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Îñîáåííîñòè ñòðóêòóðû è ýêñïðåññèè ãåíà ñôèíãîìèåëèíñèíòàçû 1 (SGMS1) ÷åëîâåêà

Ïðåäñòàâëåí îáçîð ðåçóëüòàòîâ èññëåäîâàíèÿ ñòðóêòóðíî-ôóíêöèîíàëüíîé îðãàíèçàöèè ãåíà ñôèí-
ãîìèåëèíñèíòàçû 1 (SGMS1) ÷åëîâåêà â Îòäåëå ìîëåêóëÿðíûõ îñíîâ ãåíåòèêè ÷åëîâåêà Èíñòèòóòà ìî-
ëåêóëÿðíîé ãåíåòèêè ÐÀÍ. Ãåí SGMS1 êîäèðóåò æèçíåííî âàæíûé ôåðìåíò, îáåñïå÷èâàþùèé ñèíòåç
ñôèíãîìèåëèíà è äèàöèëãëèöåðèíà èç ôîñôàòèäèëõîëèíà è öåðàìèäà, ÷òî îïðåäåëÿåò åãî ó÷àñòèå â ðå-
ãóëÿöèè âíóòðèêëåòî÷íîãî âåçèêóëÿðíîãî òðàíñïîðòà, ìåòàáîëèçìå õîëåñòåðèíà, ïðîëèôåðàöèè êëåòîê,
àïîïòîçå è äðóãèõ çíà÷èìûõ ïðîöåññàõ. Íàøè èññëåäîâàíèÿ ïîêàçàëè, ÷òî ãåí SGMS1 ðàñïîëîæåí íà
õðîìîñîìå 10, èìååò ðàçìåð 320 òûñ. ï.í. è ñîäåðæèò áîëåå 20 ýêçîíîâ. Äåòàëüíîå èññëåäîâàíèå ñòðóê-
òóðû ãåíà SGMS1 ïîçâîëèëî íàì âûÿâèòü ìíîæåñòâî åãî òðàíñêðèïòîâ. Áûëè îáíàðóæåíû èçîôîðìû
ìÐÍÊ, îòëè÷àþùèåñÿ ó÷àñòêîì 5R-íåòðàíñëèðóåìîé îáëàñòè (5R-ÍÒÎ) è êîäèðóþùèå ïîëíîðàçìåðíûé
áåëîê, à òàêæå òðàíñêðèïòû, âîçíèêàþùèå â ðåçóëüòàòå àëüòåðíàòèâíîé êîìáèíàöèè ýêçîíîâ, çàòðàãèâà-
þùèõ êîäèðóþùóþ îáëàñòü ãåíà è 3R-ÍÒÎ. Â ÷èñëå ïðîäóêòîâ ãåíà SGMS1 íàìè îáíàðóæåíû íîâûå
òðàíñêðèïòû — öèêëè÷åñêèå ÐÍÊ, êîòîðûå ñîäåðæàò ïðåèìóùåñòâåííî ïîñëåäîâàòåëüíîñòè ìóëüòèýê-
çîííîé 5R-ÍÒÎ ãåíà. Îíè êîíñåðâàòèâíû è ýêñïðåññèðóþòñÿ ïðåèìóùåñòâåííî â ìîçãå. Öèêëè÷åñêèå
ÐÍÊ ãåíà SGMS1 èìåþò áîëüøîå êîëè÷åñòâî ñàéòîâ ñâÿçûâàíèÿ ìèêðîÐÍÊ, ÷òî ìîæåò îïðåäåëèòü
ôóíêöèîíàëüíîå çíà÷åíèå ýòèõ ìîëåêóë. Â ðàáîòå îïèñûâàþòñÿ ñàìûå ïîñëåäíèå äàííûå î ñòðóêòóðíî-
ôóíêöèîíàëüíîé îðãàíèçàöèè è îñîáåííîñòÿõ ýêñïðåññèè ãåíà SGMS1 ÷åëîâåêà.

