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Øòàì Streptomyces albus J1074 çàëèøàºòüñÿ îäí³ºþ 
³ç íàéïîïóëÿðí³øèõ ïëàòôîðì äëÿ â³äêðèòòÿ íîâèõ 
ïðèðîäíèõ ñïîëóê çà ðàõóíîê åêñïðåñ³¿ á³îñèíòåòè÷íèõ 
ãåííèõ êëàñòåð³â (BGCs) ç ì³êðîîðãàí³çì³â êëàñó Acti-
nobacteria. Íàðàç³ àïðîáîâàíî ð³çíîìàí³òí³ ñïîñîáè, 
àáè çàáåçïå÷èòè ìàêñèìàëüíó åêñïðåñ³þ ãåòåðîëîã³÷-
íèõ BGCs â öüîìó øòàì³. Îäíàê, äîñ³ íåìàº îïèñó 
âëàñòèâîñòåé ñïîíòàííèõ ìóòàíò³â J1074 çà ãåíîì 
rpsL, ùî êîäóº ðèáîñîìíèé á³ëîê S12. Ö³êàâ³ñòü äî 
òàêèõ ìóòàö³é ó àêòèíîáàêòåð³é âèêëèêàíà òèì, ùî 
âîíè çàáåçïå÷óþòü ñóòòºâå çðîñòàííÿ àíòèá³îòè÷íî¿ 
àêòèâíîñò³. Ó ö³é ðîáîò³ ìè îïèñóºìî âèä³ëåííÿ òà 
õàðàêòåðèñòèêó øòàìó S. albus KO-1297, ùî ì³ñ-
òèòü ñïîíòàííó ì³ññåíñ-ìóòàö³þ â ãåí³ rpsL, ÿêà 
âåäå äî çàì³ùåííÿ Lys88àGlu ó á³ëêó S12. Ïîð³âíÿíî 
ç âèõ³äíèì øòàìîì, öåé ìóòàíò âèÿâëÿº ï³äâèùåíó 
ñò³éê³ñòü äî ñòðåïòîì³öèíó òà âèùó àíòèá³îòè÷íó 
ïðîäóêòèâí³ñòü. Øòàì ÊÎ-1297 ³ ãåííî-³íæåíåðíèé 
rpsLK88E ìóòàíò Ê88Å íå º ³äåíòè÷íèìè çà çäàòí³ñòþ 
ïðîäóêóâàòè àíòèá³îòèêè. ÊÎ-1297 òàêîæ âèÿâëÿº 
ïåâíèé ð³âåíü íåñòàá³ëüíîñò³ rpsL ìóòàö³¿. Ó ãåíîìàõ 
ÊÎ-1297 òà éîãî rpsLWT ðåâåðòàíòà âèÿâëåíî ìóòàö³¿, 
ÿê³ ìîæóòü çóìîâëþâàòè ôåíîòèïîâ³ â³äì³ííîñò³ ì³æ 
öèìè øòàìàìè, à òàêîæ íèìè òà øòàìàìè SAM2 é 
Ê88Å. 

Êëþ÷îâ³ ñëîâà: Streptomyces albus J1074, rpsL ìóòàö³¿, 
ãåíîì³êà.

Âñòóï. Íåâïèííå ïîøèðåííÿ áàêòåð³éíèõ ³ 
â³ðóñíèõ ³íôåêö³é íàáóëî íåàáèÿêî¿ ãîñòðîòè 
ó ñó÷àñíîìó ñâ³ò³, îñîáëèâî ó ñâ³òë³ ïàíäåì³¿, 
âèêëèêàíî¿ SARS-CoV2 (Editorial 2020), âêîòðå 
íàãàäóþ÷è ëþäñòâó ïðî íåîáõ³äí³ñòü ïîøóêó 
íîâèõ ä³ºâèõ ïðîòèáàêòåð³éíèõ ³ ïðîòèâ³ðóñíèõ 
ïðåïàðàò³â. Ïðàêòè÷íî íåâè÷åðïíèé ïîòåíö³àë 
Ãðàì-ïîçèòèâíèõ áàêòåð³é êëàñó Actinobacteria 
äî ïðîäóêö³¿ á³îàêòèâíèõ ðå÷îâèí ìîæíà âèêî-
ðèñòàòè äëÿ â³äêðèòòÿ íîâèõ àíòèá³îòèê³â. Ñåðåä 
àêòèíîáàêòåð³é íàéâèâ÷åí³øèì ³ êîìåðö³éíî 
óñï³øíèì º ð³ä Streptomyces (Pye et al, 2017). Íà 
ñüîãîäí³ ìåòîäîëîã³÷íî íàéåôåêòèâí³øèì ï³ä-

õîäîì äî â³äêðèòòÿ íîâèõ á³îàêòèâíèõ ðå÷îâèí 
º åêñïðåñ³ÿ îêðåìèõ ãåí³â é ãåíîìíèõ á³áë³î-
òåê ñòðåïòîì³öåò³â ó ñïåö³àëüíèõ øòàìàõ-ïëàò-
ôîðìàõ, ñåðåä ÿêèõ íàéïîïóëÿðí³øîþ º øòàì
Streptomyces albus J1074. Øâèäêèé, äèñïåðñ-
íèé ð³ñò ³ ïðîñòîòà ãåíåòè÷íèõ ìàí³ïóëÿö³é 
ñïðèÿëè òîìó, ùî S. albus J1074 ñòàâ øòàìîì 
«ïåðøîãî âèáîðó» äëÿ åêñïðåñ³¿ ãåòåðîëîã³÷íèõ 
êëàñòåð³â ãåí³â á³îñèíòåçó âòîðèííèõ ìåòàáîë³-
ò³â àêòèíîáàêòåð³é (Bilyk and Luzhetskyy, 2017). 

