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Abstract

In this article, we use quadrupole-quadrupole type interactions to describe the
dynamics of the alpha-helical protein chain. To create an equation of motion in order to
understand the dynamics. Which analysis the energy transfer mechanism during the
transmission. The soliton reveals that the variability is governed by the nonlinear
Schrodinger equation’s. Under various physical conditions, the centre of mass, mass
velocity, and stability were connected to the soliton. The energy of soliton is conserved.
Keywords: Alpha-helical proteins, Soliton, Nonlinear Schrédinger equation.

1 Introduction

One of the important categories of secondary protein shape is the alpha-helix.
Because of the hydrogen link formed by the oxygen in carbonyl levels and the hydrogen in
amino levels, secondary forms are in the higher order structures. The process that
transforms one amino acid’s N-H group into the immediate C=0O group of the chain’s
fourth amino acid causes the polypeptide chain of proteins to resemble a right-handed
needle. The series "... H-N-C=0... H-N-C=0... H-N-C=0...", where C=0 denotes the
amide-I bond and the spot lines are denote the hydrogen bonds, assures the main helix.
When C=0 and N-H, a hydrogen bond is forms. The amide-I vibrations of the atoms in
peptide groups enable alpha-helical proteins to play a significant role in the transfer of
energy.

According to Davydov [1-5], amide-I vibrational quantum (C=0 extended shaking),
produced by the energy releasing process during ATP hydrolysis. The interaction between
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the trembling of amino acid molecules in the alpha-helical protein to produce the soliton. A

substantial body of literature have been developed on the standard of bio-energy
conveyance, which is a rival theory for the process. Many issues relating to the Davydov
model have been thoroughly investigated in recent days [6-33]. Discrete chains and
continuum models have been used to examine the dynamical properties of Davydov
solitons and how they manifest themselves under various initial chain conditions. The
majority of these results already have been collected for a one-dimensional system. On the
other hand, sincere curiosity about all two and three-dimensional crystalline systems
makes it necessary to abstract the lattice standards to the higher order. Analyzing the
soliton dynamics in multidimensional lattices in individual is difficult. The integrating
model of alpha-helical proteins with dipole-dipole interactions have been recently
evaluated by the participating authors [34-35]. However, they have been little research on
the solitonic properties and interaction of energy transmission across the alpha-helical
protein lattice. We propose a reasonable lattice model of alpha-helical proteins and
examine the soliton dynamics which is response to the above-mentioned assumption.

We identify the model Hamiltonian using the double quantized operators of quantum
technicians and generate the equations of motion to study the dynamics of Hamiltonian
using an appropriate wave function for a fair lattice. The Sine-Cosine function method is
used to analyze soliton solutions.

A significant portion of the energy transfer process is also recreated by
inhomogeneous alpha-helical protein complexes. Alpha-helical protein inhomogeneity is
induced by deficits brought on the presence of causing molecules like drugs in particular
sections of the sequence and by the presence of abasic regions like a nonpolar thymine
pantomime [36,37]. The impact of inhomogeneity in three-dimensional alpha-helical
proteins has not been reported in the scientific literature. However, they have not been
documented in the literature. In the current research, we examine the stability features in
three dimensions as well as the inhomogeneous impacts on soliton propagation.

The paper’s structure is as follows: In Section 2, the Hamiltonian model and equations
of motion for a lattice model of the quadrupole-quadrupole interacting alpha-helical
proteins are generated. The perturbation method is used in Section 3 to determine the
soliton solutions for the associated nonlinear equations. Section 4, calculations are made
for a soliton’s center of mass, mass, energy, velocity, and stability under various physical
conditions. Section 5 presents a picture of the stability of the nonlinear system. A review of
the finished work is presented in Section 6.

2 Model Hamiltonian and Equation of Motion

We consider about a homogeneous alpha-helical protein system. Considering the
quadrupole-quadrupole interaction of nearby atoms in the same spine and the next chain,
the Hamiltonian is written as

H= Hy+H),+Hyp o, (1)
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The exciton Hamiltonian is given by

H(sz = Zn,l,m {B;,l,m{EOBn,l,m + Ean,l,mBr-ll-,l,mBn,l,m _]O(Bn+1,l,m + Bn—l,l,m) -
](’)(Bn,l+1,m + Bn,l—l,m) _](';(Bn,l,m+1 + Bn,l,m—l) _jl(Bn+1,l+1,m+1 +
Bn—l,l—l,m—l) _]{(Bn+1,l+1,m—1 + Bn—l,l—l,m+1) _]{(Bn+1,l—1,m—1 +
Bn—l,l+1,m+1) - ]2 (Bn+1,l+1,m + Bn—l,l—l,m) - ]é (Bn+1,l,m+1 + Bn—l,l,m—l)
_]E(Bn,l+1,m+1 + Bn,l—l,m—l) _]3(Bn+1,l,mBr-[,l,mBn+1,l,m + Bn—l,l,m
B;,l,mBn—l,l,m) _jé (Bn,l+1,mBr11-,l,mBn,l+1,m + Bn,l—l,mBr-[,l,mBn,l—l,m)

_]3 (Bn,l,m+1B1I,z,mBn,l,m+1 + Bn,l,m—lBr-ll-,l,mBn,l,m—l) _]4(Bn+1,l+1,m+1
Bz,z,m3n+1,l+1,m+1 + Bn—1,1—1,m—1B:1r,z,mBn—1,l—1,m—1) —Ja(Bn1,141,m-1
Bz,z,m3n+1,l+1,m—1 + Bn—1,1—1,m+1B:1r,z,mBn—1,l—1,m+1) — Ja(Bni1,1-1,m-1
Bz,z,m3n+1,l—1,m—1 + Bn—1,l+1,m+1B:1r,z,mBn—1,l+1,m+1) — Js(Bn+1,i41,m
Br-[,l,mBn+1,l+1,m + Bn—l,l—1,mBr-l|_,l,mBn—1,l—1,m) _]é (Bn+1,l,m+1B1-ql_,l,m

