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MonekynapHbie MexaHU3Mb
JdYHKLUMOHNPOBAHNA PEPMEHTOB
MO3ra
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Brain N-Acetylaspartate
hydrolase
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Applications
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The most of the well-known
modern drugs passed through
computer design
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Molecular doking with molecular
dynamics

Reactivity on the basis of
gquantum chemical approach



i Interaction of ligand

(substrate-inhibitor-
drug) with protein is very complex
dynamic process with
conformational changes of ligand
and protein






i Molecular polymorphism-genetic
predisposition to different
diseases and individual sensitivity
to drugs
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Identification of essential and not
essential changes in protein structure



N-acetyl aspartic acid-key
:ﬂnetabolyte of central neural system

Canavan disease
- Mental destruction -
macrocephaly.
- 1 per 40 men (2.5%) for
population ashkenazy
- Blocking of synthesis of _
COO — CH — CH,CO0

mielyne covers of brain cells \

NH — COCHs;
Fundamental graund - single changes

of amino acids in the structure of
enzyme N-acetyl aspartate hydrolase

Myrtelle May Canavan



Canavan disease -level of N-
acetyl aspartate in 5 TIMES
higher normal
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Prediction of influence of point
amino acid polymorphic change on
structure and catalytic activity

Supercomputer calculations
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Critical single amino acid changes in
| aspartoacylase at Canavan disease

. Lys213Glu
. Tyr231Cys
. Glu285Ala
. Phe295Ser



Critical mutations in protein
structure decrease (in 10-1000
times) the catalytical activity of
enzyme
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Acylation step
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Deacylation step
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How Matter Becomes
Consciousness




Synapse — "Chemical Semiconductor”
Neuronet

electric signal

!

exitation of presynaptic neuron

injection of neuromediator into
synaptic cleft
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, ‘M“‘“’* A7 cholinesterase action

(cleaning of synaptic cleft)

neuromediator interaction with
receptor

!

exitation of postsynaptic neuron
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Protonic (H*) mechanism of synapse conductivity
fixation in memory process

| Kinetics of

W([S]) = KVm[S] acetylcholin-
_+[S]  esterase
l catalysis
Vil S]
ST = m
el K, +[S]+[ST*/K,
4 v([S]) _ H+ Vm[S]
£1+ ](Km +[S]+[S]2/K,)
| Ka
| pH 7.5 — pH 4
5 . Blocking of catalytic activity



pH-jump in acetylcholinesterase memory
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S. D. Varfolomeeyv, V.I. Bykov, S.B. Tsybenova



pH-jump in acetylcholinesterase memory synapse
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Rivastigmine prolongs acetylcholine in synaptic cleft

V. [S
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Nerve agents and antidotes

(sarin, soman, VX, pesticides)

E(t) = Ege ",

The cholinergic synapse.
Mechanisms of functioning
and control methods

(atropine, oximes)

E()=Ey(1-e"'™),

S, a) S 0) S 8)
MMOJIB MMOIJIb MMOIIb
16 50 161
12 401 121
30
8 ol
20
4_
4 10]
- < 07] T T T ~\ T T T
0 10 20 30 t uc 0 10 20 20 e 0 10 20 0 L
H™x1072, H™>1072, H™x1072,
MMOJIIB MMOIJIb MMOIIb
0,121
05 05
041
0,41 041
0,081
03] 031
0,06
02 02
0,041
011 011
0,02/
0 10 20 30 f e 0 10 20 20 e 0 10 20 0 fme



The cholinergic synapse.
Mechanisms of functioning
and control methods

9 ® =250 Hz

STROKE. Neuromuscular
paralysis

S, I 2 = 100 Hz
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Altzheimer disease




Substrates-inhibitors — drugs against
i Altzheimer disease

Increasing of Increasing of
> acetylcholine ——— cognitive ability
level

Inhibition of acetycholine |
esterase




Nature of neurological memory
Neuron-Synaps System Theory

Synaps- Volume of memory
“chemical semiconductor”,
or open state |=log N, N-number of

possible states of system,
m-number of neurons

Real volume of memory n-number of synapses
=10 exp 9 bites per neuron
|I=log n exp m =10exp10
bites
Memory reflex in the brain — three dimension “tree” of
connected and open synapses ,the way of memory

signal transfer,the “tree” of excited neurons



The cholinergic synapse.
L) Mechanisms of functioning
@& \ and control methods

Neurological memory.
Proton mechanism of

infoymation recording and
st e




Neurological memory

i}xg X3 X, ...

