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Abstract

Amylin has been implicated in type II diabetes because of its
inherent property to misfold into toxic aggregates. Although it
has been shown that amylin interacts with cell membranes, no
study to date has monitored the association process using a
direct approach. The present study uses confocal microscopy
to identify the localization of carboxyfluorescein-labeled
amylin in RIN-5F cells. In addition, the size of the aggregates

that are formed was evaluated using nanoparticle tracking
analysis. In support of previous findings, amylin was observed
to interact with and remain associated with the cell membrane.
The cell membrane-associated aggregates spanned a size
range of 130–800 nm. C© 2013 International Union of Biochemistry and
Molecular Biology, Inc. Volume 60, Number 4, Pages 384–392, 2013
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1. Introduction
Misfolding of peptides or proteins into toxic oligomers and
fibrils results in a number of diseases collectively classified
as amyloid diseases [1–5]. Of these, type II diabetes and
Alzheimer’s disease are currently the most prevalent in society
[5]. In type II diabetes, the peptide that is implicated in disease
progression is amylin, which is also referred to as islet amyloid
polypeptide [1–3, 6]. Amylin is composed of 37 amino acids
with a disulfide bridge between residues 2 and 7 (Fig. 1) and
aggregates into oligomers that are in a β-sheet conformation
and that are toxic to pancreatic beta cells [1–3,7–13]. Although
there has been extensive research on potential inhibitors
of amylin-mediated cytotoxicity, most of these studies have
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interrogated molecules that bind to amylin, which subsequently
inhibits fibrillogenesis [10,13–31]. However, to the best of our
knowledge, there is currently no inhibitor of amylin aggregation
that is a potential therapeutic agent for type II diabetes and
that is under consideration for clinical development [32]. In an
attempt to unravel its cellular pathway, it would be strategically
beneficial to map the cellular localization of amylin aggregates
so as to affect the design of inhibitors of amylin aggregation and
toxicity.

Initial studies on amylin localization employed immunogold
labeling and showed that amylin is present in lipofuscin bodies
in pancreatic beta cells of diabetic patients [6]. Subsequent
studies suggested that amylins lie in close proximity to the
external cell surfaces, namely the cell membrane and islet
capillaries [33–39]. However, none of these studies evaluated
amylin localization in an in vitro mammalian cell-based system.

The study herein attempts to describe the real time
in vitro cellular tracking of carboxyfluorescein-labeled amylin
(carboxy-amy) aggregates in the rat pancreatic beta (RIN-5F)
cell line. This cell line was selected as it represents the in vivo
cytotoxic target of amylin aggregates and thus observations
could provide an insight as to what occurs in the biological
scenario. The advantages of the proposed strategy are that it
employs direct visualization of amylin localization and hence
precludes the use of multiple labeling steps and also limits the
possibility of nonspecific interactions. Nanoparticle tracking
analysis (NTA) was also performed to concisely estimate the
size of amylin aggregates that are formed.

Most studies until now have incorporated an indirect
labeling approach using Congo red to distinguish amylin
aggregates or used other dyes to identify cellular components
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FIG. 1
Primary structure of human amylin with a disulfide
bond between amino acid residues 2 and 7.

[40–43]. Congo red has been suggested to identify amyloid
aggregates by binding to its β-sheet structure [44,45]. However,
Congo red was demonstrated to bind nonspecifically to cellular
membranes [42], possibly because some membrane proteins
are in a β-sheet conformation. Hence, it can be suggested
that studies making use of this dye to localize amylin may have
resulted in incorrect data interpretation. In addition, other dyes
that were used to identify cellular components could potentially
affect amylin–amylin interaction and thus would not be truly
representative of an in vivo system.

