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ABSTRACT

Methods are currently being developed to diagnose early onset of
Alzheimer’s Disease (AD) before symptoms appear. The next logical step
is to develop treatments to prevent farther progression of the disease;
i.e., to nip AD in the bud before permeant damage occurs. Here we
suggest targeting amyloid beta 42 (AB42) oligomers and transmembrane
channels to achieve that goal. Although AB42 channels have not been
well publicized, more than thirty years of research leaves little doubt that
they exist and affect both synaptic and mitochondria membranes.
Experimental evidence of these claims is review here along with highly
constrained concentric B-barrel molecular models of AB42 assemblies and
their interactions with GM1 gangliosides in both aqueous and membrane
environments. These models are consistent with well-developed
transmembrane channel modeling criteria, are energetically sound, and
are exceptionally stable throughout molecular dynamics simulations. Data
used in developing these models include electron micrographs, single
channel conductance measurements in both synthetic lipid bilayers and
neurons, CD measurements of secondary structure in aqueous and
membrane environments, NMR studies of AB42 assemblies in detergents,
measurements of AB42 toxicity, and biochemical determination of which
residues of AB42/GM1 assemblies are accessible to proteolytic cleavage.
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Introduction

Typically, diseases are more treatable if detected
early. Promising research is underway to develop
blood biomarkers to diagnose the onset of AD in
middle age before symptoms appear’? and often
decades before large amyloid plaques and tau
tangles can be detected. Increases in AR42
concentrations and extracellular vesicle-associated
AB42 oligomers (EV@AB42) are among the
biomarkers®*. Now, ways to prevent further
progression from this initial pre-Mild Cognitive
Impairment (pre-MCl) stage to MCI and AD are
needed. Alterations of diet’, both physical and
mental exercises®, improvements in hearing’, and
non-toxic lithium® may help, but treatments aimed
at specific targets also should be attempted.

The principal focus of this review is to explain why
non-fibril assemblies of AB42 in conjunction with
GM1 gangliosides and possibly cholesterol should
be among these targets, why they are unlikely to
have disordered structures, why it is important to
determine their 3-dimensional structures, and
suggest how they can be targeted. My group is
contributing to this effort by developing structural
models of AB42 and AB42/GM1 assemblies in four
environments: the aqueous phase, in AB42/GM1
lipoproteins, on membrane surfaces including
those of EVs, and as transmembrane oligomers and
channels’. These models are intended to serve as
hypotheses to be tested experimentally and
utilized in  development of treatments.
Experimental results supporting and used in
developing these models are reviewed.

Intrinsically Disordered vs. Intrinsically
Polymorphic

Most of the AD research establishment and media
classify non-fibril amyloids as “Intrinsically Disordered
Proteins” (IDP)'. This characterization can be
misleading and has discouraged research on non-
fibril amyloid structures. Large amyloid fibril
assemblies are stabilized primarily by hydrogen
bonding between B-strands of adjacent subunits. If
concentration of amyloids in an aqueous phase is
too low, then these bonds cannot form and the
peptides are disordered. Two factors can increase
order. (1) As their concentration increases, interactions
between peptides become more common, and
thus more stabilizing inter-subunit H-bonds can

form. The number of H-bonds per peptide
increases and the number of exposed hydrophobic
side-chains decreases if the B-sheets of a relatively
small AB42 cluster roll into a cylinder; ie., a B-
barrel. (2) Interactions with hydrophobic molecules
can increase the content of B-secondary structure
two ways: binding to hydrophobic micelles or
membranes can facilitate clustering of amyloid
peptides, and hydrophobic interactions can reduce
backbone H-bonding to water while increasing H-
bonding between backbones of adjacent peptides.
NMR and EM data we use in developing and
evaluating our models were obtained either in the
presence of detergents, hexane, or lipid
membranes. Our latest generation of non-fibril
AB42 assemblies include GM1 ganglioside lipids.
They increase the toxicity of AB42 assemblies, they
are required for AB42 oligomers to trigger Ca**
influx"', they interact with soluble AB42 to form
soluble lipoproteins'?, and AB42/GM1 assemblies
bind to outer surfaces of EVs®. Also, Ap42
assemblies appear to be more ordered than those
of other relatively common A variants'. They have
a high content of B- sheet in water and 467, B-sheet
plus 197 a-helix in membranes. One would expect
a much lower amount of secondary structure if they
were disordered.