Ê ë þ ÷ å â û å ñ ë î â à: ñôèíãîìèåëèíñèíòàçà 1, ñòðóêòóðà ãåíà SGMS1, àëüòåðíàòèâíûå òðàíñêðèï-
òû, öèêëè÷åñêèå ÐÍÊ, òêàíåñïåöèôè÷åñêèé õàðàêòåð ýêñïðåññèè, ìèêðîÐÍÊ

Ï ð è í ÿ ò û å ñ î ê ð à ù å í è ÿ: ÍÒÎ — íåòðàíñëèðóåìàÿ îáëàñòü, ï. í. — ïàðà íóêëåîòèäîâ, ÏÖÐ —
ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ, SMS1 — ôåðìåíò ñôèíãîìèåëèíñèíòàçà 1, SGMS1 — ãåí ñôèíãîìèåëèí-
ñèíòàçû 1 ÷åëîâåêà.

Áîëåå 20 ëåò òîìó íàçàä, â êîíöå ïðîøëîãî òûñÿ÷åëå-
òèÿ, íàø êîëëåêòèâ ðàáîòàë â àêòóàëüíîé ïî òåì âðå-
ìåíàì îáëàñòè, à èìåííî â îáëàñòè èçó÷åíèè ãåíîâ, ýêñï-
ðåññèðóþùèõñÿ â ìîçãå ÷åëîâåêà. Èññëåäîâàíèÿ áûëè
ñâÿçàíû ñ ïîëó÷åíèåì êëîíîòåê êÄÍÊ íà îñíîâå ïîëèàäå-
íèëèðîâàííîé ÐÍÊ èç ëîáíîé êîðû, ìîçæå÷êà è ïðîäîë-
ãîâàòîãî ìîçãà (Áóÿêîâà è äð., 1992; Äåðãóíîâà è äð.,
1998, 2003; Vladychenskaya et al., 2002). Îäíà èç òàêèõ
êÄÍÊ áûëà âûäåëåíà èç êëîíîòåêè ïðîäîëãîâàòîãî ìîçãà
÷åëîâåêà è ïîëó÷èëà íàèìåíîâàíèå HMOB33 (human me-
dulla oblongata, íîìåð êëîíà 33). Îíà ñîîòâåòñòâîâàëà
ìÐÍÊ ãåíà, êîäèðóþùåãî íåèçâåñòíûé áåëîê. Ýòîò ãåí
èìåë ðàçìåð îêîëî 320 òûñ. ï. í., âêëþ÷àë â ñåáÿ 11 ýêçî-
íîâ è áûë ëîêàëèçîâàí íà õðîìîñîìå 10 â îáëàñòè
10q11.2 (ðèñ. 1). Íóêëåîòèäíàÿ ïîñëåäîâàòåëüíîñòü
ìÐÍÊ ýòîãî ãåíà, íàçâàííîãî íàìè ÌÎÂ (ïîçäíåå åìó
áûëî ïðèñâîåíî íîìåíêëàòóðíîå íàçâàíèå ÒÌÅÌ 23),
áûëà çàðåãèñòðèðîâàíà â áàçå äàííûõ ÃåíÁàíê ïîä íîìå-
ðîì BN000143 (Vladychenskaya et al., 2004). Ãåí ÌÎÂ êî-
äèðîâàë ãèïîòåòè÷åñêèé ïåïòèä äëèíîé 413 àìèíî-
êèñëîòíûõ îñòàòêîâ, ïåðâè÷íàÿ ñòðóêòóðà êîòîðîãî ïîë-
íîñòüþ ñîâïàëà ñ àìèíîêèñëîòíîé ïîñëåäîâàòåëüíîñòüþ
ôåðìåíòà ñôèíãîìèåëèíñèíòàçû 1 (SMS1), èäåíòèôèöè-

ðîâàííîé âñêîðå äâóìÿ íåçàâèñèìûìè ãðóïïàìè èññëåäî-
âàòåëåé (Huitema et al., 2004; Yamaoka et al., 2004). Òàêèì
îáðàçîì, áûëî âûÿñíåíî, ÷òî îáíàðóæåííûé íàìè ãåí ÿâ-
ëÿåòñÿ ãåíîì SGMS1.

