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Èññëåäîâàíî ðàñïðåäåëåíèå ìàòåðèàëà òåëåö ãîíîñîìàëüíîãî õðîìàòèíà (ÒÃÕ), îáðàçîâàííîãî ãåòå-
ðîõðîìàòèçèðîâàííûìè ó÷àñòêàìè ïîëîâûõ õðîìîñîì, ïðè ðàçäåëåíèè ÿäåð âòîðè÷íûõ ãèãàíòñêèõ êëå-
òîê òðîôîáëàñòà ïîëåâêè ñ îáðàçîâàíèåì ïîëèêàðèîöèòîâ â òåðìèíàëüíûé ïåðèîä èõ äèôôåðåíöèðîâêè.
Ñ ïîìîùüþ îäíîâðåìåííîãî öèòîôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ ñîäåðæàíèÿ ÄÍÊ â ÿäåðíûõ ôðàãìåí-
òàõ è â ÒÃÕ ïîêàçàíî, ÷òî â õîäå ôðàãìåíòàöèè ñîäåðæàíèå ÄÍÊ â ÒÃÕ óìåíüøàåòñÿ, ïðè÷åì ýòî óìåíü-
øåíèå áëèçêî ê ïðîïîðöèîíàëüíîìó ñîäåðæàíèþ ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ. Ïîñëåäíåå ñîîòâåòñòâóåò
óðîâíÿì ïëîèäíîñòè 2ñ, 4ñ è 8ñ. Â ÿäåðíûå ôðàãìåíòû ðàçíîãî óðîâíÿ ïëîèäíîñòè â áîëüøèíñòâå ñëó÷à-
åâ ïîïàäàþò 1—2 ÒÃÕ. Ñóììàðíîå ñîäåðæàíèå ÄÍÊ â ÒÃÕ ÿäåðíûõ ôðàãìåíòîâ, à òàêæå â îòäåëüíûõ
ÒÃÕ îáíàðóæèâàåò òåñíóþ êîððåëÿöèþ ñ ïëîèäíîñòüþ ÿäåðíûõ ôðàãìåíòîâ. Ïîëó÷åííûå äàííûå ñâèäå-
òåëüñòâóþò î ðåãóëÿðíîì (ïîãåíîìíîì) ðàñïðåäåëåíèè õðîìîñîìíîãî ìàòåðèàëà â ÿäåðíûå ôðàãìåíòû
íà ïðèìåðå ðàñïðåäåëåíèÿ ïîëîâûõ õðîìîñîì. Îáñóæäàåòñÿ âîçìîæíûé ìåõàíèçì ôðàãìåíòàöèè ÿäðà,
îáåñïå÷èâàþùèé, ïî-âèäèìîìó, çíà÷èòåëüíóþ ñòåïåíü ñáàëàíñèðîâàííîñòè ãåíîìà ÿäåðíûõ ôðàãìåí-
òîâ, êîòîðûé íå ñâÿçàí, îäíàêî, ñ âîçîáíîâëåíèåì ìèòîòè÷åñêèõ öèêëîâ â ïîïóëÿöèè ãèãàíòñêèõ êëåòîê
òðîôîáëàñòà.

Ê ë þ ÷ å â û å ñ ë î â à: ãåòåðîõðîìàòèí, ïîëîâûå õðîìîñîìû, ýíäîðåäóïëèêàöèÿ, äåïîëèïëîèäèçà-
öèÿ, ôðàãìåíòàöèÿ ÿäåð, òðîôîáëàñò, ìëåêîïèòàþùèå.

Ï ð è í ÿ ò û å ñ î ê ð à ù å í è ÿ: ÒÃÕ — òåëüöà ãîíîñîìàëüíîãî õðîìàòèíà, ÂÃÊÒ — âòîðè÷íûå ãèãàí-
òñêèå êëåòêè òðîôîëàñòà.

Ó ìëåêîïèòàþùèõ èçâåñòíû ìíîãî÷èñëåííûå ñëó÷àè
óìíîæåíèÿ ãåíîìà ïðè äèôôåðåíöèðîâêå öåëîãî ðÿäà
òêàíåé, êîòîðàÿ îáû÷íî ïðîòåêàåò íåîáðàòèìî (Áðîä-
ñêèé, Óðûâàåâà, 1981; Brodsky, Uryvaeva, 1985). Îñîáûì
ñëó÷àåì ÿâëÿþòñÿ êëåòêè òðîôîáëàñòà â ïëàöåíòå ìëåêî-
ïèòàþùèõ, ó êîòîðûõ ïîñëå ñåðèè ðàóíäîâ óìíîæåíèÿ
ãåíîìà ñëåäóåò ïðîöåññ äåïîëèïëîèäèçàöèè ïóòåì ðàç-
äåëåíèÿ èñõîäíîãî ÿäðà íà ôðàãìåíòû (Çûáèíà è äð.,
1979; Çûáèíà, 1986). Ïðè ýòîì ïîêàçàíî, ÷òî ðàñïðåäåëå-
íèå õðîìîñîìíîãî ìàòåðèàëà èìååò òåíäåíöèþ ê ïîãå-
íîìíîìó (Çûáèíà è äð., 1979; Çûáèíà, 1990). Äâóÿäåð-
íûå è ìíîãîÿäåðíûå êëåòêè òðîôîáëàñòà âñòðå÷àþòñÿ â
ïëàöåíòàõ ðÿäà ìëåêîïèòàþùèõ (Hoffman, Wooding,
1994), íî ìåõàíèçìû èõ îáðàçîâàíèÿ èññëåäîâàíû ìàëî.
Ïîýòîìó ïðåäñòàâëÿåò èíòåðåñ èçó÷åíèå ðàñïðåäåëåíèÿ
õðîìîñîìíîãî ìàòåðèàëà ïðè ðàçäåëåíèè èñõîäíîãî ãè-
ãàíòñêîãî ÿäðà â êëåòêàõ òðîôîáëàñòà ó âîñòî÷íîåâðî-
ïåéñêîé ïîëåâêè Microtus rossiaemeridionalis, ÿäðà êëå-
òîê êîòîðîé ñîäåðæàò êðóïíûå òåëüöà êîíäåíñèðîâàííî-
ãî ãîíîñîìàëüíîãî õðîìàòèíà, îáðàçîâàííîãî â çíà÷è-
òåëüíîé ñòåïåíè ãåòåðîõðîìàòèíîì ïîëîâûõ õðîìîñîì
(Mazurok et al., 2001; Zybina et al., 2003). Òåëüöà ãîíîñî-
ìàëüíîãî õðîìàòèíà (ÒÃÕ) ìîãóò ïðåäñòàâëÿòü ñîáîé åñ-
òåñòâåííûé õðîìîñîìíûé ìàðêåð èíòåðôàçíîãî ÿäðà, èñ-
ïîëüçîâàíèå êîòîðîãî ïîìîæåò ïðîñëåäèòü ðàñïðåäåëå-

