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Ãèïîòåðìèÿ ñîïðîâîæäàåòñÿ èçìåíåíèÿìè â ìåòàáîëèçìå êëåòîê, ÷òî ìîæåò ïðèâîäèòü 
äàæå ê èõ ãèáåëè, â ñâÿçè ñ ÷åì áîëüøîå âíèìàíèå óäåëÿåòñÿ ñîçäàíèþ ñîðòîâ ñåëüñêîõîçÿéñò-
âåííûõ êóëüòóð ñ ïîâûøåííîé óñòîé÷èâîñòüþ ê íèçêèì òåìïåðàòóðàì. Äëÿ ïîäîáíûõ öåëåé óñ-
ïåøíî èñïîëüçóþòñÿ ñîâðåìåííûå ìåòîäû áèîòåõíîëîãèè, â òîì ÷èñëå ââåäåíèå ãåíîâ äåñàòóðàç, 
êàòàëèçèðóþùèõ ïðåâðàùåíèå îäèíàðíîé ñâÿçè ìåæäó àòîìàìè óãëåðîäà â àöèëüíûõ öåïÿõ æèð-
íûõ êèñëîò â äâîéíûå, ÷òî ìîæåò ïîâûøàòü òåêó÷åñòü êëåòî÷íûõ ìåìáðàí è èçìåíÿòü ñîñòîÿíèå 
àíòèîêñèäàíòíîé ñèñòåìû êëåòîê. Ê ÷èñëó ôàêòîðîâ çàùèòû îòíîñÿòñÿ ïîëèôåíîëû — âòîðè÷-
íûå ìåòàáîëèòû ðàñòåíèé, âûïîëíÿþùèå ôóíêöèþ íèçêîìîëåêóëÿðíûõ àíòèîêñèäàíòîâ. Â íà-
ñòîÿùåé ðàáîòå èçó÷åí ýôôåêò êðàòêîâðåìåííîãî äåéñòâèÿ íèçêîé òåìïåðàòóðû (−9 îÑ â òå÷åíèå 
10 è 40 ìèí) íà èíòåíñèâíîñòü ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ (ÏÎË) è ñîäåðæàíèå ôëàâîíîè-
äîâ â ëèñòüÿõ ðàñòåíèé êàðòîôåëÿ ðàííåñïåëîãî ñîðòà Ñêîðîïëîäíûé, êóëüòèâèðóåìûõ â óñëîâè-
ÿõ in vitro, à òàêæå ïîëó÷åííûõ èç íèõ òðàíñãåííûõ ëèíèé ñî ñðåäíèì (ÒËÑ) è âûñîêèì (ÒËÂ) 
óðîâíåì ýêñïðåññèè ãåíà ∆12-àöèë-ëèïèäíîé äåñàòóðàçû. Äëÿ ïîëó÷åíèÿ òðàíñãåííûõ ëèíèé èñ-
ïîëüçîâàëè êîíñòðóêöèè, íåñóùèå ãåí desA èç Synechocystis sp. PCC 6803 (òðàíñëÿöèîííî ñëèò ñ 
ïîñëåäîâàòåëüíîñòüþ ðåïîðòåðíîãî ãåíà licBM3, êîäèðóþùåãî òåðìîñòàáèëüíóþ ëèõåíàçó) ïîä 
êîíòðîëåì ñèëüíîãî êîíñòèòóòèâíîãî ïðîìîòîðà 35S ÐÍÊ CaMV. Ïîêàçàíî, ÷òî ïîñëå 10-ìè-
íóòíîãî äåéñòâèÿ íèçêîé òåìïåðàòóðû èíòåíñèâíîñòü ÏÎË ó êîíòðîëüíûõ ðàñòåíèé ñíèæàëàñü, à 
ó òðàíñôîðìàíòîâ íå ìåíÿëàñü. Â âàðèàíòå, êîãäà ðàñòåíèÿ ïîäâåðãàëè ãèïîòåðìèè â òå÷åíèå 
40  ìèí,  ýòîò ïîêàçàòåëü áûë  íèçêèì âî âñåõ  âàðèàíòàõ, ïðè÷åì íàèìåíüøèì — ó ÒËÂ. Ïîä 
âëèÿíèåì íèçêîé òåìïåðàòóðû âî âñåõ ñëó÷àÿõ íàêîïëåíèå ôëàâîíîèäîâ â ëèñòüÿõ ïîâûøàëîñü, 
÷òî íàèáîëåå ÿðêî ïðîÿâëÿëîñü ó êîíòðîëüíîãî âàðèàíòà.  

