Effect of zinc oxide nanoparticles size/surface curvature on a-synuclein amyloidogenesis
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The work focuses on investigating the effect of s _ B
ZnONP and its varying size (30, 60 and 120 nm) I 5°E:;"§"2::g$ 100 -
on a-synuclein  fibrillation  process  at e — SynZn0NPgyqy SynZnONP 501,
physiological conditions. a-Synuclein adsorbs = 3 e Y- 50 -
strongly onto the surface of ZnONP, observed b : . >
using different biophysical techniques like UV- £ ; = 60-
visible spectroscopy, Zeta sizer etc. The ThT : g-zo- C_Ss
assay shows inhibition of a-synuclein fibrillation 0.05- v 5: 40 -
in presence of different curvature ZnONPs with | A0- >
Increased lag time and decreased growth rate. . 20 -
Native a-synuclein has shown to form long W e 2 50
unbranched fibrils rich in B-sheet structure, b ZnONP{iginl) e - —
whereas ZnONP interface with larger curvature - - - L &7 9 o o s o oo

. Figure 3. Interaction studies of a-synuclein In NS & & O

(120 nm) take the protein off—pathway aggreg_ates absence/presence of ZnONPs (A) UV-Vis absorption v & @w v@”
faster than any other studied cgrvature/sues. spectra (B) Comparative zeta potential analysis.
Though the secondary and tertiary structure Figure 7. Alamar blue dye reduction assay
analysis by CD and fluorescence spectroscopy A e B S against neuroblastoma cell line (IMR-32). The
showed that the protein in a-synuclein-ZnONPs mo| B 20 ool results are expressed as percentage viability of

aggregate retained the native structure and
showed Insignificant toxicity towards human
neuroblastoma cells (IMR-32). These findings
suggest that the inhibitory effect of ZnONP on a-
synuclein fibrillation Is determined by its surface
physicochemical properties, including the

cell with respect to control (untreated cells).
The data represents the significance, *. P <
0.05, **: P <0.01, ***. P < 0.001 with respect to
the control; obtained from three independent
experiments.
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size/curvature of nanoparticles. The study offers o Wavelength () Discussion
new Insight on the therapeutic potential of c 0
ZnONP in combating pathologies related to a- 0135 s S ZnoNPagn ; "
. . . . - = —a— Syn-ZnONPgonm t )1\
synuclein-mediated amyloidogenesis. . emanonr e N
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T R L TN Figure 4. Intrinsic fluorescence spectra of a-synuclein -
/\ ,Uﬂ , Lo . ST | NCu b a.ted W | t h N O NP (Zn O NP 30 : N O N PGO . an d Binding of ZnONP at hy.drophobic Cluster Vil Agg.regates/oligorpers with intact |
0~ | J‘jﬂmﬂ B el o nm nm strengthen the interaction between NAC native conformation of a -Synuclein.
R T R T T e - o ttnm ZnON P120n m) for ( A) Oh (B) 120h. Measurement of (C) region and C-terminal, leading to a rigid  Further adsorption leads to reduced
e ot conformation with hidden NAC domain concentration monomer in solution
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anisotropy and (D) ANS fluorescence of a-synuclein
and I1ts conjugates with ZnONP (ZnONPy,

ZNONPgom ZNONP501m). Figure 8. lllustration depicting conformational

transition of a-synuclein monomers Into

A B amyloid fibrils at 37 °C under shaking
-, conditions. However, In presence of ZnONPs

y ol “‘n,‘ st under similar conditions, protein monomers
& Q'* \ ,‘“":;:m:*; adsorb onto NP interface ensuring formation of
' ' . J amorphous aggregates (flocs).

Figure 1. (A) X-ray diffraction pattern, (B) UV- § 5 ‘;::" o

Visible absorption spectra, (C) Zeta potential | 2 &N Inferences

values and TEM micrographs of ZnONP of 2 Eﬁ_r Y — o |

different size (D) 30nm, (E) 60nm, (F) 120nm . \ . > Binding  of a-synuclein onto ZnONP

formed from different calcination temperatures. DR Jb S + SynZnONPygpy interfaces  avert the conversion  of

The inset in each TEM image depicts the SAED v +s:mmp:j;:m | u +2::§:2::E:wm intrinsically unfolded a-synuclein into -

pattern for each ZnONP. 190 200 210 20 230 240 250 260 190 200 20 20 20 240 50 20 sheet-rich fibrillar assembly, required for

Wavelength (nm) Wavelength (nm) nucleation-dependent fibrillation.

» Adsorption of protein monomer on to

Figure 5. Changes in far-UV CD spectra of a-synuclein ZnONP interface render rigidity to protein

incubated  with  ZnONP  (ZnONPg,,,, ZnONPg.

7nONP ) for (A) Oh and (B) 120h. structure which iIs leading to inhibition of
o protein fibrillation.

» High affinity of tyrosine residues In a-
synuclein for ZnONP surface results In a
stable charge complex formation resulting in
disruption of the intermolecular interaction
network played Dby tyrosine involved In
synuclein fibrillation.
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» Altogether, the data suggests favourable
nanoparticle interface interaction with
protein monomer that leads to formation of
aggregates that are amorphous in nature.
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Figure 2. Inhibition of a-synuclein fibrillation
measured by ThT assay. Kinetics of amyloid
growth In presence of ZnONP (A) ZnONP5, 1,
(B) ZnONP&.., (C)ZNONP,,... (D) The
comparative Kinetics graph of a-synuclein Dept. of Science and Technology, Govt. of
shows the size dependent inhibition by ZnONP. Odisha, India and Indian Council of Medical
The comparative graph of (E) aggregation rate Figure 6. TEM images of (A) a-synuclein without ZnONP f\;]esekartchh, éSO\;t. IOFfQ Indla.h ,?:dd!lt_ltonallly,N \|N1?
and (F) lag time in presence of different size of interface and a-synuclein incubated with (B) ZnONP4,, ., an ¢ Lentral research Facility ot IN.1.1.

ZnONP at various concentration. (C) ZNONP,, (D) ZNONP, - respectively. g?cuhrrl;eilsam f;(zzzlitié(sRD’ TEM and Circular
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