
40 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2023. Ò. 57. ¹ 3

Á³îáóòàíîë – îäèí ³ç âèä³â á³îïàëèâà, ÿêèé îäåðæóþòü 
çà äîïîìîãîþ ì³êðîáíîãî ñèíòåçó (àöåòîí-áóòàíîë-
åòàíîëüíà ôåðìåíòàö³ÿ). Ï³äâèùèòè ð³âåíü íàêîïè-
÷åííÿ ö³ëüîâîãî ïðîäóêòó ìîæíà çà ðàõóíîê ìåòà-
áîë³÷íèõ çì³í ó êë³òèíàõ-ïðîäóöåíòàõ çà óìîâ âïëèâó 
ñòðåñîâèõ ôàêòîð³â. Ç ö³ºþ ìåòîþ áóëî äîñë³äæåíî 
âïëèâ íà ôóíêö³îíóâàííÿ êë³òèí Clostridium sp. òàêèõ 
ñòðåñîâèõ ÷èííèê³â, ÿê àëîïóðèíîë, ôóðôóðîë, öèíê, 
êèñåíü, à òàêîæ ãë³öåðîëó ÿê íåñïåöèô³÷íîãî ñóá-
ñòðàòó. Ïîêàçàíî, ùî êîíöåíòðàö³ÿ áóòàíîëó â ïî-
ð³âíÿíí³ ç êîíòðîëåì (0,6 ã/ë) áóëà íàéâèùîþ (1,2 ã/ë) 
çà óìîâ äîäàâàííÿ 0,5 ã/ë ôóðôóðîëó â êóëüòóðàëü-
íå ñåðåäîâèùå. Âèêîðèñòàííÿ ZnSO4 â êîíöåíòðàö³¿ 
0,001 ã/ë ï³äâèùóâàëî êîíöåíòðàö³þ áóòàíîëó äî 
1,1 ã/ë, à íàéá³ëüøó êîíöåíòðàö³þ áóòàíîëó (1,3 ã/ë) 
áóëî îòðèìàíî ïðè âèêîðèñòàíí³ ãëþêîçè òà ãë³öåðî-
ëó ÿê äæåðåë âóãëåöþ ó ñï³ââ³äíîøåíí³ 1 : 3. Êîíöåí-
òðàö³ÿ áóòàíîëó ó êóëüòóðàëüíîìó ñåðåäîâèù³ ï³ä-
âèùóâàëàñü äî 0,8 ã/ë çà óìîâ äîäàâàííÿ 0,025 ã/ë 
àëîïóðèíîëó. Îá´ðóíòîâàíî ìîæëèâ³ñòü âèêîðèñòàí-
íÿ âåùåçãàäàíèõ ñòðåñîâèõ ÷èííèê³â äëÿ ï³äâèùåííÿ 
íàêîïè÷åííÿ ö³ëüîâîãî ïðîäóêòó çà ðàõóíîê âïëèâó íà 
ìåòàáîë³÷í³ øëÿõè ó êë³òèíàõ ì³êðîîðãàí³çì³â. 

Êëþ÷îâ³ ñëîâà: Clostridium, øòàì ïðîäóöåíò, áóòàíîë, 
ñòðåñîâ³ ôàêòîðè, àëîïóðèíîë, ôóðôóðîë, öèíê, êè-
ñåíü, ãë³öåðîë

Âñòóï. Â îñòàíí³ ðîêè âñå á³ëüøå óâàãè ïðè-
ä³ëÿºòüñÿ âèðîáíèöòâó àëüòåðíàòèâíèõ âèä³â 
ïàëèâà, ³ â ïåðøó ÷åðãó, åòàíîëó òà áóòàíîëó 
³ç ïîíîâëþâàëüíî¿ ñèðîâèíè – íåçåðíîâî¿ á³î-
ìàñè ðîñëèí (Raiz, 2022), ³ ì³êðîá³îëîã³÷íèé 
ñèíòåç º îäíèì ³ç ìåòîä³â îòðèìàííÿ á³îáóòà-
íîëó ÿê ïàëèâà (Tigunova, 2020). Çà ñâî¿ìè 
õàðàêòåðèñòèêàìè áóòàíîë ìîæå êîíêóðóâàòè 
ç âèêîïíèìè âèäàìè ïàëèâà çà óìîâ ñòâî-
ðåííÿ êîíêóðåíòîñïðîìîæíî¿ òåõíîëîã³¿ ç âè-
êîðèñòàííÿì äåøåâî¿ ñèðîâèíè ÿê ñóáñòðàòó 
³ ñò³éêèõ ïðîìèñëîâèõ øòàì³â-ïðîäóöåíò³â ç 
ï³äâèùåíèì íàêîïè÷åííÿì ê³íöåâîãî ïðîäóêòó 

(Guo, 2022). Äëÿ ïðîìèñëîâîãî âèðîáíèöòâà 
á³îáóòàíîëó çà äîïîìîãîþ Clostridium sp. ïî-
òð³áíî âèð³øèòè ðÿä ïðîáëåì (Torres, 2022). 
Çîêðåìà, ìàòè øòàìè-ïðîäóöåíòè ç ï³äâèùå-
íèì íàêîïè÷åííÿì áóòàíîëó, âèêîðèñòîâóâàòè 
äåøåâó òà áàæàíî ïîíîâëþâàëüíó ñèðîâèíó, 
ÿê ñóáñòðàò, îïòèì³çóâàòè óìîâè ¿õ êóëüòèâó-
âàííÿ, çìåíøèòè ³íã³áóþ÷èé âïëèâ íà ð³ñò òà 
ðîçâèòîê êóëüòóðè êîìïîíåíò³â êóëüòóðàëü-
íîãî ñåðåäîâèùà â ïðîöåñ³ êóëüòèâóâàííÿ 
(Bao, 2022). Äëÿ óñï³øíîãî ïðîâåäåííÿ êóëü-
òèâóâàííÿ íåîáõ³äíî äîñë³äèòè ³ âèçíà÷èòè ìå-
òàáîë³÷í³ øëÿõè òà ìàòè ìîæëèâ³ñòü ðåãóëÿö³¿ 
ôåðìåíòàòèâíèõ ïðîöåñ³â. Òàêîæ òðåáà ñë³äêó-
âàòè çà òèì, ùîá â ñêëàä³ ñåðåäîâèùà ðîñòó íå 
áóëî ðåïðåñóþ÷èõ ðå÷îâèí (Molognoni, 2023).

