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 Äëÿ ðåøåíèÿ ýêîëîãè÷åñêèõ çàäà÷, à òàêæå
äëÿ èññëåäîâàíèé â îáëàñòè ìåäèöèíû, ñåëüñêî-
ãî õîçÿéñòâà, ôóíäàìåíòàëüíîé áèîëîãèè íåîá-
õîäèìû áûñòðûå è óäîáíûå ìåòîäû àíàëèçà òîê-
ñè÷íîñòè âåùåñòâ. Áèîëþìèíåñöåíòíûé àíàëèç
ñòàë â íàñòîÿùåå âðåìÿ îäíèì èç ïåðñïåêòèâíûõ
ýêñïðåññíûõ ìåòîäîâ áèîëîãè÷åñêîãî ìîíèòî-
ðèíãà îêðóæàþùåé ñðåäû. Áèîëþìèíåñöåíöèÿ
áàêòåðèé ÿâëÿåòñÿ îäíîé èç ðàçíîâèäíîñòåé õå-
ìèëþìèíåñöåíòíîé ðåàêöèè, äëÿ îñóùåñòâëåíèÿ
êîòîðîé íåîáõîäèìû âîññòàíîâëåííûé ôëàâèí-
ìîíîíóêëåîòèä, êèñëîðîä, äëèííîöåïî÷å÷íûé
àëüäåãèä è ôåðìåíò � ëþöèôåðàçà, à êîíå÷íûìè
ïðîäóêòàìè ÿâëÿþòñÿ æèðíàÿ êèñëîòà, âîäà è âè-
äèìûé ñâåò [1, 2]:

 
                                           ëþöèôåðàçà 

ÔÌÍ. Í2 + RÑÍÎ + O2                      ÔÌÍ + RCOOH + H2O+ ñâåò 

Ñâå÷åíèå áàêòåðèé â áëàãîïðèÿòíûõ óñëî-
âèÿõ äîâîëüíî ÿðêîå, â ñëåãêà çàòåìíåííîì ïî-
ìåùåíèè åãî õîðîøî âèäíî íåâîîðóæåííûì ãëà-
çîì. Áàêòåðèàëüíàÿ áèîëþìèíåñöåíöèÿ îáëàäà-
åò âûñîêîé ÷óâñòâèòåëüíîñòüþ ê äåéñòâèþ ðàç-
ëè÷íûõ èíãèáèòîðîâ áèîëîãè÷åñêîé àêòèâíîñ-
òè: àíåñòåòèêîâ, íàðêîòèêîâ, ïðîìûøëåííûõ
ÿäîâ, èíñåêòèöèäîâ, ïåñòèöèäîâ, îòðàâëÿþùèõ
è ëåêàðñòâåííûõ âåùåñòâ [1, 3-6]. Øèðîêî èñ-
ïîëüçóþòñÿ äëÿ ýòèõ öåëåé áàêòåðèè äâóõ ðîäîâ:
Photobacterium è Vibrio (P. phosphoreum, P.
leiognathi, V. fischeri, V. harveyi). Ýòè áàêòåðèè èñ-
ïîëüçóþòñÿ ïðè èçãîòîâëåíèè áèîëþìèíåñöåí-
òíûõ áèîòåñòîâ äëÿ îöåíêè çàãðÿçíåíèÿ ïðèðîä-
íûõ âîäíûõ èñòî÷íèêîâ, ïðîìûøëåííûõ ñòîêîâ
è ïî÷â [5-9].

Áèîòåñòû ñ èñïîëüçîâàíèåì æèâûõ áàêòåðèé
îòëè÷àþòñÿ îò ñîâðåìåííûõ áèîòåñòîâ, èñïîëü-
çóþùèõ èíôóçîðèè, äàôíèè, âîäîðîñëè, ðûá,
òåì, ÷òî â êà÷åñòâå ïàðàìåòðà æèçíåäåÿòåëüíî-
ñòè èñïîëüçóåòñÿ áèîëþìèíåñöåíöèÿ. Áèîòåñòû
íà ñâåòÿùèõñÿ áàêòåðèÿõ äàþò êîëè÷åñòâåííóþ
ìåðó òîêñè÷íîñòè è ÷àñòî ïðåâîñõîäÿò èçâåñò-
íûå áèîòåñòû ïî áûñòðîäåéñòâèþ, òî÷íîñòè,
÷óâñòâèòåëüíîñòè è ïðîñòîòå, ïîçâîëÿþò êîíò-
ðîëèðîâàòü îäíîâðåìåííî çíà÷èòåëüíîå ÷èñëî
òîêñèêàíòîâ [8-12].

Â îñíîâå ýòèõ ìåòîäîâ ëåæèò èçìåíåíèå èí-
òåíñèâíîñòè ëþìèíåñöåíöèè áèîïðåïàðàòîâ
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Áèîëþìèíåñöåíòíûé àíàëèç � îäèí èç ïåðñïåêòèâíûõ ýêñïðåññíûõ ìåòîäîâ áèîìîíèòîðèíãà îêðó-
æàþùåé ñðåäû. Áèîëþìèíåñöåíòíûå áàêòåðèàëüíûå áèîòåñòû äàþò èíòåãðàëüíóþ îöåíêó çàãðÿçíåíèÿ è
÷àñòî ïðåâîñõîäÿò äðóãèå èçâåñòíûå áèîòåñòû ïî áûñòðîäåéñòâèþ, òî÷íîñòè, ÷óâñòâèòåëüíîñòè è ïðî-
ñòîòå. Â Êîëëåêöèè êóëüòóð ÈÁÑÎ ðàçðàáîòàíà òåõíîëîãèÿ ïðîèçâîäñòâà áèîòåñòîâ íà îñíîâå ëèîôèëü-
íî âûñóøåííûõ ïðèðîäíûõ ñâåòÿùèõñÿ áàêòåðèé P. phosphoreum è ðåêîìáèíàíòíîãî øòàììà Å. ñîli ñ
êëîíèðîâàííûì ãåíîì ëþöèôåðàçû. Ìåòîä ãîñòèðîâàí è èñïîëüçóåòñÿ äëÿ ýêîëîãè÷åñêîãî ìîíèòîðèíãà.

