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ABSTRACT Using molecular dynamics, the rearrangement of the conformational structure of polyampholytes on
the surface of a gold oblate nanospheroid in an alternating electric field was studied depending on the value of
its total charge. On the surface of the nanospheroid, at its high total charge and at small amplitude of the alter-
nating electric field strength vector, polyampholyte loops stretched over the entire surface of the nanospheroid.
With an increase in the amplitude of the electric field in the equatorial region of the nanospheroid, an annular
polyampholytic fringe was formed, ordered by the types of links depending on the distance to the polarization
axis of the nanoparticle. In the case of high simulation temperature, the shape of the annular fringe changed
twice over a period: in one case, ordering according to the types of links along the polarization axis of the
nanospheroid, and in the other case, perpendicular to it.
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1. Introduction

Gold nanoparticles that form conjugates with polymer molecules are widely used in the creation and modification
of various chemical sensors based on the effects of surface-enhanced Raman scattering, surface plasmon resonance, and
F?rster energy transfer between macrochain-bound nanoobjects [1-6]. In addition, such hybrid nanosystems are used for
drug delivery, as nanoprobes in biomedicine, and also in other elements of nanoelectronic devices [7—13]. In this case,
not only spherical gold nanoparticles can be used, but also ellipsoidal nanoparticles, for example, in the form of elongated
and oblate nanospheroids, to obtain nanosystems with adjustable plasmon characteristics [14—17].

One way to control the functional characteristics of such nanosystems is to change the conformational structure of
a polyelectrolyte macrochain adsorbed on a nanoparticle under the influence of both an external static electric field and
electromagnetic radiation [18-21]. In this case, various functional molecules can be associated with the macrochain, for
example, molecules of organic luminophores, as well as small atomic clusters.

In the case of adsorption of polyelectrolyte macromolecules on a charged metal surface, under the influence of electric
charges distributed over the metal surface, the conformational structure of the adsorbed macrochain is rearranged. In this
case, the conformational changes in the adsorbed polyelectrolyte are affected by the shape of the metal nanoobject and
the distribution of the surface density of electric charges on it [22-28]. The conformational structure of a macromolecule
adsorbed on a nanoparticle is also significantly affected by the distribution order of charged units in the macrochain. Thus,
for generally neutral polyampholyte macromolecules and uniformly charged polyelectrolytes, the character of changes in
their conformations during adsorption on the surface of metal nanoparticles charged or polarized in an external electric
field is very different [22-28].

When a metal nanoparticle is placed in an external uniform electric field, nonuniformly distributed electric charges
are induced on its surface, the surface density of which depends on the shape of the nanoparticle. In this case, the
electric field near the surface of the nanoparticle is strongly distorted. The non-uniform distribution of induced electric
charges will have a significant effect on the conformational structure of adsorbed polyelectrolytes. For generally neutral
polyampholytic polypeptides, as a rule, the extension of macrochain loops along the direction of the induced dipole
moment of the metal nanoparticle was observed [22-25].

When a metal nanoparticle is exposed to electromagnetic radiation, the distribution of induced electric charges on the
surface of the nanoparticle changes periodically. These temporary changes in the surface charge density lead to a change in
the conformational structure of the adsorbed polyelectrolyte macromolecule [29-31]. Previously, conformational changes
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in an external alternating electric field of generally neutral polyampholytic polypeptides on the surface of a generally
neutral gold nanoparticle of an oblate spheroidal shape were studied [30]. With a periodic change in the polarity of a
metal oblate nanospheroid, the links of the polyampholytic macrochain shifted from the poles to the central region and
a girdle annular macromolecular fringe was formed, the density and width of which depended on the amplitude of the
external polarizing alternating electric field.