Óäîñêîíàëåííÿ á³îòåõíîëîã³÷íîãî ïîòåíö³à-
ëó S. albus J1074 ñòàëî âàæëèâèì íàïðÿìîì
äîñë³äæåíü, ó õîä³ ÿêèõ ñêîíñòðóéîâàíî íîâ³ 
ïîõ³äí³ öüîãî øòàìó, ïëàçì³äè åêñïðåñ³¿ ãëî-
áàëüíèõ ðåãóëÿòîð³â âòîðèííîãî ìåòàáîë³çìó òà 
îïðàöüîâàíî ð³çíîìàí³òí³ ïðèéîìè êóëüòèâó-
âàííÿ, ùî çàáåçïå÷óþòü ìàêñèìàëüíó ïðîäóê-
òèâí³ñòü ö³º¿ ïëàòôîðìè (Lopatniuk et al, 2017; 
Gummerlich et al, 2021; Kuhl et al, 2021). Â³äá³ð 
âèñîêîïðîäóêòèâíèõ âàð³àíò³â ñåðåä ñòðåïòî-
ì³öèí-ñò³éêèõ (StrR) ìóòàíò³â Streptomyces º îä-
íèì ³ç ³ñòîðè÷íî ïåðøèõ ï³äõîä³â äî îòðèìàí-
íÿ íàäïðîäóöåíò³â àíòèá³îòèê³â; íàé÷àñò³øå 
òàê³ ìóòàö³¿ âèíèêàþòü ó ãåí³ rpsL, ÿêèé êîäóº 
ðèáîñîìíèé á³ëîê S12 (Shima et al, 1996). Ðà-
í³øå íàìè îïèñàíî ãåíîìíî-³íæåíåðíèé ï³ä-
õ³ä äî êîíñòðóþâàííÿ òî÷êîâèõ rpsL-ìóòàö³é 
â J1074, ÿêèé äàâ çìîãó ³äåíòèô³êóâàòè ê³ëüêà 
ïåðñïåêòèâíèõ øòàì³â (Lopatniuk et al, 2019).
Öå äàëî óí³êàëüíó ìîæëèâ³ñòü âïåðøå îá’ºê-
òèâíî ïîð³âíÿòè îñîáëèâîñò³ òà ïåðåâàãè äâîõ 
ï³äõîä³â – ïîøóêó ñïîíòàííèõ rpsL-ìóòàíò³â ³ 
êîíñòðóþâàííÿ òàêèõ ìóòàíò³â çà äîïîìîãîþ 
ìåòîä³â ãåíîìíî¿ ³íæåíåð³¿. Âàæëèâèì º ïè-
òàííÿ ÷è ä³éñíî ëèøå rpsL-ìóòàö³ÿ, áåç äîäàò-
êîâèõ ìóòàö³é, çóìîâëþº çðîñòàííÿ àíòèá³î-
òè÷íî¿ ïðîäóêòèâíîñò³ â ñïîíòàííèõ ìóòàíò³â. 
Á³ëüøå òîãî, õî÷à îêðåì³ íàñë³äêè rpsL-ìóòàö³é 
â³äîì³, ÿê-îò âèùèé ð³âåíü á³ëêîâîãî ñèíòåçó â 
ñòàö³îíàðí³é ôàç³ (Okamoto-Hosoya et al, 2003), 
ïîâíèé ìåõàí³çì âïëèâó öèõ ìóòàö³é íà âòî-
ðèííèé ìåòàáîë³çì Streptomyces çàëèøàºòüñÿ 
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À.Ë. Øåìåäþê, Á.Ñ. Äîëÿ, Ê. Î÷³ òà ³í.

íåçðîçóì³ëèì. Ãåíîìíà ³íæåíåð³ÿ òåîðåòè÷íî 
äàº çìîãó îòðèìóâàòè ïåâí³ çì³íè ãåíîìà ó 
«÷èñòîìó» âèãëÿä³, òîáòî áåç ñóïóòí³õ ìóòàö³é. 
Ïîð³âíÿííÿ ³çîãåííèõ rpsL-ìóòàíò³â ð³çíîãî ïî-
õîäæåííÿ º îäíèì ³ç ñïîñîá³â ïîøóêó â³äïîâ³-
äåé íà çãàäàí³ âèùå ïèòàííÿ. Â³äïîâ³äíî, ó 
ö³é ðîáîò³ ìè îïèñóºìî îòðèìàííÿ ³ ïî÷àò-
êîâó õàðàêòåðèñòèêó ñïîíòàííîãî rpsL-ìóòàí-
òà S. albus ÊÎ-1297. Îòðèìàí³ ðåçóëüòàòè çà-
ñâ³ä÷óþòü, ùî á³îòåõíîëîã³÷íî ö³íí³ âëàñòè-
âîñò³ (ÿê-îò, çäàòí³ñòü äî ïðîäóêö³¿ àíòèá³î-
òèê³â) ãåííî-³íæåíåðíèõ òà ñïîíòàííèõ ìó-
òàíò³â, ³çîãåííèõ ëèøå çà àëåëåì rpsL, ìîæóòü 
â³äð³çíÿòèñÿ. ²ìîâ³ðíî, öå âèêëèêàíî íàÿâí³ñ-
òþ ó ãåíîìàõ ñïîíòàííèõ ìóòàíò³â äîäàòêîâèõ 
ìóòàö³é. Ìè ïîäàºìî ðåçóëüòàòè àíàë³çó ãåíî-
ìà øòàìó ÊÎ-1297, ÿê³ ñëóãóþòü äîêàçîì âè-
ùåçãàäàíîãî òâåðäæåííÿ.