íèå îòäåëüíûõ õðîìîñîì â õîäå äåïîëèïëîèäèçàöèè ãè-
ãàíòñêèõ êëåòîê òðîôîáëàñòà. Òàêîå èññëåäîâàíèå, âåðî-
ÿòíî, äàñò âîçìîæíîñòü ïîëó÷èòü ñâåäåíèÿ î òîì, â êà-
êîé ñòåïåíè îáåñïå÷èâàåòñÿ ñáàëàíñèðîâàííîñòü ãåíîìà
ÿäåðíûõ ôðàãìåíòîâ â îáðàçóþùèõñÿ ïîëèêàðèîöèòàõ.

Öåëüþ íàñòîÿùåé ðàáîòû áûëî èññëåäîâàíèå çàêî-
íîìåðíîñòåé ðàñïðåäåëåíèÿ ìàòåðèàëà ïîëîâûõ õðîìî-
ñîì ïóòåì öèòîôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ ñîäåðæà-
íèÿ ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ è îäíîâðåìåííî â ÒÃÕ
ïðè ôðàãìåíòàöèè âòîðè÷íûõ ãèãàíòñêèõ êëåòîê òðî-
ôîáëàñòà âîñòî÷íîåâðîïåéñêîé ïîëåâêè.

Ìàòåðèàë è ìåòîäèêà

Êóñî÷êè ïëàöåíòû âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà
10, 12 è 14-å ñóò ðàçâèòèÿ ôèêñèðîâàëè ñìåñüþ ýòèëîâî-
ãî ñïèðòà è ëåäÿíîé óêñóñíîé êèñëîòû â ñîîòíîøåíèè 3 :
1. Èñïîëüçîâàí ìàòåðèàë ïëàöåíò 3 ýìáðèîíîâ íà 10-å,
3 ýìáðèîíîâ íà 12-å è 2 ýìáðèîíîâ íà 14-å ñóò ðàçâèòèÿ.
×àñòü ôèêñèðîâàííîãî ìàòåðèàëà çàëèâàëè â ïàðàôèí è
ãîòîâèëè ñðåçû òîëùèíîé 10 ìêì; ñðåçû îáðàáàòûâàëè
ïî Ô¸ëüãåíó. Èç äðóãîé ÷àñòè ìàòåðèàëà ãîòîâèëè ïîñòî-
ÿííûå äàâëåíûå ïðåïàðàòû â ñîîòâåòñòâèè ñ ðàíåå îïè-
ñàííîé ìåòîäèêîé (Zybina et al., 2003). Ïðè îáðàáîòêå ïî
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Ô¸ëüãåíó ïðîâîäèëè ãèäðîëèç ïðè êîìíàòíîé òåìïåðà-
òóðå â 5 í. ÍÑl â òå÷åíèå 30 ìèí è èíêóáèðîâàëè â ðåàê-
òèâå Øèôôà â òå÷åíèå 2 ÷ â òåìíîòå. Ïîñëå ýòîãî ïðåïà-
ðàòû èíêóáèðîâàëè â äâóõ ïîðöèÿõ 0.5%-íîãî ðàñòâîðà
Na2S2O3 â 0.05 í. HCl äâàæäû ïî 20 ìèí, îòìûâàëè â ïðî-
òî÷íîé âîäå, äåãèäðàòèðîâàëè â ñåðèè ñïèðòîâ âîñõîäÿ-
ùåé êîíöåíòðàöèè (50—100 %) è çàêëþ÷àëè â êàíàäñêèé
áàëüçàì.

Ñîäåðæàíèå ÄÍÊ â ÿäðàõ è ÒÃÕ êëåòîê òðîôîáëàñòà
âîñòî÷íîåâðîïåéñêîé ïîëåâêè îïðåäåëÿëè íà ïîñòîÿí-
íûõ äàâëåíûõ ïðåïàðàòàõ è íà ñðåçàõ, îáðàáîòàííûõ ïî
Ô¸ëüãåíó. Èíòåãðàëüíóþ îïòè÷åñêóþ ïëîòíîñòü ÿäåð è
ÒÃÕ èçìåðÿëè íà àíàëèçàòîðå èçîáðàæåíèé «Âèäåî-
òåñò», ñîñòîÿùåì èç öèôðîâîé ÏÇÑ-âèäåîêàìåðû ÑÐÒ
8360 (Ñhipper, CØÀ), óñòàíîâëåííîé íà ìèêðîñêîï ÅÑ
Áèìàì-13, è êîìïüþòåðà IBM PC. Ââîä èçîáðàæåíèÿ è
èçìåðåíèå èíòåãðàëüíîé îïòè÷åñêîé ïëîòíîñòè, õàðàêòå-
ðèçóþùåé ñîäåðæàíèå ÄÍÊ â ÿäðå è îòäåëüíî â ÒÃÕ,
ïðîâîäèëè ñ ïîìîùüþ ïðîãðàììû Âèäåîòåñò-Ìîðôî
(«Âèäåîòåñò», Ñàíêò-Ïåòåðáóðã), íà êîòîðîé ðàíåå áûëà
ïîêàçàíà âîçìîæíîñòü èçìåðåíèÿ ñîäåðæàíèÿ ÄÍÊ
(Øòåéí è äð., 1998). Ïðè èçìåðåíèÿõ èñïîëüçîâàëè îáú-
åêòèâ 40 � 0.65 è èíòåðôåðåíöèîííûé ôèëüòð 550 íì. Â
êàæäîé ïëàöåíòå áûëî ïðîàíàëèçèðîâàíî îò 150 äî 400
ÿäåðíûõ ôðàãìåíòîâ âòîðè÷íûõ ãèãàíòñêèõ êëåòîê òðî-
ôîáëàñòà è 100 ÿäåð ôåòàëüíûõ ýðèòðîöèòîâ â êà÷åñòâå
êîíòðîëÿ ñîäåðæàíèÿ ÄÍÊ â äèïëîèäíîì ÿäðå. Ïðè îá-
ðàáîòêå ðåçóëüòàòîâ ðàññìàòðèâàëè ñëåäóþùèå ïàðàìåò-
ðû: ñîäåðæàíèå ÄÍÊ â ÿäðå â óñëîâíûõ åäèíèöàõ
(óñë. åä.) è ïëîèäíîñòü (ñ), à òàêæå ñîäåðæàíèå ÄÍÊ â
ÒÃÕ â óñë. åä. (â îòäåëüíûõ òåëüöàõ è ñóììàðíî äëÿ ÿäåð
ñ 2—5 ÒÃÕ), ÷èñëî ÒÃÕ, äîëÿ ÿäåð ñ îäíèì è íåñêîëüêè-
ìè ÒÃÕ. Ïî ýòèì äàííûì âû÷èñëÿëè ñðåäíåå ñî ñòàíäàð-
òíîé îøèáêîé, à òàêæå êîýôôèöèåíò êîððåëÿöèè (r)
ìåæäó ðàçëè÷íûìè ïàðàìåòðàìè.