Structural Models of Ap42 and
AB42/GM1 Assemblies.

B -BARREL THEORY

Proteins are easier to target if their 3-D structures
are known, but that has not been done for most
non-fibril AB42 assemblies. Our group strives to fill
some of this gap by developing structural models.
That is feasible in the absence of high-resolution
only by evoking Occam'’s razor; /.e., by assuming
the structures are as simple as possible. All known
channel structures composed of sequentially
identical subunits have structurally identical
subunits. Thus, we assume that all subunits within
an AB42 assembly have identical conformations for
our 1Tcon models and the last third of the sequence,
S3 strands, form a hydrophobic antiparallel f-
barrel. One of the beauties of modeling symmetric
B-barrels that have only one strand per subunit is
that their highly constrained backbone structures
can be predicted mathematically by well-developed
B-barrel theories'>. Strands spiral around the axis
of B-barrels in a right-handed manner. In our
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models of S3 barrels, the tilt angle relative to the
barrel's axis, a, is limited to two values: 36° (S/N =
1.0) or 55° (§/N = 2.0) and the diameter, D, of the

SIN (a) = 1.4/857 N S

N=6,5/N=1
D=1.1nm, a=36°

D= 16nm a = 55°

barrel’s backbone can be calculated if the number
of strands, N, is specified (Fig. 1).

a = distance between residues

b = distance between strands

U = number of unit cells

N = total number of strands

n = number of strands/unit cell = 2
S = sheer number

s = sheer number/unitcell=2, 4
o = strand tilt angle

N=12,5/N=1.0
D=2.3nm,a=36° C=backbone circumfrenence
D = backbone diameter
a=0.348 nm b =0.483 nm

S=Us,N=Un.S/N=s/n
42nm tana:.zjbn ,
€=v([@)* (bn)’); C=Uc
D=C/n

N=12,5/N=2.0
D=3.2nm, a = 55°

Figure 1. Beta barrel theory for S3 B-barrels of 1con models. (Left side) Flattened schematics of six subunits of 1Con AB42 S3 B-
barrels with two possible strand tilt angles; one unit cell is shaded gray in each schematic. Larger circles represent side-chains
oriented toward the viewer. Small alanine and glycine side-chains have a gray background, larger hydrophobic side chain
backgrounds are black. (Middle) Round schematics of cross-sections for B-barrels composed of six and twelve S3 strands. Green
circles represent a central pore. (Right side) Parameter definitions and calculations for 1Con models of S3 B-barrels.

ANNULAR PROTOFIBRILS.

Although data suggest that non-fibril AB42
assemblies are highly ordered in hydrophobic
environments, they also indicate that they are
highly polymorphic. We first learned the extent of
that polymorphism by analyzing annular protofibrils
(APFs). Two types of AB42 APFs can be developed
from soluble oligomers when hexane is present’®.
Beaded APF (bAPFs) develop first. They resemble
beads on a necklace. Our analysis of bAPF

Hexamer Octamer

N S/N D (nm)
$1-5212:2.0:3.2
16:15:36 oc.
iy 24:05:3.9
23 16051053 8:1.0:15

12:1.0:23

Dodecamer

micrographs revealed five sizes of beads'. We
proposed that these beads correspond to soluble
oligomers composed of 6, 8, 12, 16, and 18 Ap42
subunits, and the oligomers have a concentric
antiparallel B-barrel structure with S3 strands
comprising core barrel and the N-terminal third, S1,
and the central third, S2, of the sequence comprising
an outer surrounding barrel. Hexane fills the central
pore through the larger S3 barrels (Fig. 2).

Hexadecamer Octadecamer

32:0.0:5.0
16:1.0:3.0

Figure 2. Beads of bAPFs. (Top row) Wedge schematics of a central cross section of concentric B-barrel models of soluble AB42
oligomers showing relative positions of S1 (red-orange), S2 (yellow), and S3 (blue) strands. Parameters N, S/N, and D are listed for
each barrel. Gray centers in the last three schematics represent hexane. (Bottom row) Averaged images of isolated beads from EM
micrographs (adapted from Durell, et. a/.(2022)'". Diameters of the colored circles are the same as predicted for the models. The
putative soluble oligomer models composed of the same number of subunits can have two diameters depending upon the tilt
angles of the B-strands (Fig. 3). S3 barrels of the larger versions are likely filled with hexane in the bAPFs and with lipids /in vivo.
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We developed atomic scale models of putative observed oligomers, putative hexamers, are
soluble oligomers with and without GM1 illustrated in Fig. 3.
gangliosides. Those for the most commonly