Ìàòåð³àëè ³ ìåòîäè. Streptomyces albus SAM2 
(òàêîæ â³äîìèé ÿê �pse) – ïîõ³äíèé S. albus 
J1074 ç äåëåö³ºþ ïñåâäî-attB�C31-ñàéòó (Bilyk 
and Luzhetskyy, 2014) – âèêîðèñòîâóâàëè ó 
âñ³õ äîñë³äàõ ÿê âèõ³äíèé øòàì. Ìóòàíò S. 
albus K88E ì³ñòèòü àëåëü rpsLK88E, îòðèìàíèé 
ìåòîäàìè ãåíîìíî¿ ³íæåíåð³¿ (Lopatniuk et al, 
2019). Øòàì ÊÎ-1297 â³ä³áðàëè ñåðåä ñïîí-
òàííèõ StrR-ìóòàíò³â SAM2, ÿê îïèñàíî äàë³. 
Øòàì ÊÎ-1297L îòðèìàëè ÿê ñïîíòàííèé 
ñòðåïòîì³öèí-÷óòëèâèé (StrS) ïîõ³äíèé ÊÎ-
1297 ó ö³é ðîáîò³. Ñòðåïòîì³öåòè êóëüòèâóâàëè 
íà ñåðåäîâèùàõ TSA, GYM, SG2, TSB, SFM 
(Tanaka et al, 2009; Koshla et al, 2017; Koshla et 
al, 2019) ïðè òåìïåðàòóð³ 30 °Ñ. Øòàìè Bacillus 
cereus ATCC19637, Staphylococcus aureus 209P ³ 
Debaryomyces hansenii VKM9 âèêîðèñòîâóâàëè 
ÿê òåñò-êóëüòóðè äëÿ âèçíà÷åííÿ àíòèá³îòè÷-
íî¿ àêòèâíîñò³ rpsL-ìóòàíò³â. Êîñì³äà pOJara 
ç êëàñòåðîì ãåí³â á³îñèíòåçó àðàíö³ÿì³öèíó 
îïèñàíà â (Koshla et al, 2017). Ìåòîä àãàðîâèõ 
áëîê³â äëÿ âèçíà÷åííÿ àíòèá³îòè÷íî¿ àêòèâ-
íîñò³ øòàì³â S. albus, åêñòðàêö³ÿ òà ñïåêòðî-
ôîòîìåòð³ÿ àðàíö³ÿì³öèí³â îïèñàí³ â (Koshla
et al, 2017). Óñ³ êîìïîíåíòè æèâèëüíèõ ñåðå-
äîâèù ïðèäáàí³ â Conda Laboratories. Ñòðåï-
òîì³öèíó ñóëüôàò ïðèäáàíî â Roth. ²íø³ ðå-
àêòèâè â³ä êîìïàí³¿ Õ³ìËàáîðÐåàêòèâ áóëè 
ð³âíÿ ÷èñòîòè íå ìåíøå õ.÷.

Ñò³éê³ñòü êëîí³â S. àlbus äî ñòðåïòîì³öèíó 
âèçíà÷àëè ìåòîäîì ðåïë³ê êîëîí³é íà àãàðè-

çîâàíå ñåðåäîâèùå SFM ç àíòèá³îòèêîì. Äëÿ 
âèçíà÷åííÿ ì³í³ìàëüíî¿ ³íã³áóâàëüíî¿ êîí-
öåíòðàö³¿ (Ì²Ê) ñòðåïòîì³öèíó, ñïîðîâ³ ñóñ-
ïåíç³¿ äîñë³äæóâàíèõ øòàì³â (105 ê.ó.î.) çàñ³âà-
ëè â ëóíêè ³ìóíîëîã³÷íîãî ïëàíøåòó ç 120 ìêë 
ñåðåäîâèùà TSB, ùî ì³ñòèëî ð³çí³ êîíöåíòðà-
ö³¿ àíòèá³îòèêà (â³ä 0,6 äî 200 ìêã/ìë). Ïëàí-
øåòè ³íêóáóâàëè íà êà÷àëö³, ð³ñò âèçíà÷àëè 
ï³ñëÿ 48 ãîä âèðîùóâàííÿ. 

Ïðàéìåðè, ùî âèêîðèñòîâóâàëè äëÿ ñêðè-
í³íãó òà ³äåíòèô³êàö³¿ ìóòàö³é â ãåí³ rpsL, òà
óìîâè ÏËÐ-ñêðèí³íãó òàêèõ ìóòàö³é îïèñàíî â 
(Shima et al, 1996). Ãåíîìíó ÄÍÊ øòàì³â ÊÎ-
1297, ÊÎ-1297L âèä³ëÿëè ìåòîäîì âèñîëþ-
âàííÿ, çã³äíî ïðîöåäóðè ¹4, ÿêó îïèñàíî â
(Kieser et al, 2000) ç 24-ãîäèííèõ êóëüòóð, âè-
ðîùåíèõ ó òðèïòîí-ñîºâîìó ñåðåäîâèù³ TSB.
Êîíöåíòðàö³þ òà ÿê³ñòü âèä³ëåíî¿ ÄÍÊ âè-
çíà÷àëè íà ì³êðîêàíàëüíîìó àíàë³çàòîð³ Tri-
nean Xpose (Gentbrugge, Áåëüã³ÿ). ÄÍÊ, ùî ïðî-
éøëà êîíòðîëü ÿêîñò³, âèêîðèñòàëè äëÿ êîí-
ñòðóþâàííÿ á³áë³îòåêè äëÿ ñåêâåíóâàííÿ ìå-
òîäîì Illumina (íàá³ð TruSeq DNA PCR-Free 
Kit). Á³áë³îòåêó ñåêâåíóâàëè íà ïðèëàä³ Illu-
mina HiSeq.

