
òèðîâàíèÿ â êà÷åñòâå êîíòðîëÿ èñïîëüçîâàëè âîäíûé ýê-
ñòðàêò èç ïî÷âû ñîîòâåòñòâóþùåãî òèïà.

Â ë è ÿ í è å ò î ê ñ è ê à í ò î â â ý ê ñ ò ð à ê ò à õ è ç
ï î ÷ â í à ô å ð ì å í ò í û å ñ è ñ ò å ì û. Áûëè ïðîâåäåíû
ìîäåëüíûå ýêñïåðèìåíòû îöåíêè ÷óâñòâèòåëüíîñòè ôåð-
ìåíòíûõ ñèñòåì ê âîçäåéñòâèþ òîêñè÷åñêèõ âåùåñòâ ïðè
èõ âíåñåíèè íåïîñðåäñòâåííî â ýêñòðàêòû èç ïî÷â. Âàðü-
èðóÿ êîíöåíòðàöèþ çàãðÿçíèòåëÿ, îïðåäåëÿëè çíà÷åíèÿ
åãî òîêñèêîëîãè÷åñêîãî ïàðàìåòðà ÅÑ20, ïîêàçûâàþùåãî
ïðåäåë ÷óâñòâèòåëüíîñòè ê íåìó ñèñòåìû (ñì. òàáëèöó).
Óñòàíîâëåíî, ÷òî ñìåøèâàíèå òîêñèêàíòîâ ñ ýêñòðàêòîì
èç ïî÷â â áîëüøèíñòâå ñëó÷àåâ ïðèâîäèò ê ñíèæåíèþ èõ
èíãèáèðóþùåãî âîçäåéñòâèÿ íà ôåðìåíòíûå ñèñòåìû.
Îñîáåííî ýòî âûðàæåíî äëÿ õëîðèäà ìåäè, ÷óâñòâèòåëü-
íîñòü ê êîòîðîìó ïàäàåò íà 3 è 1 ïîðÿäîê ïðè òåñòèðî-
âàíèè ýòîãî òîêñèêàíòà â ýêñòðàêòå èç ÷åðíîçåìà ñ ïî-
ìîùüþ ìîíî- è áèôåðìåíòíîé ñèñòåì ñîîòâåòñòâåííî è
íà 1 ïîðÿäîê ïðè åãî òåñòèðîâàíèè â ýêñòðàêòå èç ñðåäíå-
ãî ñóãëèíêà ñ ïîìîùüþ ñèñòåìû R+L+LDH.

Êðîìå òîãî, ñðàâíèòåëüíûé àíàëèç àêòèâíîñòè ôåð-
ìåíòíûõ ñèñòåì â ïðèñóòñòâèè çàãðÿçíåííûõ è íåçàãðÿç-
íåííûõ ýêñòðàêòîâ ïî÷â ïîêàçàë, ÷òî àêòèâíîñòü R â ïðè-
ñóòñòâèè ýêñòðàêòîâ ïî÷â, çàãðÿçíåííûõ õëîðèäîì ìåäè,
íå îòëè÷àåòñÿ îò àêòèâíîñòè ôåðìåíòà â ïðèñóòñòâèè ýê-
ñòðàêòîâ íåçàãðÿçíåííûõ ïî÷â. Èñõîäÿ èç ïîëó÷åííûõ ðå-
çóëüòàòîâ ìîæíî ñäåëàòü âûâîä î òîì, ÷òî ìîíîôåðìåíò-
íàÿ ñèñòåìà íå ïîçâîëÿåò ôèêñèðîâàòü çàãðÿçíåíèå ïî÷â
õëîðèäîì ìåäè íà óðîâíå, áëèçêîì ê ÏÄÊ äëÿ äàííîãî
âåùåñòâà.