N=12,S/N=1.5,
D=2.7nm,Gap=0.8nm N=6,5/N=1.0,D=1.1nm

. N=12,S/N=2.0, N=6,5/N=2.0,D=1.6 nm
D=3.2nm,Gap=0.8nm

Figure 3. Models of soluble AB42 hexamers. (A-D) Smaller diameter model without GM1. (A & B) Top and side views of ribbon
backbone with selected side-chains. Ribbons are rainbow colored beginning with red and ending in blue. S1 (red), S2 (yellow) and
S3 B-strands are labeled. (C & D). Flattened schematics for two antiparallel subunits of the outer S1-S2 and and inner S3 barrels
viewed from the outside. Larger circles represent side-chains on the outer side of the strand. The distance between the two barrels,
Gap, is listed with other barrel parameters. The purple circle behind the S3 strands indicates an axis of P2 symmetry, the dashed
line corresponds to the central plane. Residue colors are: red letter-white background = negatively charged, blue-white = positively
charged, blue-gray = histidine, white-gray = small apolar, white-black = large hydrophobic. Copper ions bind to Histidine 6 and
Histidine 13 and/or Histidine14'8. Tyrosine 10 (encircled in green) of adjacent subunits cross-link under oxidation conditions'. (E-H)
Larger diameter hexamer with six GM1 gangliosides (green carbon, red oxygen, blue nitrogen, white hydrogen). GM1 headgroups
bind to Histidine 13 and Histidine 142, alkyl chains fill the inside of the S3 barrel.

bAPFs morph over a period of a few days into beads (soluble oligomers) merge to form a sAPF,
smooth APFs (sAPFs) that have a single, often which were modeled as a single set of three or four
circular, wall with the same thickness independent concentric B-barrels with a single hydrophobic S3
of the highly variable sAPF diameter'’ (Fig. 4). We barrel sandwiched between outer barrels and inner

proposed that sAPFs form from bAPFs when the barrels composed of S1 and S2 B-strands’’.

6mer 12mer 18mer  24mer 30mer 36mer 42mer

-

108mer 120mer 132mer 144mer 156mer 204mer ‘ 240mer

Figure 4. EM images of bAPFs (top row) and sAPFs proposed to be composed of a multiple of six AB42 subunits (adapted from
Durell, et a/.,(2022)"). The number of AB42 subunits proposed to comprise each image is listed below it. Purple and orange circles
around beads represent proposed hexamers and dodecamers. (2" row) sAPFs proposed to develop from bAPFs above them. (37
row) Giant sAPFs may develop from mergers of smaller ones. Dashed circles represent outer (black) and inner (white) edges of sAPF walls.
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Models of Transmembrane AB42

Oligomers and Channels

My group joined efforts to understand molecular
mechanisms responsible for AD in 1994 shortly
after our NIH colleges, Nelson Arispe and Harvy
Pollard?', discovered that AB42 formed channels in
artificial membranes. They knew our group had
modeled numerous membrane channel proteins in
the absence of high-resolution data and they
invited us to help them model AB42 channel
structures?.  Shortly thereafter Lal's group?
published atomic force microscopy of Ap and other
amyloid (a-synuclein and amylin (or islet amyloid
polypeptide (IAPP)) channels. Our models have
evolved since then as more data became available.
We published our first AB42 concentric B-barrel
models in 2010%*# and then applied this concept
to a-Syn channels?® and AB42 protofibrils™.

The following developments since 2010 are
consistent with our models and leave little doubt
that AB42 channels exist: (1) NMR studies of AR42
assemblies in detergents form B-barrels with only
one or two peptide conformations?’ and S3
segments form antiparallel B-sheets with axes of P2
symmetry at position V36%#°. (2) Cylindrin peptides
with sequences of S3 fragments form é-stranded
antiparallel B-barrels®. (3) Some protein toxins that
exist both in the aqueous phase and as
transmembrane channels have sequences similar
to a-Syn and contain concentric B-barrels®. (4)
Relatively small AB42 oligomers are the only type
of AB assembly that will form ion channels in
neurons®'. (5) AB42 single channel currents have
been measured in neurons from mice that have
been genetically modified to create animal models
of AD*. (6) AB42 is the most toxic common AB42
variant®. (7) Structures of AB42 assemblies both in
water and in membranes differs substantially from
those of the other most common A variants'®, they
have a higher content of regular secondary
structure (B sheet in water and B + a-helix in
membranes) and the side-chain of tyrosine 10 is
inaccessible only in AB42 in either environment. (8)
AB42 competes with VAMP2 for binding to
synaptophysin of fusion pores in presynaptic
membranes®. (9) AB42 interacts with organelles
including mitochondria®.