Äëÿ äîñÿãíåííÿ íåîáõ³äíî¿ êîíöåíòðàö³¿ áó-
òàíîëó, äîñòàòíüî¿ äëÿ êîìåðö³àë³çàö³¿ ïðîìèñ-
ëîâîãî âèðîáíèöòâà, âèêîðèñòîâóþòü ð³çí³ ìå-
òîäè÷í³ ï³äõîäè, ñåðåä ÿêèõ ìåòàáîë³÷íà ³í-
æåíåð³ÿ òà ³íäóêö³ÿ ìåòàáîë³÷íèõ çì³í ó 
ì³êðîîðãàí³çìàõ. Ö³ ìåòîäè äîçâîëÿþòü ï³ä-
âèùèòè âèêîðèñòàííÿ ñóáñòðàòó, çá³ëüøèòè 
øâèäê³ñòü ðîñòó êë³òèí ³ ïðîäóêòèâí³ñòü ïðî-
äóöåíò³â (Zhou, 2023). Ë³ãíîöåëþëîçíà á³îìàñà
ðîñëèí ñòàº â³äíîñíî äîñòóïíèì ³ äåøåâèì 
äæåðåëîì çáðîäæóâàíèõ öóêð³â äëÿ âèðîáíèö-
òâà àëüòåðíàòèâíîãî ïàëèâà. Îäíàê, âèêîðèñ-
òàííÿ öóêð³â, îòðèìàíèõ ç á³îìàñè ðîñëèí äëÿ 
âèðîáíèöòâà áóòàíîëó, ñòâîðþº ïåâí³ ïðîáëåìè 
ãîëîâíèì ÷èíîì ÷åðåç ñêëàäí³ ìåòàáîë³÷í³ ïå-
ðåêëþ÷åííÿ òà âïëèâ íàêîïè÷åííÿ ³íã³áóþ÷èõ 
ñïîëóê íà ð³ñò ì³êðîîðãàí³çì³â (Mahalinga, 
2022). Äëÿ ïîñëàáëåííÿ öèõ íåãàòèâíèõ ÿâèù 
³ çá³ëüøåííÿ êîíâåðñ³¿ âèíèêàº íåîáõ³äí³ñòü 
âèêîðèñòàííÿ íåòðàäèö³éíèõ ìåòîä³â (Ujor, 
2016), ñåðåä ÿêèõ âèêîðèñòàííÿ âïëèâó ñòðå-
ñîâèõ ôàêòîð³â íà êë³òèíè ì³êðîîðãàí³çì³â.

Ä³ÿ ñòðåñîâèõ ôàêòîð³â ìîæå ïðèçâîäèòè 
äî çá³ëüøåííÿ íàêîïè÷åííÿ áóòàíîëó, çì³íè 
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Ïîñèëåííÿ ïðîäóêö³¿ áóòàíîëó êë³òèíàìè Clostridium sp. ï³ä âïëèâîì ñòðåñîâèõ ÷èííèê³â 

ìåòàáîë³÷íîãî øëÿõó ö³ëüîâîãî ïðîäóêòó òà 
ï³äâèùåííÿ ñò³éêîñò³ äî ñïîëóê-³íã³á³òîð³â, ùî
ïðèãí³÷óþòü ð³ñò êë³òèí ³ óòâîðåííÿ ñïèðò³â 
(Foulquier, 2022). Òîìó ìåòîþ ðîáîòè áóëî 
äîñë³äæåííÿ âïëèâó òàêèõ ñòðåñîâèõ ÷èííèê³â, 
ÿê àëîïóðèíîë, ôóðôóðîë, öèíê, êèñåíü òà íå-
ñïåöèô³÷íîãî ñóáñòðàòó ãë³öåðîëó íà ôóíê-
ö³îíóâàííÿ êë³òèí Clostridium sp. UCM Â-7570 
òà íà íàêîïè÷åííÿ áóòàíîëó â êóëüòóðàëüíîìó 
ñåðåäîâèù³.

Ìàòåð³àëè òà ìåòîäè. Äëÿ äîñë³äæåíü âè-
êîðèñòîâóâàëè Clostridium sp. UCM Â-7570 ç
«Êîëåêö³¿ øòàì³â ì³êðîîðãàí³çì³â ³ ë³í³é ðîñ-
ëèí äëÿ õàð÷îâî¿ òà ñ³ëüñüêîãîñïîäàðñüêî¿ á³î-
òåõíîëîã³¿ ÄÓ ²íñòèòóòó õàð÷îâî¿ á³îòåõíîëîã³¿ 
òà ãåíîì³êè ÍÀÍ Óêðà¿íè» òà íåçåðíîâó á³î-
ìàñó ð³ïàêó Brássica nápus ç Íàö³îíàëüíîãî íà-
óêîâîãî öåíòðó «²íñòèòóò ìåõàí³çàö³¿ òà åëåê-
òðèô³êàö³¿ ñ³ëüñüêîãî ãîñïîäàðñòâà»: Â ðîáî-
ò³ òàêîæ âèêîðèñòîâóâàëè ãë³öåðîë («BASF», 
ÔÐÍ), ZnSO4 («Merck», ÔÐÍ), ôóðôóðîë 
(«Thermo Fisher Scientific», Ëèòâà), àëîïóðèíîë 
(«Ñàíäîç», Óêðà¿íà). 

Êóëüòèâóâàííÿ ïðîâîäèëè â êîëáàõ ç ð³ä-
êèì ñåðåäîâèùåì àáî íà ÷àøêàõ Ïåòð³ â åê-
ñèêàòîð³. Êðèøêó åêñèêàòîðó ãåðìåòè÷íî ïðè-
òèðàëè. Ï³ñëÿ ïðèòèðàííÿ åêñèêàòîð òðè÷³ ïðî-
äóâàëè àçîòîì òà ñòàâèëè äî òåðìîñòàòó íàãð³-
òîãî äî 30 ºÑ. Êóëüòèâóâàííÿ ì³êðîîðãàí³çì³â 
íà òâåðäèõ ñåðåäîâèùàõ ïðîâîäèëè ç âèêî-
ðèñòàííÿì ñòàíäàðòíîãî äèôåðåíö³éíîãî ï³ä-
ñèëåíîãî êëîñòðèä³àëüíîãî ñåðåäîâèùà («Con-
dalab», ²ñïàí³ÿ) ó àíàåðîñòàò³ «Crystal» (ÔÐÍ) 
â àòìîñôåð³ àçîòó. Àíàåðîñòàò ïîì³ùàëè ó òåð-
ìîñòàò çà òåìïåðàòóðè 35 ± 1 ºÑ. Ð³çí³ êîíöåí-
òðàö³¿ êèñíþ â êóëüòóðàëüíîìó ñåðåäîâèù³ 
ñòâîðþâàëè çà ðàõóíîê çì³íè øâèäêîñò³ ïå-
ðåì³øóâàííÿ â øåéêåð³-³íêóáàòîð³ («BIOSAN 
ES-20», Ëàòâ³ÿ).

