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Abstract

Amyloid self-assembled from amyloid peptides p-40 or f-42 is notorious due to the neurotoxic effects of p- oligomers in
plaque and neurofibrillary tangles, neuronal dysfunction and diseases of cognitive decline such as Alzheimer s, or Parkinson s
disease. This contrasts with so-called functional amyloids which are non-toxic ordered f-sheet molecular templates amenable
to applications in tissue engineering. Long and hollow amyloid fibres, flattened tube and spiral ribbons have been used in
engineering applications. Protein f-sheet core structures display diverse biological functionalities exploitable in futuristic
self-assembling biomaterials revolutionizing nanotechnological developments in photopharmacology pain research, ultra-
high performance surgical bioadhesives, and our understanding of amyloid fibril assembly. Use of nano-wires cast within
hollow amyloid fibrils has advanced nano-electronics in next generation computers, biosensors, ultracapacitors, memristors,
actuators and molecular switches. Amyloid fibrils have been used in photon capture light harvesting technologies in nano-
photoelectronics, and photovoltaic photopharmacology futuristic nano-technological advances. A better understanding of
amyloid fibril assembly processes may also uncover better ways to control the toxic build up of amyloid in brain tissues in
diseases of cognitive decline. An innovative survey of over 1 million microbiome metabolites that regulate 300 G-protein
coupled neuroreceptors and Tau microtubule dynamics show effects on amyloid fibrillogenesis. Some of these metabolites are
absent in AD individuals prone to cognitive decline demonstrating the importance of the gut-brain axis in neuro-pathobiology.
With the ever-expanding prevalence of cognitive diseases in ageing global populations a clear and present need exists to treat
these conditions. A promising number of therapeutic interventions discussed herein warrant further exploration.

Keywords: Amyloid Fibrils, Nano-Electronics, Memristors, Biosensors, Photovoltaics, Photopharmaceutics, Microbiome Metabolites,
GPCR Regulation

1. Introduction processes in the development of new generation biomolecular
This study has examined amyloid assembly processes in functional scaffolds in technological advances in nanobiology
neurodegeneration to provide insights into how applications might and in improved therapeutic manipulations of novel therapeutic
be developed using B-sheet rich proteins in innovative assembly = compounds.
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1.1. Definition of Amyloid and Amyloidogenesis

Amyloid is a historic generic term for insoluble misfolded protein
aggregates with defining B-pleated sheet content that can undergo
self-assembly through stacking of these B-structures. Amyloid can
be stained with diazo Congo red dye through intercalation with
these B-sheet assemblies and these exhibit a characteristic green-
yellow birefringence under polarized light [1-6]. These misfolded
proteins exhibit specific features that facilitate assembly of
ordered repeat structures such as B-sheets, resulting in formation
of insoluble amyloid deposits [1,5,6]. The importance of B-sheet
secondary structure on the functional properties of f-sheet proteins
has been evaluated using molecular dynamic simulations [7].
Innovative studies have identified that microbiome generated
metabolites of dietary proteins transported to the brain can regulate
G-protein coupled receptors (GPCRs) and control microtubule
structure and hyperphosphorylation of Tau protein leading to its
release from the microtubule to act as a nucleating factor in BA
fibrillation dynamics [8]. Raman spectroscopy reveals that photo
biomodulation can induce a transition of a-helix to B-sheet protein
structures promoting neurodegenerative changes and development
of Alzheimer’s disease (AD) demonstrating the importance of
B-sheet structures in degenerative brain pathology [9]. A greater
understanding of this transitional process may reveal new
therapeutic opportunities to treat diseases of cognitive decline.

The importance of B-sheet structures in AP fibril formation has
been evaluated using molecular dynamics simulations [7]. Raman
spectroscopy has also demonstrated transitional changes in tubulin
structure and Tau protein organization that contribute to B-sheet
and amyloid fibril assembly processes of likely importance in the
development of AD [9]. Preferential binding of aromatic amino
acids to AP42 occurs through pi or n-m stacking and hydrogen
bonding. Oligomeric polypeptides (K8YS8, K4Y8, K8WS)
containing Lys and the aromatic amino acids Trp or Tyr significantly
decrease AP42 aggregation as determined by thioflavin T staining,
CD spectra and molecular docking studies [10]. Cell viability
assays with these blocking peptides also confirmed a significant
reduction in the toxicity of Ap42 on the SH-SYS5Y neuroblastoma
cell-line which has been used extensively in neurobiology [11].
A B-sheet breaker peptide HPYD (His-Lys-Gln-Leu-Pro-Phe-
Tyr-Glu-Glu-Asp) has been designed that disrupts amyloid fibril
assembly and has also been evaluated in behavioral testing studies
and by transcriptional profiling [12]. Norepinephrine has also been
shown to inhibit AD-P peptide aggregation and destabilizes AD-f3
protofibril formation [13]. Several studies have also reported
on the synthesis of some short synthetic peptides called B-sheet
breaker peptides which disrupt B-amyloid fibril assembly [14].

1.2. Assembly of Amyloid Fibrils, Plaques and Neurofibrillary
Tangles

The AP peptides which form brain amyloid deposits are assembled
into dimers, trimers, oligomers and distinctive fibrillar structures
(Figure 1). All of these amyloid species share a common
aggregation mechanism independent of the protein primary
sequence progressing from amyloid monomers to formation of

metastable soluble amyloid prefibrillar oligomers that eventually
lead to stable insoluble mature amyloid fibres [15]. It is generally
accepted that it is these pre-fibrillar amyloid oligomers which
are primarily responsible for amyloid neurotoxicity in the brain
rather than the monomers or mature fibres [16]. Generic amyloid
deposits however can occur in many tissues in the human body,
these involve a range of small misfolded proteins of variable
B-sheet content but all lead to organ and tissue dysfunction
[17,18]. Amyloid accumulation, plaques and neurotangles in the
aging brain specifically lead to diseases of cognitive decline such
as AD or Parkinson’s disease (PD) [19-22].

1.3. The Deleterious Impact of Amyloid Deposition in Tissues

Amyloid plaques can be viewed using light microscopy employing
a variety of staining methods including silver stains, Congo red
diazo dyes, Thioflavin, cresyl violet and periodic acid-Schiff (PAS)
procedures [17,24]. These stain different components in plaques
and neurotangles, with variable sensitivity. Immunolocalization
of amyloid plaques with a range of specific antibodies to AP
epitopes and to other amyloid-associated components has also
been undertaken [25]. Amyloid fibrils display diverse molecular
structures, ENTAIL and PARROT are two bioinformatics systems
that have been developed for the classification of amyloid fibril
biodiversity. Ultrasensitive, new generation amyloid biosensors
have also been developed for the detection of amyloid peptides in
tissues, plasma and cerebrospinal fluid [26-36]. Amyloid plaque
formation may be linked to trauma of the brain microvascular
system, chronic brain inflammation and immune dysfunction
[37-39]. Predictive algorithms have been developed to assess
peptides with a propensity to form amyloid fibrils in web-based
software that predicts aggregation-prone protein sequences [40-
42]. AMYLPRED?2 (http://biophysics.biol.uoa.gr/AMYLPRED?2)
is a public web predictive tool for amyloidogenic determinants in
'aggregation-prone' peptide sequences [41]. It should be stressed
that it is well known that amyloid toxicity is mainly due to the
amyloid prefibrillar oligomers but not to the amyloid monomers
or mature fibres [16]. This is due to the disruption of membrane
integrity by the oligomer pore forming properties that effect Ca**
homeostasis [43-45]. Membrane depolarization in the neuron
results in activation of voltage gated ion channels and regulated
control of the influx of Ca*" resulting in neuron activation. This
influx of Ca®* results in mobilization of neurotransmitters contained
in synaptic vesicles which are transported in a coordinated fashion
by SV2 proteoglycan to the synaptic gap regulated by Ca**
sensitive glycoproteins such as the synaptotagmins [46]. Merging
of the synaptic vesicles with the post-synaptic membrane results
in release of these neurotransmitters into the synaptic gap where
they are taken up by adjacent neurons in the neural network and
neurotransmission occurs [47]. Ca®" is thus an important cell
regulator particularly in neural activation and neurotransduction
in neural networks and in neuron-astrocyte communication. Ca**
modulates calmodulin-dependent protein kinase kinase signal
transduction and this is a central organiser of synaptic plasticity,
learning and memory [48,49]. Uncontrolled entry of Ca*" through
Ca?* channels however is also a cell death trigger in neurons and

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 2



astrocytes thus proper control of this Ca?* influx is important
to maintain neuron activity and viability [46,47]. Calcium
dyshomeostasis drives pathophysiological and neuronal changes
in neurodegenerative diseases aggravating the symptoms of AD
through aberrant activation of neuronal networks and dysregulation
of neuron-astrocyte signaling [50-53]. This results in deleterious
impacts on synaptic and cognitive processes that contribute to
neuronal dysfunction and the pathogenesis of AD [54].
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Figure 1: Schematic showing the hierarchical organization of
amyloid microfibrils and how they are assembled into B-pleated
sheet structures, amyloid plaques and neurotangles. The dominant
components of amyloid plaques or deposits are amyloid fibrils
(A, B) formed by close lateral association of protofilaments (C)
formed by stacking of monomeric subunits (D).

Depiction of in-register cross-p structures (E), two intermolecular
B-sheets are shown (F). In antiparallel cross-f structures, each
subunit contributes a single B-strand per B-sheet, but the strand
direction alternates (G). In multi-layered antiparallel structures,
each subunit contributes more than one strand per B-sheet (H). In
B-solenoids such as HET-s, subunits occupy more than one layer
by coiling in solenoid like orientations, adjacent subunits are
alternately colored blue and purple.

Schematic depictions of protofilament organizational forms. (I)
single protofilament, (J) two protofilament twisted ribbon, (K)
tubular structure formed by association of several protofilaments,
often with rotational symmetry about the fibril axis (L), or a
tape-like side-by-side association of protofilaments (M). Figure
reproduced from under Open Access [23].

1.4. Not all Amyloids Induce Deleterious Functional Impacts
on Tissues

In nature, amyloids have a range of functions across diverse
organisms, ranging from mammals, bacteria, fungi and marine

organisms [55-60]. So-called functional amyloids participate in
an array of physiological processes such as regulation of pigment
formation, storage and controlled release of peptide hormones,
memory, fertilization of oocytes by sperm, antimicrobial responses,
regulated necrosis, cellular responses to stress. Amyloid fibrils are
also found as components in marine bioadhesives such as those
which provide adhesion of barnacles and mussels to substrata.
These have powerful adhesive properties that have inspired the
development of tissue adhesives of potential application in highly
specialized surgical procedures [59-70]. The unique architectural
assembly processes and exceptional mechanical strength of
amyloid fibrils makes these structures of interest in innovative
applications in nano-electronics, and in development of suturing
materials and vascular and orthopedic implants [71-76].

2. Amyloids as Attractive Candidates in Tissue Engineering
2.1. Natural Amyloid Fibrils

Functional amyloids are attractive biomaterial candidates for tissue
engineering applications [77-79]. Amyloid fibrils undergo self-
assembly, forming regularly organised structures with impressive
biophysical properties and a range of morphologies including
extended straight filaments, tapes, twisted ribbons, and hollow
tubes. Fibrils are typically 5-20 nm in diameter with a length in
the micron size range.

2.2. Synthesis of Amyloid Fibrils in the Laboratory

Fibrils can also be assembled from a diverse range of small
proteins and polypeptides over a wide range of assembly
conditions influenced by temperature, pH and solvent conditions
providing flexibility in the procedures that may be utilised in
engineering applications to assemble fibrils at the nanoscale level.
Furthermore, fibrils are assembled from arrangements of amino
acids amenable to genetic manipulation and a range of biosynthetic
bacterial protein expression systems are available. Introduction of
point mutations in fibril proteins can introduce design features
which vary chemical and electrostatic fibril surface characteristics
which modulate binding properties and responsiveness to unique
environmental conditions [80,81].

3. The Versatility of Amyloid Fibrillar Forms

Several classes of engineered amyloid polymers have been
developed with impressive credentials as biomaterials for
engineering applications. These include (i) templates for casting of
silver or gold nanowires used in nanoelectronics, (ii) hydrogels and
bioscaffolds for delivery of stem cell and therapeutic drugs, (iii)
light harvesting electron transport biomaterials for biophotonics,
(iv) biosensors, actuators and molecular switches [82,83].

Hollow ~100 nm nanotubes have been developed using self-
assembly of amyloid-like fibrillar structures to form templates
within which silver nanowires can be cast of 10-nm width and
lengths ranging from 60 to 100 microns [84-86]. The central
nanowire is subsequently recovered by proteolytic digestion of
the peptide shell. Multi-layered co-axial nano-wire assemblies
have also been prepared decorated on the exterior of the nanowire
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with metallic gold as confirmed by TEM and energy dispersive
X-ray analysis. Gold or silver nanowires with widths of ~100
nm with demonstrated high conductivities and low resistances
(~80 Q) have been applied in nano-electronics revolutionising
the development of next generation computers and biosensors
[87,88]. Ultracapacitors have also been developed using an
external magnetic field to orient horizontal and vertically aligned
arrangements of nanotubes. These amyloid assemblies display
enhanced capacitance relative to carbon and carbon nanotube—
modified electrodes [89].

3.1. Amyloid Fibril Applications in Nano-Electronics

Silver and gold nano-wires have found application in nano-
electronics in the development of actuators, molecular switches
and memristors in microcomputing [85-87,89-95]. The memristor
is a resistor with memory that behaves similarly to biological
synapses [96]. The low power requirements and ultra-high speed
signal transmittance capability of memristors is revolutionising
development of neuromorphic circuits that are used in synthetic
neural networks, switching devices and low-power sensors
in microcomputing [97-99]. Nano-wires cast using hollow
amyloid fibrils as casting templates have been used in bio-
sensing, optoelectronics and photovoltaics and show potential
in the development of synthetic synapses in highly innovative
bio-nanotechnological applications [100-102]. Furthermore,
carbon-nanomaterial-amyloid fibril hybrids have potential uses
in organic micro-electronics and bio-sensing in biomedicine
and in structural nano-biomaterials. Amyloid fibrils have been
used in a number of applications in tissue engineering [78].
Photobiomodulation therapy, using near infra-red 700-1400 nm
low-level laser phototherapy, reduces the deposition of beta-
amyloid in the AD brain, ameliorating neuroinflammation and
oxidant stress, supporting mitochondrial homeostasis to elicit
a healing or regenerative response [103]. The surface chemistry
of engineered amyloid fibrils can be modified depending on
the amino acids employed and bacterial protein expression
systems used. Furthermore, amyloid fibrils can be coated with
chemicals such as, poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT-S), luminescent polyfluorene (PPF) or
ammonium pentadecafluorooctanoate (APFO) that modify their
responsiveness to specific chemical microenvironments [104-
106]. Fibrils can also be coated with gold nanomaterials modified
with peptides or other chemicals. Gold itself is chemically
inert but highly conductive and, when modified with additional
components, can fine-tune the surface interactivity of amyloid
fibrils. Some chemicals (PEDOT-S, PPF, APFO) can improve the
light harvesting and electron transfer properties of fibrils which
can improve the efficiency of photobiomodulation therapy [107].
Other amyloid fibrils can display catalytic enzymatic properties
with hydrolases, esterases, lipases that can be harnessed using the
fibril as a nanoscaffold for enzyme immobilisation in biosensors or
to develop enzymatic activities that disassemble insoluble amyloid
deposits [83,107-109].