ïîñëå âîçäåéñòâèÿ òîãî èëè èíîãî àíàëèçèðóå-
ìîãî âåùåñòâà. Êîíöåíòðàöèþ àíàëèçèðóåìîãî
âåùåñòâà îïðåäåëÿþò, èçìåðÿÿ ïàðàìåòðû èçëó-
÷åíèÿ. Èñõîäÿ èç ñîâðåìåííûõ òðåáîâàíèé,
ïðåäúÿâëÿåìûõ ê îöåíêå òîêñè÷íîñòè âåùåñòâ,
áèîëþìèíåñöåíòíûì ñïîñîáîì ìîæíî îïðåäå-
ëèòü îáùåïðèçíàííûå â òîêñèêîëîãèè ïàðàìåò-
ðû, òàêèå êàê ýôôåêòèâíàÿ êîíöåíòðàöèÿ (ÝÊ-
50) � êîíöåíòðàöèÿ âåùåñòâà, êîòîðàÿ ïîäàâëÿ-
åò ôóíêöèþ ëþìèíåñöåíöèè íà 50%, è ïîðîãî-
âàÿ êîíöåíòðàöèÿ (ËÊ-0) èëè óðîâåíü áèîëîãè-
÷åñêè áåçîïàñíîãî ðàçâåäåíèÿ (ÓÁÁÐ) � êîíöåí-
òðàöèÿ (ðàçâåäåíèå) èññëåäóåìîãî âåùåñòâà, ïðè
äîñòèæåíèè êîòîðîé óðîâåíü ñâå÷åíèÿ èññëåäó-
åìûõ ðàñòâîðîâ ðàâåí èíòåíñèâíîñòè ñâå÷åíèÿ
â êîíòðîëüíûõ êþâåòàõ.

Â ïîñëåäíåå âðåìÿ ðàçðàáàòûâàþòñÿ ðàçíî-
îáðàçíûå áèîëþìèíåñöåíòíûå áèîòåñòû íà îñ-
íîâå ðåêîìáèíàíòíûõ øòàììîâ. Âîçìîæíîñòü
èñïîëüçîâàíèÿ lux-ãåíîâ â êà÷åñòâå ìàðêåðà ãåí-
íîé ýêñïðåññèè âàæíà â èçó÷åíèè ïàòîãåííîñ-
òè, âèðóëåíòíîñòè, àäàïòàöèè, à òàêæå âòîðè÷-
íîãî ìåòàáîëèçìà [13, 14]. Óæå èìåþòñÿ ïðèìå-
ðû èñïîëüçîâàíèÿ ýòîãî ïóòè äëÿ èçó÷åíèÿ
òðàíñêðèïöèè [15]. Ñîçäàþòñÿ è èñïîëüçóþòñÿ
ðåêîìáèíàíòíûå áèîëþìèíåñöåíòíûå øòàììû
äëÿ îïðåäåëåíèÿ ðàçëè÷íûõ àíòèáèîòèêîâ [16-
19], òÿæåëûõ ìåòàëëîâ [20-22]. Èñïîëüçîâàíèå
ðåêîìáèíàíòíûõ øòàììîâ Å. ñîli ñ êëîíèðîâàí-
íûì ãåíîì ëþöèôåðàçû îêàçàëîñü ýôôåêòèâíûì
ïðè ðàçðàáîòêå áèîïðåïàðàòà äëÿ òåñòèðîâàíèÿ
ñ ïîìîùüþ ìåòîäîâ áèîëþìèíåñöåíòíîãî àíà-
ëèçà ïðåñíûõ âîä [23, 24]. Ïîëó÷åíû ðåïîðòåð-
íûå øòàììû, îáëàäàþùèå âûñîêîé ñïåöèôè÷-
íîñòüþ ê îïðåäåëåííîìó òîêñè÷åñêîìó àãåíòó
[25]. Èìååòñÿ ðÿä ñîîáùåíèé î ñîçäàíèè áèîëþ-
ìèíåñöåíòíûõ ðåïîðòåðîâ äëÿ îïðåäåëåíèÿ òÿ-
æåëûõ ìåòàëëîâ è ôåíîëîâ â âîäíûõ è ïî÷âåí-
íûõ îáðàçöàõ [26-29].

Ñâåòÿùèåñÿ áàêòåðèè èç êîëëåêöèè êóëüòóð
ÈÁÑÎ áûëè óñïåøíî èñïîëüçîâàíû äëÿ ñîçäà-
íèÿ òåñò-ñèñòåì íà ðàçëè÷íûå ôåíîëû è èõ ïðî-
èçâîäíûå, ñóëüôîïðîèçâîäíûå ÿíòàðíîé êèñëî-
òû è ãåêñàõëîðàíöèêëîãåêñàíà (ÃÕÖÃ) [30-32],
à òàêæå äëÿ ðàçðàáîòêè áèîòåñòîâ íà îñíîâå ëè-
îôèëèçèðîâàííûõ ïðèðîäíûõ ñâåòÿùèõñÿ áàê-
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òåðèé P. phosphoreum è òðàíñãåííîãî øòàììà E.
coli c lux-ãåíîì.

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðåçóëü-
òàòû èñïîëüçîâàíèÿ áèîëþìèíåñöåíòíûõ áèî-
òåñòîâ íà îñíîâå ëèîôèëèçèðîâàííûõ ïðèðîä-
íûõ ñâåòÿùèõñÿ áàêòåðèé P. phosphoreum è òðàíñ-
ãåííîíîãî øòàììà E. coli c lux-ãåíîì äëÿ îöåí-
êè ñòåïåíè çàãðÿçíåíèÿ ðàçëè÷íûõ âîäíûõ èñ-
òî÷íèêîâ Ñèáèðè.