An indirect amylin-labeling study transfected the Simian
fibroblast cell line (Cos-1) with vectors that express human
amylin and performed multiple labeling steps involving rabbit
antiamylin antiserum and sandwich labeling using the Oregon
Green fluorochrome to track amylin [40]. This study proposed
that amylin is localized in the perinuclear region of cells, in
particular, the endoplasmic reticulum and Golgi apparatus
[40]. Another indirect labeling approach used Congo red
to pinpoint amylin aggregates and the water soluble dye
carboxyfluorescein to determine membrane integrity [41]. This
study reported that membrane lipids are incorporated into
the amylin aggregates during amyloid formation, resulting in
membrane leakage of giant unilamellar vesicles (GUVs) and
the rat insulinoma tumor (RIN) cell line [41]. However, an
interesting observation from this study was that membranes
remained intact when preformed fibrils were added to the GUVs
and RIN cells, thus suggesting that monomeric or oligomeric
amylin binds to membranes [41].

It is noteworthy that even with the emergence of confocal
microscopy-based experiments, fluorescent tags have not
been extensively used for in vitro studies involving amylin
localization. However, their ability to generate highly selective
and sensitive results using simple experimental conditions has
not gone unnoticed. Up to now, fluorescence-based investigative
techniques have been primarily employed to study amylin
aggregation dynamics in cell-free environments [21,22,36,46–
50].

To the best of our knowledge, the only study that made use
of fluorescently labeled amylin to explore amylin localization
was initiated by Radovan et al. [42]. Their study employed
a dual-fluorescence strategy that incorporated both Bodipy-
labeled amylin and the membrane-specific dye Texas red-
DHPE. The results indicated that amylin was inserted into the
membranes of rat insulinoma beta (INS-1E) cells and artificial
model raft GUVs synthesized from DOPC:DPPC:cholesterol
1:2:1 [42]. Although data suggested that membrane lipids were
incorporated into the growing amyloid fibril, the Texas red-

DHPE dye could potentially affect amylin aggregation kinetics,
thus resulting in incorrect data interpretation [42].

Interestingly, the study herein is the first to report on a
direct fluorescence-based approach for the cellular localization
of amylin. Importantly, carboxyfluorescein labeling of human
amylin was shown to have no significant effect on the aggre-
gating potential of amylin. It can thus be suggested that this
modified form of amylin can be used in fluorescence-based
experiments to probe amylin aggregation dynamics and its
interaction with mammalian cells grown in culture. The data
seem to show that carboxy-amy is predominantly associated
with the cell membranes of RIN-5F cells. The size of aggregates
that formed in the presence of the pancreatic beta cells was
shown to span the size range of 130–800 nm.

2. Materials and Methods
2.1. Reagents
All 9-fluorenylmethoxycarbonyl (Fmoc) protected amino acids
and coupling reagents were purchased from GLS Biochem
Systems (Shanghai, China). The following protecting groups
were used for the side chains of the amino acids: trityl for
asn, cys, gln, and his, t-butyl ether for ser and thr, 2,2,4,6,7-
pentamethyl-dihydrobenzofuran-5-sulfonyl for arg, and t-
butyloxycarbonyl for lys. The PAL-ChemMatrix resin was
purchased from Matrix Innovation (Quebec, Canada). High-
performance liquid chromatography (HPLC) grade solvents for
synthesis and purification and 5(6)-carboxyfluorescein were
purchased from Sigma–Aldrich (St. Louis, MO, USA).

