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Ñ ïîìîùüþ ýëåêòðîííîé ìèêðîñêîïèè, íåïðÿìîé èììóíîôëóîðåñöåíöèè è êîíôîêàëüíîé ëàçåðíîé
ñêàíèðóþùåé ìèêðîñêîïèè èññëåäîâàíû îñîáåííîñòè îðãàíèçàöèè è ìîëåêóëÿðíîãî ñîñòàâà ÿäðûøåê èç
ÿäåð îîöèòîâ, íàõîäÿùèõñÿ â ðàñòóùèõ ìíîãîñëîéíûõ ôîëëèêóëàõ ìûøè. Õàðàêòåðíîé îñîáåííîñòüþ
òàêèõ ÿäðûøåê ÿâëÿåòñÿ îòñóòñòâèå ïðàêòè÷åñêè âñåõ åãî êëàññè÷åñêèõ êîìïîíåíòîâ — ôèáðèëëÿðíûõ
öåíòðîâ, ïëîòíîãî ôèáðèëëÿðíîãî è ãðàíóëÿðíîãî êîìïîíåíòîâ. ßäðûøêî ñîñòîèò èñêëþ÷èòåëüíî èç ãî-
ìîãåííîãî ôèëàìåíòíîãî ìàòåðèàëà, ïðîíèçàííîãî èíòåðñòèöèÿìè. Ïîëó÷åíû äàííûå îá àññîöèàöèè ñ
ÿäðûøêîì êîèëèíà — ìàðêåðíîãî áåëêà òåëåö Êàõàëà. Áûëî îáíàðóæåíî, ÷òî êîèëèí â ðàéîíå ÿäðûøêà
íàêàïëèâàåòñÿ â òðåõ ðàçëè÷íûõ ïîçèöèÿõ: âîêðóã ÿäðûøêà, â ïåðèôåðè÷åñêèõ çîíàõ èëè âíóòðè ÿäðûø-
êà. Ïðîàíàëèçèðîâàíà âçàèìîñâÿçü ìåæäó êîèëèíîì è äâóìÿ êëþ÷åâûìè ÿäðûøêîâûìè áåëêàìè, ïðèíè-
ìàþùèìè ó÷àñòèå â îðãàíèçàöèè òðàíñêðèïöèè è ïðîöåññèíãà ðèáîñîìíîé ÐÍÊ, — ÐÍÊ-ïîëèìåðàçîé I
è ôèáðèëëàðèíîì. Ïîêàçàíî, ÷òî â îòëè÷èå îò ôèáðèëëàðèíà ÐÍÊ-ïîëèìåðàçà I êîëîêàëèçóåòñÿ ñ êîèëè-
íîì. Íà îñíîâàíèè äàííûõ î äèíàìè÷åñêèõ âçàèìîîòíîøåíèÿõ êîèëèíà ñ ÿäðûøêîì ïðåäïîëàãàåòñÿ âîç-
ìîæíàÿ ðîëü êîèëèíà â îñóùåñòâëåíèè ôóíêöèîíàëüíîé âçàèìîñâÿçè ìåæäó òåëüöåì Êàõàëà è ÿäðûø-
êîì.

Ê ë þ ÷ å â û å ñ ë î â à: îîöèòû ìûøè, ÿäðûøêî, ÿäðûøêîâûå áåëêè, êîèëèí, íåïðÿìàÿ èììóíîôëóî-
ðåñöåíöèÿ.

Ï ð è í ÿ ò û å ñ î ê ð à ù å í è ÿ: ÀÒ — àíòèòåëà, ïîë I — ÐÍÊ-ïîëèìåðàçà I, ÒÊ — òåëüöå Êàõàëà,
ßÏÒ — ÿäðûøêîïîäîáíîå òåëî.

Èçâåñòíî, ÷òî ïðè ïðîõîæäåíèè ñòàäèè I ìåéîòè÷å-
ñêîãî äåëåíèÿ â ÿäðàõ îîöèòîâ ìëåêîïèòàþùèõ ïðîèñõî-
äèò ïîñòåïåííîå çàòóõàíèå ñèíòåòè÷åñêèõ ïðîöåññîâ.
Ìîðôîëîãè÷åñêèì îòðàæåíèåì ïàäåíèÿ òðàíñêðèïöèîí-
íîé àêòèâíîñòè ðèáîñîìíîé ÐÍÊ (ðÐÍÊ) ÿâëÿåòñÿ êà÷å-
ñòâåííàÿ ðåîðãàíèçàöèÿ ÿäðûøêà. Â ñâîåì ðàçâèòèè
ôîëëèêóëû ìëåêîïèòàþùèõ ïðîõîäÿò äâå ôàçû: ïåðâàÿ
ôàçà, èëè ïåðèîä ìàëîãî ðîñòà, õàðàêòåðèçóåòñÿ çíà÷èòå-
ëüíûì óâåëè÷åíèåì ðàçìåðîâ îîöèòà è ñîïðîâîæäàåòñÿ
íàðàñòàíèåì ñëîåâ ôîëëèêóëÿðíûõ êëåòîê. Â òå÷åíèå
âòîðîé ôàçû, èëè ïåðèîäà áîëüøîãî ðîñòà, ðàñòåò òîëüêî
ôîëëèêóë çà ñ÷åò ôîðìèðîâàíèÿ îáøèðíîé ïîëîñòè. Äî
îáðàçîâàíèÿ àíòðóìà îîöèò àêòèâíî ðàñòåò, è ýòîò ïðîöåññ
ñîïðîâîæäàåòñÿ èíòåíñèâíûì ñèíòåçîì ÐÍÊ. Óðîâåíü
ñèíòåçà ñóììàðíîé ÐÍÊ (èíôîðìàöèîííîé ÐÍÊ (èÐÍÊ)
è ðÐÍÊ) ðåçêî âîçðàñòàåò â îäíî-äâóõñëîéíûõ ôîëëèêó-
ëàõ è ïîääåðæèâàåòñÿ íà âûñîêîì óðîâíå â ìíîãîñëîéíûõ
ôîëëèêóëàõ (Çûáèíà, 1971; Moore et al., 1974; Kaplan et al.,
1982). Ñ íà÷àëîì ôîðìèðîâàíèÿ àíòðàëüíîé ïîëîñòè ïðå-
êðàùàåòñÿ ðîñò îîöèòà, è ñèòóàöèÿ â ÿäðå ðåçêî ìåíÿåòñÿ.

Ïàäåíèå óðîâíÿ òðàíñêðèïöèè âïåðâûå îòìå÷àåòñÿ â
ÿäðàõ îîöèòîâ èç ìíîãîñëîéíûõ ôîëëèêóëîâ ñ ñàìûìè
íà÷àëüíûìè ïðèçíàêàìè ôîðìèðîâàíèÿ àíòðóìà. Ñèíòåç
èÐÍÊ ïðàêòè÷åñêè çàòóõàåò, ñîõðàíÿÿñü íà íåêîòîðîì
ôîíîâîì óðîâíå, íåîáõîäèìîì äëÿ ïîääåðæàíèÿ æèçíå-
äåÿòåëüíîñòè êëåòêè (Moore et al., 1974). Ïîñòåïåííîå
óìåíüøåíèå èíòåíñèâíîñòè òðàíñêðèïöèè ðÐÍÊ îòðàæà-

åòñÿ â ñåðèè òðàíñôîðìàöèé ÿäðûøêà — îäíîé èç íàèáî-
ëåå ðåàêòèâíûõ îðãàíåëë ÿäðà. Ðåòèêóëÿðíîå, èëè íó-
êëåîëîíåìíîå, ÿäðûøêî òåðÿåò âñå ñâîè êëàññè÷åñêèå
êîìïîíåíòû è ïðåîáðàçóåòñÿ â êðóïíîå îêðóãëîå îáðàçî-
âàíèå çðåëûõ ïðåîâóëÿòîðíûõ îîöèòîâ (Chouinard, 1971;
Mirre, Stahl, 1981; Çûáèíà, Çûáèíà, 1992). Ýòà ñòðóêòóðà,
ïîëó÷èâøàÿ íàçâàíèå ÿäðûøêîïîäîáíîå òåëî (ßÏÒ), ñî-
ñòîèò èç ïëîòíî óïàêîâàííûõ ôèáðèëë äèàìåòðîì
6—10 íì (Tesarik et al., 1984; Kopeèny et al., 1995). Ïîêà-
çàíî, ÷òî íà ïåðâûõ ýòàïàõ òðàíñôîðìàöèè âíóòðè ÿä-
ðûøêà îáíàðóæèâàþòñÿ ìåëêèå ñôåðè÷åñêèå çîíû ãîìî-
ãåííîãî òîíêîôèáðèëëÿðíîãî ìàòåðèàëà, ïîëó÷èâøèå
íàçâàíèå ñôåðóë. Â ïðîöåññå ôîðìèðîâàíèÿ ìíîãîñëîé-
íîãî ôîëëèêóëà ïðîèñõîäèò óâåëè÷åíèå ïëîùàäè ñôå-
ðóë. Ê ìîìåíòó îáðàçîâàíèÿ àíòðóìà âñå òèïè÷íûå ÿä-
ðûøêîâûå êîìïîíåíòû çàìåùàþòñÿ òîíêîôèáðèëëÿð-
íûì ìàòåðèàëîì, êîòîðûé, êîíäåíñèðóÿñü, ôîðìèðóåò
ïëîòíîå êîìïàêòíîå ßÏÒ (Crozet et al., 1981; Takeuchi,
1984; Antoine et al., 1987).