SMS1 ÿâëÿåòñÿ æèçíåííî âàæíûì ôåðìåíòîì. Îí êà-
òàëèçèðóåò ïåðåíîñ îñòàòêà ôîñôîðèëõîëèíà ñ ôîñôàòè-
äèëõîëèíà íà öåðàìèä, ïðèâîäÿ ê ñèíòåçó ñôèíãîìèåëè-
íà è äèàöèëãëèöåðèíà. Ýòî îïðåäåëÿåò åãî ó÷àñòèå â ðå-
ãóëÿöèè âíóòðèêëåòî÷íîãî âåçèêóëÿðíîãî òðàíñïîðòà,
ìåòàáîëèçìå õîëåñòåðèíà, ïðîëèôåðàöèè êëåòîê, àïîïòî-
çå è äðóãèõ æèçíåííî âàæíûõ ïðîöåññàõ.

Â íàøèõ äàëüíåéøèõ èññëåäîâàíèÿõ áûëà óòî÷íåíà
ýêçîí-èíòðîííàÿ ñòðóêòóðà ãåíà SGMS1 (ðèñ. 2). Ãåí ñî-
äåðæèò â ñâîåì ñîñòàâå áîëåå 20 ýêçîíîâ è êîäèðóåò
áîëüøîå ÷èñëî àëüòåðíàòèâíûõ òðàíñêðèïòîâ (Rozhkova
et al., 2011; Filippenkov et al., 2015). Ïî ïðèíöèïó îðãàíè-
çàöèè âñå òðàíñêðèïòû ãåíà SGMS1 ìîæíî óñëîâíî ðàç-
äåëèòü íà ÷åòûðå ãðóïïû. Òðàíñêðèïòû ïåðâîé ãðóïïû
êîäèðóþò ïîëíîðàçìåðíûé áåëîê SMS1, íî ðàçëè÷àþòñÿ
ñòðóêòóðîé 5R-ÍÒÎ (ðèñ. 3, à). Ýòî äîñòèãàåòñÿ èñïîëüçî-
âàíèåì àëüòåðíàòèâíûõ ïðîìîòîðîâ (ðèñ. 2) (Ðîæêîâà
è äð., 2015). Íàèáîëåå ÷àñòî âî âñåõ òêàíÿõ ÷åëîâåêà èñ-
ïîëüçóåòñÿ äèñòàëüíûé ïðîìîòîð, êîòîðûé îáåñïå÷èâàåò
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ñèíòåç òðàíñêðèïòîâ, âêëþ÷àþùèõ â ñåáÿ ïåðâûé ýêçîí.
Òðàíñêðèïòû ñ äðóãèõ ïðîìîòîðîâ, ëîêàëèçîâàííûõ â èí-
òðîíàõ ãåíà, ïðåäñòàâëåíû çíà÷èòåëüíî ñëàáåå.

Òðàíñêðèïòû âòîðîé ãðóïïû óêîðî÷åíû ñ 3R-êîíöà.
Îíè íå ñîäåðæàò ýêçîíîâ 8—11, íî âêëþ÷àþò â ñâîé ñî-
ñòàâ ýêçîí 7d — ó÷àñòîê èíòðîíà VII, ïðèëåæàùèé ê
ýêçîíó 7 (ðèñ. 3, á). Èõ ïîÿâëåíèå â êëåòêå ñâÿçàíî, ïî-âè-
äèìîìó, ñ ïðåæäåâðåìåííûì ïîëèàäåíèëèðîâàíèåì
(ðèñ. 2) (Dergunova et al., 2013). Ñîäåðæàíèå òàêèõ òðàíñ-
êðèïòîâ â ðàçíûõ òêàíÿõ î÷åíü íåâåëèêî: ìàêñèìàëüíûé
óðîâåíü ýêñïðåññèè íå äîñòèãàåò 30 % îòíîñèòåëüíî
òðàíñêðèïòîâ ïåðâîé ãðóïïû, îäíàêî íàáëþäàåòñÿ òêà-
íåñïåöèôè÷åñêèé õàðàêòåð èõ ýêñïðåññèè. Òðàíñêðèïòû
ýòîé ãðóïïû íå ìîãóò îáåñïå÷èâàòü ñèíòåç ïîëíîðàçìåð-
íîãî áåëêà, íî òåîðåòè÷åñêè ìîãëè áû îïðåäåëÿòü óêîðî-
÷åííûå âàðèàíòû. Ïðè àíàëèçå áåëêîâûõ ìîëåêóë SMS1
èç òêàíåé ÷åëîâåêà íàì íå óäàëîñü îáíàðóæèòü óêîðî÷åí-
íûé áåëîê (Sudarkina et al., 2015), îäíàêî â êëåòî÷íîé ñè-
ñòåìå HeLa ãåííî-èíæåíåðíàÿ êîíñòðóêöèÿ, ñîäåðæàùàÿ
îäèí èç óêîðî÷åííûõ òðàíñêðèïòîâ, îáåñïå÷èâàëà ñèíòåç
áåëêîâîãî ïðîäóêòà óìåíüøåííîãî ðàçìåðà (Rozhkova
et al., 2011). Ìû ïðåäïîëàãàåì, ÷òî ñèíòåç óêîðî÷åííûõ ñ
3R-êîíöà òðàíñêðèïòîâ ìîæåò áûòü ñâÿçàí ñ íåãàòèâíîé
ðåãóëÿöèåé ñîäåðæàíèÿ ôåðìåíòà SMS1 â òåõ èëè èíûõ
êëåòî÷íûõ ñòðóêòóðàõ.