Ðåçóëüòàòû è îáñóæäåíèå

Âòîðè÷íûå ãèãàíòñêèå êëåòêè òðîôîáëàñòà (ÂÃÊÒ) â
ïëàöåíòå ïîëåâêè ðàñïîëàãàþòñÿ êàê íà ãðàíèöå ìåæäó
çàðîäûøåâîé è ìàòåðèíñêîé çîíàìè ïëàöåíòû, òàê è â
ãëóáèíå åå çàðîäûøåâîé ÷àñòè. Îíè ñîõðàíÿþòñÿ äî êîí-
öà áåðåìåííîñòè, íî âî ìíîãèõ èç íèõ ÿäðà ðàñïàäàþòñÿ
íà çíà÷èòåëüíî áîëåå ìåëêèå ôðàãìåíòû. Â ÿäðàõ ÂÃÊÒ
âûÿâëÿþòñÿ ïîëèòåííûå õðîìîñîìû, êîòîðûå èìåþò âèä
êîðîòêèõ ðûõëûõ ïó÷êîâ, ïðèëåãàþùèõ ê ÿäåðíîé îáî-
ëî÷êå è ÿäðûøêó, èìåþùåìó îáû÷íî îâàëüíóþ èëè ëî-
ïàñòíóþ ôîðìó (Çûáèíà, 1986; Zybina et al., 2003).

Íà÷èíàÿ ñ 10-õ ñóò ðàçâèòèÿ çàðîäûøà â ÷àñòè êëå-
òîê ïðîèñõîäÿò ïðîöåññû ðàñïàäåíèÿ ãèãàíòñêèõ ÿäåð íà
ìíîãî÷èñëåííûå ôðàãìåíòû (ðèñ. 1, 2); ê 14—17-ì ñóò
ýòè ïðîöåññû çàõâàòûâàþò çíà÷èòåëüíóþ ÷àñòü ÿäåð âòî-
ðè÷íûõ ãèãàíòñêèõ êëåòîê òðîôîáëàñòà, õîòÿ ê êîíöó áå-
ðåìåííîñòè ñîõðàíÿåòñÿ äîâîëüíî ìíîãî îäíîÿäåðíûõ
ãèãàíòñêèõ êëåòîê. Ïðè ôðàãìåíòàöèè ïðîèñõîäèò ëèáî
ïîñòåïåííîå îòïî÷êîâûâàíèå îò ÿäðà â öèòîïëàçìó îòäå-
ëüíûõ ôðàãìåíòîâ, ëèáî îáîñîáëåíèå èõ âíóòðè èñõîä-
íîãî ÿäðà, âñëåäñòâèå ÷åãî ñêîïëåíèå ÿäåðíûõ ôðàãìåí-
òîâ âíà÷àëå ñîõðàíÿåò ôîðìó ÿäðà (ðèñ. 1, 2).

Îñîáåííîñòüþ ãèãàíòñêèõ êëåòîê òðîôîáëàñòà ïî-
ëåâêè ÿâëÿåòñÿ ðàñïàäåíèå ïó÷êîâ ïîëèòåííûõ õðîìî-
ñîì íà ìíîæåñòâî ýíäîõðîìîñîì â õîäå äèôôåðåíöèðîâ-
êè. Ïðè ýòîì ÒÃÕ ïðåèìóùåñòâåííî ñîõðàíÿþò ñâîþ öå-
ëîñòíîñòü â âèäå 1—2 êðóïíûõ òåëåö êîíäåíñèðîâàííîãî

õðîìàòèíà (ðèñ. 3, à), ðàçìåðû êîòîðûõ ñîïîñòàâèìû ñ
ðàçìåðàìè ïó÷êîâ ïîëèòåííûõ õðîìîñîì (Çûáèíà è äð.,
2002; Zybina et al., 2003).

Ïðè áîëüøîì óâåëè÷åíèè ìîæíî íàáëþäàòü, ÷òî ïî-
ñëå ðàñïàäåíèÿ áîëüøèíñòâà ïîëèòåííûõ õðîìîñîì íà

Èññëåäîâàíèå äåïîëèïëîèäèçàöèè è äåïîëèòåíèçàöèè ñ ïðèìåíåíèåì öèòîôîòîìåòðèè ÄÍÊ 867

Ðèñ. 1. Ðàçäåëåíèå ÿäåð ÂÃÊÒ âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà
íèçêîïîëèïëîèäíûå ÿäåðíûå ôðàãìåíòû íà 10-å ñóò ýìáðèîíà-

ëüíîãî ðàçâèòèÿ.

