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AMPA-ðåöåïòîðû ðåãóëèðóþò ìåäèàòîðíóþ ôóíêöèþ íåéðîíîâ, ó÷àñòâóÿ â âîçáóæäà-
þùåé/òîðìîçíîé íåéðîòðàíñìèññèè, â ñèíàïòè÷åñêîé ïëàñòè÷íîñòè è êîãíèòèâíûõ ïðî-
öåññàõ. Ðàíåå íàøèìè ïîâåäåí÷åñêî-ôàðìàêîëîãè÷åñêèìè èññëåäîâàíèÿìè áûëî ïîêàçà-
íî, ÷òî â ãîëîâíîì ìîçãå ï÷åëû ïðèñóòñòâóþò ðåöåïòîðû, ñõîäíûå ñ AMPA-ðåöåïòîðàìè
ìëåêîïèòàþùèõ. Öåëüþ äàííîé ðàáîòû áûëî èçó÷èòü ðàñïðåäåëåíèå ñóáúåäèíèö GluR1 è
GluR2 AMPA-ïîäîáíûõ ðåöåïòîðîâ â ìîçãå ìåäîíîñíîé ï÷åëû. Ñ ïîìîùüþ èììóíîôëóî-
ðåñöåòíîãî îêðàøèâàíèÿ ñðåçîâ ìîçãà ï÷åëû âïåðâûå èçó÷åíî ðàñïðåäåëåíèå GluR1 è
GluR2. Ìàêñèìàëüíîå îêðàøèâàíèå èìåëî ìåñòî â íåéðîïèëå è íåéðîíàõ ãðèáîâèäíûõ
òåë, â îòäåëüíûõ íåéðîíàõ çðèòåëüíûõ è îáîíÿòåëüíûõ äîëåé. Òàêèì îáðàçîì, AMPA-ïî-
äîáíûå ðåöåïòîðû â ìîçãå ìåäîíîñíîé ï÷åëû ëîêàëèçîâàíû â ðåãèîíàõ ìîçãà, ñâÿçàííûõ ñ
îáðàáîòêîé ñåíñîðíîé èíôîðìàöèè è ôîðìèðîâàíèåì àññîöèàòèâíîé ïàìÿòè.

Êëþ÷åâûå ñëîâà: AMPA-ðåöåïòîðû, GluR1- è GluR2-ñóáúåäèíèöû, ìåäîíîñíàÿ ï÷åëà.
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AMPA receptors regulate neurotransmitter function by participating in excitatory / inhibitory
neurotransmission, in synaptic plasticity and cognitive processes. Previously, our behavioral and
pharmacological studies have shown that in the honeybrain there are receptors similar to AMPA
receptors in mammals. The purpose of this work was to research the distribution of subunits of
GluR1 and GluR2 AMPA-like receptors in the honeybee brain. Using the immunofluorescence
staining of the honeybee brain sections, the distribution of GluR1 and GluR2 was studied for the
first time. The maximum of staining took place in the neuropil and neurons of the mushroom bo-
dies, in the visual and olfactory lobes. Thus, AMPA-like receptors in the honeybee brain are loca-
lized in regions of the brain associated with the processing of sensory information and the forma-
tion of associative memory.

Key words: AMPA receptors, GluR1 and GluR2 subunits, honeybee.

