
Life Science - Bioinformatics

94

Amyloidoses are a class of diseases, including Type 
II Diabetes Mellitus (T2DM), Alzheimer’s (AD) and 
Parkinson’s Diseases (PD), characterized by the 

conversion of peptides or proteins from their soluble functional 
states into fi brillar aggregates showing a cross-beta super-se-
condary structure termed “amyloid” [1]. Investigations looking 
to explain the observed correlation of amyloid plaques and 
disease have led to what is known as the “amyloid hypothe-
sis”. Nonetheless, more recently it has become evident that 
the amyloid hypothesis must be amended. This adjustment 
stems from indications that amyloid fi bers themselves are not 
causal to disease pathology. For example, the correlation of 
the extent of the Amyloid � peptide (A�) deposits with de-
mentia in AD patients is poor [2]. Similarly, amyloid deposition 
in type II diabetes is evident in >90% of patients [3,4]. Howe-
ver, this fails to explain the fact that the remaining 10% of pa-
tients do not present signifi cant amyloid deposition [5]. Such 
observations suggest that intermediate structures of amyloid 
formation could be more relevant to pathology. To date, 
the mechanism by which these amyloid intermediates cau-
se cytotoxicity and disease is not clarifi ed. One of the major 
hypotheses is that amyloid peptides cause membrane pertur-
bation through changes in membrane fl uidity, amyloid pep-
tide-induced channel formation, or free radical production 
and concomitant lipid peroxidation [6-8]. They  may affect 
the plasma membrane as well as internal membranes such 
as the mitochondrial membranes. Many amyloid-forming 
peptides are generally amphipathic structures. As such, they 
may have the capacity to insert into membranes where they 
may eventually generate protein-stabilized pores (poration), 
lay on one leafl et of membranes (carpeting), or remove lipid 
components from the bilayer by a detergent-like mechanism 
[9]. There is as yet no consensus on which perturbations are 
relevant to disease. 

Islet Amyloid Polypeptide (IAPP) is the primary component 
of the islet amyloid deposits observed in the pancreas of type 
2 diabetics [10]. It is a 37 amino acid residue peptide and is 
produced in the islet �-cells and co-secreted with insulin. Like 
other amyloid-forming peptides, IAPP has been observed to 
permeabilize lipid membranes [11-15]. T he  non-amyloidoge-
nic rat derivative (rIAPP) and mature IAPP fi brils, however, do 
not signifi cantly affect the lipid bilayers . Many attempts have 
been made to determine the nature of the IAPP-induced de-
fects in membrane integrity. Ion channels produced in planar 
lipid bilayer conductance experiments upon addition of IAPP, 
had a clearly detectable conductance but pores were poor-
ly selective. This suggests, in accordance to time-lapse AFM 
experiments, that the IAPP-induced transmembrane ion per-
meability may not be mediated by the formation of channels 

with a defi ned molecular structure and that the instability of 
the lipid bilayer cannot be explained simply by the formation 
of discrete isolated pores. On the other hand, some studies 
point to a critical role of hIAPP monomers in membrane in-
teractions suggesting that the nature of the very initial steps 
of IAPP-membrane interactions should be found in a casca-
de of self-assembly mechanisms of membrane-bound IAPP 
monomers. To date, early and intermediate lipid membrane 
interaction events of monomeric IAPP, are diffi cult to access 
either experimentally or computationally. Experimentally, the 
major challenge lies in the preparation of structurally homo-
geneous, monomeric IAPP samples in solution or in lipid mem-
branes. This diffi culty stems from the peptide’s propensity to 
spontaneously form mesoscopic oligomers. Computationally, 
only the NMR-structure of IAPP in micelles, a lipid membrane-
mimicking system, is currently available for in silico studies [16]. 

Furthe rmore, full atomistic Molecular Dynamics are compu-
tationally challenging and existing simulation studies have 
been limited to a small portion of the bilayer with one peptide 
and short time duration (5-20 ns). Therefore, it is necessary to 
adopt computational methods, which can simulate bigger 
sized bilayers with many peptides for a suffi ciently large time 
period. 

In this paper, we use a Coarse-Grained Molecular Dynam-
ics (CG-MD) simulation method to study the self-assembling 
between IAPP peptides (up to 36 replicas) embedded in a 
relatively large piece of a palmitoy-oleyl-phosphatidylcoline 
(POPC) lipid bilayer membrane in equilibrium with an electro-
lyte-containing box for a very long time period (70 µs, Figure 1). 
In order to overcome limitations inherent to the poor descrip-
tion of structural details in CG protocols we have periodically 
performed full-atomistic simulations of reverse-mapped CG 
frames along all the whole simulation time. The outcome of MD 
simulations has allowed us to unveil the effects of IAPP-mem-
brane interaction on properties such as different kind of inter-
action between peptides, internal conformation of peptides 
and membrane curvature, parameters which are all relevant 
for the poration/leakage of membranes (Figure 2). Finally, the 
MD results on the protein aggregation within lipid bilayers have 
enabled us to develop a general thermodynamic model ai-
med at describing much larger equilibrium systems lying out-
side the present available computational tools for what con-
cerns both the number of monomers and the computation 
time.
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Fig. 1. – Simulations’ strategy used in the current work and schematized in the upper 
part for the hIAPP and in the lower part for rIAPP- Both peptides were embedded in 
a POPC bilayer and simulated at different temperatures (300, 350 and 400 K). the 
red arrows indicate the coarse grained (CG) representation and the blue arrows the 
atomistic one (AA).

Fig. 2. – Side view of the structure of the semi-toroidal aggregate formed by 26 
hIAPP molecules after 20 ns of AA simulation at 300 K.
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