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Ðåçþìå. Â ñâÿçè ñ ïîâñåìåñòíûì èñïîëüçîâàíèåì áèî-
ñåíñîðîâ äëÿ äåòåêöèè ðàçëè÷íûõ âåùåñòâ, íàïðèìåð, òà-
êèõ êàê ãîìîñåðèíëàêòîíû, äëÿ èçó÷åíèÿ ðåàêöèé ÷óâñòâà
êâîðóìà ó Pseudomonas aeruginosa, âîçíèêàåò íåîáõîäè-
ìîñòü ïðîâåðêè ýôôåêòèâíîñòè èõ ðàáîòû, à òàêæå óñîâåð-
øåíñòâîâàíèÿ ìåòîäîâ âèçóàëèçàöèè ïîëó÷åííûõ ðåçóëü-
òàòîâ. Áèîñåíñîð – ýòî óñòðîéñòâî èìåþùåå ÷óâñòâèòåëü-
íûé ñëîé, ïðåäñòàâëåííûé áèîëîãè÷åñêèì ìàòåðèàëîì (àí-
òèòåëà, àíòèãåíû, ôåðìåíòû, òêàíè, áàêòåðèè, íóêëåèíî-
âûå êèñëîòû, îðãàíåëëû è äð). Â ïðèñóòñòâèè îïðåäåëÿåìî-
ãî êîìïîíåíòà ñåíñîðíûé ñëîé ãåíåðèðóåò ñèãíàë, êîòîðûé
ôóíêöèîíàëüíî ñâÿçàí ñ êîíöåíòðàöèåé äàííîãî êîìïîíåí-
òà.  Èçó÷åíèå ðàáîòû ñèñòåì êâîðóì-ñåíñèíãà èìååò âàæ-
íîå çíà÷åíèå, òàê êàê îíà îïðåäåëÿåò îáðàçîâàíèå áèîïëå-
íîê, êîòîðûå â ñâîþ î÷åðåäü ìíîãîêðàòíî ïîâûøàþò óñòîé-
÷èâîñòü ìèêðîîðãàíèçìîâ ê äåéñòâèþ àíòèáèîòèêîâ, èì-
ìóííîìó îòâåòà ìèêðîîðãàíèçìîâ è îáðàáîòêå áèîöèäàìè.
Â äàííîé ðàáîòå áûë ïðîâåäåí ñðàâíèòåëüíûé àíàëèç
ýôôåêòèâíîñòè äåòåêòèðîâàíèÿ ìåäèàòîðîâ ÷óâñòâà êâî-
ðóìà P. aeruginosa c èñïîëüçîâàíèåì áèîñåíñîðîâ iGem è
ðåàëòàéì àìïëèôèêàòîðà. Â ýêñïåðèìåíòàõ èñïîëüçîâàëè
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Astract. In connection with the widespread use of biosensors
for the detection of various substances, it is necessary to check
the effectiveness of their work, as well as to improve the
methods of visualization of the results obtained. A biosensor is
a device having a sensitive layer represented by biological
material (antibodies, antigens, enzymes, tissues, bacteria,
nucleic acids, organelles, etc.). In the presence of a detectable
component, the sensor layer generates a signal that is functionally
related to the concentration of this component. Studying the
operation of quorum-sensing systems is important because it
determines the formation of biofilms, which in turn greatly
increase the resistance of microorganisms to antibiotics, the
immune response of microorganisms, and using biocides. In
this work, a comparative analysis of the efficiency of detecting
mediators of the P. aeruginosac quorum senses using iGem
biosensors and realtime amplificator was carried out. In
experiments, cultures of Pseudomonas aeruginosa ATCC 9027,
669, 668, cultures of bacteria of the genus Bacillus, Geobacillus
were used. For testing homoserine lactones, plasmids iGEM