à, á — ïðîöåññ îòïî÷êîâûâàíèÿ ÿäåðíûõ ôðàãìåíòîâ îò ïîâåðõíîñòè ãè-
ãàíòñêîãî ÿäðà; â ÿäåðíûõ ôðàãìåíòàõ ïðèñóòñòâóåò îäíî èëè íåñêîëüêî
ìåëêèõ ÒÃÕ (ñòðåëêè). Ïîñòîÿííûé äàâëåíûé ïðåïàðàò, îáðàáîòàííûé

ïî Ô¸ëüãåíó. Îá. 100�, îê. 15�.

Fig. 1. Nuclear fragmentation in the secondary giant trophoblast
cells of the Microtus rossiameridionalis into low-polyploid nuclear

fragments on the 10th day of gestation.

a, á — separation of nuclear fragments from the surface of the giant nucleus;
one or few small gonosomal chromatin bodies are observed in the fragments

(arrows). Feulgen-stained squash. Ob. 100�, oc. 15�.



ýíäîõðîìîñîìû êðóïíûå ÒÃÕ â ñâîþ î÷åðåäü ñîñòîÿò èç
áîëåå ìåëêèõ êîíäåíñèðîâàííûõ òåëåö, êîòîðûå õîðîøî
âûÿâëÿþòñÿ íà ïåðèôåðèè ÒÃÕ (ðèñ. 3, á).

Cîãëàñíî äàííûì öèòîôîòîìåòðèè, ñîäåðæàíèå
ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ ñîîòâåòñòâóåò óðîâíÿì ïëî-
èäíîñòè 2ñ, 4 ñ è 8 ñ. Òàêîå ðàñïðåäåëåíèå ñîäåðæàíèÿ
ÄÍÊ âûÿâëÿåòñÿ êàê íà äàâëåíûõ ïðåïàðàòàõ (ðèñ. 4),
òàê è íà ñðåçàõ (ðèñ. 5). Ýòè äàííûå âïîëíå ñîãëàñóþòñÿ
ñ ðàíåå ïîëó÷åííûìè ðåçóëüòàòàìè, ñâèäåòåëüñòâóþùè-
ìè î òåíäåíöèè ê ïîãåíîìíîìó ðàñïðåäåëåíèþ õðîìî-
ñîìíîãî ìàòåðèàëà ãèãàíòñêèõ êëåòîê òðîôîáëàñòà ïî
ÿäåðíûì ôðàãìåíòàì (Çûáèíà è äð., 1979; Çûáèíà, 1990).

Îêàçàëîñü, ÷òî ïðè ðàçäåëåíèè ãèãàíòñêîãî ÿäðà íà
ôðàãìåíòû â êàæäûé ÿäåðíûé ôðàãìåíò ïîïàäàþò ïðåè-
ìóùåñòâåííî 1—2 ÒÃÕ, ðåæå áîëåå (òàáë. 1).

Îäíîâðåìåííîå öèòîôîòîìåòðè÷åñêîå îïðåäåëåíèå
ñîäåðæàíèÿ ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ è ñîäåðæàùèõñÿ
â íèõ ÒÃÕ ïîêàçàëî, ÷òî ïî ìåðå ôðàãìåíòàöèè ñóììàð-
íîå ñîäåðæàíèå ÄÍÊ â ÒÃÕ óìåíüøàåòñÿ, ïðè÷åì ýòî
óìåíüøåíèå áëèçêî ê ïðîïîðöèîíàëüíîìó óðîâíþ ïëî-
èäíîñòè ÿäåðíûõ ôðàãìåíòîâ (òàáë. 2). Â ñëó÷àå ïðèñóò-
ñòâèÿ â ÿäåðíûõ ôðàãìåíòàõ 2 ÒÃÕ è áîëåå ñîäåðæàíèå
ÄÍÊ â îòäåëüíûõ ÒÃÕ (íàèáîëåå êðóïíîì è âòîðîì ïî
âåëè÷èíå) îêàçàëîñü òàêæå ïðîïîðöèîíàëüíûì óðîâíþ
ïëîèäíîñòè ÿäåðíûõ ôðàãìåíòîâ (ðèñ. 6; òàáë. 2). Ñõîä-
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Ðèñ. 2. Îáîñîáëåíèå ÿäåðíûõ ôðàãìåíòîâ âíóòðè èñõîäíîãî
ÿäðà ÂÃÊÒ âîñòî÷íîåâðîïåéñêîé ïîëåâêè â ïðîöåññå ôðàãìåí-

òàöèè íà 12-å ñóò ýìáðèîíàëüíîãî ðàçâèòèÿ.

à — ó÷àñòîê èñõîäíîãî ÿäðà ñ îáîñîáëÿþùèìèñÿ ôðàãìåíòàìè (ãîëîâêè
ñòðåëîê) è îòäåëèâøèåñÿ ÿäåðíûå ôðàãìåíòû; á — êîìïàêòíîå ñêîïëå-
íèå ÿäåðíûõ ôðàãìåíòîâ âíóòðè ãèãàíòñêîé êëåòêè òðîôîáëàñòà; â ÿäåð-
íûõ ôðàãìåíòàõ ïðèñóòñòâóþò îäíî-äâà ÒÃÕ. Ñðåç, îáðàáîòêà ïî Ô¸ëü-

ãåíó. Îá. 100�, îê. 10�.

Fig. 2. Isolation of nuclear fragments inside the initial nucleus of
the secondary giant trophoblast cells of Microtus rossiaemeridio-

nalis în the 12th day of gestation.

a — part of the initial nucleus with progressively isolating and pinching off
fragments (arrowheads); á — a compact cluster of nuclear fragments inside a
giant trophoblast cell; 1—2 gonosomal chromatin bodies are observed in the

nuclear fragments. Feulgen-stained section. Ob. 100�, oc. 10�.

Ðèñ. 3. ÒÃÕ â ÂÃÊÒ âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà 14-å ñóò
ýìáðèîíàëüíîãî ðàçâèòèÿ.