Ïîäîáíûå èçìåíåíèÿ îðãàíèçàöèè ÿäðûøêà îîöèòîâ
õàðàêòåðíû äëÿ ìíîãèõ ìëåêîïèòàþùèõ, âêëþ÷àÿ ÷åëî-
âåêà (Palombi et al., 1974; Crozet et al., 1981, 1986; Çûáèíà
è äð., 1984; Takeuchi, 1984; Antoine et al., 1987, 1988; Par-
fenov et al., 1989). Ïðèðîäà ìàòåðèàëà ßÏÒ äî ñèõ ïîð íå
óñòàíîâëåíà, îäíàêî â åãî ñîñòàâå áûë îáíàðóæåí êîè-
ëèí — êëþ÷åâîé áåëîê ÒÊ (Kopeèny et al., 1996; Parfenov
et al., 1998, 2003). Ó÷èòûâàÿ óáåäèòåëüíî äîêóìåíòèðî-
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âàííóþ ïðååìñòâåííîñòü ìàòåðèàëà ßÏÒ è ñôåðóë ÿä-
ðûøêà îîöèòîâ ìëåêîïèòàþùèõ (Takeuchi, 1984; Antoine
et al., 1987), âåñüìà àêòóàëüíûìè ïðåäñòàâëÿþòñÿ èññëå-
äîâàíèÿ ïî âûÿâëåíèþ êîèëèíà â ñîñòàâå ÿäðûøåê íà
ðàçëè÷íûõ ýòàïàõ èõ ýâîëþöèè â îîãåíåçå.

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû äàííûå ïî íàëè-
÷èþ êîèëèíà â ÿäðûøêå îîöèòà ìûøè, ïðåêðàòèâøåãî
ñâîé ðîñò. Ñ ïîìîùüþ êîíôîêàëüíîé ëàçåðíîé ñêàíèðó-
þùåé ìèêðîñêîïèè ïîêàçàíà ëîêàëèçàöèÿ êîèëèíà îòíî-
ñèòåëüíî âåäóùåãî êîìïîíåíòà òðàíñêðèïöèè ðÄÍÊ —
ÐÍÊ-ïîëèìåðàçû I (ïîë I) è êëþ÷åâîãî áåëêà ïðîöåññèí-
ãà ðÐÍÊ — ôèáðèëëàðèíà.

Ìàòåðèàë è ìåòîäèêà

Îáúåêòîì èññëåäîâàíèÿ ñëóæèëè ÿäðà îîöèòîâ èç
ìíîãîñëîéíûõ ôîëëèêóëîâ ïîëîâîçðåëûõ ìûøåé ëèíèè
Balb/C (â âîçðàñòå 21 ñóò ïîñòíàòàëüíîãî ðàçâèòèÿ).

Äëÿ íåïðÿìîé èììóíîôëóîðåñöåíòíîé ìèêðîñêîïèè
áûëè ïðèãîòîâëåíû äàâëåíûå ïðåïàðàòû îîöèòîâ (Hulse-
bos et al., 1984), à òàêæå òîòàëüíûå ïðåïàðàòû öåëûõ
ôîëëèêóëîâ ïî ìåòîäèêå, îïèñàííîé â ðàáîòå Çàöåïèíîé
ñ ñîàâòîðàìè (Zatsepina et al., 2000). Ôîëëèêóëû âûäåëÿ-
ëè èç ÿè÷íèêà â ðàñòâîðå 4%-íîãî ïàðàôîðìàëüäåãèäà
(Ted Pella, Inc., ÑØÀ), ïðèãîòîâëåííîãî íà îäíîêðàò-
íîì (1�) ôîñôàòíî-ñîëåâîì áóôåðíîì ðàñòâîðå (PBS).
Ôèêñèðîâàííûå â òå÷åíèå 20 ìèí—1 ÷ îáðàçöû îòìûâà-
ëè â 1� PBS 3 ðàçà ïî 5—10 ìèí. Çàòåì ôîëëèêóëû
5—10 ìèí îáðàáàòûâàëè â 0.1%-íîì ðàñòâîðå Triton
X-100 (Pharmacia Biotech, Øâåöèÿ), îòìûâàëè â 1� PBS
è ïåðåíîñèëè íà ïîêðîâíûå ñòåêëà. Îêðàñêó ïåðâûìè àí-
òèòåëàìè (ÀÒ) ïðîâîäèëè â êàïëÿõ íà ïîêðîâíûõ ñòåê-
ëàõ âî âëàæíîé êàìåðå â òå÷åíèå íî÷è ïðè 4° C. Äëÿ
äâîéíîãî îêðàøèâàíèÿ ïðåïàðàòû èíêóáèðîâàëè â ñìåñè
ïåðâûõ ÀÒ. Èñïîëüçóåìûå â ðàáîòå ïåðâûå ÀÒ è âûÿâëÿ-
åìûå àíòèãåíû ïðåäñòàâëåíû â òàáëèöå.

Â êà÷åñòâå âòîðûõ ÀÒ èñïîëüçîâàëè êîçüè èëè êðî-
ëè÷üè èììóíîãëîáóëèíû, êîíúþãèðîâàííûå ñ ôëóîðåñ-
öåíòíûì êðàñèòåëåì FITC èëè Texas-red. Ïåðåä îêðàñ-

êîé âòîðûìè ÀÒ ïðåïàðàòû îòìûâàëè â 1� PBS; îêðàñêó
ïðîâîäèëè â òå÷åíèå 1.5 ÷ ïðè êîìíàòíîé òåìïåðàòóðå
âî âëàæíîé êàìåðå. Ïðè äâîéíîì îêðàøèâàíèè îáðàáîò-
êó ïðåïàðàòîâ ïðîâîäèëè â ñìåñè âòîðûõ ÀÒ. Çàòåì ïðå-
ïàðàòû ïðîìûâàëè â 1� PBS è îêðàøèâàëè TO-Pro-3 â
ðàçâåäåíèè 1 : 1000 (Molecular Probes, Inc.) â òå÷åíèå
1 ìèí äëÿ âûÿâëåíèÿ ÄÍÊ, ïðîìûâàëè 1� PBS è çàêëþ-
÷àëè â ñðåäó Vectashield® (Vector Laboratories, Inc.) ëèáî
çàêëþ÷àëè â 50%-íûé ãëèöåðèí, ñîäåðæàùèé 1 ìã/ìë ïà-
ðàôåíèëåíäèàìèíà (Sigma, ÑØÀ) è 0.5 ìêã/ìë 4�, 6-äèà-
ìèäèíîâî-2-ôåíèëèíäîë (DAPI; Sigma, ÑØÀ), äëÿ âûÿâ-
ëåíèÿ ÄÍÊ.

Ïðåïàðàòû ïðîñìàòðèâàëè ñ ïîìîùüþ ëþìèíåñöåí-
òíîãî ìèêðîñêîïà Axioskop (Karl Zeiss) è êîíôîêàëüíîãî
ìèêðîñêîïà Leica TCS SL.

Äëÿ óëüòðàñòðóêòóðíîãî àíàëèçà ÿäåð îîöèòîâ ôèê-
ñàöèþ è çàëèâêó ìàòåðèàëà ïðîâîäèëè ïî îïèñàííîé ðà-
íåå ìåòîäèêå (Parfenov et al., 1989). Ñåðèéíûå ñðåçû áû-
ëè ïîëó÷åíû ñ ïîìîùüþ óëüòðàìèêðîòîìà Reichert. Ñðåçû
êîíòðàñòèðîâàëè 1%-íûì ðàñòâîðîì óðàíèë-àöåòàòà è
4%-íûì ðàñòâîðîì öèòðàòà ñâèíöà. Óëüòðàòîíêèå ñðåçû
èññëåäîâàëè ñ ïîìîùüþ ýëåêòðîííîãî ìèêðîñêîïà
JEM 7A ïðè 80 êÂ.