Äëÿ ïðèãîòóâàííÿ ñåðåäîâèùà ç íåçåðíî-
âî¿ á³îìàñè ð³ïàêó âèêîðèñòîâóâàëè íàâàæêè 
5,0 ã/ë âîäè òà ñòåðèë³çóâàëè ï³ä òèñêîì 2 àòì 
âïðîäîâæ 2 ãîä (Tigunova et al, 2019). Íåçåð-
íîâó á³îìàñó ð³ïàêó ñóøèëè ïðè òåìïåðàòóð³ 
30 ± 1 ºÑ âïðîäîâæ 168 ãîä. Ñóõó á³îìàñó 
ïîäð³áíþâàëè çà äîïîìîãîþ ëàáîðàòîðíîãî 
ìëèíó «Öèêëîí ÌØ 1» (Óêðà¿íà) äî ðîçì³ðó 
200 ± 10 ìåø. Âîëîã³ñòü ñèðîâèíè âèçíà÷àëè
çà äîïîìîãîþ âàãîâîãî àíàë³çàòîðó âîëîãîñò³ 
RADWAG MA 50/C/1 (Ïîëüùà). Äëÿ âèâ÷åí-

íÿ âïëèâó ñòðåñîâèõ ôàêòîð³â äîäàâàëè ó ñå-
ðåäîâèùå: ôóðôóðîë ó êîíöåíòðàö³¿ 0,1–1 ã/ë,
ç êðîêîì 0,1 ã/ë; ZnSO4 ó êîíöåíòðàö³¿ (ã/ë): 
0,0001; 0,005; 0,001; 0,005; àëîïóðèíîë ó êîí-
öåíòðàö³ÿõ (ã/ë): 0,01; 0,025; 0,05. Äëÿ âèâ÷åííÿ 
âïëèâó ãë³öåðîëó âèêîðèñòîâóâàëè ñåðåäîâè-
ùå (Tigunova et al, 2019) ç ãëþêîçîþ (20 ã/ë), 
ÿê êîíòðîëü, ãë³öåðîë (20 ã/ë), òà ñóì³ø ãëþ-
êîçè ³ ãë³öåðîëó ó ñï³ââ³äíîøåííÿõ 1 : 1, 1 : 2,
1 : 3. Äëÿ âèâ÷åííÿ âïëèâó ð³çíî¿ êîíöåíòðàö³¿ 
êèñíþ (ïîâ³òðÿ) âèêîðèñòîâóâàëè ïåðåì³øó-
âàííÿ êóëüòóðàëüíî¿ ð³äèíè â øåéêåð³-³íêóáà-
òîð³ ïðè øâèäêîñò³ â³ä 50 äî 130 îá/õâ ç 
êðîêîì 10 îá/õâ. Öèòîëîã³÷í³ äîñë³äæåííÿ 
ì³êðîîðãàí³çì³â ïðîâîäèëè çà äîïîìîãîþ ì³ê-
ðîñêîïó «Laboval» (ÔÐÍ). Ôîòîãðàô³¿ ðîáèëè 
çà äîïîìîãîþ ôîòîàïàðàòó «Canon PowerShot 
A640» (ßïîí³ÿ).

Êóëüòèâóâàííÿ ïðîâîäèëè ó 500 ìë êîë-
áàõ ç çàïîâíåííÿì 250 ìë ñåðåäîâèùà òà 
ã³äðîêèñëîòíèìè ìîäóëÿìè. Êîëáè çâàæóâàëè
òà òåðìîñòàòóâàëè ïðè òåìïåðàòóð³ 35 ± 1 ºÑ.
Ï³ñëÿ 72 ãîä êóëüòèâóâàííÿ êë³òèíè îñàäæó-
âàëè âïðîäîâæ 10 õâ ç âèêîðèñòàííÿì óëüòðà-
öåíòðèôóãè «Labofuge 400R» (Í³ìå÷÷èíà) çà 
øâèäêîñò³ 13000 îá/õâ ³ âèëó÷àëè ïðîäóêòè 
áðîä³ííÿ ç êóëüòóðàëüíî¿ ð³äèíè. Êîíöåíòðà-
ö³þ áóòàíîëó â êóëüòóðàëüí³é ð³äèí³ âèçíà÷à-
ëè çà äîïîìîãîþ ãàçîâîãî õðîìàòîãðàôà ç ïî-
ëóì’ÿíî-³îí³çàö³éíèì äåòåêòîðîì. Âèêîðèñòî-
âóâàëè íàáèâíó êîëîíêó äîâæèíîþ 3 ì, ôàçà –
êàðáîâàêñ 1500 íà õðîìàòîí³ N-A-W-DMSC 
(0,20–0,25 ìì). Òåìïåðàòóðà êîëîíêè 60 ± 
± 2 ºC, âèïàðþâà÷à – 160 ± 5 ºÑ. Ñï³ââ³äíî-
øåííÿ ïîòîê³â àçîò-âîäåíü-ïîâ³òðÿ – 1 : 1 : 10. 

Ñòàòèñòè÷íà îáðîáêà äàíèõ áóëà âèêîíàíà 
çà äîïîìîãîþ ïðîãðàìè Microsoft Excel. Óñ³ 
äîñë³äè ïðîâîäèëè â òðüîõ ïîâòîðàõ. Ð³çíèöþ 
ì³æ äâîìà ñåðåäí³ìè âåëè÷èíàìè ââàæàëè äî-
ñòîâ³ðíîþ ïðè ð < 0,05. 