Ìåòîäû
Áèîòåñòû Ìèêðîáèîñåíñîð Â17-677F (íà îñ-

íîâå ñâåòÿùèõñÿ ëèîôèëèçèðîâàííûõ áàêòåðèé
Photobacterium phosphoreum èç Êîëëåêöèè
êóëüòóð ÈÁÑÎ) è Ìèêðîáèîñåíñîð ÅÑÊ (íà îñ-
íîâå ãåíåòè÷åñêè ìîäèôèöèðîâàííîãî øòàììà
E. coli Z905, íåñóùåãî ïëàçìèäó PHL1 ñ lux-ãå-
íîì èç Photobacterium leiognathi, ëþáåçíî ïðåäî-
ñòàâëåííûé Á.À. Èëëàðèîíîâûì) ðàçðàáîòàíû
â Èíñòèòóòå áèîôèçèêè ÑÎ ÐÀÍ [33, 34]. Áèî-
òåñòû ÿâëÿþòñÿ ñòàíäàðòíûìè òåñò-îáúåêòàìè
äëÿ èçìåðåíèÿ èíòåãðàëüíîé òîêñè÷íîñòè èññëå-
äóåìûõ âîäíûõ îáðàçöîâ, èñêëþ÷àþò íåîáõî-
äèìîñòü êóëüòèâèðîâàíèÿ è ïîääåðæàíèÿ áàê-
òåðèàëüíûõ êóëüòóð ñ ìàðêåðíûì lux-ãåíîì.

Ïðîáû âîäû ñîáèðàëè â îïðåäåëåííûõ òî÷-
êàõ ðåê è âîäîåìîâ, à òàêæå èññëåäîâàëè ñòî÷-
íûå âîäû íåêîòîðûõ ïðîìûøëåííûõ ïðåäïðè-
ÿòèé. Îáðàçöû õðàíèëè ïðè 4o C, çàòåì àíàëè-
çèðîâàëè èõ ñ ïðåäâàðèòåëüíîé ôèëüòðàöèåé
èëè áåç íåå. Ê êëåòî÷íîé ñóñïåíçèè, ñîäåðæà-
ùåé 109-1010 êëåòîê/ìë (â 3% ðàñòâîðå õëîðèäà
íàòðèÿ), äîáàâëÿëè ðàñòâîðû ñ îïðåäåëåííîé
êîíöåíòðàöèåé òîêñèêàíòîâ. Èíòåíñèâíîñòü
áàêòåðèàëüíîé ëþìèíåñöåíöèè èçìåðÿëè ñ èñ-
ïîëüçîâàíèåì ñòàíäàðòíîé ìåòîäèêè ñ ïîìî-
ùüþ áèîëþìèíîìåòðà, ñîçäàííîãî â Èíñòèòó-
òå áèîôèçèêè.

Òîêñè÷íîñòü îáðàçöà îöåíèâàëàñü ïî âåëè-
÷èíå áèîëþìèíåñöåíòíîãî èíäåêñà, êîòîðûé
ðàññ÷èòûâàëñÿ ïî ôîðìóëå:
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«Íîðìà» ÁÈ = 0,8-1,2 îòí. åä, èëè 80-120%.

Ðåçóëüòàòû è îáñóæäåíèå
Ñðàâíåíèå äåéñòâèÿ ìîäåëüíûõ âåùåñòâ íà

ìèêðîáèîñåíñîðû ïîêàçàëî, ÷òî Ìèêðîáèîñåí-
ñîð Â17-677F è Ìèêðîáèîñåíñîð ÅÑÊ èìåþò

ñõîäíóþ çàâèñèìîñòü ëþìèíåñöåíöèè îò êîí-
öåíòðàöèè âåùåñòâà. Àíàëèç ïîëó÷åííûõ ðå-
çóëüòàòîâ ïîêàçàë, ÷òî ÷óâñòâèòåëüíîñòü Ìèê-
ðîáèîñåíñîðà ÅÑÊ ê ôåíîëüíûì ñîåäèíåíèÿì
âûøå, ÷åì ó Ìèêðîáèîñåíñîðà Â17-677F (ðèñ.
1). Ïðè ýòîì ñàìûì òîêñè÷íûì èç èññëåäîâàí-
íûõ ñîåäèíåíèé ÿâëÿëñÿ ïàðàáåíçîõèíîí, ìàê-
ñèìàëüíîå èíãèáèðóþùåå äåéñòâèå íàáëþäà-
ëîñü â äèàïàçîíå êîíöåíòðàöèé 10-5 � 1 ìã/ìë.

Ýôôåêòèâíàÿ êîíöåíòðàöèÿ (EC
50

) ðàâíà
6 õ 10-5 ìã/ìë ÷åðåç 5 ìèí. âîçäåéñòâèÿ. Äëÿ ãèä-
ðîõèíîíà ýôôåêòèâíàÿ êîíöåíòðàöèÿ (EC

50
) ðàâ-

íà 2 õ 10-4 ìã/ìë. EC
50

 äëÿ ïèðîêàòåõèíà ïîñëå 5
ìèí. âîçäåéñòâèÿ ðàâíà 10-2 ìã/ìë. Ïîëó÷åííûé
ðÿä òîêñè÷íîñòè ôåíîëüíûõ ñîåäèíåíèé äëÿ
Ìèêðîáèîñåíñîðà ÅÑÊ ñîîòâåòñòâóåò ðÿäàì
òîêñè÷íîñòè ôåíîëüíûõ ñîåäèíåíèé, îïðåäåëåí-
íûõ íà èíòàêòíûõ êëåòêàõ ñâåòÿùèõñÿ áàêòåðèé
Photobacterium phosphoreum è ðàçëè÷íûõ ãèäðî-
áèîíòîâ [32].

