodies) consist
of a highly organized form of protein aggregates that convert na-
tive-folded proteins into B-sheet rich molecular aggregates [16].
Interestingly, A-bodies consist of peptides that can bind to various
heavy metals and function as cell-membrane disruptors and pore/
channel formers [17]. Such peptides not only disrupt cell surface
membranes, but also function in cell membrane pore formation,
binding to multiple receptors, and inducing the formation of endo-
cytic vesicles formed within the brain cell cytoplasm.
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Contrary to popular belief, ALD is a common occurrence in
eukaryotic cells [16]. Previous reports have elucidated that ALD is
a natural physiological process in mammalian cells which results
from a response to multiple cell stress stimulations [17]. The ALD
process enables cells to accumulate and aggregate proteins into or-
ganized fibril clusters for compartmentation and storage within the
cell cytoplasm, thereby reflective of a cell adaptation stage resulting
from multiple various stress stimulations [18]. In such events, ALD
enables cells to safely store large quantities of fibrillary proteins in
cytoplasmic compartments and permitting cells to enter into a dor-
mant or resting stage [16]. Such events take place to allow cells to
remain viable during periods of multiple extracellular stimulating
stress agents. Eukaryotic cells frequently encounter environmental
stress factors, such as inflammation, hypoxia, high temperatures,
H,0, peroxidation, acidosis, pH extremes, oxidative stresses, and
various other conditions that lead to abnormal cell growth regula-
tions [19-21].

Structure Comparison of an Alpha-Fetopro-
tein (AFP) Derived Peptide to Abeta Peptides
Which Cause Plaque Formation

Progressive neurodegenerative diseases such as Alzheimer’s
Disorder (AD) and Parkinson’s disease employ the process of am-
yloidosis as described above, in which insoluble potentially toxic
protein fibers are isolated and deposited in cellular compartments
to guard against impairment of cell functions [16]. Aggregated
amyloid fibers in AD are produced as intracellular, proteinaceous
fiber deposits which display a combined-beta sheet and beta-turn
secondary structure. Beta-amyloid peptides (Abeta) are normally
cleaved by specific secretase enzymes (see above) from a larger
transmembrane Amyloid Precursor Protein (APP) as described
above [19]. The resultant Abeta peptides are ultimately found as
the intracellular deposits of plaques found in the brain cells of AD
patients resulting in cell neurotoxicity [22,23]. The transmembrane
precursor proteins are cleaved by beta and gamma-secretase en-
zymes within the plasma membrane bilayer thus generating var-
ious forms of amyloid peptides most of which contain a 42 AA
sequence composition (Table 1). However, some additional Abeta
peptides can also include 40 AA residues and 25-35 AA residues in
addition to the more numerous 42 AA peptides. It is the abnormal
accumulation, aggregation, and presence of the multiple cleaved
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protein segments (fragments) within the cell membrane bilay-
er that eventually contributes to neural cell death [24] The Abeta
peptide and cell membrane interactions are often accompanied by
a cell membrane bilayer flip inversion of phosphatidylcholine and
phosphatidylserine phospholipid head groups that result in the
course of an inverted bilayer event [24-26]. The enhanced deposi-
tion of aggregated Abeta peptides is thought to involve a coordina-
tion of histidine metal ion binding because the Abeta peptide has a
very high affinity for Cu?* and Zn* binding. It is interesting that the
AFP-derived antimicrobial-like GIP-34 peptide can also bind copper
& zinc in a similar fashion [27].

Abeta Peptide Versus the GIP-34 Amino Acid Comparison

Abeta toxic peptides exhibit a 42-Amino Acid (AA) sequence
composition comprised of the following Amino Acid (AA) single
letter codes:

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA
[14]. This 42-mer Abeta peptide contains 19 hydrophobic amino
acids, 8 intermediate amino acids, and 15 hydrophilic amino acids
making it similar in composition to many amphipathic peptides
which also include multiple dipolar ions (Zwitterions) (Table 1). In
comparison, the peptide AA sequence for an AFP-derived 34-mer
(GIP) synthesized peptide which composes an amphipathic peptide
with an AA sequence determined as:

LSEDKLLACGEGAASIIIGHLCIRHEMTPVNPGVGN. This GIP-
34 peptide is derived from AA-residues 446-480 found on the
full-length alpha fetoprotein polypeptide [27]. In comparison to
Abeta-42, the 34-mer GIP-peptide contains 16 hydrophobic amino
acids, 7 intermediate amino acids, and 11 hydrophilic amino acids,
thus fulfilling the descriptive composition of an amphipathic pep-
tide [28] (Table 1). In comparison, the 42-AA Abeta peptide con-
tains a few more hydrophobic and hydrophilic AAs than does the
GIP-34 peptide; overall, the Abeta-42 peptide contains 8 more total
AAs than the GIP-34 peptide [27,28]. In nature, the amphipathic
peptides have the advantage that they bind either or both positive
and negative charged surfaces of cell membranes. A structurally
modeled minimal energy image comparison of Abeta-42 and GIP-
34 has further revealed that the two peptides show remarkably
similar structure configurations as displayed in their non-solvent
computer models [28].

Table 1: A hydrophobicity /hydrophilicity index is presented for amino acids present on the Beta-Amyloid (Abeta) peptide versus

the alpha-fetoprotein growth inhibitory peptide (GIP).

Hydrophobicity Abeta Peptide Growth Inhibitory Peptide (GIP)
Amino Acid Index Number of AA Totals Number of AA Totals
I. Hydrophobic Ami-
no Acids
Ile (1) 4.5 3 13.5 4 18
Val (V) 4.2 6 25.2 2 8.4
Leu (L) 3.8 2 7.6 4 15.2
Phe (F) 2.8 3 8.4 0 0
Cys (C) 2.5 0 0 2 5
Met (M) 1.9 1 1.9 1 1.9
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Ala (A) 1.8 4 7.2 3 5.4
Totals 21.5 19 63.8 16 53.9
II. Hydrophilic Amino
Acids
Tyr (Y) -1.3 1 -1.3 0 0
Pro (P) -1.6 0 0 2 -3.2
His (H) -3.2 3 -9.6 2 -6.4
Gln (Q) -3.5 1 -3.5 1 -3.5
Asn (N) -3.5 1 -3.5 1 -3.5
Glu (E) -3.5 3 -10.5 2 -7
Asp (D) -3.5 3 -10.5 1 -3.5
Lys (L) -3.9 2 -7.8 1 3.9
Arg (R) -4.5 1 -4.5 1 45
Totals -28.5 15 -51.2 11 -35.5
III. Intermediate
Amino Acids
Gly (G) -0.4 6 2.4 5 -2
Thr (T) -0.7 0 0 1 -0.7
Ser (S) -0.8 2 -1.6 1 -0.8
Trp (W) -0.9 0 0 0 0
Totals -2.8 8 -4 7 -3.5

Note*: Single Letter Amino Acid Code, GIP=Growth inhibitory peptide.

Amino Acid Sequence Matching in Abeta-42 versus GIP-34 pep-
tides

An amino acid sequence match was performed to search for
amyloid-associated peptide matches to the 34-mer AFP-derived GIP
peptide (Table 2). Hence, the GIP-34 amino acid sequence was sub-
jected to a FASTA search in the Genbank (GCG Wisconsin Program)
database. FASTA employs Z-based statistic algorithms between
comparison proteins and/or peptide amino acid sequences. The

GCG search found identity/similarity sequence matches between
GIP-34 and that of the Beta amyloid peptide Alzheimer’s associat-
ed protein. Such amino acid matches provide indirect evidence that
the GIP-34 peptide contains short recognition AA-cassettes compa-
rable to AA sequences of the AD derived Beta-amyloid peptides. As
reported in a previous paper [21], the amino acid matching percent
revealed that the 34-mer GIP and Beta-amyloid peptide had a 71%
identity and a 29% similarity between the two peptides.

Table 2: GIP-34 Peptide vs Amyloid and Associated Proteins: An amino acid (AA) matching computer search.