A different picture will be observed when a charged metallic oblate nanospheroid with adsorbed polyampholyte is
placed in an external alternating electric field. In this case, the electric charges distributed over the surface, due to the
presence of a charge in an oblate nanospheroid, will be added to the charges induced by an external electric field. And
this will lead to a significant change in the distribution of the surface charge density on the surface of the nanoparticle.
Therefore, the conformational structure of a generally neutral polyampholytic macrochain on the surface of a charged
oblate nanospheroid in an alternating field will depend on its charge and differ significantly from the previously considered
case of a generally neutral oblate nanospheroid [30], as well as from the case of a uniformly charged macrochain [31]. By
changing the magnitude and sign of the charge of an oblate metallic nanospheroid, as well as the magnitude of the external
alternating electric field, it is possible to control the change in the conformational structure of the adsorbed polyampholyte
macrochain.

Thus, the purpose of this work is to study the conformational changes of generally neutral polyampholytic polypep-
tides on the surface of an oblate charged metal nanospheroid upon changing its polarity at an ultrahigh frequency.

2. Molecular dynamics simulation

Molecular dynamics (MD) simulation of polyampholytic polypeptides on the surface of an oblate spheroidal gold
nanoparticle was performed using the NAMD 2.14 software package [32], the model of which was obtained by cutting
an ellipsoid of rotation from a gold crystal with major semiaxes 3 nm long and minor semiaxes 1.5 nm long. During the
simulation, its atoms remained fixed. Four generally neutral polyampholytic polypeptides have been considered:

1) P1 polypeptide consisting of 402 amino acid residues with 268 Ala (A) units with evenly distributed 67 Asp units
(D, charge —1e) and 67 Arg units (R, charge +1¢e) — (ADA3RA)g7;

2) P2 polypeptide consisting of 400 amino acid residues with 320 Ala units with evenly distributed 40 Asp units and
40 Arg units — (A2DA4RA2)40;

3) P3 polypeptide consisting of 400 amino acid residues with 320 Ala units with evenly distributed 20 pairs of Asp
units and 20 pairs of Arg units — (A4R2AgD2A4)20;

4) P4 polypeptide consisting of 412 amino acid residues with 368 Ala units with evenly distributed 11 pairs of Asp
units and 11 pairs of Arg units — Ag(AgD2A16R2Ag)11As.

For polypeptides, the CHARMM36 force field was used [33,34]. The CHARMM all-atom force field is a widely
used and well-proven force field for molecular dynamics simulations of proteins, peptides, nucleic acids and lipids. This
is a non-reactive force field that includes the following bonded potential energy terms in the potential energy function:
valence bonds and angles, torsion angles (dihedrals), impropers, Urey—Bradley, as well as nonbonded potential energy
terms: electrostatic Coulombic potential and Lennard—Jones potential. The parameters of the potential energy function
terms were determined by fitting an extended set of experimental and ab initio results. The parametrization was based on
results for a wide variety of model compounds that represent the protein backbone and the individual side chains. Internal
parametrizations (bond length, bond angle, Urey—Bradley, dihedral, and improper dihedral terms) were chosen to repro-
duce geometries from crystal structures, infrared and Raman spectroscopic data, and ab initio calculations. Interaction
parameters (electrostatic and van der Waals terms) were chosen to fit 6-31G* ab initio interaction energies and geometries
for water molecules bonded to polar sites of the model compounds and experimental condensed-phase properties such as
heats of vaporization and molecular volumes [33,34].

Noncovalent interactions with a gold nanospheroid were described by the Lennard—Jones potential parameterized
in [35], which is widely used in studying the adsorption of molecules on the surface of gold nanoparticles [36—41].
The van der Waals potential was cut off at a distance of 1.2 nm using a smoothing function between 1.0 and 1.2 nm.
Electrostatic interactions were calculated directly at a distance of 1.2 nm, and at a larger distance, the particle mesh
Ewald (PME) [42] was used with a grid step of 0.11 nm. The entire nanosystem was placed in a cube with 24 nm edges
filled with TIP3P water molecules [43]. Although the TIP3P water model is rigid and coarser compared to many other
water models, including the flexible model, the CHARMM force field with this type of water model is well balanced,
accurate and computationally efficient, and is therefore widely used in calculations for studying conformational changes
of macromolecular chains using the molecular dynamics [44—47].