Freeze-fracture images reveal that transmembrane
AB42 assemblies are highly polymorphic, the

assemblies have many different sizes and shapes’.
The smallest assemblies resemble beads of bAPFs
(see Fig.3) and appear in three sizes. We model
these as hexamer, octamer, and dodecamer
transmembrane oligomers (TMOs). Only S3 B-
barrels with no water-filled pores are in the
transmembrane region of TMOs (see Fig. 6 for
octamer model). Like those of bAPFs, these beads
can cluster (Fig. 5). The freeze-fracture micrographs
also include donut-shaped images of multiple sizes
that we model as transmembrane channels. These
resemble images of smooth APFs that develop
slowly from bAPFs. As with APFs, we propose that
TMOs in a cluster can merge to form channels that
have only one S3 B-barrel (Fig. 5). Our simplest
models have the same basic protein folding motif
regardless of the number, N, of AB42 subunits. S3
strands comprise an outer antiparallel B-barrel
exposed to lipid alkyl chains; S2 a-helices reside on
each membrane surface, and S1 B-strands or B-
hairpins comprise interior -barrels that span about
half the transmembrane region from each side and
that line a water-filled pore. The tilt angle, a, of S3
strands is 55 (S/N = 2.0) for dodecamers. For
channels with 18 or more subunits, a can be either
36° (S/N = 1.0, Gap ~ 0.8 nm) or 55¢ (S/N = 2.0,
Gap ~ 1.1 nm). The more tilted S3 barrel models
have sufficient space between the outer S3 barrel
and inner S1 barrels to contain GM1 alkyl chains
(last row of Fig. 5). The other feature of these
models that accommodates GM1 alkyl chains is
that Glycine residues at every fourth position
(Glycines 29, 33, and 37) fall on the same B-pleat.
Since Glycine has no side-chain, this creates a
groove into which GM1 alkyl chains can fit. These
Glycines are conserved among all known AB42
sequencies’.
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12mer 18mer 24mer

30mer

36mer

Figure 5. Selected freeze-fracture images of transmembrane AB42 assemblies and models of transmembrane AB42/GM1
assemblies. (Top row) Images of putative AB42 hexamer TMOs clusters. (2" row) Images of putative AB42 membrane channels. (3
and 4th row) Top and side views of the ribbon backbones of channel models. S/N = 2.0 for all outer S3 B-barrels (blue). GM1

gangliosides in the bottom row have green carbons.

Membrane surface AB42/GM1

assemblies

The most compelling evidence for how Ap42/GM1
complexes bind to the outer surfaces of
membranes was obtained by Tian et al., (2021)%*.
Their cryo-electron tomography study showed that
GM1 gangliosides interact with AB42 to form a
periodic assembly that connects two liposomes.

A

The AB42/GM1 assemblies do not appear to
penetrate the membrane of either liposome but
rather replace much of the outer leaflet of each
bilayer (Fig. 6). We proposed that the darker
regions in the center of the images correspond to
AB42 S3 barrels of tetramers, hexamers, or
octamers with the axis of each barrel parallel to the
membrane surface.
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Figure 6. Averaged images of the contact region between liposomes when AB42 and GM1 gangliosides are present and models of
aggregated AB42 octamers. The dark central region is the portion occupied by AB42 and GM1. (A) We used an image averaging
process of Photoshop to create the top portion of the figure from an image in Tian et al. (2021)%. (B) End on view of ribbon backbone
S3 region for a row of 4x8mer (32mer) models with GM1 alkyl chains in green. (C) Side view of ribbon backbone for a row of AB42
octamer models. The central antiparallel S3 B-barrel (blue) is in series on each end with a yellow bundle of four parallel S2 a-helices
(yellow), topped by an 8-stranded antiparallel B-barrel composed of four S1 B-hairpins (red-orange).
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Discussion

Decades of efforts to develop inexpensive,
effective, and non-toxic treatments for AD that
target amyloid plaques and/or tau tangles have
largely failed. Most of these treatments have been
attempted only after these large assemblies have
been detected. But that is likely too late; the
damage and degradation process may then be
irreversible. One of the antibody treatments,
Lecabenab, that interacts with both AB plaques
and oligomers slows the development of AD, but
does not prevent it¥’. But it is expensive, has little
effect once the treatments are stopped even
though plaques are no longer present, and has
toxic side-effects.