Bn+1,l,m+1 + Bn—l,l,m—1Br-l|_,l,mBn—1,l,m—1) _]; (Bn,l+1,m+1BqL,mBn,l+1,m+1
+Bn,l—1,m—1Brtl,mBn,l—l,m—l)}}' (2)
Here, E; defines the molecules within each unit cell’s higher order (quadrupole type)
excitations. The terms J5, J5 and J; refer to the quadrupole-quadrupole type coupling along

the X, Y and Z axes, respectively between the adjacent unit cells. J,, 4, /4., J5, J& and J5 are
symbols for the diagonal quadrupole-quadrupole type coupling between the adjacent unit

, p? K o~ ~ ~ ~ ~
cells. th = Zn,l,m {+ ;;/Im + 5 [(Un.l,m - Un—l.l,m)2 + (Un.l,m - Un.l—l,m)2 + (Un.l,m -
Upn.im—1)?%}, is the Hamiltonian of the phonon.
Excitons and phonons are coupled together by

I’Jh—ex = Zn,l,m {By-ll-,l,mBn,l,m[Xl(Un+1,l,m - Un—l,l,m + Un,l+1,m - Un,l—l,m +
Un,l,m+1 - Un,l,m—l) + X2 (Un+1,l+1,m - Un—l,l—l,m + Un+1,l,m+1 -
Un-11m-1 + Unir1im+1 = Uniram-1)] + ZBr-Il-,l,mBrzl,l,m[Br-[,l,mBn,l,m
B;,l,mBn,l,mX1(Un+1,l,m - Un—l,l,m + Un,l+1,m - Un,l—l,m + Un,l,m+1 -

Un,l,m—l) + X;(Un+1,l+1,m - Un—l,l—l,m + Un+1,l,m+1 - Un—l,l,m—l +

Un,l+1,m+1 - Un,l+1,m—1)]}f (3)

Here E; illustrates the higher order (quadrupole type) excitations of the molecules

per unit cell. J5, /5 and J, denote the quadrupole-quadrupole kind coupling along the x,y and

z directives respectively.j,, Ji, Ja, Js, J& and Js illustrate the quadrupole-quadrupole kind

coupling along the diagonal. y; and y; are the coupling constants for the quadrupole-

quadrupole coupling coefficient describing the difference in energy of the amide-1 bond
generated by the extension of the helix between two bordering unit cells.
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R = Eo o h ) m®Eim — Jo@rnrrim + u-tim) —Jo(Pntrim + Protim)
_](’)(¢n,l+1,m + ¢n,l—1,m) _](';(d)n,l,m+1 + ¢n,l,m—1) _]1(¢n+1,l+1,m+1 +
¢n—1,l—1,m—1) _]{(¢n+1,l+1,m—1 + ¢n—1,l—1,m+1) _]£(¢n+1,l—1,m—1 +
¢n—1,l+1,m+1) _]2 (¢n+1,l+1,m + ¢n—1,l—1,m) _]é (¢n+1,l,m+1 +
¢n—1,l,m—1) _]2 (¢n,l+1,m+1 + ¢n,l—1,m—1) _]3 (¢121+1,l,m + ¢121—1,l,m)
~J3(DF e 1m + Phim1m) — J3(Drimer + Prim-1) —Ja(Bhr1ir1ma
+¢721—1,l—1,m—1) _]zi(¢1%+1,l+1,m—1 + ¢1%—1,l—1,m+1) _];((przwl,l—l,m—l
+on_tirimer) —Js(Drrtieim T Paovicim) —Js(Pritimer T
(:brzz—l,l,m—l) _]5 (¢721,l+1,m+1 + d)rzz,l—l,m—l) + ¢n,l,m[)(1(Un+1,l,m
_Un—l,l,m + Un,l+1,m “ Ynl-1m + Un,l,m+1 - Un,l,m—l) + X2 (Un+1,l+1,m

“Un-1l-1,m + Un+1,l,m+1 — Un-11lm-1 + Un,l+1,m+1 - n,l+1,m—1)]
T 2 /
+2¢n,l,m¢n,l,m D(l(Un+1,l,m —Un-1,Lm + Un,l+1,m —Unl-1m + Un,l,m+1

_Un,l,m—l) + X2 (Un+1,l+1,m - Un—l,l—l,m + Un+1,l,m+1 - Un—l,l,m—l +

Un,l+1,m+1 - n,l+1,m—1)]r (4)
d?Un,im

MT = —K[6Unim = Un+1i41m — Un—11-1m + Uns1im+1 — Un-1,0m-1
HUnir1mer — Unperme1] + 22l bnsviml® = | Gnoriml® —
| dnpiiml® = | Sniciml® = | Gnimerl? = | Pnim-1l?1+ 22
[l ¢n+1,l+1,m|2 — | ¢n—1,l—1,m|2 — | ¢n+1,l,m+1|2 - |¢n—1,l,m—1|2
= $nirimerl? = | nicamo1l?] + X1l Pniiml® — [Pn1iml”
_l ¢n,l+1,m|4 - | qbn,l—l,ml4 - | qbn,l,m+1|4 - | ¢n,l,m—1|4] + X;
[lcl)n+1,l+1,m|4 - |¢)n—1,l—1,m|4 - |¢)n+1,l,m+1|4 - |¢n—1,l,m—1|4 -
| ¢n,l+1,m+1|4 — | ¢n,l—1,m—1|4]- (5)

