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Øèðîêå âèêîðèñòàííÿ òåòðàöèêë³í³â ó ìåäèöèí³, 
âåòåðèíàð³¿ òà òâàðèííèöòâ³ ïðèçâåëî äî ðîçïîâ-
ñþäæåííÿ ðåçèñòåíòíîñò³ áàêòåð³é äî òåòðàöèêë³-
íó, çîêðåìà ó íåáåçïå÷íèõ ïðåäñòàâíèê³â çîëîòèñòîãî 
ñòàô³ëîêîêó. Òîìó àíàë³ç ðåçèñòåíòíîñò³ äî òåòðà-
öèêë³íó òà ñòâîðåííÿ ï³äõîä³â äî ¿¿ ïîäîëàííÿ º âêðàé 
àêòóàëüíèì. Äîñë³äæåííÿ 64 êë³í³÷íèõ ³çîëÿò³â S. au-
reus, ÿê³ õàðàêòåðèçóâàëèñü ïîì³ðíèì á³îïë³âêîóòâî-
ðåííÿì ïîêàçàëè, ùî 33 ç íèõ ì³ñòèëè ïëàçì³äíó ÄÍÊ. 
Ïîêàçàíî çíà÷íå ðîçïîâñþäæåííÿ (ó 96 % âèâ÷åíèõ 
³çîëÿò³â) â³äîìèõ òðàíñì³ñèáåëüíèõ ãåí³â ðåçèñòåíò-
íîñò³ äî òåòðàöèêë³íó tet(K) ³ tet(M) ó äîñë³äæåíèõ 
ïëàçì³äîâì³ñíèõ äîêñèöèêë³íðåçèñòåíòíèõ êë³í³÷íèõ 
³çîëÿòàõ S. aureus. Ïëàçì³äîâì³ñí³ äîêñèöèêë³íðåçèñ-
òåíòí³ êë³í³÷í³ ³çîëÿòè ³ç ãåíàìè tet(K) ³ tet(M) âòðà-
÷àëè ðåçèñòåíòí³ñòü äî òåòðàöèêë³íîâîãî àíòè-
á³îòèêó äîêñèöèêë³íó ï³ñëÿ îáðîáêè ¿õ êë³òèí íàíî-
÷àñòèíêàìè çîëîòà 30 íì â êîíöåíòðàö³¿ 3,2–
9,6 ìêã/ìë ÷è ñð³áëà ñåðåäíüîãî ðîçì³ðó 30 íì ó êîí-
öåíòðàö³¿ 20–40 ìêã/ìë. Åë³ì³íàö³þ ãåí³â tet, â³äïî-
â³äàëüíèõ çà íàáóòó ðåçèñòåíòí³ñòü, ï³äòâåðäèëè çà 
äîïîìîãîþ ÏËÐ.

Êëþ÷îâ³ ñëîâà: àíòèá³îòèêîðåçèñòåíòí³ñòü, ãåíè tet(K)
tet(M), Staphylococcus aureus, íàíî÷àñòèíêè çîëîòà ÷è 
ñð³áëà, òåòðàöèêë³í, á³îïë³âêà, R-ïëàçì³äè.

Âñòóï. Ñòàô³ëîêîêè – íåáåçïå÷í³ äëÿ ëþäèíè 
ïàòîãåíè, ÿê³ â³äíîñÿòüñÿ äî ì³êðîîðãàí³çì³â, 
ïîâ’ÿçàíèõ ç ïîøèðåíèìè ³íôåêö³ÿìè ³ç âèñî-
êîþ ëåòàëüí³ñòþ, çäàòí³ñòþ äî âèæèâàííÿ òà 
àíòèá³îòèêîðåçèñòåíòí³ñòþ. Êðèòè÷íà ñèòóà-
ö³ÿ ç ïîøèðåííÿì àíòèá³îòèêîðåçèñòåíòíîñò³ 
âèìàãàº íîâèõ ï³äõîä³â ÿê äî ðîçðîáêè àíòè-
á³îòèê³â, òàê ³ äî ìîí³òîðèíãó ðåçèñòåíòíîñ-

ò³ áàêòåð³é. Áóòè íà êðîê ïîïåðåäó áàêòåð³é â 
«ïåðåãîíàõ àíòèá³îòèê³â» äîïîìîæå âñåá³÷-
íå âèâ÷åííÿ ðåçèñòîìó áàêòåð³é (Crofts et al, 
2017). Ñò³éê³ñòü äî àíòèá³îòèê³â íàé÷àñò³øå 
àñîö³þºòüñÿ ³ç åêñòðàõðîìîñîìíèìè åëåìåí-
òàìè, òàêèìè ÿê ïëàçì³äè, òðàíñïîçîíè òà ³í-
òåãðîíè. Îïîñåðåäêîâàíà ïëàçì³äíèìè ãåíàìè 
àíòèá³îòèêîðåçèñòåíòí³ñòü âæå äàâíî º îñíîâ-
íèì íàïðÿìêîì âèâ÷åííÿ åï³äåì³îëîã³÷íî âàæ-
ëèâèõ ìåõàí³çì³â àíòèá³îòèêîðåçèñòåíòíîñò³ 
(Alekshun et al, 2007).