RUSSIAN JOURNAL OF PHYSIOLOGY. V. 104. N 6. P. 654—658. 2018

Ñïîñîáíîñòü ê îáó÷åíèþ îáùåñòâåííûõ íàñåêîìûõ, â òîì ÷èñëå ìåäîíîñíîé
ï÷åëû, äîñòèãàåò âûñîêîé ñòåïåíè ñëîæíîñòè [2, 6, 8]. Ìåõàíèçìû, ëåæàùèå â
îñíîâå êîãíèòèâíîé äåÿòåëüíîñòè ìåäîíîñíîé ï÷åëû, àêòèâíî èçó÷àþòñÿ. Â ïî-
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ñëåäíèå äâà äåñÿòèëåòèÿ äîêàçàíî, ÷òî â ïðîöåññàõ àññîöèàòèâíîãî îáó÷åíèÿ
âàæíóþ ðîëü èãðàåò ãåòåðîãåííàÿ ïîïóëÿöèÿ ðåöåïòîðîâ ãëóòàìàòà — îñíîâíîãî
âîçáóæäàþùåãî ìåäèàòîðà â ÖÍÑ ïîçâîíî÷íûõ [10] è áåñïîçâîíî÷íûõ æèâîò-
íûõ, â ÷àñòíîñòè ìåäîíîñíîé ï÷åëû [5].

Îñîáîå ìåñòî â ýòèõ ïðîöåññàõ çàíèìàþò èîíîòðîïíûå ðåöåïòîðû ãëóòàìàòà
AMPA-ïîäòèïà, øèðîêî ýêñïðåññèðóþùèåñÿ â ÖÍÑ ïîçâîíî÷íûõ æèâîòíûõ.
Ãëóòàìàòíûå èîíîòðîïíûå AMPA-ðåöåïòîðû õàðàêòåðèçóþòñÿ ôàçíûì äåéñòâèåì è
îáåñïå÷èâàþò áûñòðóþ äåïîëÿðèçàöèþ ìåìáðàí, ó÷àñòâóÿ â ïðîöåññàõ íåéðî-
òðàíñìèññèè è âíóòðèêëåòî÷íîé ñèãíàëèçàöèè. Êàíàëû âñåõ AMPA-ðåöåïòîðîâ
ïðîíèöàåìû äëÿ èîíîâ Na+ è K+, íåêîòîðûõ — äëÿ Ca2+. AMPA-ðåöåïòîðû ðåãó-
ëèðóþò ìåäèàòîðíóþ ôóíêöèþ íåéðîíîâ, ó÷àñòâóÿ â âîçáóæäàþùåé/òîðìîçíîé
íåéðîòðàíñìèññèè, â ñèíàïòè÷åñêîé ïëàñòè÷íîñòè è êîãíèòèâíûõ ïðîöåññàõ.

AMPA-ðåöåïòîðû ïîçâîíî÷íûõ — òåòðàìåðû — ñîäåðæàò ñóáúåäèíèöû
GluR1—GluR4 â ðàçíîì ñîîòíîøåíèè. Êàæäàÿ ñóáúåäèíèöà êîäèðóåòñÿ îòäåëü-
íûì ãåíîì. Ðàçíîîáðàçèå âàðèàíòîâ áåëêîâûõ ñóáúåäèíèö óâåëè÷èâàåòñÿ çà ñ÷åò
ñïëàéñ-âàðèàíòîâ, ðåäàêòèðîâàíèÿ ìÐÍÊ è ïîñòòðàíñëÿöèîííûõ ìîäèôèêàöèé
[9]. Áîëüøèíñòâî íåéðîíàëüíûõ AMPA-ðåöåïòîðîâ ìëåêîïèòàþùèõ ñîäåðæèò
GluR1- è GluR2-ñóáúåäèíèöû. Íàðóøåíèå ýêñïðåññèè, ëîêàëèçàöèè è ôóíêöèè
óêàçàííûõ ñóáúåäèíèö íàáëþäàåòñÿ ïðè ìíîãèõ íåðâíûõ çàáîëåâàíèÿõ [10].