2.2. Peptide synthesis
As proposed by Fulop et al. [51], carboxy-amy was syn-
thesized using standard Fmoc-based solid phase protocol.
Full-length amylin was synthesized on a 0.1 mmol scale
using a CEM microwave peptide synthesizer as previously
described [52]. Briefly, deprotection was performed using
20% piperidine in dimethyl formamide (DMF). The activator
used in the synthesis was 0.5 M 2-(1H-benzotriazole-1-yl)-
1, 1, 3, 3-tetramethyluronium hexafluorophosphate in DMF,
with 1 M N,N-diisopropylethylamine (DIPEA) in DMF serv-
ing as the activator base. Oxidation to form the Cys-2 to
Cys-7 disulfide bridge was performed as previously described
[52]. Briefly, unoxidized resin-bound amylin was allowed to
bubble in methanol (3 mL) in a sintered glass bottom reac-
tion vessel and iodine dissolved in methanol (approximately
5 mL) was added dropwise until a faint yellow color devel-
oped. A washing step using DMF was performed, followed
by coupling of 5(6)-carboxyfluorescein to the N-terminus of
the resin-bound amylin. Coupling was carried out for 20 H
using a 10 times molar excess of 5(6)-carboxyfluorescein
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with N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridino-1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate
N-oxide and DIPEA in DMF serving as the activator and acti-
vator base, respectively. The peptide was subsequently cleaved
from the resin using 5% tri-isopropylsilane in trifluoroacetic
acid (TFA) for 2 H. Chemically synthesized human amylin
(amylin) was used as the control for transmission electron
microscopy (TEM) and NTA [52].

2.3. Peptide purification
Carboxy-amy was purified on an ACE C18 preparative column
(250 × 22 mm2; Scotland) as previously described [52]. A
dual-buffer system was employed, with TFA serving as the
ion-pairing agent. The first buffer consisted of 0.1% TFA/H2O
(v/v), and the second buffer contained 0.1% TFA/acetonitrile
(v/v). The peptides were eluted using a gradient of 0%–90%
buffer B over 90 Min with a flow rate of 20 mL/min. The solvent
from pooled peptide-containing fractions was evaporated to
20 mL, and the samples were snap-frozen in liquid nitrogen
and lyophilized.

2.4. Peptide analysis
The purified peptide was analyzed with an Agilent 1100 HPLC
system fitted with a Waters XBridge C18 column, 250 × 3.6 mm2

as previously described [52]. Chromatography was performed
over 90 Min using a gradient of 0%–90% buffer B at a flow rate of
0.3 mL/min, and the eluent was monitored at a UV wavelength
of 215 nm. A Bruker electrospray ionization time-of-flight
spectroscope in positive mode was used to obtain mass spectra
(MS) and matrix-assisted laser desorption ionization time-
of-flight mass spectroscopy (MALDI-TOF MS) was performed
with an Autoflex III instrument (Bruker, Germany) operated in
positive mode with cyano-4-hydroxycinnamic acid being used
as the matrix.

2.5. Disaggregation method
Disaggregation of carboxy-amy was performed as previously
described [52]. Preweighed amylin samples were solubilized
in 200 μL hexafluoroisopropanol (HFIP)–TFA solution (50:50,
v/v), sonicated for 10 Min and left overnight. The solvents were
then removed under vacuum using a centrifugal evaporator for
approximately 1–2 H. Approximately 100 μL HFIP was added to
the amylin, followed by vortexing and the solvent was removed
by rotary evaporation for 1–2 H. To remove all traces of TFA,
the latter process was repeated twice using HFIP (100 μL).

2.6. TEM
Carboxy-amy and amylin were disaggregated as described
above and dissolved in filter sterilized 10 mM sodium phosphate
buffer, pH 7.4, containing 50 mM NaCl (Buffer A) to a final
concentration of 30 μM. Samples were incubated at 37 ◦C
and at specific time points 2 μL aliquots of each sample were
transferred onto formvar-coated carbon-stabilized copper
grids. After drying for 1 Min, excess liquid was blot dried and
samples were stained with 2% (w/v) uranyl acetate for 30 Sec.
Samples were blot dried again before being analyzed with a

CM120 Biotwin Philips transmission electron microscope at a
voltage of 100 V.