Íàðàç³ âèçíàíî, ùî àíòèá³îòèêîðåçèñòåíò-
í³ñòü áàêòåð³é øâèäêî ôîðìóºòüñÿ â ìåäè÷í³é 
ïðàêòèö³, ó âåòåðèíàð³¿ ³ ñ³ëüñüêîãîñïîäàðñü-
êîìó âèðîáíèöòâ³ (òâàðèííèöòâ³). Òîìó ïîäî-
ëàííÿ öüîãî íåáåçïå÷íîãî ÿâèùà º àêòóàëü-
íèì äëÿ âñ³õ ïåðåë³÷åíèõ ãàëóçåé (Zaheer et al, 
2019). Ðåçèñòåíòí³ñòü äî òåòðàöèêë³íó º ïðî-
áëåìîþ â ñèñòåì³ âèðîáíèöòâà ÿëîâè÷èíè, 
ñâèíèíè, êóðÿòèíè â Óêðà¿í³ ³ âçàãàë³ â ªâ-
ðîï³ (Græsbøll et al, 2019). Òåòðàöèêë³í º îä-
íèì àíòèá³îòèê³â, ÿêèé øèðîêî çàñòîñîâóº-
òüñÿ ïðîòè ð³çíèõ áàêòåð³àëüíèõ ³íôåêö³é ëþ-
äèíè òà òâàðèí. Íàðàç³ ïîêàçàíî çíà÷íå ïî-
øèðåííÿ â Óêðà¿í³ ãåí³â ñò³éêîñò³ äî òåòðàöèêë³-
íó tet(M) ó áàêòåð³é, ùî ìîæå áóòè íàñë³äêîì 
øèðîêîãî âèêîðèñòàííÿ àíòèá³îòèêà ó ñ³ëü-
ñüêîãîñïîäàðñüêîìó âèðîáíèöòâ³ (Shevchenko 
et al, 2019). Â³äîìî, ùî ãåíè ðåçèñòåíòíîñò³ 
äî òåòðàöèêë³íó tet(M) òà tet(K) íàé÷àñò³øå 
ëîêàë³çóþòüñÿ íà ïëàçì³äàõ. Òàê, äî 95 % âè-
ïàäê³â âèÿâëåííÿ òàêèõ ãåí³â ó êë³òèíàõ áàê-
òåð³é S. aureus äåìîíñòðóþòü ñàìå ïëàçì³äíó 
àñîö³éîâàí³ñòü. Äëÿ âèÿâëåííÿ ãåí³â àíòèá³î-
òèêîðåçèñòåíòíîñò³ äî òåòðàöèêë³í³â âèêîðèñ-
òîâóþòü ÏËÐ (Khoshbakht et al, 2018).   
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Ïîäîëàííÿ àíòèá³îòèêîðåçèñòåíòíîñò³ äî òåòðàöèêë³íó  áàêòåð³é ðîäó Staphylococcus aureus   