Ðåçóëüòàòû

ßäðà îîöèòîâ ìûøè èç ìíîãîñëîéíûõ ôîëëèêóëîâ ñ
ôîðìèðóþùèìñÿ àíòðóìîì ñîäåðæàò îäíî, â ðåäêèõ ñëó-
÷àÿõ äâà êðóïíûõ (äèàìåòðîì äî 4 ìêì) âàêóîëèçèðîâàí-
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Èñïîëüçóåìûå â ðàáîòå ïåðâûå àíòèòåëà
è âûÿâëÿåìûå àíòèãåíû

Àíòèòåëà
Âûÿâëÿåìûå

àíòèãåíû
Ëèòåðàòóðíûé

èñòî÷íèê

17c12 Ôèáðèëëàðèí Ochs et al., 1985

a-RNA pol I ÐÍÊ-ïîëèìåðàçà I Ochs et al., 1994

R288 Êîèëèí Andrade et al., 1993

Ðèñ. 1. Îðãàíèçàöèÿ ìíîãîñëîéíîãî ôîëëèêóëà ìûøè.

à — ìíîãîñëîéíûé ôîëëèêóë ñ çà÷àòêàìè àíòðàëüíîé ïîëîñòè; á — â ìíîãîñëîéíîì ôîëëèêóëå âèäíû ïîëîñòè ðàçâèâàþùåãîñÿ àíòðóìà. Â ÿäðå îîöè-
òà âûäåëÿþòñÿ îäíî èëè äâà êðóïíûõ ÿäðûøêà. ãê — êëåòêè ãðàíóëåçû, ôê — ôîëëèêóëÿðíûå êëåòêè, àï — àíòðàëüíàÿ ïîëîñòü, zp — zona pellucida,

îî — îîöèò, ÿ — ÿäðî îîöèòà, ÿäð — ÿäðûøêî. Ïîëóòîíêèå ñðåçû, îêðàñêà òîëóèäèíîâûì ñèíèì. Îá. 40�, îê. 10�.

Fig. 1. Organization of a plurilaminar mouse follicle.

à, á — follicles with a developing antrum, 1 (à) or 2 (á) nucleoli are available in oocyte nuclei. àï — antrum, ãê — granuleza cells, îî — oocyte, ôê — follicular
cells, zp — zona pellucida, ÿ — nucleus, ÿäð — nucleolus. Ob. 40�, oc. 10�.



íûõ ÿäðûøêà, êîòîðûå èìåþò ïðàâèëüíóþ ñôåðè÷åñêóþ
ôîðìó (ðèñ. 1, à, á). Õðîìàòèí ïîñëå îêðàñêè íà ÄÍÊ âû-
ÿâëÿåòñÿ â âèäå ÿðêîé ñâåòÿùåéñÿ ñåòè ñ íåñêîëüêèìè
êðóïíûìè õðîìîöåíòðàìè, ÷àñòü êîòîðûõ êîíòàêòèðóåò
ñ ÿäðûøêîì (ðèñ. 2, à, á). Íà óëüòðàòîíêîì óðîâíå âèä-
íî, ÷òî ÿäðûøêî ñîñòîèò èç ãîìîãåííûõ ôèáðèëë äèà-
ìåòðîì 6—10 íì è çàïîëíåíî áîëüøèì êîëè÷åñòâîì âà-
êóîëåé èëè òàê íàçûâàåìûõ ÿäðûøêîâûõ èíòåðñòèöèé
(Chouinard , 1971) ðàçíîîáðàçíîãî ðàçìåðà (ðèñ. 3, à). Õà-

ðàêòåðíîé îñîáåííîñòüþ ìîðôîëîãèè òàêîãî ÿäðûøêà
ÿâëÿåòñÿ íàëè÷èå â åãî ñîñòàâå íåñêîëüêèõ îêðóãëûõ çîí,
ñîñòîÿùèõ òàêæå èç òîíêèõ ôèáðèëë, êîòîðûå õàðàêòå-
ðèçóþòñÿ ìåíüøèì äèàìåòðîì (4—6 íì) è ìåíåå ïëîò-
íîé óïàêîâêîé (ðèñ. 3, á). Â íàñòîÿùåé ðàáîòå äëÿ îáî-
çíà÷åíèÿ ýòèõ ñòðóêòóð ìû èñïîëüçóåì òåðìèí «ñôåðó-
ëû». Áëèçëåæàùèå âàêóîëè, ïðèìûêàÿ ê ñôåðóëàì,
ïîçâîëÿþò àáñîëþòíî ÷åòêî ðàçëè÷èòü äâà ìàòåðèàëà,
ñîñòàâëÿþùèõ ÿäðûøêî. Ðàçìåðû, êîëè÷åñòâî è ðàñïî-
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Ðèñ. 2. Îáùèé âèä ÿäåð îîöèòîâ èç ìíîãîñëîéíîãî ôîëëèêóëà ìûøè (à, á).

Õðîìàòèí îðãàíèçîâàí â âèäå òîíêîé ñåòè, ñ ÿäðûøêàìè ñâÿçàíû êðóïíûå áëîêè ãåòåðîõðîìàòèíà. Îêðàñêà To-Pro-3. ÿ — ÿäðî îîöèòà, ÿäð — ÿäðûø-
êî, õð — õðîìîöåíòðû. Îá. 40�, îê. 10�.

Fig. 2. General view of oocyte nuclei from plurilaminar follicles (à, á).

Chromatin is organized as a network; large chromatin blocks (chromocentres) are connected with nucleoli. DNA staining with To-Pro-3. xp — chromatin blocks.
Other designations are the same as in Fig. 1. Ob. 40�, oc. 10�.

Ðèñ. 3. Óëüòðàñòðóêòóðíàÿ îðãàíèçàöèÿ ÿäðûøêà îîöèòà èç ìíîãîñëîéíîãî ôîëëèêóëà ìûøè.

à — ÿäðûøêî ìûøè èç ìíîãîñëîéíîãî ôîëëèêóëà áåç àíòðóìà ïðîíèçàíî ìíîãî÷èñëåííûìè èíòåðñòèöèÿìè; á — ÿäðûøêî îîöèòà ìûøè èç ìíîãî-
ñëîéíîãî ôîëëèêóëà ñ ðàçâèâàþùèìñÿ àíòðóìîì. Èíòåðñòèöèè ïðèîáðåòàþò ïðàâèëüíóþ îêðóãëóþ ôîðìó. Â öåíòðå ÿäðûøêà âèäíà îäíà êðóïíàÿ
ñôåðóëà. Îñíîâíîé ìàòåðèàë ÿäðûøêà óïëîòíÿåòñÿ âñëåäñòâèå êîíäåíñàöèè ñîñòàâëÿþùèõ åãî ôèáðèëë. ÿè — ÿäðûøêîâûå èíòåðñòèöèè, ñô — ñôå-

ðóëà, õð — õðîìàòèí.

Fig. 3. Ultrastructural organization of the oocyte nucleolus from a plurilaminar follicle.

à — nucleolus from a plurilaminar follicle without antrum. Note numerous irregularly shaped interstices; á — nucleolus from plurilaminar follicles with develo-
ping antrum. Note a regular round shape of interstices. One large spherule is seen in the centre of the nucleolus. ñô — spherule, ÿè — nucleolus interstices. Other

designations are the same as in Fig. 2.



ëîæåíèå ñôåðóë âàðüèðóþò â ÿäðûøêàõ ðàçëè÷íûõ îîöè-
òîâ. Ïî ìåðå ðîñòà ôîëëèêóëà è ðàñøèðåíèÿ àíòðàëü-
íîé ïîëîñòè èçìåíÿþòñÿ ôîðìà è êîëè÷åñòâî âàêóîëåé
ÿäðûøêà. Îíè ïðèîáðåòàþò ïðàâèëüíóþ îêðóãëóþ ôîð-
ìó, ïðè ýòîì ÷èñëî èõ çíà÷èòåëüíî ñîêðàùàåòñÿ (ðèñ. 3,
á).

Ñ ïîìîùüþ íåïðÿìîé èììóíîôëóîðåñöåíöèè è êîí-
ôîêàëüíîé ëàçåðíîé ñêàíèðóþùåé ìèêðîñêîïèè íàìè
áûëè ïîëó÷åíû ñëåäóþùèå äàííûå î ñîñòàâå ÿäðûøêà
èññëåäóåìûõ îîöèòîâ. ÀÒ ê ôèáðèëëàðèíó îêðàøèâàþò
ÿäðûøêî ïî âñåìó îáúåìó (ðèñ. 4, â), îäíàêî îòìå÷àåò-
ñÿ íåðàâíîìåðíàÿ èíòåíñèâíîñòü îêðàñêè ÿäðûøêà. Âû-
ÿâëÿþòñÿ çîíû ÿðêîé îêðàñêè, íå èìåþùèå êàêîãî-ëè-
áî ïðåäïî÷òèòåëüíîãî ïîëîæåíèÿ â ÿäðûøêå; ñ íèìè ñî-
ñåäñòâóþò ó÷àñòêè, äàþùèå ïðàêòè÷åñêè íåãàòèâíóþ
ðåàêöèþ íà îêðàøèâàíèå äàííûìè àíòèòåëàìè. Ñóììè-
ðóÿ ñåðèéíûå êîíôîêàëüíûå èçîáðàæåíèÿ êàðòèí ðàñ-
ïðåäåëåíèÿ ôèáðèëëàðèíà âî âñåì îáúåìå ÿäðûøêà
(ðèñ. 4, ã—å), ìîæíî çàêëþ÷èòü, ÷òî ýòîò áåëîê ïðîäîë-
æàåò çàíèìàòü âåñîìîå ïîëîæåíèå â ðàçíûõ ÷àñòÿõ ÿä-
ðûøêà îîöèòîâ, íàõîäÿùèõñÿ íà äàííîé ñòàäèè îîãå-
íåçà.