Îäíèì èç èñòî÷íèêîâ ïîñòóïëåíèÿ ôåíîëü-
íûõ ñîåäèíåíèé è òÿæåëûõ ìåòàëëîâ â âîäîåìû
ñëóæàò ñòî÷íûå âîäû öåëëþëîçíî-áóìàæíûõ
êîìáèíàòîâ (ÖÁÊ). Ñ èñïîëüçîâàíèåì ëèîôè-
ëèçèðîâàííîãî ïðåïàðàòà Ìèêðîáèîñåíñîðà
ECK (ðåêîìáèíàíòíûé øòàìì E. coli) ïðîâåäå-
íî òåñòèðîâàíèe ñòî÷íîé âîäû ÖÁÊ ã. Êðàñíî-
ÿðñêà. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî óãíåòåíèå
ëþìèíåñöåíöèè íà 50% äîñòèãàåòñÿ ïðè ðàçâå-
äåíèè â 100 ðàç è ñòî÷íàÿ âîäà ÖÁÊ òîëüêî ïðè
ðàçâåäåíèè â 1000 ðàç ñòàíîâèòñÿ íå òîêñè÷íîé.

Îöåíêà ñîñòîÿíèÿ âîäû â êîëîäöàõ, ðåêàõ è
âîäîåìàõ Àëòàéñêîãî êðàÿ ñ ïîìîùüþ áèîëþ-
ìèíåñöåíòíîãî áèîòåñòà Ìèêðîáèîñåíñîð Â17-
677F ïîêàçàëà, ÷òî ðÿä èñòî÷íèêîâ èìåë çíà÷è-
òåëüíûå îòêëîíåíèÿ îò íîðìû. Â õîäå ìîíèòî-
ðèíãà âûÿñíèëîñü, ÷òî ðåêè Êàòóíü è Áèÿ ñëå-
äóåò ðàññìàòðèâàòü êàê íåçàãðÿçíåííûå, à ðåêè
Àëåé è ×óìûø � êàê ðåêè ñî ñëàáî òîêñè÷íûì
çàãðÿçíåíèåì (ðèñ. 2). Â áîëüøèíñòâå êîëîäöåâ
âîäà èìåëà îòêëîíåíèÿ îò íîðìû. Â ÷àñòè îçåð
îáíàðóæåíî çíà÷èòåëüíîå îòêëîíåíèå îò íîðìû,
÷òî áûëî âûçâàíî, ñêîðåå âñåãî, íàëè÷èåì â íèõ
áîëüøîãî êîëè÷åñòâà îðãàíè÷åñêèõ âåùåñòâ èëè
ñáðîñîâ ïðîìûøëåííûõ îòõîäîâ (ðèñ. 3).
Cëåäóåò îòìåòèòü, ÷òî ïî ðåçóëüòàòàì áèîòåñ-
òèðîâàíèÿ îïðåäåëÿëàñü íåîáõîäèìîñòü ïðîâå-
äåíèÿ õèìè÷åñêîãî àíàëèçà, ïîäòâåðäèâøåãî ðå-
çóëüòàòû áèîòåñòèðîâàíèÿ è ïîêàçàâøåãî çíà-
÷èòåëüíûå ïðåâûøåíèÿ ñîäåðæàíèÿ ðàçëè÷íûõ
çàãðÿçíèòåëåé, â ïåðâóþ î÷åðåäü ôåíîëîâ è òÿ-
æåëûõ ìåòàëëîâ, ïî ñðàâíåíèþ ñ ÏÄÊ â ïðîáàõ,
ãäå íàáëþäàëîñü èíãèáèðîâàíèå áèîëþìèíåñ-
öåíöèè.

Áèîòåñòû íà îñíîâå ëèîôèëèçèðîâàííûõ ñâå-
òÿùèõñÿ áàêòåðèé áûëè èñïîëüçîâàíû òàêæå äëÿ

Ðîäè÷åâà Ý.Ê. è äð. Áèîëþìèíåñöåíòíûå áèîòåñòû íà îñíîâå ñâåòÿùèõñÿ áàêòåðèé...
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îöåíêè çàãðÿçíåíèÿ âîä ðåêè Åíèñåé. Ðèñ. 4 äåìîí-
ñòðèðóåò çîíû ïëîõîãî êà÷åñòâà âîäû ðåêè Åíè-
ñåé, íàáëþäàâøèåñÿ â 1998 ãîäó. Ýòà çîíà íàõî-
äèòñÿ íà ó÷àñòêå 300 êì îò ã. Êðàñíîÿðñêà íèæå
ïî òå÷åíèþ, Ñðàâíåíèå ðåçóëüòàòîâ èçìåðåíèé,
ïîëó÷åííûõ ñ ïîìîùüþ äâóõ áèîëþìèíåñöåíòíûõ
áèîòåñòîâ (Ìèêðîáèîñåíñîðà Â17-677F è Ìèêðî-
áèîñåíñîðà ECK), ïîêàçàëî, ÷òî áèîòåñò ñ èñïîëü-
çîâàíèåì ãåíåòè÷åñêè ìîäèôèöèðîâàííîãî E. coli
áûë áîëåå ÷óâñòâèòåëåí ê ïðèñóòñòâèþ â ñðåäå çàã-
ðÿçíèòåëåé, ÷åì áèîòåñò íà P. phosphoreum. Ýòî
ìîæíî îáúÿñíèòü áîëåå âûñîêîé ïðîíèöàåìîñòüþ
êëåòî÷íîé ñòåíêè E. coli è, âîçìîæíî, âûñàëèâà-
íèåì òîêñèêàíòîâ (óìåíüøåíèåì êîíöåíòðàöèè
èíãèáèðóþùèõ âåùåñòâ ïîñëå äîáàâëåíèÿ õëîðè-
äà íàòðèÿ â èññëåäóåìûé ðàñòâîð) ïðè áèîòåñòè-
ðîâàíèè ñ èñïîëüçîâàíèåì ìîðñêèõ ñâåòÿùèõñÿ
áàêòåðèÿõ P. phosphoreum.