pSB1C3 were used. The P. aeruginosa 669 IHBFM and E. coli
NovaBlue cultures transformed with the pSB1 plasmid encoding
the dodecanologorous lactone ternase synthase gene under
the inducible promoter were used as producers of homoserine
lactones. To study the possibility of using the biosensors under
study as indicators of the presence of homoserin-lactone culture
of biosensors - 12D P1 (LasR + GFP), 7P P3 (RhlR + GFP), 18B
P1 (RhlR + RFP), 100 P5 (LasR + GFP), 12F P1 (- GFP / RFP),
14L P1 (LasR + GFP) were sown by intersecting strokes in front
of the P. aeruginosa ATCC 9027 culture. After 48 hours of
incubation, the fluorescence of the cultures was analyzed using
a transilluminator. The study showed that only two biosensors
based on recombinant Escherichia coli with plasmids pSB1C3
/ (18B P1 (BBa_K575039) and pSB1C3 / 14 L P1 (BBa_K575024
iGEM)) are suitable for the qualitative determination of the
presence of butanoylgosterin and BB6 / 14 L P1 (BBa_K575024)
for measuring the presence of butanoylhomurin and BBS_1503
i143 P1B3 / 14 L P1 (BBa_K575024 iGEM)) are suitable for
determining the presence of butanoyl, but it is also suitable for
the presence of butanoyl, 1, 3, and PSB1C3 / 14 L P1
(BBa_K575024 iGEM)).
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êóëüòóðû Pseudomonas aeruginosa ATCC 9027, 669, 668,
êóëüòóðû áàêòåðèé ðîäà Bacillus, Geobacillus. Äëÿ òåñòèðî-
âàíèÿ ãîìîñåðèíëàêòîíîâ èñïîëüçîâàëè ïëàçìèäû iGEM
pSB1C3. Â êà÷åñòâå ïðîäóöåíòîâ ãîìîñåðèíëàêòîíîâ èñ-
ïîëüçîâàëè êóëüòóðó P. aeruginosa 669 ÈÕÁÔÌ è E.  coli
NovaBlue òðàíñôîðìèðîâàííóþ ïëàçìèäîé pSB1 êîäèðóþ-
ùåé ãåí êîíöåâîé ñèíòàçû äîäåêàíîëãîìîñåðíëàêòîíà ïîä
èíäóöèáåëüíûì ïðîìîòîðîì. Äëÿ èçó÷åíèÿ âîçìîæíîñòè
ïðèìåíåíèÿ èññëåäóåìûõ áèîñåíñîðîâ â êà÷åñòâå èíäèêà-
òîðîâ íàëè÷èÿ ãîìîñåðèíëàêòîíîâ êóëüòóðû áèîñåíñîðîâ –
12D P1 (LasR+GFP), 7P P3 (RhlR+GFP), 18B P1 (RhlR+RFP),
100 P5 (LasR+GFP), 12F P1 (-GFP/RFP), 14L P1 (LasR+GFP)
ñåÿëè ìåòîäîì ïåðåñåêàþùèõñÿ øòðèõîâ íàïðîòèâ êóëüòó-
ðû P. aeruginosa ATCC 9027. ×åðåç 48 ÷àñîâ èíêóáàöèè
àíàëèçèðîâàëè ôëþîðåñöåíöèþ êóëüòóð ñ èñïîëüçîâàíè-
åì òðàíñèëëþìèíàòîðà. Äàííîå èññëåäîâàíèå ïîêàçàëî
÷òî, òîëüêî äâà áèîñåíñîðà íà îñíîâå ðåêîìáèíàíòíîé
êèøå÷íîé ïàëî÷êè ñ ïëàçìèäàìè pSB1C3/(18B P1
(BBa_K575039) è pSB1C3/14 L P1 (BBa_K575024 iGEM))
ïðèãîäíû äëÿ êà÷åñòâåííîãî îïðåäåëåíèÿ íàëè÷èÿ áóòàíî-
èëãîìîñåðèíëàêòîíà è äîäåêàíîèëãîìîñåðèíëàêòîíà â îá-
ðàçöàõ, ñîîòâåòñòâåííî.