Îêðàñêà ïðåïàðàòîâ ÀÒ ïðîòèâ ïîë I ïîêàçàëà íåêî-
òîðûå ðàçëè÷èÿ â ðàñïîëîæåíèè ýòîãî àíòèãåíà â ÿäðûø-

êàõ îîöèòîâ, íàõîäÿùèõñÿ íà ðàçíûõ ôîëëèêóëàõ. Â îä-
íîé ãðóïïå îîöèòîâ ïîë I âûÿâëÿëàñü â íåñêîëüêèõ ìåë-
êèõ îêðóãëûõ ñòðóêòóðàõ, ðàñïîëîæåííûõ ïî âíóòðåí-
íåìó ïåðèìåòðó ÿäðûøêà (ðèñ. 5, à, á; ðèñ. 9, II). Â äðó-
ãèõ îîöèòàõ ïðèñóòñòâîâàëà îäíà ÿðêî îêðàøåííàÿ êðóï-
íàÿ ñôåðà, íàõîäÿùàÿñÿ ëèáî íà ïåðèôåðèè, ëèáî â íåïî-
ñðåäñòâåííîé áëèçîñòè îò ÿäðûøêà (ðèñ. 5, â, ã). Ïðè
èçó÷åíèè êîíôîêàëüíûõ ñðåçîâ ÿäåð ýòèõ îîöèòîâ îêàçà-
ëîñü, ÷òî íàðÿäó ñ îäèíî÷íûìè ñôåðàìè ïî âíóòðåííåìó
ïåðèìåòðó ÿäðûøêà ðàñïîëàãàþòñÿ áîëåå ìåëêèå ãðàíó-
ëû, ñîäåðæàùèå ïîë I. Ïî íàøåìó ìíåíèþ, ëîêàëèçàöèÿ
ïîë I â îäíîé êðóïíîé ñôåðå õàðàêòåðíà äëÿ îîöèòîâ èç
ìíîãîñëîéíûõ ôîëëèêóëîâ, èìåþùèõ àíòðóì áîëüøîãî
ðàçìåðà.

Ïîñêîëüêó â ßÏÒ îîöèòîâ èç àíòðàëüíûõ ôîëëèêó-
ëîâ ìûøè è äðóãèõ ìëåêîïèòàþùèõ áûëè îáíàðóæåíû
çíà÷èòåëüíûå êîëè÷åñòâà êîèëèíà (Kopeèny et al., 1996;
Parfenov et al., 1998, 2003), ìîæíî áûëî îæèäàòü, ÷òî â
ÿäðûøêàõ, íåïîñðåäñòâåííî ïðåäøåñòâóþùèõ ßÏÒ ïî
ãåíåçèñó, òàêæå áóäåò âûÿâëÿòüñÿ ýòîò áåëîê. Èìåÿ â
âèäó ýòó âîçìîæíîñòü, ìû ïðîâåëè èììóíîôëóîðåñöåíò-
íûå èññëåäîâàíèÿ ðàñïðåäåëåíèÿ êîèëèíà â ÿäðàõ îîöè-
òîâ èç ìíîãîñëîéíûõ ôîëëèêóëîâ ìûøè. Ïîñëå îêðàñêè
ïðåïàðàòîâ ïîëèêëîíàëüíûìè ÀÒ R288 ïðîòèâ êîèëèíà
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Ðèñ. 4. Íåïðÿìîå èììóíîôëóîðåñöåíòíîå îêðàøèâàíèå ïðåïàðàòîâ öåëûõ îîöèòîâ èç ìíîãîñëîéíûõ ôîëëèêóëîâ ìûøè àíòèòåëà-
ìè ïðîòèâ ôèáðèëëàðèíà.

à—â — äàâëåíûé ïðåïàðàò: à — ôàçîâûé êîíòðàñò, á — îêðàñêà DAPI, â — ôèáðèëëàðèí âûÿâëÿåòñÿ â äâóõ ÿäðûøêàõ. ã—å — îïòè÷åñêèå ñðåçû îäíîãî
ÿäðûøêà, ïîëó÷åííûå ñ ïîìîùüþ êîíôîêàëüíîãî ìèêðîñêîïà. Ôèáðèëëàðèí çàíèìàåò ïðàêòè÷åñêè âåñü îáúåì ÿäðûøêà, íåñìîòðÿ íà íåðàâíîìåðíîå

ðàñïðåäåëåíèå ñèãíàëà. ÿ — ÿäðî îîöèòà, ÿäð — ÿäðûøêî, õð — õðîìîöåíòðû. Îá. 40x�, îê. 10�.

Fig. 4. Indirect immunofluorescent staining of the whole oocytes of plurilaminar follicles with antibodies against fibrillarin (conventional
and confocal laser scanning microscopy).

à—â — squash preparation: à — phase contrast, á — DAPI staining, â — fibrillarin revealed in two nucleoli. ã—å — the whole mount preparation; confocal laser
scanning micrographs of the same nucleolus. Fibrillarin occupies the most part of nucleolar volume. All designations are the same as in Fig. 2. Ob. 40�, oc. 10�.



íà ôîíå äèôôóçíîãî ñâå÷åíèÿ ÿäðà áûëè îáíàðóæåíû
îäèí-äâà ìåëêèõ ñâåòÿùèõñÿ ôîêóñà, ïðè÷åì îäèí èç
íèõ íàõîäèëñÿ â íåïîñðåäñòâåííîì êîíòàêòå ñ ÿäðûø-
êîì (ðèñ. 6, á, â). Ïàðàëëåëüíàÿ êîíôîêàëüíàÿ ìèêðîñêî-
ïèÿ ïîëíîñòüþ ïîäòâåðäèëà ýòè äàííûå. Òàêèì îáðàçîì,
â ÿäðå îîöèòà ìûøè èç ìíîãîñëîéíîãî ôîëëèêóëà ñ ôîð-
ìèðóþùèìñÿ àíòðóìîì íàìè âïåðâûå áûëè èäåíòèôè-
öèðîâàíû êîèëèíñîäåðæàùèå ñòðóêòóðû. Íàðÿäó ñ ýòè-
ìè äàííûìè â íåêîòîðûõ îîöèòàõ êîèëèí ëèáî âûÿâëÿë-
ñÿ â âèäå îáîëî÷êè, îêðóæàþùåé ÿäðûøêî ïî ïåðèôåðèè
(ðèñ. 9, II), ëèáî ñâå÷åíèå íàáëþäàëîñü âíóòðè ÿäðûøêà
(ðèñ. 6, ã). Àíàëèç ñåðèéíûõ êîíôîêàëüíûõ ñðåçîâ ïîêà-
çàë, ÷òî â òàêèõ ñëó÷àÿõ êîèëèíñîäåðæàùèé ìàòåðèàë
ïðîíèêàåò â ãëóáîêèå íóêëåîëÿðíûå çîíû (ðèñ. 6, ä—ç).