Ðåçóëüòàòè äîñë³äæåíü ³ ¿õ îáãîâîðåííÿ. Îï-
òèì³çàö³ÿ óìîâ êóëüòèâóâàííÿ ïðîäóöåíò³â ïðè 
âèêîðèñòàíí³ ð³çíèõ ñóáñòðàò³â º îäíèì ³ç åòà-
ï³â â ïðîöåñ³ ï³äâèùåííÿ íàêîïè÷åííÿ ö³ëüî-
âîãî ïðîäóêòó (Zborowska, 2021). Äëÿ àêòèâ³-
çàö³¿ âíóòð³øí³õ ïðîöåñ³â â êë³òèíàõ ñòâîðþ-
þòü ñòðåñîâ³ óìîâè äëÿ êóëüòóðè, ÿê³ îáó-
ìîâëþþòüñÿ âèêîðèñòàííÿì ë³ì³òîâàíîãî âíå-
ñåííÿ â êóëüòèâàö³éíå ñåðåäîâèùà ðåïðåñîð³â 
ðîñòó òà ðîçâèòêó (Luo, 2021). Ôóðôóðîë º îä-
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í³ºþ ç òàêèõ ðå÷îâèí, ÿêà ìàº ³íã³áóþ÷èé âïëèâ 
â ïðîöåñ³ ÀÁÅ ôåðìåíòàö³¿ (Gong, 2023). Íàìè 
áóëî âèâ÷åíî âïëèâ ôóðôóðîëó íà íàêîïè÷åí-
íÿ áóòàíîëó ïðîäóöåíòîì Clostridium sp. UCM 
Â-7570 çà âèêîðèñòàííÿ á³îìàñè ð³ïàêó ÿê 
ñóáñòðàòó (ðèñ. 1.)

Ïîêàçàíî, ùî íèçüê³ êîíöåíòðàö³¿ (0,1–
0,3 ã/ë) ôóðôóðîëó íå âïëèâàëè íà íàêîïè-
÷åííÿ áóòàíîëó â ïîð³âíÿíí³ ç êîíòðîëåì 
(0,6 ã/ë). Êîíöåíòðàö³ÿ ôóðôóðîëó ó ñåðåäî-
âèù³ â³ä 0,4 äî 0,8 ã/ë ï³äâèùóâàëà íàêîïè-
÷åííÿ áóòàíîëó. Íàéá³ëüøå íàêîïè÷åííÿ áó-
òàíîëó (1,3 ã/ë) îòðèìàíî çà êîíöåíòðàö³¿ 
ôóðôóðîëó 0,5 ã/ë. Ñòèìóëþþ÷èé âïëèâ ôóð-
ôóðîëó íà ð³ñò êë³òèí òà ñîëâåíòîãåíåç ïî-

â’ÿçàíèé ç ï³äñèëåíîþ ðåãåíåðàö³ºþ í³êîòèí-
àì³ääèíîêëåîòèäó (ÍÀÄ+), ùî ïðèñêîðþº îêèñ-
íó ñòàä³þ (â³ä ãë³öåðàëüäåã³ä-3-ôîñôàò äî 1,3-
á³ñôîñôîãë³öåðàòó) ãë³êîë³òè÷íîãî øëÿõó ³, â 
ê³íöåâîìó ðàõóíêó, çá³ëüøóº ãë³êîë³ç (Ujor, 
2016). Çà òàêîþ æ ñõåìîþ ôóðôóðîë âïëèâàº 
íà í³êîòèíàì³ääèíîêëåîòèäôîñôàò (ÍÀÄÔÍ), 
ÿêèé â³ä³ãðàº êëþ÷îâó ðîëü â ïåðåõîä³ â³ä 
àöåòî- äî ñîëâåíòîãåíåçó (Tigunova, 2013). Ï³ä-
âèùåííÿ êîíöåíòðàö³¿ ôóðôóðîëó äî 1 ã/ë 
³íã³áóâàëî ð³ñò òà ðîçâèòîê êóëüòóðè òà, ÿê 
íàñë³äîê, ñïðè÷èíÿëî çìåíøåííÿ íàêîïè÷åí-
íÿ áóòàíîëó äî 0,1 ã/ë. Îòðèìàí³ äàí³ êîðåëþ-
þòü ç ðåçóëüòàòàìè ðîáîòè (Zhang, 2012), â 
ÿê³é ïîêàçàíî, ùî ñóáëåòàëüí³ äîçè ôóðôó-
ðîëó �2 ã/ë ñòèìóëþþ÷å âïëèâàëè íà ñîëâåí-
òîãåíåç Clostridium, ùî ïðèçâîäèëî äî ïîñè-
ëåííÿ áðîä³ííÿ òà íàêîïè÷åííÿ áóòàíîëó. Â 
³íø³é ðîáîò³ (Qureshi, 2012) îòðèìàíî ðåçóëü-
òàòè, ÿê³ ïîêàçàëè ï³äâèùåííÿ íàêîïè÷åííÿ 
á³îìàñè, àëå íå áóëî â³äì³÷åíî âïëèâ íà ñîë-
âåíòîãåíåç. 

Öèíê º ³íøèì ñòðåñîâèì ôàêòîðîì, ùî 
ïðèâîäèòü äî çàòðèìêè ðîñòó ì³êðîîðãàí³çì³â, 
îñîáëèâî ó ôîðì³ ñîëåé – ñóëüôàò³â òà õëîðè-
ä³â (Molnar-Nagy, 2022). Äîñë³äæåíî âïëèâ ð³ç-
íî¿ êîíöåíòðàö³¿ ZnSO4 íà íàêîïè÷åííÿ áó-
òàíîëó (ðèñ. 2).

Ïîêàçàíî, ùî ZnSO4 â íèçüê³é êîíöåíòðà-
ö³¿ (0,0001 ã/ë) íå âïëèâàâ íà íàêîïè÷åííÿ 

Ðèñ. 1. Âïëèâ êîíöåíòðàö³¿ ôóðôóðîëó íà íàêîïè÷åííÿ áóòàíîëó ïðîäóöåíòîì Clostridium sp. UCM Â-7570

Ðèñ. 2. Âïëèâ êîíöåíòðàö³¿ ZnSO4 íà íàêîïè÷åííÿ 
áóòàíîëó êóëüòóðîþ Clostridium sp. UCM Â-7570
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Ïîñèëåííÿ ïðîäóêö³¿ áóòàíîëó êë³òèíàìè Clostridium sp. ï³ä âïëèâîì ñòðåñîâèõ ÷èííèê³â 