Egs. (4) and (5) illustrates the dynamics of three-dimensional alpha-helical proteins in the
discrete condition. Utilizing the Taylor expansions

1 1 1

(plil,m,n =dtyd,+ Eyzd)xx t+ gygd)xxx + Zy4¢xxxxi- X (6)
1 1 1

brmiin =@ % 5¢y + 552¢yy + 553¢yyy + Z54¢yyyyi- o (7
1 1 1

¢l,m,ni1 = ¢ t U¢Z + EO-Z(PZZ T g0-3¢zzz + ZOA(]—')zzzzi- iR (8)

1 1 1
¢l+1,m+1,n = ¢ + V¢x + 6¢y + Eyz(pxx + 562¢yy + y6¢xy + gy3¢xxx +

1¢3 1 2 162 1.4 1 ca
g5 ¢yyy +EV 6¢xxy +EV6 ¢xyy +ZV ¢xxxx +Za ¢yyyy
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1 1 1
+ ZV252¢xxyy + gy36¢xxx3’ + Ey63¢xyyy+' to (9)

1 1 1
¢l—1,m—1,n = d) - V¢x - 6¢y + Eyzd)xx + 562¢yy + y6¢xy - gy3¢xxx -
1 1 1 1 1
563¢yyy - Eyz(sd)xxy - Ey(szd)xyy + Zy4¢xxxx + Z64¢yyyy

1 1 1
+ ZV262¢xxyy + EV36¢xxxy + gy63¢xyyy+- " (10)

Grevmiines = O +Vby + 6@y + 0h, + -y bux +20%¢yy + 202y, + VEPyy +
80Pay + Y0Pz + =¥ Prxx + 283 byyy + =03 by + 5V 6Py +
~Y82Pryy +50%00uns + 3V ry + 50200y, + 5602y, +
Y80 Pays + = Grrx + 520 Dyyyy + 2= 0 Brrzs + 2V 282 Prryy +
20202 yy0 + 2 V20 Pz + TV 0brrny + VO bryyy +
=830 Byyys +=603ys2s + 2V 0burnr + Y0 Bzaz + 5V 280y
+21620¢yyzn +5V00 % Przy+e. (12)

Grotm-1n-1 = G — Vb — 6@y — 0@, + 52 bux +70%Pyy + 502y, + VEPyy +
80Py + Y0Pz — =¥ Prxx — 283 byyy = =03 brzy — 5V 6Py —
~Y 62 Pryy =5 0%00uns = 3V0 sy — 56200y, — 5602 bysy —
Y80 Puys + o=V brrx + 520 Byyyy + 2= 0 Brrzs + 7V 282 brryy +
20202 0yy0 + 2 V20 Prxzs + TV Obrrny + VO Pryyy +
=530 Byyys +=603¢ys2 + 2V 0burnr + 20> bazaz + 5 V250 Prry
+ %}/620(],’)3,3,2,5 + %y602¢zzxy+. o (12)

Substituting Egs. (6)-(12) in Egs. (4) and (5) and considering the lattice parameters v,
6 and o to be identical, we accept the following equations:

thg, = [Eq —6(Jo +J1 + )21 + [2E: —2(Jo + ] +]é)]|¢|2¢ +y[6 (X1 + 2x2)
(Axa + 2121917 + 12|191°d (x5 + 2x4) (Axs + 2x21012)] — v [Uo + 3/1 +
2]2)(¢xx + ¢yy + ¢zz) + 2(3]1 +]2)(¢xy + d)xz + d)yz) + 4(./(,) + 3]{ +
2]2)97 (93 + b5 + ¢F) + BJL +/2)dP" (B, + by + D32) + 4Uo + 31
+2]é)¢¢*(¢9%x + ¢321y + ¢zzz) + 8(]{ +]é)¢*(¢x¢y + d)yd)z) + 8(]é _]Dq’)*
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(Bxb)] + V1B (1 + 222) 2pxd” + o™ + " by + 200" + Dby ¢”
T byy + 20,07 + PP, P7 + ¢ b)) (1 + 2x2)A1] + Px2(x1 + 2x2) Az
(P b + D" bry + Dry® + Prhy + i, + Dy + P bz + DL + Dy
+0" By + Bob + ByB,) + = D20t + 202)A1 (s + 2a) R by + b
+hicd + 20,05 + b5y + 3y D + 20,05 + G5, + brp) + 497P% (ry +
2X2)A1 0 (Bybx + O bay + Diy® + iy + P, + Pi by + O Py + s
+5 by + B byz + By2b + By B2) — VA= Uo + 31 + 202) (Darax + Byyyy +
Br222) +5 BJ1 +J2) (Drxxy + Payyy + Prxxz + Przzz + byyax + brzry) +5
(/1 +J2) (Prxyy + brxzz + Byyzz) +J1(Bxayz + byyax + Przny)l  (13)

My = Ky?[Usy + Uyy + Uyl + 28[x1 + 2221((101%)x + (1917)y +

(161%)2)- (14)
Presenting the wave variable { = K;x + K,y + K3z — ct in Egs. (13) and (14), and solving
Eq. (14), we acquire

us = 2001 + 2x2)4l19/% (15)