Áèîñåíñîð ïðåäñòàâëÿåò ñîáîé àíàëèòè÷åñêèé èíñòðó-
ìåíò, â êîòîðîì â êà÷åñòâå "÷óâñòâèòåëüíîãî ýëåìåíòà"
èñïîëüçóåòñÿ áèîëîãè÷åñêèé ìàòåðèàë (ôåðìåíòû, àíòèòå-
ëà, îðãàíåëëû, íóêëåèíîâûå êèñëîòû, êëåòêè èëè òêàíè) [1,
2]. Ñ ïîìîùüþ áèîñåíñîðîâ îïðåäåëÿþò ñîäåðæàíèå ðàç-
ëè÷íûõ ìîëåêóë â ñðåäàõ [3-9]. Îäíèì èç ïðèìåíåíèé áèî-
ñåíñîðîâ ÿâëÿåòñÿ äåòåêöèÿ ãîìîñåðèíëàêòîíîâ äëÿ èçó÷å-
íèÿ ðåàêöèé ÷óâñòâà êâîðóìà ó Pseudomonas aeruginosa.

Pseudomonas aeruginosa (ñèíåãíîéíàÿ ïàëî÷êà, ÑÃÏ)
øèðîêî ïðåäñòàâëåííûé âèä (óáèêâèòàðíûé) îáëàäàþùèé
ïàòîãåííûì ïîòåíöèàëîì. Äàííûé èíôåêöèîííûé àãåíò
ÿâëÿåòñÿ âîçáóäèòåëåì ðàíåâûõ èíôåêöèé, ôèáðîçíîãî
öèñòèòà, ôèáðîçèðóþùåé ïíåâìîíèè, áàêòåðèàëüíîãî ñåï-
ñèñà è ò.ä. Ìèêðîîðãàíèçì îòëè÷àåòñÿ âûñîêîé óñòîé÷èâî-
ñòüþ ê àíòèñåïòèêàì, äåçèíôåêòàíòàì ðåàêöèÿì èììóííîé
ñèñòåìû îðãàíèçìà [10]. Ðåàêöèè ÷óâñòâà êâîðóìà äàííîãî
âèäà áàêòåðèé îáåñïå÷èâàþò âêëþ÷åíèå ìíîãèõ ôàêòîðîâ
ïàòîãåííîñòè [11,12]. Îäíîé èç âàæíûõ îñîáåííîñòåé ñèíåã-
íîéíîé ïàëî÷êè ÿâëÿåòñÿ åå ñïîñîáíîñòü ê îáðàçîâàíèþ
áèîïëåíîê (â êà÷åñòâå îäíîé èç ðåàêöèé ÷óâñòâà êâîðóìà),
îáðàçîâàíèå áèîïëåíîê ñ÷èòàåòñÿ îäíèì èç ôàêòîðîâ óñ-
òîé÷èâîñòè ê àíòèáèîòèêàì è àíòèñåïòèêàì, õîòÿ íà ñåãîä-
íÿøíèé äåíü ýòîò ôàêòîð ñòàâèòñÿ ïîä ñîìíåíèå íåêîòîðû-
ìè èññëåäîâàòåëÿìè [13-15]. Òàêæå áèîïëåíêè ïðåïÿòñòâó-
þò ôàãîöèòîçó (ïðè íàõîæäåíèè ñèíåãíîéíîé ïàëî÷êè â
îðãàíèçìå è ðàáîòå ãóìîðàëüíîãî èììóíèòåòà) [16]. P.
aeruginosa ñîäåðæèò îäíó èç ñàìûõ ñëîæíûõ ñèñòåì QS(17).
Ñóùåñòâóåò äâà ñèãíàëüíûõ ïóòè  N- àöèëãîìîñåðèí-ëàêòî-
íà (AHL), LasI / LasR è RhlI / RhlR; îáà ÿâëÿþòñÿ ãîìîëîãàìè
òèïà LuxI / LuxR, è îáà àêòèâèðóþòñÿ ïóòåì óâåëè÷åíèÿ
ïëîòíîñòè êëåòîê â áàêòåðèàëüíîé ïîïóëÿöèè [18]. Êàæäàÿ
AHL-çàâèñèìàÿ ñèñòåìà ñîñòîèò èç ñèíòàçû LuxI-òèïà è
ðåöåïòîðà LuxR-òèïà. LasR è RhlR ÿâëÿþòñÿ ðåãóëÿòîðàìè
òðàíñêðèïöèè è âìåñòå êîíòðîëèðóþò àêòèâàöèþ áîëåå 300
ãåíîâ â ãåíîìå P. aeruginosa [19]. Êðîìå òîãî, ñóùåñòâóåò
3O -C 12 -HSL-ñâÿçûâàþùèé ðåöåïòîð QscR, ãîìîëîã LuxR,
êîòîðûé íå òîëüêî êîíòðîëèðóåò ñâîé ñîáñòâåííûé íàáîð
ãåíîâ, íî òàêæå èíàêòèâèðóåò LasR è RhlR è òåì ñàìûì
ðåïðåññèðóåò ìíîãèå Las- è Rhl-çàâèñèìûå ãåíû, ÷òî ïðèâî-
äèò ê ïðåäîòâðàùåíèþ îòâåòà QS äî òîãî, êàê áàêòåðèè
äîñòèãàþò êâîðóìà â ïîïóëÿöèè [20, 21].

