
Êóëüòóðà êëåòîê âûñøèõ ðàñòåíèé òðàäèöè-
îííî ðàññìàòðèâàåòñÿ êàê óíèêàëüíàÿ ýêñïåðèìåí-
òàëüíî ñîçäàííàÿ áèîëîãè÷åñêàÿ ñèñòåìà, ïðåä-
ñòàâëÿþùàÿ ñîáîé ãåòåðîãåííóþ ïîïóëÿöèþ äå-

äèôôåðåíöèðîâàííûõ êëåòîê [1]. Â áèîòåõíîëî-
ãèè èñïîëüçîâàíèå êóëüòóðû êëåòîê ðàñòåíèé in
vitro ïðåäñòàâëÿåò ñîáîé ýôôåêòèâíûé ñïîñîá ïî-
ëó÷åíèÿ ýêîëîãè÷åñêè ÷èñòîãî âîçîáíîâëÿåìîãî
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Ïîëó÷åíèå è õàðàêòåðèñòèêà êàëëóñíûõ è ñóñïåíçèîííûõ

êóëüòóð êëåòîê ÿêîðöåâ ñòåëþùèõñÿ Tribulus terrestr is L . —

ïðîäóöåíòà ñòåðîèäíûõ ãëèêîçèäîâ

Ïîëó÷åíû êàëëóñíàÿ è ñóñïåíçèîííàÿ êóëüòóðû êëåòîê Tribulus terrestris L. — öåí-
íîãî ëåêàðñòâåííîãî ðàñòåíèÿ, ïðîäóöèðóþùåãî ñòåðîèäíûå ãëèêîçèäû. Ñåìåíà
T. terrestris, ðàñòåíèÿ àìåðèêàíñêîé ïîïóëÿöèè, áûëè èñïîëüçîâàíû â êà÷åñòâå ýêñ-
ïëàíòîâ. Èññëåäîâàíû çàêîíîìåðíîñòè ïîëó÷åíèÿ êóëüòóð êëåòîê ýòîãî âèäà ðàñòå-
íèé, à òàêæå ðîñòîâûå è áèîñèíòåòè÷åñêèå õàðàêòåðèñòèêè ïîëó÷åííûõ ëèíèé. Ïî-
êàçàíî, ÷òî îïòèìàëüíîé ñðåäîé äëÿ ïîëó÷åíèÿ êàëëóñíîé êóëüòóðû êëåòîê è åå âû-
ðàùèâàíèÿ ÿâëÿåòñÿ ñðåäà MS, ñîäåðæàùàÿ 2,0 ìã/ë 2,4-Ä è 1,0 ìã/ë ÁÀÏ. Ñóñïåíçè-
îííàÿ êóëüòóðà êëåòîê, ïîëó÷åííàÿ íà æèäêîé ñðåäå òîãî æå ñîñòàâà, õàðàêòåðèçóåò-
ñÿ âûñîêèìè ðîñòîâûìè õàðàêòåðèñòèêàìè (ìàêñèìàëüíîå íàêîïëåíèå ñóõîé áèî-
ìàññû — äî 13 ã/ë, óäåëüíàÿ ñêîðîñòü ðîñòà â ýêñïîíåíöèàëüíîé ôàçå — 0,24 ñóò–1,
ýêîíîìè÷åñêèé êîýôôèöèåíò — 0,39), êîòîðûå ñîõðàíÿþòñÿ â ïðîöåññå äëèòåëüíî-
ãî ñóáêóëüòèâèðîâàíèÿ (áîëåå äâóõ ëåò). Îñóùåñòâëåíî âûðàùèâàíèå ïîëó÷åííîé
êóëüòóðû êëåòîê â áèîðåàêòîðå ëàáîðàòîðíîãî îáúåìà â ïîëóïðîòî÷íîì ðåæèìå.
Ïðîâåäåí ñêðèíèíã ïîëó÷åííûõ êóëüòóð êëåòîê íà ñîäåðæàíèå ñòåðîèäíûõ ãëèêîçè-
äîâ. Â êàëëóñíûõ êóëüòóðàõ ñòåðîèäíûå ãëèêîçèäû îáíàðóæåíû íå áûëè. Â ñóñïåí-
çèîííîé êóëüòóðå êëåòîê ìåòîäàìè ÒÑÕ è UPLC ESI MS ïîêàçàíî íàëè÷èå ôóðîñòà-
íîëîâûõ ãëèêîçèäîâ, êîëè÷åñòâî êîòîðûõ óâåëè÷èâàåòñÿ ïî ìåðå âûðàùèâàíèÿ êóëü-
òóðû. Ïîëó÷åííûå ðåçóëüòàòû ñîãëàñóþòñÿ ñ ãèïîòåçîé îá àâòîñåëåêöèè êëåòîê, ñî-
äåðæàùèõ ñîåäèíåíèÿ, ñïîñîáñòâóþùèå ïðîëèôåðàöèè êëåòîê in vitro.
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Ñïèñîê ñîêðàùåíèé: ÁÀÏ — 6-áåíçèëàìèíîïóðèí; 2,4-Ä — 2,4-äèõëîðôåíîêñèóêñóñíàÿ êèñëîòà; ÍÓÊ — á-íàôòèëóêñóñíàÿ
êèñëîòà; ÒÑÕ — òîíêîñëîéíàÿ õðîìàòîãðàôèÿ; UPLC ESI MS — óëüòðàýôôåêòèâíàÿ æèäêîñòíàÿ õðîìàòîãðàôèÿ ñ ìàññ-ñïåê-
òðîìåòðè÷åñêèì äåòåêòèðîâàíèåì ïðè èîíèçàöèè ýëåêòðîðàñïûëåíèåì.

* Àâòîð äëÿ ïåðåïèñêè.



ðàñòèòåëüíîãî ñûðüÿ ñ âûñîêèì ñîäåðæàíèåì öå-
ëåâûõ áèîëîãè÷åñêè-àêòèâíûõ âåùåñòâ íåçàâèñè-
ìî îò êëèìàòè÷åñêèõ è ïîãîäíûõ óñëîâèé. Ïðè íà-
ëè÷èè âûñîêîýôôåêòèâíîãî øòàììà-ïðîäóöåíòà
ýòà òåõíîëîãèÿ îáåñïå÷èâàåò ñîçäàíèå îðèãèíàëü-
íûõ ïðåïàðàòîâ, ïîëó÷åíèå êîòîðûõ íà îñíîâå òðà-
äèöèîííîãî ñûðüÿ íåðåíòàáåëüíî èëè íåîñóùåñò-
âèìî. Â ýòîì àñïåêòå ïåðñïåêòèâíîé ìîæåò áûòü
êóëüòóðà êëåòîê ëåêàðñòâåííîãî ðàñòåíèÿ ÿêîðöåâ
ñòåëþùèõñÿ (Tribulus terrestris L.).

