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BiausiHue MyTanum Ha CTPYKTYPY
U QyHKI MU 0CJIKOBBIX KOMILJICKCOB
CHHANITHYECKUX PelenTopoB

[Ipu nuoTHpyeMBbIX NOJIETaX B JAJIbHUI KOCMOC BbI-
COKYIO OMaCHOCTH JUIA dKUIaXKeH kopabmelt MOryT mpen-
CTaBIATh TSDKENbIC 3apsOHKCHHBIC YACTHUIIBI, BXOIAIINE B
cocTaB rajakTudeckux kocmuueckux maydei (I'KJI). IIpu
OLIEHKE PHCKA PAaHAllMOHHOTO BO3CHCTBUS TSHKENBIX SIEP
T'KJI B X01€ MEXIUIAHETHONM MUCCUU HEOOXOIMMO UMETH B
BH/1y BO3MOXKHOE ()OPMHUPOBAHNE HAPYIICHHH CO CTOPOHBI
LIEHTPaIbHON HEPBHOM cuCTeMbI KOCMOHABTOB [1]. B axc-
MIEPUMEHTaxX Ha YCKOPUTENSIX MO 0OIydeHnIo JabopaTop-
HBIX JKUBOTHBIX BBICOKO?HEPreTUYECKUMH HOHAMH KeJle-
32 BBISABIIIIOTCS Pa3IUYHbIE HAPYIIEHUs MPOCTPAHCTBEH-
HOW OpUEHTAINH, YTHETCHUE KOTHUTUBHBIX (DYyHKIUH, 4TO
CBSI3BIBACTCSI C MOBPEXKJICHUEM MEXaHM3MOB CHHAITHYe-
CKOM Iepeiauyl B pa3IMIHbIX CTPYKTypax Mo3ra M, Ipex/e
Bcero, B rammokamie [2]. Helipodusnonoramu npu u3yde-
HUM HEHPOJETCHEPAaTHBHBIX 3a00JI€BaHNH BBISABICHO, YTO

MoA0OHBIE HAPYIIEHHUS UMEIOT TeHETHIECKYIO IIPHPOAY U
CBSI3aHBI C BO3HHMKHOBEHHEM MYTAaIlMi B T€HAX, KOAHUPY-
FOIUX KJFoueBble Oenku HelpoHoB [3]. Takum obpazom,
MOKHO I10J1araTh, 4YTO PaAUAIIMOHHBIC TIOBPEKACHUS B Te-
HaX HEPBHBIX KJIETOK, HHAYIHUPYIOIINX PA3JIMYHOTO THIIA
MYyTaIli{, MOTYT 00YCIIOBJIMBAThH IKCIIPECCUIO MYyTaHTHBIX
(opM OelkoB, y4acTBYIOIIUX B (DOPMUPOBAHUH CTPYKTY-
PBI PEIIETITOPOB, UTO MOKET CKa3aThCsl HA X HOPMAJIEHOM
¢ynkmonnposanun [4]. Haubonee 3Haummo 3to Oynmer
MIPOSIBJIATHCS. IPU BO3HUKHOBEHUH KJIACTEPHBIX MOBPEXK-
nennit JIHK, oOycnoBmmBaronux rpyOble HapymIeHUs
TEHOMAa M CONPOBOXKIAIOIIUXCS BO3HUKHOBEHHEM CTPYK-
TYpHBIX MyTanuii. C y4eToM 3TOTo NpeCTaBIseT HHTEPEC
paccMOTpETh BIMSHHUE KaK TOUYKOBBIX, TaK U CTPYKTYPHBIX
MyTalMii B T€HaX HEHPOHOB THIINIOKaMIla Ha COCTOSHUE
CHHANTHYECKUX PEIECTITOPOB.
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For crews on deep space missions, the heavy charged
particles of the galactic cosmic rays (GCR) would be high-
ly dangerous. When evaluating the risk of interplanetary
flight crew members’ exposure to GCR heavy nuclei, one
has to take into account the possibility of the development
of central nervous system (CNS) disorders [1]. In accel-
erator-based experiments on the irradiation of laboratory
animals with high-energy iron ions, a whole set of effects
were observed, appearing as pronounced disorders in spa-
tial orientation and cognitive function suppression, which
is linked with damage to synaptic transmission mech-
anisms in different brain structures — first of all, in the
hippocampus [2]. In research on neurodegenerative dis-
eases, neurophysiologists have found that such disor-