3.2. Use of Amyloid Fibrillar Assemblies in Neuromorphic
Computing

Quantum computers offer the computational power required
to drive neuromorphic hardware in neural network dynamic
simulations [110]. Machine learning and artificial intelligence
algorithms running on neuromorphic hardware are being
developed to assist in data analysis in artificial synapse modular
supercomputing developments. Self-assembling amyloid fibrillar
structures can be modeled to provide neuromorphic hardware
due to varied fibril surface chemistry and their responsiveness to
specific electrochemical microenvironments. This may be useful
in the development of electrochemical random-access memory
using ionic neurotransistors, leading to neuromorphic computing
networks that drive sensory intelligent perception systems
[111,112]. Application of Al methodology in brain-interface
technologies offers particularly exciting possibilities in the
improvement of real-time bidirectional control systems between
living brains and actuators in motor and sensory neuromorphic
applications and have already had notable clinical success in the
treatment of paralyzed patients’ and expanded the mobility of
disabled patients [113].

3.3. Development of Suturing Material and Vascular and
Orthopedic Implants Using Amyloid Polymers

The mechanical strength of amyloid fibrils Amyloid fibrils possess
a Young’s Modulus in the GPa scale and a strength comparable
to steel. High-resolution data gathered from X-ray diffraction and
NMR experiments, demonstrate an extensive cross -sheet content
within the core of the fibril forming an expansive hydrogen-bonding
network spanning the length of the fibril. It is this cooperative
intermolecular hydrogen-bonding network which confers stability
and unique material properties toamyloid fibrils[114,115]. Amyloid
fibrils have similar mechanical properties to dragline spider silk,
which is one of the strongest and most rigid biomaterials in nature
[71]. Silk and amyloid fibrils both contain expansive hydrogen-
bonded B-sheet networks. The material properties of amyloid fibres
and B-sheet rich silk proteins makes them attractive candidates for
the development of suturing materials and orthopedic and vascular
implants for tissue repair. The B-sheet content of structural
proteins produces very stable structures through lateral inter-chain
hydrogen bonding. Silk fibroin is a good example of a block co-
polymer structure with B-sheet content which provides high tensile
strength (0.5~1.3 GPa) and toughness (6 x 104~16 x 104 J/Kg) and
is responsible for the strength of spider web drag-line silk [72-76].
Elucidation of the hierarchical structural organisation of silk fibers
shows these are similar to amyloid fibrils and illustrates how silks
unique mechanical features are achieved and how silk outperforms
animal horn material in terms of strength and toughness [116,117].
High strength hydrogels can also be prepared using silk fibroin
as a scaffolding material [118]. Vascular patch implants based on
silk have also been developed and functionalized with perlecan,
an angiogenic proteoglycan to improve vascular biointegration
[119,120].
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3.4. Customised Amyloid Fibrils Made in the Laboratory
While natural self-assembled amyloids are nanometer-sized
fibrillar biomaterials, it is now possible using in-vitro methods
to assemble large 10-20 oo m diameter amyloid fibers several mm
in length [121]. Using a short, hydrophobic director a-helical
template peptide and mixtures of peptides it is possible to self-
assemble large amyloid fibers, encoded by micron-sized self-
assembled structures at the genetic level, with tailored rectangular
or cylindrical cross-sectional morphologies and robust material
properties (modulus 0.1-2.5 GPa) [122-123].

3.5. The Versatility of Amyloid Hydrogels and Bioscaffolds
The ECM has important instructive properties over cells encoded in
peptide epitopes of structural and signaling ECM components that
act as molecular directors of cellular activity [ 124]. Peptide epitopes
can be incorporated into synthetic amyloid biomatrices to mimic
the specific communication that occurs between cells and tissues
to control cell adhesion, differentiation, immunomodulation and
ECM turnover to achieve tissue homeostasis [125]. Cell adhesion
on amyloid fibrils occurs despite a lack of integrin recognition
motifs, biomatrices have also been prepared containing RGD cell
attachment motifs to further improve cell attachment providing
versatile biomaterials for tissue engineering applications including
the culture of neurons and to develop a model of AD [126-133].
Amyloid fibril bioscaffolds have been used to culture neural
progenitor cells to assess if an AP B-sheet environment guided
differentiation of cultured neural progenitor cells simulating
conditions found in brain tissues in which amyloid deposition
occurs. AP B-sheet bioscaffolds produced neural progenitor cells
of a phenotype similar to that induced by amyloidosis in AD
tissues [134].

4. Innovative Biotherapeutic Applications of f-Sheet Proteins
in Biomedicine

4.1. Developments in Light Harvesting Technology in Photo-
pharmacology

Amyloid fibrils have Ultraviolet—visible—near-infrared optical light
capture properties and have been applied to study the mechanism
of amyloid fibril formation and in healthcare applications [135-
136]. Light capture technologies have also been applied in the
activation of photoswitchable drugs in the regulation of neural
pain generation. A problem of systemic pharmacotherapeutic
neuroinhibitory medications like antiseizure drugs, which are used
to treat epilepsy and neuropathic pain is off-target activity, which
can cause unwanted side-effects. There is an urgent need for drugs
that effectively inhibit nerve signals locally to alleviate pain without
unwanted side-effects. Photopharmacology uses light-activated
drugs illuminated locally at specific tissue target sites to provide
specificity of action. Photoswitchable derivatives (carbazopine-1,
carbadiazocine) of the antiseizure drug carbamazepine (tegretol)
have been developed to treat tonic-clonic seizures and bipolar
disorder and to relieve the intense, stabbing, electric shock-like pain
caused by trigeminal neuralgia (douloureux, Fothergill disease).
Carbadiazocine can be photoswitched between 400-590nm using
light emitting semi-conductor diodes (LEDs) to activate specific

analgesic mechanical and thermal pain relief profiles in a rat model
of neuropathic pain [137]. Engineering of amyloid fibril optical
biosensors using smart Trojan-horse technology can potentially
improve light delivery precision in tissues to photoactivatable
drugs offering innovative light harvesting technology solutions
in photomedicine [136,138-142]. These types of drugs have also
been examined for the detection and eradication of B-amyloid
fibril deposits in tissues [143].

4.2. Development of Innovative High Performance Surgical
Adhesives Based on B-Sheet Block Co-Polymer Proteins

Surgical wound closure has traditionally been undertaken using
suturing techniques. However, some wound margins in very soft
tissues are not mechanically strong enough to adequately support
such a closure method. Biological adhesives or glues represent
an alternative closure method and have added advantages since
the absence of suture sites removes potential sites of biological
infection or regions of point loading which may lead to tissue
tearing and sites of infection in very soft tissues [61]. Catechol
block co-polymer chemistry in marine (mussel, barnacle)
adhesives and insect structural proteins have shown great potential
in the development of ultra-strong wet-set tissue adhesives and
these proteins only illicit a mild immune response [144-148].
Pvfp-5p folds as a B-sheet-rich protein which stacks in a catechol
based repeat co-polymer resembling amyloid B-fold stacked
protein structures [149,150]. Silk fibroin also displays similar
block co-polymer organization in ultra-strong insect proteins such
as spider-web drag-line silk [151]. Pv{p-5p folds as a B-sheet-rich
protein containing repeat EGF-like modules and this polymer has
strong adhesive properties on glass and plastic and no cyto-toxic
side-effects [149,150]. Engineering of mussel adhesive proteins
containing L-3,4-dihydroxyphenylalanine (DOPA) cross-linked
with lysine can increase their B-sheet contents providing polymers
with improved gradual silver release properties and toughness
[152]. These polymers have excellent antibacterial properties
against Gram-positive Staphylococcus aureus and Gram-negative
Escherichia coli further improving the performance of such
polymers in surgical procedures. Furthermore, anti-bacterial silk-
fibroin scaffolds containing silver nanoparticles increase osteoblast
proliferation and human mesenchymal stem cell differentiation
and have been used in bone regenerative procedures [153-155].
Bioadhesive protein polymers with programmable material
properties can be engineered in the laboratory. Increasing the silk
amyloid content of these polymers enhances the B-sheet content
and toughness of such polymers [156]. The wet adhesive properties
of such polymers are also tunable through defined molecular
interactions [157-159]. Furthermore, an engineered biocompatible
hydrophobic light-activated adhesive has been developed based
on mussel DOPA adhesive [160]. The powerful adhesion this
polymer provides to wet tissue within seconds of light application
has been applied to high-pressure large blood vessels and cardiac
wall defects [161,162]. Interventricular adhesive patches have
been used in a beating porcine heart with sufficient adhesive
strength to resist supraphysiologic pressures for 24 h providing
immediate hemostatic repair of vascular surgical defects and offer
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instantaneous adhesion. This adhesive has impressive credentials
in tissue closure in demanding areas of surgical intervention.

Amyloid fibrils have also been observed in adherent marine
organism adhesive compounds that contribute to their astonishing
adhesive strength, tenacity of binding and very rapid adhesive
properties under adverse environmental binding conditions
[55,115,163,164]. Such polymers in barnacles and mussels have
been de-engineered and new polymers created, inspiring the
development of a new generation of high-performance surgical
adhesives. These may obviate the need for sutures in demanding
surgical procedures in very soft tissues where sutures may not hold
adequately and may be a potential site where tearing of suture sites
can increase the likelihood of microbial infection [61,165,166].
Surgical bioadhesives based on amyloid are non-immunogenic and
may obviate the need for sutures altogether, providing improved
healing responses in cardiac surgery and can even be used directly
on the beating heart where their rapid, exceptional tissue adhesive
properties are an important innovative surgical application [167].

Amyloid fibrils also occur in high performance structural
insect proteins. Spider-web drag-line and aquatic silk fibroin
copolymers in silk-moth (Bombyx mori), caddis-fly larvae (order
Trichoptera) and sandcastle worms (Phragmatopoma californica)
have assembly properties similar to those in brain amyloid fibril
formation based on modular silk-homology repeat motifs and
B-sheet formations which promote formation of block co-polymers
[79,168]. Silk proteins have found application as suturing material
and the preparation of engineered composite constructs used in
biomedicine [61].

4.3. Microbiome Metabolites with GPCR Instructive Roles
Promoting Tau Protein Release from Microtubules

Innovative gut microbiome research has shown how microbiome
generated metabolites can regulate GPCRs influencing Tau
protein aggregate assembly processes that affect development of
Alzheimer’s disease. The gut microbiome is an innovative area
of intense investigation that provides insightful clues into how
amyloid assembly processes and neurosignaling may be influenced
by dietary components processed by gut microbes and which can
be transported by the vagus nerve of the gut-brain axis to the brain
through the blood-brain-barrier [169-176]. These metabolites can
modulate the development of protein aggregates assembled by
neurons that mediate the pathogenesis of AD and offer potential
novel opportunities to treat this condition [19,177-179]. Roles for
the gut brain axis have been established in the potential regulation
of neurodegenerative processes [8,180]. Metabolites generated by
several members of the gut microbiota can efficiently activate host
GPCRs and influence host physiological processes [181]. Many
bioactive metabolites act through the engagement of GPCRs
[182]. A highly multiplexed bioactivity screening technology
has been developed to construct a GPCR interactome based on
>300 GPCRs and 1,041 human microbiome generated metabolites
from 435 microbiome populations [183]. GPCRs control neuronal
excitability, synaptic transmission and plasticity, and cellular

behavior through spatiotemporally controlled precise initiation of
a variety of cell-signaling pathways. Astrocytes, oligodendrocytes,
neurons and cerebrovascular endothelial cells all express Al
and A2A GPCRs and these can also participate in heteromeric
interactions with adenosine Al, dopamine D2, or cannabinoid
CBI1 receptors [184]. Individuals with AD harbor different gut
microbiomes compared to healthy people [8,180] and often lack
bacterial species, such as Eubacterium rectale and Ruminococcus
and consequently lack bacterial molecules produced by these
microbes that are commonly found in healthy patients [8].
Computational modeling of potential interactions between one
million microbiome generated metabolites and a number of neural
receptors such as GPCRs has identified microbiome metabolites
that reduce phosphorylated tau levels in AD neurons in healthy
individuals [185-189]. Tau normally stabilizes the cytoskeleton
that controls cell shape but in AD abnormal phosphorylation
of tau results in its dissociation from microtubules, resulting in
destabilization of microtubules and alteration in cellular activity.
Furthermore, release of tau peptides can seed assembly processes
for insoluble pathological amyloid protein aggregates in the brain
[189]. N-acetylated and C-amidated AcPHF6 tau hexapeptide can
cause significant acceleration in AB40 and AP42 fibril growth
so it is important to better understand and control microtubule
dynamics and this may facilitate development of more efficient
inhibitory peptides that control fibril dis-assembly processes [190].
By combining machine learning and multi-omics the relationship
between gut metabolites and GPCRs has been established and a
GPCRome AD database has been constructed. This computational
method and Al is a powerful systems biology approach that has been
applied to identify microbiome directed personalized therapies by
targeting the GPCRome and the contribution of B-sheet proteins in
the pathogenesis of AD [8].

5. Conclusion

This review has shown that functional amyloids can be used to form
versatile cell attachment matrices and hydrogels for cell delivery
in tissue repair strategies and in innovative nano-electronics,
bio-sensors, memristors and light harvesting technologies in
photovoltaics and in photopharmacology. Ultra high performance
B-sheet protein adhesive polymers have also been developed for
specifichighly demanding surgical applications. New developments
show gut microbiome processing of dietary components produce
metabolites with the ability to regulate GPCRs in the brain which
regulate a range of physiological processes including the release
of Tau protein peptides from microtubules with the potential to
influence amyloid assembly processes and pathogenesis of diseases
of cognitive decline. This opens a new potential therapeutic avenue
for the treatment of these disabling conditions.