Ìîíèòîðèíã âîä ðåêè Àíãàðû áèîëþìèíåñ-
öåíòíûì áèîòåñòîì (ðèñ. 5) ïîçâîëèë ñäåëàòü
çàêëþ÷åíèå, ÷òî ïðèðîäíàÿ âîäà ÿâëÿåòñÿ íåòîê-
ñè÷íîé íà áîëüøåì åå ïðîòÿæåíèè, òàê êàê èí-
ãèáèðîâàíèÿ áèîëþìèíåñöåíöèè íå îáíàðóæå-
íî. Îäíàêî âîäó íåëüçÿ ñ÷èòàòü ñîâåðøåííî
÷èñòîé � ìíîãèå ïðîáû ñòèìóëèðîâàëè ëþìè-
íåñöåíöèþ áèîòåñòà, èíîãäà î÷åíü çíà÷èòåëüíî.
Ýòîò ôàêò ñâèäåòåëüñòâóåò î íàëè÷èè â èññëå-
äóåìûõ îáðàçöàõ áîëüøîãî êîëè÷åñòâà ðàñòâî-
ðåííûõ îðãàíè÷åñêèõ âåùåñòâ ïðèðîäíîãî è
àíòðîïîãåííîãî ïðîèñõîæäåíèÿ.

Çàêëþ÷åíèå
Ìåòîäû, îñíîâàííûå íà áèîõåìèëþìèíåñ-

öåíòíûõ ðåàêöèÿõ, â íàñòîÿùåå âðåìÿ èãðàþò
âàæíóþ ðîëü íå òîëüêî â ýêîëîãè÷åñêèõ, íî è â
áèîìåäèöèíñêèõ èññëåäîâàíèÿõ, êëèíè÷åñêîé
ìåäèöèíå, èììóíîëîãèè. Íàèáîëåå âàæíûì òîê-
ñèêîëîãè÷åñêèì ïàðàìåòðîì (ÅÑ

50
) ÿâëÿåòñÿ êîí-

öåíòðàöèÿ âåùåñòâà, óìåíüøàþùàÿ áàêòåðèàëü-
íóþ ëþìèíåñöåíöèþ íà 50% [35]. Èññëåäîâàíèÿ
òîêñè÷íîñòè âåäóòñÿ ïî íåñêîëüêèì íàïðàâëåíè-
ÿì: 1) èññëåäîâàíèå òîêñè÷íîñòè îòäåëüíûõ âå-
ùåñòâ; 2) èññëåäîâàíèå òîêñè÷íîñòè ñìåñè áîëü-
øîãî êîëè÷åñòâà èçâåñòíûõ âåùåñòâ; 3) ýêîëîãè-

Ðèñóíîê 5. Çîíû ðàçëè÷íîãî êà÷åñòâà âîäû â ðåêå
Àíãàðå, îïðåäåëåííûå áèîëþìèíåñöåíòíûì áèîòåñòîì.
Ïÿòèóãîëüíèê � ÁÈ = íîðìà, îâàë � ÁÈ îêîëî íîðìû

(îòêëîíåíèå íå áîëüøå 20% îò íîðìû), çâåçäà �
óâåëè÷åíèå ÁÈ â 1,5-2,5 ðàçà ïî ñðàâíåíèþ ñ íîðìîé.

 

Ðèñóíîê 3. Â îçåðå Áîëüøîå Îñòðîâíîå âîäó ñëåäóåò
ïðèçíàòü òîêñè÷íîé, òàê êàê âî âñåõ èçìåðåííûõ ïðîáàõ

ëþìèíåñöåíöèÿ áèîòåñòà Ìèêðîáèîñåíñîð Â17� 677F
áûëà íèæå íîðìû, êîòîðàÿ ëåæèò â ãðàíèöàõ 0,8-1,2.

Áîëåå ïîëîâèíû ïðîá áûëè âçÿòû â ìåñòàõ ñáðîñà
ñòî÷íûõ âîä îò ôåðì è ïðîìûøëåííûõ ïðåäïðèÿòèé.

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1 2 3 4 5 6 7 8 9 10 11

Íîìåð ïðîáû

Á
è

î
ë

þ
ì

è
í
å

ñ
ö

å
í
òí

û
é

 è
í
ä

å
êñ

 Á
È

, 
î

òí
.å

ä
.

Ðèñóíîê 2. Çîíû ðàçëè÷íîãî êà÷åñòâà âîäû â ðåêàõ Àëåé
è ×óìûø, îïðåäåëåííûå áèîëþìèíåñöåíòíûì

áèîòåñòîì Ìèêðîáèîñåíñîð Â17� 677F.
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Ðèñóíîê 1. Âëèÿíèå ðàçëè÷íûõ ôåíîëîâ íà
ëþìèíåñöåíöèþ äâóõ áèîòåñòîâ: ïàðàáåíçîõèíîí

(1 � E. coli, 6 � P. phosphoreum); ãèäðîõèíîí (2 � E. coli,
5 � P. phosphoreum); êàòåõîë (3 � E. coli, 4 � P. phosphoreum).
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Ðèñóíîê 4. Çîíû ðàçëè÷íîãî êà÷åñòâà âîäû â ðåêå
Åíèñåé, îïðåäåëåííûå äâóìÿ áèîëþìèíåñöåíòíûìè

áèîòåñòàìè Ìèêðîáèîñåíñîð Â17-677F è
Ìèêðîáèîñåíñîð ECK.
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÷åñêèå èññëåäîâàíèÿ, â êîòîðûõ îïðåäåëÿåòñÿ
èíòåãðàëüíîå òîêñè÷åñêîå äåéñòâèå âñåõ ïðèñóò-
ñòâóþùèõ â ïðîáå ïîëëþòàíòîâ.

Áèîëþìèíåñöåíòíûå áèîòåñòû íà îñíîâå
ñâåòÿùèõñÿ áàêòåðèé � Microtox, ToxAlert,
LUMIStox ïðîèçâîäÿòñÿ çà ðóáåæîì [36-40]. Íàè-
áîëüøåå ïðèìåíåíèå íàøåë áèîòåñò Microtox,
êîòîðûé èñïîëüçóåòñÿ â ëàáîðàòîðíûõ è ïîëå-
âûõ èññëåäîâàíèÿõ äëÿ êîíòðîëÿ êà÷åñòâà ïðî-
ìûøëåííûõ è ïðèðîäíûõ âîä, îïðåäåëåíèÿ ñòå-
ïåíè òîêñè÷íîñòè âíîâü ñîçäàâàåìûõ õèìè÷åñ-
êèõ ñîåäèíåíèé è ôàðìàöåâòè÷åñêèõ ïðåïàðà-
òîâ [20-23, 41-42].