Èçó÷åíèå ðåàêöèé ÷óâñòâà êâîðóìà âàæíî ïðè ñîçäàíèè
àíòèáàêòåðèàëüíûõ ïðåïàðàòîâ, ìåõàíèçì äåéñòâèÿ êîòî-
ðûõ îñíîâàí íà ïîäàâëåíèè íåêîòîðûõ ðåàêöèé êâîðóì-
ñåíñèíãà áàêòåðèè â îáúåêòàõ îêðóæàþùåé ñðåäû è â îðãà-
íèçìå ÷åëîâåêà è æèâîòíûõ [14, 22]. Äëÿ ýòîãî íåîáõîäèìî
çíàòü î íàëè÷èè èëè îòñóòñòâèè êàê äîäåêàíîëãîìîñåðèí-
ëàêòîíà è áóòàíîëãîìîñåðèíëàêòîíà.

Öåëüþ ðàáîòû áûëî èññëåäîâàòü âîçìîæíîñòü ïðèìå-
íåíèÿ ðàçëè÷íûõ áèîñåíñîðîâ äëÿ îïðåäåëåíèÿ ìàðêåðîâ
÷óâñòâà êâîðóìà ó Pseudomonas aeruginosa.

Ìàòåðèàëû è ìåòîäû
Â ýêñïåðèìåíòàõ èñïîëüçîâàëè êóëüòóðû Pseudomonas

aeruginosa ATCC 9027, 669, 668, êóëüòóðû áàêòåðèé ðîäîâ
Bacillus, Geobacillus (êîëëåêöèè ýêñòðåìîôèëüíûõ ìèêðî-
îðãàíèçìîâ ÈÕÁÔÌ ÑÎ ÐÀÍ).

Äëÿ òåñòèðîâàíèÿ ãîìîñåðèíëàêòîíîâ èñïîëüçîâàëè
ñëåäóþùèå ïëàçìèäû ëþáåçíî ïðåäîñòàâëåííûå The
International Genetically Engineered Machine (iGEM)
Foundation pSB1C3: 16HP1 (íîìåðiGEM: BBa_K575032) –
C4-HSL áèîñåíñîð (RhlR+GFP) îáåñïå÷èâàåò èíäóêöèþ
ñèíòåçà GFP â ïðèñóòñòâèè áóòàíîèëãîìîñåðèíëàêòîíà
(KristinPalarz Group: iGEM11_Northwestern (2011-09-22)) (23);
14LP1 (BBa_K575024) – 3-oxo-C12-HSL áèîñåíñîð
LasR+GFP îáåñïå÷èâàåò èíäóêöèþ ñèíòåçà GFP â ïðèñóò-
ñòâèè äîäåêàíîèëãîìîñåðèíëàêòîíà (KristinPalarz   Group:
iGEM11_Northwestern (2011-09-22)) (24); 18B P1
(BBa_K575039) – C4-HSL áèîñåíñîð (RhlR+RFP) îáåñïå÷è-
âàåò èíäóêöèþ ñèíòåçà RFP â ïðèñóòñòâèè áóòàíîèëãîìîñå-
ðèíëàêòîíà (KristinPalarzGroup: iGEM11_Northwestern(2011-