2.7. Confocal microscopy
The RIN-5F cell line (European Collection of Cell Cultures;
Sigma–Aldrich) was cultured in RPMI 1640 growth medium
containing 10% heat-inactivated fetal bovine serum, 2 mM glu-
tamine, 1 mM sodium pyruvate, 25 mM 2-[4-(2-hydroxyethyl)-
1-piperazinyl] ethanesulfonic acid, and 0.1 mg/mL peni-
cillin/streptomycin and thereafter plated at a density of
4 × 104 cells into 35 mm glass bottom petri dishes containing
14 mm micro wells (kindly donated by Dr. Celia Snyman, Uni-
versity of KwaZulu-Natal). After an incubation period of 24 H
at 37 ◦C, spent medium was replaced with fresh medium. To
establish whether carboxyfluorescein was susceptible to photo
bleaching effects, carboxyfluorescein only (2.54 μM, equiva-
lent to the amount of carboxyfluorescein present in 30 μM of
carboxy-amy) was added to the RIN-5F cells and monitored
over time. Images were viewed and captured with a Zeiss
710 laser-scanning confocal microscope and Zeiss LSM 710
software at 10 Min intervals for the first hour and then every
30 Min until 3 H, using a 63× oil immersion objective. Twelve
slices at different focal points were captured at each interval. A
488 nm argon laser was used for excitation of the fluorophore,
whereas emission was captured at 520 nm. Images were also
simultaneously captured using differential interference con-
trast (DIC) microscopy. To track the cellular localization of
carboxy-amy, RIN-5F cells were grown and plated as described
above. After an incubation period of 24 H, spent medium was
removed and carboxy-amy was dissolved in growth medium
and added to the cells to a final concentration of 30 μM. At the
end of the experiment, growth medium was recovered from the
samples and later analyzed using NTA. All experiments were
performed in duplicate with the temperature of the sample
chamber set to 37 ◦C.

2.8. NTA
NTA measurements were performed with a NanoSight LM20
instrument (NanoSight, Amesbury, UK) equipped with a 488 nm
laser for exciting the carboxyfluorescein tag and a temperature-
controlled sample chamber set at 37 ◦C. To establish whether
the carboxyfluorescein tag aggregates on its own, carboxyfluo-
rescein only (2.54 μM, equivalent to the amount of carboxyflu-
orescein present in 30 μM of carboxy-amy) was prepared in
Buffer A and NTA performed by recording 60 Sec videos with
the single shutter and gain modes. An analysis was performed
using NanoSight NTA 2.2 software with a viscosity setting of
0.70. Samples recovered from confocal microscopy experi-
ments were captured and analyzed using NTA as described
above. To monitor the aggregation dynamics of carboxy-amy
over time, disaggregated peptide was diluted in Buffer A and
sonicated for 5 Min to yield a concentration of 30 μM before
being injected into the sample chamber. Sample temperatures
were allowed to equilibrate to 37 ◦C (approximately 1 Min)
before 60 Sec video recordings were taken at specific time
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FIG. 2
Structure of 5(6)-carboxyfluorescein.

points (every 10 Min for the first hour and then every 30 Min
until 3 H). Videos were captured and analysis performed as
described above.

3. Results
In developing a suitable fluorescence strategy that will enable
real-time tracking of the interaction of amylin aggregates with
cellular components, it was deemed critical that the chemical
modification must not interfere with its amyloidogenic potential.
In this regard, the N-terminal lysine residue was selected as
a suitable site of attachment of the fluorophore as there is
general agreement that the N-terminal region of amylin is not
involved in amylin fibril formation [53,54]. Carboxyfluorescein
was chosen as a suitable fluorophore as it was previously
reported that a fluorescein label at the N-terminal of full-length
amylin [21] or on amyloid beta, the amyloidogenic peptide
responsible for Alzheimer’s disease, had no significant effect
on the amyloidogenic properties of these peptides [53, 54].
Moreover, some of the advantages that are associated with the
use of carboxyfluorescein (Fig. 2) are its high molar absor-
btivity, excellent fluorescence quantum yield, good solubility in
water, and an excitation of 494 nm, close to the 488 nm spectral
line of the argon laser, which makes it suitable for confocal
microscopy imaging [55]. As illustrated in Fig. 3, carboxy-amy
was synthesized with high purity and a yield of 8% (34 mg).