Áèîòåñòû ìîãóò áûòü ðåêîìåíäîâàíû äëÿ
íåïðåðûâíîãî ýêñïðåññ-êîíòðîëÿ ñîñòîÿíèÿ îê-
ðóæàþùåé ñðåäû ïðîìûøëåííûõ ðàéîíîâ è
ïðèðîäíî-õîçÿéñòâåííûõ êîìïëåêñîâ, êîíòðî-
ëÿ çàëïîâûõ âðåäíûõ âûáðîñîâ ïðåäïðèÿòèé,
äëÿ îöåíêè ýôôåêòèâíîñòè ïðèìåíÿåìûõ ìåòî-
äîâ äåòîêñèêàöèè îêðóæàþùåé ñðåäû è ðàáîòû
î÷èñòíûõ ñîîðóæåíèé, à òàêæå äëÿ ýêîëîãè÷åñ-
êîé ïàñïîðòèçàöèè ïðåäïðèÿòèé è îòäåëüíûõ
ðàéîíîâ [22, 42-45].

Îïûòíûå îáðàçöû íà îñíîâå ëèîôèëèçèðî-
âàííûõ ïðèðîäíûõ ñâåòÿùèõñÿ áàêòåðèé Ìèêðî-
áèîñåíñîð B17-677F» è «Ìèêðîáèîñåíñîð ÅÑÊ»
íà îñíîâå ðåêîìáèíàíòíîãî øòàììà E. coli, íå-
ñóùåãî lux-ãåí èç ïðèðîäíûõ ñâåòÿùèõñÿ áàêòå-
ðèé, óñïåøíî èñïîëüçîâàíû â îïðåäåëåíèè òîê-
ñè÷íîñòè ñòî÷íûõ âîä è î÷èñòíûõ ñîîðóæåíèé
ðàçëè÷íûõ ãîðîäîâ Ðîññèè è ÑÍÃ. Ìåòîä ïîëó-
÷èë ïîëîæèòåëüíóþ îöåíêó ñïåöèàëèñòîâ, ãîñòè-
ðîâàí è ðåêîìåíäîâàí êàê äîïîëíèòåëüíûé ìå-
òîä ýêîëîãè÷åñêîãî ìîíèòîðèíãà. Îäèí ôëàêîí

ìèêðîáèîñåíñîðà ìîæåò áûòü èñïîëüçîâàí äëÿ
èçìåðåíèÿ ïðèìåðíî 100 ýêñïåðèìåíòàëüíûõ âîä-
íûõ îáðàçöîâ. Àêòèâíîñòü ìèêðîáèîñåíñîðà îñ-
òàåòñÿ ñòàáèëüíîé â òå÷åíèå 6 ìåñÿöåâ ïðè õðà-
íåíèè â áûòîâîì õîëîäèëüíèêå ïðè òåìïåðàòó-
ðå +5-10î  Ñ è áîëåå îäíîãî ãîäà ïðè õðàíåíèè
ïðè òåìïåðàòóðå �18î Ñ. ×óâñòâèòåëüíîñòü ðàç-
ðàáîòàííûõ áèîñåíñîðîâ ñðàâíèìà ñ çàðóáåæíû-
ìè àíàëîãàìè, öåíà çíà÷èòåëüíî íèæå èìåþùèõ-
ñÿ àíàëîãîâ.

Íàëè÷èå â èíñòèòóòå Êîëëåêöèè êóëüòóð
ÈÁÑÎ, íàñ÷èòûâàþùåé áîëåå 700 øòàììîâ ñâå-
òÿùèõñÿ áàêòåðèé, îòêðûâàåò øèðîêèå âîçìîæ-
íîñòè äëÿ ïîèñêà ÷óâñòâèòåëüíûõ ê îïðåäåëåí-
íûì òîêñèêàíòàì øòàììîâ. Êðîìå òîãî, êîëëåê-
öèÿ ÈÁÑÎ ÿâëÿåòñÿ áàçîé äëÿ ïîëó÷åíèÿ lux-ãå-
íîâ äëÿ ìàðêåðíûõ ðåêîìáèíàíòíûõ îðãàíèç-
ìîâ, à òàêæå äëÿ ïîëó÷åíèÿ öåëåâûõ ìóòàíòîâ,
íåîáõîäèìûõ äëÿ ðàçðàáîòêè òåñò-ìåòîäà íà
ìóòàãåííîñòü. Âûáðàííûå â ðåçóëüòàòå ñêðèíèí-
ãà øòàììû ìîãóò óñïåøíî èñïîëüçîâàòüñÿ äëÿ
èçãîòîâëåíèÿ íîâûõ è ñîâåðøåíñòâîâàíèÿ ñóùå-
ñòâóþùèõ ìèêðîáèîñåíñîðîâ, îñíîâàííûõ íà
ëèîôèëèçèðîâàííûõ áàêòåðèÿõ, íåñóùèõ ìàð-
êåðíûé lux-ãåí. Òàêèå áèîñåíñîðû ìîãóò áûòü
ïðèãîäíû äëÿ áèîòåñòèðîâàíèÿ âîäû, âîçäóõà,
ïî÷âû, õèìè÷åñêèõ âåùåñòâ, èñïîëüçóåìûõ â
áûòó. Ðàçðàáîòàííûé íàìè ìèêðîáèîñåíñîð
ÅÑÊ (íà îñíîâå E. coli) èçáàâëÿåò îò íåîáõîäè-
ìîñòè ââîäèòü â èññëåäóåìûé îáðàçåö äîïîëíè-
òåëüíûå äîáàâêè â âèäå ñîëåé, ÷òî ïîâûøàåò åãî
÷óâñòâèòåëüíîñòü ïî ñðàâíåíèþ ñ èñïîëüçîâà-
íèåì ïðèðîäíûõ ñâåòÿùèõñÿ áàêòåðèé â êà÷å-
ñòâå îñíîâû ìèêðîáèîñåíñîðà.