Ðèñ. 1. Ôëóîðåñöåíöèÿ E.coli NovaBlue pSB1C3 ñ
ðàçëè÷íûìè BioBricks êîìïîíåíòàìè îáåñïå÷èâàþùèìè
ôëóîðåñöåíöèþ â ïðèñóòñòâèè ãîìîñåðèíëàêòîíîâ
Pseudomonas aeruginosa ATCC 9027: 1- 12D P1
(LasR+GFP); 2- 7P P3 (RhlR+GFP); 3-18B P1 (RhlR+RFP);
4-100 P5 (LasR+GFP); 5-12F P1 (-GFP/RFP); 6-14L P1
(LasR+GFP).
Fig. 1. Fluorescence of E.coli NovaBlue pSB1C3 with
various BioBricks components providing fluorescence in the
presence of homoseryl lactones Pseudomonas aeruginosa
ATCC 9027: 1- 12D P1 (LasR+GFP); 2- 7P P3
(RhlR+GFP); 3-18B P1 (RhlR+RFP); 4-100 P5
(LasR+GFP); 5-12F P1 (-GFP/RFP); 6-14L P1 (LasR+GFP).

Òàáëèöà 1.  Îòíîñèòåëüíàÿ ôëþîðåñöåíöèÿ êóëüòóð áèîñåíñîðîâ, RFU
Tabl. 1. Relative fluorescence of cultures biosensores, RFU
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09-22)) (25); 12d P1 (BBa_K546000) – îáåñïå÷èâàåò ñèíòåç
Ñ12-HSL è ýêñïðåññèþ GFP â åãî ïðèñóòñòâèè (ïîëîæèòåëü-
íàÿ îáðàòíàÿ ñâÿçü), ÷òî, âåðîÿòíî, ïîçâîëÿåò èñïîëüçî-
âàòü â êà÷åñòâå ïîëîæèòåëüíîãî êîíòðîëÿ (M.
HesselmanGroup: iGEM11_Wageningen_UR (2011-09-14))
[26]; 7P P3 (BBa_C0071) -C4-HSL áèîñåíñîð (RhlR+GFP)
îáåñïå÷èâàåò èíäóêöèþ ñèíòåçà GFP â ïðèñóòñòâèè áóòàíî-
èëãîìîñåðèíëàêòîíà (íàëè÷èå äîïîëíèòåëüíî LVA tag, äîë-
æíî óìåíüøàòü äåãðàäàöèþ ïðîòåàçàìè ñåíñîðíîãî áåëêà
RhlR) (DebraLin, SriniDevadas, DavidGray, RonnyKrashinsky,
andChrisZhengLiu, Boopers   Group: Antiquity (2004-01-26))
(27); P5 100 (BBa_K1315009) -3-oxo-C12-HSL áèîñåíñîð
LasR+GFP îáåñïå÷èâàåò èíäóêöèþ ñèíòåçà GFP â ïðèñóò-
ñòâèè äîäåêàíîèëãîìîñåðèíëàêòîíà (DimitriosMichailidis
Group: iGEM14_Dundee (2014-09-26)) (28); 12F P1
(BBa_K546001) – Îáåñïå÷èâàåò ïðîäóêöèþ ôåðìåíòà AiiA
(ñ LVA-tag) â ïðèñóòñòâèè 3-oxo-C12-HSL (M. Hesselman
Group: iGEM11_Wageningen_UR (2011-09-14)) [29]. Â êà÷å-
ñòâå ïðîäóöåíòîâ ãîìîñåðèíëàêòîíîâ èñïîëüçîâàëè êóëü-
òóðó P. aeruginosa 669 ÈÕÁÔÌ è E.coli NovaBlue òðàíñôîð-
ìèðîâàííóþ ïëàçìèäîé pSB1 êîäèðóþùåé ãåí êîíöåâîé
ñèíòàçû äîäåêàíîëãîìîñåðíëàêòîíà ïîä èíäóöèáåëüíûì
ïðîìîòîðîì. Ê ñóòî÷íûì êóëüòóðàì íà LB áóëüîíå äîáàâëÿ-
ëè 1/10 ÷àñòü ýòèëîâîãî ýôèðà óêñóñíîé êèñëîòû (ýòèëàöå-
òàòà) è ÷åðåç ñóòêè ýêñòðàêòû öåíòðèôóãèðîâàëè è âûñóøè-
âàëè.  Îñàäîê èç 1 ìë ýêñòðàêòà ðàçâîäèëè â 100 ìêë
äèñòèëëèðîâàííîé âîäû.