X} — signal conducting synapse (proton-blocking
of acetylcholinesterase in the synaptic cleft)

XO. - signal non-conductive synapse (active
J : : : :
aceticholinesterase in the synaptic cleft)



Neurological memory

olumes of information recording:
ilities of signal conducting synaptic
circuits of different lengths(n)

1,2

To record 1 bit of
information, it is enough

1 -

08 1 ] a signal conducting

06 - synaptic circuit with a

™ length of 8-10 synapses
H

0,2 -

0 T T T T | 1
0 2 - 6 8 10 n



I

Consciousness:

sensory signals — sensory information
processing — neuromemory — learning
— cognitive functions — idea generation
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Cucrtema rnyramaTHbIX
CUHAanCcoB-MONneKynapHaa oCHOBa
BO30OY>KOEHUA,NPOLIECCUHTa
MHOPMaALIMKN,Yy4aCTHUK BCEX
HenponaTonornn




FnyTamaT—NAAG CUHanNC

Presynaptic
lutaminase
NAA Astrocyte
mGIuR2

neuron G
\
.

Glu . -
\ @ H
GIn synthetase
° \'g ® NAAG y
° o %9 GCPII
@} o O
Q . . ) o ® ’ ® o .
i = g @G
O ® u
= . : o ®0 % o &
© oo 000 EAAT2
.Glu - ®
AMPA NMDA m"ﬁ g e -
receptor receptor mGIuR1/5 mGIuR2/3
mGIuR3

Postsynaptlc
neuron

CxeMa (PYHKLMOHUPOBAHWUS TyTaMaT-acTPOLMTAPHON CUCTEMBI
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KnHernyeckass moaesnb

dQlu = al(GluO) 'C_alt —B-Glu+ VmNAAG + %1 -D |-N.
K., + NAAG (1)
_ AA
AG _ ar(NAAG))-e *2t _SNAAG - Y NAAG + - Glu.
dt K., + NAAG (2)
dD _¢ R,NAAG D
dt K, + NAAG (3)
N = ¢Glu + y»NAAG.
? (4)
3
AA
dNAA . VmnNAAG  V;,(NAA) . 0 NAA:
dt Km +NAAG K _ . +(NAA) (5)

Glu — KOHUEeHTpauus rnytTaMmHoBon Kncnotbl, NAAG — KOHLEHTpaLUus
HenpoTpaHcMuTTepa NAAG, NAA - KOHUeHTpaums N-
aueTuiacnaparmHoBon KMcnotbl, D — KOHLEHTpaums NpoayKTOB
(PYHKUMOHNPOBAHUSA MeTaboTponHbIX peuentopos, N — uncio
BO36Y>kAeHHbIX (NPOBOASALLMX CUrHAs) HEMPOHOB L0



a1Glup = 10.5-10*
a:NAAGo=0.02

ai1Glu = 6.75-10*
a:NAAGo=0.01

ai1Glug = 3-10*
aNAAGo = 0.002

'0.01

0.1 1 10 100 1000

t, ms

4.5
4.0
3.9]
- 3.0]
5 2.9]
2.0
1.5
1.0
0.5]

0.015

aiGlu = 10.5-10*
a:NAAGo = 0.02

aiGlu = 6.75-10*
a:NAAGo = 0.01

a1Glug = 3-10*
a:NAAGo = 0.002

AByxda3Hbin
XapaKTep OTBEeTa,
cucrteMma
amMnandpukaumm
BO36y)xaeHusn

Puc.2. Byxda3Hbin xapakTep
(PYHKUMOHNPOBAHUS
rnyTamMaTeprnyeckon
HEMPOHATbHO-aCTPOLIMTapHOM
cuctemsl (1)—(5).

d) — norapudmunyeckas Likana
B MUINCEKYHAAX

6) — apudmeTnyeckas LwkKana B
cekyHaax
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MexaHu3Mbl ynpaBJ/ieHUS! KOrHUTUBHOCTbIO

3.5
3.0
2.5
2.0
1.9
1.0
0.5]