Polypeptide conformations enveloping an oblate spheroidal nanoparticle (Fig. 1a) obtained as a result of MD simula-
tion on the surface of a neutral nanospheroid in the absence of an external electric field were used as starting points [25].
To obtain the starting conformations, MD simulation was carried out at a constant temperature at 900 K, followed by a
decrease to 300 K for a polypeptide macromolecule, which was located in the form of a nonequilibrium coil near the sur-
face of a flattened uncharged and unpolarized nanospheroid. The length of the time trajectory reached 15 ns. This made
it possible to achieve deeper conformational minima of the macrochain energy, including on a shorter trajectory section.



Molecular dynamics simulation of the rearrangement of polyampholyte conformations... 721

To control the obtaining of equilibrium conformations, the change in the root mean square distance between polypeptide
atoms in different conformations (RMSD) was monitored [25].

The surface of a spheroidal nanoparticle was charged by assigning partial charges to atoms located on its surface
[47,48].The distribution of surface charge density on the surface of an oblate metal spheroid charged with a total charge
@ is inhomogeneous [49]: o
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Where a is the length of the major semiaxes, and c is the length of the minor semiaxis directed along the axis z, which
coincides with the axis of rotation of the spheroid. Gold nanospheroids charged with different total positive charges were
considered: @1 ~ 37.5¢, Q2 ~ 75e and 3 ~ 150e. At such values of the total charge of an oblate nanospheroid, the
atoms that were located on the surface at its poles had partial charges equal to +0.025¢, 04-0.05¢, and +0.1e, respectively,
and the partial charges of atoms located at the equator were 2 times greater (1).

The partial charges on the surface of a charged oblate spheroidal nanoparticle were further summed up with partial
charges induced by an external electric field. On the surface of an oblate spheroid polarized in an external uniform electric
field directed along the axis of rotation, the surface charge density is distributed according to the formula [49]:
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where opax = Pz 55 the value of the surface charge density at the pole of an oblate polarized spheroid, p, is the dipole
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moment of the spheroid, V' is the volume of the spheroid.

In the process of modeling, the densities of induced charges periodically changed in time according to the sine law
with an oscillation period T' = 2.4 ns during 4 oscillation periods. The following peak values of the induced dipole
moment of a polarized nanospheroid were considered: p; ~ 7.7 and po ~ 15.4 kD. At such values of the dipole moment
of an oblate nanospheroid, the atoms on the surface of its positively charged pole had partial charges of +0.25e and
+0.5e. Each oscillation period was divided into 8 equal time segments of 0.3 ns each, during which the field remained
unchanged, and the value of the dipole moment of the nanospheroid on the selected segment was set by averaging it over
the entire length of the segment. The dipole moment of the nanoparticle changed in the following sequence, starting
from the starting conformation of the polypeptide: +0.69p (mean value in the range of oscillations from 7 /8 to 37/8),
+0.97p, +0.69p, 0, —0.69p, —0.97p, —0.69p and 0. The MD simulation was performed at constant temperatures of 300
and 900 K (NVT, Berendsen thermostat). During periodic repolarization of a charged oblate nanospheroid, a narrow belt
of atoms appeared in its equatorial region, the charge sign of which did not change and they remained positively charged
throughout the entire period (1, 2). To compensate for the excess charge of the entire molecular system, chloride ions
were added, which were randomly distributed over the entire simulation cell.

Based on the results of MD simulation, the distributions of the linear density of polypeptide atoms along the axis of
rotation of the oblate nanospheroid, as well as the radial distributions of the density of polypeptide atoms in the equatorial
region of the nanospheroid, were calculated.