Ñâåäåíèÿ îá îñîáåííîñòÿõ ôóíêöèîíèðîâàíèÿ è ýêñïðåññèè AMPA-ïîäîáíûõ
ðåöåïòîðîâ ó áåñïîçâîíî÷íûõ æèâîòíûõ çíà÷èòåëüíî ñêðîìíåå. Â ãåíîìàõ áåñ-
ïîçâîíî÷íûõ íàéäåíû íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè, ãîìîëîãè÷íûå ïîñëå-
äîâàòåëüíîñòÿì, êîäèðóþùèì ñóáúåäèíèöû AMPA-ðåöåïòîðîâ ïîçâîíî÷íûõ.
Â íàøèõ èññëåäîâàíèÿõ [4], ïðîâåäåííûõ ñ èñïîëüçîâàíèåì ìåòîäà óñëîâíûõ
ðåôëåêñîâ, âûÿâëåíî ñõîäñòâî ôàðìàêîëîãè÷åñêèõ õàðàêòåðèñòèê GluR2-ðåöåï-
òîðîâ ìåäîíîñíîé ï÷åëû ñ ïîçâîíî÷íûìè æèâîòíûìè. Ïîêàçàíî ó÷àñòèå öåíò-
ðàëüíûõ ÀÌÐÀ-ïîäîáíûõ ðåöåïòîðîâ â àññîöèàòèâíîì îáó÷åíèè ìåäîíîñíîé
ï÷åëû ïðè îäíîêðàòíîé ïðîöåäóðå îáó÷åíèÿ [3], à òàêæå ñõîäíàÿ ñ ìëåêîïèòàþ-
ùèìè êî-àêòèâàöèÿ ðåöåïòîðîâ âîçáóæäàþùèõ àìèíîêèñëîò ÀÌÐÀ- è NMDA-
ïîäòèïîâ, íåîáõîäèìàÿ äëÿ ôîðìèðîâàíèÿ êðàòêîâðåìåííîé ïàìÿòè [5].

Ëîêàëèçàöèÿ ÀÌÐÀ-ïîäîáíûõ ðåöåïòîðîâ è îñîáåííîñòè ýêñïðåññèè îòäåëü-
íûõ ñóáúåäèíèö â ìîçãå íàñåêîìûõ ðàíåå íå èçó÷àëèñü. Â ñâÿçè ñ ýòèì â äàííîé
ðàáîòå ìû èññëåäîâàëè ðàñïðåäåëåíèå GluR1- è GluR2-ñóáúåäèíèö â ìîçãå ìåäî-
íîñíîé ï÷åëû.

ÌÅÒÎÄÈÊÀ

Ðàáîòà âûïîëíåíà íà ðàáî÷èõ îñîáÿõ ìåäîíîñíîé ï÷åëû Apis mellifera êàðïàò-
ñêîé ðàñû.

Èììóíîãèñòîõèìèÿ. Íàñåêîìûõ ïîäâåðãàëè õîëîäîâîìó íàðêîçó. Îõëàæäåí-
íûì ï÷åëàì âñêðûâàëè ãîëîâíóþ êàïñóëó è âûäåëÿëè ìîçã. Ôèêñèðîâàëè â çàáó-
ôåðåííîì ðàñòâîðå ïàðàôîðìàëüäåãèäà (4 %) 4 ÷. Îáåçâîæèâàëè ïðåïàðàòû â
ñïèðòàõ (40, 70, 96 è 100 %) ïî 30 ìèí â êàæäîì. Äàëåå ïîìåùàëè â ìåòèëáåí-
çîàò (1 ÷), ïîñëå ÷åãî â ìåòèëáåíçîàò/ïàðàôèí (50:50) (1 ÷). Ïàðàôèíèçèðîâàëè
ïðåïàðàòû â òå÷åíèå 3 ÷ ïðè 65 °C è çàëèâàëè â ïàðàôèíîâûå áëîêè. Èç áëîêîâ
ãîòîâèëè ñðåçû (7 ìêì). Ñðåçû äåïàðàôèíèçèðîâàëè è ðåãèäðàòèðîâàëè (êñèëîë,
ñïèðòû — 100, 96, 70 è 40 %) ïî 15 ìèí â êàæäîì ðåàãåíòå. Äåìàñêèðîâêó àíòè-
ãåíîâ ïðîâîäèëè â öèòðàòíîì áóôåðå (ðÍ 6) â ìèêðîâîëíîâîé ïå÷è (ïðè ìîùíî-
ñòè 400 W 2 ðàçà ïî 5 ìèí). Ïðåïàðàòû îáðàáàòûâàëè 30 ìèí â 0.3%-íîé Í2Î2
äëÿ ïîäàâëåíèÿ àóòîôëóîðåñöåíöèè íåðâíîé òêàíè íàñåêîìûõ â çåëåíîé ÷àñòè
ñïåêòðà. Èíêóáèðîâàëè ñ íîðìàëüíîé áëîêèðóþùåé ñûâîðîòêîé êîçû (2.5 %
Normal Goat Serum, ready-to-use, Vector) 1 ÷ ïðè 25 °Ñ. Ïðîâîäèëè 2 îòäåëüíûå
èììóííûå ðåàêöèè (ñïåöèôè÷íîñòü àíòèòåë ïðåäâàðèòåëüíî ïðîâåðÿëè ñ ïîìî-
ùüþ âåñòåðí-áëîòòèíãà): 1) ñ ïåðâè÷íûìè àíòèòåëàìè êðîëèêà ê GluR1 (ðàçâåäå-
íèå 1:300 â ôîñôàòíîì áóôåðå, ñîäåðæàùåì 0.1 % Triton Õ-100, AMPA Receptor