References

1. Puchtler, H., & Sweat, F. (1966). A review of early concepts of
amyloid in context with contemporary chemical literature from
1839 to 1859. Journal of Histochemistry & Cytochemistry,
14(2), 123-134.

2. Yakupova, E. 1., Bobyleva, L. G., Vikhlyantsev, [. M., &

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 6


https://doi.org/10.1177/14.2.123
https://doi.org/10.1177/14.2.123
https://doi.org/10.1177/14.2.123
https://doi.org/10.1177/14.2.123
https://doi.org/10.1042/BSR20181415

10.

11.

12.

13.

14.

15.

Bobylev, A. G. (2019). Congo Red and amyloids: history and
relationship. Bioscience reports, 39(1), BSR20181415.
Benson, M. D., Buxbaum, J. N., Eisenberg, D. S., Merlini,
G., Saraiva, M. J., Sekijima, Y., ... & Westermark, P. (2018).
Amyloid nomenclature 2018: recommendations by the
International Society of Amyloidosis (ISA) nomenclature
committee. Amyloid, 25(4), 215-219.

Ke, P. C., Zhou, R., Serpell, L. C., Riek, R., Knowles, T. P,,
Lashuel, H. A., ... & Mezzenga, R. (2020). Half a century of
amyloids: past, present and future. Chemical Society Reviews,
49(15), 5473-5509.

Buxbaum, J. N., & Linke, R. P. (2012). A molecular history
of the amyloidoses. Journal of molecular biology, 421(2-3),
142-159.

Sipe, J. D., & Cohen, A. S. (2000). History of the amyloid
fibril. Journal of structural biology, 130(2-3), 88-98.

Feng, Z., Xia, F., & Jiang, Z. (2024). The Effect of f-Sheet
Secondary Structure on All-$ Proteins by Molecular Dynamics
Simulations. Molecules, 29(13), 2967.

Qiu, Y., Hou, Y., Gohel, D., Zhou, Y., Xu, J., Bykova, M., ... &
Cheng, F. (2024). Systematic characterization of multi-omics
landscape between gut microbial metabolites and GPCRome
in Alzheimer’s disease. Cell Reports, 43(5).

Di Gregorio, E., Staelens, M., Hosseinkhah, N., Karimpoor,
M., Liburd, J., Lim, L., ... & Tuszynski, J. A. (2024). Raman
Spectroscopy Reveals Photobiomodulation-Induced a-Helix
to B-Sheet Transition in Tubulins: Potential Implications
for Alzheimer’s and Other Neurodegenerative Diseases.
Nanomaterials, 14(13), 1093.

Xie, H., Peng, J., Liu, C., Fang, X., Duan, H., Zou, Y., ... &
Wang, C. (2017). Aromatic-interaction-mediated inhibition
of B-amyloid assembly structures and cytotoxicity. Journal of
Peptide Science, 23(9), 679-684.

Kovalevich, J., & Langford, D. (2013). Considerations for
the use of SH-SYS5Y neuroblastoma cells in neurobiology.
Neuronal cell culture: methods and protocols, 9-21.

Liu, W,, Sun, F., Wan, M., Jiang, F., Bo, X_, Lin, L., ... & Xu,
S. (2018). B-Sheet breaker peptide-HPYD for the treatment of
Alzheimer's disease: Primary studies on behavioral test and
transcriptional profiling. Frontiers in Pharmacology, 8, 969.
Zou, Y., Qian, Z., Chen, Y., Qian, H., Wei, G., & Zhang,
Q. (2019). Norepinephrine inhibits Alzheimer’s amyloid-f
peptide aggregation and destabilizes amyloid-f protofibrils:
A molecular dynamics simulation study. ACS chemical
neuroscience, 10(3), 1585-1594.

Moraca, F., Vespoli, I., Mastroianni, D., Piscopo, V., Gaglione,
R., Arciello, A., .. & Pedatella, S. (2024). Synthesis,
biological evaluation and metadynamics simulations of novel
N-methyl B-sheet breaker peptides as inhibitors of Alzheimer's
B-amyloid fibrillogenesis. RSC Medicinal Chemistry.
Moraca, F., Vespoli, I., Mastroianni, D., Piscopo, V., Gaglione,
R., Arciello, A., .. & Pedatella, S. (2024). Synthesis,
biological evaluation and metadynamics simulations of novel
N-methyl B-sheet breaker peptides as inhibitors of Alzheimer's
B-amyloid fibrillogenesis. RSC Medicinal Chemistry.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bigi, A., Cascella, R., Chiti, F., & Cecchi, C. (2022). Amyloid
fibrils act as a reservoir of soluble oligomers, the main culprits
in protein deposition diseases. Bioessays, 44(11), 2200086.
Walker, L. C. (2020). AB plaques. Free neuropathology, 1,
1-31.

Westermark, G. T., Findrich, M., Lundmark, K., &
Westermark, P. (2018). Noncerebral amyloidoses: aspects on
seeding, cross-seeding, and transmission. Cold Spring Harbor
perspectives in medicine, 8(1), a024323.

Hampel, H., Hu, Y., Hardy, J., Blennow, K., Chen, C.,
Perry, G., ... & Vergallo, A. (2023). The amyloid-f pathway
in Alzheimer’s disease: A plain language summary.
Neurodegenerative Disease Management, 13(3), 141-149.
Villemagne, V. L., Burnham, S., Bourgeat, P., Brown, B.,
Ellis, K. A., Salvado, O., ... & Masters, C. L. (2013). Amyloid
B deposition, neurodegeneration, and cognitive decline in
sporadic Alzheimer's disease: a prospective cohort study. The
Lancet Neurology, 12(4), 357-367.

Nislund, J., Haroutunian, V., Mohs, R., Davis, K. L., Davies,
P., Greengard, P., & Buxbaum, J. D. (2000). Correlation
between elevated levels of amyloid B-peptide in the brain and
cognitive decline. Jama, 283(12), 1571-1577.

Mormino, E. C., & Papp, K. V. (2018). Amyloid accumulation
and cognitive decline in clinically normal older individuals:
Implications for aging and early Alzheimer’s disease. Journal
of Alzheimer's Disease, 64(s1), S633-5646.

Taylor, A. 1., & Staniforth, R. A. (2022). General principles
underpinning amyloid structure. Frontiers in Neuroscience,
16, 878869.

Lamy, C., Duyckaerts, C., Delaere, P., Payan, C. H., Fermanian,
J., Poulain, V., & Hauw, J. J. (1989). Comparison of seven
staining methods for senile plaques and neurofibrillary tangles
in a prospective series of 15 elderly patients. Neuropathology
and applied neurobiology, 15(6), 563-578.

Menter, T., Bachmann, M., Grieshaber, S., & Tzankov, A.
(2016). A more accurate approach to amyloid detection
and subtyping: combining in situ Congo red staining and
immunohistochemistry. Pathobiology, 84(1), 49-55.

Li, D., & Liu, C. (2020). Structural diversity of amyloid fibrils
and advances in their structure determination. Biochemistry,
59(5), 639-646.

Auriemma Citarella, A., Di Biasi, L., De Marco, F., & Tortora,
G. (2022). ENTAIL: yEt aNoTher amyloid flbrils cLassifier.
BMC bioinformatics, 23(1), 517.

Griffith, D., & Holehouse, A. S. (2021). PARROT is a flexible
recurrent neural network framework for analysis of large
protein datasets. Elife, 10, ¢70576.

Zhang, Y., Ren, B., Zhang, D., Liu, Y., Zhang, M., Zhao,
C., & Zheng, J. (2020). Design principles and fundamental
understanding of biosensors for amyloid-f detection. Journal
of Materials Chemistry B, 8(29), 6179-6196.

Kaushik, A., Jayant, R. D., Tiwari, S., Vashist, A., &
Nair, M. (2016). Nano-biosensors to detect beta-amyloid
for Alzheimer's disease management. Biosensors and
bioelectronics, 80, 273-287.

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 7


https://doi.org/10.1042/BSR20181415
https://doi.org/10.1042/BSR20181415
https://doi.org/10.1080/13506129.2018.1549825
https://doi.org/10.1080/13506129.2018.1549825
https://doi.org/10.1080/13506129.2018.1549825
https://doi.org/10.1080/13506129.2018.1549825
https://doi.org/10.1080/13506129.2018.1549825
https://doi.org/10.1039/C9CS00199A
https://doi.org/10.1039/C9CS00199A
https://doi.org/10.1039/C9CS00199A
https://doi.org/10.1039/C9CS00199A
https://doi.org/10.1016/j.jmb.2012.01.024
https://doi.org/10.1016/j.jmb.2012.01.024
https://doi.org/10.1016/j.jmb.2012.01.024
https://doi.org/10.1006/jsbi.2000.4221
https://doi.org/10.1006/jsbi.2000.4221
https://doi.org/10.3390/molecules29132967
https://doi.org/10.3390/molecules29132967
https://doi.org/10.3390/molecules29132967
https://www.cell.com/action/showPdf?pii=S2211-1247%2824%2900456-X
https://www.cell.com/action/showPdf?pii=S2211-1247%2824%2900456-X
https://www.cell.com/action/showPdf?pii=S2211-1247%2824%2900456-X
https://www.cell.com/action/showPdf?pii=S2211-1247%2824%2900456-X
https://doi.org/10.3390/nano14131093
https://doi.org/10.3390/nano14131093
https://doi.org/10.3390/nano14131093
https://doi.org/10.3390/nano14131093
https://doi.org/10.3390/nano14131093
https://doi.org/10.3390/nano14131093
https://doi.org/10.1002/psc.3011
https://doi.org/10.1002/psc.3011
https://doi.org/10.1002/psc.3011
https://doi.org/10.1002/psc.3011
https://doi.org/10.1007/978-1-62703-640-5_2
https://doi.org/10.1007/978-1-62703-640-5_2
https://doi.org/10.1007/978-1-62703-640-5_2
https://doi.org/10.3389/fphar.2017.00969
https://doi.org/10.3389/fphar.2017.00969
https://doi.org/10.3389/fphar.2017.00969
https://doi.org/10.3389/fphar.2017.00969
https://doi.org/10.1021/acschemneuro.8b00537
https://doi.org/10.1021/acschemneuro.8b00537
https://doi.org/10.1021/acschemneuro.8b00537
https://doi.org/10.1021/acschemneuro.8b00537
https://doi.org/10.1021/acschemneuro.8b00537
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1039/D4MD00057A
https://doi.org/10.1002/bies.202200086
https://doi.org/10.1002/bies.202200086
https://doi.org/10.1002/bies.202200086
https://doi.org/10.17879%2Ffreeneuropathology-2020-3025
https://doi.org/10.17879%2Ffreeneuropathology-2020-3025
https://perspectivesinmedicine.cshlp.org/content/8/1/a024323.short
https://perspectivesinmedicine.cshlp.org/content/8/1/a024323.short
https://perspectivesinmedicine.cshlp.org/content/8/1/a024323.short
https://perspectivesinmedicine.cshlp.org/content/8/1/a024323.short
https://doi.org/10.2217/nmt-2022-0037
https://doi.org/10.2217/nmt-2022-0037
https://doi.org/10.2217/nmt-2022-0037
https://doi.org/10.2217/nmt-2022-0037
https://doi.org/10.1016/s1474-4422(13)70044-9
https://doi.org/10.1016/s1474-4422(13)70044-9
https://doi.org/10.1016/s1474-4422(13)70044-9
https://doi.org/10.1016/s1474-4422(13)70044-9
https://doi.org/10.1016/s1474-4422(13)70044-9
https://jamanetwork.com/journals/jama/article-abstract/192525
https://jamanetwork.com/journals/jama/article-abstract/192525
https://jamanetwork.com/journals/jama/article-abstract/192525
https://jamanetwork.com/journals/jama/article-abstract/192525
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad179928
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad179928
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad179928
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad179928
https://doi.org/10.3389/fnins.2022.878869
https://doi.org/10.3389/fnins.2022.878869
https://doi.org/10.3389/fnins.2022.878869
https://doi.org/10.1111/j.1365-2990.1989.tb01255.x
https://doi.org/10.1111/j.1365-2990.1989.tb01255.x
https://doi.org/10.1111/j.1365-2990.1989.tb01255.x
https://doi.org/10.1111/j.1365-2990.1989.tb01255.x
https://doi.org/10.1111/j.1365-2990.1989.tb01255.x
https://doi.org/10.1159/000447304
https://doi.org/10.1159/000447304
https://doi.org/10.1159/000447304
https://doi.org/10.1159/000447304
https://doi.org/10.1021/acs.biochem.9b01069
https://doi.org/10.1021/acs.biochem.9b01069
https://doi.org/10.1021/acs.biochem.9b01069
https://doi.org/10.1186/s12859-022-05070-6
https://doi.org/10.1186/s12859-022-05070-6
https://doi.org/10.1186/s12859-022-05070-6
https://doi.org/10.7554/eLife.70576
https://doi.org/10.7554/eLife.70576
https://doi.org/10.7554/eLife.70576
https://pubs.rsc.org/en/content/articlelanding/2020/tb/d0tb00344a/unauth
https://pubs.rsc.org/en/content/articlelanding/2020/tb/d0tb00344a/unauth
https://pubs.rsc.org/en/content/articlelanding/2020/tb/d0tb00344a/unauth
https://pubs.rsc.org/en/content/articlelanding/2020/tb/d0tb00344a/unauth
https://doi.org/10.1016/j.bios.2016.01.065
https://doi.org/10.1016/j.bios.2016.01.065
https://doi.org/10.1016/j.bios.2016.01.065
https://doi.org/10.1016/j.bios.2016.01.065

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Gao, H., Chen, J., Huang, Y., & Zhao, R. (2024). Advances
in targeted tracking and detection of soluble amyloid-$
aggregates as a biomarker of Alzheimer's disease. Talanta,
268, 125311.

Sharma, P. K., Kim, E. S., Mishra, S., Ganbold, E., Seong,
R. S., Kim, Y. M,, ... & Kim, N. Y. (2022). Ultrasensitive
probeless capacitive biosensor for amyloid beta (AB1-42)
detection in human plasma using interdigitated electrodes.
Biosensors and Bioelectronics, 212, 114365.

Zheng, Y., Zhang, L., Zhao, J., Li, L., Wang, M., Gao, P., ...
& Wang, W. (2022). Advances in aptamers against AB and
applications in AP detection and regulation for Alzheimer's
disease. Theranostics, 12(5), 2095.