3. Results

As a result of MD simulation at a temperature of 300 K of a polyampholyte macrochain on the surface of a neutral
oblate metal nanospheroid with a periodic change in time of its polarity at the peak value of the dipole moment p1, the
amino acid residues of the polypeptide shifted from the vast subpolar regions of the nanoparticle to its narrow equatorial
region (Figs. 1b and 1c) [30]. In this case, polyampholyte units were adsorbed on the surface in the vicinity of the equator,
regardless of their type. As the peak value of the dipole moment of an oblate nanospheroid increased during modeling
with a periodic change in its polarity, the area of strongly charged subpolar regions of the generally neutral nanoparticle
increased and, accordingly, the weakly charged equatorial region narrowed (2). Therefore, the narrowing and swelling
of the polyampholytic fringe in the equatorial region of the oblate uncharged nanospheroid occurred with a significant
ejection of macrochain loops, as well as desorption of some of the links from the surface [30].

A different picture was observed when modeling polyampholytic polypeptides at a temperature of 300 K on the
surface of a charged oblate nanospheroid. With an increase in the total charge of an oblate nanospheroid, the force with
which negatively charged polyampholyte units are attracted to a positively charged surface increased. Therefore, when
modeling with the peak value of the dipole moment p; of the nanospheroid, as its total charge increased, the displacement
of links from the subpolar regions to the equatorial region became more and more difficult, and at the maximum considered
total charge of the nanospheroid, there was almost no displacement of the macrochain to the equator (Figs. 1d,e). On the
surface of a strongly charged oblate nanospheroid, at the end of the simulation, with a periodic change in its polarity with
a peak value of the dipole moment p;, loops were formed over its entire surface from polyampholyte units (Figs. 1d,e)
due to the repulsion of like-charged units of the macrochain with respect to the total charge of the nanoparticle.

With an increase in the peak value of the dipole moment of an oblate nanospheroid to p,, the absolute value of
induced electric charges in the subpolar regions of an oblate nanospheroid increased. Therefore, the charged units of
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FI1G. 1. Starting conformation of polypeptide P1 (a), as well as conformations of polypeptides P1 (b,
¢), P3 (d) and P2 (e) after MD simulation at a temperature of 300 K with periodic change in polarity on
the surface of neutral (b, ¢) and a charged (d, ) oblate nanospheroid with a total charge ()5 at the peak
value of the dipole moment p; (a, b — view along the rotation axis; b, ¢, d — side view; rotation axis of
the nanospheroid and the external electric field are directed along the y axis; blue tube — Ala units, Asp
units are shown in red, and Arg units in white)

polyampholyte were pushed out from the similarly charged subpolar regions and gradually, upon repolarization of the
oblate nanospheroid, shifted to its equatorial region (Fig. 2), remaining there. This was due to the strong attraction of
negatively charged macrochain units to the surface near the equator, in contrast to the case of a neutral oblate spheroidal
nanoparticle, where desorption of a large number of macromolecule units was observed [30]. Thus, on the surface of
a charged oblate nanospheroid, the ordering of the polyampholytic fringe encircling its edge occurred due to the repul-
sion of positively charged Arg units from the surface. In this case, the loops of the polyampholyte macrochain were
stretched mainly perpendicular to the polarization axis (Fig. 2). It is obvious that when the sign of the total charge of the
nanospheroid changes, the order of distribution of concentric layers of charged units of the macrochain in the surrounding
annular polyampholytic fringe will change. In this case, on the surface in the equatorial region of the oblate negatively
charged nanospheroid there will be a layer of Arg units, and on the periphery, a layer of Asp amino acid residues of the
polyampholyte polypeptide.

Figure 3 shows the radial distributions of the atomic density of polyampholytic polypeptides P3 and P1 in the equa-
torial region of an oblate gold nanospheroid 1 nm wide in the starting conformation (Fig. 3a), as well as at the end of the
simulation at a temperature of 300 K with a periodic change in polarity (Fig. 3b,c) of a nanospheroid charged with charge
Qs at the peak dipole moment ps. It can be seen that, in the starting conformation (Fig. 3a), regardless of their type,
polyampholyte units are concentrated near the surface of the oblate nanospheroid. In cases where a girdle polyampholyte
fringe ordered by unit types was formed in the equatorial region of an oblate spheroidal nanoparticle (at full charge Q)3
and at the peak dipole moment ps of an oblate nanospheroid (Fig. 2)), characteristic radial distributions of the density of
polyampholyte atoms were formed (Fig. 3b,c). In this case, the profile of the radial distribution of the density of atoms
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F1G. 2. Conformations of polypeptides P1 (a, b) and P4 (c, d) after MD simulation at a temperature of
300 K with a periodic change in polarity on the surface of an oblate nanospheroid charged with charge
(3 at the peak value of the dipole moment ps (a, c — view along the polarization axis; c, d — side view;
rotation axis of the nanospheroid and the external electric field are directed along the y axis, blue tube
— Ala units, Asp units are shown in red, and Arg units in white)