As ascertained by TEM analysis, amylin fibrils emanating
from carboxy-amy exhibited a similar morphology to fibrils
formed by unmodified amylin (Fig. 4).

Confocal microscopy imaging analysis confirmed that the
carboxyfluorescein fluorophore was stable over the experi-
mental duration, in that no photobeaching was evident as the
intensity of the fluorescent signal was not reduced (Fig. 5).

Analysis of confocal microscopy generated images seems
to suggest that aggregates of carboxy-amy that are indicated

by colored (yellow, white, blue, red, and pink) arrows strongly
interact with the extracellular face of the RIN-5F plasma
membrane (Fig. 6). This is shown by aggregates remaining
associated with the plasma membrane, although the cellular
morphology in certain instances changes markedly over the 3 H
duration of the experiment. It is noteworthy that carboxy-amy
cannot be observed intracellularly.

NTA of samples containing only carboxyfluorescein
illustrated a background fluorescence without any discernible
aggregates being observed at all time points. The presence of a
faint background indicates that the fluorophore is present but
does not form aggregates greater than 30 nm in size and thus
cannot be detected as the size range for NTA is 30–1,000 nm
[56].

During NTA, resuspension, injection, and equilibration
times resulted in a time lapse of approximately 10 Min, thereby
rendering analysis of a zero time point impractical. As can be
seen in Fig. 7 (graph A), the predominant size of carboxy-amy
at the 10 Min time point is between 40 and 90 nm, reaching a
concentration greater than 2 × 107 aggregates/mL. Other peaks
represented aggregates that were in the size range 90–260 nm
that occurred at concentrations between 0.5 × 107 aggre-
gates/mL and 1 × 107 aggregates/mL. In addition, another
predominant peak represented an aggregate cohort with a size
of approximately 510 nm and concentration of approximately
0.7 × 107 aggregates/mL. After 3 H (Fig. 7, graph B), the con-
centration of 100–170 nm aggregates was below 0.5 × 107 ag-
gregates/mL, whereas the predominant peaks representing
aggregates in the 170–250 and 250–360 nm ranges were
present at concentrations above 1 × 107 aggregates/mL, indi-
cating that the smaller sized aggregates (40–90 and 90–170 nm)
that were present at the 10 Min time point have now grown into
larger particles (170–250 and 250–360 nm). Interestingly, the
observed 510 nm peak at the 10 Min interval is not evident after
3 H. Rather, the emergence of two new peaks (360–520 and
640–850 nm) is observed. Growth medium that was recovered
from the confocal microscopy experiment (Fig. 7, graph C) and
that was subjected to NTA revealed a carboxy-amy aggregate
size distribution profile that was similar to that of the carboxy-
amy sample alone after an incubation period of 3 H (Fig. 7,
graph B). However, a higher concentration of particles in all
size ranges except the 270–400 nm range was observed in the
sample recovered from the confocal microscopy experiment.

4. Discussion
As mentioned previously, it is widely accepted that the
aggregated form of amylin is linked to the destruction of
pancreatic beta cells. It is therefore prudent that technology is
developed that provides a closer insight into the interaction
of amylin aggregates with cellular structures. This awareness
may in part contribute to the successful design of an effective
inhibitor of amylin aggregation. Until now the cellular tracking
of amylin aggregates has been reliant on indirect labeling
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FIG. 3
MALDI-TOF spectrum of chemically synthesized
carboxy-amy.