à — â ÿäðå âûÿâëÿþòñÿ äâà êðóïíûõ êîìïàêòíûõ ÒÃÕ è ìíîæåñòâî ýí-
äîõðîìîñîì; á — â ÿäðå ïðèñóòñòâóþò äâà êðóïíûõ ÒÃÕ, îäíî èç êîòî-
ðûõ êîìïàêòíîå, òîãäà êàê äðóãîå ðàñïàäàåòñÿ íà ìíîæåñòâî áîëåå ìåë-
êèõ ïàðíûõ êîíäåíñèðîâàííûõ ýíäîõðîìîñîì. Ïîñòîÿííûé äàâëåíûé

ïðåïàðàò, îáðàáîòêà ïî Ô¸ëüãåíó. Îá. 100�, îê. 15�.

Fig. 3. Gonosomal chromatin bodies in the secondary giant trop-
hoblast cells of Microtus rossiaemeridionalis on the 14th day of

gestation.

a — two large compact gonosomal chromatin bodies and numerous endochro-
mosomes are observed in the nucleus; á — two gonosomal chromatin bodies
are observed in the nucleus, one being compact, the other breaking down into a
multitude of small double condensed endochromosomes. Feulgen-stained

squash. Ob. 100�, oc. 15�.
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Ðèñ. 4. Ðàñïðåäåëåíèå ñîäåðæàíèÿ ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ ÂÃÊÒ âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà 10-å ñóò ýìáðèîíàëüíîãî
ðàçâèòèÿ ïî äàííûì, ïîëó÷åííûì íà äàâëåíûõ ïðåïàðàòàõ.

Çâåçäî÷êîé îáîçíà÷åíû óðîâíè ïëîèäíîñòè.

Fig. 4. Distribution of DNA content in the nuclear fragments of the secondary giant trophoblast cells of Microtus rossiaemeridionalis în
the 10th day of gestation (data obtained on squashes).

Abscissa — DNA content, arbitrary units and ploidy, c; ordinate — the number of nuclear fragments.

Ðèñ. 5. Ðàñïðåäåëåíèå ñîäåðæàíèÿ ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ ÂÃÊÒ âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà 12-å ñóò ýìáðèîíàëüíîãî
ðàçâèòèÿ ïî äàííûì, ïîëó÷åííûì íà ñðåçàõ.

Çâåçäî÷êîé îáîçíà÷åíû óðîâíè ïëîèäíîñòè.

Fig. 5. Distribution of DNA content in nuclear fragments of the secondary giant trophoblast cells of Microtus rossiaemeridionalis on the
12th day of gestation (data obtained on sections).

Abscissa — DNA content, arbitrary units and ploidy, c; ordinate — number of nuclear fragments.



íûå äàííûå áûëè ïîëó÷åíû òàêæå ïðè èçìåðåíèè ñîäåð-
æàíèÿ ÄÍÊ â ÿäåðíûõ ôðàãìåíòàõ è ÒÃÕ íà ñðåçàõ
(ðèñ. 7).

Íàáëþäàåòñÿ âûñîêèé óðîâåíü êîððåëÿöèè ìåæäó
ñîäåðæàíèåì ÄÍÊ â ÿäðå è ÒÃÕ. Ïðè ýòîì êîððåëÿöèÿ
âûÿâëÿåòñÿ êàê ìåæäó ñóììàðíûì ñîäåðæàíèåì ÄÍÊ â
ÒÃÕ è ÿäåðíîì ôðàãìåíòå (r = 0.83), òàê è ìåæäó ñîäåð-
æàíèåì ÄÍÊ â îòäåëüíûõ ÒÃÕ è ÿäåðíîì ôðàãìåíòå
(òàáë. 3). Ýòè äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî ðàñïðå-
äåëåíèå ìàòåðèàëà ïîëîâûõ õðîìîñîì â ÿäåðíûå ôðàã-
ìåíòû ïðîèñõîäèò íå ñëó÷àéíî, à â ñîîòâåòñòâèè ñ óðîâ-
íåì ïëîèäíîñòè ôîðìèðóþùèõñÿ ôðàãìåíòîâ.

Ñëåäóåò îòìåòèòü, ÷òî äàííûå, ïîëó÷åííûå íà ñðå-
çàõ, ñõîäíû ñ òàêîâûìè, ïîëó÷åííûìè íà äàâëåíûõ ïðå-

ïàðàòàõ. Îäíàêî êîýôôèöèåíòû êîððåëÿöèè ìåæäó
ñîäåðæàíèåì ÄÍÊ â ÒÃÕ è ÿäåðíûõ ôðàãìåíòàõ, ïîëó-
÷åííûå íà ñðåçàõ, íåñêîëüêî íèæå òàêîâûõ, ïîëó÷åííûõ
íà äàâëåíûõ ïðåïàðàòàõ (òàáë. 3). Òàê, ìåæäó ñóììàð-
íûì ñîäåðæàíèåì ÄÍÊ â ÒÃÕ è öåëûõ ôðàãìåíòàõ íà-
áëþäàåòñÿ äîñòàòî÷íî âûñîêàÿ êîððåëÿöèÿ (r = 0.59).
Ìåæäó ñîäåðæàíèåì ÄÍÊ âî ôðàãìåíòàõ è îòäåëüíûõ
ÒÃÕ íàáëþäàåòñÿ ñðåäíÿÿ êîððåëÿöèÿ (r = 0.54). Ðàçëè-
÷èÿ ìåæäó äàííûìè, ïîëó÷åííûìè íà äàâëåíûõ ïðåïàðà-
òàõ, è íà ñðåçàõ, âåðîÿòíî, îáóñëîâëåíû èçìåðåíèåì â
ðÿäå ñëó÷àåâ íå öåëîãî ôðàãìåíòà, à åãî ÷àñòè, îêàçàâ-
øåéñÿ âíóòðè ñðåçà. Îäíàêî íà îñíîâàíèè ïîëó÷åííûõ
äàííûõ ìîæíî çàêëþ÷èòü, ÷òî ñîäåðæàíèå ÄÍÊ, îïðåäå-
ëÿåìîå íà ñðåçàõ, ìîæåò â èçâåñòíîé ñòåïåíè ñëóæèòü
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Ò à á ë è ö à 1

