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Abstract: Amyloid beta (AB) deposits are implicated in the pathogenesis of debilitating
neurodegenerative disorders such as Alzheimer’s disease. In the present study, the interactions
of carbon-based nanoparticles (NPs) such as fullerene and fullerenol having different surface
chemistry with AB were investigated using molecular dynamics simulations and docking studies.
A detailed analysis of docking results showed that in 68% of the AP conformations, fullerene
and fullerenol showed interactions with the N-terminal region of the peptide. However, the high-
affinity binding site (E=—48.31 kJ/mol) of fullerene resides in the hydrophobic middle region
of the peptide, whereas fullerenol interacts favorably with the charged N-terminal region with
a binding energy of —50.42 kJ/mol. The above differences in binding could be attributed to the
surface chemistry of fullerene and fullerenol. Moreover, the N-terminal and middle regions of
AR play an important role in A aggregation. Therefore, the binding of fullerene and fullerenol
could inhibit amyloid aggregation. This information will be helpful in designing NPs for target-
ing amyloid-related disorders.
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Introduction

The fast developing field of nanotechnology has made a significant impact on numerous
areas of science and technology. Understanding the interaction between nanoparticles
(NPs) and biomolecules'? is essential for NP-based biotechnology and biomedical
applications such as gene delivery, inhibiting protein amyloidosis, tumor therapy,
and cellular imaging. Carbon-based NPs such as fullerene and fullerenol have been
proposed for inhibiting amyloid aggregation. However, the mechanism of interaction
of fullerene and fullerenol with amyloid beta (AB) peptide is not well understood.
Therefore, an attempt has been made to investigate the interaction of fullerene and
fullerenol with AP using computational studies. This study will provide detailed insight
into the interaction of fullerene and fullerenol with A, which, in turn, would be useful
for designing NPs for targeting amyloid-related disorders.

Materials and methods

The structure of AP (1-40) was obtained from the Protein Data Bank (1BA4). The A} was
simulated further for 50 ns using GROMACS (Version 4.5.5) to generate an ensemble
of AB conformations using g_cluster algorithm. Nineteen dominant conformations of
AP were docked with fullerene and fullerenol using PatchDock server® to predict the
most probable binding site of fullerene and fullerenol in APB. Fullerene and fullerenol

submit your manuscript

Dove

http:

Ly@mo

International Journal of Nanomedicine 2018:13 (T-NANO 2014 Abstracts) 71-73 71
© 2018 Pandya et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/IJN.S125011
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:alokdhawan@iitr.res.in

Pandya et al

Dove

® Fullerene-AB
O Fullerenol-AB

—-10 4

—20 1

-30 4 §

Interaction energy (kJ/mol)

[} o]
. g
_50_
_60 T T T T T T T T T T T T T T T T T T T
01 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20

Conformations of A

Figure | Interaction energy of fullerene and fullerenol with AB conformations.
Abbreviation: AB, amyloid beta.

were generated using GaussView. The docking results
were analyzed using PyMOL and graphs were plotted using
>(Sigma) plot.

Results and discussion
The interaction energy of AB—NPs complexes is represented
in Figure 1. It can be observed from the figure that fullerene
showed the highest affinity, with conformation number 17,
whereas fullerenol showed high affinity with conformation
number 8 of AP.

The snapshots of AB—fullerene and AB—fullerenol are
represented in Figure 2. The high-affinity binding site
(E=—48.31 kJ/mol) of fullerene resides in the hydrophobic

C-terminal

middle region of the peptide, whereas fullerenol interacts
favorably with the charged N-terminal region with a bind-
ing energy of —50.42 kJ/mol. A has three different regions,
which are N-terminal, middle region, and C-terminal. Docking
studies have shown that these NPs preferentially bind to the
N-terminal and middle regions of the peptide (Figure 2). To
confirm which portion of the peptide is actively involved in
the interaction with fullerene and fullerenol, we calculated the
occupancy of binding sites by NPs in APB. The results showed
that fullerene and fullerenol occupied the N-terminal in ~68%
of AP conformations and fullerene occupied the middle region
in ~47% of AP conformations, whereas the C-terminal showed
least occupancy by fullerene and fullerenol (Figure 3).