Èçâåñòíî, ÷òî ýêñòðàêòû èç ýòèõ ðàñòåíèé
ÿâëÿþòñÿ áåçîïàñíûì è ýôôåêòèâíûì ñðåäñòâîì
ïðè ëå÷åíèè æåíñêîé ñåêñóàëüíîé äèñôóíêöèè, à
òàêæå èñïîëüçóþòñÿ â êà÷åñòâå àôðîäèçèàêà äëÿ
ìóæ÷èí [2, 3]. Âîäíûé ýêñòðàêò T. terrestris ïðè íà-
ðóæíîì ïðèìåíåíèè ïðîÿâëÿåò ðàíîçàæèâëÿþ-
ùèå ñâîéñòâà [4]. Âî ìíîãèõ ðàáîòàõ ïîêàçàíî ïðî-
òèâîîïóõîëåâîå äåéñòâèå áèîëîãè÷åñêè àêòèâíûõ
ñîåäèíåíèé ÿêîðöåâ; â ÷àñòíîñòè, âîäíûé ýêñò-
ðàêò Tribulus ssp. áëîêèðóåò ïðîëèôåðàöèþ è èí-
äóöèðóåò àïîïòîç ðàêîâûõ êëåòîê ïå÷åíè ÷åëîâå-
êà çà ñ÷åò èíãèáèðîâàíèÿ ñèãíàëüíîãî ïóòè NF-kB
[5—7]. Íà îñíîâå èíòàêòíîãî ðàñòåíèÿ T. terrestris
ñîçäàí ðÿä ëåêàðñòâ è áîëåå äâàäöàòè íóòðèöåâòè-
êîâ. Â ÷àñòíîñòè, ëåêàðñòâåííûå ïðåïàðàòû Tribes-
tane è Vitanone èñïîëüçóþò äëÿ ëå÷åíèÿ èìïîòåí-
öèè, à Tribusaponins è Xin-ÑÀÊ Shutong — äëÿ ëå-
÷åíèÿ ñåðäå÷íî-ñîñóäèñòûõ çàáîëåâàíèé [8, 9]. Â
íàñòîÿùåå âðåìÿ âûïóñê ïðåïàðàòîâ Tribestane è
Tribusaponins ïðàêòè÷åñêè ïðåêðàùåí èç-çà îòñóò-
ñòâèÿ ñûðüÿ.

Óñòàíîâëåíî, ÷òî â áîëüøèíñòâå ñëó÷àåâ
áèîëîãè÷åñêàÿ àêòèâíîñòü ýêñòðàêòà ÿêîðöåâ îáó-
ñëîâëåíà íàëè÷èåì îáøèðíîãî íàáîðà ñòåðîèäíûõ
ãëèêîçèäîâ [6, 10, 11], îñíîâíûìè àãëèêîíàìè êî-
òîðûõ ÿâëÿþòñÿ òèãîãåíèí, íåîòèãîãåíèí, ãèòîãå-
íèí, íåîãèòîãåíèí, ãåêîãåíèí, íåîãåêîãåíèí, äèîñ-
ãåíèí, õëîðîãåíèí, ðóñêîãåíèí è ñàðñàñàïîãåíèí
[8]. Ñîñòàâ ñòåðîèäíûõ ãëèêîçèäîâ èíòàêòíîãî ðàñ-
òåíèÿ çàâèñèò îò àðåàëà ïðîèçðàñòàíèÿ [12].

Åñòü ñâåäåíèÿ î ïîëó÷åíèè êàëëóñíûõ êóëü-
òóð ÿêîðöåâ [13—16]. Â îäíîé èç ðàáîò ïîêàçàíî
íàëè÷èå ñïèðîñòàíîëîâûõ ãëèêîçèäîâ â êàëëóñàõ
Tribulus terrestris L. [14]. Ñîãëàñíî àíàëèçó äîñòóï-
íîé ëèòåðàòóðû, ñóñïåíçèîííàÿ êóëüòóðà T. terrest-
ris ðàíåå ïîëó÷åíà íå áûëà. Ñèñòåìàòè÷åñêèå èñ-
ñëåäîâàíèÿ êóëüòóð êëåòîê ÿêîðöåâ ñòåëþùèõñÿ
äî íàñòîÿùåãî âðåìåíè òàêæå íå ïðîâîäèëèñü.

Òàêèì îáðàçîì, öåëüþ íàñòîÿùåé ðàáîòû
áûëî ïîëó÷åíèå êàëëóñíûõ è ñóñïåíçèîííûõ êóëü-
òóð êëåòîê T. terrestris, âûÿñíåíèå çàêîíîìåðíîñ-
òåé êàëëóñîãåíåçà, à òàêæå èññëåäîâàíèå ðîñòî-
âûõ è áèîñèíòåòè÷åñêèõ õàðàêòåðèñòèê ïîëó÷åí-
íûõ êóëüòóð êëåòîê.

ÓÑËÎÂÈß ÝÊÑÏÅÐÈÌÅÍÒÀ

Â êà÷åñòâå ýêñïëàíòîâ áûëè èñïîëüçîâà-
íû ñåìåíà ðàñòåíèÿ Tribulus terrestris L. àìåðèêàí-
ñêîé ïîïóëÿöèè (Forever Seeds Company, ÑØÀ).
Ñåìåíà ïðîìûâàëè äåòåðãåíòîì òâèí-80 (Sigma,
Ãåðìàíèÿ) è ñòåðèëèçîâàëè 0,1%-íûì ðàñòâîðîì
ñóëåìû (Sigma) â òå÷åíèå 5 ìèí. Ïîñëå ñòåðèëèçà-
öèè ìàòåðèàë îïîëàñêèâàëè, à çàòåì òðåõêðàòíî
îòìûâàëè â òå÷åíèå 20 ìèí â ñòåðèëüíîé äèñòèë-
ëèðîâàííîé âîäå. Ïîñëå ýòîãî ñåìåíà èñïîëüçîâà-
ëè â êà÷åñòâå ýêñïëàíòîâ, ïîìåùàÿ èõ íà àãàðèçî-
âàííóþ ïèòàòåëüíóþ ñðåäó.

Äëÿ ýêñïåðèìåíòîâ èñïîëüçîâàëè ñðåäó
MS, ïðèãîòîâëåííóþ ïî ñòàíäàðòíîé ïðîïèñè
[17] ñ äîáàâëåíèåì ãèäðîëèçàòà êàçåèíà (0,5 ã/ë)
(Merck, Ãåðìàíèÿ), èíîçèòà (0,1 ã/ë) (Merck), 3%
ñàõàðîçû (Merck) è àãàðà (0,5%) (Merck). Èñïîëü-
çîâàëè 9 âàðèàíòîâ ñðåä, ðàçëè÷àþùèõñÿ ïî ñîñòà-
âó ðåãóëÿòîðîâ ðîñòà, â êà÷åñòâå êîòîðûõ ïðèìåíÿ-

ëè α-íàôòèëóêñóñíóþ êèñëîòó (ÍÓÊ) (Merck) â
êîíöåíòðàöèè 0,2—2,0 ìã/ë, 2,4-äèõëîðôåíîêñè-
óêñóñíóþ êèñëîòó (2,4-Ä) (Merck) â êîíöåíòðàöèè
1,0—2,0 ìã/ë, êèíåòèí (Merck) â êîíöåíòðàöèè
0,15—1,0 ìã/ë è 6-áåíçèëàìèíîïóðèí (ÁÀÏ)
(Merck) â êîíöåíòðàöèè 0,15—2,0 ìã/ë.