Òðàíñêðèïòû òðåòüåé ãðóïïû ïðåäñòàâëåíû íàèìåíåå
èçó÷åííûìè ôîðìàìè, ôóíêöèîíàëüíàÿ çíà÷èìîñòü êîòî-

ðûõ îñòàåòñÿ íåâûÿñíåííîé (ðèñ. 3, â). Îáùåå äëÿ íèõ ñî-
ñòîèò â òîì, ÷òî ìåæäó ïîñëåäîâàòåëüíîñòÿìè ýêçîíîâ 7
è 8 ïðèñóòñòâóþò ðàçëè÷íûå ó÷àñòêè èíòðîíà VII (Rozh-
kova et al., 2011). Ýòè èíòðîííûå âñòàâêè ñîäåðæàò ïðåæ-
äåâðåìåííûå òåðìèíèðóþùèå êîäîíû, ÷òî ïðåïÿòñòâóåò
ñèíòåçó ïîëíîðàçìåðíîãî áåëêà. Óðîâåíü èõ ýêñïðåññèè âî
âñåõ òêàíÿõ íèçîê (ìåíåå 5 % îò îñíîâíîãî òðàíñêðèïòà).

Îñîáûé èíòåðåñ ïðåäñòàâëÿþò òðàíñêðèïòû ãåíà
SGMS1 ÷åòâåðòîé ãðóïïû, òàê êàê îíè èìåþò íå ëèíåé-
íóþ, à öèêëè÷åñêóþ ñòðóêòóðó (Filippenkov et al., 2015).
Öèêëè÷åñêèå ôîðìû ÐÍÊ áûëè âûÿâëåíû â êëåòêàõ âû-
ñøèõ îðãàíèçìîâ ñîâñåì íåäàâíî. Îíè çà÷àñòóþ îáðàçó-
þòñÿ â áåëîê-êîäèðóþùèõ ãåíàõ â ïðîöåññå àëüòåðíàòèâ-
íîãî ñïëàéñèíãà (Salzman et al., 2012, 2013; Jeck et al.,
2013; Memczak et al., 2013; Zhang et al., 2013; Guo et al.,
2014). Òàêèå òðàíñêðèïòû óñòîé÷èâû ê ÐÍÊàçå R, êîòî-
ðàÿ èçáèðàòåëüíî ðàçðóøàåò ëèíåéíûå ôîðìû ÐÍÊ (Su-
zuki et al., 2006). Â ñîñòàâå òðàíñêðèïòîâ ãåíà SGMS1
öèêëè÷åñêèå ÐÍÊ áûëè âûÿâëåíû íàìè ñ ïîìîùüþ ìåòî-
äà Íîçåðí-ãèáðèäèçàöèè ñóììàðíîé ÐÍÊ ëîáíîé êîðû,
ïðåäâàðèòåëüíî ïîäâåðãíóòîé îáðàáîòêå ÐÍÊàçîé R. Îíè
ãèáðèäèçîâàëèñü ñ çîíäîì, êîìïëåìåíòàðíûì 5R-ÍÒÎ
ìÐÍÊ ãåíà SGMS1, è äåòåêòèðîâàëèñü â îáëàñòè äëèí
200—500 ï. í. Äëÿ âûÿñíåíèÿ ñòðóêòóðû äàííûõ ÐÍÊ
íàìè áûëà ñîçäàíà ñåðèÿ ïðîòèâîïîëîæíî îðèåíòèðîâàí-
íûõ ÏÖÐ-ïðàéìåðîâ, ñîîòâåòñòâóþùèõ âñåì ýêçîíàì
ìÐÍÊ ãåíà SGMS1. Ñ èõ ïîìîùüþ íàì óäàëîñü ïîëó÷èòü
ïîñëåäîâàòåëüíîñòè, êîòîðûå ñîîòâåòñòâîâàëè 11 öèêëè-
÷åñêèì ÐÍÊ (ðèñ. 4). Âûÿâëåííûå öèêëè÷åñêèå ÐÍÊ ñî-
äåðæàò îò 1 äî 5 ýêçîíîâ. Â íåêîòîðûõ ñëó÷àÿõ íàðÿäó ñ
ýêçîííûìè â íèõ èìåþòñÿ èíòðîííûå ó÷àñòêè (Filippen-
kov et al., 2015). Îáðàùàåò íà ñåáÿ âíèìàíèå òî, ÷òî â ñî-
ñòàâå öèêëè÷åñêèõ ôîðì ÷àùå âñåãî ïðèñóòñòâóþò ïîñëå-
äîâàòåëüíîñòè ìóëüòèýêçîííîé 5R-ÍÒÎ, êîòîðûå íå ó÷à-
ñòâóþò â êîäèðîâàíèè îñíîâíîãî áåëêîâîãî ïðîäóêòà.
Âîçìîæíî, ÷òî îñíîâíîå ïðåäíàçíà÷åíèå ýòèõ ýêçîíîâ
êàê ðàç è ñîñòîèò â òîì, ÷òîáû îáåñïå÷èâàòü ñóùåñòâîâà-
íèå âûÿâëåííûõ öèêëè÷åñêèõ ÐÍÊ.