Ïîñêîëüêó íàðÿäó ñ ÿäðûøêîâûìè áåëêàìè âíóòðè
èëè â íåïîñðåäñòâåííîé áëèçîñòè îò ÿäðûøêà áûë îáíà-
ðóæåí êîèëèí, ìû ïðîâåëè ýêñïåðèìåíòû ïî äâîéíîìó
îêðàøèâàíèþ îîöèòîâ ÀÒ ïðîòèâ êîèëèíà è ôèáðèëëà-

ðèíà, à òàêæå ïðîòèâ êîèëèíà è ïîë I. Â ïåðâîì ñëó÷àå
íàðÿäó ñ ÿäðàìè, õàðàêòåðèçóþùèìèñÿ òèïè÷íûì ðàñ-
ïðåäåëåíèåì ýòèõ àíòèãåíîâ, êîãäà ôèáðèëëàðèí âûÿâ-
ëÿëñÿ â ÿäðûøêå, à êîèëèí — â îäíîì-äâóõ íåáîëüøèõ
òåëüöàõ (ðèñ. 7, I), áûëè îáíàðóæåíû ÿäðà, â ÿäðûøêàõ
êîòîðûõ ïðèñóòñòâîâàëè êîèëèíñîäåðæàùèå ó÷àñòêè.
Êîíôîêàëüíûé àíàëèç ïîêàçàë, ÷òî êîèëèí çàíèìàåò
çîíû ÿäðûøêà, ñâîáîäíûå îò ôèáðèëëàðèíà (ðèñ. 7, II).
Ïðè ýòîì ñâîáîäíûõ êîèëèíñîäåðæàùèõ ñòðóêòóð â òà-
êèõ ÿäðàõ íå áûëî âûÿâëåíî. Âî âòîðîì ñëó÷àå áûëà
ïðîâåäåíà îêðàñêà ÀÒ ïðîòèâ ïîë I è êîèëèíà ôîëëèêó-
ëîâ ðàçëè÷íîãî ðàçìåðà. Â îäíî-äâóõñëîéíûõ ôîëëèêó-
ëàõ ïîë I âûÿâëÿëàñü â äâóõ íóêëåîëîíåìíûõ «àêòèâ-
íûõ» ÿäðûøêàõ (ðèñ. 8, â). Åäèíè÷íîå è íåáîëüøîå òåëü-
öå, îêðàøèâàåìîå ÀÒ ê êîèëèíó, ðàñïîëàãàëîñü íà
ïåðèôåðèè ÿäðà îîöèòà (ðèñ. 8, ã). Â îîöèòå èç ìíîãî-
ñëîéíîãî ôîëëèêóëà, èìåþùåãî ëèøü çà÷àòêè àíòðàëü-
íîé ïîëîñòè, ÀÒ ïðîòèâ ïîë I îêðàøèâàëè ìåëêèå îêðóã-
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Ðèñ. 5. Âûÿâëåíèå ÐÍÊ-ïîëèìåðàçû I (ïîë I) â ÿäðûøêàõ îîöèòîâ èç ìíîãîñëîéíûõ ôîëëèêóëîâ ìûøè. Äàííûå êîíôîêàëüíîé ëà-
çåðíîé ñêàíèðóþùåé ìèêðîñêîïèè.

à—ã — ðàçíîîáðàçíûå âàðèàíòû ðàñïðåäåëåíèÿ ïîë I âíóòðè ÿäðûøåê îîöèòîâ èç ôîëëèêóëîâ, íàõîäÿùèõñÿ íà ðàçíûõ ñòàäèÿõ ôîðìèðîâàíèÿ àíòðà-
ëüíîé ïîëîñòè. à, á — ÿäðûøêî îîöèòà ìûøè èç ìíîãîñëîéíîãî ôîëëèêóëà ñ çà÷àòêàìè àíòðóìà. Ìåëêèå ñôåðè÷åñêèå ãðàíóëû ðàññåÿíû âíóòðè ÿä-
ðûøêà è ÷àñòè÷íî ðàñïðåäåëåíû ïî âíóòðåííåìó êðàþ ÿäðûøêà. â—ã — ÿäðûøêî îîöèòà ìûøè èç ìíîãîñëîéíîãî ôîëëèêóëà ñ ðàñòóùåé àíòðàëüíîé
ïîëîñòüþ. Âíóòðè ÿäðûøêà îáû÷íî íàõîäèòñÿ îäíà êðóïíàÿ ñôåðà, ðàñïîëîæåííàÿ ýêñöåíòðè÷íî èëè çàíèìàþùàÿ ïåðèôåðè÷åñêîå ïîëîæåíèå. ÿ —

ÿäðî îîöèòà, ÿäð — ÿäðûøêî. Îá. 40�, îê. 10�.

Fig. 5. RNA polymerase I in oocyte nucleoli from plurilaminar mouse follicles (confocal laser scanning microscopy).

à, á — oocyte nucleoli from a plurilaminar mouse follicle at early stages of antrum formation (with antrum rudiment). Note that small spherical RNA polymerase
I containing granules are dispersed inside the nucleolus. â, ã — oocyte nucleoli from a plurilaminar mouse follicle with a growing antrum. A single large fluores-
cent sphere is seen inside nucleoli. This sphere is located eccentrically (â) or at the nucleolus periphery (ã). Designations are the same as in Fig. 4. Ob. 40�,

oc. 10�.



ëûå çîíû âíóòðè ÿäðûøêà, ÷òî îñîáåííî õîðîøî âèäíî
ïðè êîíôîêàëüíîé ìèêðîñêîïèè (ðèñ. 9, I). Êîèëèí âûÿâ-
ëÿëñÿ â âèäå îáîëî÷êè âîêðóã âñåé ïîâåðõíîñòè ÿäðûøêà
(ðèñ. 9, I), è ïðè ñîâìåùåíèè îïòè÷åñêèõ ñðåçîâ îêàçà-
ëîñü, ÷òî çîíû ñ ïîë I è êîèëèíîì ëèøü ÷àñòè÷íî ïåðå-
êðûâàþòñÿ (ðèñ. 9, III ). Â ÿäðûøêå îîöèòà èç ìíîãîñëîé-
íîãî ôîëëèêóëà ñ ðàçâèâàþùèìñÿ àíòðóìîì ïîë I âûÿâ-
ëÿåòñÿ â îäíîé êðóïíîé ñôåðå, íàõîäÿùåéñÿ ëèáî
âíóòðè, ëèáî â íåïîñðåäñòâåííîé áëèçîñòè îò ÿäðûøêà
(ðèñ. 10, á). Êîèëèí ïðè ýòîì àáñîëþòíî ïîâòîðÿåò ëîêà-
ëèçàöèþ ïîë I, ÷òî ïðîñëåæèâàåòñÿ ïðè ñîâìåùåíèè
êîíôîêàëüíûõ èçîáðàæåíèé (ðèñ. 10, ã).

Îáñóæäåíèå

Â íàñòîÿùåé ðàáîòå íàìè èçó÷åíû îñîáåííîñòè îðãà-
íèçàöèè è ìîëåêóëÿðíîãî ñîñòàâà ÿäðûøåê èç ÿäåð îîöè-
òîâ, íàõîäÿùèõñÿ â ðàñòóùèõ ìíîãîñëîéíûõ ôîëëèêóëàõ
ìûøè. Ïîèñêè, â òîì ÷èñëå è íà ñåðèéíûõ ñðåçàõ, ôðàã-
ìåíòîâ êëàññè÷åñêèõ êîìïîíåíòîâ ÿäðûøêà — ôèáðèë-
ëÿðíîãî öåíòðà (ÔÖ), ïëîòíîãî ôèáðèëëÿðíîãî (ÏÔÊ) è
ãðàíóëÿðíîãî êîìïîíåíòîâ (ÃÊ) — ïîëîæèòåëüíûõ ðåçó-
ëüòàòîâ íå äàëè. Èõ îòñóòñòâèå ÿñíî óêàçûâàåò íà èíàê-
òèâàöèþ ÿäðûøêà îîöèòà íà äàííîé ñòàäèè îîãåíåçà.
Óñòàíîâëåíî, ÷òî â ïåðèîä áîëüøîãî ðîñòà ôîëëèêóëîâ
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Ðèñ. 6. Íåïðÿìîå èììóíîôëóîðåñöåíòíîå îêðàøèâàíèå ïðåïàðàòîâ öåëûõ îîöèòîâ ìûøè èç ìíîãîñëîéíûõ ôîëëèêóëîâ ñ ïîìî-
ùüþ ïîëèêëîíàëüíûõ àíòèòåë R 288 ïðîòèâ êîèëèíà. Äàííûå êîíôîêàëüíîé ëàçåðíîé ñêàíèðóþùåé ìèêðîñêîïèè.

à — îáùèé âèä ìíîãîñëîéíîãî ôîëëèêóëà ìûøè; îêðàñêà To-Pro-3. á—ã — ðàçëè÷íûå âàðèàíòû ðàñïðåäåëåíèÿ êîèëèíà â ÿäðàõ îîöèòîâ ìûøè: á, â —
êîèëèí âûÿâëÿåòñÿ â îäíîé-äâóõ ìåëêèõ ñòðóêòóðàõ, îäíà èç êîòîðûõ ñâÿçàíà ñ ÿäðûøêîì, à äðóãàÿ íàõîäèòñÿ â êàðèîïëàçìå; ã — êîèëèí çàïîëíÿåò
ïðàêòè÷åñêè âåñü îáúåì ÿäðûøêà. ä—ç — îïòè÷åñêèå ñðåçû îäíîãî ÿäðûøêà îîöèòà ìûøè; âèäíî, ÷òî êîèëèí çàíèìàåò äîâîëüíî îáøèðíûå çîíû

âíóòðè ÿäðûøêà. ôê — ôîëëèêóëÿðíûå êëåòêè, îî — îîöèò, ÿ — ÿäðî îîöèòà, ÿäð — ÿäðûøêî. Îá. 40�, îê. 10�.