Êóëüòèâèðîâàíèå ïðîâîäèëè â òåìíîòå ïðè

26°. Öèêë ñóáêóëüòèâèðîâàíèÿ äëÿ êàëëóñíûõ êó-
ëüòóð êëåòîê ñîñòàâëÿë 4 íåä, äëÿ ñóñïåíçèîííûõ
— 2 íåä. Äëÿ âûðàùèâàíèÿ êàëëóñíûõ êóëüòóð èñ-
ïîëüçîâàëè ÷àøêè Ïåòðè (d=60 ìì), êàëëóñ ïðè ïå-
ðåñåâå äåëèëè íà 4—6 ÷àñòåé. Ñóñïåíçèîííûå êó-
ëüòóðû êëåòîê âûðàùèâàëè â êîëáàõ îáúåìîì 250
ìë (30—40 ìë ñóñïåíçèè â êîëáå) íà êà÷àëêå (100
îá/ìèí). Äëÿ ïåðåñåâà ïðèìåíÿëè ñîîòíîøåíèå
èíîêóëþì—ñâåæàÿ ñðåäà, ðàâíîå 1:10.

Àïïàðàòóðíîå âûðàùèâàíèå îñóùåñòâëÿ-
ëè â 7-ëèòðîâîì ëàáîðàòîðíîì áèîðåàêòîðå ôèð-
ìû New Brunswick Scientific (ðàáî÷èé îáúåì 5 ë),
ñ ìåõàíè÷åñêèì ïåðåìåøèâàþùèì óñòðîéñòâîì
òèïà «ìîðñêîé âèíò» (ñêîðîñòü ïåðåìåøèâàíèÿ
200 îá/ìèí). Äëÿ áàðáîòàæà èñïîëüçîâàëè îðèãè-
íàëüíîå òî÷å÷íîå àýðèðóþùåå óñòðîéñòâî íà
îñíîâå ñèëèêîíîâîãî øëàíãà ñ ìèêðîîòâåðñòèÿ-
ìè; èíòåíñèâíîñòü àýðàöèè ñîñòàâëÿëà 1,0 ë/ìèí
(0,2 îáúåì âîçäóõà/îáúåì ñðåäû/ìèí), òåìïåðàòó-
ðà êóëüòèâèðîâàíèÿ 26î.

Äëÿ õàðàêòåðèñòèêè ñóñïåíçèîííûõ êóëüòóð
îïðåäåëÿëè òàêèå ïàðàìåòðû, êàê ñîäåðæàíèå ñó-
õîé è ñûðîé áèîìàññû â 1 ë ñðåäû, êîíöåíòðàöèþ
êëåòîê â ñðåäå è æèçíåñïîñîáíîñòü êóëüòóðû.

Äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ ñûðîé è ñó-
õîé áèîìàññû ôèêñèðîâàííûé îáúåì ñóñïåíçèè
(íå ìåíåå 15 ìë â òðåõ ïîâòîðíîñòÿõ) ôèëüòðîâàëè
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ïîä âàêóóìîì ÷åðåç áóìàæíûé ôèëüòð ñ ïîìîùüþ
âîðîíêè Áþõíåðà. Áèîìàññó âûñóøèâàëè äî ïî-
ñòîÿííîé ìàññû â òîêå òåïëîãî âîçäóõà ïðè òåìïå-

ðàòóðå 30° [18].
Äëÿ ïîäñ÷åòà êîíöåíòðàöèè êëåòîê (Õ) 0,5 ìë

ñóñïåíçèè èíêóáèðîâàëè ñ 2,0—2,5 ìë 20%-íîãî

ðàñòâîðà õðîìîâîé êèñëîòû (Merñk) ïðè 60° â òå-
÷åíèå 15—20 ìèí â çàâèñèìîñòè îò âîçðàñòà ñóñ-
ïåíçèè [19].

Æèçíåñïîñîáíîñòü êóëüòóð êëåòîê îïðå-
äåëÿëè, èñïîëüçóÿ ïðèæèçíåííûé êðàñèòåëü ôåíî-
ñàôðàíèí (Merck) (0,1%-íûé ðàñòâîð), ïóòåì ïîä-
ñ÷åòà æèâûõ (íåîêðàøåííûõ) è ìåðòâûõ (îêðà-
øåííûõ) êóëüòèâèðóåìûõ åäèíèö ïîä ìèêðîñêî-
ïîì [20].

Ïî ïîëó÷åííûì ðåçóëüòàòàì ðàññ÷èòûâàëè
ïàðàìåòðû ýôôåêòèâíîñòè ðîñòà êóëüòóðû: èíäåêñ
ðîñòà (I), óäåëüíóþ ñêîðîñòü ðîñòà â ýêñïîíåíöè-
àëüíîé ôàçå (µ), ýêîíîìè÷åñêèé êîýôôèöèåíò ïî
ñàõàðîçå (Y), âðåìÿ óäâîåíèÿ (ô), ïðîäóêòèâíîñòü
ïî ñóõîé áèîìàññå (P).

Äëÿ ðàñ÷åòîâ èñïîëüçîâàëè ñëåäóþùèå
ôîðìóëû [21]:

I = (Xmax—X0)/X0,

ãäå Xmax è X0 — ìàêñèìàëüíîå è íà÷àëüíîå çíà÷å-
íèÿ ñîäåðæàíèÿ ñûðîé èëè ñóõîé áèîìàññû â 1 ë
ñðåäû, ñîîòâåòñòâåííî;

µ = (lnX2—lnX1)/(t2—t1),

ãäå X2 è X1 — ñîäåðæàíèå ñóõîé áèîìàññû â 1 ë
ñðåäû â ìîìåíòû âðåìåíè t2 è t1, ñîîòâåòñòâåííî
(ðàññ÷èòûâàëè äëÿ ýêñïîíåíöèàëüíîé ôàçû ðîñòà);

τ = ln2/µ;

Y = (Xmax — X0)/S,

ãäå Xmax è X0 — ñì. âûøå, à S — íà÷àëüíàÿ êîí-
öåíòðàöèÿ ñóáñòðàòà (ñàõàðîçû) â ñðåäå;

P — ìàêñèìàëüíîå çíà÷åíèå.

Pi = (Xi — Xo) / (ti —to),

ãäå Xo è Xi — ñîäåðæàíèå ñóõîé áèîìàññû â íà÷àëå
êóëüòèâèðîâàíèÿ è â ìîìåíò âðåìåíè ti , ñîîòâåòñò-
âåííî.

Àíàëèç íàëè÷èÿ â èññëåäóåìîé êóëüòóðå
êëåòîê ñòåðîèäíûõ ãëèêîçèäîâ ïðîâîäèëè ñ ïî-
ìîùüþ õðîìàòîãðàôèè â òîíêîì ñëîå ñèëèêàãåëÿ
(ÒÑÕ) (ñì. íèæå) è óëüòðàýôôåêòèâíîé æèäêîñò-
íîé õðîìàòîãðàôèè ñ ìàññ-ñïåêòðîìåòðè÷åñêèì
äåòåêòèðîâàíèåì ïðè èîíèçàöèè ýëåêòðîðàñïûëå-
íèåì (UPLC ESI MS).

Äëÿ ïðèãîòîâëåíèÿ ïðîá áðàëè ïî 100 ìã
ëèîôèëüíî âûñóøåííîé áèîìàññû êóëüòóð êëå-

òîê, ýêñòðàãèðîâàëè 70%-íûì (ïî îáúåìó) ýòèëî-
âûì ñïèðòîì (ñîîòíîøåíèå áèîìàññà—ðàñòâîðè-
òåëü = 1:40 (ìàññà/îáúåì) 3 ðàçà ïî 30 ìèí ïðè êîì-
íàòíîé òåìïåðàòóðå ïðè äåéñòâèè óëüòðàçâóêà (ÓÇÂ

«Ñàïôèð», Ðîññèÿ). Îáúåäèíåííûå ñïèðòîâûå ýê-
ñòðàêòû óïàðèâàëè äîñóõà ïîä âàêóóìîì (55°) è
ðàñòâîðÿëè â âîäå. Ïîëó÷åííûé ðàñòâîð íàíîñèëè
íà ïàòðîí äëÿ òâåðäîôàçíîé ýêñòðàêöèè Supelcle-
an ENVI-18 (Supelco, ÑØÀ). Çàòåì ïàòðîí ïîñëåäî-
âàòåëüíî ïðîìûâàëè âîäîé è 70%-íûì ýòèëîâûì
ñïèðòîì. Ñïèðòîâóþ ôðàêöèþ óïàðèâàëè äîñóõà
è ïîäâåðãàëè àíàëèçó.