AFP-derived 6IP-34 | L |5 |E[D|K| L [t [a| c|c|E|c|alalo|1|1|1|c|n|t|c|1|r|u|eM|T|e|v|N [p|c|v nq'd::mﬁrw
Serum Amyloid-P |L[S|E|Q|R|L|L 71/29(7) | 100
MusMaesin  |L|A|G|D|K|L|L /14 | 85
Ferret Dynein lclolaleli]t]i]clp|L]c]v /13 | 92
Cut-7 Kinesin klalolt{ouls[ulL 6315 | 88
Hum Myosia-1 tlelelelyle]e]t]r 6611 | 77
Human Amyloid-Beta k[ L[v[o[ofale[c]x]a i lelxleu]v s16019) | 73
C. Elegan Kinesin clt[elalelv]T|r]F D 60/20 | 80
Bak Muscartaic Acks clelcle|elalalv|T|v|c|s|alc|ale|a|e|x|wle|a| [p|lc|ala| |s223p8)| 65
Receptor
Mus Kinesin eM[T]e]v]L|x]c|T[e] e | a0
Yenopus neurefilin glM[ple] T [N[F[1 6313 | 76
Rat Notch-2 HE[M[q]p plcla 60/20(10) | 80
Xenopus
snolmag protsa LiM|m|T|e]n|ple 16/3(8) | 81
Melane-tubulin ple|v]c|n]s0205 [ 100
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Legend: The amino acid sequences of the growth inhibitory pep-
tide (GIP) were compared and matched with proteins in the data
bases using the GCG (Wisconsin program FASTA sequence de-
scribed in Refs 17,18)

Abbreviations: Iden=identity; Sim=similarity; () =number of
amino acids in sequence; Ache=acetyl cholinesterase; apolipo-
prot=apolipoprotein-E (APO-E); Ves-vesicular, AFP=alpha-feto-
protein.

Comparison of Microtubules, Microtubu-
lar-Associated Proteins, and the Cytoskeletal
Proteins

From the data obtained to date (see above), GIP appears to
function as a microtubular associated protein entity. Normally, the
Microtubule Associated Proteins (MAPs) aid and function to regu-
late the assembly and stability of microtubules. The microtubules
themselves are the largest of the cellular protein filaments and are
mostly composed of a protein called Tubulin. The MAPs are pro-
teins capable of binding to microtubules and as such can include
the motor proteins entities such as dynein and kinesin (Table 2).
Other microtubule proteins are comprised of Tubulin, Tau proteins,
desmin, vimentin, ensconosin, katamin, and KIF2A. It is of interest
that GIP shares amino acid sequence matching with many of the
microtubule proteins as displayed in Table 2. Shared amino acid se-
quence matches between proteins and peptides imply and indicate
possible docking/binding and amino acid pairing interactions be-
tween the two entities being matched. In comparison to the micro-
tubules, the proteins of the cytoskeletal system comprise proteins
such as: 1) Moesin; 2) Melsalin; 3) Diap-3; 4) Fascin; 5) Radixin; 6)
Feinbrin; 7) Myosin-2; and 8) Doublecortin, some of which are dis-
played in Table 2. Overall, GIP shares AA sequence identities with
many proteins of both the microtubular and cytoskeletal structural
systems.

Microtubule Involvement in Tangle Forma-
tions

Microtubular Polymerization

Tubulin, the major protein comprising microtubules, is highly
polymorphic and found in a variety of cell types especially neurons.
In conjunction with basic elements of the cytoskeleton, microtu-
bules are implicated in multiple cell functions, including chromo-
some segregation during cell division, distribution and transport of
various organelles, and determination of cell morphology and cell
polarity [29,30]. Overall, microtubules are thought to have struc-
tural, organizational and motility-related functions. Microtubules
consist of protein polymers that form rod-like structures composed
of multiple protofilaments. The protofilaments, in turn, are formed
by the head-to-tail association of tubulin dimers. The microtubu-
lar association with the cytoskeleton reflects a scaffolding struc-
ture, which helps to define and maintain cell shape; in addition,
microtubules mimic cell-like organelles performing as guidance
tracks along which molecular complexes nutrients, and organelles
are transported within cells. Thus, microtubules can serve as mo-
bility-based structures, which promote mechanical forces which
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are assisted by motor proteins (see above and Table 2) that pro-
mote chromosome segregation during mitosis [31]. Plasma mem-
brane-associated microtubules can also function in regulating cell
surface receptor mobility and distribution, while cytoplasm-con-
tained microtubules can mediate cytoplasmic endocytic/exocytic
vesicle formation processes [32].