Fig. 6. Immunofluorescent staining of plurilaminar mouse follicles with polyclonal antibody (R 288) against coilin (confocal laser scanning
microscopy).

à — general view of a follicle after staining with To-Pro-3; á—ã — coilin distribution in the nucleus. Note the superficial localization of coilin containing granules
on the nucleoli (á, â). ä—ç — confocal laser micrographs of the same oocyte nucleus (ã), with coilin located inside the nucleolus. Designations are the same as in

Fig. 1. Ob. 40�, oc. 10�.



ìûøè â ÿäðàõ îîöèòîâ ïðîèñõîäèò ðåçêîå ïàäåíèå óðîâ-
íÿ ñèíòåçà ñóììàðíîé ÐÍÊ (Çûáèíà, 1971; Moore et al.,
1974; Kaplan et al., 1982). Â ðåçóëüòàòå ïðåêðàùåíèÿ
òðàíñêðèïöèè ðÐÍÊ ÿäðûøêè òåðÿþò ÔÖ, ÏÔÊ, ÃÊ è
òðàíñôîðìèðóþòñÿ â ñóãóáî ôèáðèëëÿðíûå îáðàçîâàíèÿ.
Ïðè ýòîì îíè ïðèîáðåòàþò íîâûé êîìïîíåíò, ïðåäñòàâ-
ëåííûé â âèäå ñôåðóë èç îäíîðîäíûõ òîíêèõ ôèáðèëë
(ðèñ. 3, á). Îáðàçîâàíèå ñôåðóë âíóòðè ÿäðûøêà, à òàêæå
ïîñòåïåííîå çàìåùåíèå èëè ñìåùåíèå ê ïåðèôåðèè
îñíîâíûõ êîìïîíåíòîâ àêòèâíîãî ÿäðûøêà — îòëè÷èòå-
ëüíàÿ îñîáåííîñòü ñòðóêòóðíîé ýâîëþöèè ÿäðûøêà
îîöèòîâ ìíîãèõ ìëåêîïèòàþùèõ (Crozet et al., 1981; Ta-
keuchi, 1984; Antoine et al., 1987, 1988; Çûáèíà, Çûáèíà,
1992). Ñëåäóåò îòìåòèòü, ÷òî ðÿä àâòîðîâ íà îñíîâàíèè
äåòàëüíîãî ìîðôîëîãè÷åñêîãî èçó÷åíèÿ ïîñëåäîâàòåëü-
íîãî ðÿäà òðàíñôîðìàöèè ÿäðûøêîâîé îðãàíèçàöèè äå-
ëàþò âûâîä î ïðååìñòâåííîñòè ìàòåðèàëà ñôåðóë è ßÏÒ
(Chouinard, 1975; Takeuchi, 1984). Ïî îñîáåííîñòÿì îðãà-
íèçàöèè ÿäðûøêè èññëåäóåìûõ îîöèòîâ, íàõîäÿùèåñÿ
íà äèïëîòåííîé ñòàäèè îîãåíåçà, ïðåäñòàâëÿþò ñîáîé
ïåðåõîäíóþ ôîðìó ìåæäó òèïè÷íûìè ðåòèêóëÿðíûìè
ÿäðûøêàìè îîöèòîâ èç îäíî-äâóõñëîéíûõ ôîëëèêóëîâ
(ðèñ. 8, á) è êîìïàêòíûìè ôèáðèëëÿðíûìè ßÏÒ îîöèòîâ
èç àíòðàëüíûõ ôîëëèêóëîâ. Ìû ïîëàãàåì, ÷òî ïîÿâëåíèå
â ÿäðûøêå îîöèòà ñôåðóë, ñîñòîÿùèõ èç ãîìîãåííûõ

ôèáðèëë, ìîæåò ñëóæèòü íàäåæíûì êðèòåðèåì äëÿ îïðå-
äåëåíèÿ ïåðåõîäà ÿäðà îîöèòà â èíàêòèâèðîâàííîå ñî-
ñòîÿíèå è îòðàæàòü ïåðâûé ýòàï òðàíñôîðìàöèè
ÿäðûøêà â ßÏÒ ïðåîâóëÿòîðíûõ îîöèòîâ ìëåêîïèòàþ-
ùèõ. Â ýòîé ÷àñòè íàøè èññëåäîâàíèÿ ñîâïàäàþò ñ äðó-
ãèìè äàííûìè, ïîëó÷åííûìè íà îîöèòàõ èç ìíîãîñëîé-
íûõ ôîëëèêóëîâ ìûøè è äðóãèõ ìëåêîïèòàþùèõ, âêëþ-
÷àÿ ÷åëîâåêà (Chouinard, 1971, 1973, 1975; Crozet et al.,
1981, 1986; Çûáèíà è äð., 1984; Takeuchi, 1984; Antoine et
al., 1987; Parfenov et al., 1989).

Îäíèì èç ñàìûõ ïðèìå÷àòåëüíûõ ðåçóëüòàòîâ íàøèõ
íàáëþäåíèé ÿâëÿåòñÿ îáíàðóæåíèå êîèëèíà íà ïåðèôå-
ðèè èëè âíóòðè èíàêòèâèðîâàííûõ ÿäðûøåê îîöèòîâ èç
ìíîãîñëîéíûõ ôîëëèêóëîâ ìûøè. Êîèëèí — ìàðêåðíûé
áåëîê ÒÊ, êîòîðîå ÿâëÿåòñÿ îäíèì èç íàèáîëåå çíà÷èìûõ
ýêñòðàõðîìîñîìíûõ äîìåíîâ ÿäðà (Gall, 2000). Ýòè ðåçó-
ëüòàòû âûãëÿäÿò òåì áîëåå óáåäèòåëüíûìè, åñëè èõ
ñðàâíèâàòü ñ äàííûìè ïàðàëëåëüíîãî îêðàøèâàíèÿ ýòè-
ìè æå àíòèòåëàìè îîöèòîâ èç äâóõñëîéíûõ ôîëëèêóëîâ,
ãäå ÿäðûøêè äåìîíñòðèðóþò ïîëíîå îòñóòñòâèå êîèëèíà
(ðèñ. 8, â—ä). Â òå÷åíèå ïîñëåäíèõ íåñêîëüêèõ ëåò àê-
òèâíî ðàçðàáàòûâàåòñÿ êîíöåïöèÿ ñòðóêòóðíî-ôóíêöèî-
íàëüíîé ñâÿçè ÒÊ è ÿäðûøêà (Sleeman et al., 1998; Ogg,
Lamond, 2002). Ïðåäïîëàãàåòñÿ, ÷òî â ýòîì ïðîöåññå íàðÿ-
äó ñ äðóãèìè ôàêòîðàìè ñóùåñòâåííóþ ðîëü ìîæåò èã-
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Ðèñ. 7. Ðåçóëüòàòû äâîéíîãî îêðàøèâàíèÿ ïðåïàðàòîâ öåëûõ îîöèòîâ ìûøè èç ìíîãîñëîéíûõ ôîëëèêóëîâ ïîëèêëîíàëüíûìè àí-
òèòåëàìè ïðîòèâ êîèëèíà è ìîíîêëîíàëüíûìè àíòèòåëàìè ïðîòèâ ôèáðèëëàðèíà. Äàííûå êîíôîêàëüíîé ëàçåðíîé ñêàíèðóþùåé

ìèêðîñêîïèè.

I, II — ðàçíûå âàðèàíòû äâîéíîé îêðàñêè ÿäåð îîöèòîâ ìûøè àíòèòåëàìè ïðîòèâ êîèëèíà è ôèáðèëëàðèíà. Ïðè ñîâìåùåíèè èçîáðàæåíèé (III) âèäíî,
÷òî êîèëèí çàíèìàåò çîíû ÿäðûøêà, íå ñîäåðæàùèå ôèáðèëëàðèí. ÿ — ÿäðî îîöèòà. Îá. 40�, îê. 10�.

Fig. 7. Double-immunostaining of oocyte nuclei from a plurilaminar mouse follicle with anti-coilin antibody and anti-fibrillarin antibody
(confocal laser scanning microscopy).

I and II — two patterns of the double staining of different nuclei. Coilin and fibrillarin do not colocalize in the nucleolus. Designations are the same as in Fig. 6.
Ob. 40�, oc. 10�.



ðàòü êîèëèí, ïðèñóòñòâóþùèé â ÿäðûøêàõ (Bohmann et
al., 1995; Bellini, 2000). Òàêèì îáðàçîì, ôàêò íàëè÷èÿ êîè-
ëèíà â èíàêòèâèðîâàííûõ ÿäðûøêàõ îîöèòîâ ìûøè ïðè
âñåé åãî íåîæèäàííîñòè íå íîñèò íà ñåãîäíÿøíèé äåíü
èñêëþ÷èòåëüíîãî õàðàêòåðà è ñòîèò â ðÿäó àðãóìåíòîâ,
ïîääåðæèâàþùèõ êîíöåïöèþ «ÿäðûøêîâîãî» êîèëèíà.

