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Kameumit-nporntiaemsie  AMPA-penentoper  (CP-AMPARS)  wrparoTr  KIIIOYeBYylO  poib B
(YHKIIMOHUPOBAHUH TOJOBHOTO MO3Ta B HOpME W MpH matoioruu. OHU BOBJIEUEHBI B PETYIAIUIO KU3HEHHO
BaXXHBIX (DH3UOJOTHYUECKUX IMPOIECCOB, TAKUX KaK CUHANTHYECKAas IUIACTUYHOCTb, CHHANTOTECHE3 U Pa3BHTHUC
HeliponHbix cereil. CP-AMPARS yuyacTBYIOT B MOAYJMPOBAaHHW BBICBOOOXKICHHS HEWPOMEIUATOPOB, TEM
caMbIM TOJJIEpXKUBasi OajlaHC BO30YXKJICHUSA W TOpMOXKeHUs. B To ke Bpems (QyHKIUH HEHPOHOB,
akcnpeccupyronux CP-AMPARS, u ux poib B MOIYJSAIUM CETEBOM aKTHMBHOCTH M3YYCHBI HEIOCTATOYHO,
MOCKOJIbKY OTCYTCTBYIOT HAQJE)KHBIC W TOYHBIC METOJIBI UX BH3yanu3anuu. L[enbr0 JaHHOTO HUCCIeAOBaHUS
SBIIIETCS pa3paboTKa METOJla BUTAJIBHOW HMICHTH(HUKAIIMM W XapaKTepUCTUKAa HEHpoHOB, coaepxkamux CP-
AMPA-peuentopsr (CP-AMPAR-HeiipoHb!).

B oskcnepuMenTax wuCmoyib3oBaiMch 13-14  mHEBHBIE HEWPOIVIMANBHBIC KYJIBTYPBl THIIOKAMIIA,
BBIICJICHHBIC W3 MO3ra HOBOPOXASHHBIX KpbIC JIMHUM Sprague-Dawley. V3MeHeHUS BHYTPUKICTOYHOMN
xoHnenrpanuu [Ca®"]i oneHuBaau B GONBIIMHCTBE 3KCIEPUMEHTOB C UCIOJb30BaHueM (iryopecuenTHoro Ca?'-
4yBCTBUTENBHOrO 30H1a Fura-2 AM. B ciyuae onHoBpemeHHOW peructpamuu nsmenenus [Na'li m [Ca®');
MCIIONB30BaNCh (ayopectenTHbie 30HA6 SBFI AM u Fluo-3 AM. Usmenenus [Ca®']i u [Na']i B kierkax
BhIpaxkanu kak cootHomnenne 340/387 mns Fura-2 u SBFI umn xak AF/FO nns Fluo-3. Busyanu3zamuro HeipoHOB,
conepxkammx CP-AMPARS, mpon3BOAMIN ITyTEM PETUCTPAIIUH KAJTBIIUEBOTO CUTHAIA B OTBET HA ANTUTUKAIUIO
cesekTuBHOTO aronncra AMPARS, ¢ropsumnapauuna (FW), B npucytctBumn anraronucra GluK1-comepskamux
kanHaTHBIX perentopoB (KARs), UBP 310, anrtaronucra NMDARS, D-AP5, u 6i0katopa MHOTEHIHAII-
3aBUCHMBIX KaJbIIMEBBIX KaHAJIOB, Bepamamuia. (s ompeaeneHus MOATHINIA HEHPOHOB (TIyTaMaTepruuecKue
wm 'AMKeprudeckre) ObIT UCTIOIB30BAH METOA UMMYHOIIUTOXUMHUYECKOTO OKPAIIMBAHUS C HCIIOJIE30BAaHHEM
anruren k TAMK u riayramaraekapookcunasze 65/67 (mapkep 'AMKeprudeckux HEHpOHOB).

B pesynbrate ObuI0 0OHapykeHO, 4TO momaristoniee O0onbMHCTBO CP-AMPAR-HEHpOHOB ABJISIOTCS
I'AMKeprudeckumu. OTH HEHPOHBI OTIMYAIOTCS O0Jiee BHICOKUMH aMIUTUTY/IaMH KaJIBIIMEBBIX OTBETOB HAa
aNIUIMKaIUI0 aroHWCTOB II0 CPAaBHEHMIO C HeifpoHamu, coxepskammmu CaZ*-menponunaembie AMPAR-
petieniropbl  (CI-AMPAR-nuetiponsr). Kpome Ttoro, okono 30 % CP-AMPAR-HEHPOHOB JIE€MOHCTPHPYIOT
npucyrctue Takke u GluK1l-conepxammux KARS. HecmoTpss Ha 3HauuTenbHyro pasHuily B nputoke Ca?t
Mexay Hediponamu, cogepxkamumu CP-AMPARs u CI-AMPAR-ueiiponamu, AMPAR-onocpenoBaHHbIH
nputok Na* B 9THX JIByX TpyIIax HEHPOHOB OKa3aJyicsi OJHMHAKOB. [ToMuMO 3TOro ObLIO 0OHApyXxeHo, uto CP-