Ïîëó÷åííûå â ðàáîòå ðåçóëüòàòû óêàçûâàþò íà øèðî-
êèå âîçìîæíîñòè äëÿ óïðàâëåíèÿ ÷óâñòâèòåëüíîñòüþ
ôåðìåíòàòèâíûõ áèîòåñòîâ ê òîêñèêàíòàì â ïî÷âå çà ñ÷åò
óäëèíåíèÿ öåïè ñîïðÿæåíèÿ ôåðìåíòîâ èëè ïîäáîðà ñèñ-
òåìû, ïîäâåðæåííîé íàèìåíüøåìó âëèÿíèþ åñòåñòâåí-
íûõ êîìïîíåíòîâ ïî÷âû. Äåéñòâèòåëüíî, ïîâûøåíèå
ñëîæíîñòè ñèñòåìû (îò ìîíî- äî òðèôåðìåíòíîé) â íå-
ñêîëüêî ðàç óâåëè÷èâàåò ÷óâñòâèòåëüíîñòü ôåðìåíòàòèâ-
íîãî áèîòåñòà. Îäíàêî, ñ äðóãîé ñòîðîíû, èññëåäîâàíèå
âûÿâèëî òðóäíîñòè ïðîâåäåíèÿ ôåðìåíòàòèâíîãî áèîòåñ-
òèðîâàíèÿ ïî÷â, ñâÿçàííûå ñ àêòèâíûì âëèÿíèåì ýêñò-
ðàêòîâ èç ïî÷â êàê íà àêòèâíîñòü ôåðìåíòíûõ ñèñòåì, òàê
è íà èõ âçàèìîäåéñòâèå ñ òîêñèêàíòàìè. Ïîëó÷åííûå ðå-
çóëüòàòû î ðàçëè÷íîì âëèÿíèè íåçàãðÿçíåííûõ ýêñòðàê-
òîâ èç ïî÷â íà òðè ôåðìåíòíûå ñèñòåìû îòêðûâàþò âîç-
ìîæíîñòè äëÿ êîíñòðóèðîâàíèÿ ñïåöèàëèçèðîâàííûõ
ôåðìåíòàòèâíûõ áèîòåñòîâ äëÿ öåëåé ìîíèòîðèíãà ýêî-

ëîãè÷åñêîé áåçîïàñíîñòè ïî÷â ðàçëè÷íîãî êîìïîíåíòíî-
ãî ñîñòàâà è çàãðÿçíåííîñòè.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî íàó÷-
íîãî ôîíäà (ïðîåêò 16-14-10115).

Ñ ï è ñ î ê ë è ò å ð à ò ó ð û

ÃÍ 1.2.3111-13. 2014. Ãèãèåíè÷åñêèå íîðìàòèâû ñîäåðæà-
íèÿ ïåñòèöèäîâ â îáúåêòàõ îêðóæàþùåé ñðåäû (ïåðå÷åíü). Ì.:
Ôåäåðàëüíûé öåíòð ãèãèåíû è ýïèäåìèîë. Ðîñïîòðåáíàäçîðà.
131 ñ. (GN 1.2.3111—13. 2014. Hygienic norms of pesticide con-
tents in environmental objects (list). Moscow: Federal Hygienic
and Epidemiol. Center of Rospotrebnadzor. 131 p.)

ÃÍ 2.1.7.2041-06. 2006. Ïðåäåëüíî äîïóñòèìûå êîíöåíòðà-
öèè (ÏÄÊ) õèìè÷åñêèõ âåùåñòâ â ïî÷âå. Ì.: Ôåäåðàëüíûé
öåíòð ãèãèåíû è ýïèäåìèîë. Ðîñïîòðåáíàäçîðà. 15 c. (GN
2.1.7.2041-06. 2006. Maximum permissible concentration (MPC)
of chemical substances in soil. Moscow: Federal Hygienic and Epi-
demiol. Center of Rospotrebnadzor. 15 p.)

ÃÎÑÒ 17.4.4.02-84. 2008. Îõðàíà ïðèðîäû. Ïî÷âû. Ìåòî-
äû îòáîðà è ïîäãîòîâêè ïðîá äëÿ õèìè÷åñêîãî, áàêòåðèîëîãè-
÷åñêîãî, ãåëüìèíòîëîãè÷åñêîãî àíàëèçà. Ì.: Ñòàíäàðòèíôîðì.
7 ñ. (GOST 17.4.4.02-84. 2008. Nature protection. Soils. Methods
for sampling and preparation of soil for chemical, bacteriological,
helmintological analisis. Moscow: Standartinform. 7 p.)