The recent development of biomarkers that
identify initiation of AD before symptoms appear'™
raise the prospect of preventing AD in its infancy
before irreversible damage occurs. These biomarkers
include an increase in the concentration of AB42
and EVs@AB42. Increases in the prevalence of
AB42/GM1 lipoproteins should be added to the list
of potential biomarkers. The main argument
presented here is that AB42 oligomers and/or
channels, especially those with associated GM1
gangliosides, constitute a wide range of potential
targets present at this stage; e.g., drugs could be
developed that target pathogenic AB42 assemblies
or their precursors, mechanisms that remove
excessive AB42 could be upregulated, initial
formation of AB42 could be inhibited, or binding of
GM1 gangliosides to AB42 could be blocked.

The situation is more complicated than most
researchers realize. Structure-based drug design
requires knowing the 3-D structure of the target.
The first impediment is that most established AD
researchers do not consider efforts to
experimentally determine structures of AB42
channels feasible or relevant. Many do not even
acknowledge they exist. Thus, structural studies of
AB42 channels are not well funded in the US.

The second impediment is polymorphism. When
we began modeling AB42 channels we hoped to
identify a relatively small number of plausible
structures. The first indication that we could not do
that came with our analysis of APFs'’. At first glance
the EM images of bAPFs appeared hopelessly
complicated; sizes of the beads, the number of
beads per bAPF, and shapes and sizes of individual

bAPFs varied greatly. Nonetheless, we were able
to identify regularities among the chaos.

AB42 oligomers and channels are also polymorphic.
Atomic force microscopy (AFM) images of AB42 in
artificial lipid membranes detects clusters of three
to six peaks around a central pore®. A limitation of
AFM is that it detects primarily soluble domains
that extend beyond lipid headgroups. Freeze-
fracture images of AB42 in similar bilayers reveals
additional assemblies (Fig. 5). Patch clamp
recordings in neuronal membranes have identified
three AB42 distinct single channels conductances®”.
A biochemical analysis of AB42/ GM1 assemblies
reported assemblies with molecular weights ranging
from 45-100 kDa corresponding to assemblies of
~ 10 to 20 peptides®™. NMR analysis of AB42 in
membrane-mimicking detergents identified tetramer
and octamer assemblies that have two different
distinct AB42 subunit conformations?®, which raises
doubts about our assumption for 1Con models that
all subunits have the same conformation. Another
NMR study of 150 KD AB42 structures developed
in the presence of detergent proposed that the
assemblies have 32 AB42 subunits?; but NMR
analysis of these assemblies indicated that their
structure closely resemble that of the tetramers. We
have developed another category of models, 2con
models, based on the NMR-based structure of
AB42 tetramers. They were not included here because
they are more complicated and ambiguous.

This extreme polymorphism compelled us to look
for one or two relatively simply protein folding
motifs that can be common to all or most
polymorphs while also being consistent with most
experimental data and with the channel modeling
criteria we have developed over the last half
century. The concentric B-barrel with both radial
and P2 symmetries does that. The illustrations
above show only a fraction of the structural models
we have developed (see Durell, et al., 2026)° for
more a more complete list). Classic Xray
crystallography requires a homogeneous population
of identical protein structures that can form
crystals. That may prove impossible for AB42
channels. Fortunately, single-particle cryo electron
microscopy that does not require crystals has been
used to determine membrane channel structures®.