Äîëÿ ÿäåðíûõ ôðàãìåíòîâ ñ ðàçëè÷íûì ÷èñëîì ÒÃÕ â çàâèñèìîñòè îò ñòåïåíè èõ ïëîèäíîñòè
âî âòîðè÷íûõ ãèãàíòñêèõ êëåòêàõ òðîôîáëàñòà ïîëåâêè

(ïî äàííûì àíàëèçà, ïðîâåäåííîãî íà äàâëåíûõ ïðåïàðàòàõ)

Ñòåïåíü
ïëîèäíîñòè, ñ

Äîëÿ (%, x sx± ) ÿäåðíûõ ôðàãìåíòîâ ñ ðàçíûì ÷èñëîì ÒÃÕ

1 2 3 4 5

2 48.8 � 7.8 51.2 � 7.8 0 0 0

4 33.3 � 6.1 54.4 � 6.7 3.5 � 2.2 3.5 � 2.2 5.2 � 2.2

8 7.0 � 3.2 70.0 � 6.0 10.5 � 4.0 10.5 � 4.0 1.8 � 1.6

Ðèñ. 6. Ñîîòíîøåíèå ìåæäó óðîâíåì ïëîèäíîñòè ÿäåðíûõ ôðàãìåíòîâ è ñîäåðæàíèåì ÄÍÊ â ÒÃÕ ñ íàèáîëüøèì ñîäåðæàíèåì
ÄÍÊ (1-å ÒÃÕ) è âî âòîðîì ïî ñîäåðæàíèþ ÄÍÊ ÒÃÕ (2-å ÒÃÕ) â ÿäåðíûõ ôðàãìåíòàõ âòîðè÷íûõ ãèãàíòñêèõ êëåòîê òðîôîáëàñòà

âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà 10-å ñóò ýìáðèîíàëüíîãî ðàçâèòèÿ ïî äàííûì, ïîëó÷åííûì íà äàâëåíûõ ïðåïàðàòàõ.

Fig. 6. Relationship between the ploidy level of nuclear fragments and DNA content in the first (black circles) and second (white circles)
gonosomal chromatin bodies, according to their DNA content, in the secondary giant trophoblast cells of Microtus rossiaemeridionalis on

the 10th day of gestation (data obtained on squashes).

Abscissa — DNA content, arbitrary units and ploidy, c; ordinate — DNA content in gonosomal chromatin bodies.



äëÿ îöåíêè ïîâåäåíèÿ ãåòåðîõðîìàòèçèðîâàííûõ ïîëî-
âûõ õðîìîñîì â õîäå ïîëèïëîèäèçàöèè è äåïîëèïëîèäè-
çàöèè.

Ìîæíî ïðåäïîëîæèòü, ÷òî ðàñïðåäåëåíèþ îòäåëü-
íûõ ÒÃÕ â äî÷åðíèå ôðàãìåíòû ïðåäøåñòâóåò ïîñòåïåí-
íàÿ äåçàãðåãàöèÿ èñõîäíîãî êîíäåíñèðîâàííîãî (ïîëè-
òåííîãî) ÒÃÕ íà îòäåëüíûå ýíäîõðîìîñîìû. Îäíàêî,
ñîãëàñíî äàííûì íàñòîÿùåé ðàáîòû, ÷èñëî ÒÃÕ íå îáíà-
ðóæèâàåò çíà÷èòåëüíîé êîððåëÿöèè ñ óðîâíåì ïëîèäíî-
ñòè ôðàãìåíòîâ (r = 0.31). Íà âñåõ óðîâíÿõ ïëîèäíîñòè
ôðàãìåíòû ñîäåðæàò ïðåèìóùåñòâåííî 2 ÒÃÕ (òàáë. 1).
Ïðè ýòîì ñîäåðæàíèå ÄÍÊ â îòäåëüíûõ ÒÃÕ ïðîïîðöèî-
íàëüíî óðîâíÿì ïëîèäíîñòè ÿäåðíûõ ôðàãìåíòîâ, çíà÷è-
òåëüíàÿ êîððåëÿöèÿ íàáëþäàåòñÿ êàê â íàèáîëåå êðóï-

íîì, òàê è âî âòîðîì ïî âåëè÷èíå ÒÃÕ (òàáë. 2; ðèñ. 3).
Ýòè äàííûå ñâèäåòåëüñòâóþò â ïîëüçó ñîõðàíåíèÿ âûñî-
êîé ñòåïåíè ïðèñîåäèíåíèÿ ñåñòðèíñêèõ õðîìàòèä ãåòå-
ðîõðîìàòèçèðîâàííûõ ïîëîâûõ õðîìîñîì âïëîòü äî ìî-
ìåíòà èõ ðàçäåëåíèÿ íà ôðàãìåíòû áîëåå íèçêîé ñòåïåíè
ïëîèäíîñòè. Áëàãîäàðÿ ýòîìó äèññîöèàöèÿ ïîëèòåííûõ
ÒÃÕ íà îëèãîòåííûå ïðîèñõîäèò, ïî-âèäèìîìó, ïðåèìó-
ùåñòâåííî â õîäå ðàçäåëåíèÿ èñõîäíûõ ÿäåð íà ôðàãìåí-
òû, è â êàæäûé ôðàãìåíò ïîïàäàþò 1—2 ÒÃÕ, êîëè÷åñò-
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Ò à á ë è ö à 2

Ñîäåðæàíèå ÄÍÊ â ÒÃÕ ÿäåðíûõ ôðàãìåíòîâ
(óñë. åä., x sx± ) ðàçíîãî óðîâíÿ ïëîèäíîñòè

ïðè èçìåðåíèè íà äàâëåíûõ ïðåïàðàòàõ

Ñðåäíåå ñî-
äåðæàíèå ÄÍÊ

â ÒÃÕ

Óðîâåíü ïëîèäíîñòè ÿäåðíûõ ôðàãìåíòîâ, ñ

2 4 8

Ñóììàðíîå 25.80 � 0.06 40.90 � 0.09 67.80 � 0.13

1-å ÒÃÕ 15.7 � 1.0 30.1 � 1.7 47.9 � 2.4

2-å ÒÃÕ 10.6 � 1.0 16.4 � 1.4 25.5 � 1.2

Ðèñ. 7. Ñîîòíîøåíèå ìåæäó óðîâíåì ïëîèäíîñòè ÿäåðíûõ ôðàãìåíòîâ è ñîäåðæàíèåì ÄÍÊ â ÒÃÕ ñ íàèáîëüøèì ñîäåðæàíèåì
ÄÍÊ (1-å ÒÃÕ) è âî âòîðîì ïî ñîäåðæàíèþ ÄÍÊ ÒÃÕ (2-å ÒÃÕ) â ÿäåðíûõ ôðàãìåíòàõ âòîðè÷íûõ ãèãàíòñêèõ êëåòîê òðîôîáëàñòà

âîñòî÷íîåâðîïåéñêîé ïîëåâêè íà 12-å ñóò ýìáðèîíàëüíîãî ðàçâèòèÿ ïî äàííûì, ïîëó÷åííûì íà ñðåçàõ.