áóòàíîëó, à ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ äî 
0,001 ã/ë íàêîïè÷åííÿ áóòàíîëó çðîñòàëî. Íàé-
á³ëüøå íàêîïè÷åííÿ áóòàíîëó (1,1 ã/ë) áóëî 
çà êîíöåíòðàö³¿ 0,001 ã/ë ZnSO4. Çá³ëüøåííÿ 
êîíöåíòðàö³¿ ZnSO4 ó åíçèìàòè÷íîìó ñåðåäî-
âèù³ äî 0,005 ã/ë ïðèçâîäèëî äî çìåíøåííÿ 
íàêîïè÷åííÿ áóòàíîëó. Òàê³ ðåçóëüòàòè îáó-
ìîâëåí³ òîêñè÷í³ñòþ ñîëåé öèíêó äëÿ êë³òèí. 
Â ðîáîò³ (Wu, 2019) áóëî ïîêàçàíî, ùî âèêî-
ðèñòàííÿ íèçüêèõ êîíöåíòðàö³é öèíêó ïðè-
âîäèëî äî ï³äâèùåííÿ íàêîïè÷åííÿ á³îìàñè,
ïîì³ðíîãî çá³ëüøåííÿ íàêîïè÷åííÿ ðîç÷èí-
íèê³â òà ïðîäóêòèâíîñò³ êóëüòóðè. Âèêîðèñ-
òàííÿ òàêèõ êîíöåíòðàö³é öèíêó ïðèâîäèëî äî 
ðàííüîãî ïî÷àòêó ñîëâåíòîãåíåçà, ÿêèé ìîæíà 
ïîÿñíèòè íàÿâí³ñòþ ó êëîñòðèä³é Zn-çàëåæíèõ 
äîìåí³â àêòèâàö³¿ ôåðìåíò³â, íàïðèêëàä, àëêî-
ãîëüäåã³äðîãåíàçè (Cho, 2019). Ö³ äîìåíè â³ä³-
ãðàþòü êëþ÷îâó ðîëü â ðåãóëÿö³¿ âíóòð³øíüî-
êë³òèííîãî ìåòàáîë³çìó, ùî îïîñåðåäêîâàíî çì³-
íþº ãë³êîë³òè÷íèé ïîò³ê, ÿêèé ñòàá³ë³çóº áó-
òàíîëäåã³äðîãåíàçó òà ³í³ö³þº ïåðåêëþ÷åííÿ 
àöèäîãåíåçó äî íàêîïè÷åííÿ ðîç÷èííèê³â (Li,
2018). Ï³äâèùåííÿ ê³íöåâî¿ êîíöåíòðàö³¿ áóòà-
íîëó çàâäÿêè äîäàâàííÿ ñîëåé öèíêó áóëî ïî-
êàçàíî â ðîáîò³ (Mukherjee et al, 2019) çà
ðàõóíîê ïîñèëåííÿ éîãî á³îñèíòåçó, ïîâ’ÿ-
çàíîãî ç ï³äâèùåíèì âèêîðèñòàííÿì ãëþêîçè, 
çíèæåííÿì ïðîäóêö³¿ åòàíîëó òà ðàííüîþ ³í-
äóêö³ºþ ðîç÷èííèêà. Çì³íà öèõ ôåíîòèïîâèõ 
îçíàê îðãàí³çìó áóëà ïîâ’ÿçàíà ç áàãàòîð³â-
íåâîþ ìîäóëÿö³ºþ öåíòðàëüíîãî ìåòàáîë³çìó 
âóãëåöþ òà ìîæëèâîþ àêòèâàö³ºþ ãë³êîë³òè÷-
íîãî øëÿõó; ï³äâèùåííÿì àêòèâíîñò³ ò³îëàçè 
òà êëþ÷îâèõ ïðîì³æíèõ ôåðìåíò³â äëÿ á³î-
ñèíòåçó êèñëîò ³ ðîç÷èííèê³â; ï³äâèùåííÿì 
àêòèâíîñò³ áóòèðèëàëüäåã³ääåã³äðîãåíàçè òà áó-
òàíîëäåã³äðîãåíàçè, ôåðìåíò³â, â³äïîâ³äàëüíèõ
çà á³îñèíòåç áóòàíîëó, çíèæåííÿì ðåãóëÿö³¿
àëêîãîëüäåã³äðîãåíàçè, ïåðåíàïðàâëåííÿì ïî-
òîêó âóãëåöþ ç âèðîáíèöòâà åòàíîëó íà âè-
ðîáíèöòâî áóòàíîëó.

Âàæëèâó ðîëü â íàêîïè÷åíí³ ö³ëüîâîãî ïðî-
äóêòó â³ä³ãðàº íå ëèøå ñêëàä êóëüòóðàëüíîãî 
ñåðåäîâèùà, à é ÿê³ñòü ³íîêóëÿòó, ÿêà â ïåðøó 
÷åðãó çàëåæèòü â³ä êîìïîçèö³¿ (Capilla, 2022). 
Ãë³öåðîë, ÿê ñòðåñîâèé ôàêòîð ³ íåòðàäèö³é-
íèé ñóáñòðàò, îïîñåðåäêîâàíî âïëèâàº íà ñïèð-
òîâó òà àëüäåã³ääåã³äðîãåíàçíó àêòèâíîñò³ Clos-
tridium sp. Âïëèâ ãë³öåðîëó íà øâèäê³ñòü ðîñòó 

êë³òèí ³ ÀÁÅ ïðîöåñ ìîæíà ïðîñòåæèòè, â 
îñíîâíîìó, â á³îõ³ì³¿ êàòàáîë³çìó ãë³öåðîëó 
(Agu, 2019). Ïðèñóòí³ñòü ãë³öåðîëó â ³íîêóëÿ-
ö³éíîìó ñåðåäîâèù³ ï³äâèùóº âíóòð³øíüîêë³-
òèííå íàäõîäæåííÿ ÀÒÔ òà çìåíøóº åêâ³âà-
ëåíòè ÍÀÄÔÍ, ÿê³ º êðèòè÷íèìè äëÿ ðîñòó 
òà ðîçâèòêó êóëüòóðè (Agyeman-Duah, 2022). 
Íàìè áóëî äîñë³äæåíî âïëèâ ð³çíîãî ñï³ââ³ä-
íîøåííÿ ãë³öåðîëó òà ãëþêîçè ó ³íîêóëÿö³é-
íîìó ñåðåäîâèù³ íà íàêîïè÷åííÿ áóòàíîëó â 
åíçèìàòè÷íîìó ñåðåäîâèù³ (ðèñ. 3).