Ðåçóëüòàòû èññëåäîâàíèé
Äëÿ èçó÷åíèÿ ðåàêöèé ÷óâñòâà êâîðóìà ñèíåãíîéíîé

ïàëî÷êè ñ èñïîëüçîâàíèåì áèîñåíñîðîâ, êóëüòóðû áèîñåí-
ñîðîâ – 12D P1 (LasR+GFP), 7P P3 (RhlR+GFP), 18B P1
(RhlR+RFP), 100 P5 (LasR+GFP), 12F P1 (-GFP/RFP), 14L P1
(LasR+GFP) ñåÿëè ìåòîäîì ïåðåñåêàþùèõñÿ øòðèõîâ íà-
ïðîòèâ êóëüòóðû P. aeruginosa ATCC 9027. ×åðåç 48 ÷àñîâ
èíêóáàöèè àíàëèçèðîâàëè ôëþîðåñöåíöèþ êóëüòóð ñ èñ-
ïîëüçîâàíèåì òðàíñèëëþìèíàòîðà.

Òîëüêî äâà áèîñåíñîðà õàðàêòåðèçîâàëèñü ýêñïðåññè-
åé ðåïîðòåðíûõ ãåíîâ â ïðèñóòñòâèè ìåòàáîëèòîâ ñèíåã-
íîéíîé ïàëî÷êè E.coli NovaBlue pSB1C3/14L P1 (LasR+GFP)
è E.coli NovaBlue pSB1C3/7P P3 (RhlR+GFP), ïîçâîëÿþùèå
äåòåêòèðîâàòü äîäåêàíîèëãîìîñåðèíëàêòîí è áóòàíîèëãî-
ìîñåðèíëàêòîí, ñîîòâåòñòâåííî (ðèñ. 1).  Òàêæå ñëåäóåò
îòìåòèòü ñíèæåíèå èíòåíñèâíîñòè ôëþîðåñöåíöèè ïî ìåðå
óäàëåíèÿ îò êóëüòóðû ñèíåãíîéíîé ïàëî÷êè.

Äëÿ áîëåå òî÷íîé îöåíêè ìû îòîáðàëè êóëüòóðû íà
ðàññòîÿíèè 1 ñì îò P. aeruginosa, ðåñóñïåíäèðîâàëè äî 2
åäèíèö McFarland â PBS 0.1M pH7.4, ïåðåíåñëè â ìèêðîïëàí-
øåòû äëÿ ÏÖÐ â îáúåìå 50 ìêë è çàìåðèëè ôëþîðåñöåíöèþ
íà ïðèáîðå Realtime PCR CFX (BioRadLaboratory) íà êàíàëàõ
Texas Red è Fam â ïÿòè ïîâòîðíîñòÿõ. Âñå ýêñïåðèìåíòû
ïðîâîäèëè â òðåõ ïîâòîðàõ. Â êà÷åñòâå íåãàòèâíîãî êîíòðîëÿ
èñïîëüçîâàëè êóëüòóðó êèøå÷íîé ïàëî÷êè NovaBlue íå òðàíñ-
ôîðìèðîâàííóþ ïëàçìèäàìè è êóëüòóðó 12F P1.