Êëþ÷åâûå ñëîâà: êàðòîôåëü, Solanum tuberosum, äåñàòóðàçà, íèçêàÿ òåìïåðàòóðà, 
ÏÎË, ôëàâîíîèäû. 

Ñíèæåíèå òåìïåðàòóðû îêðóæàþùåé ñðåäû — îäèí èç ñòðåññîâûõ 
ôàêòîðîâ â ïåðèîä îíòîãåíåçà ðàñòåíèé. Ïîä åãî âëèÿíèåì èçìåíÿåòñÿ 
ìåòàáîëèçì êëåòîê, ÷òî ìîæåò ïðèâîäèòü äàæå ê èõ ãèáåëè (1). Â ñâÿçè ñ 
ýòèì áîëüøîå âíèìàíèå óäåëÿåòñÿ èçó÷åíèþ óñòîé÷èâîñòè ðàñòåíèé ê ãè-
ïîòåðìèè, à òàêæå ñîçäàíèþ ñîðòîâ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ñ ïî-
âûøåííîé óñòîé÷èâîñòüþ. Äëÿ ïîäîáíûõ öåëåé óñïåøíî èñïîëüçóþòñÿ 
ñîâðåìåííûå ìåòîäû áèîòåõíîëîãèè, â ÷àñòíîñòè ãåííî-èíæåíåðíûå ïîä-
õîäû, â òîì ÷èñëå ââåäåíèå ãåíîâ äåñàòóðàç — ôåðìåíòîâ, êàòàëèçèðóþ-
ùèõ ïðåâðàùåíèå îäèíàðíîé ñâÿçè ìåæäó àòîìàìè óãëåðîäà â àöèëüíûõ 
öåïÿõ æèðíûõ êèñëîò â äâîéíûå (2). Êàê ñëåäñòâèå, èçìåíÿåòñÿ ñîñòîÿíèå 
êëåòî÷íûõ ìåìáðàí (ïîâûøàåòñÿ òåêó÷åñòü), âîçðàñòàåò îáùåå ñîäåðæàíèå 
æèðíûõ êèñëîò è èõ èíäåêñ íåíàñûùåííîñòè, ïðîèñõîäÿò èçìåíåíèÿ â 
àíòèîêñèäàíòíîé ñèñòåìå êëåòîê, ÷òî ñïîñîáñòâóåò ïîâûøåíèþ óñòîé÷è-
âîñòè ðàñòåíèé ê íèçêèì òåìïåðàòóðàì (3-5). 

Ê ÷èñëó ôàêòîðîâ çàùèòû îòíîñÿòñÿ òàêèå âòîðè÷íûå ìåòàáîëèòû 
ðàñòåíèé, êàê ïîëèôåíîëû (6). Îíè ñïîñîáíû èíàêòèâèðîâàòü àêòèâíûå 
ôîðìû êèñëîðîäà, âîçíèêàþùèå ïðè ñòðåññîâûõ âîçäåéñòâèÿõ, òî åñòü 
âûïîëíÿþò ôóíêöèþ íèçêîìîëåêóëÿðíûõ àíòèîêñèäàíòîâ (7). Î ïîâûøå-
íèè ñîäåðæàíèÿ ôåíîëüíûõ ñîåäèíåíèé â ðàñòèòåëüíûõ òêàíÿõ â 
óñëîâèÿõ ãèïîòåðìèè ñîîáùàëîñü â ëèòåðàòóðå (8, 9).  