Fig. 7. Relationship between the ploidy level of nuclear fragments and DNA content in the first (black circles) and second (white circles)
gonosomal chromatin bodies, with regard to their DNA content in the secondary giant trophoblast cells of Microtus rossiaemeridionalis on

the 12th day of gestation (data obtained on sections).

Abscissa — DNA content, arbitrary units and ploidy, c; ordinate — DNA content in gonosomal chromatin bodies.

Ò à á ë è ö à 3

Êîýôôèöèåíòû êîððåëÿöèè ìåæäó ñîäåðæàíèåì ÄÍÊ
â ÿäåðíûõ ôðàãìåíòàõ è íàõîäÿùèõñÿ â íèõ ÒÃÕ

âî âòîðè÷íûõ ãèãàíòñêèõ êëåòêàõ òðîôîáëàñòà ïîëåâêè
(ïî äàííûì, ïîëó÷åííûì íà äàâëåíûõ ïðåïàðàòàõ

è íà ñðåçàõ)

Ñïîñîá ïðèãîòîâ-
ëåíèÿ ïðåïàðàòîâ

Êîððåëÿöèÿ (r) ìåæäó ñîäåðæàíèåì ÄÍÊ â
ÿäåðíîì ôðàãìåíòå è ñîäåðæàíèåì ÄÍÊ â ÒÃÕ,

x sx±

cóììàðíûì
ñîäåðæàíèåì
ÄÍÊ â ÒÃÕ

ÒÃÕ ñ íàè-
áîëüøèì ñî-
äåðæàíèåì

ÄÍÊ

âòîðûì ïî
ñîäåðæàíèþ

ÄÍÊ ÒÃÕ

Äàâëåíûå ïðåïà-
ðàòû

0.83 � 0.02 0.74 � 0.04 0.77 � 0.03

Ñðåçû 0.59 � 0.02 0.54 � 0.03 0.54 � 0.03



âî ñåñòðèíñêèõ õðîìàòèä â êîòîðûõ ïðîïîðöèîíàëüíî
óðîâíþ ïëîèäíîñòè ôðàãìåíòîâ.

Âìåñòå ñ òåì îáðàùàåò íà ñåáÿ âíèìàíèå òî, ÷òî â ïî-
ëèïëîèäíûõ ôðàãìåíòàõ âñòðå÷àåìîñòü 2 ÒÃÕ íåñêîëüêî
âûøå, ÷åì â äèïëîèäíûõ. Êðîìå òîãî, ñðåäè ïîëèïëîèä-
íûõ ôðàãìåíòîâ îáíàðóæèâàåòñÿ òàêæå íåáîëüøîå ÷èñëî
ôðàãìåíòîâ ñ 3 ÒÃÕ è áîëåå. Ýòè äàííûå óêàçûâàþò íà
òî, ÷òî âî ôðàãìåíòèðóþùèõñÿ ÿäðàõ ñóùåñòâóåò âîç-
ìîæíîñòü ÷àñòè÷íîé äåçàãðåãàöèè åäèíîãî êðóïíîãî
ÒÃÕ ïåðåä ïîñëåäóþùèì ðàñïðåäåëåíèåì åãî ìàòåðèàëà
â ÿäåðíûå ôðàãìåíòû.