Íà ðèñ. 3 âèäíî, ùî íàêîïè÷åííÿ áó-
òàíîëó çì³íþâàëîñü â çàëåæíîñò³ â³ä ñêëàäó 
³íîêóëÿö³éíîãî ñåðåäîâèùà, à ñàìå â³ä ñï³â-
â³äíîøåííÿ äæåðåë âóãëåöþ (ãëþêîçè òà ãë³-
öåðîëó). Íàéá³ëüøîãî íàêîïè÷åííÿ áóòàíîëó 
(1,4 ã/ë) â åíçèìàòè÷íîìó ñåðåäîâèù³ äîñÿã-
íóòî ïðè îïòèìàëüíîìó ñï³ââ³äíîøåíí³ ãëþ-
êîçè äî ãë³öåðîëó ÿê 1 : 2 (çàãàëüíà êîíöåí-
òðàö³ÿ öóêð³â 20 ã/ë). ²íø³ ñï³ââ³äíîøåííÿ
â ³íîêóëÿö³éíîìó ñåðåäîâèù³ ïðèâîäèëè äî
ìåíøîãî íàêîïè÷åííÿ áóòàíîëó â åíçèìà-
òè÷íîìó ñåðåäîâèù³. Â ðîáîò³ (Jiang, 2021) ïî-
êàçàíî, ùî â ïîð³âíÿíí³ ç ìîëÿðíèì åêâ³âàëåí-
òîì ãëþêîçè, âèêîðèñòàííÿ ãë³öåðîëó ãåíåðóº 
äâà äîäàòêîâèõ ìîëÿ ÍÀÄÍ ³ ÀÒÔ ï³ä ÷àñ ABE 
ôåðìåíòàö³¿ â ñåðåäîâèù³ ãëþêîçà + ãë³öåðîë 
(ìîëÿðíå ñï³ââ³äíîøåííÿ 1 : 2), ó ïîð³âíÿí-
í³ ç êóëüòèâóâàííÿì ïðîäóöåíò³â ëèøå íà ñå-
ðåäîâèù³ ç ãëþêîçîþ. Êóëüòóðè, âèðîùåí³ â
ñåðåäîâèù³ ñóì³ø³ ãëþêîçè òà ãë³öåðîëó, äå-
ìîíñòðóâàëè âèù³ âíóòð³øíüîêë³òèíí³ ð³âí³ 

Ðèñ. 3. Âïëèâ ñï³ââ³äíîøåííÿ ãëþêîçè òà ãë³öåðîëó 
íà íàêîïè÷åííÿ áóòàíîëó êóëüòóðîþ Clostridium sp.  
UCM Â-7570 â åíçèìàòè÷íîìó ñåðåäîâèù³. 1 – 
êîíòðîëü, ãëþêîçà 20 ã/ë; 2 – ãëþêîçà : ãë³öåðîë 1 : 1;
3 – ãëþêîçà : ãë³öåðîë 1 : 2; 4 – ãëþêîçà : ãë³öåðîë 
1 : 3; 5 – ãë³öåðîë 20 ã/ë
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Î.Î. Ò³ãóíîâà, Â.Â. Áðàò³øêî, Ñ.Ì. Øóëüãà

ÍÀÄÍ ³ ÍÀÄÔÍ, í³æ ò³, ùî êóëüòèâóâàëè 
ò³ëüêè â ñåðåäîâèù³ ãëþêîçè. Ìåòàáîë³çì ãë³öå-
ðîëó ìîæå îïîñåðåäêîâàíî ãåíåðóâàòè ÍÀÄÔÍ,
ùî, éìîâ³ðíî, ïîÿñíþº âíóòð³øíüîêë³òèííå 
ï³äâèùåííÿ ð³âíÿ ÍÀÄÔÍ ó êóëüòóðàõ, ÿê³ 
êóëüòèâóâàëè â ñåðåäîâèù³ ãë³öåðîëó (Arbter, 
2021). 

Àëîïóðèíîë (4-ã³äðîêñèï³ðàçîëî-(3,4-D)-ï³-
ðèì³äèí), àíàëîã ã³ïîêñàíòèíó òà ³íã³á³òîð 
ÍÀÄÔÍ-ãåíåðóþ÷î¿ êñàíòèíäåã³äðîãåíàçè, âè-
êîðèñòîâóâàëè ÿê ñòðåñîâèé ôàêòîð â ðîáîò³ 
(Saqr, 2021). In vivo àëîïóðèíîë ìåòàáîë³çóºòü-
ñÿ äî îêñèïóðèíîëó (4,6-äèã³äðîêñèï³ðàçîëî-
(3,4-D)-ï³ðèì³äèíó), ÿêèé êîíêóðåíòíî ïðèã-
í³÷óº êñàíòèíäåã³äðîãåíàçó (Agu, 2018). 

Íàìè áóëî ïðîâåäåíî äîñë³äæåííÿ âïëè-âó 
ð³çíèõ êîíöåíòðàö³é àëîïóðèíîëó íà íàêî-
ïè÷åííÿ áóòàíîëó êóëüòóðîþ Clostridium sp.  
UCM Â-7570 (ðèñ. 4). Íà ðèñ. 4 âèäíî, ùî 
íèçüê³ êîíöåíòðàö³¿ àëîïóðèíîëó íå âïëèâàëè 
íà íàêîïè÷åííÿ áóòàíîëó. Ïðè ï³äâèùåíí³ 
êîíöåíòðàö³¿ àëîïóðèíîëó íàêîïè÷åííÿ áóòà-
íîëó çðîñòàëî. Íàéá³ëüøå íàêîïè÷åííÿ áóòà-
íîëó (0,8 ã/ë) áóëî çà êîíöåíòðàö³¿ 0,025 ã/ë
àëîïóðèíîëó ó ñåðåäîâèù³. Ïîäàëüøå çá³ëü-
øåííÿ êîíöåíòðàö³¿ àëîïóðèíîëó ïðèçâîäèëî 
äî çìåíøåííÿ íàêîïè÷åííÿ áóòàíîëó. Îòðè-
ìàí³ äàí³ êîðåëþþòü ç ðåçóëüòàòàìè äîñë³ä-
æåíü (Ujor, 2016) â ÿêèõ äîäàâàííÿ àëîïóðè-
íîëó äî ñåðåäîâèùà ï³ä ÷àñ ÀÂÅ ôåðìåíòàö³¿ 
ïðèçâîäèëî äî ïîì³òíîãî çá³ëüøåííÿ ïðîäó-
êóâàííÿ áóòàíîëó ç â³äïîâ³äíèì çá³ëüøåííÿì 
øâèäêîñò³ ðîñòó êë³òèí. Äîäàâàííÿ àëîïóðè-
íîëó â ñåðåäîâèùå ðîñòó ïîì’ÿêøóâàëî òîê-

ñè÷íó ä³þ íàë³äèêñîâî¿ êèñëîòè (àíòèá³îòèêà), 
ùî ïîøêîäæóº ÄÍÊ òà âèêëèêàëî 2,4- òà 6,
7-êðàòíå ï³äâèùåííÿ ð³âí³â êñàíòèíó òà ìÐÍÊ 
ã³ïîêñàíòèíôîñôîðèáîçèëòðàíñôåðàçè. 