(GluA) Antibody Sampler Kit, Cell Signaling); 2) GluR2 (êðîëèê, ðàçâåäåíèå 1:300,
â ôîñôàòíîì áóôåðå, ñîäåðæàùåì 0.1 % Triton Õ-100, AMPA Receptor (GluA)
Antibody Sampler Kit, Cell Signaling) â òå÷åíèå íî÷è ïðè 4 °Ñ. Èíêóáàöèþ ñ âòî-
ðè÷íûìè àíòèòåëàìè êîçû, êîíúþãèðîâàííûìè ñ ôëóîðåñöåèíîì (Santa Cruz,
ðàçâåäåíèå 1:1000 â ôîñôàòíîì áóôåðå, ñîäåðæàùåì 0.1 % Triton Õ-100), ïðîâî-
äèëè 1 ÷ ïðè 25 °Ñ. Çàêëþ÷àëè ïðåïàðàòû â ñðåäó Vectashild (Vector). Ñòàâèëè
îòðèöàòåëüíûå êîíòðîëè áåç ïåðâè÷íûõ è âòîðè÷íûõ àíòèòåë. Âñå ïðîìûâêè
îñóùåñòâëÿëè ôîñôàòíûì áóôåðîì. Ïîëó÷åííûå ïðåïàðàòû àíàëèçèðîâàëè ñ ïî-
ìîùüþ ëàçåðíîãî ñêàíèðóþùåãî ìèêðîñêîïà LSM 710 (Carl Zeiss) — ñïåêòð âîç-
áóæäåíèÿ 487—495 íì — è ñ ïðîãðàììíûì îáåñïå÷åíèåì ïðîèçâîäèòåëÿ.

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈß È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Ñ ïîìîùüþ èììóíîôëóîðåñöåòíîãî îêðàøèâàíèÿ ñðåçîâ ìîçãà ï÷åëû âïåð-
âûå áûë âûÿâëåí õàðàêòåð ðàñïðåäåëåíèÿ GluR1- è GluR2-ñóáúåäèíèö (ðèñ. 1
è 2 ñîîòâåòñòâåííî). Î ïðèñóòñòâèè GluR1- è GluR2-ñóáúåäèíèö ÀÌÐÀ-ïîäîá-
íûõ ðåöåïòîðîâ â ìîçãå ìåäîíîñíîé ï÷åëû ñóäèëè ïî íàëè÷èþ îêðàøèâàíèÿ íà
ñðåçàõ.