over Asp units, which are charged opposite to the narrow charged equatorial belt of atoms on the surface of the nanopar-
ticle, which do not change the sign of the charge during repolarization, was located closest to the axis of rotation of the
nanospheroid. As one moves away from the axis of rotation of the nanospheroid, there is a layer of neutral Ala units,
which connect the Arg units repelled from the surface located on the periphery. At the same time, the greater the length
of the polypeptide fragment of Ala units, which binds oppositely charged units, the more Arg units moved away from the
edge of the oblate nanospheroid in the equatorial region and, thus, the diameter of the formed girdle edge in the transverse
direction to the polarization axis increased.

Figure 4 shows the distributions of the linear density of atoms of polyampholytic polypeptides along the axis of
rotation of an oblate gold nanospheroid. It can be seen that in the starting conformations (Figs. 4a,b, curves 1) at a distance
slightly less than 2 nm on both sides of the beginning of the z axis, which coincides with the center of the nanospheroid,
two characteristic peaks of the linear density of macrochain atoms are observed, corresponding to the adsorption of
macrochain units on vast polar regions of the nanospheroid. In the case of modeling at the peak dipole moment p; and
total charge (03 of an oblate nanospheroid, when macrochain loops were ejected over the entire surface of the nanoparticle
(Figs. 1c,d), the profile of the linear distribution of the density of polypeptide atoms significantly broadened (Figs. 4a,b,
curves 2), and the peaks of these distributions on both sides of the origin of the z axis were significantly reduced. And at
the end of the simulation, at the full charge (03 and the peak dipole moment p, of the nanospheroid (Figs. 4a,b, curves 3),
a single peak was formed on the curves of the linear distribution of the density of polyampholyte atoms at the beginning
of the z axis, which corresponds to the shift of the macrochain links to the equatorial region (Fig. 2).

Figure 5 shows the distributions of the linear density of atoms of the polypeptide P3 along the axis of rotation of the
oblate nanospheroid at full charge Q5 and the peak value of the dipole moment p, at the last simulation period for all
atoms of the polypeptide (Fig. 5a), as well as for the amino acid residues Arg (Fig. 5b) and Asp (Fig. 5c). It can be seen
that at the end of the simulation segments at a temperature of 300 K (Fig. 5, curves 1 and 2), when the dipole moment with
the maximum value of the nanospheroid is directed in different directions along the rotation axis, the distribution of the
linear density of polypeptide atoms (Fig. 5a, curves 1 and 2) are different from each other. This is due to the displacement
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FI1G. 3. Radial density distributions of atoms of polypeptides P3 (a, b) and P1 (c, d) in the equatorial
region of an oblate gold nanospheroid in the starting conformation (a), as well as at the end of MD
simulation at temperatures of 300 K (b, ¢) and 900 K (d) with a periodic change in the polarity of
the nanospheroid charged with charge Q5 and at the peak dipole moment py (1 — for all atoms of the
polypeptide, and 2, 3, and 4 — for amino acid residues Ala, Arg, and Asp)
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FIG. 4. Linear density distributions of atoms of polypeptides P2 (a) and P3 (b) along the axis of rotation
of an oblate gold nanospheroid in the starting conformation (1), as well as at the end of MD simulation
at temperatures of 300 K (2, 3) and 900 K (4) s a periodic change in its polarity with a total charge Q)3
at the peak dipole moment p; (2) and ps (3, 4)

of the charged Arg units (Fig. 5b, curves 1 and 2) from the equatorial region, in contrast to the Asp units, which mostly

remained concentrated near the equator (Fig. Sc, curves 1 and 2).