Âèõ³äí³ äàí³ ñåêâåíîâàíèõ ãåíîì³â S. àlbus, 
ðåôåðåíòíà ïîñë³äîâí³ñòü ãåíîìà J1074 º ó áàç³ 
äàíèõ, ùî ï³äòðèìóºòüñÿ ãðóïîþ Ëüâ³âñüêîãî 
óí³âåðñèòåòó: https://biotools.online/media/. Íà
åòàï³ êîíòðîëþ ÿêîñò³ äàíèõ óñ³ âèõ³äí³ ç÷è-
òóâàííÿ ãåíîìà ïåðåâ³ðÿëè íà ð³âåíü ÿêîñò³ 
òà ïðèñóòí³ñòü àäàïòîð³â ñåêâåíóâàííÿ çà äî-
ïîìîãîþ ïðîãðàìè FastQC (http://www.bioinfor-
matics.babraham.ac.uk/projects/fastqc). Íåÿê³ñí³ 
ïîñë³äîâíîñò³ âèëó÷àëè çà äîïîìîãîþ ïðîãðà-
ìè Trimmomatic v. 0.36. Ç÷èòóâàííÿ ãåíîìà âè-
ð³âíþâàëè ïðîòè ðåôåðåíòíî¿ ïîñë³äîâíîñò³ ãå-
íîìà J1074 (íîìåð äîñòóïó CP004370) çà äîïî-
ìîãîþ ïðîãðàìè Bowtie2 v. 2.2.5. Ïîë³ìîðô³çìè 
(SNP) òà ³íäåëè (DIP) âèÿâëÿëè çà äîïîìîãîþ 
ReadXplorer (Hilker et al, 2014). Ð³âåíü ïîêðèò-
òÿ ñåêâåíîâàíèõ ãåíîì³â ñòàíîâèâ 55÷165-êðàò-
íîãî ð³âíÿ (äèâ. ñïèñîê íà çãàäàí³é âèùå 
âåá-ñòîð³íö³ áàçè äàíèõ: Supplementary_data_
(avg_coverage).xlsx?, ð³âåíü ïîêðèòòÿ ³ ÿê³ñòü 
äàíèõ – äèâ. òàêîæ xlsx-ôàéëè ó ïàïö³ SNP 
çãàäàíîãî âèùå îíëàéí-ôîëäåðà).

Ðåçóëüòàòè. Îòðèìàííÿ øòàì³â ÊÎ-1297, ÊÎ-
1297L. Ó öüîìó äîñë³äæåíí³ ìè çîñåðåäèëèñü 
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Âëàñòèâîñò³ ñïîíòàííîãî rpsl-ìóòàíòà Streptomyces albus ÊÎ-1297 

íà îòðèìàíí³ ñïîíòàííîãî ìóòàíòà S. albus,
ùî ì³ñòèòü òî÷êîâå çàì³ùåííÿ ó ãåí³ rpsL 
(xnr_3720), ÿêå íà ð³âí³ àì³íîêèñëîòíî¿ ïîñë³-
äîâíîñò³ á³ëêà S12 ïðèçâîäèòü äî çàì³ùåííÿ 
çàëèøêó ë³çèíó ó 88-ìó ïîëîæåíí³ íà çàëè-
øîê ãëóòàìàòó (àëåëü rpsLK88E). Öå îäèí ³ç 
íàéêðàùå âèâ÷åíèõ ìóòàíòíèõ àëåë³â ãåíà 
rpsL, ÿêèé ó ñòðåïòîì³öåò³â âèêëèêàº çíà÷íå 
çðîñòàííÿ ïðîäóêö³¿ àíòèá³îòèê³â (Shima et 
al, 1996; Okamoto-Hosoya et al, 2003; Ochi, 
2017). Ïîøóê òàêîãî ìóòàíòà âèêîíàëè çà
äîïîìîãîþ ïîñ³âó ñïîðîâèõ ñóñïåíç³é (áëèçüêî
108 êîëîí³ºóòâîðþâàëüíèõ îäèíèöü, ê.ó.î.) âè-
õ³äíîãî øòàìó SAM2 íà àãàðèçîâàíå ñåðåäî-
âèùå GYM, ùî ì³ñòèëî 100 ìêã/ìë ñòðåïòî-
ì³öèíó, òà ÏËÐ-ñêðèí³íãó êîëîí³é, ÿê³ âèðîñëè 
íà öèõ ÷àøêàõ çà 7 ä³á. Çàãàëîì íàìè âèÿâëåíî 
ñ³ì StrR-êëîí³â, ÿê³ íå âòðàòèëè ñò³éêîñò³ äî
100 ìêã/ìë ñòðåïòîì³öèíó ï³ñëÿ òðüîõ ïåðåñ³-
â³â çà íåñåëåêòèâíèõ óìîâ. ×àñòîòà ¿õ ïîÿâè –
1,4 × 10–8. Îäèí ³ç êëîí³â, ïîçíà÷åíèé ÿê ÊÎ-
1297, ì³ñòèâ çàì³ùåííÿ çàëèøêó àäåí³íó íà 
ãóàí³í ó ïîçèö³¿ 262 ãåíà rpsL (xnr_3720), ùî 
íà ð³âí³ àì³íîêèñëîòíî¿ ïîñë³äîâíîñò³ âåäå äî 
øóêàíîãî çàì³ùåííÿ Ê88àÅ. 