Íàìè áûëî ïîêàçàíî, ÷òî öèêëè÷åñêèå ÐÍÊ ãåíà
SGMS1 îáëàäàþò êîíñåðâàòèçìîì. Îíè ýêñïðåññèðóþòñÿ
â îðòîëîãè÷íûõ ãåíàõ êðûñû è ìûøè. Âìåñòå ñ òåì ó ÷å-
ëîâåêà è èññëåäóåìûõ æèâîòíûõ îíè ïðåäñòàâëåíû ïðåè-
ìóùåñòâåííî â îòäåëàõ ìîçãà, ÷òî ìîæåò óêàçûâàòü íà èõ
ôóíêöèîíàëüíîå çíà÷åíèå â ýòèõ òêàíÿõ (Filippenkov
et al., 2015).

Âîïðîñ î ôóíêöèîíàëüíîé çíà÷èìîñòè öèêëè÷åñêèõ
ÐÍÊ îñòàåòñÿ äî êîíöà íå âûÿñíåííûì. Îäíàêî èìåþòñÿ
äàííûå, ïîêàçûâàþùèå íàëè÷èå â öèêëè÷åñêèõ ÐÍÊ
áîëüøîãî ÷èñëà ñàéòîâ ñâÿçûâàíèÿ ñ ìèêðîÐÍÊ. Èçâåñò-
íûì ïðèìåðîì ÿâëÿåòñÿ öèêëè÷åñêàÿ ÐÍÊ CIRs-7 ãåíà
CDR1, êîòîðàÿ àêòèâíî ýêñïðåññèðóåòñÿ â ìîçãå ÷åëîâåêà
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Ðèñ. 1. Õðîìîñîìà 10 ÷åëîâåêà ñ óêàçàíèåì ó÷àñòêà, íà êîòî-
ðîì ëîêàëèçîâàí ãåí ñôèíãîìèåëèíñèíòàçû 1 (MOB, TMEM23,

SGMS1).

Ðèñ. 2. Ýêçîí-èíòðîííàÿ ñòðóêòóðà ãåíà ñôèíãîìèåëèíñèíòàçû 1.