In the MD simulation of polyampholyte polypeptides at a temperature of 900 K on the surface of an oblate gold
nanospheroid with a periodic change in its polarity over time, potential barriers that prevent conformational changes
in the macrochain were easily overcome, and the conformational structure of the polyampholyte periodically changed
following a change in the external electric field. At the end of the simulation segments, when the dipole moment of
the nanospheroid was equal to zero, the polyampholyte was concentrated in the narrow equatorial region of the oblate
spheroidal nanoparticle (Fig. 6a), as in the simulation with a temperature of 300 K. At the same time, at the maximum
considered charge Q3 of the oblate nanospheroid, as in the simulation with low temperature, the conformational structure
of polyampholyte ordered by unit types was formed in the equatorial region (Fig. 6a). For all the considered polypeptides,
at the end of the simulation segments, when the dipole moment of the nanospheroid was equal to zero, radial distributions
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FI1G. 5. Linear density distributions of P3 polypeptide atoms along the axis of rotation of an oblate
nanospheroid at Q3 in the last simulation period at temperatures of 300 K (1, 2) and 900 K (3, 4) at the
end of time intervals with a peak dipole moment of 4+-0.97p5 (1, 3) and —0.97p5 (2, 4) for all atoms of
the polypeptide (a), as well as for the amino acid residues Arg (b) and Asp (c)
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FI1G. 6. Conformation of the P3 polypeptide (a) on the surface of an oblate gold nanospheroid at its full
charge (3 and at the peak dipole moment ps at the end of MD simulation with a periodic change in its
polarity at a temperature of 900 K (a), as well as the conformations of the P3 polypeptides (b) and P1 (c,
d) at the moment of time in the last oscillation period, when the dipole moment has a maximum value
(a, d — view along the rotation axis; b, ¢ — side view; rotation axis of the nanospheroid and the external

electric field are directed along the y axis; blue tube — Ala units, Asp units are shown in red, and Arg
units in white)
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of macrochain atomic density similar to those in the case of low temperature were obtained, with differentiation by unit
types (Fig. 3d). And on the distributions of the linear density of polypeptide atoms along the axis of rotation of an
oblate gold nanospheroid (Fig. 4, curves 4), a peak is observed near the origin of the coordinates of the z axis, which is
much higher than in the simulation with a temperature of 300 K. This is due to the fact that at a higher temperature, the
macrochain links are more mobile and they are more easily displaced to the equator and concentrated there.

However, at the end of the MD simulation segments at a temperature of 900 K, when the dipole moment of the oblate
charged gold nanospheroid was maximal, in contrast to the case of simulation with a low temperature, the charged units of
both Arg and Asp were displaced from the equatorial plane to the edge of oppositely charged polar regions (Fig. 6b,c,d).
Moreover, upon repolarization of the nanospheroid, the arrangement of the Arg and Asp units of the polypeptide changed
in a mirror manner, and the polar regions of the polarized oblate nanospheroid, as a rule, remained free of adsorbed units
of the macrochain (Fig. 6d). As can be seen (Figs. 6b,c,d), at the moments of time when the dipole moment of an oblate
nanospheroid is maximum, the conformational structure of the polyampholyte has a clear separation according to the
types of units along the rotation axis, encircling the nanoparticle. This is reflected in the distribution curves of the linear
density of polypeptide atoms along the axis of rotation of the oblate nanospheroid (Fig. 5, curves 3 and 4). It can be seen
that the profiles of linear density distributions over all atoms of the polypeptide (Fig. 5a, curves 3 and 4) at a temperature
of 900 K are significantly shifted along the rotation axis for different directions of the dipole moment of the nanoparticle,
in contrast to the simulation at a temperature of 300 K (Fig. 5a, curves 1 and 2). The shift of the atomic density profiles
along the Arg units at a temperature of 900 K (Fig. 5b, curves 3 and 4) is clearer, and the peaks of these curves are much
higher than at low temperature (Fig. 5b, curves 1 and 2). At a low simulation temperature, during polarization reversal of
a charged oblate nanospheroid, the profiles of oppositely charged Asp units almost did not shift (Fig. 5c, curves 1 and 2),
and at a high temperature, their significant shift relative to the equatorial plane is observed (Fig. Sc, curves 3 and 4).