Ñëåäóåò ïîä÷åðêíóòü, ÷òî îäíè èç ïåðâûõ íàáëþäå-
íèé ïî âíóòðèíóêëåîëÿðíîé ëîêàëèçàöèè êîèëèíà —
ìàðêåðíîãî áåëêà ÒÊ — áûëè ñäåëàíû èìåííî íà èíàê-
òèâèðîâàííûõ ïî ðàçíûì ïðè÷èíàì ÿäðûøêàõ â ÿäðàõ
ïîêîÿùèõñÿ êëåòîê ðàçëè÷íîãî ïðîèñõîæäåíèÿ (Malates-
ta et al., 1994; Ochs et al., 1994). «ßäðûøêîâûé» êîèëèí
âûÿâëÿëñÿ â ñîñòàâå ñòðóêòóðíî îôîðìëåííûõ ÒÊ âíóò-
ðè ÿäðûøåê àäèïîöèòîâ è ãåïàòîöèòîâ ñîíü, íàõîäÿùèõ-
ñÿ â çèìíåé ñïÿ÷êå (Malatesta et al., 1994), è â ÿäðûøêàõ
êëåòîê êàðöèíîìû ìîëî÷íîé æåëåçû (Ochs et al., 1994).

Ïîÿâëåíèå ýíäîãåííîãî êîèëèíà â ðàçíûõ çîíàõ ÿäðûø-
êà áûëî ïîêàçàíî òàêæå ïîñëå èíãèáèðîâàíèÿ êëåòîê
àêòèíîìèöèíîì Ä (Carmo-Fonseca et al., 1992b). Íàêîï-
ëåíèå êîèëèíà âî âíóòðåííèõ ÷àñòÿõ ÿäðûøêà, ïî âñåé
âåðîÿòíîñòè, îòðàæàåò èçìåíåíèå îïðåäåëåííûõ âíóòðè-
êëåòî÷íûõ óñëîâèé, êîòîðûå ìîãóò áûòü âûçâàíû ýêñïå-
ðèìåíòàëüíî: ïðè ñâåðõýêñïðåññèè ýêçîãåííîãî êîèëèíà
(Wu et al., 1994) èëè ïðè äåéñòâèè íà êëåòêè îêàäàåâîé
êèñëîòû, ñåëåêòèâíîãî èíãèáèòîðà ñïåöèôè÷åñêîé
Ser/Thr ôîñôàòàçû (Lyon et al., 1997; Sleeman et al., 1998).
Ðåçóëüòàòû, ïîäîáíûå äåéñòâèþ îêàäàåâîé êèñëîòû,
áûëè ïîëó÷åíû â îïûòàõ ïî ýêñïðåññèè â êëåòêàõ ýêçî-
ãåííîãî êîèëèíà ñ òî÷å÷íîé ìóòàöèåé ïî 202-ìó îñòàòêó,
ãäå îñóùåñòâëÿëàñü çàìåíà ñåðèíà íà àñïàðòàò, êîòîðàÿ
èìèòèðîâàëà êîíñòèòóòèâíîå ôîñôîðèëèðîâàíèå (Lyon
et al., 1997). Òàêèì îáðàçîì, íàøè íàáëþäåíèÿ î ïîÿâëå-
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Ðèñ. 8. Âûÿâëåíèå ñîâìåñòíîãî ðàñïðåäåëåíèÿ ïîë I è êîèëèíà â ÿäðàõ îîöèòîâ èç îäíî-äâóõñëîéíûõ ôîëëèêóëîâ ìûøè ñ ïîìî-
ùüþ äâîéíîãî îêðàøèâàíèÿ.

à — îáùèé âèä îäíîñëîéíîãî ôîëëèêóëà ìûøè, îêðàñêà To-Pro-3; á — òîíêàÿ îðãàíèçàöèÿ íóêëåîëîíåìíîãî ÿäðûøêà îîöèòà èç îäíîñëîéíîãî ôîëëè-
êóëà ìûøè; â — íóêëåîëîíåìíûå ÿäðûøêè ñîäåðæàò çíà÷èòåëüíûå êîëè÷åñòâà ïîë I; ã — êîèëèí âûÿâëÿåòñÿ â åäèíè÷íîé ñòðóêòóðå, ëåæàùåé â íóê-
ëåîïëàçìå; ä — ñîâìåùåíèå äâóõ èçîáðàæåíèé. ôö — ôèáðèëëÿðíûé öåíòð, ïôê — ïëîòíûé ôèáðèëëÿðíûé êîìïîíåíò, ôê — ôîëëèêóëÿðíûå êëåòêè,

îî — îîöèò, ÿ — ÿäðî îîöèòà, ÿäð — ÿäðûøêî. Îá. 40�, îê. 10�.

Fig. 8. Double-immunostaining of oocyte nuclei from a unilaminar mouse follicle with anti-coilin and anti-RNA polymerase I antibodies
(confocal laser scanning microscopy).

à — follicle after staining with To-Pro-3; á — ultrastructural organization of an oocyte nucleolus from a unilaminar mouse follicle; â — RNA polymerase I revea-
led in two nucleoli; ã — anti-coilin antibodies stain only a small body; ä — merge of two images. ïôê — dense fibrillar component, ôè — fibrillar centre. Other

designations are the same as in Fig. 6. Ob. 40�, oc. 10�.



íèè êîèëèíà â ÿäðûøêàõ îîöèòîâ, òåðÿþùèõ ñèíòåòè÷å-
ñêóþ àêòèâíîñòü, ñîîòâåòñòâóþò äàííûì, ïîëó÷åííûì
íà èíàêòèâèðîâàííûõ ÿäðûøêàõ. Ñ äðóãîé ñòîðîíû, íà
ïðîöåññû íàêîïëåíèÿ êîèëèíà â ÿäðûøêå èëè åãî òðàíñ-
ïîðò ÷åðåç ÿäðûøêî, î÷åâèäíî, ñóùåñòâåííîå âëèÿíèå
îêàçûâàåò ñòàòóñ ôîñôîðèëèðîâàíèÿ ýòîãî áåëêà. Â áó-

äóùåì òðåáóþòñÿ ýêñïåðèìåíòû ïî àíàëèçó ýòîãî êëþ-
÷åâîãî âîïðîñà — óðîâíÿ ôîñôîðèëèðîâàíèÿ êîèëèíà â
ÿäðàõ îîöèòîâ èç àíòðàëüíûõ ôîëëèêóëîâ íà ñòàäèÿõ ôè-
çèîëîãè÷åñêè äåòåðìèíèðîâàííîãî èíãèáèðîâàíèÿ
òðàíñêðèïöèîííûõ ïðîöåññîâ. Îîöèòû ìûøè ñîîòâåòñò-
âóþùåãî ïåðèîäà îîãåíåçà äàþò êàðòèíû îò÷åòëèâîé
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Ðèñ. 9. Ëîêàëèçàöèÿ ïîë I è êîèëèíà â ÿäðàõ îîöèòîâ ìûøè èç ìíîãîñëîéíûõ ôîëëèêóëîâ. Äâîéíàÿ îêðàñêà àíòèòåëàìè ïðîòèâ
ïîë I è êîèëèíà. Äàííûå êîíôîêàëüíîé ëàçåðíîé ñêàíèðóþùåé ìèêðîñêîïèè.

I — êîèëèí ðàñïðåäåëÿåòñÿ âîêðóã ÿäðûøêà â âèäå ïðåðûâèñòîé îáîëî÷êè; II — ïîë I âûÿâëÿåòñÿ âíóòðè ÿäðûøêà â ìíîãî÷èñëåííûõ ìåëêèõ ñôåðè÷å-
ñêèõ îáðàçîâàíèÿõ; III — ïðè ñîâìåùåíèè èçîáðàæåíèé âèäíî ÷àñòè÷íîå ïåðåêðûâàíèå ñèãíàëîâ (ñòðåëêè). ÿ — ÿäðî îîöèòà, ÿäð — ÿäðûøêî.

Îá. 40�, îê. 10�.

Fig. 9. Double-immunostaining of an oocyte nucleus from a plurilaminar mouse follicle (early stages of antrum formation) with anti-coilin
and anti-RNA polymerase I antibodies (confocal laser scanning microscopy).

I — staining with anti-coilin antibodies (red); II — staining with anti RNA polymerase I antibodies (green); III — merge of two images. Arrows — tight asso-
ciation between two proteins in close association with the nucleolus, and their occasional colocalization. Designations are the same as in Fig. 5. Ob. 40�,

oc. 10�.



ñòàäèéíîñòè òðàíñôîðìàöèè íóêëåîëÿðíîé ñòðóêòóðû,
âïëîòü äî ôîðìèðîâàíèÿ âìåñòî ÿäðûøêà ñèëüíî îáîãà-
ùåííîãî êîèëèíîì êîìïàêòíîãî ôèáðèëëÿðíîãî ßÏÒ
(Parfenov et al., 2003).