By utilizing Eq. (15), Eq. (13) turns out to be
i¢t = ald) —a; (d)xx + ¢yy + ¢zz) - a3(¢xy + ¢xz + d)yz) - a4|¢2|¢ - a5(¢xxxx
TOyyyy + Pr222) = A6(Prxxy T Bxyyy + Puxxz + Przzz + Pyyyz + Pyzzz) —
a7 (Drxyy + Prxxzz + Pyyzz) — As(Drxyz + Dyyzx + Przxy) — Aol P* P — ayg
(ld))%l + |¢)2/| + |¢ZZ|)¢ - a11|¢2|(¢xx + d)yy + ¢zz) - a12¢*(¢3% + ¢3% + ¢22)
—A130(Prx + byy + G22) — A1 (Px by + Gy P, + PxP;) — A1sP(Pxpy +
¢;¢y + d);d)z + ¢;¢x + d);qby + qb;d)z) - a16¢2(¢;y + ¢;Z + d);z) - a17|¢2

|(¢xy + ¢xy + ¢yz) (16)
Eqg—6 3 2 2y (3
where a, = [ 0 (]oh+]1+]2)]’ a, = [Y(lo"' f]l1+ ]2)]’ as = [ y( ]h1+]2)], a, =
—2E1-2(Jo+J1+J5)—6Y (X1+2x2) (Ax1+2)>) _ ¥ Uo+3J1+2)2) IR _
[ ! ], as = [FREREE g = [FEAER g, =
[y4(311+12)] _ [y“h] _ [12y(x£+2x£)(A1xl+2xZ)] _ [—2A1y3(x1+2m)2] P
2h Y e h v Y10 T 3h 11T
4y2(Jo+3J1+2J3)—A153 (001 +2x2)? _AYRUA+3JL2)5) =AY+ 2)? _
[ Py I, ax= [T], 13 = [T]' A4 =
8y2(J1+J2)+8Y2(J1—J3) —2x173(x1+2x2)A —2x273(x1+2x2)A
[ 12h 12], 15 = [ - hl 21]’ a6 = [ 2 hl 2], a7 =
[—2)(2)/3(X1+2X2)A1+8)’2(3]{+]£)]
A
Eq. (16) defines a (3+1) dimensional Nonlinear Schrodinger equation.
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3 .Soliton excitations

To apprehend the soliton excitations, we solve Eq.(16) utilizing the sine-cosine

function method. For enforcing the overhead method, we utilize ¢ = u + iv in Eqg. (16)
and split the real and imaginary to obtain.

—2x107

o -
—1x10°

Figure 1: Soliton Excitation

a, —a; (uxx + Uyy + uzz) —as (uxy t Uy, + uyz) - a4—(u3 + uvZ) —as (uxxxx +
Uyyyy + uzzzz) — Qg (uxxxy + Uxyyy t Usxxz + Uxzzz T Uyyyz + uyzzz) —ay
(uxxyy t Usxzz + uyyzz) — ag (uxxyz + Uyyzx + uzzxy) — Q9 (uS + 2uv + uv*
—ayo(uuf + uvi 4+ uud + uvy + uug + uvy) — a; Uy, + VU + uuy,, +
viuyy, + uPu,, + v2u,,) — ap(uui — uvy +uug — uvy +uuf — uv) — ag3(u?
Uyy + 2UVVyy — V2Uyy + UPuy,y, + 2uvvyy, — V32U, + uu,, + 2uvy,, — v2u,, —
a14(uuxuy — UVy V) + VU, Uy + VULD), + UUyU, — UV, Y, + VUV, + VDV, + ULy
Uy — UVxV, + VU U, + VU, V) + ay5(2UUyu,y, + 2uvy vy + 200U, — 200Uy, + 2U
Uyl + 2UV, 0, + 20U,V — 2VUU, + 2Uly U, + 2Uv,v), + 20UV, — 2VU,D)) — Ag6
(UPUyy + 2uVVyy, — V2 Uy, + UPUy, + 2UVVy, — V2Uy, + Uiy, + 2uvy), — V2
uyz) — ay7(UPUyy + V2 Uy + UPUy, + ViU, + Uy, + vPUy,) = 0, (17)
a; —a; (vxx + Uyy + 1Jzz) —das (vxy + Uy, + vyz) - a4(v3 + vuZ) — ds (vxxxx +
vyyyy + vzzzz) — Qg (vxxxy + vxyyy + Uxxxz + Uxzzz + vyyyz + vyzzz) —ay (vxxyy +
Uxxzz + vyyzz) - a8(vxxyz + Vyyzx + vzzxy) - a9(v5 + 2173” + vu4 - alo(vvf +
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vuz 4+ vuy + vug + vvf 4+ vug) — ap (V0 + Ul + 020y + 020, + 120,
+utv,,) — a1, (V0f — vug + vvp — vup + vvf — vul) — ai3(VA 0 + 20Ul — u?

Vyx + V20yy + 20UUyy, — UV, + V20, 4 20Ul,, — UPV,, — a1, (VD) — VU,
FUU VY + UVUy, + VUV, — VU U, + UV U, + Uy U, + VDV, — ViU, + UV, D,
Fuv,uy) + a15(2U0y vy + 20Uy Uy + 22Ul Uy — 2UUy D), + 2000, + 20U, U, + 2U
VylUy — 2UVx U, + 200V, + 2VUU,y, + 2UuVy U, — 2UV,Uy,) — a16(v2vxy + 2vuuy,, —
UV + V2V, + 20Uy, — UPVy, + V20, + 20uny, — uPVYZ) — a7 VPV, + u?