Íàéâàæëèâ³øîþ îçíàêîþ õðîí³÷íî¿ ñòà-
ô³ëîêîêîâî¿ ³íôåêö³¿ º çäàòí³ñòü ðîñòó áàêòå-
ð³é ó âèãëÿä³ á³îïë³âîê – ³ììîá³ë³çîâàíî¿ íà 
ïîâåðõí³ ñï³ëüíîòè áàêòåð³àëüíèõ êë³òèí, ÿê³ 
âáóäîâàí³ ó ïîçàêë³òèííó ïîë³ìåðíó ìàòðèöþ. 
Ñôîðìîâàí³ ñòàô³ëîêîêîâ³ á³îïë³âêè íàäàþòü 
òàêèì çáóäíèêàì óí³êàëüí³ âëàñòèâîñò³ â ñåíñ³ 
ñò³éêîñò³ äî çàãàëüíîïðèéíÿòèõ òåðàïåâòè÷íèõ 
äîç àíòèì³êðîáíèõ çàñîá³â. Á³îïë³âêà çíà÷íî 
ï³äâèùóº ìîæëèâ³ñòü ïåðåäà÷³ ãåí³â àíòèá³î-
òèêîðåçèñòåíòíîñò³ ó ì³êðîáíèõ ïîïóëÿö³ÿõ. 
Óòâîðåííÿ á³îïë³âêè òà ñò³éê³ñòü äî àíòèá³î-
òèê³â âçàºìîïîâ’ÿçàí³, òîìó âèÿâëåííÿ ñòóïå-
íþ á³îïë³âêîóòâîðåííÿ ó êë³í³÷íèõ ³çîëÿòàõ º 
ñó÷àñíèì ð³øåííÿì â òåðàï³¿ ñòàô³ëîêîêîâèõ 
³íôåêö³é (Manandhar et al, 2018). Îö³íêà ïî-
òåíö³àëó á³îïë³âêîóòâîðåííÿ øòàìàìè ìîæå 
äîïîìîãòè ïðîòèä³ÿòè ìåõàí³çìàì, ÿê³ áåðóòü 
ó÷àñòü ó ôîðìóâàíí³ á³îïë³âêè, âèçíà÷èòè ðà-
ö³îíàëüí³ ñòðàòåã³¿ êîíòðîëþ çà S. aureus òà 
ïðîòèä³ÿòè òðàíñïîðòó ãåí³â àíòèá³îòèêîðåçèñ-
òåíòíîñò³ ³ ïåðåäà÷³ ãåí³â àíòèá³îòèêîðåçèñ-
òåíòîñò³ (Rodríguez-Lázaro et al, 2018). 

Âîäíî÷àñ ³ç àêòóàëüí³ñòþ äîñë³äæåíü åï³äå-
ì³îëîã³÷íî âàæëèâèõ ìåõàí³çì³â àíòèá³îòèêî-
ðåçèñòåíòíîñò³ äî íàéðîçïîâñþäæåí³øèõ àíòè-
ì³êðîáíèõ ïðåïàðàò³â, ïîñòàº ïèòàííÿ ïîäî-
ëàííÿ òàêî¿ àíòèá³îòèêîðåçèñòåíòíîñò³. Ïåðñ-
ïåêòèâíèì íàïðÿìêîì â ðîçðîáö³ ñïîñîá³â 
ïîäîëàííÿ àíòèá³îòèêîðåçèñòåíòíîñò³ ïàòîãåí-
íèõ áàêòåð³é º åë³ì³íàö³ÿ R-ïëàçì³ä ç áàêòåð³-
àëüíèõ êë³òèí çà äîïîìîãîþ õ³ì³÷íèõ ðå÷îâèí. 
Òàê, áðîìèñòèé åòèä³é ïðèçâîäèòü äî âòðàòè 
áàêòåð³ÿìè Staphylococcus ïëàçì³äîàñîö³éîâà-
íîãî ãåíó ðåçèñòåíòíîñò³ äî òåòðàöèêë³íó. R-
ïëàçì³äè áàêòåð³é Escherichia, Enterobacter, Pro-
teus, Staphylococcus òà Yersinia åë³ì³íóþòüñÿ ïðè 
ä³¿ íà êë³òèíó äåÿêèõ ãåòåðîöèêë³÷íèõ ðå÷îâèí, 
ÿê³ çäàòí³ çâ’ÿçóâàòèñÿ ç ÄÍÊ (Spengler et al, 
2006). Âîäíî÷àñ òàê³ ðå÷îâèíè º òîêñè÷íèìè 
äëÿ ëþäèíè ³ òâàðèí, òîìó íå ìîæóòü áóòè âè-
êîðèñòàí³ äëÿ ïîäîëàííÿ àíòèá³îòèêîðåçèñ-
òåíòíîñò³.

Äîñë³äæåííÿ âçàºìîä³¿ íàíî÷àñòèíîê çîëî-
òà òà ñð³áëà ç ïëàçì³äíîþ ÄÍÊ áàêòåð³é øòà-
ìó E.coli ïîêàçàëè, ùî âêàçàí³ íàíî÷àñòèíêè 
åôåêòèâíî åë³ì³íóþòü R-ïëàçì³äè (Dybkova et 
al, 2014).