ders have the genetic nature and are connected with the
emergence of mutations in genes encoding neurons’ key
proteins [3]. It can thus be considered that radiation le-
sions in nerve cell genes inducing mutations of different
types can underlie the expression of mutant forms of the
proteins participating in the formation of the receptors’
structure, which can impair the normal functioning of the
receptors [4]. It would be most pronounced for clustered
DNA damage, which causes major genome disorders and
is accompanied by structural mutations. For this reason,
it would be interesting to study the influence of point and
structural mutations in hippocampal neuron genes on syn-
aptic receptor condition.
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B kadecTBe 0OOBEKTa WHCCIEIOBAaHMUSA PACCMOTPEH
HOHOTPONHBIA perentop Timyramata NMDA (N-metwun-
D-acmapraT), KOTOpPBI WTpaeT KIIOUEBYIO PONb B PETy-
JSIIUY CUHANTUYECKOH TUIACTHYHOCTH, 00ydeHnu u Qop-
MHUPOBAHMH Pa3IMYHbIX BUJOB namsaTu [4,5]. Peuentop
MIPE/ICTaBIsIET COOOH TeTepoTeTpamep JIByX CyObeau-
nut — NR1 u NR2, komupyembix renamu GRINI u
GRIN2. B xozne pabOoTBl POBEAECHO MOJEKYISIPHO-JHHA-
MHYECKOE MOJICIUPOBAHME Mpolecca aKTUBALUU MOJIHO-
aTOMHO# CTpyKTyphl perenitopa NMDA nHa 0a3ze makera
NAMD. Penentop mocTpoeH U3 MyTaHTHBIX (opMm OelI-
KOB, COOTBETCTRyOmuX cyobreauanie NR2 (puc. 1). [Ipu

Puc. 1. NMDA-penentop — TeTpamep, COCTOSIIHNA U3 CyObeau

AT THE LABORATORIES OF JINR

3TOM aHAJIU3UPOBAIMCH OIMHOYHBIE U TBOMHHbIE TOUKOBBIC
MYTalllH, a TAKKE OIHA CTPYKTYypHAast MyTanus (esemnms),
NPUBOASAIINE K HEHPOJETCHEPAaTHBHBIM 3a00JIEBaHMSM,
TAaKUM KaK pa3HyHble (OPMBI SIHICTICHH, ayTH3M, yM-
CTBEHHAsI OTCTAJIOCTH [3]. AHANIN3 NOIYYEHHBIX CTPYKTYP
MO3BOJIMI ONPENEINTh U3MEHEHUsI NMPOBOJUMOCTH HOH-
HOTO KaHaJla, KOTOpPble CUJIBHO YMEHBIIAIUCh B CIIydae
JIBOMHBIX TOUYKOBBIX MyTanuil u aenenuu. OJUHOUHBIE
TOYKOBBIE MYTAllMU BBI3BIBAIOT HE3HAUUTEIbHBIC U3MEHE-
HUS IPOBOIMMOCTH MOHHOTO KaHalla, OHAKO B psfe CIy-
YyaeB MOTYT MPUBOIUTH K HAPYIICHUIO CBSI3BIBAHHS HOHOB
MarHusl.

Hul NR1 n NR2. Cepxy ormeuensl MyTanuu B reHe GRIN2, npuso-

JUIIME K HapYIICHUIO IIPOBOAMMOCTH HOHHOTO KaHaja peuenrtopa. Ha rpadukax npuBegeHo cpaBHEHHE FeOMETPUH HOHHOIO KaHaja

Jutst TOUKOBO# MyTtauuu p.Arg540His u neneunu p.Phe671 Gln6

72del (kpacHblii 1IBET) OTHOCUTEIILHO HATUBHOTO BapHaHTa (4epHbI)
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Fig. 1. The NMDA receptor — a tetramer consisting of the NR

1 and NR2 subunits. The mutations in the GRIN2 gene marked in the

upper part of the graph violate the permeability of the receptor’s ion channel. The curves show a comparison of the ion channel geometry
for the p.Arg540His point mutation and the p.Phe671_GIn672del deletion (red) and the native variant (black)