Vyy + V20y, + U0y, + 020y, + 120,,) = 0, (18)

lizing the wave variable ¢ = x + y + z—ct in Eq. (17) and (18), we acquire

CVg — aq + 3a2u55 - 3a3u§§ - a4(u3 + uvz) - 3615115555 - 6a6u5555 - 3a7u5555
—3aglgees — ao(u® + 2uPv + uv*) — ajo(uug + uvf + uug + uvg + uug + uvf)

—ayy (WPuge + viuge + ulugy + viugs + ulugs + v2uge) — agp(uuf — uvg + uug

uZu&c + 2uvv§§ - vzuff - a14(uuseug — UVgVg + VVsUg + VUg Vg + UUgUs — UVeVg

+VUs Ve + VUV + UUsUs — UVEVE + VUsUs + VUsVg) + a5 (2UusUs + 2Uuvsvs +

21]1]5‘115 — ZUUEuE + Zuuscusc + Zuvag + 2vu5v5 - 2vu5u5 + 2uu5u5 + ZngUSc +

ZUUEUE - ZUvaf) - ale(uzuff + ZuUU&» - vzu&e + u2u§§ + 2uvv55 - UZU,%'%' +
uzufse + 2uvvff - vzuff) - a17(u2u&» + vzu&e + uzu&» + v2u55 + u2u§§ + Uzugg) =0,

(19)
—CUgay — 3a,Ver — 3a3Vgr — ag(V? + vU?) — 3a5Verer — 6A6Veger — 3Q7Veses
—30gVgees — Ao(V° + 203U + vu*) — a10(vvf + vuf + v + vuf + vvf + vuf)
— a1 (V20gg + UPVgr + V205 + V705 + V20g + uPvgg) — ag, (VVE — vuf + vvg
—vug + vvf — vuf) — ay3(Vivge + 2vuugs — uvey + v20g + 20uUg — UPVE +
V2 0gs + 20UUge — UPVgr — Q14 (VVEVE — VU U + UUVE + UVEUs + VUV — VUgUg
Fuvsus + UUsUs + VVEVE — VUsUs + UVeVs + UVsUs) + Ay5(20V6 Vs + 2VUsUs +
2uusve — 2UlUg Vg + 2000 + 20UgUs + 2UVUs — 2UVeVe + 2005V + 2VUsUg +
2uvgus — 2uvgle) — A16(V2 Vg + 20UUgs — UPVgs + VPUg + 20UUg — UPVg +
V20ge + 2vUUgs — UPVEE) — a1 (VP Vgs + UPVer + VP 0gr + UPVgs + VPV

+v2v§§) =0, (20)
Eo— 3J1+2 2v(3
Whel‘e a1 — [ 0 6(]0h+]1+]2)]1 a2 — [VUO"' £1+ ]2)]’ a3 — [ 'V( ]fll+]2)], a4 —
—2E1-2(J3+]1+]5)—6 2x2)(Ax1+2 4 3J1+2 43

(22520014 hyom LDIETSReTe): I 4 (Jo+1 2Jf:+ Iy g = [ ;Z_HZ)]' a, =
Y*(3J1+J>2) _ Y _ 2r(a+2x2) (A xa+2x2) _ 24173 (it 2x2)? _
[#]: 8_[3h1]v 9= . Zh = 2]’ ago = [ - 3h1 : I, a1 =
4y2(Jo+3J1+2J3)—A153 (1 +2x2)? _ 4Y2Uo+311+2)5) A3 +2x)? _

[ h I, aiz = [—h I, a3 = [—3h ], a=
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—2x2v3 (X1+2X2)A]

[8V2(J{+J£)+8y2(11—lé)] Qe = [—2)(1)/3()(1+2x2)A1] g = [ S
15 = ) 16 — ' 17 =
i

3 : 5 )
[—2x2y3(x1+2x2)A1+8y2(3J{+J£)]
h

Directly we consider that Egs. (19) and (20) reveal solutions as follows:

u(x' Y,z t) = Alcosﬁl(ﬂf)' U(X, Yz t) = AZCOSBZ (/’lf) (21)
Where A; and A, are constant parameters. To find 5; and £3,, we offset the linear higher order
derivative period with the nonlinear expression of Egs. (19) and (20), and ultimately, we
acquire g, = B, = —1. Using Eq. (21) with 8; = B, = —1 in Egs. (19) and (20), we reach a
system of algebraic equations. To solve the design of algebraic utilizing MATHEMATICA,

we acquire
_ —a4—(3a11+3a13+3a16+3a17+3a10+3a14+4.5a15)
A= \/ 2o WU, (22)
_|-5(as+2ag+ay+ag)
H= \/ (az+az) (23)
Therefore, the solutions of Eq. (16) become
u(x,y,z,t) = A4 X sech[u(x +y + z — ct)], (24)
v(x,y,z,t) = A, X sechu(x +y + z — ct)]. (25)

Fig. (1) exposes that the higher dimensional alpha-helical protein chain helps the soliton-
like excitations. The (3+1) dimensional alpha-helical protein system is shown to support
soliton-like excitations in Fig. 2A. Fig. (2A) shows the soliton interaction at time (a) t=-4, (b)
t=0, and (c) t=4 . By constructing curves for various values of J,, it is possible to understand
the effects of quadrupole-quadrupole coupling in dynamics. The parametric values are
()], = 1.3 (b)], = 1.4 and (c)J, = 1.5. Fig. (3B) denotes the curves for various values of
Ji with (a)J; =], =0.2, (b)]; =J,=3.1 and (c¢)J; =/, = 4.1. Figures (3A)and(3B)
shows that the amplitude of the soliton increases to some extent when J,, /; and J, values are
slightly increased from their actual values.