Jeong, D., Kim, J., Chae, M. S., Lee, W., Yang, S. H., Kim,
Y., ... & Hwang, K. S. (2018). Multifunctionalized reduced
graphene oxide biosensors for simultaneous monitoring of
structural changes in amyloid-f 40. Sensors, 18(6), 1738.
Wang, X.,Li, L., Gu, X., Yu, B., & Jiang, M. (2021). Switchable
electrochemical aptasensor for amyloid-f oligomers detection
based on triple helix switch coupling with AuNPs@ CuMOF
labeled signaling displaced-probe. Microchimica Acta, 188,
1-11.

Xing, Y., & Xia, N. (2015). Biosensors for the determination
of amyloid-beta peptides and their aggregates with application
to Alzheimer's disease. Analytical Letters, 48(6), 879-893.
Bu, X. L., Xiang, Y., Jin, W. S., Wang, J., Shen, L. L., Huang,
Z. L., ... & Wang, Y. J. (2018). Blood-derived amyloid-f
protein induces Alzheimer’s disease pathologies. Molecular
psychiatry, 23(9), 1948-1956.

Heppner, F. L., Ransohoff, R. M., & Becher, B. (2015).
Immune attack: the role of inflammation in Alzheimer disease.
Nature Reviews Neuroscience, 16(6), 358-372.

Jorfi, M., Maaser-Hecker, A., & Tanzi, R. E. (2023). The
neuroimmune axis of Alzheimer’s disease. Genome Medicine,
15(1), 6.

Castillo, V., Grana-Montes, R., Sabate, R., & Ventura, S.
(2011). Prediction of the aggregation propensity of proteins
from the primary sequence: aggregation properties of
proteomes. Biotechnology journal, 6(6), 674-685.

De Groot, N. S., Castillo, V., Grafia-Montes, R., & Ventura, S.
(2012). AGGRESCAN: method, application, and perspectives
for drug design. Computational drug discovery and design,
199-220.

Tsolis, A. C., Papandreou, N. C., Iconomidou, V. A., &
Hamodrakas, S. J. (2013). A consensus method for the
prediction of ‘aggregation-prone’peptides in globular
proteins. PloS one, 8(1), e54175.

Tempra, C., Scollo, F., Pannuzzo, M., Lolicato, F., & La
Rosa, C. (2022). A unifying framework for amyloid-mediated
membrane damage: The lipid-chaperone hypothesis.
Biochimica et Biophysica Acta (BBA)-Proteins and
Proteomics, 1870(4), 140767.

Diociaiuti, M., Bonanni, R., Cariati, 1., Frank, C., &
D’Arcangelo, G. (2021). Amyloid prefibrillar oligomers:
the surprising commonalities in their structure and activity.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

International journal of molecular sciences, 22(12), 6435.
Bucciantini, M., Rigacci, S., & Stefani, M. (2014). Amyloid
aggregation: Role of biological membranes and the aggregate—
membrane system. The journal of physical chemistry letters,
5(3), 517-527.

McCue, H. V., Haynes, L. P., & Burgoyne, R. D. (2010).
The diversity of calcium sensor proteins in the regulation
of neuronal function. Cold Spring Harbor perspectives in
biology, 2(8), a004085.

Siidhof, T. C. (2012). Calcium control of neurotransmitter
release. Cold Spring Harbor perspectives in biology, 4(1),
a011353.

Tokumitsu, H., & Sakagami, H. (2022). Molecular
mechanisms underlying Ca2+/calmodulin-dependent protein
kinase kinase signal transduction. International journal of
molecular sciences, 23(19), 11025.

Yasuda, R., Hayashi, Y., & Hell, J. W. (2022). CaMKII: a
central molecular organizer of synaptic plasticity, learning
and memory. Nature Reviews Neuroscience, 23(11), 666-682.
Griffioen, G. (2023). Calcium dyshomeostasis drives
pathophysiology and neuronal demise in age-related
neurodegenerative  diseases. International journal of
molecular sciences, 24(17), 13243.

Lisek, M., Tomczak, J., Boczek, T., & Zylinska, L. (2024).
Calcium-Associated ~ Proteins in  Neuroregeneration.
Biomolecules, 14(2), 183.

Lim, D., Semyanov, A., Genazzani, A., & Verkhratsky, A.
(2021). Calcium signaling in neuroglia. International review
of cell and molecular biology, 362, 1-53.

Ahrens, M. B., Khakh, B. S., & Poskanzer, K. E. (2024).
Astrocyte Calcium  Signaling. Cold Spring Harbor
Perspectives in Biology, a041353.

Guan, P. P, Cao, L. L., Yang, Y., & Wang, P. (2021). Calcium
ions aggravate Alzheimer’s disease through the aberrant
activation of neuronal networks, leading to synaptic and
cognitive deficits. Frontiers in molecular neuroscience, 14,
757515.

Mostaert, A. S., Crockett, R., Kearn, G., Cherny, 1., Gazit, E.,
Serpell, L. C., & Jarvis, S. P. (2009). Mechanically functional
amyloid fibrils in the adhesive of a marine invertebrate as
revealed by Raman spectroscopy and atomic force microscopy.
Archives of histology and cytology, 72(4+5), 199-207.
Siddiqi, M. K., Majid, N., Malik, S., Alam, P, & Khan,
R. H. (2019). Amyloid oligomers, protofibrils and fibrils.
Macromolecular Protein Complexes II: Structure and
Function, 471-503.

Dovidchenko, N. V., Leonova, E. 1., & Galzitskaya, O. V.
(2014). Mechanisms of amyloid fibril formation. Biochemistry
(Moscow), 79, 1515-1527.

Guyonnet, B, Egge, N., & Cornwall, G. A. (2014). Functional
amyloids in the mouse sperm acrosome. Molecular and
cellular biology, 34(14), 2624-2634.

Whelly, S., Johnson, S., Powell, J., Borchardt, C., Hastert, M.
C., & Cornwall, G. A. (2012). Nonpathological extracellular
amyloid is present during normal epididymal sperm

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 8


https://doi.org/10.1016/j.talanta.2023.125311
https://doi.org/10.1016/j.talanta.2023.125311
https://doi.org/10.1016/j.talanta.2023.125311
https://doi.org/10.1016/j.talanta.2023.125311
https://doi.org/10.1016/j.bios.2022.114365
https://doi.org/10.1016/j.bios.2022.114365
https://doi.org/10.1016/j.bios.2022.114365
https://doi.org/10.1016/j.bios.2022.114365
https://doi.org/10.1016/j.bios.2022.114365
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8899576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8899576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8899576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8899576/
https://doi.org/10.3390/s18061738
https://doi.org/10.3390/s18061738
https://doi.org/10.3390/s18061738
https://doi.org/10.3390/s18061738
https://doi.org/10.1007/s00604-021-04704-5
https://doi.org/10.1007/s00604-021-04704-5
https://doi.org/10.1007/s00604-021-04704-5
https://doi.org/10.1007/s00604-021-04704-5
https://doi.org/10.1007/s00604-021-04704-5
https://doi.org/10.1080/00032719.2014.968925
https://doi.org/10.1080/00032719.2014.968925
https://doi.org/10.1080/00032719.2014.968925
https://doi.org/10.1038/mp.2017.204
https://doi.org/10.1038/mp.2017.204
https://doi.org/10.1038/mp.2017.204
https://doi.org/10.1038/mp.2017.204
https://doi.org/10.1038/nrn3880
https://doi.org/10.1038/nrn3880
https://doi.org/10.1038/nrn3880
https://doi.org/10.1186/s13073-023-01155-w
https://doi.org/10.1186/s13073-023-01155-w
https://doi.org/10.1186/s13073-023-01155-w
https://doi.org/10.1002/biot.201000331
https://doi.org/10.1002/biot.201000331
https://doi.org/10.1002/biot.201000331
https://doi.org/10.1002/biot.201000331
https://doi.org/10.1007/978-1-61779-465-0_14
https://doi.org/10.1007/978-1-61779-465-0_14
https://doi.org/10.1007/978-1-61779-465-0_14
https://doi.org/10.1007/978-1-61779-465-0_14
https://doi.org/10.1371/journal.pone.0054175
https://doi.org/10.1371/journal.pone.0054175
https://doi.org/10.1371/journal.pone.0054175
https://doi.org/10.1371/journal.pone.0054175
https://doi.org/10.1016/j.bbapap.2022.140767
https://doi.org/10.1016/j.bbapap.2022.140767
https://doi.org/10.1016/j.bbapap.2022.140767
https://doi.org/10.1016/j.bbapap.2022.140767
https://doi.org/10.1016/j.bbapap.2022.140767
https://doi.org/10.3390/ijms22126435
https://doi.org/10.3390/ijms22126435
https://doi.org/10.3390/ijms22126435
https://doi.org/10.3390/ijms22126435
https://doi.org/10.1021/jz4024354
https://doi.org/10.1021/jz4024354
https://doi.org/10.1021/jz4024354
https://doi.org/10.1021/jz4024354
https://cshperspectives.cshlp.org/content/2/8/a004085.short
https://cshperspectives.cshlp.org/content/2/8/a004085.short
https://cshperspectives.cshlp.org/content/2/8/a004085.short
https://cshperspectives.cshlp.org/content/2/8/a004085.short
https://cshperspectives.cshlp.org/content/4/1/a011353.short
https://cshperspectives.cshlp.org/content/4/1/a011353.short
https://cshperspectives.cshlp.org/content/4/1/a011353.short
https://doi.org/10.3390/ijms231911025
https://doi.org/10.3390/ijms231911025
https://doi.org/10.3390/ijms231911025
https://doi.org/10.3390/ijms231911025
https://doi.org/10.1038/s41583-022-00624-2
https://doi.org/10.1038/s41583-022-00624-2
https://doi.org/10.1038/s41583-022-00624-2
https://doi.org/10.3390/ijms241713243
https://doi.org/10.3390/ijms241713243
https://doi.org/10.3390/ijms241713243
https://doi.org/10.3390/ijms241713243
https://doi.org/10.3390/biom14020183
https://doi.org/10.3390/biom14020183
https://doi.org/10.3390/biom14020183
https://doi.org/10.1016/bs.ircmb.2021.01.003
https://doi.org/10.1016/bs.ircmb.2021.01.003
https://doi.org/10.1016/bs.ircmb.2021.01.003
https://cshperspectives.cshlp.org/content/early/2024/05/20/cshperspect.a041353.short
https://cshperspectives.cshlp.org/content/early/2024/05/20/cshperspect.a041353.short
https://cshperspectives.cshlp.org/content/early/2024/05/20/cshperspect.a041353.short
https://cshperspectives.cshlp.org/content/early/2024/05/20/cshperspect.a041353.short
https://cshperspectives.cshlp.org/content/early/2024/05/20/cshperspect.a041353.short
https://doi.org/10.1679/aohc.72.199
https://doi.org/10.1679/aohc.72.199
https://doi.org/10.1679/aohc.72.199
https://doi.org/10.1679/aohc.72.199
https://doi.org/10.1679/aohc.72.199
https://doi.org/10.1007/978-3-030-28151-9_16
https://doi.org/10.1007/978-3-030-28151-9_16
https://doi.org/10.1007/978-3-030-28151-9_16
https://doi.org/10.1007/978-3-030-28151-9_16
https://doi.org/10.1134/S0006297914130057
https://doi.org/10.1134/S0006297914130057
https://doi.org/10.1134/S0006297914130057
https://doi.org/10.1128/MCB.00073-14
https://doi.org/10.1128/MCB.00073-14
https://doi.org/10.1128/MCB.00073-14
https://doi.org/10.1371/journal.pone.0036394
https://doi.org/10.1371/journal.pone.0036394
https://doi.org/10.1371/journal.pone.0036394

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

maturation. PloS one, 7(5), €36394.

Whelly, S., Muthusubramanian, A., Powell, J., Johnson, S.,
Hastert, M. C., & Cornwall, G. A. (2016). Cystatin-related
epididymal spermatogenic subgroup members are part of an
amyloid matrix and associated with extracellular vesicles
in the mouse epididymal lumen. MHR: Basic science of
reproductive medicine, 22(11), 729-744.

Melrose, J. (2022). High performance marine and terrestrial
bioadhesives and the biomedical applications they have
inspired. Molecules, 27(24), 8982.

Guyonnet, B, Egge, N., & Cornwall, G. A. (2014). Functional
amyloids in the mouse sperm acrosome. Molecular and
cellular biology, 34(14), 2624-2634.

Sood, R., Domanov, Y., Pietidinen, M., Kontinen, V. P,
& Kinnunen, P. K. (2008). Binding of LL-37 to model
biomembranes: insight into target vs host cell recognition.
Biochimica et Biophysica Acta (BBA)-Biomembranes,
1778(4), 983-996.

Maji, S. K., Perrin, M. H., Sawaya, M. R., Jessberger,
S., Vadodaria, K., Rissman, R. A., ... & Riek, R. (2009).
Functional amyloids as natural storage of peptide hormones
in pituitary secretory granules. Science, 325(5938), 328-332.
Fowler, D. M., Koulov, A. V., Alory-Jost, C., Marks, M. S.,
Balch, W. E., & Kelly, J. W. (2006). Functional amyloid
formation within mammalian tissue. PLoS biology, 4(1), e6.
Miinch, J., Riicker, E., Stindker, L., Adermann, K., Goffinet,
C., Schindler, M., ... & Kirchhoff, F. (2007). Semen-derived
amyloid fibrils drastically enhance HIV infection. Cell,
131(6), 1059-1071.

Jang, H., Arce, F. T., Mustata, M., Ramachandran, S., Capone,
R., Nussinov, R., & Lal, R. (2011). Antimicrobial protegrin-1
forms amyloid-like fibrils with rapid kinetics suggesting a
functional link. Biophysical journal, 100(7), 1775-1783.

Li, J., McQuade, T., Siemer, A. B., Napetschnig, J., Moriwaki,
K., Hsiao, Y. S., ... & Wu, H. (2012). The RIP1/RIP3
necrosome forms a functional amyloid signaling complex
required for programmed necrosis. Cell, 150(2), 339-350.
Roan, N. R., Miiller, J. A., Liu, H., Chu, S., Arnold, F,
Stiirzel, C. M., ... & Greene, W. C. (2011). Peptides released
by physiological cleavage of semen coagulum proteins form
amyloids that enhance HIV infection. Cell host & microbe,
10(6), 541-550.

Audas, T. E., Audas, D. E., Jacob, M. D., Ho, J. D., Khacho,
M., Wang, M., ... & Lee, S. (2016). Adaptation to stressors by
systemic protein amyloidogenesis. Developmental cell, 39(2),
155-168.