Öåëüþ íàøåé ðàáîòû áûëî èçó÷åíèå êðàòêîâðåìåííîãî äåéñòâèÿ 
íèçêîé òåìïåðàòóðû íà ïåðåêèñíîå îêèñëåíèå ëèïèäîâ (ÏÎË) è ñîäåðæà-
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íèå ôëàâîíîèäîâ â ëèñòüÿõ ðàñòåíèé êàðòîôåëÿ, â òîì ÷èñëå òðàíñôîðìè-
ðîâàííûõ ãåíîì ∆12-àöèë-ëèïèäíîé äåñàòóðàçû (desA). 

Ìåòîäèêà. Îáúåêòîì èññëåäîâàíèÿ áûëè ðàñòåíèÿ êàðòîôåëÿ (So-
lanum tuberosum L.) ðàííåñïåëîãî ñîðòà Ñêîðîïëîäíûé, êóëüòèâèðóåìûå íà 
àãàðèçîâàííîé ïèòàòåëüíîé ñðåäå Ìóðàñèãå-Ñêóãà, êîòîðàÿ ñîäåðæàëà 2 % 
ñàõàðîçû. Äëÿ ïîëó÷åíèÿ òðàíñãåííûõ ëèíèé èñïîëüçîâàëè êîíñòðóêöèè, 
íåñóùèå ãåí desA èç Synechocystis sp. PCC 6803 (òðàíñëÿöèîííî ñëèò ñ ïî-
ñëåäîâàòåëüíîñòüþ ðåïîðòåðíîãî ãåíà licBM3, êîäèðóþùåãî òåðìîñòàáèëü-
íóþ ëèõåíàçó) ïîä êîíòðîëåì ñèëüíîãî êîíñòèòóòèâíîãî ïðîìîòîðà 35S 
ÐÍÊ CaMV (10). Òðàíñãåííûå ëèíèè (ÒË) èìåëè ñðåäíèé (ÒËÑ) èëè âû-
ñîêèé (ÒËÂ) óðîâåíü ýêñïðåññèè ãåíà desA (11). Êîíòðîëåì ñëóæèëè íå-
òðàíñôîðìèðîâàííûå ðàñòåíèÿ. Óñëîâèÿ âûðàùèâàíèÿ — 24 °Ñ, 16-÷à-
ñîâîé ôîòîïåðèîä.  

Ïðîáèðêè ñ 30-ñóòî÷íûìè ðàñòåíèÿìè (áåç âàòíî-ìàðëåâûõ ïðî-
áîê) ïîìåùàëè â êëèìàòè÷åñêóþ êàìåðó MIR-153 («SANYO Electric Co., 
Ltd.», ßïîíèÿ) ñ òåìïåðàòóðîé 0 °Ñ, êîòîðóþ â äàëüíåéøåì ïîñòåïåííî 
ñíèæàëè äî −9 °Ñ (ñî ñêîðîñòüþ 0,3 °Ñ/ìèí). Ðàñòåíèÿ âûäåðæèâàëè â 
ýòèõ óñëîâèÿõ 10 è 40 ìèí (3).  

Ñîäåðæàíèå ÒÁÊ-ðåàêòèâíûõ ïðîäóêòîâ, îñíîâíóþ äîëþ êîòîðûõ 
ñîñòàâëÿåò ìàëîíîâûé äèàëüäåãèä (ÌÄÀ) — îäèí èç êîíå÷íûõ ñòàáèëüíûõ 
ïðîäóêòîâ ÏÎË, — îïðåäåëÿëè ïî öâåòíîé ðåàêöèè ñ òèîáàðáèòóðîâîé 
êèñëîòîé, èçìåðÿÿ îïòè÷åñêóþ ïëîòíîñòü ðàñòâîðà ïðè λ = 532 íì (12). 

Ôåíîëüíûå ñîåäèíåíèÿ èçâëåêàëè èç ñâåæèõ ëèñòüåâ 70 % ýòàíî-
ëîì (13). Êîëè÷åñòâî ôëàâîíîèäîâ îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷åñêèì 
ìåòîäîì ñ 1 % âîäíûì ðàñòâîðîì õëîðèñòîãî àëþìèíèÿ (9). Êàëèáðîâî÷-
íóþ êðèâóþ ñòðîèëè ïî ðóòèíó. 