Êëîñòðèä³¿ – àíàåðîáí³ áàêòåð³¿, ÿê³ íå ìî-
æóòü âèêîðèñòîâóâàòè êèñåíü òà ãèíóòü ó ñå-
ðåäîâèù³, íàñè÷åíîìó êèñíåì. Äåÿê³ ïðåäñòàâ-
íèêè ö³º¿ ðîäèíè ìîæóòü ñïîæèâàòè êèñåíü ó 
ê³ëüêîñò³, ïðîïîðö³éí³é îá’ºìó ³íîêóëÿòó (Yao, 
2022), ùî îáóìîâëåíî àêòèâí³ñòþ ÍÀÄÍ-îê-
ñèäàçè òà ÍÀÄÔÍ-îêñèäàçè. Êîíöåíòðàö³þ
êèñíþ ó êóëüòóðàëüíîìó ñåðåäîâèù³ ìîæíà 
çì³íþâàòè çà ðàõóíîê çì³íè øâèäêîñò³ ïåðå-
ì³øóâàííÿ. Êîíöåíòðàö³ÿ êèñíþ â ñåðåäîâè-
ù³ ìîæå âèñòóïàòè ñòðåñîâèì ôàêòîðîì, ÿêèé
àáî âèêëèêàº ï³äâèùåííÿ ìåòàáîë³÷íî¿ àêòèâ-
íîñò³ êë³òèí, àáî ïðèçâîäèòü äî çíèæåííÿ 
ìåòàáîë³çìó ³ äî çàãèáåë³ êë³òèí. 

Íàìè áóëî äîñë³äæåíî âïëèâ øâèäêîñò³ ïå-
ðåì³øóâàííÿ êóëüòóðàëüíî¿ ð³äèíè íà íàêîïè-
÷åííÿ áóòàíîëó (ðèñ. 5). Ç äàíèõ ðèñ. 5 âèäíî, 
ùî íàêîïè÷åííÿ áóòàíîëó çðîñòàëî ïðîïîð-
ö³éíî ï³äâèùåííþ øâèäêîñò³ ïåðåì³øóâàííÿ 
ç 50 äî 100 îá/õâ. Íàéá³ëüøå íàêîïè÷åííÿ 
(1,5 ã/ë) áóòàíîëó â³äì³÷åíî çà øâèäêîñò³ ïå-
ðåì³øóâàííÿ 100 îá/õâ. 

Çá³ëüøåííÿ øâèäêîñò³ ïåðåì³øóâàííÿ äî 
110–130 îá/õâ ïðèçâîäèëî äî çíèæåííÿ ð³âí³â 
íàêîïè÷åííÿ áóòàíîëó. Ç îòðèìàíèõ äàíèõ 
ìîæíà çðîáèòè âèñíîâîê, ùî ïðè çá³ëüøåíí³ 
øâèäêîñò³ ïåðåì³øóâàííÿ ï³äâèùóºòüñÿ íàä-
õîäæåííÿ êèñíþ â ñåðåäîâèùå, ùî ñïðè÷èíÿº 
³íã³áóâàííÿ ðîñòó òà ðîçâèòêó êóëüòóðè, ³ ÿê 
ðåçóëüòàò, íàêîïè÷åííÿ áóòàíîëó ïàäàº. Â ðî-
áîò³ (Li, 2020) áóëî ïîêàçàíî çóïèíêó ðîñòó 
êóëüòóðè C. butyricum â àåðîáíèõ óìîâàõ äî 
ïîâíîãî âèêîðèñòàííÿ êèñíþ ó ñåðåäîâèù³, 
àëå çãîäîì êóëüòóðà â³äíîâëþâàëà øâèäê³ñòü 
ðîñòó ³ íàêîïè÷åííÿ ðîç÷èííèê³â. Öå ñâ³ä÷èòü 
ïðî òå, ùî in vivo íå â³äáóâàºòüñÿ îêèñíîãî ïî-
øêîäæåííÿ, ïîâ’ÿçàíîãî ç â³äíîâëåííÿì êèñíþ.  

Íàìè áóëî ïðîâåäåíî öèòîëîã³÷í³ äîñë³ä-
æåííÿ, ÿê êóëüòóðè êîíòðîëþ, òàê ³ êóëüòóðè 
ï³ñëÿ âïëèâó ñòðåñîâèõ ôàêòîð³â (ðèñ. 6). Ïîêà-
çàíî, ùî çà ïîð³âíÿííÿ õàðàêòåðèñòèê êóëüòó-
ðè êîíòðîëþ òà ï³ñëÿ âïëèâó áóäü-ÿêîãî ç³ 
ñòðåñîâèõ ôàêòîð³â âèäíî âêîðî÷åííÿ äîâæèíè
êë³òèí, çá³ëüøåííÿ íàêîïè÷åííÿ âñåðåäèí³ ãðà-
íóëüîçè (ìàº òåìíå çàáàðâëåííÿ íà ðèñóíêó) òà 
çíèæåííÿ ê³ëüêîñò³ ïàëè÷îê â ïîë³ çîðó (ðèñ. 6). 

Ðèñ. 4. Âïëèâ êîíöåíòðàö³¿ àëîïóðèíîëó íà íàêî-
ïè÷åííÿ áóòàíîëó êóëüòóðîþ Clostridium sp. UCM Â-
7570
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Ïîñèëåííÿ ïðîäóêö³¿ áóòàíîëó êë³òèíàìè Clostridium sp. ï³ä âïëèâîì ñòðåñîâèõ ÷èííèê³â 

Îòðèìàí³ ðåçóëüòàòè ìîæíà ïîÿñíèòè öè-
òîåêîëîã³÷íèì çì³íàìè, ùî îïîñåðåäêîâàíî 
ï³äòâåðäæóþòüñÿ çì³íîþ êîíöåíòðàö³¿ áóòàíî-
ëó (ÿê ìåõàí³çì â³äïîâ³ä³) â êóëüòóðàëüíîìó 
ñåðåäîâèù³. 