Xu, M., & Lewis, R. V. (1990). Structure of a protein
superfiber: spider dragline silk. Proceedings of the National
Academy of Sciences, 87(18), 7120-7124.

Shao, Z., & Vollrath, F. (2002). Surprising strength of
silkworm silk. Nature, 418(6899), 741-741.

Omenetto, F. G., & Kaplan, D. L. (2010). New opportunities
for an ancient material. Science, 329(5991), 528-531.

Lee, S. M., Pippel, E., Gosele, U., Dresbach, C., Qin, Y.,
Chandran, C. V,, ... & Knez, M. (2009). Greatly increased

75.

76.

71.

78.

79.

80.

81.

82.

&3.

&4.

85.

86.

87.

88.

&89.

90.

toughness of infiltrated spider silk. Science, 324(5926), 488-
492.

Holland, C., Vollrath, F., Ryan, A. J., & Mykhaylyk, O. O.
(2012). Silk and synthetic polymers: reconciling 100 degrees
of separation. Advanced Materials, 24(1), 105-109.

Johnston, E. R., Miyagi, Y., Chuah, J. A., Numata, K., &
Serban, M. A. (2018). Interplay between silk fibroin’s structure
and its adhesive properties. ACS biomaterials science &
engineering, 4(8), 2815-2824.

Roberts, G. C., Watts, A., & European Biophysical Societies
Association (Eds.). (2013). Encyclopedia of biophysics (pp.
601-605). Springer Berlin Heidelberg.

Mankar, S., Anoop, A., Sen, S., & Maji, S. K. (2011).
Nanomaterials: amyloids reflect their brighter side. Nano
reviews, 2(1), 6032.

Li, J., & Zhang, F. (2021). Amyloids as building blocks for
macroscopic functional materials: designs, applications and
challenges. International journal of molecular sciences,
22(19), 10698.

Woolfson, D. N., & Mahmoud, Z. N. (2010). More than
just bare scaffolds: towards multi-component and decorated
fibrous biomaterials. Chemical Society Reviews, 39(9), 3464-
3479.

Collier, J. H., & Messersmith, P. B. (2004). Self-Assembling
Polymer—Peptide Conjugates: Nanostructural Tailoring.
Advanced Materials, 16(11), 907-910.

Yemini, M., Reches, M., Gazit, E., & Rishpon, J. (2005).
Peptide nanotube-modified electrodes for enzyme— biosensor
applications. Analytical Chemistry, 77(16), 5155-5159.
Pilkington, S. M., Roberts, S. J., Meade, S. J., & Gerrard,
J. A. (2010). Amyloid fibrils as a nanoscaffold for enzyme
immobilization. Biotechnology progress, 26(1), 93-100.
Scheibel, T., Parthasarathy, R., Sawicki, G., Lin, X. M., Jaeger,
H., & Lindquist, S. L. (2003). Conducting nanowires built by
controlled self-assembly of amyloid fibers and selective metal
deposition. Proceedings of the National Academy of Sciences,
100(8), 4527-4532.

Reches, M., & Gazit, E. (2003). Casting metal nanowires
within discrete self-assembled peptide nanotubes. Science,
300(5619), 625-627.

Reches, M., & Gazit, E. (2006). Controlled patterning
of aligned self-assembled peptide nanotubes. Nature
nanotechnology, 1(3), 195-200.

Carny, O., Shalev, D. E., & Gazit, E. (2006). Fabrication
of coaxial metal nanocables using a self-assembled peptide
nanotube scaffold. Nano Letters, 6(8), 1594-1597.

Willner, 1., & Katz, E. (Eds.). (2006). Bioelectronics: from
theory to applications. John Wiley & Sons.
Adler-Abramovich, L., Aronov, D., Beker, P., Yevnin, M.,
Stempler, S., Buzhansky, L., ... & Gazit, E. (2009). Self-
assembled arrays of peptide nanotubes by vapour deposition.
Nature nanotechnology, 4(12), 849-854.

Buchanan, J. A., Varghese, N. R., Johnston, C. L., & Sunde,
M. (2023). Functional amyloids: Where supramolecular
amyloid assembly controls biological activity or generates

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 9


https://doi.org/10.1371/journal.pone.0036394
https://doi.org/10.1093/molehr/gaw049
https://doi.org/10.1093/molehr/gaw049
https://doi.org/10.1093/molehr/gaw049
https://doi.org/10.1093/molehr/gaw049
https://doi.org/10.1093/molehr/gaw049
https://doi.org/10.1093/molehr/gaw049
https://doi.org/10.3390/molecules27248982
https://doi.org/10.3390/molecules27248982
https://doi.org/10.3390/molecules27248982
https://doi.org/10.1128/MCB.00073-14
https://doi.org/10.1128/MCB.00073-14
https://doi.org/10.1128/MCB.00073-14
https://doi.org/10.1016/j.bbamem.2007.11.016
https://doi.org/10.1016/j.bbamem.2007.11.016
https://doi.org/10.1016/j.bbamem.2007.11.016
https://doi.org/10.1016/j.bbamem.2007.11.016
https://doi.org/10.1016/j.bbamem.2007.11.016
https://doi.org/10.1126/science.1173155
https://doi.org/10.1126/science.1173155
https://doi.org/10.1126/science.1173155
https://doi.org/10.1126/science.1173155
https://doi.org/10.1371/journal.pbio.0040006
https://doi.org/10.1371/journal.pbio.0040006
https://doi.org/10.1371/journal.pbio.0040006
https://www.cell.com/fulltext/S0092-8674(07)01284-6?large_figure=true
https://www.cell.com/fulltext/S0092-8674(07)01284-6?large_figure=true
https://www.cell.com/fulltext/S0092-8674(07)01284-6?large_figure=true
https://www.cell.com/fulltext/S0092-8674(07)01284-6?large_figure=true
https://www.cell.com/biophysj/fulltext/S0006-3495(11)00242-6
https://www.cell.com/biophysj/fulltext/S0006-3495(11)00242-6
https://www.cell.com/biophysj/fulltext/S0006-3495(11)00242-6
https://www.cell.com/biophysj/fulltext/S0006-3495(11)00242-6
https://www.cell.com/fulltext/S0092-8674(12)00772-6
https://www.cell.com/fulltext/S0092-8674(12)00772-6
https://www.cell.com/fulltext/S0092-8674(12)00772-6
https://www.cell.com/fulltext/S0092-8674(12)00772-6
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(11)00363-5
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(11)00363-5
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(11)00363-5
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(11)00363-5
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(11)00363-5
https://www.cell.com/developmental-cell/fulltext/S1534-5807(16)30598-6
https://www.cell.com/developmental-cell/fulltext/S1534-5807(16)30598-6
https://www.cell.com/developmental-cell/fulltext/S1534-5807(16)30598-6
https://www.cell.com/developmental-cell/fulltext/S1534-5807(16)30598-6
https://doi.org/10.1073/pnas.87.18.7120
https://doi.org/10.1073/pnas.87.18.7120
https://doi.org/10.1073/pnas.87.18.7120
https://doi.org/10.1038/418741a
https://doi.org/10.1038/418741a
https://doi.org/10.1126/science.1188936
https://doi.org/10.1126/science.1188936
https://doi.org/10.1126/science.1168162
https://doi.org/10.1126/science.1168162
https://doi.org/10.1126/science.1168162
https://doi.org/10.1126/science.1168162
https://d1wqtxts1xzle7.cloudfront.net/75545738/adma.20110366420211202-1127-kt8ogw-libre.pdf?1638499228=&response-content-disposition=inline%3B+filename%3DSilk_and_Synthetic_Polymers_Reconciling.pdf&Expires=1727182075&Signature=G0Bi5k66-47bp~ba4Fhzg71IGnL7rc5f~y-h7TyBhoaqK~s1GbWfcV69lL1~UQxz~pquEIKhD9LkUmMoUJKDKA66o5fFjwS0VjfcYtYOb4RsvgF1F6eqrj5~ipWaXB9sRZE~V3Vp89y2PFSeyCQiYaLiU1K6En-tQu56zfsZODCb8aQfnvTdfGt~brzDM~a~HcgVakN0BO685bddG~dv3l7xQaYn266TDhQ89I8da4VpverfMzy9Upxi2bN6z3msc3tJqvX4HFG652t3~OneY3Nzmqt68jgupNbvaJ305WC0D5QMcJHGQMb9V33p8ajIimkWC-JrAc34Bkv4jJcG9Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/75545738/adma.20110366420211202-1127-kt8ogw-libre.pdf?1638499228=&response-content-disposition=inline%3B+filename%3DSilk_and_Synthetic_Polymers_Reconciling.pdf&Expires=1727182075&Signature=G0Bi5k66-47bp~ba4Fhzg71IGnL7rc5f~y-h7TyBhoaqK~s1GbWfcV69lL1~UQxz~pquEIKhD9LkUmMoUJKDKA66o5fFjwS0VjfcYtYOb4RsvgF1F6eqrj5~ipWaXB9sRZE~V3Vp89y2PFSeyCQiYaLiU1K6En-tQu56zfsZODCb8aQfnvTdfGt~brzDM~a~HcgVakN0BO685bddG~dv3l7xQaYn266TDhQ89I8da4VpverfMzy9Upxi2bN6z3msc3tJqvX4HFG652t3~OneY3Nzmqt68jgupNbvaJ305WC0D5QMcJHGQMb9V33p8ajIimkWC-JrAc34Bkv4jJcG9Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/75545738/adma.20110366420211202-1127-kt8ogw-libre.pdf?1638499228=&response-content-disposition=inline%3B+filename%3DSilk_and_Synthetic_Polymers_Reconciling.pdf&Expires=1727182075&Signature=G0Bi5k66-47bp~ba4Fhzg71IGnL7rc5f~y-h7TyBhoaqK~s1GbWfcV69lL1~UQxz~pquEIKhD9LkUmMoUJKDKA66o5fFjwS0VjfcYtYOb4RsvgF1F6eqrj5~ipWaXB9sRZE~V3Vp89y2PFSeyCQiYaLiU1K6En-tQu56zfsZODCb8aQfnvTdfGt~brzDM~a~HcgVakN0BO685bddG~dv3l7xQaYn266TDhQ89I8da4VpverfMzy9Upxi2bN6z3msc3tJqvX4HFG652t3~OneY3Nzmqt68jgupNbvaJ305WC0D5QMcJHGQMb9V33p8ajIimkWC-JrAc34Bkv4jJcG9Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1021/acsbiomaterials.8b00544
https://doi.org/10.1021/acsbiomaterials.8b00544
https://doi.org/10.1021/acsbiomaterials.8b00544
https://doi.org/10.1021/acsbiomaterials.8b00544
https://toc.library.ethz.ch/objects/pdf/e01_978-3-642-16711-9_01.pdf
https://toc.library.ethz.ch/objects/pdf/e01_978-3-642-16711-9_01.pdf
https://toc.library.ethz.ch/objects/pdf/e01_978-3-642-16711-9_01.pdf
https://doi.org/10.3402/nano.v2i0.6032
https://doi.org/10.3402/nano.v2i0.6032
https://doi.org/10.3402/nano.v2i0.6032
https://doi.org/10.3390/ijms221910698
https://doi.org/10.3390/ijms221910698
https://doi.org/10.3390/ijms221910698
https://doi.org/10.3390/ijms221910698
https://doi.org/10.1039/C0CS00032A
https://doi.org/10.1039/C0CS00032A
https://doi.org/10.1039/C0CS00032A
https://doi.org/10.1039/C0CS00032A
https://doi.org/10.1002/adma.200306379
https://doi.org/10.1002/adma.200306379
https://doi.org/10.1002/adma.200306379
https://doi.org/10.1021/ac050414g
https://doi.org/10.1021/ac050414g
https://doi.org/10.1021/ac050414g
https://doi.org/10.1002/btpr.309
https://doi.org/10.1002/btpr.309
https://doi.org/10.1002/btpr.309
https://doi.org/10.1073/pnas.0431081100
https://doi.org/10.1073/pnas.0431081100
https://doi.org/10.1073/pnas.0431081100
https://doi.org/10.1073/pnas.0431081100
https://doi.org/10.1073/pnas.0431081100
https://doi.org/10.1126/science.1082387
https://doi.org/10.1126/science.1082387
https://doi.org/10.1126/science.1082387
https://doi.org/10.1038/nnano.2006.139
https://doi.org/10.1038/nnano.2006.139
https://doi.org/10.1038/nnano.2006.139
https://doi.org/10.1021/nl060468l
https://doi.org/10.1021/nl060468l
https://doi.org/10.1021/nl060468l
https://onlinelibrary.wiley.com/doi/book/10.1002/352760376X
https://onlinelibrary.wiley.com/doi/book/10.1002/352760376X
https://www.nature.com/articles/nnano.2009.298
https://www.nature.com/articles/nnano.2009.298
https://www.nature.com/articles/nnano.2009.298
https://www.nature.com/articles/nnano.2009.298
https://doi.org/10.1016/j.jmb.2022.167919
https://doi.org/10.1016/j.jmb.2022.167919
https://doi.org/10.1016/j.jmb.2022.167919

new functionality. Journal of Molecular Biology, 435(11),
167919.

91. Reches, M., & Gazit, E. (2006). Molecular self-assembly
of peptide nanostructures: mechanism of association and
potential uses. Current Nanoscience, 2(2), 105-111.

92. Tiwari, O. S., & Gazit, E. (2024). Characterization of amyloid-
like metal-amino acid assemblies with remarkable catalytic
activity. Peptide Catalysts, Including Catalytic Amyloids,
697, 181.

93. Gazit, E. (2007). Self-assembled peptide nanostructures: the
design of molecular building blocks and their technological
utilization. Chemical Society Reviews, 36(8), 1263-1269.

94. Hauser, C. A., Maurer-Stroh, S., & Martins, I. C. (2014).
Amyloid-based nanosensors and nanodevices. Chemical
Society Reviews, 43(15), 5326-5345.

95. Taheri, R. A., Akhtari, Y., Tohidi Moghadam, T., & Ranjbar,
B. (2018). Assembly of gold nanorods on HSA amyloid fibrils
to develop a conductive nanoscaffold for potential biomedical
and biosensing applications. Scientific reports, 8(1), 9333.