Ýêñïåðèìåíòû ïðîâîäèëè â 3-êðàòíîé áèîëîãè÷åñêîé è 3-êðàòíîé 
àíàëèòè÷åñêîé ïîâòîðíîñòÿõ. 

Ïîëó÷åííûå äàííûå îáðàáàòûâàëè ñ èñïîëüçîâàíèåì ïðîãðàììû 
Statistica. Íà ðèñóíêå ïðåäñòàâëåíû ñðåäíèå çíà÷åíèÿ è èõ äîâåðèòåëüíûå 
èíòåðâàëû. 

Ðåçóëüòàòû. Èíòåíñèâíîñòü ÏÎË — âàæíûé ïîêàçàòåëü ôèçèîëî-
ãè÷åñêîãî ñîñòîÿíèÿ ðàñòåíèé è èõ îòâåòíîé ðåàêöèè íà ñòðåññ (14). Ó 
ðàñòåíèé êàðòîôåëÿ, âûðàùåííûõ â ñòàíäàðòíûõ óñëîâèÿõ (24 °Ñ), íàè-
áîëüøåå êîëè÷åñòâî ÌÄÀ îòìå÷àëè â êîíòðîëüíîì âàðèàíòå, ó ÒË îíî 
áûëî íèæå, îñîáåííî ó ÒËÑ (ðèñ., À).  

Èçâåñòíî, ÷òî ïî-
âûøåíèå êîëè÷åñòâà ÌÄÀ 
â êëåòêàõ ïðè ñòðåññîâîì 
âîçäåéñòâèè ñâèäåòåëüñòâó-
åò î äåñòðóêöèè ëèïèäíûõ 
êîìïîíåíòîâ ìåìáðàí â 
ðåçóëüòàòå îêèñëèòåëüíî-
ãî ñòðåññà è áîëåå ñëàáîé 
óñòîé÷èâîñòè ðàñòåíèé ê 
ãèïîòåðìèè (14, 15). Â íà-
øåì ñëó÷àå ïîñëå 10-ìè-
íóòíîãî äåéñòâèÿ íèçêîé 
òåìïåðàòóðû èíòåíñèâíîñòü 
ÏÎË ñíèæàëàñü òîëüêî â 
êîíòðîëå, òîãäà êàê ïîñëå 
40-ìèíóòíîãî — âî âñåõ âà-

ðèàíòàõ, äîñòèãàÿ íàèìåíüøåãî çíà÷åíèÿ ó ÒËÂ. Ñëåäîâàòåëüíî, íàëè÷èå 

Ñîäåðæàíèå ìàëîíîâîãî äèàëüäåãèäà (ÌÄÀ, À) è ôëàâî-
íîèäîâ (Á) â ëèñòüÿõ ó ðàñòåíèé êàðòîôåëÿ (Solanum tube-
rosum L.) ñîðòà Ñêîðîïëîäíûé, íåòðàíñôîðìèðîâàííûõ 
(1) è òðàíñôîðìèðîâàííûõ ãåíîì desA ñî ñðåäíèì (2) è 
âûñîêèì (3) óðîâíåì ýêñïðåññèè: à — 24 °Ñ; á — 10 ìèí 
ïðè −9 °Ñ; â — 40 ìèí ïðè −9 °Ñ (ëàáîðàòîðíûé îïûò).
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ãåíà desA è åãî àêòèâíîñòü ïðåäîòâðàùàëè ðàçâèòèå ñòðåññîâîé ðåàêöèè â 
ëèñòüÿõ ó ðàñòåíèé êàðòîôåëÿ ñîðòà Ñêîðîïëîäíûé ïðè íèçêîé òåìïåðà-
òóðå, ÷òî ñîãëàñóåòñÿ ñ äàííûìè äðóãèõ èññëåäîâàòåëåé (16). 