B

N-terminal

C-terminal

Figure 2 Interaction of fullerene and fullerenol with Af} (1-40): (A) fullerene with AB; (B) fullerenol with Ap.
Notes: The helical region in the peptide is shown in red color; fullerene and fullerenol are represented in gray color.

Abbreviation: AP, amyloid beta.
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Figure 3 Most probable binding sites of peptide with fullerene and fullerenol.

We could infer that the C-terminal is not actively
involved in the interaction as the other two regions of Af.
The middle region of the peptide and specifically the residues
16-20 (KLVFF) are involved in AP polymerization/
aggregation.* The aromatic residues and the charged residues
in these regions may form m—mn, hydrogen bonding, and van
der Waals interactions with fullerene and fullerenol.

Taking together, the above analysis showed that the bind-
ing of the NPs to AP may modulate their aggregation.

Conclusion

We investigated the effect of fullerene and fullerenol NPs on
the AP (1-40) peptides by performing docking and simula-
tion studies. Our docking studies demonstrated high-affinity
binding of NPs with the peptide at the N-terminal and middle
regions, which is in agreement with the previous experimen-
tal study results. These results provide novel insight into
the inhibition mechanism® of fullerene and fullerenol on the
aggregation of AB (1-40). Further molecular dynamics simu-
lations will be performed to validate our docking results.

Acknowledgments

Funding from the vLife Sciences, Centre of Excellence,
In Silico Technology, Institute of Life Sciences, Ahmedabad
University, and the financial assistance for the Centre for

International Journal of Nanomedicine

Publish your work in this journal

The International Journal of Nanomedicine is an international, peer-
reviewed journal focusing on the application of nanotechnology
in diagnostics, therapeutics, and drug delivery systems throughout
the biomedical field. This journal is indexed on PubMed Central,
MedLine, CAS, SciSearch®, Current Contents®/Clinical Medicine,

Nanotechnology Research and Application (CENTRA) by
the Gujarat Institute for Chemical Technology (Grant no ILS/
GICT/2013/003) are gratefully acknowledged. The European
Union Seventh Framework Program (FP7/2007-2013) under
the Grant agreement No 263147 (Nano Valid, Development
of reference methods for hazard identification, risk assess-
ment and life cycle analysis of engineered nanomaterials)
is also acknowledged. The Division of Biological & Life
Sciences, Ahmedabad University manuscript communica-
tion number is 041.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Lokesh B, Balamurugan K, Subramanian V, Dhawan A. Hydration pat-
terns of graphene-based nanomaterials (GBNMs) play a major role in
the stability of a helical protein: a molecular dynamics simulation study.
Langmuir. 2013;29(46):14230-14238.

2. Matteo C, Francesco Z. Baiting proteins with C . ACS Nano. 2010;
4(4):2283-2299.

3. KleinJ. Probing the interactions of proteins and nanoparticles. Proc Nat!
Acad Sci U S A. 2007;104(7):2029-2030.

4. Ito M, Johansson J, Stomberg M, Nilsson L. Effects of ligands on
unfolding of amyloid B-peptide central helix: mechanistic insights from
molecular dynamics simulations. PLoS One. 2012;7(1):¢30510.

5. Jeong E, Minyung L. Fullerene inhibits 3-amyloid peptide aggregation.
Biochem Biophys Res Commun. 2003;303(2):576-579.

Dove

Journal Citation Reports/Science Edition, EMBase, Scopus and the
Elsevier Bibliographic databases. The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/international-journal-of-nanomedicine-journal

International Journal of Nanomedicine 2018:13 (T-NANO 2014 Abstracts)

submit your manuscript 73

Dove


http://www.dovepress.com/international-journal-of-nanomedicine-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 6: 