Äëÿ àíàëèçà ìåòîäîì ÒÑÕ î÷èùåííóþ
ôðàêöèþ ãëèêîçèäîâ ðàñòâîðÿëè â ýòàíîëå (70%)
è 50 ìêë ïîëó÷åííîãî ðàñòâîðà íàíîñèëè íà õðîìà-
òîãðàôè÷åñêóþ ïëàñòèíêó Kieselgel 60 (Merck).
Ôóðîñòàíîëîâûå ãëèêîçèäû ýëþèðîâàëè â ñèñòå-
ìå ðàñòâîðèòåëåé õëîðîôîðì—ìåòàíîë—âîäà
(65:35:10 ïî îáúåìó). Õðîìàòîãðàììû ïðîÿâëÿëè
ðåàêòèâîì Ýðëèõà (1%-íûé ðàñòâîð ïàðàäèìåòèë-
àìèíîáåíçàëüäåãèäà (Merck) â ñìåñè êîíöåíòðè-
ðîâàííàÿ ñîëÿíàÿ êèñëîòà (Merck)—ìåòàíîë
(Merck) = 34:66 îá/îá) ñ ïîñëåäóþùèì ïðîãðåâà-
íèåì ïëàñòèíêè ïðè 100î â òå÷åíèå 3—5 ìèí. Ïðè
ýòîì ôóðîñòàíîëîâûå ãëèêîçèäû îáíàðóæèâàþòñÿ
â âèäå ïÿòåí êðàñíîãî öâåòà.

Äëÿ ðàçäåëåíèÿ ñïèðîñòàíîëîâûõ ãëèêîçè-
äîâ èñïîëüçîâàëè ñèñòåìó ýòèëàöåòàò—ëåäÿíàÿ
óêñóñíàÿ êèñëîòà—âîäà (32:9:9 ïî îáúåìó). Õðî-
ìàòîãðàììû ïðîÿâëÿëè 1%-íûì ðàñòâîðîì âàíè-
ëèíà (Merck) â ñìåñè ýòàíîë—êîíöåíòðèðîâàí-
íàÿ ñåðíàÿ êèñëîòà (Merck) (2:1 ïî îáúåìó).

Äëÿ ïðîâåäåíèÿ UPLC ESI MS ïðîáó ðàñòâî-
ðÿëè â ñìåñè àöåòîíèòðèë (Merck)—âîäà (50:50
ïî îáúåìó) è ôèëüòðîâàëè ÷åðåç íåéëîíîâîé ôèëüòð
ñ ïîðàìè 0,2 ìêì (Acrodisc, Ãåðìàíèÿ).

UPLC ESI MS ïðîâîäèëè íà õðîìàòîãðàôå
Waters Aquity UPLC (Waters, ÑØÀ). Ïðîáó â îáúåìå
0,5 ìêë íàíîñèëè íà êîëîíêó ACQUITY UPLC BEH

Phenyl (50×2,1 ìì, 1,7 ìêì; Waters, Èðëàíäèÿ).
Òåìïåðàòóðà êîëîíêè ñîñòàâëÿëà 40°, îáúåìíàÿ
ñêîðîñòü ïîòîêà ïîäâèæíîé ôàçû — 0,4 ìë/ìèí. Â
êà÷åñòâå ïîäâèæíîé ôàçû èñïîëüçîâàëè 0,1%-íûé
(ïî îáúåìó) ðàñòâîð ìóðàâüèíîé êèñëîòû (Merck)
â âîäå è 0,1%-íûé (ïî îáúåìó) ðàñòâîð ìóðàâüè-
íîé êèñëîòû â àöåòîíèòðèëå. Õðîìàòîãðàôè÷å-
ñêîå ðàçäåëåíèå ïðîâîäèëè â ðåæèìå ãðàäèåíòíîé
ýëþöèè. Â ïðîöåññå àíàëèçà ñîñòàâ ïîäâèæíîé
ôàçû èçìåíÿëè ñëåäóþùèì îáðàçîì (êîíöåíòðàöèÿ
àöåòîíèòðèëà, îá. %): 0—7 ìèí — 19%, 7—17 ìèí —

19→35%, 17—23 ìèí — 35→45%, 23—27 ìèí —

45→55%, 27—33 ìèí — 55→65%, 33—33,5 ìèí

— 65→95%, 33,5—35 ìèí — 95%, 35—35,5 ìèí

— 95→19%, 35,5—37 — 19%.
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Àíàëèç îñóùåñòâëÿëè â ðåæèìå äåòåêöèè
ïîëîæèòåëüíûõ èîíîâ (äèàïàçîí m/z 100—1200)
ïðè ñëåäóþùèõ ïàðàìåòðàõ ïðîöåññà: òåìïåðàòó-
ðà èñòî÷íèêà èîíèçàöèè — 120°, òåìïåðàòóðà äå-
ñîëüâàöèè — 250°, íàïðÿæåíèå íà êàïèëëÿðå —
3,0 êÂ, íàïðÿæåíèå íà êîíóñå ââîäà ïðîáû — 30 Â
è ñêîðîñòü ïîäà÷è àçîòà (äåñîëüâàöèîííûé ãàç) —
600 ë/÷.

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Â ðåçóëüòàòå ïðîâåäåííûõ ýêñïåðèìåíòîâ
ïî âëèÿíèþ ðàçëè÷íûõ ðåãóëÿòîðîâ ðîñòà íà êàë-
ëóñîãåíåç áûëî óñòàíîâëåíî, ÷òî êàëëóñíûå êóëü-
òóðû èññëåäóåìûõ âèäîâ ÿêîðöåâ ôîðìèðóþòñÿ
òîëüêî íà ñðåäå, ñîäåðæàùåé 2,0 ìã/ë 2,4-Ä è 1,0 ìã/ë
ÁÀÏ. Ýôôåêòèâíîñòü ñèíòåòè÷åñêîãî àóêñèíà 2,4-Ä
äëÿ èíäóêöèè êàëëóñîãåíåçà èç ÿêîðöåâ áûëà îïè-
ñàíà è ðàíåå [14—16].

Ïåðâè÷íûé êàëëóñîãåíåç íà÷èíàëñÿ íåïî-
ñðåäñòâåííî èç ñåìÿí íà 10-å ñóòêè êóëüòèâèðîâà-
íèÿ áåç îáðàçîâàíèÿ êîðíåé è ïîáåãîâ. Èíòåíñèâ-
íîñòü êàëëóñîãåíåçà ñîñòàâèëà 20%. Ïîëó÷åííûå
êàëëóñíûå êóëüòóðû õàðàêòåðèçîâàëèñü ñâåòëî-
æåëòûì öâåòîì, ðûõëîé ñòðóêòóðîé è âûñîêîé ñòå-
ïåíüþ îâîäíåíèÿ (ðèñ. 1).