Examined as a research subject was the ionotropic
glutamate receptor NMDA (N-methyl-D-aspartate), which
plays a key role in synaptic plasticity regulation, learning,
and formation of different types of memory [4,5]. The re-
ceptor is a heterotetramer of two subunits, NR1 and NR2,
which are encoded by the GRINI and GRIN?2 genes. In the
present study, molecular dynamics modeling of the pro-
cess of full-atom NMDA receptor structure activation has
been performed with NAMD software. The receptor was
constructed from the mutant protein forms correspond-

ing to the NR2 subunit (Fig. 1). Analyzed were single and
double point mutations and one structural mutation (dele-
tion), which led to neurodegenerative diseases like differ-
ent forms of epilepsy, autism, and mental retardation [3].
The analysis of the obtained structures has allowed evalua-
tion of changes in ion channel conductance, which sharply
decreases in the case of double point mutations and a de-
letion. Single point mutations cause insignificant changes
in ion channel conductance, but can lead in some cases to
magnesium ion bonding disorder.
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[TosrydyeHHbIE TaHHBIE UCIIOIB30BAINCH B MOJIETIU HEM-
pounoii cetn obnacteit CA1-CA3 rummokamiia B makeTe
NEURON. B pesynbrare ynanoch UcCiael0BaTh BIUSHUE
MyTanui, KOTUPYIOMUX OenKkoBbie cyObenuHuIbl NMDA -
peLenTopOB, Ha FeHEepaLnIo TATa- U TaMMa-pUTMOB Heil-
poHHO# ceTbto. IIo Xapakrepy akTMBHOCTH HEHPOHHOH
CeTH W COOTBETCTBYIOIIEH 3neKTposHIedarorpamme
MOYKHO CyIHTB 00 3(p(hekTe KOHKPETHOTO THITA MyTaHTHON
CTPYKTYpHI (pHc.2). MonenbHbI 1Moxxoa ObUT yCIIEHIHO
anpoOMpoBaH Ha U3BECTHBIX M3 DKCIEpUMEHTa dpdeKTax
OT TOYKOBBIX MyTanui p.Arg540His u p.Asn615Leu, npu-
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BOSIILIMX K SIWICNTHYECKUM paccTpoiicTBaM. B ciyuae
nenerun p.Phe671 Gln672del ObLI1O BBISBICHO YMEHBIIIC-
HUE aMIUIMTY/bl TATa-pUTMa B J1Ba pasa [5].

Takum 00pa3oM, MMEHHO CJIOKHBIE T'€HETHUECKHUE
MOBPEXKJICHUS, NPEUMYILIECTBEHHO 00pa3yloluecs IMpH
JEWCTBUHN TSDKEJIBIX 3apsHKEHHBIX YacTHIl, B HAHOOJBIICH
CTeneHn OymyT 3aTparuBaTh COCTOSIHUE MOHHOTO KaHaja
NMDA -penientopa (4 Ipyrux perenTopoB), 4To OyaeT oT-
pakarscst Ha nposiBiennn Qynknuii [ITHC, konTponmpye-
MBIX THUIIIOKaMIIOM.

Puc. 2. VI3MeHeHHUE CIEKTPOB (KpacHbIe KPUBBIC) SJIEKTPOIHIIC(aTorpaMMBbl TUIIIIOKAMIIA B TITA-MAIIA30HE B CIIyYasx TOYKOBOH MyTa-
un p.Arg540His (cneBa) u nenennu p.Phe671 GIn672del (cipaBa) OTHOCUTENBHO HATUBHOTO BapHaHTa (YepPHBIE KPHUBEIE)
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Fig. 2. Changes in hippocampal electroencephalogram spectra (red) in the #-band in the case of the p.Arg540His point mutation (left)
and the p.Phe671_GIn672del deletion (right) relative to the native variant (black)

The obtained data have been used in a model of the
neural network of the CA1-CA3 regions of the hippocam-
pus, which was constructed using the NEURON software
package. As a result, the influence has been studied of the
mutations encoding the protein subunits of the NMDA
receptors on the generation of the #- and y-rhythms by
the neural network. On the grounds of the character of
the neural network’s activity and the corresponding elec-
troencephalogram, one can make conclusions about the
effect of a specific type of the mutant structure (Fig.2).
This model approach has been successfully tested on
the experimentally known effects of the point mutations
p-Arg540His and p.Asn615Leu, which lead to epilepsy.
For deletions, a twofold decrease in the #-rhythm ampli-
tude has been observed [5].

Complex genetic damage, which prevails in the dam-
age induced by heavy charged particles, will thus have the
strongest effect on the condition of the ion channel of the
NMDA and other receptors. It will reflect on the manifesta-
tions of the CNS functions controlled by the hippocampus.
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