Ìè âèð³øèëè äîêëàäí³øå äîñë³äèòè ñòà-
á³ëüí³ñòü ôåíîòèïó còðåïòîì³öèí-ñò³éêîñò³
ÊÎ-1297. Äëÿ öüîãî çä³éñíèëè 13 ïàñàæ³â 
êóëüòóðè öüîãî ìóòàíòà ó ð³äêîìó ñåðåäîâèù³ 
TSB çà â³äñóòíîñò³ ñåëåêòèâíîãî òèñêó ³ ñóñ-
ïåíç³þ ì³öåë³àëüíèõ êë³òèí ç îñòàííüîãî ïà-
ñàæó âèñ³ÿëè ó ðîçâåäåííÿõ íà ñîºâî-ìàí³-
òîëîâèé àãàð SFM. Cåðåä áëèçüêî 10 òèñ êî-
ëîí³é, ùî âèðîñëè íà SFM, ìåòîäîì ðåïë³ê 
âèÿâèëè îäíó, ùî íå ðîñëà íà SFM ç 100 ìêã/ìë
ñòðåïòîì³öèíó. Îòðèìàíèé êëîí ïîçíà÷èëè ÿê
ÊÎ-1297L. Ìè âèçíà÷èëè ì³í³ìàëüí³ ³íã³áó-
âàëüí³ êîíöåíòðàö³¿ (Ì²Ê) ñòðåïòîì³öèíó äëÿ 
øòàì³â SAM2, K88E, KO-1297 òà KO-1297L. 
Âñòàíîâëåíî òàê³ Ì²Ê: äëÿ SAM2 – 1,6 ìêã/
ìë, äëÿ ÊÎ-1297L – 6,25 ìêã/ìë. Ð³ñò Ê88Å ³ 
ÊÎ-1297 ñïîñòåð³ãàëè çà íàéâèùî¿ äîñë³äæå-
íî¿ êîíöåíòðàö³¿ ñòðåïòîì³öèíó – 200 ìêã/ìë.
Îòæå, õî÷à ÊÎ-1297L âòðàòèâ çäàòí³ñòü ðîñòè 
çà âèñîêèõ êîíöåíòðàö³é ñòðåïòîì³öèíó, çà
ôåíîòèïîì ñòðåïòîì³öèí-ñò³éêîñò³ â³í â³äð³ç-
íÿºòüñÿ â³ä SAM2 ³, î÷åâèäíî, íå º ðåâåðòàí-
òîì äî äèêîãî òèïó çà ö³ºþ îçíàêîþ. 

Àíòèá³îòè÷íà àêòèâí³ñòü rpsL ìóòàíò³â. Ìè 
âèðîñòèëè äîñë³äæóâàí³ ìóòàíòè íà ñåðåäîâè-

ùàõ GYM, SG2 ³ âèêîðèñòàëè 5-äîáîâ³ àãàðîâ³ 
áëîêè öèõ êóëüòóð äëÿ îö³íêè àíòèá³îòè÷íî¿ 
àêòèâíîñò³ öèõ øòàì³â ïðîòè íèçêè òåñò-êóëü-
òóð. Ðåçóëüòàòè öèõ åêñïåðèìåíò³â óçàãàëüíåíî â 
òàáë. 1 òà íà ðèñóíêó, à. Ïîì³òíî, ùî ìóòàíòè, 
ÿê ñïîíòàííèé, òàê ³ ãåííî-³íæåíåðíèé Ê88Å, 
âèÿâëÿþòü çäåá³ëüøîãî âèùó àíòèá³îòè÷íó àê-
òèâí³ñòü ïðîòè âèêîðèñòàíèõ áàêòåð³éíèõ êóëü-
òóð òà äð³æäæ³â D. hansenii, à ðåâåðòàíò ðàäøå 
íàãàäóº âèõ³äíèé øòàì SAM2. Îäíàê, º ³ â³ä-
ì³ííîñò³ ì³æ ñïîíòàííèì é ãåííî-³íæåíåð-
íèì ìóòàíòàìè, ÿê³ íåñóòü àëåëü rpsLK88E. 
Òàê, ïåðøèé ìåíø àêòèâíèé ïðîòè B. ce-
reus, àëå àêòèâí³øèé ùîäî äð³æäæ³â D. han-
senii. Â³äì³ííîñò³ ì³æ äîñë³äæåíèìè rpsLK88E-
ìóòàíòàìè òàêîæ ïðîñë³äêîâóþòüñÿ é çà óìîâ 
ãåòåðîëîã³÷íî¿ åêñïðåñ³¿ â öèõ øòàìàõ êëàñòå-
ðà ãåí³â á³îñèíòåçó àðàíö³ÿì³öèíó. Òàê, ñïîí-
òàííèé rpsLK88E-ìóòàíò ÊÎ-1297 âèÿâëÿâ íàáà-
ãàòî âèùó çäàòí³ñòü ïðîäóêóâàòè âèùåçãàäà-
íèé àíòèá³îòèê ïîð³âíÿíî ç ãåííî-³íæåíåðíèì 
øòàìîì Ê88Å íà àãàðèçîâàíîìó ñåðåäîâèù³ 
SFM (ðèñóíîê, á) ³ â ð³äêîìó ñåðåäîâèù³ SG2. 
Ùîäî îñòàííüîãî âèïàäêó, òî ÊÎ-1297 ïðî-
äóêóâàâ ìàéæå ó ï³âòîðà ³ òðè ðàçè á³ëüøå 
àðàíö³ÿì³öèíó (0,485 ó.î., äàí³ ñïåêòðîôîòî-
ìåòð³¿ åêñòðàêò³â) ïîð³âíÿíî ç øòàìîì Ê88Å 
(0,339 ó.î.) ³ SAM2 (0,159 ó.î.), â³äïîâ³äíî. 

Àíàë³ç ãåíîì³â ÊÎ-1297, ÊÎ-1297L. Âèùå-
îïèñàí³ ðåçóëüòàòè ñïîíóêàëè íàñ ïðîñåêâå-
íóâàòè ãåíîìè áàòüê³âñüêîãî øòàìó SAM2, 
ìóòàíò³â ÊÎ-1297 é ÊÎ-1297L ç òèì, ùîá 
çðîçóì³òè ãåíåòè÷íó îñíîâó âèÿâëåíèõ ó íèõ 
â³äì³ííîñòåé â ñò³éêîñò³ äî àíòèá³îòèê³â òà
àíòèá³îòè÷í³é àêòèâíîñò³. Ó ðåçóëüòàò³ êàðòó-
âàííÿ äàíèõ ñåêâåíóâàííÿ â³äíîñíî ðåôåðåíò-
íîãî ãåíîìà J1074 âèÿâëåíî ìóòàö³¿, ùî ì³ñ-
òÿòü ÊÎ-1297 òà ÊÎ-1297L ïîð³âíÿíî ç SAM2. 
Ïåðåë³ê â³äì³ííîñòåé íàâåäåíî ó òàáë. 2. Âè-
õ³äí³ äàí³ äîñòóïí³ ó áàç³ äàíèõ çà ë³íêîì, 

Òàáëèöÿ 1. Àíòèá³îòè÷íà àêòèâí³ñòü1 øòàì³â S. albus
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À.Ë. Øåìåäþê, Á.Ñ. Äîëÿ, Ê. Î÷³ òà ³í.