Òàêèì ÷èíîì, â ðîáîò³ äîñë³äæåíî âïëèâ 
ñòðåñîâèõ ôàêòîð³â – àëîïóðèíîëó, ôóðôó-
ðîëó, öèíêó òà êèñíþ ó íèçüêèõ êîíöåíòðàö³ÿõ 
òà ãë³öåðîëó, ÿê íåñïåöèô³÷íîãî ñóáñòðàòó íà 
íàêîïè÷åííÿ áóòàíîëó â ïðîöåñ³ êóëüòèâóâàí-
íÿ. Ïîêàçàíî, ùî êîíöåíòðàö³ÿ áóòàíîëó â 
ïîð³âíÿíí³ ç êîíòðîëåì (0,6 ã/ë) áóëà íàéâè-
ùîþ (1,2 ã/ë) çà óìîâ äîäàâàííÿ 0,5 ã/ë ôóð-
ôóðîëó â ³íêóáàö³éíå ñåðåäîâèùå. Âèêîðèñ-
òàííÿ ZnSO4 â íèçüê³é êîíöåíòðàö³¿ (0,001 ã/ë)

ïðèçâîäèëî äî ï³äâèùåííÿ êîíöåíòðàö³¿ áó-
òàíîëó (1,1 ã/ë), à íàéâèùó êîíöåíòðàö³þ 
áóòàíîëó (1,3 ã/ë) áóëî îòðèìàíî ïðè âèêî-
ðèñòàíí³ ãëþêîçè òà ãë³öåðîëó ÿê äæåðåë âóã-
ëåöþ ó ñï³ââ³äíîøåíí³ ÿê 1 : 3. Êîíöåíòðàö³ÿ 
áóòàíîëó ó êóëüòóðàëüíîìó ñåðåäîâèù³ ï³äâè-
ùèëàñü äî 0,8 ã/ë çà óìîâ äîäàâàííÿ 0,025 ã/ë
àëîïóðèíîëó. Íàéá³ëüøó êîíöåíòðàö³þ áóòà-
íîëó (1,5 ã/ë) áóëî îòðèìàíî çà âèêîðèñòàí-
íÿ ïåðåì³øóâàííÿ ñåðåäîâèùà (îïîñåðåäêîâà-
íî îá’ºì ðîç÷èíåíîãî êèñíþ) ç³ øâèäê³ñòþ 
100 îá/õâ. Îá´ðóíòîâàíî ìîæëèâ³ñòü âèêîðèñ-
òàííÿ àäàïòèâíîãî ñòðåñó äëÿ ï³äâèùåííÿ íà-
êîïè÷åííÿ ö³ëüîâîãî ïðîäóêòó çà ðàõóíîê çì³-
íè ìåòàáîë³÷íèõ øëÿõ³â ó êë³òèíàõ ì³êðîîð-

Ðèñ. 5. Âïëèâ øâèäêîñò³ ïåðåì³øóâàííÿ íà êîíöåíòðàö³þ áóòàíîëó êóëüòóðîþ Clostridium sp. UCM Â-7570

Ðèñ. 6. Õàðàêòåðèñòèêè êóëüòóðè Clostridium sp. UCM Â-7570 (à – êîíòðîëü, á – çà ñòðåñîâèõ ôàêòîð³â), 
çá³ëüøåííÿ 1800



46 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2023. Ò. 57. ¹ 3

Î.Î. Ò³ãóíîâà, Â.Â. Áðàò³øêî, Ñ.Ì. Øóëüãà

ãàí³çì³â, îïîñåðåäêîâàíî ÷åðåç ä³þ ñòðåñîâèõ 
ôàêòîð³â. Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü ïðî-
âîäèòè çì³íè ìåòàáîë³÷íèõ øëÿõ³â ì³êðîîðãà-
í³çì³â çà ðàõóíîê çì³íè óìîâ êóëüòèâóâàííÿ 
ï³ä âïëèâîì ñòðåñîâèõ ôàêòîð³â. Ìîæëèâî òà-
êîæ âèêîðèñòîâóâàòè ñòðåñîâ³ ôàêòîðè ³ â ¿õ
êîìá³íàö³¿ äëÿ ï³äâèùåííÿ ð³âíÿ íàêîïè÷åííÿ 
ö³ëüîâîãî ïðîäóêòó. Ïîêàçàíî, ùî ï³äâèùåí-
íÿ íàêîïè÷åííÿ ðîç÷èííèê³â ìîæëèâå çà âè-
êîðèñòàííÿ âíóòð³øíüî¿ çäàòíîñò³ ì³êðîîðãà-
í³çì³â àäàïòóâàòèñÿ äî ñòðåñîâèõ óìîâ. 

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ñòàòòÿ íå 
ì³ñòèòü äîñë³äæåíü çà ó÷àñòþ ëþäåé àáî òâàðèí 
ó âèêîíàíí³ áóäü-ÿêîãî ç àâòîð³â. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ áóëî ïðîô³íàíñî-
âàíî çà ðàõóíîê â³äîì÷î¿ òåìàòèêè «Ñòâîðåííÿ 
øòàì³â íàäïðîäóöåíò³â âòîðèííèõ ìåòàáîë³ò³â 
(àì³íîêèñëîò, ñïèðò³â, â³òàì³í³â)». Äåðæàâíèé 
ðåºñòðàö³éíèé íîìåð 0119U101489.

THE EFFECT OF ADAPTIVE STRESS FACTORS 
ON THE FUNCTIONING OF CLOSTRIDIUM SP. 
CELLS – PRODUCERS OF BIOBUTANOL

O.O. Tigunova, V.V. Bratishko, S.M. Shulga

SE «Institute of Food Biotechnology and Genomics
of the National Academy of Sciences of Ukraine», 
2a, Baidy Vyshnevetskoho str., Kyiv, Ukraine, 04123
National University of Life and Enveronmental 
science of Ukraine, 
15, Heroiv Oborony str., Kiev, Ukraine, 03041

E-mail: Shulga5@i.ua

Biobutanol is one of the types of biofuel obtained by 
microbial synthesis (acetone-butanol-ethanol fermenta-
tion). Using adaptive cell changes, it is possible to in-
crease the level of accumulation of the target product 
due to the effect of stress factors. For this aim, the effect 
of the following stress factors: allopurinol, furfural, zinc, 
oxygen and glycerol as a non-specific substrate on the 
functioning of Clostridium sp cells was investigated. Stress 
factors were added to the medium in adapting doses. 
It was found that the concentration of butanol was the 
greatest (1.2 g/l) when 0.5 g/l of furfural was added to 
the medium compared to the control (0.6 g/l). It was 
shown that the use of adaptive dose (0.001 g/l) of ZnSO4 
resulted in the greatest concentration of butanol (1.0 g/l), 
and the highest concentration of butanol (1.3 g/l) was 
obtained when using glucose and glycerol in the ratio of 
1 : 3 as a carbon source. It was demonstrated that the 
concentration of butanol in the culture medium increa-

sed (0.8 g/l) at a concentration of allopurinol in the 
medium of 0.025 g/l. The possibility of using adaptive 
stress to increase the accumulation of the target product 
due to changes in metabolic pathways in the cells of 
microorganisms, indirectly due to the action of stress 
factors, is substantiated. 
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