Ýêçîíû ïîêàçàíû â âèäå ïðîíóìåðîâàííûõ ïðÿìîóãîëüíèêîâ; èíòðîíû äàíû â âèäå ïðÿìûõ ëèíèé, ñîåäèíÿþùèõ ýêçîíû. Òåìíî-ñåðûì öâåòîì îòìå-
÷åíû ýêçîíû, êîäèðóþùèå áåëîê. Ïðîìîòîðíûå îáëàñòè (Ï1—Ï4) îáîçíà÷åíû çàøòðèõîâàííûìè ïðÿìîóãîëüíèêàìè ñî ñòðåëêàìè, ðàñïîëîæåííû-

ìè íàä ýêçîíàìè. Âåðòèêàëüíûå ñòðåëêè ïîêàçûâàþò ëîêàëèçàöèþ ñàéòîâ ïîëèàäåíèëèðîâàíèÿ.



è ìûøè, ñîäåðæèò îêîëî 70 ñàéòîâ ñâÿçûâàíèÿ ñ miR-7 è
ïîäàâëÿåò åå ôóíêöèþ (Hansen et al., 2011, 2013). Ñ ïîìî-
ùüþ áèîèíôîðìàòè÷åñêîãî àíàëèçà ìû ïðîàíàëèçèðîâà-
ëè íóêëåîòèäíûå ïîñëåäîâàòåëüíîñòè öèêëè÷åñêèõ ÐÍÊ
ãåíà SGMS1 ñ öåëüþ ïîèñêà ñàéòîâ ñâÿçûâàíèÿ ìèê-
ðîÐÍÊ. Îêàçàëîñü, ÷òî íàèáîëüøåå ÷èñëî ñàéòîâ ñâÿçû-
âàíèÿ íàõîäèòñÿ âíóòðè ýêçîíîâ 5—7 (Filippenkov et al.,
2015). Ìîæíî ïðåäïîëîæèòü, ÷òî öèêëè÷åñêèå ÐÍÊ, êî-
òîðûå ñîäåðæàò â ñâîåì ñîñòàâå äàííûå ýêçîíû, ìîãóò
êàê ãóáêà ñâÿçûâàòü íà ñåáå çíà÷èòåëüíîå êîëè÷åñòâî
ìèêðîÐÍÊ, óäàëÿÿ èõ òåì ñàìûì èç êëåòî÷íîãî ïóëà. Ñ
ó÷åòîì ðåãóëÿòîðíûõ ñâîéñòâ ìèêðîÐÍÊ ýòî ìîæåò ñó-

ùåñòâåííî ñêàçûâàòüñÿ íà ðåãóëÿöèè ôóíêöèîíèðîâàíèÿ
ãåíà SGMS1.

Äëÿ èçó÷åíèÿ îñîáåííîñòåé ôóíêöèîíèðîâàíèÿ ãåíà
SGMS1 íà òðàíñëÿöèîííîì óðîâíå íàìè áûë ðàçðàáîòàí
ìåòîä ïîëó÷åíèÿ áåëêîâîãî ýêñòðàêòà òêàíåé, îáîãàùåí-
íîãî SMS1 (Ñóäàðêèíà, Äåðãóíîâà, 2015). Ñðàâíèòåëü-
íûé àíàëèç ýêñïðåññèè ãåíà SGMS1 íà òðàíñëÿöèîííîì è
òðàíñêðèïöèîííîì óðîâíÿõ íå âûÿâèë êîððåëÿöèè ìåæäó
óðîâíåì êîäèðóþùèõ òðàíñêðèïòîâ è êîëè÷åñòâîì áåëêà
â ðàçíûõ òêàíÿõ ÷åëîâåêà (Sudarkina et al., 2015). Ýòî ìî-
æåò ñâèäåòåëüñòâîâàòü î íàëè÷èè ñëîæíîé ñèñòåìû òêà-
íåñïåöèôè÷åñêîé ðåãóëÿöèè ãåíà SGMS1.
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Ðèñ. 3. Ñõåìà ñòðóêòóðíîé îðãàíèçàöèè òðàíñêðèïòîâ ãåíà ñôèíãîìèåëèíñèíòàçû 1.

à—â — ýêçîííàÿ îðãàíèçàöèÿ òðàíñêðèïòîâ ãåíà SGMS1, ðàçëè÷àþùèõñÿ 5R-ÍÒÎ (à), ñ ðàçëè÷íîé 3R-ÍÒÎ (á) è ñîäåðæàùèõ ó÷àñòêè èíòðîíà VII (â).
Øòðèõîâûå ëèíèè îáîçíà÷àþò âàðèàíòû ñîåäèíåíèÿ ýêçîíîâ â òðàíñêðèïòàõ.