4 Center of mass of soliton

Figs. (4(A,B)) depict the interpretation of the soliton’s center of mass as a time
variable. We plot the soliton’s centre of mass in relation to the physical parameters in order
to hold a superior physical performance of the activity Jo, Jo. Jo, J1: J1s J1» 22 Jos Jaid3s J30 Jas
Jas Jas Jar Js, JE, Js, Eo and x. Fig. (4A) indicates the function of the center mass of the soliton
for various values of J, bearing Jj = J,. Likewise J; =J; =], = 0.2, J, = J5 = J, = 3.1,
E, = 1.02 and y = 1.04. The transition in the centre of mass position as /; values vary with
Ji =J; is shown in Fig. (4B). Figs. (4A) and (4B) shows that the protein system that nearly
maintains the same position for the soliton’s center of mass. This shows that in this parameter
range the fundamental solitons through the protein lattices are nonlinearly unchanging.
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Figure 2: (A) Soliton interaction at time (a) t=-4, (b) t=0, (c) t=4
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Figure 3: Density profiles of soliton for(4)[(a)], = 0.2, (b)]; = 0.4,(c)J; = 0.6] and
B)[(@]o = —2.3,(b)Jo = —3.3,(c)]¢ = —3.9]
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Figure 4:Time variation of center of mass of the soliton for. (A)[(a)], = —2.3,(b)]; =
—4.3,(c)]y = —9.3]and (B)[(a)], = —10.3, (b)Jo = —11.3,(c)]y = —12.3]
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Figure 5: Mass of the solition
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Figure 6: Velocity of soliton in protein lattice
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Figure 7: Energy of soliton

5 Soliton mass
The interpretation of the soliton’s mass for different values are shown in Fig. 5(A, B,
and C) as Jo, J1, J2 and y, respectively. According to their predictions, the soliton mass is
constant under all conditions.
6 Velocity
The soliton’s velocity has been displayed in Figs. (6A) and (6B) for various values of
Jo, J1 and J». The constitution reveals that the hopping integrals cause a quick shift in
velocity, which helps in controlling the soliton, before displaying the uniform velocity,
they additionally shows an oscillating interpretation of the soliton’s velocity.
7 Soliton energy
The energy of solitonic excitations in the alpha-helical protein chain are illustrated in
Fig. 7 ((a) Potential energy, (b) Kinetic energy, and (c) Total energy). The parametric
optionsare Jo=J, =], =—13,/,=J1 =), =02, ], =], =], = 3.1, E, = 1.02 and
x = 1.04. This illustration shows how the soliton’s energy is conserved.
8 Linear stability analysis
Starting with the NLS equation, we can complete the linear stability analysis (16)
Assumed is a planar wave of shape with constant amplitude.

d(x,y,z,t) = Ugexpli(q1x + q2y + q3z — wt)] (26)

where w is the frequency, U, is the amplitude, and q4, 45, 93, 94, s and g, are the wave
numbers. Substituting Eq. (33) in Eqg. (16), we discover the relationship that is amplitude-
dependent.
w= a,+ay(k?+k3+k2)+as(kik, + kiks + kok3) — a,UE — as(kf + k3
+k3) —ag(kiky, + kik3 + k3ks + kik3 + kiks + kyk3) — a; (k2k3 + k?
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k3 + k3k3) — ag(kikoks + kikiks + kikok3) — agUs — a1oUs (ky + ky
+k3) + a Us (k3 + k3 + k2) — ap(k? + k2 + k2) + a3Uy (k3 + k3 +

k%) — aya(kqky + kiks + kok3) — 2ay5(kiky + kiks + kyks) + ag6(kqk,
+kiks + kyks) — a17Ug(k1k2 + kiks + kyks3) (27)

known as the dispersion relation. Now we analyze linear stability of Eq. (16) by considering
the perturbed plane wave solutions of the form

b(x,y,2,t) = (U + €p1)expli(qix + g2y + g3z — wt) + €y (x,y,2z,1)]  (28)

where w is the small parameter and
$1(x,y,2,t) = aexp[iB(x,y,z,t)], (29)

(an(xl y' Z, t) = bexp[lﬂ(x' y: Z, t)] (30)

Utilizing B(x,y,z,t) = Qx + Qy + Qz — Qt, the dispersion relationship between the
frequency and wave number  provided by

Growthrate Growthrat
o5 A . {d) 30§ ® ()
o0l {0 ;5) \\ Ne)
15} 15!
10} 10+
5/ 5
T T o 12 s s
® ®
Growthratt
250 (©
20¢
15
10} )
50 .
3 s 9

©
Figure 8: Modulational Instability based on growth rate and wave number Q for different
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values of (A) q1, (B) g2 and (C) g3

02Uy + Q(RUy + S) + RS =0 (31)

We derive the dispersion relation from the quadratic equation (31).

(RUg+S)2—4UyRS

Q=—(RUy+95)+ .

(32)
Here, Q can be used to determine the stability of a nonlinear alpha-helical protein
chain. From the relation (32), it is proven that if (RU, + S) > RS, Q becomes complex and in

this instance, the perturbation rises exponentially over time. Consequently, Ml is shown by
the excited alpha-helical protein system, supporting the formation of soliton.

9 Growth Rate Vs Wave Numbers
The growth rate curve is shown in Fig. (8A) by holding g, and g5 and changing

q.. The parameters are q, =2.3,q3=23,Uy=0.7,Jo=Js=Jo=—-13,]1=J1 =], =
02,),=J3=J),=31J3=]5=]3=03],=]Ji=],=02, and J5 = J = Js = 0.3 with
@ q1 =-1.1, (b)q1 = —1.6, (c) q1 = —1.9 and (d) g1 = —2.2. The graph displays how
the growth rate depends on the constant values of q;, g, and g3 for Jo, /o, Jo,J2,J5 and J,. The
growth rate and band width shrivels, and maximum gain reduce as g, increase, indicating
that plane wave instability is increased and soliton stability is enriched.