Äàííûå ñóáúåäèíèöû ëîêàëèçîâàíû ñõîäíûì îáðàçîì. Îêðàøèâàíèå íàáëþ-
äàëè êàê â íåéðîïèëå, òàê è â íåéðîíàëüíûõ îáëàñòÿõ. Èíòåíñèâíîå îêðàøèâà-
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Ðèñ. 1. Ðàñïðåäåëåíèå GluR1 ñóáúåäèíèöû ÀÌÐÀ-ïîäîáíûõ ðåöåïòîðîâ â ìîçãå ìåäîíîñ-
íîé ï÷åëû: à — öåíòðàëüíûé íåéðîïèëü (ÖÍ), ãðèáîâèäíûå òåëà (ÃÒ) çðèòåëüíûå äîëè

(ÇÄ); á — îáîíÿòåëüíûå äîëè (ÎÄ).
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íèå èìåëî ìåñòî: 1) â ÷àøå÷êàõ è íåéðîíàõ ãðèáîâèäíûõ òåë (ðèñ. 1, à; 2, à) —
ïàðíîé ñòðóêòóðå, îòâå÷àþùåé ó íàñåêîìûõ çà ôîðìèðîâàíèå è õðàíåíèå àññî-
öèàòèâíîé ïàìÿòè, 2) â íåéðîïèëå è îòäåëüíûõ íåéðîíàõ çðèòåëüíûõ (ðèñ. 1, à;
2, à) è îáîíÿòåëüíûõ äîëåé (ðèñ. 1, á; 2, á).

Èíòåðåñíî îòìåòèòü, ÷òî ïîõîæåå ðàñïðåäåëåíèå â ìîçãå ï÷åëû èìååò è
NMDA-ïîäîáíûé ðåöåïòîð ãëóòàìàòà: èììóíîïîçèòèâíûìè ÿâëÿþòñÿ íåéðîíû
ãðèáîâèäíûõ òåë, çðèòåëüíûå è îáîíÿòåëüíûå äîëè [1]. Èçâåñòíî, ÷òî îáîíÿòåëü-
íûå äîëè âìåñòå ñ ãðèáîâèäíûìè òåëàìè ñîñòàâëÿþò ìîðôîëîãè÷åñêèé ñóáñòðàò
îáîíÿòåëüíîé ïàìÿòè ó ï÷åëû [7]. Âûñîêàÿ ýêñïðåññèÿ ãëóòàìàòíûõ èîíîòðîï-
íûõ ðåöåïòîðîâ â çðèòåëüíûõ äîëÿõ, ïî-âèäèìîìó, ñâÿçàíà ñ èíòåíñèâíîé îáðà-
áîòêîé èíôîðìàöèè â ýòîé çîíå.

Â ñîâîêóïíîñòè ñ ðàíåå ïîëó÷åííûìè äàííûå íàñòîÿùèå ñâèäåòåëüñòâóþò î
ïðèñóòñòâèè â ãîëîâíîì ìîçãå ìåäîíîñíîé ï÷åëû AMPA-ïîäîáíûõ ðåöåïòîðîâ,
ñîäåðæàùèõ GluR1- è GluR-2 ñóáúåäèíèöû. Òàêèì îáðàçîì, AMPA-ïîäîáíûå
ðåöåïòîðû ï÷åëû ëîêàëèçîâàíû â ðåãèîíàõ ìîçãà, ñâÿçàííûõ ñ îáðàáîòêîé ñåí-
ñîðíîé èíôîðìàöèè è ôîðìèðîâàíèåì àññîöèàòèâíîé ïàìÿòè.

Ðèñ. 2. Ðàñïðåäåëåíèå GluR2 ñóáúåäèíèöû ÀÌÐÀ-ïîäîáíûõ ðåöåïòîðîâ â ìîçãå ìåäîíîñ-
íîé ï÷åëû: à — ÖÍ, ÃÒ, ÇÄ; á — îáîíÿòåëüíûå äîëè (ÎÄ).
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