FIG. 4
Comparison of the amyloidogenic potential of
chemically synthesized amylin (A) and
carboxy-amy (B) by TEM. Disaggregated peptide
samples were prepared in 10 mM sodium
phosphate buffer, pH 7.4, containing 50 mM NaCl
to a final concentration of 30 M. Representative
micrographs of each sample are shown after an
incubation time of 60 Min at 37 ◦C. Scale bars
represent 200 nm.
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FIG. 5
Confocal microscopy of RIN-5F cells exposed to
carboxyfluorescein only (2.54 μM, equivalent to
the amount of carboxyfluorescein present in
30 μM of carboxy-amy) at the start of the
experiment and after 3 H. The mean fluorescence
intensity at 5 Min is 14.5 ± 3.0 and at 185 Min is
14.2 ± 3.0. The fluorescence intensity of
carboxyfluorescein at the two time intervals was
observed to be statistically similar (P > 0.05). It is
thus evident that the carboxyfluorescein label does
not undergo photobleaching and neither does it
interact with the cells. Each image represents the
equatorial region of the cells and is an overlay of
the green fluorescent channel and the
simultaneously obtained DIC image. Scale bars
represent 200 μm. Statistical analysis (Welch’s
unpaired t-test) was performed using GraphPad
InStat version 3 (GraphPad Software, CA, USA).

strategies that are compromised by nonspecific binding inter-
actions and interference of amylin–amylin interactions that
precludes reliable data interpretation. The present study was
initiated in an attempt to visualize the in vitro interaction of
amylin aggregates with a cultured mammalian cell line using a
confocal microscopy-based fluorescence approach.

To negate any possibility of incorrect data interpretation,
it was deemed critical that control experiments using only car-
boxyfluorescein be performed and the amyloidogenic nature of
carboxy-amy be compared with unmodified amylin. In control
confocal microscopy experiments using only carboxyfluores-
cein, it was observed that the fluorophore does not interact
with the cells and neither does it aggregate over the duration
of the experiment. This was further substantiated by NTA of
samples containing carboxyfluorescein only as no particles
were detected at all time points. It is thus noteworthy that all
observations on carboxy-amy reported in this study represent
the modified peptide and are not due to interactions resulting
from the carboxyfluorescein tag alone. In addition, carboxy-

amy was shown via TEM analysis to form typical amyloid fibrils
that were comparable to those formed by unmodified amylin.
It can thus be suggested that attachment of the fluorophore did
not impact negatively on the amyloidogenic nature of amylin.
This notion is supported by a previous study that reported that
the presence of a fluorescein label at the N-terminal of full-
length amylin had no significant effect on the amyloidogenic
properties of amylin [21]. Thus, it may be suggested that the
fluorescent labeling approach as employed in the current study
be considered as a viable option to investigate the aggregation
dynamics of amylin.

Confocal microscopy imaging resolved that carboxy-amy
aggregates specifically interact with the cell membrane of
RIN-5F cells. It was also interesting to note that the inter-
actions were limited to certain regions of the membrane as
opposed to a more global interactive pattern. As mentioned
previously, the carboxy-amy aggregates in certain instances
remained strongly associated with the membrane, whereas
it shifted during cellular morphological changes. The latter
observation is suggestive of a physical interaction between
the two entities. This is supportive of previous studies, which
found that amylin associates with synthetic membranes, GUVs,
or cell membranes [33,36–39,41–43,57,58]. Possible reasons
for amylin interacting with the cell membrane have previously
been proposed, with studies suggesting that either hydrophobic
or electrostatic interactions are responsible for this association
[36–39, 41–43, 57, 58]. Hydrophobic interactions are possible
as amylin has more hydrophobic R-groups in its constituent
amino acids than hydrophilic R-groups, thus allowing amylin
to interact with the nonpolar membranes, whereas electro-
static interactions between positively charged amino acids
and the negatively charged membrane could also facilitate
amylin-membrane association. For more details on the role of
membrane interaction with amyloidogenic peptides and the
subsequent, refer to reviews by Stefani [59, 60]. Amylin has
also been shown to bind to heparin sulfate proteoglycans that
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FIG. 6
Carboxy-amy interaction with the cell membrane of RIN-5F cells at 30 Min intervals as determined by confocal microscopy. Each
image represents the equatorial region of the cells and is an overlay of the green fluorescent channel and the simultaneously
obtained DIC image. Colored arrows are used to indicate the cellular localization of amylin over time. Scale bars represent
200 μm.
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FIG. 7
NTA size distribution profile of disaggregated
carboxy-amy (30 μM) in 10 mM sodium phosphate
buffer, pH 7.4 containing 50 mM NaCl after
incubation at 37 ◦C for 10 Min (A) and 180 Min (B).
(C) NTA size distribution profile of the
carboxy-amy sample that was recovered from the
completed confocal microscopy experiments.
Video recordings (duration of 60 Sec) of each
sample were taken for NTA using the single
shutter and gain mode.