Îñíîâíûå ñîåäèíåíèÿ ôåíîëüíîé ïðèðîäû â ëèñòüÿõ êàðòîôåëÿ — 
ôëàâîíîèäû. Íà èõ äîëþ ïðèõîäèòñÿ 70-90 % îò ñóììàðíîãî ñîäåðæàíèÿ 
ïîëèôåíîëîâ (10). Ó êîíòðîëüíûõ ðàñòåíèé è ÒËÑ, âûðàùèâàåìûõ â 
îáû÷íûõ óñëîâèÿõ, ñîäåðæàíèå ýòèõ âåùåñòâ áûëî ïðàêòè÷åñêè ðàâíûì è 
ïðåâûøàëî òàêîâîå ó ÒËÂ (ñì. ðèñ., Á). Ïðè äåéñòâèè íèçêîé òåìïåðàòóðû 
âî âñåõ ñëó÷àÿõ íàêîïëåíèå ôëàâîíîèäîâ â ëèñòüÿõ óñèëèâàëîñü, ÷òî íàèáî-
ëåå ÿðêî ïðîÿâëÿëîñü â êîíòðîëå è â çíà÷èòåëüíî ìåíüøåé ñòåïåíè — ó 
ÒËÂ è ÒËÑ. Ñëåäîâàòåëüíî, ó ðàñòåíèé êàðòîôåëÿ, òðàíñôîðìèðîâàííûõ 
ãåíîì desA, ñòèìóëÿöèÿ íàêîïëåíèÿ ôëàâîíîèäîâ â ëèñòüÿõ â îòâåò íà 
ñòðåññîâîå âîçäåéñòâèå áûëà âûðàæåíà â çíà÷èòåëüíî ìåíüøåé ñòåïåíè, 
÷åì ó íåòðàíñôîðìèðîâàííûõ. 

Èíòåðåñåí è òîò ôàêò, ÷òî â óñëîâèÿõ íèçêîòåìïåðàòóðíîãî ñòðåññà 
ó êîíòðîëüíûõ ðàñòåíèé êàðòîôåëÿ îòìå÷àëàñü ïðÿìàÿ âçàèìîñâÿçü ìåæäó 
íàêîïëåíèåì ôëàâîíîèäîâ è èíòåíñèâíîñòüþ ÏÎË â ëèñòüÿõ: ÷åì âûøå 
áûëî íàêîïëåíèå ýòèõ âòîðè÷íûõ ìåòàáîëèòîâ, òåì ìåíåå âûðàæåííûìè 
áûëè ïîñëåäñòâèÿ ñòðåññà (èíòåíñèâíîñòü ÏÎË ñíèæàëàñü). Ñëåäîâàòåëüíî, 
ïðîÿâëÿëàñü çàùèòíàÿ ðîëü ôëàâîíîèäîâ (6, 7). Â ñëó÷àå æå òðàíñãåííûõ 
ëèíèé òàêîé ÷åòêîé òåíäåíöèè íå íàáëþäàëè.  

Òàêèì îáðàçîì, â ëèñòüÿõ ðàñòåíèé êàðòîôåëÿ (ñîðò Ñêîðîïëîä-
íûé), âûðàùèâàåìûõ â óñëîâèÿõ in vitro, ïðè äåéñòâèè íèçêîé îòðèöà-
òåëüíîé òåìïåðàòóðû ïðîèñõîäèëè çíà÷èòåëüíûå èçìåíåíèÿ â ñîäåðæàíèè 
ìàëîíîâîãî äèàëüäåãèäà è ôëàâîíîèäîâ, ÷òî íå áûëî õàðàêòåðíî äëÿ ðàñ-
òåíèé, òðàíñôîðìèðîâàííûõ ãåíîì desA. Â ÷àñòíîñòè, ïîñëå 10-ìèíóòíîãî 
âîçäåéñòâèÿ íèçêîé òåìïåðàòóðîé èíòåíñèâíîñòü ïåðåêèñíîãî îêèñëåíèÿ 
ëèïèäîâ ó êîíòðîëüíûõ ðàñòåíèé ñíèæàëàñü, à ó òðàíñôîðìàíòîâ íå ìåíÿ-
ëàñü. Â âàðèàíòå, êîãäà ðàñòåíèÿ ïîäâåðãàëè ãèïîòåðìèè â òå÷åíèå 40 ìèí, 
ýòîò ïîêàçàòåëü áûë íèçêèì âî âñåõ âàðèàíòàõ, ïðè÷åì íàèìåíüøèì — ó 
ðàñòåíèé ñ âûñîêèì óðîâíåì ýêñïðåññèè ãåíà desA. Ýòî ïîä÷åðêèâàåò 
âàæíóþ ðîëü äåñàòóðàç â àäàïòàöèè ðàñòåíèé ê ãèïîòåðìèè. Ïîä âëèÿíèåì 
íèçêîé òåìïåðàòóðû âî âñåõ ñëó÷àÿõ íàêîïëåíèå ôëàâîíîèäîâ â ëèñòüÿõ 
ïîâûøàëîñü, ÷òî íàèáîëåå ÿðêî ïðîÿâëÿëîñü ó êîíòðîëüíîãî âàðèàíòà.  