Äàííûå íàñòîÿùåé ðàáîòû ñâèäåòåëüñòâóþò î òîì,
÷òî îòäåëüíûå õðîìîñîìû ðàñïðåäåëÿþòñÿ â ÿäåðíûå
ôðàãìåíòû íå ñëó÷àéíî, è ýòî îáåñïå÷èâàåò, ïî-âèäèìî-
ìó, ïîãåíîìíûé õàðàêòåð ðàçäåëåíèÿ âûñîêîïëîèäíîãî
ÿäðà. Ìåõàíèçì ïåðåðàñïðåäåëåíèÿ õðîìîñîìíîãî ìàòå-
ðèàëà, îáåñïå÷èâàþùèé ñáàëàíñèðîâàííîñòü ãåíîìà
ÿäåðíûõ ôðàãìåíòîâ, ïîêà íåÿñåí. Íåêîòîðûå äàííûå
óêàçûâàþò íà àêòèâíóþ ðîëü ÿäåðíîé îáîëî÷êè è, âåðî-
ÿòíî, ñâÿçàííûõ ñ íåé ñòðóêòóð â îñóùåñòâëåíèè ôðàã-
ìåíòàöèè ãèãàíòñêèõ ÿäåð. Ýòîìó ïðîöåññó ïðåäøåñòâó-
åò ïîÿâëåíèå ñêëàä÷àòîñòè ÿäåðíîé îáîëî÷êè ãèãàíòñêèõ
êëåòîê òðîôîáëàñòà. Îáðàçîâàíèå ãëóáîêèõ èíâàãèíàöèé
äâîéíîé ÿäåðíîé ìåìáðàíû ïðèâîäèò ê ïîýòàïíîé êîì-
ïàðòìåíòàëèçàöèè ÿäðà è îòäåëåíèþ îò íåãî ôðàãìåíòîâ
(Çûáèíà, 1986). Â ýòîò ïåðèîä â öèòîïëàçìå èñõîäíîé ãè-
ãàíòñêîé êëåòêè íàáëþäàåòñÿ ïðèñîåäèíåíèå ê ÿäåðíîé
ìåìáðàíå ìàññèâíûõ ïó÷êîâ ïðîìåæóòî÷íûõ ôèëàìåí-
òîâ, îäíèì êîíöîì ñâÿçàííûõ ñ ìåìáðàíîé ôîðìèðóþ-
ùåãîñÿ ôðàãìåíòà, äðóãèì — ñ ìåìáðàíàìè àãðàíóëÿð-
íîé ýíäîïëàçìàòè÷åñêîé ñåòè (Çûáèíà, Ðóìÿíöåâ, 1980).
Àêòèâíàÿ ðîëü ýëåìåíòîâ öèòîñêåëåòà, â ÷àñòíîñòè ìèê-
ðîòðóáî÷åê è ìèêðîôèëàìåíòîâ, â ðàçäåëåíèè ÿäðà îïè-
ñàíà ïðè ôðàãìåíòàöèè ÿäåð êëåòîê íàäïî÷å÷íèêîâ ëÿ-
ãóøêè (Pehlemann, 1968). Íåêîòîðûå àâòîðû ïðåäïîëàãà-
þò, ÷òî ïðîìåæóòî÷íûå ôèëàìåíòû â ãèãàíòñêèõ êëåòêàõ
òðîôîáëàñòà ôóíêöèîíàëüíî àíàëîãè÷íû îòñóòñòâóþ-
ùèì â íèõ öåíòðèîëÿì. Îòìå÷àåòñÿ, ÷òî ãèãàíòñêèå êëåò-
êè òðîôîáëàñòà íå èìåþò öåíòðèîëÿðíîãî àïïàðàòà, íî
ñîäåðæàò öåíòðîñîìîïîäîáíûå òåëüöà, ñîñòàâëåííûå
ïðîìåæóòî÷íûìè ôèëàìåíòàìè (Glasser, 1984). Íå èñê-
ëþ÷åíî, ÷òî ïðîìåæóòî÷íûå ôèëàìåíòû, âõîäÿùèå â ñî-
ñòàâ öåíòðîñîìîïîäîáíûõ òåëåö, èãðàþò îïðåäåëåííóþ
ðîëü â ïðàâèëüíîì ðàçäåëåíèè ÿäðà, íå ñâÿçàííîì, îäíà-
êî, ñ ìåõàíèçìîì ìèòîçà.

Ñëåäóåò îòìåòèòü, ÷òî ÒÃÕ, êàê è òåëüöà Áàððà, ÷àñ-
òî àññîöèèðîâàíû ñ ÿäåðíîé îáîëî÷êîé, è ýòà ñâÿçü ÷åò-
êî âûÿâëÿåòñÿ è ïðè ôðàãìåíòàöèè. Âïîëíå âåðîÿòíî,
÷òî ðàçäåëåíèå ïîëèòåííûõ ÒÃÕ íà ÒÃÕ ìåíüøåãî óðîâ-
íÿ ïëîèäíîñòè îñóùåñòâëÿåòñÿ ïðè ó÷àñòèè ÿäåðíîé
îáîëî÷êè.

Íåîáõîäèìî ïîä÷åðêíóòü, ÷òî ôðàãìåíòàöèÿ ÿäåð
ÂÃÊÒ ïîëåâêè, êàê è ó äðóãèõ èçó÷åííûõ âèäîâ ãðûçó-
íîâ, íàáëþäàåòñÿ â òåðìèíàëüíûé ïåðèîä èõ äèôôåðåí-
öèðîâêè, êîãäà ïðîöåññû ðåïëèêàöèè â íèõ ïðåêðàùàþò-
ñÿ (Zybina, Zybina, 1996). Ðàçäåëåíèå ãèãàíòñêîãî ÿäðà
îñóùåñòâëÿåòñÿ áåç âêëþ÷åíèÿ ìåõàíèçìà ìèòîçà. Ïîý-
òîìó ïðîöåññû ôðàãìåíòàöèè ÿäåð ãèãàíòñêèõ êëåòîê
òðîôîáëàñòà íå ïðèâîäÿò ê âîçîáíîâëåíèþ ìèòîòè÷å-

ñêèõ öèêëîâ â ýòîé ïîïóëÿöèè êëåòîê òðîôîáëàñòà. Îä-
íàêî ìåõàíèçìû ðåãóëÿðíîãî ïåðåðàñïðåäåëåíèÿ õðîìî-
ñîìíîãî ìàòåðèàëà â ýòîì ïðîöåññå ïîêà åùå òðåáóþò
äàëüíåéøåãî èçó÷åíèÿ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîñ-
ñèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ïðîåêò
01-04-49839).
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À STUDY OF DEPOLYPLOIDIZATION AND DEPOLYTENIZATION OF SECONDARY

GIANT TROPHOBLAST CELLS OF THE FIELD VOLE MICROTUS ROSSIAEMERIDIONALIS BY

CYTOPHOTOMETRIC MEASUREMENT OF THE HETEROCHROMATIZED

GONOSOMAL CHROMATIN BODIES
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A study was made of the distribution of the heterochromatized gonosomal chromatin bodies (GCB) materi-
al in the course of nuclear fragmentation of secondary giant trophoblast cells resulting in polykaryocyte formati-
on at the late stage of their differentiation. A simultaneous DNA cytophotometry in GCBs and nuclear frag-
ments showed a progressive GCB DNA content decrease proportional to that of DNA content in nuclear frag-
ments. DNA contents in the nuclear fragments corresponded to 2c, 4c and 8c. In most cases 1—2 GCBs were
found in the nuclear fragments of different ploidy levels. Both the total DNA content in GCBs and the DNA
content in separate GCBs well correlated with the ploidy levels of fragments. The data obtained demonstrate a
regular, whole-genome distribution of chromosomal materials into the nuclear fragments exemplified by sex
chromosome distribution in compliance with the ploidy of nuclear fragments. We discuss a possible mechanism
of nuclear fragmentation that may ensure substantially a balanced genome of nuclear fragments without leading
to mitotic cycle renewal in the giant trophoblast cell population.

K e y w o r d s: heterochromatin, sex chromosomes, endoreduplication, depolyploidization, nuclear frag-
mentation, trophoblast, mammals.
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