Ghu, mM

0.0
0.01

04 1 10 100 1000

t, ms

9.0
4.0/

3.0

N. number of neurons

014 1 10 100 1000

t, ms

D.M

300 |
250 1
200 1
150 1
100 1

50 -

0

oiz’étltés

Puc. 3. OuHamuyeckuin oteeT cuctembl no Glu (A), NAAG (B), D (D) n uncna Bo36yxaeHHbix knetok N (C)
npyM Bapuauum napameTpa &, XxapakTtepusyrowero 3hMdeKTUBHOCTb AEUCTBUS MEeTAbOoTPOMHOro

peuenTtopa mGIluR3.
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YnpaBneHue npoueccoMm ruaponusa NAAG

Vm:1-4.510" 1
2.0 2-1.51073
3-2.5-107
4-45.103 2
_ 1.5
g
5 1.0
0.5
0.0 Lesemommmens” : . : :
0.01 0.1 1 10 100 1 000
C t, ms
401 Vm:1-45107
) 2-1.5-107
3.5 3-2.5.103
3.0] 445107
2.5]
Z,
2.0]
1.5]
1.0]
0.5]
0.0 : ‘ . : :
0.01 0.1 1 10 100 1 000
t. ms

Vm:1—-4.5107
2-1.5-107°
3-2.5107
4-4.5-107

Vm:1—4.5107
2-1.5-1073
3-2.5-107
4-4.5-107

Puc.4. BnuaHune aktmBHocTM GCPII Ha AMHaMuuyeckue OTBETHI FyTamaTepruyeckon cuctembl. Mpwm
BapbMpOBaHMM MaKCMMasibHOM ckopoctu rugponusa (V,,) NAAG noa aenctBueM GCPII MoxeT 6bITb
peann3oBaHo 3a CYET MHMMOBUPOBaHNS (hepMeHTa UM YPOBHS ero 3KCNpeccum.
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MexaHunsm rmaponmnsa NAAG
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MHrmbuTopsl
rnmytTamaTkapbokcunentuaassl
MO3ra — CTUMYIATOPI
KOTHUTUBHBLIX QOYHKLNW
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[IOKNHI 1 MonekynapHas
OVUHaMMKa BCeX MPUMEHAEMbIX B
MUpe NeKapcTB Kak
NoTEHUMarnbHbIX UHIMOUTOPOB
rnmytTamaTkapbokcunentuaassl
MO3ra YyenoBeka



[Toeanonaraemble MHIMOUTOPSI

JlekapCTBEeHHbIe npenapaTbl ogobpeHHblie FDA Ha 2016 rop,
- 0]

0
A \)\@O \F 0 —

O\/ TH o \U/\\N,NWNH

| . 0
Benznidazole Nitrofurantoin

I‘IpOTMBonapa3MTapHoe NIeKapCTBO, .
[MpoTMBOMUKPODOHOE AencTBUE,

NCNONb3YEMOE NPU NEYEHUN ¥
o npou3BoaHoe HUTpodypaHoB. Hapywaet

6one3nun LWaraca. TpunaHounaHbIN P A podyp Py
cunTe3 AHK n PHK, 6enkos, B bakTepuax u

areHT.
O O 0 b KNeTOYHOMN MeMbpaHbl.
. , N© Perampanel
0 Diphenylpyrali
\O [MpoTMBO3NUNENTUYECKUIA
N\

npenapart, ABNAETCA CENEKTUBHbBIM
MpeactasnaeT cobomn

HEKOHKYPEHTHbIM aHTAaroHUCTOM
> AMPA-peuenTopoB, OCHOBHOIO

AHTUTUCTAaMUHHbIN NpenapaTt Nepsoro

NOKONEHUA C aHTUXO/IMHEPTUYECKMMU

NoATUMA NOHOTPOMHbIX
rMyTamMaTHbIX peLenTopos.
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Doxylamine Modafinil

CeaatnsHbin AHanenTuK, NpMMeHaeTca AN

AHTUTUCTAMUHHDI NIe4eHUA COHNNBOCTH,
WU npenapar, 0 0 CBA3AHHOM C HAapPKoJIeNCUEN.
obnagatownm

I TOUHbIA MeXaHU3M UK

| T CvnbHBIM S\)L KOMMEKC MeXaHU3MOB

N O/\/N\XOWHO“VJT”“'ECK” NH?Bsammop,eMCTBMﬂ ocTaéTes
M OENCTBUNEM. HeACHbIM. BepoAaTHO,

broknpyet H1- mogaduHmA, Noao6Ho
rMMCTaMNHOBbIE APYTUM CTUMYNIATOPaM,
peuenTopbl, yBennymBaeT BbIbpocC
OKa3blBaeT M- HOAMMHOB — OCOBEHHO,

Belinostat xemretrokupyio Benorilate™ wrexonammios

lee aencrane. Hopa peHanMHa n godpammnHa

/@m gmqecumx Lenem.