Àâòîðû âûðàæàþò èñêðåííþþ áëàãîäàðíîñòü Í.Î. Þðüåâîé çà ëþáåçíî ïðå-
äîñòàâëåíííûå ðàñòåíèÿ êàðòîôåëÿ è èõ òðàíñãåííûå ëèíèè (êîëëåêöèÿ Èíñòèòóòà 
ôèçèîëîãèè ðàñòåíèé èì. Ê.À. Òèìèðÿçåâà ÐÀÍ, ã. Ìîñêâà). 

ÔÃÁÓÍ Èíñòèòóò ôèçèîëîãèè ðàñòåíèé 
èì. Ê.À. Òèìèðÿçåâà ÐÀÍ, 
127276 Ðîññèÿ, ã. Ìîñêâà, óë. Áîòàíè÷åñêàÿ, 35, e-mail: phenolic@ippras.ru

Sel’skokhozyaistvennaya biologiya [Agricultural Biology], 2014, ¹ 3, pp. 88-91

Ïîñòóïèëà â ðåäàêöèþ 
19 ìàðòà 2014 ãîäà 

CHANGES IN LIPID PEROXIDATION AND FLAVONOID CONTENT 
IN INTACT AND TRANSGENIC POTATO PLANTS (Solanum tuberosum L.) 

AFTER EXPOSITION TO LOW TEMPERATURE  

E.V. Pryadekhina, P.V. Lapshin, N.V. Zagoskina

K.A. Timiryazev Research Institute of Plant Physiology, Russian Academy of Sciences, 35, ul. Botanicheskaya, Moscow, 
127276 Russia, e-mail phenolic@ippras.ru 
Received March 19, 2014                 doi: 10.15389/agrobiology.2014.3.88eng

A b s t r a c t  

Hypothermia leads to metabolic changes that can cause cell death. Thus, breeding varieties 
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resistant to low temperatures is becoming increasingly important. For this purpose, genetic engineer-
ing approach is used to transfer genes of desaturases which catalyze the modification of single C-
bonds in fatty acid acyl group to double bonds, resulting in an increase of cell membrane fluidity and 
changes in the antioxidant system. Polyphenols, the secondary plant metabolites, are considered the 
protective factors as low molecular weight antioxidants. Here we report the effect of short-term low 
temperature (−9 îÑ for 10 è 40 min) to lipid peroxidation and flavonoid content in leaves of in vitro 
cultivated plants of potato (Solanum tuberosum L.) early ripening variety Skoroplodnii and its trans-
genic strains with middle and high expression of ∆12-acyl-lipid desaturase gene. For plant transgene-
sis, there was used construction of desA from Synechocystis sp. PCC 6803 conjugated to licBM3, 
encoding thermostable lichenase, a translational reporter, under control of strong constitutive pro-
moter 35S RNA CaMV. It was found that after 10 min exposition to low temperature a peroxidation 
decreased in reference plants and remained unchanged in the transgenic plants. In case the plants 
were exposed to hypothermia for 40 min, the peroxidation was low in all variants, being minimal in 
transgenic plants with high ∆12-acyl-lipid desaturase gene expression. In all variants the flavonoid 
content in leaves increased when influenced by low temperature with the most pronounced effect 
observed in the reference variety.  

Keywords: potato, Solanum tuberosum, desaturase, low temperature, peroxidation of 
lipids, flavonoids. 
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