are present in the basement membrane of pancreatic beta
cells. The latter binding interaction could also apply to the
interaction of carboxy-amy aggregates with RIN-5F cells in this
study [61].

Understanding the fine details of the interaction of amylin
aggregates with cellular membranes has the potential to
unravel the mechanism of amylin-induced cytotoxicity. One
hypothesis supported by experimental findings is that amylin
mediates cytotoxicity by binding to and initiating pore formation
in cellular membranes, thus compromising its integrity [7,8,62].
Another possible amyloidogenic protein-mediated mechanism
is that the protein monomer or oligomer would interact with the
lipid bilayer of the cell membrane and extract lipids from the
membrane during the aggregation process, thereby resulting in
membrane damage [41]. This is especially significant as it was
reported that a high fat intake or change in lipid metabolism
was necessary for fibril formation [63,64]. A subsequent report
suggested that the latter events would result in type II diabetes
[36]. In addition, examination of islets revealed that membranes
in close proximity to the amyloid deposits appeared to be
damaged, which could disrupt membrane fluidity and affect
the uptake of glucose by the pancreatic beta cells, thereby
leading to apoptosis [35]. It was also previously reported that
amylin embeds itself in the basement membrane, forming an
envelope around the intraislet capillary endothelium, which
may have a negative effect on absorption of nutrients and
hence could facilitate apoptosis [34]. A more recent study has

also shown that amylin interacts with and damages synthetic
membranes of GUVs [43].

Carboxy-amy aggregation was also followed over time
using NTA and it was observed that the concentration and
size of aggregates increases over the 3 H duration of the
experiment. NTA also illustrated that the size distribution
profiles of aggregates present in the samples recovered from the
confocal microscopy experiment were similar to those of freshly
prepared samples. However, it was noted that the concentration
of aggregates in the sample recovered from the confocal
microscopy experiment was higher than the concentration of
aggregates that formed in the carboxy-amy sample that was
not exposed to cellular interaction. This finding is similar to
that reported by Jayasinghe and Langen [37], who also noted
that amylin aggregates much more rapidly in the presence
of synthetic membranes containing phosphatidylserine. In
the presence of RIN-5F cells, the predominant size ranges
of amylin aggregates that were formed were observed to be
130–270, 270–400, 400–600, and 600–800 nm. These data
are consistent with a previous study that used total internal
reflection fluorescence microscopy and reported that amylin
aggregates spanned a size range between 200 and 560 nm [65].

5. Conclusion
This study has demonstrated for the first time that labeling of
full-length human amylin with the fluorescent tag carboxyfluo-
rescein does not alter the aggregating potential of the peptide.
Thus, it can be suggested that this fluorescently labeled pep-
tide could be used to monitor the aggregation dynamics of
amylin and hence for screening potential inhibitors of amylin
aggregation and possibly even inhibitors of amylin-mediated
cytotoxicity. In addition, it was demonstrated that amylin in-
teracts with the cell membrane, which supports the already
proposed hypothesis that amylin-mediated cytotoxicity results
from membrane disruption.
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