Áèîñåíñîðíàÿ êóëüòóðà 18B P1 (RhlR+RFP) õàðàêòåðè-
çîâàëàñü ñòàòèñòè÷åñêè çíà÷èìûì ïîâûøåíèåì óðîâíÿ
ôëþîðåñöåíöèè (P=0.0004) íà êàíàëå TexasRed (òàáëèöà
2). Òî åñòü ýòîò áèîñåíñîð ïðèãîäåí äëÿ äåòåêòèðîâàíèÿ
áóòàíîëãîìîñåðèíëàêòîíà ñèíåãíîéíîé ïàëî÷êè â îòëè÷èå
îò êóëüòóðû P3 7P(RhlR+GFP) õàðàêòåðèçóþùåéñÿ ñõîä-
íûì ôóíêöèîíàëüíûì íàçíà÷åíèåì.

Êóëüòóðà 14LP1(LasR+GFP) õàðàêòåðèçîâàëàñü ïîâû-
øåíèåì óðîâíÿ ôëþîðåñöåíöèè íà êàíàëå FAM ñòàòèñòè-
÷åñêè çíà÷èìî, îòíîñèòåëüíî êóëüòóðû 12F P1 (íå îáëàäà-
þùèõ ãåíàìè ôëóîðåñöåíòíûõ áåëêîâ), (P=0.0006).

Ñëåäîâàòåëüíî, E.coli NovaBlue ïîñëå òðàíñôîðìàöèè
òðåìÿ âàðèàíòàìè ïëàçìèä pSB1C3, ñîäåðæàùèõ êîìïî-
íåíòû èç ðåïîðòåðíîãî ãåíà GFP, ïîä ïðîìîòîðîì èíäóöè-
ðóåìûì êîìïëåêñîì LasR/3-oxo-C12-HSL, ãåíà LasR (êîí-
ñòèòóöèîíàëüíî ýêñïðåññèðóåìîãî), íå ïîçâîëÿþò îöåíè-
âàòü êîëè÷åñòâåííî ñîäåðæàíèå äîäåêàíîèëãîìîñåðèíëàê-
òîíà. Òîëüêî îäèí èç èçó÷åííûõ âàðèàíòîâ ãåííîèíæåíåð-
íûõ êîíñòðóêöèé ïðèãîäåí äëÿ êà÷åñòâåííîãî îïðåäåëåíèÿ
íàëè÷èÿ äîäåêàíîèëãîìîñåðèíëàêòîíà – E.coli NovaBlue,

ñîäåðæàùèå â ñîñòàâå ïëàçìèäû pSB1C3 êîìïîíåíòû
BBa_K575024 iGEM (14 L P1).

Âûâîäû
Äâà áèîñåíñîðà íà îñíîâå ðåêîìáèíàíòíîé êèøå÷íîé

ïàëî÷êè ñ ïëàçìèäàìè pSB1C3/(18B P1 (BBa_K575039) è
pSB1C3/14 L P1 (BBa_K575024 iGEM)) ïðèãîäíû äëÿ êà÷å-
ñòâåííîãî îïðåäåëåíèÿ íàëè÷èÿ áóòàíîèëãîìîñåðèíëàêòî-
íà è äîäåêàíîèëãîìîñåðèíëàêòîíà â îáðàçöàõ, ñîîòâåò-
ñòâåííî, ñ èñïîëüçîâàíèåì ðåàëòàéì-àìïëèôèêàòîðà.

Äàííàÿ ðàáîòà áûëà ÷àñòè÷íî ïîääåðæàíà Ðîññèéñ-
êèì ôîíäîì ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ÐÔÔÈ) Ïðî-
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