96. Wang, Z., Joshi, S., Savel’ev, S. E., Jiang, H., Midya, R., Lin,
P, ... & Yang, J.J. (2017). Memristors with diffusive dynamics
as synaptic emulators for neuromorphic computing. Nature
materials, 16(1), 101-108.https://doi.org/10.1038/nmat4756

97. Suig, J. (Ed.). (2020). Memristors for Neuromorphic Circuits
and Artificial Intelligence Applications. MDPI.

98. Fu,J.,Wang,J.,He, X.,Ming,J., Wang, L., Wang, Y., ... & Ling,
H. (2023). Pseudo-transistors for emerging neuromorphic
electronics. Science and Technology of Advanced Materials,
24(1), 2180286.

99. Barraj, 1., Mestiri, H., & Masmoudi, M. (2024). Overview
of Memristor-Based Design for Analog Applications.
Micromachines, 15(4), 505.

100.Li, C., & Mezzenga, R. (2013). The interplay between carbon
nanomaterials and amyloid fibrils in bio-nanotechnology.
Nanoscale, 5(14), 6207-6218.

101.Terrones, H., Terrones, M., Lopez—Urias, F., Rodriguez—
Manzo, J. A., & Mackay, A. L. (2004). Shape and complexity
at the atomic scale: the case of layered nanomaterials.
Philosophical Transactions of the Royal Society of London.
Series A: Mathematical, Physical and Engineering Sciences,
362(1823), 2039-2063.

102.Jariwala, D., Sangwan, V. K., Lauhon, L. J., Marks, T. J., &
Hersam, M. C. (2013). Carbon nanomaterials for electronics,
optoelectronics, photovoltaics, and sensing. Chemical Society
Reviews, 42(7), 2824-2860.

103.Ramanishankar, A., Begum, R. F., Jayasankar, N., Nayeem,
A., Prajapati, B. G., & Nirenjen, S. (2024). Unleashing light's
healing power: an overview of photobiomodulation for
Alzheimer's treatment. Future Science OA, 10(1), FSO922.

104.Huang, Y., Chang, Y., Liu, L., & Wang, J. (2021).
Nanomaterials for modulating the aggregation of f-amyloid
peptides. Molecules, 26(14), 4301.

105.Ender, A. M., Kaygisiz, K., Réder, H. J., Mayer, F. J.,
Synatschke, C. V., & Weil, T. (2021). Cell-instructive surface
gradients of photoresponsive amyloid-like fibrils. ACS

Biomaterials Science & Engineering, 7(10), 4798-4808.

106.Nilsson, M. R., & Dobson, C. M. (2003). Chemical
modification of insulin in amyloid fibrils. Protein science,
12(11), 2637-2641.

107.Morris, R. J., & MacPhee, C. E. (2013). Amyloid protein
biomaterials. Encyclopedia of Biophysics, 76-81.

108.Vaziri, S., Fazilati, M., Arasteh, A., & Nazem, H. (2018).
Amyloid Nano-Biofibrils as a New Nano-Scaffold for Lipase
Immobilization. Protein and Peptide Letters, 25(9), 862-870.

109. Wittung-Stafshede, P. (2023). Chemical catalysis by biological
amyloids. Biochemical Society Transactions, 51(5), 1967-
1974.

110.Diaz-Pier, S., & Carloni, P. (2024). Impact of quantum and
neuromorphic computing on biomolecular simulations:
Current status and perspectives. Current Opinion in Structural
Biology, 87,102817.

111.Liu, R, Liu, T., Liu, W., Luo, B, Li, Y., Fan, X, ... & Teng, Y.
(2024). SemiSynBio: A new era for neuromorphic computing.
Synthetic and Systems Biotechnology, 9(3), 594-599.

112.Sun, Y., Wang, H., & Xie, D. (2024). Recent Advance in
Synaptic Plasticity Modulation Techniques for Neuromorphic
Applications. Nano-Micro Letters, 16(1), 1-32.

113.Zhang, X., Ma, Z., Zheng, H., Li, T., Chen, K., Wang, X, ... &
Lin, H. (2020). The combination of brain-computer interfaces
and artificial intelligence: applications and challenges. Annals
of translational medicine, 8(11), 712.

114.Knowles, T. P., Fitzpatrick, A. W., Meehan, S., Mott, H. R.,
Vendruscolo, M., Dobson, C. M., & Welland, M. E. (2007).
Role of intermolecular forces in defining material properties
of protein nanofibrils. science, 318(5858), 1900-1903.

115.Knowles, T. P., & Buehler, M. J. (2011). Nanomechanics
of functional and pathological amyloid materials. Nature
nanotechnology, 6(8), 469-479.

116.Yang, X. C., Wang, X. X., Wang, C. Y., Zheng, H. L., Yin, M.,
Chen, K. Z., & Qiao, S. L. (2024). Silk-based intelligent fibers
and textiles: structures, properties, and applications. Chemical
Communications, 60(61), 7801-7823.

117.Liu, Y., Li, Y., Wang, Q., Ren, J,, Ye, C., Li, F,, ... & Ling,
D. (2023). Biomimetic silk architectures outperform animal
horns in strength and toughness. Advanced Science, 10(29),
2303058.

118.Zhao, Y., Zhu, Z. S., Guan, J., & Wu, S. J. (2021). Processing,
mechanical properties and bio-applications of silk fibroin-
based high-strength hydrogels. Acta biomaterialia, 125, 57-
71.

119.Brankovi¢, M., Zivic, F., Grujovic, N., Stojadinovic, L.,
Milenkovic, S., & Kotorcevic, N. (2024). Review of Spider
Silk Applications in Biomedical and Tissue Engineering.
Biomimetics, 9(3), 169.

120.Lau, K., Fu, L., Zhang, A., Akhavan, B., Whitelock, J., Bilek,
M. M., ... & Rnjak-Kovacina, J. (2023). Recombinant perlecan
domain V covalently immobilized on silk biomaterials via
plasma immersion ion implantation supports the formation
of functional endothelium. Journal of Biomedical Materials
Research Part A, 111(6), 825-839.

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 10


https://doi.org/10.1016/j.jmb.2022.167919
https://doi.org/10.1016/j.jmb.2022.167919
https://doi.org/10.2174/157341306776875802
https://doi.org/10.2174/157341306776875802
https://doi.org/10.2174/157341306776875802
https://doi.org/10.1016/bs.mie.2024.01.018
https://doi.org/10.1016/bs.mie.2024.01.018
https://doi.org/10.1016/bs.mie.2024.01.018
https://doi.org/10.1016/bs.mie.2024.01.018
https://doi.org/10.1039/B605536M
https://doi.org/10.1039/B605536M
https://doi.org/10.1039/B605536M
https://doi.org/10.1039/C4CS00082J
https://doi.org/10.1039/C4CS00082J
https://doi.org/10.1039/C4CS00082J
https://doi.org/10.1038/s41598-018-26393-6
https://doi.org/10.1038/s41598-018-26393-6
https://doi.org/10.1038/s41598-018-26393-6
https://doi.org/10.1038/s41598-018-26393-6
mailto:https://doi.org/10.1038/nmat4756
mailto:https://doi.org/10.1038/nmat4756
mailto:https://doi.org/10.1038/nmat4756
mailto:https://doi.org/10.1038/nmat4756
https://doi.org/10.3390/ma13040938
https://doi.org/10.3390/ma13040938
https://doi.org/10.1080/14686996.2023.2180286
https://doi.org/10.1080/14686996.2023.2180286
https://doi.org/10.1080/14686996.2023.2180286
https://doi.org/10.1080/14686996.2023.2180286
https://doi.org/10.3390/mi15040505
https://doi.org/10.3390/mi15040505
https://doi.org/10.3390/mi15040505
https://doi.org/10.1039/C3NR01644G
https://doi.org/10.1039/C3NR01644G
https://doi.org/10.1039/C3NR01644G
https://doi.org/10.1098/rsta.2004.1440
https://doi.org/10.1098/rsta.2004.1440
https://doi.org/10.1098/rsta.2004.1440
https://doi.org/10.1098/rsta.2004.1440
https://doi.org/10.1098/rsta.2004.1440
https://doi.org/10.1098/rsta.2004.1440
https://doi.org/10.1039/C2CS35335K
https://doi.org/10.1039/C2CS35335K
https://doi.org/10.1039/C2CS35335K
https://doi.org/10.1039/C2CS35335K
https://doi.org/10.2144/fsoa-2023-0155
https://doi.org/10.2144/fsoa-2023-0155
https://doi.org/10.2144/fsoa-2023-0155
https://doi.org/10.2144/fsoa-2023-0155
https://doi.org/10.3390/molecules26144301
https://doi.org/10.3390/molecules26144301
https://doi.org/10.3390/molecules26144301
https://doi.org/10.1021/acsbiomaterials.1c00889
https://doi.org/10.1021/acsbiomaterials.1c00889
https://doi.org/10.1021/acsbiomaterials.1c00889
https://doi.org/10.1021/acsbiomaterials.1c00889
https://doi.org/10.1110/ps.0360403
https://doi.org/10.1110/ps.0360403
https://doi.org/10.1110/ps.0360403
https://doi.org/10.1007/978-3-642-16712-6_689
https://doi.org/10.1007/978-3-642-16712-6_689
https://doi.org/10.2174/0929866525666180911155312
https://doi.org/10.2174/0929866525666180911155312
https://doi.org/10.2174/0929866525666180911155312
https://doi.org/10.1042/BST20230617
https://doi.org/10.1042/BST20230617
https://doi.org/10.1042/BST20230617
https://doi.org/10.1016/j.sbi.2024.102817
https://doi.org/10.1016/j.sbi.2024.102817
https://doi.org/10.1016/j.sbi.2024.102817
https://doi.org/10.1016/j.sbi.2024.102817
https://doi.org/10.1016/j.synbio.2024.04.013
https://doi.org/10.1016/j.synbio.2024.04.013
https://doi.org/10.1016/j.synbio.2024.04.013
https://doi.org/10.1007/s40820-024-01445-x
https://doi.org/10.1007/s40820-024-01445-x
https://doi.org/10.1007/s40820-024-01445-x
https://doi.org/10.21037%2Fatm.2019.11.109
https://doi.org/10.21037%2Fatm.2019.11.109
https://doi.org/10.21037%2Fatm.2019.11.109
https://doi.org/10.21037%2Fatm.2019.11.109
https://doi.org/10.1126/science.1150057
https://doi.org/10.1126/science.1150057
https://doi.org/10.1126/science.1150057
https://doi.org/10.1126/science.1150057
https://doi.org/10.1038/nnano.2011.102
https://doi.org/10.1038/nnano.2011.102
https://doi.org/10.1038/nnano.2011.102
https://doi.org/10.1039/D4CC02276A
https://doi.org/10.1039/D4CC02276A
https://doi.org/10.1039/D4CC02276A
https://doi.org/10.1039/D4CC02276A
https://doi.org/10.1002/advs.202303058
https://doi.org/10.1002/advs.202303058
https://doi.org/10.1002/advs.202303058
https://doi.org/10.1002/advs.202303058
https://doi.org/10.1016/j.actbio.2021.02.018
https://doi.org/10.1016/j.actbio.2021.02.018
https://doi.org/10.1016/j.actbio.2021.02.018
https://doi.org/10.1016/j.actbio.2021.02.018
https://doi.org/10.3390/biomimetics9030169
https://doi.org/10.3390/biomimetics9030169
https://doi.org/10.3390/biomimetics9030169
https://doi.org/10.3390/biomimetics9030169
https://doi.org/10.1002/jbm.a.37525
https://doi.org/10.1002/jbm.a.37525
https://doi.org/10.1002/jbm.a.37525
https://doi.org/10.1002/jbm.a.37525
https://doi.org/10.1002/jbm.a.37525
https://doi.org/10.1002/jbm.a.37525

121.Ridgley, D. M., Ebanks, K. C., & Barone, J. R. (2011).
Peptide mixtures can self-assemble into large amyloid fibers
of varying size and morphology. Biomacromolecules, 12(10),
3770-3779.

122.Ridgley, D. M., & Barone, J. R. (2013). Evolution of the
amyloid fiber over multiple length scales. ACS nano, 7(2),
1006-1015.

123.Ridgley, D. M., Claunch, E. C., & Barone, J. R. (2012). The
effect of processing on large, self-assembled amyloid fibers.
Soft Matter, 8(40), 10298-10306.

124.Ligorio, C., & Mata, A. (2023). Synthetic extracellular
matrices with function-encoding peptides. Nature reviews
bioengineering, 1(7), 518-536.

125.Jacob, R. S., Das, S., Singh, N., Patel, K., Datta, D., Sen,
S., & Maji, S. K. (2018). Amyloids are novel cell-adhesive
matrices. Biochemical and Biophysical Roles of Cell Surface
Molecules, 79-97.

126.Jacob, R. S., George, E., Singh, P. K., Salot, S., Anoop, A.,
Jha, N. N, ... & Maji, S. K. (2016). Cell adhesion on amyloid
fibrils lacking integrin recognition motif. Journal of Biological
Chemistry, 291(10), 5278-5298.

127.Deidda, G., Jonnalagadda, S. V. R., Spies, J. W., Ranella,
A., Mossou, E., Forsyth, V. T,, ... & Mitraki, A. (2017). Self-
assembled amyloid peptides with Arg-Gly-Asp (RGD) motifs
as scaffolds for tissue engineering. ACS Biomaterials Science
& Engineering, 3(7), 1404-1416.

128.Das, S., Jacob, R. S., Patel, K., Singh, N., & Maji, S. K. (2018).
Amyloid fibrils: Versatile biomaterials for cell adhesion and
tissue engineering applications. Biomacromolecules, 19(6),
1826-1839.

129.Jacob, R. S., Ghosh, D., Singh, P. K., Basu, S. K., Jha, N.
N, Das, S., ... & Maji, S. K. (2015). Self healing hydrogels
composed of amyloid nano fibrils for cell culture and stem
cell differentiation. Biomaterials, 54, 97-105.

130.Xuan, Q., Wang, Y., Chen, C., & Wang, P. (2021). Rational
biological interface engineering: Amyloidal supramolecular
microstructure-inspired hydrogel. Frontiers in Bioengineering
and Biotechnology, 9, T18883.

131.Sosa, L. J., Caceres, A., Dupraz, S., Oksdath, M., Quiroga, S.,
& Lorenzo, A. (2017). The physiological role of the amyloid
precursor protein as an adhesion molecule in the developing
nervous system. Journal of neurochemistry, 143(1), 11-29.

132.Koo, E. H., Park, L., & Selkoe, D. J. (1993). Amyloid beta-
protein as a substrate interacts with extracellular matrix to
promote neurite outgrowth. Proceedings of the National
Academy of Sciences, 90(10), 4748-4752.