Íà ñðåäå, ñîäåðæàùåé ÍÓÊ è ÁÀÏ, â ïåð-
âûå íåäåëè êóëüòèâèðîâàíèÿ íàáëþäàëè îáðàçîâà-
íèå íà ñåìåíàõ ñîìàòè÷åñêèõ ýìáðèîèäîâ, êîòî-
ðûå ïîãèáàëè êî 2-ìó—3-ìó ïàññàæó. Îäíàêî ïðè
ïåðåâîäå ýìáðèîãåííûõ êóëüòóð íà ñðåäó, ñîäåð-
æàùóþ â êà÷åñòâå àóêñèíà 2,4-Ä, èç íèõ òàêæå
ôîðìèðîâàëñÿ êàëëóñ, áëèçêèé ïî ìîðôîëîãè÷å-
ñêèì õàðàêòåðèñòèêàì ê êàëëóñàì, ïîëó÷åííûì
èñõîäíî íà ñðåäå ñ 2,4-Ä è ÁÀÏ. Íà îñòàëüíûõ âà-
ðèàíòàõ èñïîëüçóåìûõ ñðåä êàêèå-ëèáî ðîñòîâûå
ïðîöåññû íå âûÿâëåíû.

Â ðåçóëüòàòå ïðîâåäåííûõ ðàáîò áûëà ïîëó-
÷åíà êàëëóñíàÿ êóëüòóðà êëåòîê ÿêîðöåâ ñòåëþ-
ùèõñÿ T. terrestris, êîòîðàÿ ñîõðàíÿëà âûñîêèé ðîñ-
òîâîé ïîòåíöèàë â òå÷åíèå áîëåå ÷åì 30 öèêëîâ
ñóáêóëüòèâèðîâàíèÿ (áîëåå äâóõ ëåò âûðàùèâà-
íèÿ).

Äëÿ ïîëó÷åíèÿ ñóñïåíçèîííûõ êóëüòóð êëå-
òîê â êà÷åñòâå ýêñïëàíòà èñïîëüçîâàëè 4-íåäåëü-
íóþ êàëëóñíóþ êóëüòóðó ïîñëå 3-ãî öèêëà âûðà-
ùèâàíèÿ. Îêîëî 30 ã êàëëóñíûõ êëåòîê (ïî ñûðîé
áèîìàññå) ïîìåùàëè â æèäêóþ ñðåäó, èñïîëüçóå-
ìóþ äëÿ âûðàùèâàíèÿ êàëëóñîâ (ÌS, ñîäåðæàùàÿ
2,0 ìã/ë 2,4-Ä è 1,0 ìã/ë ÁÀÏ), íî áåç äîáàâëåíèÿ
àãàðà. ×åðåç 14 èëè 21 ñóò êóëüòèâèðîâàíèÿ ïîëó-
÷åííóþ ïåðâè÷íóþ ñóñïåíçèîííóþ êóëüòóðó êëå-
òîê ïåðåñàæèâàëè ñ ðàçíîé ïëîòíîñòüþ (ñòåïåíü
ðàçâåäåíèÿ îò 1:5 äî 1:10) íà ñâåæóþ ñðåäó. Ê 5-ìó

öèêëó âûðàùèâàíèÿ áûë îïðåäåëåí îïòèìàëüíûé
ðåæèì ñóáêóëüòèâèðîâàíèÿ: èñïîëüçîâàíèå 14-äíåâ-
íîé êóëüòóðû è ñòåïåíü åå ðàçâåäåíèÿ â 10 ðàç (3 ìë
èíîêóëþìà íà 30 ìë ñâåæåé ñðåäû); íà÷àëüíàÿ
ïëîòíîñòü êóëüòóðû ïðè ýòîì ñîñòàâëÿëà îêîëî
1,5 ã ñóõîé áèîìàññû íà 1 ë ñðåäû. Ïîëó÷åííàÿ ñóñ-
ïåíçèîííàÿ êóëüòóðà êëåòîê èìåëà æåëòûé öâåò,
ñîäåðæàëà íåáîëüøèå àãðåãàòû êëåòîê ìåðèñòåìî-
ïîäîáíîãî òèïà, îäèíî÷íûå ïàðåíõèìîïîäîáíûå
è óäëèíåííûå êëåòêè, à òàêæå ãðóøåâèäíûå êëåò-
êè ñ áîëüøèì êîëè÷åñòâîì êðàõìàëüíûõ çåðåí
(ðèñ. 2).

Â òå÷åíèå 8-ãî öèêëà âûðàùèâàíèÿ áûë ïðî-
âåäåí àíàëèç ðîñòîâûõ õàðàêòåðèñòèê ïîëó÷åí-
íîé ñóñïåíçèîííîé êóëüòóðû êëåòîê T.terrestris.
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Ðèñ. 1. Êàëëóñíàÿ êóëüòóðà êëåòîê T. terrestris

Fig. 1. Callus culture of T. terrestris cells

Ðèñ. 2. Ñóñïåíçèîííàÿ êóëüòóðà êëåòîê T. terrestris

Fig. 2. Suspension culture of T. terrestris cells



Íà ðèñ. 3 ïðèâåäåíà äèíàìèêà ðîñòà êóëüòóðû êëå-
òîê â íîðìàëüíîé è ïîëóëîãàðèôìè÷åñêîé ñèñòå-
ìàõ êîîðäèíàò. Ïðè àíàëèçå ïðåäñòàâëåííûõ êðè-
âûõ ðîñòà ñëåäóåò îòìåòèòü îòñóòñòâèå ëàã-ôàçû
ïðè íà÷àëüíîé ïëîòíîñòè êóëüòóðû îò 1,5 ã/ë ïî ñó-
õîé ìàññå. Ïðîèçâîäíûå ðîñòîâûå õàðàêòåðèñòè-
êè ïðèâåäåíû â òàáë. 1, èç êîòîðîé ñëåäóåò, ÷òî êó-
ëüòóðó ìîæíî îòíåñòè ê õîðîøî ðàñòóùåé (ìàêñè-
ìàëüíîå íàêîïëåíèå ñóõîé áèîìàññû 13 ã/ë, èíäåêñ
ðîñò I = 8,6, óäåëüíàÿ ñêîðîñòü ðîñòà â ýêñïîíåíöè-
àëüíîé ôàçå ïî ñóõîé áèîìàññå — 0,24 ñóò–1, ýêîíî-
ìè÷åñêèé êîýôôèöèåíò ~ 0,4, ïðîäóêòèâíîñòü ïî ñóõîé
áèîìàññå — 1 ã/ë/ñóò). Ñëåäóåò îòìåòèòü, ÷òî êó-
ëüòóðà õàðàêòåðèçóåòñÿ ñòàáèëüíûì ðîñòîì, íå
ñíèæàþùèìñÿ â òå÷åíèå áîëåå ÷åì 2 ëåò âûðàùè-
âàíèÿ.