ùî ïîäàíî ó ðîçä³ë³ «Ìàòåð³àëè ³ ìåòîäè». 
Ö³êàâîþ çíàõ³äêîþ â ãåíîì³ ÊÎ-1297 ñòàëà 
äåëåö³ÿ â ãåí³ ôîñôîäèåñòåðàçè xnr_1338, ùî 
ìîæå áóòè çàä³ÿíà ó ìåòàáîë³çì³ âòîðèííîãî 
ìåñåíäæåðà c-di-GMP, ÿêèé êîíòðîëþº âòî-

ðèííèé ìåòàáîë³çì ³ ìîðôîãåíåç ñòðåïòîì³-
öåò³â. Ï³äòâåðäæåíî âòðàòó rpsLK88E ìóòàö³¿ â
ãåíîì³ ÊÎ-1297L. Íàòîì³ñòü â ÊÎ-1297L âè-
ÿâëåí³ ÷îòèðè íîâ³ ìóòàö³¿, ç ÿêèõ íàéá³ëüøó 
ö³êàâ³ñòü, íà íàøó äóìêó, ñòàíîâèòü ìóòàö³ÿ 

Ðèñ. 1. Àíòèá³îòè÷íà àêòèâí³ñòü rpsL ìóòàíò³â S. albus. à – ïðèãí³÷åííÿ ðîñòó D. hansenii àãàðîâèìè áëîêàìè  
øòàì³â S. àlbus; á – ãåòåðîëîã³÷íà ïðîäóêö³ÿ àðàíö³ÿì³öèíó (÷åðâîíèé êîë³ð) øòàìàìè S. àlbus. Ðîçòàøóâàí-
íÿ øòàì³â, äèâ. ãðàô³÷í³ ëåãåíäè ï³ä ôîòîãðàô³ÿìè. Ôîòîãðàô³¿ â³äîáðàæàþòü òèïîâèé ðåçóëüòàò ùî-
íàéìåíøå ï’ÿòè ïîâòîð³â

Ìóòàö³ÿ Ëîêóñ 1 Ôóíêö³ÿ
Ïðèñóòí³ñòü ìóòàö³¿ â:

ÊÎ-1297 ÊÎ-1297L

�1595677
Trp�Cys
Ala�Ser
Gln�Arg
Lys�Glu
Lys�Glu

xnr_1338
xnr_2696
xnr_2758
xnr_3600
xnr_3720
xnr_4071

Ôîñôîäèåñòåðàçà
Ôàãîâà ³íòåãðàçà
Asp-äåã³äðîãåíàçà
Ã³ïîòeòè÷íèé á³ëîê
Ðèáîñîìíèé á³ëîê S12
Òðàíñêðèïö³éíèé ôàêòîð ²clR-ðîäèíè

+
–
+
–
+
–

–
+
–
+
–
+
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Âëàñòèâîñò³ ñïîíòàííîãî rpsl-ìóòàíòà Streptomyces albus ÊÎ-1297 

â ãåí³ òðàíñêðèïö³éíîãî ôàêòîðà xnr_4701, ç
ïðè÷èí, ÿê³ îïèñàíî íèæ÷å, â îáãîâîðåíí³ ðå-
çóëüòàò³â. Á³ëîê Xnr_4701 ç ðîäèíè ²clR, ñêëà-
äàºòüñÿ ç 262 aì³íîêèñëîòíèõ çàëèøê³â. Ç 
äîïîìîãîþ ñeðâ³ñó https://smart.embl.de/ âè-
ÿâëåíî, ùî çaì³íà Lys136àGlu, âèêëèêàíà 
ìóòaö³ºþ â xnr_4701, çíàõîäèòüñÿ ïîçà ìåæàìè 
ÄÍÊ-çâ’ÿçóâàëüíîãî äîìeíó, ÿêèé îõîïëþº 
ñåãìåíò á³ëêà â³ä 2 äî 89 àì³íîêèñëîòíîãî 
çàëèøêó, ³, îòæå, íå ìàëà á ïîðóøóâàòè éîãî 
çäàòí³ñòü âçàºìîä³ÿòè ç ÄÍÊ. 