Ñïèñîê èñïîëüçîâàííîé ëèòåðàòóðû:
1. Ãèòåëüçîí È.È., Ðîäè÷åâà Ý.Ê., Ìåäâåäåâà Ñ.Å. è äð. «Ñâåòÿùèåñÿ áàêòåðèè». Íîâîñèáèðñê: Íàóêà, 1984. � 277 ñ.
2. Hastings J.W., Johnson C.H. Bioluminescence and Chemiluminescence // Methods Enzymol., 2003, 360. P. 75-104.
3. Arfsten D.P., Davenport R., Schaeffer D.J. 1994. Reversion of bioluminescent bacteria (Mutatox) to their luminescent state upon

exposure to organic compounds, munitions, and metal salts // Biomed Environ Sci, 7(2), 144-149.
4. Ruiz M.J., Lopez-Jaramillo L., Redondo M.J., Font G., Toxicity assessment of pesticides using the Microtox test: application to

environmental samples, // Bull Environ Contam Toxicol, 1997, 59(4), P.619-625.
5. Kudryasheva N., Vetrova E., Kuznetsov A., Kratasyuk V. and Stom D. Bioluminescence Assays: Effects of Quinones and Phenols //

Ecotoxicology and Environmental Safety, 2002, 53(3), P. 198-203.
6. Roda A, Guardigli M, Pasini P, Mirasoli M. Bioluminescence and chemiluminescence in drug screening // Anal Bioanal Chem., 2003,

377(5), P. 826-33.
7. Isenberg D.L, Bulich A. / In: Environmental monitoring: use of luminescent bacteria, Chemical Safety 1994, Richardson M, editor,

Weinheim VCH, 1994, P. 211-226.
8. Gellert G. Sensitivity and significance of luminescent bacteria in chronic toxicity testing based on growth and bioluminescence //

Ecotoxicol Environ Saf.. 2000. 45(1). P. 87-91.
9. Ulitzur S, Lahav T, Ulitzur N. A novel and sensitive test for rapid determination of water toxicity // Environ Toxicol, 2002, 17(3),

P. 291-296).
10. Kaiser K.L. Correlations of Vibrio fischeri bacteria test data with bioassay data for other organisms // Environ Health Perspect.

1998; 106 Suppl 2, P. 583-91. Review
11. Jennings V.L.K., Rayner-Brandes M.H., Bird D.J. Assessing Chemical Toxicity With The Bioluminescent Photobacterium (Vibrio

fischeri): A Comparison Of Three Commercial Systems // Wat.Res., 2001, 35(14), P. 3448-3456.
12. Hemming J. M., P. K. Turner, B. W. Brooks, W. T. Waller, T. W. La Point. Assessment of Toxicity Reduction in Wastewater

Effluent Flowing Through a Treatment Wetland Using Pimephales promelas, Ceriodaphnia dubia, and Vibrio fischeri // Arch.
Environ. Contam. Toxicol., 2002, 42, P. 9-16.

13. Nyholm S.V., Deplancke B., Gaskins H.R., Apicella M.A., McFall-Ngai M.J. Roles of Vibrio fischeri and Nonsymbiotic Bacteria
in the Dynamics of Mucus Secretion during Symbiont Colonization of the Euprymna scolopes Light Organ // Applied and
Environmental Microbiology, 2002, 68(10) P. 5113-5122.

14. Choi S.H., Gu M.B. A portable toxicity biosensor using freeze-dried recombinant bioluminescent bacteria // Biosensors &
Bioelectronics, 2002, 17 P. 433-440.

Ðîäè÷åâà Ý.Ê. è äð. Áèîëþìèíåñöåíòíûå áèîòåñòû íà îñíîâå ñâåòÿùèõñÿ áàêòåðèé...



100 ÂÅÑÒÍÈÊ ÎÃÓ 5`2004

15. Van Dyk, T. K. LuxArray, a High-Density, Genomewide Transcription Analysis of Escherichia coli Using Bioluminescent Reporter
Strains // Journal of Bacteriology, 2001, 183(19). P. 5496-5505.

16. Korpela M.T., Kurittu J.S., Karvinen J.T., Karp M.T. A recombinant Escherichia coli sensor strain for the detection of tetracyclines
// Anal Chem., 1998, 70(21). P. 4457-4462.

17. Kurittu J., Karp M., Korpela M. Detection of tetracyclines with luminescent bacterial strains // Luminescence, 2000, 15. P. 291�297.
18. Tenhami M., Hakkila K. and Karp K. Measurement of effects of antibiotics in bioluminescent Staphylococcus aureus RN4220 //

Antimicrob Agents and Chemother, 2001, 45. P. 3456-3461.
19. Simon L., C. Fremaux, Y. Cenatiempo, J.-M. Berjeaud. Luminescent method for the detection of antibacterial activities. //Appl

Microbiol Biotechnol., 2001, 57. P. 757�763.
20. Ren S., Frymier P.D. The use of a genetically engineered pseudomonas species (Shk1) as a bioluminescent reporter for heavy metal

toxicity screening in wastewater treatment plant influent // Water Environ Res., 2003, 75(1). P. 21-29.
21. Elke R., Rettberg P., Baumstark-Khan C., Horneck G. SOS-LUX� and LAC-FLUORO-TEST for the quantification of genotoxic

and/or cytotoxic effects of heavy metal salts // Analytica Chimica Acta, 2002, 456. P. 31�39.
22. Ritchie J. M., Cresser M., Cotter-Howells J. Toxicological response of a bioluminescent microbial assay to Zn, Pb and Cu in

artifical soil solution: relationship with total metal concentrations and free ion activities // Environ. Pollut., 2001, 114. P. 129-136.
23. Wang C., Yediler A., Lienert D., Wang Z., Kettrup A. Toxicity evaluation of reactive dyestuffs, auxiliaries and selected effluents in

textile finishing industry to luminescent bacteria Vibrio fischeri // Chemosphere, 2002, 46(2). P. 339-344.
24. Bechor O., Smuski D.R., Van Dyk T.K., LaRossa R.A., Belkin S. Recombinant microorganisms as environmental biosensors

pollutants detection by E.coli bearing fabA:lux fusion // Biotechnology, 2002, 94. P. 125-132.
25. Ben-Israel O., Ben-Israel H., Ulitzur S. Identification and quantification of toxic chemicals by use of Escherichia coli carrying lux

genes fused to stress promoters // Appl Environ Microbiol, 1998, 64. P. 4346-4352.
26. Belkin, S., D. R. Smulski, S. Dadon, A. C. Vollmer, T. K. Van Dyk and R. A. LaRossa. A panel of stress-responsive luminous

bacteria for toxicity detection // Water Res., 1997, 31. P. 3009-3016.
27. Tauriainen S., Karp M., Chang W., Virta M. Luminescent bacterial sensor for cadmium and lead // Biosens. Bioelectron., 1998,