133.Ranjan, V. D., Qiu, L., Lee, J. W. L., Chen, X., Jang, S. E.,
Chai, C., ... & Zeng, L. (2020). A microfiber scaffold-based
3D in vitro human neuronal culture model of Alzheimer's
disease. Biomaterials Science, 8(17), 4861-4874.

134.Mathes, T. G., Monirizad, M., Ermis, M., de Barros, N. R.,
Rodriguez, M., Kraatz, H. B., ... & Falcone, N. (2024). Effects
of amyloid-B-mimicking peptide hydrogel matrix on neuronal
progenitor cell phenotype. Acta Biomaterialia.

135.Pansieri, J., Josserand, V., Lee, S. J., Rongier, A., Imbert, D.,

Sallanon, M. M., ... & Forge, V. (2019). Ultraviolet—visible—
near-infrared optical properties of amyloid fibrils shed light
on amyloidogenesis. Nature photonics, 13(7), 473-479.'

136.Kim, S., Kim, J. H., Lee, J. S., & Park, C. B. (2015). Beta-
sheet-forming, self-assembled peptide nanomaterials towards
optical, energy, and healthcare applications. small, 11(30),
3623-3640.

137.Camerin, L., Maleeva, G., Gomila, A. M., Suarez-Pereira,
I., Matera, C., Prischich, D., ... & Gorostiza, P. (2024).
Photoswitchable Carbamazepine Analogs for Non-Invasive
Neuroinhibition In Vivo. Angewandte Chemie, €202403636.

138.Arrue, L., & Ratjen, L. (2017). Internal targeting and
external control: phototriggered targeting in nanomedicine.
ChemMedChem, 12(23), 1908-1916.

139.Marcus, D. J., & Bruchas, M. R. (2023). Optical Approaches
for Investigating Neuromodulation and G Protein—Coupled
Receptor Signaling. Pharmacological Reviews, 75(6), 1119-
1139.

140.Shamsipur, M., Ghavidast, A., & Pashabadi, A. (2023).
Phototriggered structures: Latest advances in biomedical
applications. Acta Pharmaceutica Sinica B, 13(7), 2844-2876.

141.SonG,Lee,SH,WangD,ParkCB.(2018). Thioflavin T-Amyloid
Hybrid Nanostructure for Biocatalytic Photosynthesis. Small
14:¢1801396. doi: 10.1002/smll.201801396.

142.Balasco, N., Diaferia, C., Rosa, E., Monti, A., Ruvo, M., Doti,
N., & Vitagliano, L. (2023). A comprehensive analysis of
the intrinsic visible fluorescence emitted by peptide/protein
amyloid-like assemblies. International journal of molecular
sciences, 24(9), 8372.

143.Aziz, A. A., Siddiqui, R. A., & Amtul, Z. (2020). Engineering
of fluorescent or photoactive Trojan probes for detection and
eradication of B-Amyloids. Drug Delivery, 27(1), 917-926.

144 .Kronenberger, K., Dicko, C., & Vollrath, F. (2012). A novel
marine silk. Naturwissenschaften, 99, 3-10.

145.S0, C. R., Yates, E. A., Estrella, L. A., Fears, K. P., Schenck, A.
M., Yip, C. M., & Wahl, K. J. (2019). Molecular recognition
of structures is key in the polymerization of patterned barnacle
adhesive sequences. ACS nano, 13(5), 5172-5183.

146.Heichel, D. L., & Burke, K. A. (2019). Dual-mode cross-
linking enhances adhesion of silk fibroin hydrogels to
intestinal tissue. ACS Biomaterials Science & Engineering,
5(7), 3246-3259.

147.Mirshafian, R., Wei, W., Israelachvili, J. N., & Waite, J. H.
(2016). 0o, B-Dehydro-Dopa: a hidden participant in mussel
adhesion. Biochemistry, 55(5), 743-750.

148.Nakano, M., & Kamino, K. (2015). Amyloid-like conformation
and interaction for the self-assembly in barnacle underwater
cement. Biochemistry, 54(3), 826-835.

149.Menon, A. V., Putnam-Neeb, A. A., Brown, C. E., Crain,
C.J., Breur, G. J., Narayanan, S. K., ... & Liu, J. C. (2024).
Biocompatibility of mussel-inspired water-soluble tissue
adhesives. Journal of Biomedical Materials Research Part A.

150.Santonocito, R., Venturella, F., Dal Piaz, F., Morando, M. A.,
Provenzano, A.,Rao, E., ... & Pastore, A. (2019). Recombinant
mussel protein Pvfp-58: A potential tissue bioadhesive.

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 11


https://doi.org/10.1021/bm201005k
https://doi.org/10.1021/bm201005k
https://doi.org/10.1021/bm201005k
https://doi.org/10.1021/bm201005k
https://doi.org/10.1021/nn303489a
https://doi.org/10.1021/nn303489a
https://doi.org/10.1021/nn303489a
https://doi.org/10.1039/C2SM26496J
https://doi.org/10.1039/C2SM26496J
https://doi.org/10.1039/C2SM26496J
https://doi.org/10.1038/s44222-023-00055-3
https://doi.org/10.1038/s44222-023-00055-3
https://doi.org/10.1038/s44222-023-00055-3
https://doi.org/10.1007/978-981-13-3065-0_7
https://doi.org/10.1007/978-981-13-3065-0_7
https://doi.org/10.1007/978-981-13-3065-0_7
https://doi.org/10.1007/978-981-13-3065-0_7
https://www.jbc.org/article/S0021-9258(20)43164-3/fulltext
https://www.jbc.org/article/S0021-9258(20)43164-3/fulltext
https://www.jbc.org/article/S0021-9258(20)43164-3/fulltext
https://www.jbc.org/article/S0021-9258(20)43164-3/fulltext
https://doi.org/10.1021/acsbiomaterials.6b00570
https://doi.org/10.1021/acsbiomaterials.6b00570
https://doi.org/10.1021/acsbiomaterials.6b00570
https://doi.org/10.1021/acsbiomaterials.6b00570
https://doi.org/10.1021/acsbiomaterials.6b00570
http://doi.org/10.1021/acs.biomac.8b00279
http://doi.org/10.1021/acs.biomac.8b00279
http://doi.org/10.1021/acs.biomac.8b00279
http://doi.org/10.1021/acs.biomac.8b00279
https://doi.org/10.1016/j.biomaterials.2015.03.002
https://doi.org/10.1016/j.biomaterials.2015.03.002
https://doi.org/10.1016/j.biomaterials.2015.03.002
https://doi.org/10.1016/j.biomaterials.2015.03.002
https://doi.org/10.3389/fbioe.2021.718883
https://doi.org/10.3389/fbioe.2021.718883
https://doi.org/10.3389/fbioe.2021.718883
https://doi.org/10.3389/fbioe.2021.718883
https://doi.org/10.1111/jnc.14122
https://doi.org/10.1111/jnc.14122
https://doi.org/10.1111/jnc.14122
https://doi.org/10.1111/jnc.14122
https://doi.org/10.1073/pnas.90.10.4748
https://doi.org/10.1073/pnas.90.10.4748
https://doi.org/10.1073/pnas.90.10.4748
https://doi.org/10.1073/pnas.90.10.4748
https://doi.org/10.1039/D0BM00833H
https://doi.org/10.1039/D0BM00833H
https://doi.org/10.1039/D0BM00833H
https://doi.org/10.1039/D0BM00833H
https://doi.org/10.1016/j.actbio.2024.05.020
https://doi.org/10.1016/j.actbio.2024.05.020
https://doi.org/10.1016/j.actbio.2024.05.020
https://doi.org/10.1016/j.actbio.2024.05.020
https://doi.org/10.1038/s41566-019-0422-6
https://doi.org/10.1038/s41566-019-0422-6
https://doi.org/10.1038/s41566-019-0422-6
https://doi.org/10.1038/s41566-019-0422-6
https://doi.org/10.1002/smll.201500169
https://doi.org/10.1002/smll.201500169
https://doi.org/10.1002/smll.201500169
https://doi.org/10.1002/smll.201500169
https://doi.org/10.1002/ange.202403636
https://doi.org/10.1002/ange.202403636
https://doi.org/10.1002/ange.202403636
https://doi.org/10.1002/ange.202403636
https://doi.org/10.1002/cmdc.201700621
https://doi.org/10.1002/cmdc.201700621
https://doi.org/10.1002/cmdc.201700621
https://dx.doi.org/10.1124/pharmrev.122.000584
https://dx.doi.org/10.1124/pharmrev.122.000584
https://dx.doi.org/10.1124/pharmrev.122.000584
https://dx.doi.org/10.1124/pharmrev.122.000584
https://doi.org/10.1016/j.apsb.2023.04.005
https://doi.org/10.1016/j.apsb.2023.04.005
https://doi.org/10.1016/j.apsb.2023.04.005
https://doi.org/10.1002/smll.201801396
https://doi.org/10.1002/smll.201801396
https://doi.org/10.1002/smll.201801396
https://doi.org/10.3390/ijms24098372
https://doi.org/10.3390/ijms24098372
https://doi.org/10.3390/ijms24098372
https://doi.org/10.3390/ijms24098372
https://doi.org/10.3390/ijms24098372
https://doi.org/10.1080/10717544.2020.1785048
https://doi.org/10.1080/10717544.2020.1785048
https://doi.org/10.1080/10717544.2020.1785048
https://doi.org/10.1021/acsnano.8b09194
https://doi.org/10.1021/acsnano.8b09194
https://doi.org/10.1021/acsnano.8b09194
https://doi.org/10.1021/acsnano.8b09194
https://doi.org/10.1021/acsnano.8b09194
https://doi.org/10.1021/acsnano.8b09194
https://doi.org/10.1021/acsbiomaterials.9b00786
https://doi.org/10.1021/acsbiomaterials.9b00786
https://doi.org/10.1021/acsbiomaterials.9b00786
https://doi.org/10.1021/acsbiomaterials.9b00786
https://doi.org/10.1021%2Facs.biochem.5b01177
https://doi.org/10.1021%2Facs.biochem.5b01177
https://doi.org/10.1021%2Facs.biochem.5b01177
https://doi.org/10.1021/bi500965f
https://doi.org/10.1021/bi500965f
https://doi.org/10.1021/bi500965f
https://doi.org/10.1002/jbm.a.37775
https://doi.org/10.1002/jbm.a.37775
https://doi.org/10.1002/jbm.a.37775
https://doi.org/10.1002/jbm.a.37775
https://www.jbc.org/article/S0021-9258(20)30314-8/fulltext
https://www.jbc.org/article/S0021-9258(20)30314-8/fulltext
https://www.jbc.org/article/S0021-9258(20)30314-8/fulltext

Journal of Biological Chemistry, 294(34), 12826-12835.

151.Lu, W., Lee, N. A., & Buehler, M. J. (2023). Modeling and
design of heterogeneous hierarchical bioinspired spider web
structures using deep learning and additive manufacturing.
Proceedings of the National Academy of Sciences, 120(31),
€2305273120.

152.Wu, Y., Chen, C., Tang, W., & Liu, W. (2023). Mussel Inspired
In Situ Preparation of Antibacterial Silver Nanoparticles by
DOPA-Containing Silk Fibroin. Macromolecular Bioscience,
23(6), 2200510.

153.Patil, S., & Singh, N. (2019). Antibacterial silk fibroin
scaffolds with green synthesized silver nanoparticles for
osteoblast proliferation and human mesenchymal stem cell
differentiation. Colloids and Surfaces B: Biointerfaces, 176,
150-155.

154.Ribeiro, M., Ferraz, M. P., Monteiro, F. J., Fernandes, M.
H., Beppu, M. M., Mantione, D., & Sardon, H. (2017).
Antibacterial silk fibroin/nanohydroxyapatite hydrogels
with silver and gold nanoparticles for bone regeneration.
Nanomedicine: Nanotechnology, Biology and Medicine,
13(1), 231-239.

155.Hu, S., Wang, S., He, Q., Li, D., Xin, L., Xu, C,, ... & Chen,
T. (2023). A mechanically reinforced super bone glue makes
a leap in hard tissue strong adhesion and augmented bone
regeneration. Advanced Science, 10(11), 2206450.

156.Jeon, J., Lee, K. Z., Zhang, X., Jaeger, J., Kim, E., Li, J., ...
& Zhang, F. (2023). Genetically Engineered Protein-Based
Bioadhesives with Programmable Material Properties. ACS
Applied Materials & Interfaces, 15(49), 56786-56795.

157.Chen, J., & Zeng, H. (2023). Designing Bio-Inspired Wet
Adhesives through Tunable Molecular Interactions. Journal
of Colloid and Interface Science, 645, 591-606.

158.Taghizadeh, A., Taghizadeh, M., Yazdi, M. K., Zarrintaj,
P, Ramsey, J. D., Seidi, F., ... & Mozafari, M. (2022).
Mussel-inspired biomaterials: From chemistry to clinic.
Bioengineering & Translational Medicine, 7(3), e10385.

159.Wang, Z., Gu, X., Li, B., Li, J., Wang, F., Sun, J., ... & Guo, W.
(2022). Molecularly engineered protein glues with superior
adhesion performance. Advanced Materials, 34(41), 2204590.

160.Jeon, E. Y., Hwang, B. H., Yang, Y. J., Kim, B. J., Choi, B.
H., Jung, G. Y., & Cha, H. J. (2015). Rapidly light-activated
surgical protein glue inspired by mussel adhesion and insect
structural crosslinking. Biomaterials, 67, 11-19.

161.Fan, C., Fu, J., Zhu, W., & Wang, D. A. (2016). A mussel-
inspired double-crosslinked tissue adhesive intended for
internal medical use. Acta biomaterialia, 33, 51-63.

162.Lang, N., Pereira, M. J., Lee, Y., Friehs, 1., Vasilyev, N. V.,
Feins, E. N, ... & del Nido, P. J. (2014). A blood-resistant
surgical glue for minimally invasive repair of vessels and
heart defects. Science translational medicine, 6(218), 218ra6-
218rab.

163.Cherny, 1., & Gazit, E. (2008). Amyloids: not only pathological
agents but also ordered nanomaterials. Angewandte Chemie
International Edition, 47(22), 4062-4069.

164.Li, X., Li, S., Huang, X., Chen, Y., Cheng, J., & Zhan, A.

(2021). Protein-mediated bioadhesion in marine organisms: A
review. Marine environmental research, 170, 105409.

165.Balkenende, D. W., Winkler, S. M., & Messersmith, P. B.
(2019). Marine-inspired polymers in medical adhesion.
European polymer journal, 116, 134-143.