Îáãîâîðåííÿ. Øòàì S. albus J1074 ñòàº 
äåäàë³ âàæëèâ³øîþ ïëàòôîðìîþ äëÿ â³äêðèòòÿ 
á³îëîã³÷íî àêòèâíèõ ðå÷îâèí (Olano et al, 2014; 
Kallifidas et al, 2018), ùî çóìîâëþº çíà÷íèé 
³íòåðåñ äî âèâ÷åííÿ óñ³õ àñïåêò³â éîãî á³îëî-
ã³¿ (Ahmed et al, 2017; Myronovskyi et al, 2018; 
Koshla et al, 2019a). Ñïîíòàíí³, ÷è ³íäóêîâàí³ 
ìóòàãåíàìè, ñòðåïòîì³öèíñò³éê³ ìóòàíòè, ÿê³ 
âèíèêàþòü óíàñë³äîê òî÷êîâèõ çàì³ùåíü ó ãåí³ 
rpsL ðèáîñîìíîãî á³ëêà S12, ÷àñòî âèÿâëÿþòü 
ï³äâèùåíó çäàòí³ñòü äî ïðîäóêö³¿ àíòèá³îòèê³â. 
Òî÷íèé ìåõàí³çì âïëèâó rpsL íà ïðîäóêö³þ 
âòîðèííèõ ìåòàáîë³ò³â çàëèøàºòüñÿ íåâ³äîìèì 
(äèâ. Âñòóï). Íà ñüîãîäí³ íåìàº ðîá³ò, â ÿêèõ 
íàìàãàëèñÿ á äîñë³äèòè âåñü ãåíîì ñïîíòàí-
íîãî rpsL-ìóòàíòà ³ âèÿâèòè ³íø³ ìóòàö³¿, ÿê³ 
ìîæå íåñòè òàêèé ìóòàíò. Íà ïðè÷åòí³ñòü ñà-
ìå rpsL-ìóòàö³é äî íàäïðîäóêö³¿ àíòèá³îòèê³â 
âêàçóº ³ âèâ÷åííÿ rpsL- ìóòàíò³â S. albus, ÿê³ 
îòðèìàëè ìåòîäàìè ãåíîìíî¿ ³íæåíåð³¿ (Lopat-
niuk et al, 2019), äå ³ìîâ³ðí³ñòü ïîá³÷íèõ ìóòà-
ö³éíèõ ïîä³é ìåíøà. Âò³ì, ïåðåâàãà îòðèìàí-
íÿ ³ âèêîðèñòàííÿ ñàìå ãåííî-³íæåíåðíèõ ìó-
òàíò³â ó á³îòåõíîëîã³¿ çàëèøàºòüñÿ íåçðîçó-
ì³ëîþ. Òåîðåòè÷íî, ïîçèòèâíèé âïëèâ rpsL- 
ìóòàö³é íà âòîðèííèé ìåòàáîë³çì ñòðåïòîì³öå-
ò³â ìîæå ìàêñèìàëüíî ïðîÿâèòèñÿ çà óìîâè 
âèíèêíåííÿ é ³íøèõ ìóòàö³é, ÿê³ ñêîð³øå 
ìîæíà â³ä³áðàòè ï³ä ÷àñ ñêðèí³íãó ñïîíòàííèõ 
ìóòàíò³â. Ðåçóëüòàòè äîñë³äæåííÿ ñïîíòàííîãî 
rpsLÊ88Å-ìóòàíòà ÊÎ-1297 ó ö³é ðîáîò³ äàþòü 
ïåðøèé äîêàç íà êîðèñòü òàêîãî ñöåíàð³þ. 
Ïîð³âíÿíî ³ç ãåííî-³íæåíåðíèì rpsLÊ88Å-øòà-
ìîì Ê88Å, ÊÎ-1297 ïðîäóêóº á³ëüøå åíäî-
ãåííèõ ïðîòèãðèáêîâèõ ñïîëóê ³ çäàòíèé íàêî-
ïè÷óâàòè á³ëüøå àðàíö³ÿì³öèíó çà óìîâè ãå-
òåðîëîã³÷íî¿ åêñïðåñ³¿ ãåí³â éîãî á³îñèíòåçó. 
Ö³êàâî, ùî ÊÎ-1297 ì³ñòèòü äîäàòêîâó ìóòàö³þ 
ïîð³âíÿíî ç SAM2 – ó ãåí³ ôîñôîäèåñòåðàçè 

xnr_1338. Ïðè÷åòí³ñòü ãîìîëîã³â öüîãî ãåíà äî 
âòîðèííîãî ìåòàáîë³çìó ñòðåïòîì³öåò³â äîáðå 
â³äîìà (Makitrynskyy et al, 2020). ²ìîâ³ðíà 
ó÷àñòü öüîãî ãåíà ó âòîðèííîìó ìåòàáîë³çì³ 
S. albus ³ ñåêâåíóâàííÿ ãåíîìà ãåííî-³íæåíåð-
íîãî ìóòàíòà Ê88Å º ïðåäìåòîì íàøèõ ïî-
òî÷íèõ äîñë³äæåíü. Ìîæëèâî, öåé ìóòàíò òà-
êîæ ì³ñòèòü äîäàòêîâ³ ìóòàö³¿, à íå ëèøå ò³, ÿê³ 
óâåäåíî ìåòîäàìè ãåíîìíî¿ ³íæåíåð³¿, ùî ìîæå 
âïëèâàòè íà éîãî ôåíîòèï. 

Äîâîë³ ïðîñòå (ó ñåíñ³ ÷àñòîòè ïîÿâè) âè-
ÿâëåííÿ ðåâåðòàíòà ÊÎ-1297L ñòàëî ùå îäíèì 
ö³êàâèì ðåçóëüòàòîì íàøîãî äîñë³äæåííÿ. Ó 
íàóêîâ³é ë³òåðàòóð³ íåìàº äàíèõ ïðî ÷àñòîòó 
ðåâåðñ³¿ rpsL-ìóòàíò³â ñòðåïòîì³öåò³â. Ó íà-
øîìó âèïàäêó öÿ ÷àñòîòà äîâîë³ âèñîêà, ùî, 
î÷åâèäíî, ñâ³ä÷èòü ïðî âèñîêèé á³îëîã³÷íèé 
êîøò rpsL-ìóòàö³¿. Â³äîìî, ùî ìóòàö³ÿ rpsLÊ88Å 

ï³äâèùóº òî÷í³ñòü á³ëêîâîãî ñèíòåçó ³ ó òàê³é 
ñïîñ³á ñïîâ³ëüíþº ð³ñò êóëüòóð ñòðåïòîì³öåò³â 
(Shima et al, 1996; Okamoto-Hosoya et al, 2003; 
Tanaka et al, 2009). Öå ìîæå çóìîâëþâàòè 
ñåëåêòèâíó ïåðåâàãó ðåâåðñ³¿. Âò³ì, øâèäêà ïîÿâà 
øòàìó ÊÎ-1297L ìîæå áóòè îáóìîâëåíà ñàìå 
ãåíîòèïîì ÊÎ-1297 ³ íå â³äîáðàæàòè çàãàëüíî¿ 
òåíäåíö³¿ äëÿ óñ³õ rpsL-ìóòàíò³â. Íàïðèêëàä, 
ïðèñóòí³ñòü ìóòàö³¿ â ãåí³ ôàãîâî¿ ³íòåãðàçè ó 
ÊÎ-1297 ìîæå âèêëèêàòè ãåíîìí³ ïåðåáóäîâè, 
ÿê³ ñïðèÿþòü ðåâåðñ³ÿì. Âåëè÷èíà ìåòàáîë³÷-
íîãî òÿãàðà, ÿêèé ìóòàö³ÿ rpsLÊ88Å íàêëàäàº íà 
øòàì, âèçíà÷àºòüñÿ êîìïëåêñîì óñ³õ ìóòàö³é 
â øòàì³ (rpsLÊ88Å ³ ñóïóòí³õ ìóòàö³é), ñóìàðíèé 
âïëèâ ÿêèõ íåìîæëèâî ïåðåäáà÷èòè ëèøå íà 
îñíîâ³ á³î³íôîðìàòè÷íîãî àíàë³çó (Westhoff et 
al, 2017). 