Àïïàðàòóðíîå âûðàùèâàíèå ñóñïåíçèîííîé
êóëüòóðû êëåòîê ÿêîðöåâ ñòåëþùèõñÿ áûëî ïðîâå-
äåíî â áèîðåàêòîðå (7-ëèòðîâûé ëàáîðàòîðíûé
áèîðåàêòîð New Brunswick Scientific) â ïîëóïðî-
òî÷íîì ðåæèìå ñ ìåõàíè÷åñêèì ïåðåìåøèâàíè-
åì. Áûëî ïðîâåäåíî 3 öèêëà âûðàùèâàíèÿ; ïîëó-
÷åííûå ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñ. 4. Èç äàí-
íûõ ýêñïåðèìåíòîâ ñëåäóåò, ÷òî àïïàðàòóðíîå âû-
ðàùèâàíèå ïðèâåëî ê ïîâûøåíèþ ðîñòîâûõ õàðàê-
òåðèñòèê êóëüòóðû. Åñëè ïðè êóëüòèâèðîâàíèè
ñóñïåíçèè êëåòîê â êîëáàõ èíäåêñ ðîñòà è óäåëü-
íàÿ ñêîðîñòü ðîñòà ïî ñóõîé ìàññå ñîñòàâëÿëè 8,6
è 0,24 ñóò–1, òî ê òðåòüåìó öèêëó âûðàùèâàíèÿ â

áèîðåàêòîðå ýòè ïîêàçàòåëè óâåëè÷èëèñü äî 11,3 è
0,38 ñóò—1, ñîîòâåòñòâåííî (òàáë. 2). Âûñîêèå ïî-
êàçàòåëè ðîñòà êóëüòóðû êëåòîê â áèîðåàêòîðå ïî
ñðàâíåíèþ ñ òàêîâûìè â êîëáàõ ìîãóò áûòü ñâÿçà-
íû ñ èíòåíñèâíîñòüþ àýðàöèè êëåòîê. Ñòðîãî äî-
êàçàòü ïîäîáíóþ çàêîíîìåðíîñòü äîâîëüíî ñëîæ-
íî, îäíàêî èçâåñòíî, ÷òî êîíöåíòðàöèÿ ðàñòâîðåí-
íîãî êèñëîðîäà â ïðîöåññå êóëüòèâèðîâàíèÿ â êîë-
áàõ ñíèæàåòñÿ, à â áèîðåàêòîðå ïîääåðæèâàåòñÿ
íà ïîñòîÿííîì óðîâíå 10—15% [22].

Ñêðèíèíã ýêñòðàêòîâ êëåòîê êàëëóñíûõ êóëü-
òóð ìåòîäîì ÒÑÕ íå âûÿâèë â íèõ ñòåðîèäíûõ ãëè-
êîçèäîâ.

Ïðè ïðåäâàðèòåëüíîì ôèòîõèìè÷åñêîì àíà-
ëèçå ýêñòðàêòîâ èç áèîìàññû ïåðâè÷íîé ñóñïåíçè-
îííîé êóëüòóðû êëåòîê T. terrestris (3-é—6-é öèê-
ëû êóëüòèâèðîâàíèÿ) ìåòîäîì ÒÑÕ íè ñïèðîñòà-
íîëîâûå, íè ôóðîñòàíîëîâûå ãëèêîçèäû òàêæå
îáíàðóæåíû íå áûëè. Îäíàêî ïîâòîðíûé àíàëèç
÷åðåç 6 ìåñ âûðàùèâàíèÿ (12-é—15-é öèêëû âû-
ðàùèâàíèÿ) ïîçâîëèë îáíàðóæèòü ôóðîñòàíîëî-
âûå ãëèêîçèäû â êóëüòóðå êëåòîê ÿêîðöåâ ñòåëþ-
ùèõñÿ; íà õðîìàòîãðàììàõ áûëè îáíàðóæåíû 4
ïÿòíà âåùåñòâ, äàþùèõ ïîëîæèòåëüíóþ ðåàê-
öèþ ñ ðåàêòèâîì Ýðëèõà (ðèñ. 5). Ïðè äàëüíåé-
øåì âûðàùèâàíèè ñóñïåíçèîííîé êóëüòóðû (áî-
ëåå äâóõ ëåò) äîñòàòî÷íî ñòàáèëüíîå îáðàçîâà-
íèå êàê ìèíèìóì äâóõ ôóðîñòàíîëîâûõ ãëèêîçè-
äîâ ñîõðàíÿëîñü.

Áèîòåõíîëîãèÿ, 2016, Ò. 32, ¹ 4 5

ÏÎËÓ×ÅÍÈÅ È ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ ÊÀËËÓÑÍÛÕ È ÑÓÑÏÅÍÇÈÎÍÍÛÕ ÊÓËÜÒÓÐ ÊËÅÒÎÊ ßÊÎÐÖÅÂ

Ðèñ. 3. Äèíàìèêà ðîñòà ñóñïåíçèîííîé êóëüòóðû êëåòîê T. terrestris ïðè âûðàùèâàíèè â êîëáàõ îáúåìîì 250 ìë â íîð-

ìàëüíîé (A) è ïîëóëîãàðèôìè÷åñêîé (B) ñèñòåìå êîîðäèíàò: 1 — ÷èñëî êëåòîê, ⋅105 êë/ìë; 2 — ñûðàÿ ìàññà, ã/ë; 3 — ñóõàÿ ìàñ-

ñà ⋅10, ã/ë; 4 — æèçíåñïîñîáíîñòü, %; 5 — ñóõàÿ ìàññà, ln X/X0; 6 — ñûðàÿ ìàññà, ln X/X0; 7 — ÷èñëî êëåòîê, ln X/X0 (X — òåêó-
ùèå çíà÷åíèÿ ïàðàìåòðà â öèêëå êóëüòèâèðîâàíèÿ, à X0 — íà÷àëüíûå çíà÷åíèÿ ïàðàìåòðà â öèêëå êóëüòèâèðîâàíèÿ; íà÷àëüíàÿ
ïëîòíîñòü êóëüòóðû 1,5 ã/ë)

Fig. 3. Dynamics of T. terrestris suspension culture growth in flasks (250 ml) in a normal (A) and semi-logarithmic (B)

coordinate systems: (1), number of cells ⋅ 105; (2), fresh cell weight, g/L; (3), dry cell weight ⋅ 10, g/L; (4), vitality, %; (5), dry cell
weight, ln X/X0; (6), fresh cell weight, ln X/X0; (7), number of cells, ln X/X0 (X is current value of the parameter during culturing cycle,
and X0 is starting value of the parameter; initial culture density is 1.5 g/L)



Äëÿ èäåíòèôèêàöèè îáíàðóæåííûõ ôóðî-
ñòàíîëîâûõ ãëèêîçèäîâ áûë ïðîâåäåí UPLC ESI
MS-àíàëèç ýêñòðàêòà èç áèîìàññû êóëüòóðû êëå-
òîê. Ïîêàçàíî íàëè÷èå ïèêîâ äâóõ îñíîâíûõ ñîå-
äèíåíèé ñî âðåìåíåì óäåðæèâàíèÿ 5,6 è 5,9 ìèí.
Àíàëèç ìàññ-ñïåêòðîâ ïîëîæèòåëüíûõ èîíîâ
ýòèõ ñîåäèíåíèé (òàáë. 3) ïîçâîëèë çàêëþ÷èòü,
÷òî îáà îíè èìåþò â êà÷åñòâå àãëèêîíà òèãîãåíèí
(íàëè÷èå õàðàêòåðíîãî èîíà ñ m/z 417) [23]. Â ïîëü-
çó òîãî, ÷òî îáíàðóæåííûå äâà ãëèêîçèäà îòíîñÿò-
ñÿ ê ôóðîñòàíîëîâîìó ðÿäó, ñâèäåòåëüñòâóåò íàëè-