166.Ninan, L., Monahan, J., Stroshine, R. L., Wilker, J. J., & Shi,
R. (2003). Adhesive strength of marine mussel extracts on
porcine skin. Biomaterials, 24(22), 4091-4099.

167.Lang, N., Pereira, M. J., Lee, Y., Friehs, 1., Vasilyev, N. V.,
Feins, E. N, ... & del Nido, P. J. (2014). A blood-resistant
surgical glue for minimally invasive repair of vessels and
heart defects. Science translational medicine, 6(218), 218ra6-
218rab.

168.Fukuma, T., Mostaert, A. S., & Jarvis, S. P. (2006). Explanation
for the mechanical strength of amyloid fibrils. Tribology
Letters, 22, 233-237.

169.Cryan, J. F., O'Riordan, K. J., Cowan, C. S., Sandhu, K. V.,
Bastiaanssen, T. F., Bochme, M., ... & Dinan, T. G. (2019).
The microbiota-gut-brain axis. Physiological reviews.

170.Mayer, E. A., Nance, K., & Chen, S. (2022). The gut-brain
axis. Annual review of medicine, 73(1), 439-453.

171.Long-Smith, C., O'Riordan, K. J., Clarke, G., Stanton,
C., Dinan, T. G., & Cryan, J. F. (2020). Microbiota-gut-
brain axis: new therapeutic opportunities. Annual review of
pharmacology and toxicology, 60(1), 477-502.

172.Conn, K. A., Borsom, E. M., & Cope, E. K. (2024).
Implications of microbe-derived y-aminobutyric acid (GABA)
in gut and brain barrier integrity and GABAergic signaling in
Alzheimer’s disease. Gut Microbes, 16(1), 2371950.

173.Fabi, J. P. (2024). The connection between gut microbiota and
its metabolites with neurodegenerative diseases in humans.
Metabolic Brain Disease, 1-18.

174.Cammann, D., Lu, Y., Cummings, M. J., Zhang, M. L., Cue, J.
M., Do, J., ... & Chen, J. (2023). Genetic correlations between
Alzheimer’s disease and gut microbiome genera. Scientific
Reports, 13(1), 5258.

175.Li, M., Yang, H., Shao, C., Liu, Y., Wen, S., & Tang, L. (2023).
Application of Dominant Gut Microbiota Promises to Replace
Fecal Microbiota Transplantation as a New Treatment for
Alzheimer’s Disease. Microorganisms, 11(12), 2854.

176.de JR De-Paula, V., Forlenza, A. S., & Forlenza, O. V. (2018).
Relevance of gutmicrobiota in cognition, behaviour and
Alzheimer’s disease. Pharmacological research, 136, 29-34.

177.Uddin, M. S., Kabir, M. T., Rahman, M. S., Behl, T., Jeandet,
P., Ashraf, G. M., ... & Abdel-Daim, M. M. (2020). Revisiting
the amyloid cascade hypothesis: from anti-Ap therapeutics to
auspicious new ways for Alzheimer’s disease. International
journal of molecular sciences, 21(16), 5858.

178 Michaels, T. C., Qian, D., Sari¢, A., Vendruscolo, M., Linse,
S., & Knowles, T. P. (2023). Amyloid formation as a protein
phase transition. Nature Reviews Physics, 5(7), 379-397.

179.Kepp, K. P., Robakis, N. K., Hgilund-Carlsen, P. F., Sensi, S.
L., & Vissel, B. (2023). The amyloid cascade hypothesis: an
updated critical review. Brain, 146(10), 3969-3990.

180.Li, B., He, Y., Ma, J., Huang, P., Du, J., Cao, L., ... & Chen,

Int J Nanotechnol Nanomed, 2024

Volume 9 | Issue 2 | 12


https://www.jbc.org/article/S0021-9258(20)30314-8/fulltext
https://doi.org/10.1073/pnas.2305273120
https://doi.org/10.1073/pnas.2305273120
https://doi.org/10.1073/pnas.2305273120
https://doi.org/10.1073/pnas.2305273120
https://doi.org/10.1073/pnas.2305273120
https://doi.org/10.1002/mabi.202200510
https://doi.org/10.1002/mabi.202200510
https://doi.org/10.1002/mabi.202200510
https://doi.org/10.1002/mabi.202200510
https://doi.org/10.1016/j.colsurfb.2018.12.067
https://doi.org/10.1016/j.colsurfb.2018.12.067
https://doi.org/10.1016/j.colsurfb.2018.12.067
https://doi.org/10.1016/j.colsurfb.2018.12.067
https://doi.org/10.1016/j.colsurfb.2018.12.067
https://doi.org/10.1016/j.nano.2016.08.026
https://doi.org/10.1016/j.nano.2016.08.026
https://doi.org/10.1016/j.nano.2016.08.026
https://doi.org/10.1016/j.nano.2016.08.026
https://doi.org/10.1016/j.nano.2016.08.026
https://doi.org/10.1016/j.nano.2016.08.026
https://doi.org/10.1002/advs.202206450
https://doi.org/10.1002/advs.202206450
https://doi.org/10.1002/advs.202206450
https://doi.org/10.1002/advs.202206450
https://doi.org/10.1021/acsami.3c12919
https://doi.org/10.1021/acsami.3c12919
https://doi.org/10.1021/acsami.3c12919
https://doi.org/10.1021/acsami.3c12919
https://doi.org/10.1016/j.jcis.2023.04.150
https://doi.org/10.1016/j.jcis.2023.04.150
https://doi.org/10.1016/j.jcis.2023.04.150
https://doi.org/10.1002/btm2.10385
https://doi.org/10.1002/btm2.10385
https://doi.org/10.1002/btm2.10385
https://doi.org/10.1002/btm2.10385
https://doi.org/10.1002/adma.202204590
https://doi.org/10.1002/adma.202204590
https://doi.org/10.1002/adma.202204590
https://doi.org/10.1016/j.biomaterials.2015.07.014
https://doi.org/10.1016/j.biomaterials.2015.07.014
https://doi.org/10.1016/j.biomaterials.2015.07.014
https://doi.org/10.1016/j.biomaterials.2015.07.014
https://doi.org/10.1016/j.actbio.2016.02.003
https://doi.org/10.1016/j.actbio.2016.02.003
https://doi.org/10.1016/j.actbio.2016.02.003
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1002/anie.200703133
https://doi.org/10.1002/anie.200703133
https://doi.org/10.1002/anie.200703133
https://doi.org/10.1016/j.marenvres.2021.105409
https://doi.org/10.1016/j.marenvres.2021.105409
https://doi.org/10.1016/j.marenvres.2021.105409
https://doi.org/10.1016/j.eurpolymj.2019.03.059
https://doi.org/10.1016/j.eurpolymj.2019.03.059
https://doi.org/10.1016/j.eurpolymj.2019.03.059
https://doi.org/10.1016/S0142-9612(03)00257-6
https://doi.org/10.1016/S0142-9612(03)00257-6
https://doi.org/10.1016/S0142-9612(03)00257-6
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1126/scitranslmed.3006557
https://doi.org/10.1007/s11249-006-9086-8
https://doi.org/10.1007/s11249-006-9086-8
https://doi.org/10.1007/s11249-006-9086-8
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1146/annurev-med-042320-014032
https://doi.org/10.1146/annurev-med-042320-014032
https://doi.org/10.1146/annurev-pharmtox-010919-023628
https://doi.org/10.1146/annurev-pharmtox-010919-023628
https://doi.org/10.1146/annurev-pharmtox-010919-023628
https://doi.org/10.1146/annurev-pharmtox-010919-023628
https://doi.org/10.1080/19490976.2024.2371950
https://doi.org/10.1080/19490976.2024.2371950
https://doi.org/10.1080/19490976.2024.2371950
https://doi.org/10.1080/19490976.2024.2371950
https://doi.org/10.1007/s11011-024-01369-w
https://doi.org/10.1007/s11011-024-01369-w
https://doi.org/10.1007/s11011-024-01369-w
https://doi.org/10.1038/s41598-023-31730-5
https://doi.org/10.1038/s41598-023-31730-5
https://doi.org/10.1038/s41598-023-31730-5
https://doi.org/10.1038/s41598-023-31730-5
https://doi.org/10.3390/microorganisms11122854
https://doi.org/10.3390/microorganisms11122854
https://doi.org/10.3390/microorganisms11122854
https://doi.org/10.3390/microorganisms11122854
https://doi.org/10.1016/j.phrs.2018.07.007
https://doi.org/10.1016/j.phrs.2018.07.007
https://doi.org/10.1016/j.phrs.2018.07.007
https://doi.org/10.3390/ijms21165858
https://doi.org/10.3390/ijms21165858
https://doi.org/10.3390/ijms21165858
https://doi.org/10.3390/ijms21165858
https://doi.org/10.3390/ijms21165858
https://doi.org/10.1038/s42254-023-00598-9
https://doi.org/10.1038/s42254-023-00598-9
https://doi.org/10.1038/s42254-023-00598-9
https://doi.org/10.1093/brain/awad159
https://doi.org/10.1093/brain/awad159
https://doi.org/10.1093/brain/awad159
https://doi.org/10.1016/j.jalz.2019.07.002

S. (2019). Mild cognitive impairment has similar alterations
as Alzheimer's disease in gut microbiota. Alzheimer's &
Dementia, 15(10), 1357-1366.

181.Pandey, S., Maharana, J., & Shukla, A. K. (2019). The gut
feeling: GPCRs enlighten the way. Cell host & microbe,
26(2), 160-162.

182.Aleti, G., Troyer, E. A., & Hong, S. (2023). G protein-coupled
receptors: a target for microbial metabolites and a mechanistic
link to microbiome-immune-brain interactions. Brain,
Behavior, & Immunity-Health, 100671.

183.Chen, H., Rosen, C. E., Gonzalez-Hernandez, J. A., Song,
D., Potempa, J., Ring, A. M., & Palm, N. W. (2023).
Highly multiplexed bioactivity screening reveals human
and microbiota metabolome-GPCRome interactions. Cell,
186(14), 3095-3110.

184.Gonzalez-Hernandez, A. J., Munguba, H., & Levitz, J. (2024).
Emerging modes of regulation of neuromodulatory G protein-
coupled receptors. Trends in Neurosciences.

185.Cattaneo, A., Cattane, N., Galluzzi, S., Provasi, S., Lopizzo,
N., Festari, C., ... & Group, I. F. (2017). Association of brain
amyloidosis with pro-inflammatory gut bacterial taxa and
peripheral inflammation markers in cognitively impaired

elderly. Neurobiology of aging, 49, 60-68.

186.Liu, P., Wu, L., Peng, G., Han, Y., Tang, R., Ge, J., ... & Wang,
B. (2019). Altered microbiomes distinguish Alzheimer’s
disease from amnestic mild cognitive impairment and health
in a Chinese cohort. Brain, behavior, and immunity, 80, 633-
643.

187.Tang, X. L., Wang, Y., Li, D. L., Luo, J., & Liu, M. Y. (2012).
Orphan G protein-coupled receptors (GPCRs): biological
functions and potential drug targets. Acta Pharmacologica
Sinica, 33(3), 363-371.

188.Litvinchuk, A., Wan, Y. W., Swartzlander, D. B., Chen, F.,
Cole, A., Propson, N. E., ... & Zheng, H. (2018). Complement
C3aR inactivation attenuates tau pathology and reverses
an immune network deregulated in tauopathy models and
Alzheimer’s disease. Neuron, 100(6), 1337-1353.

189.Rawat, P., Sehar, U., Bisht, J., Selman, A., Culberson, J.,
& Reddy, P. H. (2022). Phosphorylated tau in Alzheimer’s
disease and other tauopathies. International Journal of
Molecular Sciences, 23(21), 12841.

190.Mohamed, T., Gujral, S. S., & Rao, P. P. (2017). Tau
derived hexapeptide AcPHF6 promotes beta-amyloid (AP)
fibrillogenesis. ACS chemical neuroscience, 9(4), 773-782.

Copyright: ©2024 James Melrose, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Int J Nanotechnol Nanomed, 2024

https://opastpublishers.com

Volume 9 | Issue 2 | 13


https://doi.org/10.1016/j.jalz.2019.07.002
https://doi.org/10.1016/j.jalz.2019.07.002
https://doi.org/10.1016/j.jalz.2019.07.002
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(19)30362-2
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(19)30362-2
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(19)30362-2
https://doi.org/10.1016/j.bbih.2023.100671
https://doi.org/10.1016/j.bbih.2023.100671
https://doi.org/10.1016/j.bbih.2023.100671
https://doi.org/10.1016/j.bbih.2023.100671
https://www.cell.com/cell/fulltext/S0092-8674(23)00543-3?dgcid=raven_jbs_aip_email
https://www.cell.com/cell/fulltext/S0092-8674(23)00543-3?dgcid=raven_jbs_aip_email
https://www.cell.com/cell/fulltext/S0092-8674(23)00543-3?dgcid=raven_jbs_aip_email
https://www.cell.com/cell/fulltext/S0092-8674(23)00543-3?dgcid=raven_jbs_aip_email
https://www.cell.com/cell/fulltext/S0092-8674(23)00543-3?dgcid=raven_jbs_aip_email
https://www.cell.com/trends/neurosciences/abstract/S0166-2236(24)00088-2
https://www.cell.com/trends/neurosciences/abstract/S0166-2236(24)00088-2
https://www.cell.com/trends/neurosciences/abstract/S0166-2236(24)00088-2
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1016/j.bbi.2019.05.008
https://doi.org/10.1016/j.bbi.2019.05.008
https://doi.org/10.1016/j.bbi.2019.05.008
https://doi.org/10.1016/j.bbi.2019.05.008
https://doi.org/10.1016/j.bbi.2019.05.008
https://doi.org/10.1038/aps.2011.210
https://doi.org/10.1038/aps.2011.210
https://doi.org/10.1038/aps.2011.210
https://doi.org/10.1038/aps.2011.210
https://www.cell.com/neuron/fulltext/S0896-6273(18)30939-5
https://www.cell.com/neuron/fulltext/S0896-6273(18)30939-5
https://www.cell.com/neuron/fulltext/S0896-6273(18)30939-5
https://www.cell.com/neuron/fulltext/S0896-6273(18)30939-5
https://www.cell.com/neuron/fulltext/S0896-6273(18)30939-5
https://doi.org/10.3390/ijms232112841
https://doi.org/10.3390/ijms232112841
https://doi.org/10.3390/ijms232112841
https://doi.org/10.3390/ijms232112841
https://doi.org/10.1021/acschemneuro.7b00433
https://doi.org/10.1021/acschemneuro.7b00433
https://doi.org/10.1021/acschemneuro.7b00433