Ïîïðè âòðàòó ìóòàö³¿ rpsLÊ88Å, ÊÎ-1297L 
ñò³éê³øèé äî ñòðåïòîì³öèíó í³æ áàòüê³âñüêèé 
øòàì SAM2. Ìè ïðèïóñêàºìî, ùî öå âèêëè-
êàíî ì³ññåíñ-ìóòàö³ºþ â ãåí³ òðàíñêðèïö³é-
íîãî ôàêòîðà ðîäèíè ²clR, xnr_4701. Îïèñaíî 
²clR -ïîä³áí³ á³ëêè, çîêðeìa ðeãóëÿòîð NdgR 
(ðeãóëÿòîð ðîñòó, çaëeæíîãî â³ä í³òðîãåíó ³ 
ïðîäóêö³¿ aíòèá³îòèê³â), ÿêèé ìàº ãëîáàëüíèé 
âïëèâ íà ñèíòåç àì³íîêèñëîò, ìîðôîãåíåç ³ 
ïðîäóêö³þ àíòèá³îòèê³â ó Streptomyñes coelicolor 
(Yung-Hun et al, 2009). Ãîìîëîãè NdgR âè-
ÿâëåíî â ³íøèõ âèä³â Streptomyñes, a òaêîæ â 
ì³êîáaêòeð³é òa êîðèíeáaêòeð³é, ùî âêàçóº íà 
éîãî ðîëü ÿê ãëîáaëüíîãî ðeãóëÿòîða. ²ìîâ³ðíî, 
ìóòàö³ÿ â xnr_4701 âåäå äî óòâîðåííÿ á³ëêà, 
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À.Ë. Øåìåäþê, Á.Ñ. Äîëÿ, Ê. Î÷³ òà ³í.

ÿêèé ôóíêö³îíóº êîíñòèòóòèâíî, ÷è ðîçï³çíàº 
íîâ³ ïðîìîòîðè ãåí³â, ÿê³ ïåâíèì ÷èíîì çà-
áåçïå÷óþòü ñò³éê³ñòü äî ñòðåïòîì³öèíó. Ïåðå-
â³ðêà öüîãî ïðèïóùåííÿ º ïðåäìåòîì íàøèõ 
ïîòî÷íèõ åêñïåðèìåíò³â, ÿê³ ìîæóòü ïðèâåñ-
òè äî âèÿâëåííÿ íîâèõ ìåõàí³çì³â ñòðåïòî-
ì³öèíñò³éêîñò³.

Ô³íàíñóâàííÿ. Öþ ðîáîòó ï³äòðèìàíî ãðàíòàìè 
Áã-09Ô, Áã-80Ô, ÁÔ-2021, íàäàí³ Ì³í³ñòåðñò-
âîì îñâ³òè ³ íàóêè Óêðà¿íè. Àâòîðè âèñëîâëþ-
þòü ïîäÿêó É. Êàë³íîâñê³ (óí-ò Á³ëåôåëüäà, 
ÔÐÍ), Ò. Ãðåíü, Ò. Âåáåðó (Òåõí³÷íèé óí-ò 
Äàí³¿) çà íàäàíó ìîæëèâ³ñòü ñåêâåíóâàííÿ øòà-
ì³â S. albus. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Äîòðèìàííÿ åòè÷íèõ íîðì. Â ðîáîò³ íåìàº åêñ-
ïåðèìåíò³â ³ç çàëó÷åííÿì òâàðèí, ëþäåé, ë³í³é 
êë³òèí òâàðèí ÷è ëþäåé. 

PROPERTIES OF SPONTANEOUS rpsL
MUTANT STREPTOMYCES ALBUS ÊÎ-1297 

À.L. Shemediuk, B.S. Dolia,
Ê. Îchi, V.O. Fedorenko, B.O. Ostash

Ivan Franko National University of Lviv,
Lviv 79005, Ukraine
Hiroshima Institute of Technology, 
Hiroshima 731-5193, Japan 

E-mail: bohdan.ostash@lnu.edu.ua

Strain Streptomyces albus J1074 remains one of the most 
important platforms for natural product discovery via the 
expression of biosynthetic gene clusters (BGCs) from the 
microorganisms of Actinobacteria class. Numerous ap-
proaches of maximizing the expression of heterologous 
BGCs in this strain have been described, yet there are no 
reports on the properties of spontaneous J1074 mutants 
in gene rpsL for ribosomal protein S12. The interest in 
such mutations in actinobacteria is caused by the fact 
that they induce a considerable increase in the antibiotic 
activity. In this work we describe the isolation and char-
acterization of strain S. albus KO-1297 carrying missense 
mutation within rpsL gene, which leads to substitution 
Lys88àGlu in protein S12. As compared to the parental 
strain, this mutant exhibits increased resistance to strep-
tomycin and enhanced antibiotic productivity. ÊÎ-1297 
and engineered rpsLK88E strain Ê88Å are not identical in 
their ability to produce antibiotics. ÊÎ-1297 also exhibits 
a certain level of instability of rpsL mutation. Genomes 
of ÊÎ-1297 and its rpsLWT revertant harbor the muta-
tions that could be responsible for phenotypic differences 
between these strains, parental strain and Ê88Å.
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