4. Conclusion

On the surface of a charged oblate gold nanospheroid, when modeling at low temperature with a periodic change
in time of its polarity along the axis of rotation at low values of its total charge, as well as at a small amplitude of the
polarizing electric field near its equator, a polyampholytic ring-shaped fringe, similar to the case of a generally neutral
oblate nanospheroid [30]. As the total charge of the oblate nanospheroid increased and at small amplitude of the polarizing
electric field, the macrochain loops stretched over the entire surface of the nanospheroid. At high values of the total charge
of an oblate nanospheroid and large amplitude of the polarizing electric field in the equatorial region of the nanospheroid,
the annular fringe located perpendicular to the axis of rotation of the nanospheroid was ordered according to the types of
polyampholyte units. At the equator, on the surface, there were links of the macrochain, which were charged opposite
to the total charge of the nanospheroid. When moving away from the axis of rotation, there was a ring-shaped layer of
neutral amino acid residues of the polypeptide. Its thickness in the transverse direction with respect to the polarization
axis of the nanospheroid was the greater, the greater was the distance between oppositely charged amino acid residues in
the polypeptide. The diameter of the formed girdle ring-shaped macromolecular fringe depended on this distance. On the
periphery of the ring-shaped fringe, there was a concentric layer of polyampholyte units, similarly charged with respect
to the total charge of the nanospheroid.

When modeling polyampholytic polypeptides on the surface of a charged oblate metal nanospheroid with a periodic
change in time of its polarity with high temperature at times when its dipole moment was minimal, the formation of a
conformational structure of the adsorbed macrochain was observed, similar to the case of modeling at low temperature.
In particular, at the maximum considered total charge of the nanospheroid and the maximum considered amplitude of
the polarizing field strength vector at the given time instants, an annular edge ordered by the types of links was formed
around the equator of the nanoparticle, depending on the distance to the polarization axis. At other times, when the dipole
moment of the nanospheroid was maximal, the annular fringe located near the equator changed its shape and became
already ordered along the polarization axis. At the same time, during polarization reversal, the arrangement of oppositely
charged links of the macrochain changed in a mirror manner with respect to the equatorial plane. That is, the annular
polyampholyte edge changes its shape twice during the period: in one case, ordering according to the types of links along
the polarization axis, and in the other case, ordering perpendicular to it.

Thus, in the considered nanosystem, the rearrangement of the macromolecular fringe by the action of an external
alternating electric field is possible, depending on the charge of the oblate metal nanospheroid. An annular encircling
macromolecular shell with a controlled atomic density is formed on the surface of the nanoparticle. The dielectric proper-
ties of such a shell significantly change the characteristics of the polarizability of such a “core-layer” hybrid nanosystem,
and the possibility of field modulation of the layer geometry makes it possible to consider it as a control factor for the
plasmonic properties of the nanosystem. The macrochain may contain photoactive centers that act as a sensor with light
indication. In this case, due to the proximity of the glow center to the surface of the plasmonic nanoparticle, its radiation
and kinetic characteristics will have a strong dependence on the distance to the surface, which can be changed under
the influence of the electric field of the nanoparticle. Therefore, such a rearrangement of the conformational structure
of adsorbed polyampholytes by the action of an external alternating electric, taking into account the charge of an oblate
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nanospheroid, can be used to create new and modify existing sensors and nanoprobes based on the effects of surface-
enhanced Raman scattering or Forster energy transfer between nanoobjects connected by a macrochain, as well as to
create sensitive elements of measuring nanoelectronics and nanomaterials.
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