Îäíèì èç ñóùåñòâåííûõ ðåçóëüòàòîâ ïðåäñòàâëåí-
íîé ðàáîòû ÿâëÿåòñÿ äîêóìåíòèðîâàíèå îò÷åòëèâîé
êîëîêàëèçàöèè êîèëèíà ñ ïîë I â ÿäðûøêàõ îîöèòîâ íà
èçó÷àåìîé ñòàäèè ôîëëèêóëîãåíåçà. Íà íàø âçãëÿä, ýòî
ïåðâàÿ äåìîíñòðàöèÿ íà ìàòåðèàëå ìëåêîïèòàþùèõ ñî-
âìåñòíîãî ðàñïðåäåëåíèÿ êîèëèíà è âåäóùåãî êîìïîíåí-
òà òðàíñêðèïöèè ðÄÍÊ. Â ðàáîòàõ äðóãèõ èññëåäîâàòå-
ëåé íàìè íå áûëî íàéäåíî êàêèõ-ëèáî ñâåäåíèé î ïîäîá-
íîé êîëîêàëèçàöèè. Îäíàêî åñòü íàáëþäåíèÿ, êîòîðûå
ìîãóò êîñâåííî ïîäòâåðæäàòü íàëè÷èå ýòîé ñâÿçè. Òàê,
îáíàðóæåíèå ïîë I â ÒÊ îîöèòîâ X. laevis (Gall et al.,
1999) ìîæåò ïîäðàçóìåâàòü êîëîêàëèçàöèþ ýòîãî áåëêà ñ
êîèëèíîì, ïðèñóòñòâóþùèì çäåñü æå â áîëüøîì êîëè÷å-
ñòâå. Òàêèå æå âûâîäû ìîæíî ñäåëàòü è ïðè ðàññìîòðå-
íèè äàííûõ ïî ðåêðóòèðîâàíèþ êîìïëåêñà ïîë I ñ
UBF — ôàêòîðîì òðàíñêðèïöèè ðÄÍÊ — â ÒÊ â ðàííåì
ýìáðèîãåíåçå ìûøè (Ferreira, Carmo-Fonseca, 1995). Ïî-
ñêîëüêó çà÷àñòóþ ïîë I è UBF îïåðèðóþò êàê åäèíûé
êîìïëåêñ, íà âîçìîæíîñòü êîëîêàëèçàöèè êîèëèíà ñ

ïîë I êîñâåííî ìîãóò óêàçûâàòü è äàííûå ïî àññîöèàöèè
èììóíîôëóîðåñöåíòíîãî ñèãíàëà êîèëèíà ñ UBF â ÿä-
ðûøêîâûõ ïðåäøåñòâåííèêàõ â îïðåäåëåííûõ òî÷êàõ
êëåòî÷íîãî öèêëà ó äâóõêëåòî÷íûõ ýìáðèîíîâ ìûøè
(Zatsepina et al., 2003). Ñ äðóãîé ñòîðîíû, âîçìîæíî, íå-
àêòèâíûé ãîëîýíçèì ïîë I, ñîäåðæàùèéñÿ â òàêèõ èíàê-
òèâèðîâàííûõ ÿäðûøêàõ, ïðîâîöèðóåò ïîäîáíîå ïåðå-
ðàñïðåäåëåíèå êîèëèíà â ÿäðå. Êàðòèíû ðàñïîëîæåíèÿ
ïîë I â ÿäðûøêàõ îîöèòîâ ïîçâîëÿþò ïðîñëåäèòü íåêîòî-
ðóþ ïîñëåäîâàòåëüíîñòü ñîáûòèé, ñîïóòñòâóþùèõ ïî-
ñòåïåííîìó ïðåîáðàçîâàíèþ ÿäðûøêà. Íàëè÷èå ìåëêèõ
ãðàíóë èëè ñôåð, ñîäåðæàùèõ ïîë I, ê êîòîðûì ñ âíåø-
íåé ñòîðîíû ïîäõîäèò êîèëèí è îêóòûâàåò ÿäðûøêî â
âèäå îáîëî÷êè, ìîæíî, íà íàø âçãëÿä, ñ÷èòàòü îäíèì èç
ïåðâûõ ýòàïîâ âçàèìîäåéñòâèÿ ýòèõ áåëêîâ (ðèñ. 9). Â
ÿäðå îîöèòà èç ôîëëèêóëà ñ àíòðóìîì áîëüøåãî ðàçìåðà
êîèëèí è ïîë I êîëîêàëèçóþòñÿ â îäíîé äîâîëüíî êðóï-
íîé ñôåðå, íàõîäÿùåéñÿ ëèáî íà ïåðèôåðèè ÿäðûøêà,
ëèáî â íåïîñðåäñòâåííîé áëèçîñòè îò íåãî (ðèñ. 10). Êà-
êîâà äèíàìèêà êîëîêàëèçàöèè êîèëèíà ñ ïîë I â ÿäðûø-
êàõ îîöèòîâ ïîçäíåãî îîãåíåçà, êàêîâ åå ôóíêöèîíàëü-
íûé ñìûñë? Ýòè âîïðîñû îñòàþòñÿ îòêðûòûìè è òðåáó-
þò äàëüíåéøèõ èññëåäîâàíèé.
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Ðèñ. 10. Âûÿâëåíèå ïîë I è êîèëèíà â ÿäðûøêàõ îîöèòîâ ìûøè ñ ïîìîùüþ äâîéíîãî îêðàøèâàíèÿ. Ðåçóëüòàòû êîíôîêàëüíîãî
ñêàíèðîâàíèÿ ÿäðà îîöèòà ìûøè èç ìíîãîñëîéíîãî ôîëëèêóëà ñ ðàñòóùåé àíòðàëüíîé ïîëîñòüþ.

à — öåíòðàëüíàÿ ÷àñòü ÿäðà ñ ÿäðûøêîì, îêðóæåííûì êîëüöîì êîíäåíñèðîâàííîãî õðîìàòèíà; îêðàñêà To-Pro-3. á — íàðÿäó ñ ìåëêèìè ãðàíóëàìè
âíóòðè ÿäðûøêà ïîë I ñîäåðæèòñÿ â îäíîé êðóïíîé ñôåðå, ïðèëåæàùåé ê ÿäðûøêó. â — êîèëèí âûÿâëÿåòñÿ â êðóïíîé ñôåðè÷åñêîé ñòðóêòóðå, ðàñïî-
ëîæåííîé íà ïîâåðõíîñòè ÿäðûøêà, íåáîëüøàÿ ÷àñòü ñèãíàëà ñîõðàíÿåòñÿ íà åãî ïåðèôåðèè. ã — ïðè ñîâìåùåíèè äâóõ èçîáðàæåíèé âèäíà ïîëíàÿ êî-

ëîêàëèçàöèÿ äâóõ áåëêîâ, ïðåèìóùåñòâåííî â ðàéîíå åäèíè÷íîé ñôåðû. ÿäð — ÿäðûøêî. Ob. 40�, oc. 10�.

Fig. 10. Double-immunostaining of oocyte nucleus from a plurilaminar mouse follicle (growing antrum) with anti-coilin and anti-RNA po-
lymerase I antibodies (confocal laser scanning microscopy).

à — staining with To-Pro-3; á — staining with anti-RNA polymerase I antibodies (green); â — staining with anti-coilin antibodies (red); ã — merge of two ima-
ges. Note the total colocalization of RNA polymerase I and coilin, and their presence in a large spherical body adjacent to the nucleolus. Designations are the same

as in Fig. 9. Ob. 40�, oc. 10�.
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THE NUCLEOLUS IN OOCYTES OF MULTYLAYER MOUSE FOLLICLES:

TOPOGRAPHY OF FIBRILLARIN, RNA POLYMERASE I AND COILIN
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By electron microscopy, conventional fluorescence and confocal microscopy, some features of structural
and molecular organization of the nucleolus in oocyte nucleus from mouse multilayer follicles were examined.
The examined nucleolus lacks almost all characteristic nucleolar components, such as fibrillar centers, dense
fibrillar and granular components. This nucleolus consists exclusively of a homogenous filamentous material
and is penetrated by numerous interstices. Besides, a striking association of the nucleolus with coilin, a marker
of Cajal bodies, was observed. We could map the coilin accumulation in three different areas: around, in the pe-
riphery, or inside the nucleolus. Additionally, we examined a topological relationship between coilin and two
key proteins of nucleolar transcription-processing machinery, RNA polymerase I and fibrillarin. RNA polyme-
rase I rather than fibrillarin was found to be colocalized with coilin. Finally, we propose that data on dynamics
of coilin relation with the nucleolus may elucidate a possible role of coilin in functional relationship between the
nucleolus and Cajal bodies.
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