÷èå â èõ ìàññ-ñïåêòðàõ èíòåíñèâíîãî èîíà ñ m/z
1065, êîòîðûé ñîîòâåòñòâóåò ïðîòîíèðîâàííîé ìî-
ëåêóëå ãëèêîçèäà, ïîòåðÿâøåé îñòàòîê âîäû
([M-H2O+H]+). Ïîäîáíîå ÿâëåíèå âåñüìà õàðàê-
òåðíî èìåííî äëÿ ôóðîñòàíîëîâûõ ôîðì ñòåðîèä-
íûõ ãëèêîçèäîâ, â ìîëåêóëàõ êîòîðûõ ïðèñóòñòâó-
åò ëàáèëüíàÿ ïîëóàöåòàëüíàÿ Ñ22-OH ãðóïïà
[23]. Ýòî ïðåäïîëîæåíèå ïîäòâåðæäàåò òàêæå ïðè-
ñóòñòâèå â ìàññ-ñïåêòðàõ îáîèõ ãëèêîçèäîâ èîíà-
àääóêòà [M+Na]+ ñ m/z 1105. Àíàëèç îñêîëî÷íûõ
èîíîâ (ñì. òàáë. 3) ïîêàçûâàåò, ÷òî îáà óêàçàííûå
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Òàáëèöà 1

Table 1

Ðîñòîâûå õàðàêòåðèñòèêè ñóñïåíçèîííîé êóëüòóðû êëåòîê Tribulus terrestris

ïðè âûðàùèâàíèè â êîëáàõ

Parameters of growth efficiency of Tribulus terrestris suspension culture

in flasks

Èñõîäíûå ïàðàìåòðû ðîñòà

Initial parameters of growth

efficiency

Ïðîèçâîäíûå ïàðàìåòðû ðîñòà

Derived parameters of growth efficiency

I
µ, ñóò–1

µ, day–1

τ, ñóò

τ, day

Mmax, ã/ë

Mmax, g/L
Y

P, ã/ë/ñóò

P, g/L/day

Êîíöåíòðàöèÿ êëåòîê â ñóñïåíçèè

Cell concentration in suspension

7,7 0,29 2,39

13,1 0,39 1,0
Ñûðàÿ áèîìàññà

Fresh cell weight

8,1 0,24 2,89

Ñóõàÿ áèîìàññà

Dry cell weight

8,6 0,24 2,89

Ïðèìå÷àíèå: I — èíäåêñ ðîñòà; µ — óäåëüíàÿ ñêîðîñòü ðîñòà â ýêñïîíåíöèàëüíîé ôàçå ðîñòà; τ — âðåìÿ óäâîåíèÿ; Mmax — ìàê-
ñèìàëüíîå íàêîïëåíèå ñóõîé áèîìàññû; Y — ýêîíîìè÷åñêèé êîýôôèöèåíò; Ð — ïðîäóêòèâíîñòü ïî ñóõîé áèîìàññå.

Footnote: I — growth index; µ — specific growth rate in exponential growth phase; ô - doubling time ; Mmax - maximum accumulation of
dry cell weight; Y - economical coefficient; P — productivity of dry cell weight.

Ðèñ. 4. Äèíàìèêà ðîñòà ñóñïåíçèîííîé êóëüòó-
ðû êëåòîê T. terrestris ïðè àïïàðàòóðíîì âûðàùèâàíèè
â íîðìàëüíîé ñèñòåìå êîîðäèíàò: 1 — ñûðàÿ ìàññà, ã/ë;

2 —ñóõàÿ ìàññà ⋅ 10, ã/ë; 3 — æèçíåñïîñîáíîñòü, %

Fig. 4. Growth characteristics of plant cell
suspension culture of T. terrestris in normal coordinate
system during bioreactor cultivation (1), fresh biomass,

g/L; (2), dry biomass ⋅ 10, g/L; and (3), vitality, %
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Òàáëèöà 2

Table 2

Ðîñòîâûå õàðàêòåðèñòèêè ñóñïåíçèîííîé êóëüòóðû êëåòîê Tribulus terrestris

ïðè âûðàùèâàíèè â áèîðåàêòîðå

Growth characteristics of Tribulus terrestris suspension culture growing in bioreactor

Íîìåð

öèêëà

Cycle

number

Èñõîäíûå ïàðàìåòðû

ðîñòà

Initial parameters

of growth efficiency

Ïðîèçâîäíûå ïàðàìåòðû ðîñòà

Derived parameters of growth efficiency

I*
µ, ñóò–1

µ, day–1

τ, ñóò

τ, day

Mmax, ã/ë

Mmax, g/L
Y

P, ã/ë/ñóò

P, g/L/day

1 Ñûðàÿ áèîìàññà

Fresh cell weight s

5,3 0,21 3,30

13,0 0,39 1,3
Ñóõàÿ áèîìàññà

Dry cell weight

9,8 0,24 2,89

2 Ñûðàÿ áèîìàññà

Fresh cell weight

10,3 0,37 1,87

11,4 0,32 1,4
Ñóõàÿ áèîìàññà

Dry cell weight

6,5 0,46 1,51

3 Ñûðàÿ áèîìàññà

Fresh cell weight

13,7 0,28 2,48

13,8 0,42 1,2
Ñóõàÿ áèîìàññà

Dry cell weight

11,3 0,38 1,82

*Îáîçíà÷åíèÿ ñì. â ïðèìå÷àíèè ê òàáë. 1.

*For designations, see footnote to Table 1.

Ðèñ. 5. ÒÑÕ ýêñòðàêòîâ èç áèîìàññû ñóñïåíçèîííîé
êóëüòóðû êëåòîê T. terrestris: A — ñòàíäàðò (ýêñòðàêò ôóðîñòà-
íîëîâûõ ãëèêîçèäîâ èç áèîìàññû êóëüòóðû êëåòîê Dioscorea
deltoidea); B, Ñ, D — ýêñòðàêòû èç áèîìàññû êóëüòóðû êëåòîê
T. terrestris: B — 15-é öèêë âûðàùèâàíèÿ, Ñ — 45-é öèêë âû-
ðàùèâàíèÿ; D — 47-é öèêë âûðàùèâàíèÿ; 1—5 — îáîçíà÷å-
íèÿ ôóðîñòàíîëîâûõ ãëèêîçèäîâ â ïîðÿäêå óìåíüøåíèÿ èõ
ïîëÿðíîñòè

Fig. 5. Thin-layer chromatography of biomass extracts of
T. terrestris suspension cell culture: A, reference, a sum of
steroidal glycosides from Dioscorea deltoidea culture biomass;
B, C and D, extracts of T. terrestris cell culture biomass: B, 15th

cycle of growth; C, 45th cycle; D, 47th cycle; 1—5, designations of
furostanol glycosides in order of decreasing their polarity



ñîåäèíåíèÿ èìåþò â ñâîåì ñîñòàâå ïî ÷åòûðå
îñòàòêà ãåêñîç (íåéòðàëüíûå ïîòåðè 162 Äà). Èäåí-
òè÷íîñòü ìàññ-ñïåêòðîâ äâóõ ãëèêîçèäîâ óêàçûâà-
åò íà òî, ÷òî îíè ÿâëÿþòñÿ èçîìåðàìè. Äëÿ ñòåðî-
èäíûõ ãëèêîçèäîâ ðàñòåíèé èçâåñòíî äâà òèïà èçî-
ìåðèè [8]: ïî ñòðóêòóðå àãëèêîíà è/èëè ïî ñòðîå-
íèþ óãëåâîäíûõ öåïåé. Ñîïîñòàâëåíèå õðîìàòîã-
ðàôè÷åñêîãî ïîâåäåíèÿ ãëèêîçèäîâ, îáíàðóæåííûõ
â áèîìàññå êóëüòóðû êëåòîê ÿêîðöåâ, ñ òàêîâûì
äëÿ èçîìåðíûõ ãëèêîçèäîâ äèîñãåíèíà [24] ïîçâî-
ëÿåò ïðåäïîëîæèòü, ÷òî â äàííîì ñëó÷àå èìååò
ìåñòî èçîìåðèÿ ïî ñòðóêòóðå àãëèêîíà (âåðîÿòíî,
ðå÷ü èäåò î 25R/S-èçîìåðàõ, ò.å. ïðîèçâîäíûõ òè-
ãîãåíèíà è íåîòèãîãåíèíà).