Ncnonb3yeTca Kak NPOTUBOBOCMNANINTENIBHOE U

N

JlekapcTBeHHbIV npenapar, }aponoHuXatuwee cpeacTso. b/IOKNPYIOT CUHTE3
NpeAHa3Ha4€HHbIN ANA NEHEHNA nNpocTaraHAMHOB NyTEM UHTMOUPOBaHUA
nepudepunyeckon T-kK1eTouHom LIMKIOOKCUIeHasbl, KoTopas npespaLLaeto9

nmumbombl UHrubuoveTt ANAVIAAALIADV/LA VIAFAAAT\/ D I1IALV AlIAUAOCVIAD



+

JHeproobecneyeHne mMmo3ara Kak
KoOMNbloTeEpa —
HEeNpOBACKYNAPHOE conpaXXeHue
— paclunpeHune
MUKPOKaNUNMAPOB 30HbI
BO30OY)XOEHUA B OTBET Ha
BHELLUHUW CUTHanN



Functional magnet resonance tomography and
Dectroscopy

AvAu

The activation zone in the — Time dependences of [NAA]
premotor cortex, where in the premotor cortex in
metabolism was studied by ~"0Tmal and schizophrenic
I NMR in vivo, is marked Patents and the

. hemodynamic response
with a red rectangle function (HFR) to the

Assignment: in response to the sound signal, press the button with the ifd&L" fThEEF ST the
right hand.



Experimental BOLD-effect

and calculated dynamics

R(AO2) . 1- k=031 k, k,

kp k,

2 —k=0.15
3 —ks=0,05 Al ' A2n—’ B - V —>R

RN
BI VI RI
A; —receptor chemical signal ,

V' —vasodilatator,
R — experimentally detected AQO,

@, = ki—lAi—l - kz‘Aw

dt

dB

= =k A —(k,+k,)B,

dV

O =kaB =k + k).

5 1 15 2 25 3 35 4 fts d7R = kVV — kRR

Dynamics of A, di



Experiment and theory

R .
// \\ BOLD signal 02 +A1 =7 (Al )m — Am ?
g e S+A, — 45,
/ Y
’ 5 A4, ..., A, — intermediates
1,00."‘__2__\\} *,{ _____ .§ ----- §---A02 1 m
\ / [ []
* ,/{' 5 | Kinetic model
\ )acctyl;upartatc /
\ /
{ }/ dA,
\ / —t — _klAOZAl’
L dA
\{/ TtZ:kIA02'A1_k2A2,
4 6 8 0 12 14 1 18 2 28 JdA
7; - szz - k3A3S,
AO,(A/ 4y) = A-1" -exp(=Er) as _ a(Sy —S) = Pw(S) — k3 458,

dt



BOLD-signal initiates the hydrolysis of N-acetyl-
aspartate (experiment) and injection into neuron
‘aipartic, acetic, glutamic acids ( )

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Inhibition by

- substrate-non-linear

factor-provides the
trigger behavior



BOLD-effect

Inhibition of BOLD-effect by non-steroid anty-inflammetory
s (aspirin,analgin, ibuprofen, voltaren and others)

Before
0
g
H3C/ S
1,03 -
or] Aspirin
1,00
0,99- H3C\N CH3
3 o\
098 ®/N |\{
0,97 O C
Analgin
0 5 10 15 20 25 s




BOLD-effect
I

Receptor , Excitation of _ Ca%t (A)
signal ~anheuron injection

|

PGE, grea:iﬁfdeoﬁfc ; Phospholipase
. ation( A
synthesis acid (B) activation(4,)

|

Vasodilator (V) _ Increased permeability

(expansion) of the microvessel

Experimental confirmation - inhibition of PGH-synthetase,
limiting the enzyme of prostaglandin synthesis.
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