The third impediment is the real and perceived
unreliability of protein molecular modeling done in

© 2026 European Society of Medicine 7



the absence of high-resolution structural date or
known structure of homologous proteins. Our group
has successfully predicted gross features of
numerous membrane channels and transporters,
such as their secondary structures, transmembrane
topology, the general position of transmembrane
segments, and which segments form ion selectivity
filters and toxin binding sites. However, precise
details of our atomic-scale models invariably had
errors  when compared to subsequently
determined crystal structures, making them
unreliable for structure-based drug design. Our
AB42 models of the pore could be an exception.
The transmembrane portion of none of our prior
channels are as constrained as our simplest Ap42
channel models. Their potential precision is due to
constraints placed on concentric B-barrels in which
all subunit conformations are identical and each
subunit contributes only one or two B-strands (Fig.
1) and the constraint that all concentric barrels
must have the same axes of symmetry. Channels
are likely to form better drug-binding sites than
soluble or membrane surface assemblies because
their convex pores are analogous to elongated
cavities to which drugs bind. These channel models
satisfy our modeling criteria exquisitely: all
hydrophobic side-chains are either buried in the
protein or exposed to lipid alkyl chains, no
unpaired polar atoms are exposed on the outer
surfaces to lipid chains, side-chains in buried
regions are densely packed but do not overlap, all
negatively charged carboxyl groups form salt-
bridges with positively charged partners if the
histidine side-chains are positively charged, most
polar backbone atoms form H-bonds due to a high
content of regular secondary structure that is
consistent with experimental results for both
channel and soluble models, the transmembrane B-
barrels remain exceptionally stable throughout
molecular dynamic simulations, diameters of the
models are consistent with EM images, and
accessibilities of segments to proteolytic cleavage
are consistent with experimental data. Thus, we are
optimistic that the pore regions of our models will
be precise enough for structure-based drug design.

Nonetheless, researchers should, and | trust will,
remain skeptical until our models are verified
experimentally. Relying on the kindness of
experimentalists, | have compiled a wish-list for them.

It may be possible to exploit the 3-fold, 4-fold, 6-
fold, 9-fold, and 12-fold radial symmetries to

design channel blockers for specific channels; i.e.,
by developing organic ring compounds with the
same symmetries that can fit snugly inside or at
entrances to the pores. We suspect that larger
channels are more pathogenic than smaller ones
because they should be more permeable to
calcium and become more prevalent as Ap42
concentration increases. If so, larger compounds
designed to bind inside the larger pores should
make better drugs.

Perhaps the next most important goal is to obtain
high resolution structures of AB42 channels. That
may be easier to achieve if the polymorphism is
reduced by modifying the sequence to stabilize
some structures while preventing others. Our
models suggest multiple ways to do that. A prime
example is the Gly37Cys mutation that increases
the toxicity of AB42 but prevents formation of fibrils
by covalently linking two subunits*. Our models
predict that this alteration will stabilize structures in
which S3 strands are highly tilted (S/N = 2) while
preventing formation of channels with less tilted S3
strands (S/N = 1.0) (Fig.3). Likewise, we predict that
a Val36Cys mutation will stabilize smaller diameter
channels with less tilted S3 strands while inhibiting
formation of channels with larger pores. It would
be informative to know if these mutants form
different  single
conductances and whether GM1 gangliosides bind
more strongly to the Gly37Cys mutant.

channels with channel

We have postulated two mechanisms by which
gating of AB42 channels could be mechanosensitive.
The first resembles how we proposed the mscL
channels gate*'; stretching the membrane causes
the tilts of subunits to increase, causing the taller
channel’s (S/N = 1.0) pore’s diameter to increase
as they transition to shorter and fatter channels for
which S/N = 2.0. The second mechanism would involve
the merger of smaller TMOs or channels to form
larger channels. We advocate that methods used
to measure gating of other mechanosensitive*'“?
channels be applied to AB42 channels. If
mechanosensitive gating occurs, will it be affected
by the mutations described above to covalently
link pairs of S3 strands at regions of P2 symmetry?

Segments exposed to the aqueous phase vary
among the models. We have proposed stabilized
peptides that mimic some exposed regions in the
hope that antibodies to these peptides will bind to
specific AB42 assemblies. If successful, some of
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these antibodies could be used as drugs, or at least
as research tools to determine the location of
specific assemblies.

The freeze-fracture images of AB42 assemblies in
lipid bilayers that we used are far from ideal. The
study, performed over 20 vyears ago, was
terminated originally without publication because
the data were deemed too complicated to be
interpreted. The studies should be repeated with
and without GM1 ganglioside and cholesterol
present, single-particle cryo-EM should be used to
obtain higher resolution images of each type of
assembly, and mutated AB42 peptides should
probably be used to reduce polymorphism.