Äîáðîâîëüñêèé Ã. Â. 2003. Ñòðóêòóðíî-ôóíêöèîíàëüíàÿ
ðîëü ïî÷â è ïî÷âåííîé áèîòû â áèîñôåðå. Ì.: Íàóêà. 364 ñ.
(Dobrovolsky G. V. 2003. Structural and functional role of soils and
soil biota in the biosphere. Moscow: Nauka. 364 p.)

Êîëåñíèêîâ Ñ. È., Êàçååâ Ê. Ø., Âàëüêîâ Â. Ô. 2006. Ýêî-
ëîãè÷åñêîå ñîñòîÿíèå è ôóíêöèè ïî÷â â óñëîâèÿõ õèìè÷åñêîãî
çàãðÿçíåíèÿ. Ðîñòîâ í/Ä: Ðîñòèçäàò. 385 ñ. (Kolesnikov S. I., Ka-
zeev K. Sh., Valkov V. F. 2006. An ecological condition and functi-
ons of soils in the conditions of chemical pollution. Rostov on/D:
Rostizdat. 385 p.)

ÌÐ 11-1/134-09. 2000. Îïðåäåëåíèå îáùåé òîêñè÷íîñòè
ïî÷â ïî èíòåíñèâíîñòè áèîëþìèíåñöåíöèè áàêòåðèé. Ì.: Ôå-
äåðàëüíûé öåíòð Ãîññàíýïèäíàäçîðà Ìèíçäðàâà Ðîññèè. 21 ñ.
(MP 11-1/134-09. 2000. Determination of soil in intensity of biolu-
minescence general toxicity of bacteria. Moscow: Federal Hygienic
and Epidemiological Center of Rospotrebnadzor. 21 p.)

Òåðåõîâà Â. À. 2011. Áèîòåñòèðîâàíèå ïî÷â: ïîäõîäû è
ïðîáëåìû. Ïî÷âîâåäåíèå. 2 : 190—198. (Terekhova V. A. 2011.
Soil bioassay: problems and approaches. Eurasian Soil Science. 2 :
173—179.)

Kratasyuk V. A., Esimbekova E. N. 2015. Applications of lumi-
nous bacteria enzymes in toxicology. Combina. Chem. High Thro-
ughput Screening. 18 : 952 — 959.

Ïîñòóïèëà 13 VII 2018

ENZYMATIC BIOASSAY OF SOIL: SENSITIVITY COMPARISON OF MONO-, DOUBLE- AND
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In this paper, we have investigated the possibilities of application of enzymatic systems with increasing
chain length as a bioassay to evaluate the soil contamination status. The sensitivity of monoenzyme reaction as
well as double- and triple-enzyme chains based on NAD(P)H:FMN-oxidoreductase and luciferase of luminous
bacteria and lactate dehydrogenase to pesticides and copper ions in water and water extracts from soils were es-
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timated. For this, the toxicological parameter IC20 reflecting the sensitivity limit of the enzyme system to the to-
xicant was used. It was revealed that elongation of the coupled enzyme chain (from mono- to triple-enzyme) in-
creases the sensitivity of the bioassay, in some cases by several orders of magnitude. This pattern can be used as
a tool to improve the properties of enzymic bioassays. The effect of extracts from uncontaminated soils of va-
rious types on enzymatic systems also differs, which makes possible to design the specialized enzymatic bioas-
says as well.

K e y w o r d s: bioluminescent analysis, soil, enzymatic toxicity bioassays, ecological monitoring, bacterial
luciferase, NADH:FMN-oxidoreductase, lactate dehydrogenase, coupled enzyme systems

Ôåðìåíòàòèâíîå áèîòåñòèðîâàíèå ïî÷â: ñðàâíåíèå ÷óâñòâèòåëüíîñòè ê òîêñèêàíòàì... 829