Íà îñíîâàíèè ñðàâíåíèÿ èçëîæåííûõ ðåçóëü-
òàòîâ ñ äàííûìè ëèòåðàòóðû [8] ìîæíî ñäåëàòü
ïðåäâàðèòåëüíûé âûâîä, ÷òî îáíàðóæåííûå ãëèêî-
çèäû ñîîòâåòñòâóþò 25R/S-èçîìåðàì òåððåñòðîçè-
íà H, êîòîðûé ðàíåå áûë âûäåëåí èç èíòàêòíûõ
ðàñòåíèé T. terrestris. Îäíàêî äëÿ ïîäòâåðæäåíèÿ
ýòîãî çàêëþ÷åíèÿ òðåáóþòñÿ äîïîëíèòåëüíûå èñ-
ñëåäîâàíèÿ.

Àíàëèçèðóÿ çàêîíîìåðíîñòè îáðàçîâàíèÿ
ñòåðîèäíûõ ãëèêîçèäîâ ïðè äëèòåëüíîì êóëüòè-
âèðîâàíèè êëåòîê ÿêîðöåâ ñòåëþùèõñÿ in vitro,
ìîæíî ïðåäïîëîæèòü, ÷òî èõ îáðàçîâàíèå íà÷è-

íàåòñÿ â ðåçóëüòàòå àâòîñåëåêöèè êëåòîê, ñîäåðæà-
ùèõ ôóðîñòàíîëîâûå ãëèêîçèäû. Ïîäîáíîå ðàç-
âèòèå ïîïóëÿöèè êëåòîê ðàñòåíèé in vitro ìîæíî
îáúÿñíèòü àíòèîêñèäàíòíîé àêòèâíîñòüþ ôóðî-
ñòàíîëîâûõ ãëèêîçèäîâ, êîòîðàÿ ñïîñîáñòâóåò ïðî-
ëèôåðàöèè êëåòîê. Ðàíåå ñõîäíîå ÿâëåíèå íàáëþäà-
ëè â êóëüòóðå êëåòîê äèîñêîðåè äåëüòîâèäíîé [24].

Òàêèì îáðàçîì, âïåðâûå ïîëó÷åíà ñóñïåíçè-
îííàÿ êóëüòóðà êëåòîê ÿêîðöåâ ñòåëþùèõñÿ. Îõà-
ðàêòåðèçîâàíû îñîáåííîñòè ïîëó÷åíèÿ êóëüòóðû
êëåòîê T. terrestris, îïèñàíû åå ðîñòîâûå õàðàêòå-
ðèñòèêè. Ïðîâåäåíî àïïàðàòóðíîå âûðàùèâàíèå â
ëàáîðàòîðíîì áèîðåàêòîðå. Ïîëó÷åí ñòàáèëüíûé
ñèíòåç ôóðîñòàíîëîâûõ ãëèêîçèäîâ â ñóñïåíçèîí-
íîé êóëüòóðå êëåòîê è ïðîâåäåíà èõ ïðåäâàðèòåëü-
íàÿ ñòðóêòóðíàÿ èäåíòèôèêàöèÿ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæ-
êå ÐÍÔ (¹14-50-00029 «Íàó÷íûå îñíîâû ñîçäà-
íèÿ íàöèîíàëüíîãî áàíêà-äåïîçèòàðèÿ æèâûõ ñèñ-
òåì. Íàïðàâëåíèå “Ðàñòåíèÿ»”).
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sian Research Fund (14-50-00029 «Scientific princip-
les for creation of National Depository Bank for Live
Systems. Direction “Plants”»).
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Table 3

Ðåçóëüòàòû àíàëèçà ìàññ-ñïåêòðîâ ïîëîæèòåëüíûõ èîíîâ äâóõ îñíîâíûõ ñîåäèíåíèé,

îáíàðóæåííûõ â áèîìàññå ñóñïåíçèîííîé êóëüòóðû êëåòîê T. terrestris ìåòîäîì UPLC ESI MS

Mass-spectrometry of positive ions of two main compounds detected in biomass of T. terrestris

suspension cell cultures by UPLC ESI MS

Ñîåäèíåíèå

Compound

Âðåìÿ

óäåðæèâàíèÿ, ìèí

Time of retention, min

[M-H2O+H]+,

m/z
[M+Na]+, m/z

Äðóãèå èîíû, m/z

Other ions, m/z

5,6 1065,5695 1105,5447 903,4985 [M-H2O-Hex*+H]+

741,4469 [M-H2O-2Hex+H]+

579,3880 [M-H2O-3Hex+H]+

417,3363 [M-H2O-4Hex+H]+

5,9 1065,5592 1105,5492 903,5082 [M-H2O-Hex+H]+

741,4478 [M-H2O-2Hex+H]+

579,3897 [M-H2O-3Hex+H]+

417,3444 [M-H2O-4Hex+H]+

* Ïîòåðÿ îñòàòêà ãåêñîçû (C6H12O6, 162 Äà).
* Loss of hexose residue (C6H12O6, 162 Äà).
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Obtaining and Investigation of Callus

and Suspension Plant Cell Cultures of Tribu-

lus terrestris L . , a Producer of Steroidal Gly-

cosides

Callus and suspension plant cell cultures of Tribulus ter-

restris L, a valuable medicinal plant producing steroidal glycosi-

des, have been obtained. The seeds of T. terrestris from an Ameri-

can population were used as explants. The regulation of cell cul-

tures obtaining and growth, as well as the biosynthetic characte-

ristics of the cell lines were studied. The combination of phyto-

hormones of 2,4-D (2.0 mg/L) and BAP (1.0 mg/L) was found to

be optimal for the callus induction and cultivation. The suspensi-

on cell culture obtained in the liquid medium of the same compo-

sition showed such high growth characteristics during the prolon-

ged cultivation (more than 2 years), as maximum accumulation of

dry biomass of 13 g/L, specific growth rate at exponential phase

of 0.25 day–1, and economical coefficient of 0.39. A semi-conti-

nuous mode of cultivation was used to grow the plant cell suspen-

sion in a lab-scale bioreactor. The screening of steroidal glycosi-

des in the obtained cell cultures was carried out. In the callus cul-

tures, steroidal glycosides were not found. However, it was estab-

lished by TLC and UPLC ESI MS that the suspension culture con-

tained furostanol glycosides, and their amount increased during

the cultivation process. These results support the hypothesis of

the autoselection of cultivated cells that contain compounds pro-

moting their proliferation in vitro.

Key words: callusogenesis, steroidal glycosides, suspensi-

on plant cell culture, Tribulus terrestris L.
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