Humanin® and PRP-N1* are protective against AD.
We have developed, but not published, models of
both interacting with AB42 assemblies. Experiments
to determine whether either of these prevent
formation of AB42 channels should be performed.

The report that AB42 competes with VAMP2 for
binding to synaptophysin®** suggests that it is
involved in the mechanism by which synaptic
vesicles fuse with plasma membranes to release
transmitters. Effects of AB42 on formation of fusion
pores should be studied.

We have published concentric B-barrel models of
channels composed of 18 a-Syn proteins? based in
part on cryo-EM and AFM images. a-Syn and AB42
interact®, both have been proposed to contribute
to transient receptor (TRP) channels of mitochondria®,
and both occur frequently on both sides of
presynaptic plasma membranes’. We have
developed, but not published, hybrid channel models
composed of 12 AB42 and 12 a-Syn peptides that
resemble our a-Syn models. It should be
determined whether such channels in fact occur.

Lithium has been proposed to inhibit development
of AD8. Our models of 1Con dodecamer channels
include lithium ions bound to carboxyl groups of
Asp1 and Glu3 side chains. We have proposed that
Ca?*permeation through these channels is reduced
by the presence of lithium ions, and that lithium
binding can be prevented by a Glu3GIn mutation.
These predictions should be tested by measuring
effects of lithium and the GIu3GIn mutation on
single channel conductances and selectivities.

The pore is lined by S1 B-barrels in our 1Con
models and by S2 B-barrels in our 2-con models.

Effects of mutating charged side-chains in these
segments on AB42 channel conductancies and
selectivities should be measured to determine
which category in superior.

Several mutations within the AB42 sequence have
been discovered in patients suffering early onset
AD. Effects of these mutations on AB42 channels
should be analyzed.

Our most unorthodox proposal is that GM1 alkyl
chains bind between the outer S3 barrel and pore
lining barrels if the S3 strands are highly tilted; /.e.,
if their S/N value is 2.0. In these models the ends
of the alky chains are near Met35 of S3. They are
also near pore lining segments in the center of the
transmembrane region; e.g., for 1Con models near
Ala2 of 18mers and larger channels with less tilted
S3 strands, and near Ser8 for channels with highly
tilted S3 strands. In 2Con models the alkyl chains
would end near Phe19. It may be possible to
modify ends of the alkyl chains and these residues
to determine if they in fact do interact.

Fantini, et. a/, (2014) *® found that the anticancer
drug Bexarptene blocks calcium-permeable AB42
channels. Fantini, et. a/, (2020)* also developed
compounds with two adjacent histidines that bind
to GM1 ganglioside head groups and prevent its
binding to Ap42 assemblies. They propose that
these can be used as anti-AD drugs by reducing
the toxicity of AB42 channels. Effects of their drugs
on AB42 single
conductances and the coupling of liposomes
should be tested. Can they be used in the early
stage to prevent development of AD?

channel formation and

The initial finding by Arispi, et. al, (1993)*" that
AB42 channels are permeable to calcium ions has
been verified repeatedly. The calcium signaling
hypothesis for AD proposes that perturbation of
calcium homeostasis is a major factor in AD#. Can
calcium homeostasis be evaluated in pre-AD neurons?

Some EVs have AB42 and GMTs in their outer
surface. Do these EVs interact in the same way as
liposomes containing Ap42 and GM1s?

AB42 can interact with GM1 gangliosides and
cholesterol to form soluble lipoproteins®. These
assemblies are consistent with the lipid-chaperone
hypothesis for the interaction of AB42 with
membranes®'. We know of no detailed studies of
their structures. These could be informative.

© 2026 European Society of Medicine 9



This review has neglected the importance of tau
and AB42 disposal by apolipoprotein E*?, microglia>,
and astrocytes®® in the pre-MCl stage. This omission
should not be misconstrued as a belief that
research in these areas is less important; they are
simply outside my area of expertise. It would be
worthwhile to determine which of the biomarkers
for early development appears earliest and which
most reliably predicts that AD will develop. Such
studies might help determine which process or
processes are initial triggers; e.g., does excessive
concentration of AB42 trigger generation of tau?

The research | advocate will be costly. However,
the expense of not preventing AD will be several
orders of magnitude greater, not to mention the
physical and emotional suffering of millions. This
gamble is well worth making. To my colleagues
and funding agencies; if you cannot or do not wish

to perform these types of studies, at least support
funding them.
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