Modeling of the entangled states
transfer processes Iin
microtubule tryptophan system

S. Eh. Shirmovsky
Far Eastern Federal University, Institute of Mathematics and Computer Technologies,
Department of Information Security. 10Ajax settlement, Russkiy Island, Vladivostok, Primorsky
Region, 690922 Russia
A. V. Chizhov
Laboratory of Radiation Biology, Joint Institute for Nuclear Research,
Dubna, Moscow region, 141980 Russia;

Dubna State University, Dubna, Moscow region, 141980 Russia
GRID'2023



https://indico.jinr.ru/event/3505/

Dendrites

(contacted by
Contact with

Microtubules Other neurons) Axon (conducts othel’ ce"s
Microfibrils and information to
microtubules other cells)
Cell body |
? N
(contains : — o
nucleus e ——————
and major
organelles) e
Nucleus \ \-
Nucleolus =
Mitochondrion

A representative neuron
(sizes and shapes vary widely)

V /o}l /“: :
endo_pla s ic (
reticulur { ,
4 [\ J /_ Dendrite

Smooth \\I w
endoplasmic' 7 y' //\
reticulum 5 4 R

oy /Y 7 ) 4
~ \ | 4 TR
\ = / / 4 D v Dendritic spines

Cytoplasm

Myelin sheath

» - *'s Lt AC
‘ IS SO 2

Microfilaments (Actin)

The free media repository.



tubulin dimer
Ol — tubulin B—tubulin

tryptophans dipole-dipole
Interaction




36276

Trp7 3613
.- ------- 38.7 .
''''''' S 19. _ : -
____ > ’36210

Microtubules

Trp8  _.--~ ‘
&g
3 o \\ l Trp4 i
Trp6™s, ‘24 A .
) Y 27.0 36.3
‘ """"" 3997 =mmmenn.. )
35889
Trp 5

Craddock, T.J.A., Friesen, D., Mane, J., Hameroff, S., Tuszynski, J., 2014. Journal of the Royal Society Interface 11, 20140677.

0 A )
) figlu) o= S )l + 3 v

n)(n'l,

n#*n’

W’T) — ZAﬂ(t)lTl)' Wn = wg_ + H,an-

22X, oH  dX,
w2 ox, | dt
- dA,
1 —
di
X, d X,

on_ ——WE n_—|An|2_
dt? dt

M H = Hei + (| Holt).

— Wn An -+ Fn,n+1An+1 -+ Un,n—lAn—l + EHW-;EX'H A'il"t-'.l




0.4 [ N — T
0.2 0.2 Tip24
ik ok ; o
0.3 812 Trp23
of (3 o
0.3F 0.2 22 3
a : 0 * 4 ﬂh—\ v_—T-\'P—_
03E 0.2 Trp2l
0 g t ﬂ ¥ t
81 B2 ,IL 2
2 0f 20 e y y
T - — E 3
= 02k =015 Trp19 3
K g0 — : e
28 E
2 03 S0:18 ! Trpls 3
20 ‘5:810 : 5 7
0.3 0.2 (‘ —4 Trpl7 §
0 ; 0 4
04E 0.3 k Trp16
ﬂ T 0 L 1 1]
0.4 ﬂ 03f k Trpl5 3
0 : oSF . : - =
0.6 T 03 F Trpl4 3
0 x g N S —
0.8 A 7
0.4 Tipl 22E ﬁ Trp13 3
0 - o E s ;
0 107 4=10 6x107* 8107 0 §2107 10" 1,5%107 2+107% 2,5%107*
1(s) is)
a) b)

13
Exciton mechanism of energy transfer Inductively resonant energy transfer “ %14
\

—7= ==

S A

hv = hv )

=
L

time time

Energy transfer mechanisms in microtubules tryptophan system
have been determined.
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Entangled states are the basis of the theory of quantum communication:
gquantum teleportation guantum repeater superdense coding
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The pure Bell state is formed from two mixed states.



What does it mean to remain a density matrix?
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Peres—Horodecki criterion

= A density matrix of two qubits is separable if and only if it remains a
density matrix under partial transposition.
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Figure 7: Logarithmic negativity a), c); time-depending probable excitation location on the

tryptophans b), d). K, = 0.04; k = 4.5 N/m.
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Figure 8: Logarithmic negativity a), ¢); time-depending probable excitation location on the

tryptophans b), d). &, = 0.04; k = 4.5 N/m.
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Figure 10: Time-depending probable excitation location on the tryptophans a), logarithmic

negativity b). kK, = 0.04; k = 4.5 N/m.
The process of guantum entangled states migration
between tryptophans has been considered.
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The results of the work allow us to talk about the signal
function of microtubule tryptophans working as a quantum
repeater that transmits quantum entangled states by relaying
through intermediate tryptophans.
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Conclusion

1. Energy transfer mechanisms in microtubules tryptophan system have been determined.

2. Taking into account the spacing between adjacent tryptophan groups and exited state migration time,
the rate of propagation of the excited states falls within the range of nerve impulse velocity.

3. The process of quantum entangled states migration between tryptophans has been considered.

4. The results of the work allow us to talk about the signal function of microtubule tryptophans working
as a quantum repeater that transmits quantum entangled states by relaying through intermediate

tryptophans.
yPtop S. Eh. Shirmovsky, A. V. Chizhov 2023. Modeling of the entangled states transfer processes

in microtubule tryptophan system. BioSystems has been accepted.
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Appendixes
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‘ , Pure separable states
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