Growthrate
25+
20,
15+

10}

Figure 9: Growth rate Vs wave number Q for different values of amplitude U,
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10 Growth Rate Vs Wave Numbers
The growth rate curve is shown in Fig. (8A) by holding g, and g5 and changing

q.. The parameters are q, =2.3,q3=23,Uy=0.7,)o=Js=Jo=—-13,J1=J1 =], =
0.2/, =J;3=)2=31)5=J3=J3=03J,=]; =]y =02, and J5 = J5 = J5 = 0.3 with
(@ g1 =-1.1, (b)gl = —1.6, (c) q1 = —1.9 and (d) q1 = —2.2. The graph displays how
the growth rate depends on the constant values of q;, g, and g3 for Jo, Jé, Jo, J2, J5 and J,. The
growth rate and band width shrivels, and maximum gain reduce as q, increase, indicating

that plane wave instability is increased and soliton stability is enriched.
Growthrate

25
20f
15f

10}

Figure 10: Gain spectrum for wave number Q by increasing J,

The Fig. (8B) shows the growth rate curve by holding g, and g; and changing gq,.
The parameters are q; =—04,q3=13,Uy=1,)o=J0=)o=—14)i=Ji =], =
04,),=J3=J),=31])3=]3=]3=03],=Ji=],=02, and Js = Js = Js = 0.3 with
@ g, =15, (b) g, = 1.7, (c) g, = 1.8 and (d)g, = 1.9. From Fig. (8B) it is evident that
increasing bandwidth and maximum gain correspond to lower significances of g,. As q,
increases, the growth rate and the bandwidth decline, and the maximum gain lowers. Hence
in both cases, reducing the values of q,, g, and g5 will increase the MI growth, and hence the
stability is upgraded.

The Fig. (8C) explains the growth rate curve by fixing q; and g, and changing gs. The
parameters are q; = —0.4, q, = 15Uy =1,Jo=Js=Jo =—14,],=Ji =], = 04,], =
Js=Ja=31J3=J3=])3=03],=J,=J, =02 and Js = Js = Js = 0.3 with (a) q5 =
1.4, (b) g3 = 1.5, (c) g3 = 1.6 and (d)g; = 1.7. Fig. (8C), it is evident that increasing
bandwidth and maximum gain correspond to lower significances of q;. As g5 increases, the
growth rate and the bandwidth decline, and the maximum gain lowers. Hence in both cases,
reducing the values of g4, g, and g5 will increase the MI growth and hence the stability.
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11 Growth Rate Vs Perturbation Amplitude

Fig. (9) illustrates the growth rate curve by modifying U,. The parameters are q; =
—04,,q; =13, =13, =Jo=Jo=—14)1 =1 =] =04, =], =], =31,]; =
Ji=J3=03J,=Ji=],=0.2and Js = Ji = ]z = 0.3 with (Q)U, = 0.6, (b)U, = 0.7, (c)
Uy, = 0.8 and (d)U, = 0.9. The curve verifies how the growth rate turns on the perturbation
amplitude U, for stable q4,q2,q3.Jo.J6,JoJ2,J5 and J,. As U, increases, the growth rate
increases, but the bandwidth is fixed in the exact position so that the maximum gain declines

and as a effect, the stability increases.
Growthratt

30
25¢
200
15/
10/

5

P TR M N P | R |
1 2 3 4Q

Figure 11: Gain spectrum for wave number Q by increasing /,

12 Variation of Growth Rate With Interaction Parameters

It is verified that the MI region turns not only on the wave number of the alpha-
helical protein system but also the interaction parameters Jo,J5, /o, )2, J5 and J,. Fig. (10)
depicts the growth rate curve for different values of J,, accepting J, = J5 = J,. The
parameters are E, = 1.02,E; = 0.02,y = 0.13,q, = —0.4,,q, = 1.3,q3; = 1.3,U, = 1 and
Je =13 =], =31 with @) Jo=Jo =Jo = —0.4, (0)]o =Jo = Jo = —07, (©fo =Jo = Jo =
—0.9 and (d) J, = J; = J, = —1.0. By lowering J,, the growth rate decreases but the band
width rises to the maximum.

The growth rate curve is shown in Fig. (11) for various values of J,. The growth
rate rises as J, increases and the bandwidth stays in the exact position, and as an outcome,
the gain gains. Due to the impact of interaction parameters, the MI obtains repressed, and
the distinguishing growth rate of this reaction function is increased.

13 Conclusion

In this study, we use the exciton, phonon and phonon-exciton modes to develop a
model Hamiltonian incorporating higher order molecular excitations. It is discovered that a
(3+1) dimensional NLS type equation governs the equation of motion of dynamics that
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were developed. To create the soliton solution, we first apply the perturbation technique.

Plotting appropriate curves in three dimensions allows for a detailed discussion of the
soliton profile variations. Soliton’s centres of mass, interaction energies, masses, and
velocities are examined. Graphical explanations of the results are provided. Also, we
discover the need for modulational instability of the (3+1) dimensional alpha-helical
protein model with higher order molecular excitations. We also examine the modulational
instability usual dependence on the perturbation wave number and system parameters for
the growing rate of the instability. The outcomes are displayed graphically.