AMPAR-neiipons! gemoHcTpupyioT cinaboe ['AMK(A)-penenTop-onocpeqoBaHHOE TOPMOKEHNE M3-32 MAJIOTO



konmmuecTBa ["TAMKepruueckux CHHAIICOB Ha coMe 3TUX KiIeToK. OHAKO IMOJIyYEeHHBIC JaHHBIC TOKa3bIBAIOT,
yto cmaboe ["AMK(A)-penentop-omocpenoBannoe uHruOupoBanue mnpucyiie Bcem ['AMKepruueckum
HEHpoHaM B KyJIBType M HE MOXET PacCMATPHUBATHLCS KaK YHHKallbHAass OCOOCHHOCTh HEHPOHOB, COJEpIKAIIUX
CP-AMPARSs.

[IpuMeHeHrE TPEIUIOKEHHOTO HAMHM METOJa BHUTANBHOW WACHTH(UKAUK OyaeT crnocoOCTBOBAThH
pacuipenuto 3HaHul 0 pot CP-AMPA-perienTopoB 1 3KCIPECCUPYIONUX UX HEHPOHOB B (PYHKITHOHHUPOBAHUH

Mo3ra.

A method of vital identification of neurons containing calcium-permeable AMPA receptors
Kairat Bakhytzhan Kairatuly!, Gaidin S.G.2, Zinchenko V.P.2, Mayorov S.A.2, Laryushkin D.P.?,
Kosenkov A.M.2
1. Al-Farabi Kazakh National University, Almaty, Kazakhstan
2. Institute of Cell Biophysics of the Russian Academy of Sciences, Pushchino, Moscow region, Russia,
142290

Calcium-permeable AMPA receptors (CP-AMPARS) play a key role in brain functioning in health and
disease. They are involved in the regulation of synaptic plasticity, synaptogenesis, and the development of
neuronal networks. CP-AMPARs modulate the release of neurotransmitters, thereby maintaining a balance of
excitation and inhibition. At the same time, the functions of neurons expressing CP-AMPARs and their role in
the modulation of network activity have not been fully studied since there are no reliable and accurate methods
of their visualization. This study aimed to develop an approach to the vital identification and characterization of
neurons containing CP-AMPA receptors (CP-AMPAR neurons).

The neuroglial hippocampal cultures (13-14 days in vitro) prepared from the brains of newborn Sprague-
Dawley rats were used in the experiments. Changes in the intracellular concentration of Ca?* ([Ca®'])) were
evaluated in most experiments using a fluorescent Ca?*-sensitive probe Fura-2 AM. In the case of simultaneous
registration of changes in [Na*]i and [Ca?*];, SBFI AM and Fluo-3 AM fluorescent probes were used. Changes in
[Ca#]i and [Na*]i in cells were expressed as 340/387 ratio for Fura-2 and SBFI or as AF/F, for Fluo-3. Neurons
were distinguished from glial cells by short-term application of KCI before or after experiments. The
visualization of neurons containing CP-AMPARs was performed by applying a selective agonist of AMPARS,
fluorowillardiine (FW), in the presence of an antagonist of GluK1-containing KARs, UBP 310, an antagonist of
NMDARs, D-AP5, and a blocker of voltage-dependent calcium channels, verapamil. Immunstaining with
antibodies against GABA and glutamatedecarboxylase 65/67 (a marker of GABAergic neurons) was used to
identify GABAergic and glutamatergic neurons.

It was found that the vast majority of CP-AMPAR neurons are GABAergic and they differ in higher
amplitudes of calcium responses to the application of agonists compared to neurons containing Ca®-
impermeable AMPAR receptors (CI-AMPAR neurons). In addition, about 30% of CP-AMPAR neurons



demonstrate the presence of GluK1-containing KARs. Also, neurons containing CP-AMPARs are characterized
by a more significant influx of Ca?* than CI-AMPAR neurons, while the AMPAR-mediated influx of Na* in
these two groups of neurons is similar. In addition, it was found that CP-AMPAR neurons exhibit weak
GABA(A)-receptor-mediated inhibition due to the small number of GABAergic synapses on the soma of these
cells. However, the data obtained show that weak GABA(A)-receptor-mediated inhibition is observed in all
GABAergic neurons in culture and cannot be considered a unique feature of neurons containing CP-AMPARS.
The proposed method of vital identification will contribute to expanding knowledge about the role of CP-

AMPA receptors and neurons expressing them in brain functioning.