Microtubular polymerization experiments have been previous-
ly reported using GIP and employing a-tubulin brain extracts ob-
tained from newborn chickens [29]. Studies of viscometrical mea-
surements of polymerization using GIP peptides, titrated at varying
concentrations, displayed a parallel rise in viscosity versus time.
This rise in solution viscosity is consistent with the increase in the
molecular size of the polymerized microtubule complex resulting
in a more effective moment transect, manifested as an increase in
solution viscosity. Thus, the solution viscosity increased with the
amount of GIP added to the solution and this parallel rise event was
found to correlate with increasing GIP concentrations. Thus, the
addition of increasing levels of GIP to the reaction vessels resulted
in specific viscosity readings that showed a steep rise peaking at a
4-fold increase and resulting in microtubule polymerization. Over-
all, the GIP peptide enhanced the ability of a-tubulin to polymerize
in a cell-free solution, unlike control peptides that failed to demon-
strate this same property [29].

The above data indicate that GIP shares some of the properties
of microtubule-associated proteins, primarily capable of engaging
in tubule polymerization. The highly soluble Tau proteins normal-
ly maintain the stability and integrity of brain neurons by binding
to the microtubular system of the brain cell cytoskeletal system
[8,9,33]. However, in AD, the Tau proteins become inappropriately
hyper-phosphorylated at AA 217, leading to the formation of high-
ly distributed microfibril tangles present within the brain cell mi-
crotubular system [9]. It is tempting to speculate that the GIP-34
peptide, by means of tubule polymerization, could compete and/or
override the hyperphosphorylated Tau induced function of tangle
formation. This GIP-induced polymerization could possibly result
in formation of more uniform tubule distributions culminating in
an even cytoplasmic neurofibril organized storage and compart-
mentalization within neuronal cells. In this proposed model, the
GIP tubule induced polymerization might be capable of forestalling
and/or reducing the start-up formation of the iwidely distributed
cytoplasmic neurofibulary tangles [29]. Thus, it can be proposed
that the prevention of the initial tangle formation might be enact-
ed by means of tubule polymerization employing GIP-34. However,
this GIP mode of action concept has yet to be performed and proven
in experimental and clinical settings.

Summarizing Statements

It can be ascertained by the discussion of the above treatise,
that a non-conventional hypothetical approach to a therapeutic
treatment mode for early AD has been proposed. The suggested
actions might have the potential to address the dual incidence of
both brain cell inclusions of Abeta peptide plaques and those of
microfibril tangles [34]. By means of employing GIP-derived am-
phipathic peptides, rogue circulating beta amyloid peptides could

American Journal of Biomedical Science & Research 275



Am ] Biomed Sci & Res

possibly be neutralized by binding interaction with the GIP mol-
ecule; secondly, the microfibril tangle formations might also be
circumvented using a microtubule polymerization mode of action
prior to formation of the tangles. Although not yet proven by di-
rect experimental and clinical studies, the use of an AFP-derived
amphipathic GIP-34 peptide has previously been reported to indi-
vidually involve both such biological activities [28,29]. The binding
and proposed inactivation/neutralization of Beta-amyloid peptide
in blood circulation by GIP-34 has been further addressed using an
“in silico” computer analysis. This procedure was accomplished by
means of an amino acid pairing method first described and pub-
lished by Root-Burnstein et al. [35]. These molecular docking and
protein interaction sites on the Growth Inhibitory Peptide (GIP)
have now been identified and mapped. Such sites were localized
by means of a proprietary computer software program termed the
“peptimer discovery platform.” This computer software was devel-
oped and generously provided to the author (GJM) by the Seromet-
rix LLC Biotech CO, Syracuse, New York. In this computer program,
it was demonstrated that the GIP sequence consisting of amino acid
462-GHLCIRH-470 contains molecular docking, binding, and mo-
lecular interactions with both Tubulin heterodimers and with the
Glial Fibrillary acid protein. These latter proteins are expressed in
brain cells such as astrocytes, obilgodendrites, and astroglia cells.
As shown above, the process of tubule polymerization by GIP-34
has been experimentally studied and reported by Mizejewski et al.
to prevent tangle formations [29]. Likewise, the amino acid pairing
and computer docking of GIP with binding sites on Beta amyloid
peptide has proved to be a promising venture. In summation, it has
now been recognized that patho-physical changes may begin in AD
patients many years prior to the clinical manifestations of AD. It is
further known that the spectrum of AD activities spans from clin-
ically asymptomatic to severely impaired patients [36]. Thus, it is
crucial that early treatment of AD, as shown and proposed in this
report, could possibly be implemented in the early stages of AD. In
summation, GIP treatment has yet to be proven to be effective in AD
patients and must await clinical testing [37].
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