Ðèñ. 4. Ñòðóêòóðíàÿ îðãàíèçàöèÿ öèêëè÷åñêèõ ÐÍÊ ãåíà SGMS1.

Öâåòîì âûäåëåíû ýêçîíû, âîøåäøèå â ñîñòàâ öèêëè÷åñêèõ ÐÍÊ: ñâåòëî-ñåðûì — âíóòðåííèå ýêçîíû 5R-ÍÒÎ, òåìíî-ñåðûì — ýêçîíû êîäèðóþùåé
îáëàñòè, áåëûì — ôðàãìåíòû èíòðîíîâ. Öèôðû âíóòðè êîëüöà — íîìåðà ýêçîíîâ, öèôðû â öåíòðå — äëèíà öèêëè÷åñêèõ ÐÍÊ â íóêëåîòèäàõ.



Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî èçó÷àåìûé
íàìè ãåí SGMS1 ïîìèìî êîäèðóþùåé ïîñëåäîâàòåëüíî-
ñòè ñîäåðæèò çíà÷èìóþ èíôîðìàöèþ, íåîáõîäèìóþ äëÿ
ðåãóëÿöèè åãî ýêñïðåññèè. Â ÷àñòíîñòè, ýòî ìîæåò áûòü
îáóñëîâëåíî ôóíêöèîíèðîâàíèåì ðàçíîîáðàçíûõ òðàíñ-
êðèïòîâ ãåíà, â òîì ÷èñëå öèêëè÷åñêîé ïðèðîäû. Íà ïðè-
ìåðå SGMS1 ìîæíî âèäåòü, íàñêîëüêî ñëîæíî óñòðîåíû
ãåíû âûñøèõ îðãàíèçìîâ. Ïî ñóùåñòâó, êàæäûé òàêîé
ãåí ïðåäñòàâëÿåò ñîáîé ñëîæíóþ ãåíåòè÷åñêóþ ñòðóêòó-
ðó, íå òîëüêî îáåñïå÷èâàþùóþ ñèíòåç áåëêîâîãî ïðîäóê-
òà, íî è ñíàáæåííóþ ìíîãîóðîâíåâîé ñèñòåìîé, òîíêî ðå-
ãóëèðóþùåé ôóíêöèîíèðîâàíèå ãåíà íà ðàçíûõ ýòàïàõ è
â ðàçëè÷íûõ óñëîâèÿõ.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîä-
äåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäî-
âàíèé (ïðîåêòû 99-04-48555, 02-04-48809, 05-04-49566 è
11-04-00843), ïðîãðàììû ÐÀÍ «Ìîëåêóëÿðíàÿ è êëåòî÷-
íàÿ áèîëîãèÿ» è Ïðîãðàììû ïîääåðæêè âåäóùèõ íàó÷-
íûõ øêîë.
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The article is a review of the results of the study of the structural and functional organization of the human
sphingomyelin synthase 1 gene (SGMS1) in Human Molecular Genetics Department of Institute of Molecular
Genetics RAS. SGMS1 gene encodes an essential enzyme which is involved in the synthesis of sphingomyelin
and diacylglycerol from phosphatidylcholine and ceramide, wich determines its participation in the regulation
of intracellular vesicular transport, cholesterol metabolism, cell proliferation, apoptosis and other significant
processes. Our research has shown that the SGMS1 gene is located on the chromosome 10, has a size of 320 kb
and contains more than 20 exons. A detailed study of the SGMS1 gene’s structure allowed us to identify the va-
riety of its transcripts. mRNA isoforms with different fragments of 5R untranslated region (5R UTR) and enco-
ding the full length protein, as well as transcripts resulting from alternative combinations of exons and contai-
ning the coding region of the gene and 3R UTR have been discovered. We have found new transcripts among the
products of SGMS1 gene — circular RNAs, which mostly contained sequences of multi-exon 5R UTR of the ge-
ne. They are conservative and predominantly expressed in the brain. Circular RNAs of SGMS1 gene had a large
number of binding sites for a microRNA that may determine the functional significance of these molecules. The
review describes the latest information about the structural and functional organization of the human gene
SGMS1 as well as the features of its expression.

K e y w o r d s: sphingomyelin synthase 1, SGMS1 gene structure, alternative transcripts, circular RNAs,
tissue-specific expression, microRNAs.
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