13(9). P. 931-938.
28. Hay A.G., Rice J.F., Applegate B.M., Bright N.G., Sayler G.S. A Bioluminescent Whole-Cell Reporter for Detection of 2,4-

Dichlorophenoxyacetic Acid and 2,4-Dichlorophenol in Soil // Applied And Environmental Microbiology, 2000, 66(10). P. 4589�
4594.

29. Abd-El-Haleem D., Ripp S., Scott C., Sayler G.S. A luxCDABE-based bioluminescent bioreporter for the detection of phenol // J
Ind Microbiol Biotechnol., 2002, 29(5). P. 233-237.

30. Ïîïîâà Ë.Þ., Ìåäâåäåâà Ñ.Å., Ìîãèëüíàÿ Î.À., Ïóçûðü À.Ï., Ïå÷óðêèí Í.Ñ. Èññëåäîâàíèå ñâåòÿùèõñÿ áàêòåðèé â êà÷å-
ñòâå òåñò-ñèñòåìû íà ãåêñàõëîðàíöèêëîãåêñàí // Ïðèêë. áèîõèì. ìèêðîáèîë., 1991, ò. 27(6). Ñ. 905-910.

31. Êðàòàñþê Â.À., Ìàêóðèíà Â.È., Êóçíåöîâ À.Ì., Ïëîòíèêîâà Í.Á., Ìåäâåäåâà Ñ.Å., Ãðèöåíêî È.Ñ., ×åðíûõ Â.Ï. Èçó÷åíèå
äåéñòâèÿ íà áàêòåðèàëüíóþ ëþìèíåñöåíöèþ àêòèâíûõ ñóëüôîïðîèçâîäíûõ ÿíòàðíîé êèñëîòû // Ïðèêëàäí. áèîõèì. ìèêðî-
áèîë., 1991, 27(1). Ñ. 127-133.

32. Stom D.I., Geel T.A., Balayan A.E., Kuznetsov A.M., Medvedeva S.E. Bioluminescent method in studying the complex effect of
sewage components // Arch Environ Contam Toxicol, 1992, 22. P. 203-208.

33. Kuznetsov A., Primakova G., Fish A. Lyophilized luminous bacteria as a toxicity biotest // Biological Bioluminescence. B. Jezowska-
Trzebiatowska, B. Kochel, J. Slawinski, W. Strek (Edts), World Scientific. 1990. Ð. 559-563.

34. Êóçíåöîâ À.Ì., Ìåäâåäåâà Ñ.Å., Ðîäè÷åâà Ý.Ê. Èñïîëüçîâàíèå ãåíåòè÷åñêè ìîäèôèöèðîâàííîãî ñâåòÿùåãîñÿ øòàììà
Escherichia coli â áèîòåñòèðîâàíèè // Ïðîáëåìû îêðóæàþùåé ñðåäû è ïðèðîäíûõ ðåñóðñîâ, 2000, 10. Ñ. 67-73.

35. Drzyzga O., Jannsen S., Blotevogel K.H. Toxicity of diphenylamine and some of its nitrated and aminated derivatives to the
luminescent bacterium Vibrio fischeri // Ecotoxicol Environ Saf., 1995, 31(2). P. 149-152.

36. Bulich A.A. A practical and reliable method for monitoring the toxicity of aquatic samples // Process Biochem., 1982, 17. P. 45-47.
37. Zieseniss K., Grabert E. A novel method for determining chronic toxicity with the LUMIStox luminescent bacteria test / In:

Bioluminescence and chemiluminescence: fundamental and applied aspects. Campbell AK, Kricka LJ, Stanley PE, editors, Chichester:
Wiley, 1994. P. 76-78.

38. Blaise C., Forghani R., Legault R., Guzzo J., Dubow M.S. A bacterial toxicity assay performed with microplates, microluminometry
and Microtox reagent // Biotechniques, 1994, 16(5). P. 932-937.

39. Corbisier P. Bacterial metal-lux biosensors for a rapid determination of the heavy metal bioavailability and toxicity in solid samples.
// Res.Microbiol., 1997, 148(6). P. 534-536.

40. Shao C.Y., Howe C.J., Porter A.J., Glover L.A. Novel cyanobacterial biosensor for detection of herbicides // Appl Environ Microbiol,
2002, 68(10). P. 5026-5033.

41. Hill P.J., Denyer S.P., Stewart GSAB. Rapid assays based on in vivo bacterial bioluminescence // Microbiol Europe, 1993, 1. P. 16-
21.

42. Richardson M. Ecotoxicity monitoring-use of Vibrio fischeri // Arh Hig Rada Toxicol, 1996, 47(4). P. 389-396.
43. Rathinam K., Mohanan P.V. Microtox system, a new approach to the safety evaluation of medical devices // Biomater Appl, 1998,

13(2). P. 166-171.
44. Wolska L., Polkowska Z. Bacterial luminescence test screening of highly polluted areas in the Odra River // Bull Environ Contam

Toxicol., 2001, 67(1). P. 52-58.
45. Kuznetsov A.M., Rodicheva E.K., Medvedeva S.E., 1999. Analysis of river water by bioluminescent biotests // Luminescence, 14 (5).

P. 263-265.

Åñòåñòâåííûå íàóêè