14  Appendix

Where,

R= UybQ —2a,q,UybQ — 3a,UybQ? — 2a,q,UsbQ — 2a,q3UobQ — 2a3q,UybQ
—3a3UybQ? — 4a3q,UgbQ — 2a3q,UghQ + 4asq3UghQ + 6asq3UybhQ? + 4as
q1UobQ? + 3asUybQ* + 4asq3UybQ + 6asq53UybQ? + 4asq,UybQ? + 4as
q3UobQ + 6asq3UybQ?% + 4asqsUghQ? + 2a,qiUgbQ + 6a,qiUybQ? + 6a
q3UobQ? + 6a4q3UobQ% + 3a6q7q,UsbQ + 3a6q5q:UobQ + 3a4q7q3UsbQ
+3a6q7q3UobQ + 3a6q5q,UsbQ + 8asq,Ugh Q> + 6a¢q,UgbQ3 + 8aesq3U,
bQ* + 6a5q1q,Uob Q% + 6a6q1q3UsbQ?* + 6a6q3q,UogbQ* + a;q7q,UsbQ +
4a,q5q,UobQ + a;q5q3UsbQ + 2a,q5q,UobQ + a;q5q3UsbQ + 2a,q5q,U,
bQ + 2a7qu0bQ2 + 2a7q§U0sz + 2a7q§U0bQ2 + 4a7q1U0bQ3 + 2a,q,
UobQ® + 2a,q3UsbQ> + 4a;4,q,UsbQ? + 4a;q,q3UsbQ? + 4a;q3q,UsbQ?
+3a,UpbQ* + 4a;q3Usb Q> + agq? q,q3UobQ + agq3q1q3UobQ + agq3q,q,
UobQ + agqiUphQ?* + agq5UsbQ? + agq3UobQ” + agqiqsUshQ + agqsqy
UobQ + agqfqsUshQ + agqiq,UoghQ + 4agq,UgbQ3 + 6agq,Ugh Q3 + 4ag
q3Uob Q> + 6a3q1q3UsbQ? + 6a3q:q,UsbQ? + 6a5q3q,UghQ? + 6agq,q;,
q3UobQ + 3agUshQ* + 2a10q,Us bQ + 2a,0q,U5bQ + 2a10q3U3hQ — 2ay,
%Ung - 2“11Q2U03bQ - 2a11q3Ung - 36111Ung2 - 2a12q1U3bQ — 2ay;
q:U3bhQ — 2a1,q3U5bQ — 2a,3q,U§bQ — 2a13q,U$bQ — 2a,3q3U5bQ + 3
a13U5bQ% — 2a14q1U5bQ — 2a149,U3bQ — 2a14q93U3bQ + 4a,5q,U5bQ
+4a,5q,U3bQ + 4a,5q3U3bQ — 2a16q:U5bQ — 2a16q,U5bQ — 2a,6q3U5
bQ + 3a,6U5bQ? — 2a1,q,U5bQ — 2a417,q,U3bQ — 2a,7,93U3bQ + 3a,,Up
bQ? (33)

S= aQ—3a,aQ?—3a,q,aQ — 3a,q,aQ — 3a,q3aQ — 3a;aQ? — 2a;q,aQ —
3a3q,aQ — 3a3qzaQ — 3azaQ + 2a,aU?Z + 3a,aQ® + 5asq,aQ? + 5asq;
aQ?® + 5asq;aQ3 + 6asq?aQ? + 6asqaQ? + 6asq3aQ? + 5asqiaQ + 5as
q3aQ + 5as5q3aQ + 6a,aQ* — 6a,q1aQ° — 6a4q,aQ> — 6a5q3aQ> + 8asq;
q2aQ% + 8aeq:193aQ” + 8a4q3q,aQ” + 8asqiaQ? + 8asqsaQ? + 8agqiaQ?
+4a4q7q2aQ + 4a4q5q,aQ + 4a¢q7q3aQ + 4asq5q,aQ + 4asq5q3aQ + 4as
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q3q,a0Q + 2a4q3aQ + 2a,q5aQ + 2a¢q3aQ + 3a,aQ* + 6a,q,aQ> + 5a,
q20Q> + 4a,q3aQ> + 2a,9aQ? + 2a,q95aQ* + 2a,q3aQ* + 4a,q,q,aQ?
+4a,q,q3aQ* + 4a,q3q,aQ* + 3a,95q,aQ + 2a,9;q,aQ + 3a,q5q,aQ +
2a,9793aQ + 3a,q3q,aQ + 2a,q5q3aQ + 3agaQ* + 5agq,aQ> + 5agq;
aQ® + 5a3q;aQ® + 6agq,q;aQ* + 6a3q1q3aQ” + 6agq,q;aQ* + 7asq:1q;
aQ? + 9agq:9,q3aQ + agqiaQ?® + agqiaQ? + agqiaQ® + agqiq;aQ + ag
47q20Q + agqiq,aQ + agqiq3aQ + agqiq,aQ + agqiq,aQ + 4agsals + 2
a0qiUsa + 2a10q5Usa + 2a,0q5U5a — 3a1,U§aQ? — 3a4,1q,U§aQ — 3
a11q2U5aQ — 3a,1q3U5aQ — a11qiUsa — a11q5Usa — a11q5Uga — 2a4,q,
U§aQ — 2a1,q,U§aQ — 2a1,q3U§aQ — 2a1,qfU§a — 2a1,q5U5a — 2a,,95
Ufa —3a,3U5aQ? — 3a13q,U5aQ + 3a,13q3U5aQ — ay3q5U5a — 2a14q,U§
aQ — 2a14q2UgaQ - 2a14q3UgaQ - 2a14q2q3Uga - 2a14q2q1U§a —2a14q;
qsUga + 6a,5q:1q.Ua + 2a,5q:1qsU5a + 4a,5q,U5aQ + 4ai5q;3U5aQ — 3
a16U5aQ? + 2a16q,U5aQ + 2a16q:U5aQ + 2a16q3U5aQ + 2a16q3U5aQ
—3a17U§aQ2 - 2a17q2UgaQ - 2a17q1UgaQ - 2a17q3U§aQ.

(34)
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