Ìåòîþ ðîáîòè áóëî âèÿâëåííÿ åï³äåì³îëî-
ã³÷íî âàæëèâèõ òðàíñì³ñèáåëüíèõ ãåí³â ðåçèñ-

òåíòíîñò³ äî òåòðàöèêë³íó ó êë³í³÷íèõ ³çîëÿ-
òàõ S. aureus, âèä³ëåíèõ ³ç çðàçê³â óñêëàäíå-
íèõ ðàí ïàö³ºíò³â, ùî ïðîõîäèëè ä³àãíîñòèêó 
ó ëàáîðàòîð³¿ ì³êðîá³îëîã³¿ òà õ³ì³îòåðàï³¿ ÄÓ 
«²íñòèòóòó òðàâìàòîëîã³¿ òà îðòîïåä³¿ ÍÀÌÍ 
Óêðà¿íè», äîñë³äæåííÿ ó íèõ ïîòåíö³àëó äî 
á³îïë³âêîóòâîðåííÿ òà ìîæëèâîñò³ ïîäîëàííÿ 
àíòèá³îòèêîðåçèñòåíòíîñò³ ó òàêèõ ³çîëÿòàõ çà 
âèêîðèñòàííÿ á³îáåçïå÷íèõ íàíî÷àñòèíîê çî-
ëîòà ³ ñð³áëà ðîçì³ðîì 30 íì.

Ìàòåð³àëè ³ ìåòîäè. Ó ðîáîò³ âèêîðèñòàëè 
64 êë³í³÷íèõ ³çîëÿòè S. aureus, âèä³ëåíèõ ó 
ëàáîðàòîð³¿ ì³êðîá³îëîã³¿ òà õ³ì³îòåðàï³¿ ÄÓ 
«²íñòèòóòó òðàâìàòîëîã³¿ òà îðòîïåä³¿  ÍÀÌÍ 
Óêðà¿íè» â³ä ïàö³ºíò³â (çà ³íôîðìîâàíî¿ çãî-
äè) ç ãí³éíî-çàïàëüíèìè òà ïåðèïðîòåçíèìè 
³íôåêö³ÿìè ñóãëîá³â òà êîíòðîëüíèé øòàì Sta-
phylococcus aureus ATCC 25923. 

Äëÿ ñêðèí³íãó ïëàçì³äíî¿ ÄÍÊ â áàêòå-
ð³àëüíèõ êë³òèíàõ âèä³ëÿëè ïëàçì³äíó ÄÍÊ 
ìåòîäîì ëóæíîãî ë³çèñó (Bimboim et al, 1979). 

Ó äîñë³äæóâàíèõ øòàì³â âèçíà÷àëè ðåçèñ-
òåíòí³ñòü äèñêî-äèôóç³éíèì ìåòîäîì (Balouiri 
et al, 2016) äî àíòèá³îòèê³â: äîêñèöèêë³íó, ò³-
ãàöèëó, àìîêñèêëàâó, ðèôàìï³öèíó, åðèòðîì³-
öèíó, öèïðîôëîêñàöèíó, öåôîêñèò³íó, êë³íäà-
ì³öèíó, àì³êàöèíó. 

Âèÿâëåííÿ ãåí³â tet çà äîïîìîãîþ ÏËÐ. Äîñë³-
äæåííÿ òðàíñì³ñèáåëüíèõ ãåí³â ðåçèñòåíòíîñò³ 
äî òåòðàöèêë³íó tet(K), tet(M) ó êë³í³÷íèõ ³çîëÿ-
òàõ S. aureus áóëè ïðîâåäåí³ çà äîïîìîãîþ ïî-
ë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ òîòàëüíî¿ ÄÍÊ 
â³äïîâ³äíèõ êë³í³÷íèõ ³çîëÿò³â. Ó äîñë³äæåíí³ 
áóëî âèêîðèñòàíî ñïåöèô³÷í³ îë³ãîíóêëåîòèäí³ 
ïðàéìåðè (Strommenger et al, 2003):   

tet (K)-F 5� GTAGCGACAATAGGTAATAGT
tet (K)-R 5� GTAGTGACAATAAACCTCCTA
tet (M)-F 5� AGTGGAGCGATTACAGAA
tet (M)-R 5� CATATGTCCTGGCGTGTCTA 
(ñïåöèô³÷í³ ïðàéìåðè äëÿ âèÿâëåííÿ ãåí³â
tet(K) òà tet(Ì)).
ST-F 5� CAGCTCGTGTCGTGAGATGT
ST-R 5� AATCATTTGTCCCACCTTCG  

(ïðàéìåðè, ñïåöèô³÷í³ äëÿ S. aureus, ïîçèòèâ-
íèé êîíòðîëü). ÏËÐ ïðîâîäèëè â ðåàêö³éí³é 
ñóì³ø³ îá’ºìîì 25 ìêë, ÿêà âêëþ÷àëà: 0,5 ìêã 
ÄÍÊ òà 10 ïìîëü â³äïîâ³äíèõ ïðàéìåð³â. Ðå-
àêö³þ àìïë³ô³êàö³¿ ïðîâîäèëè 1 öèêë 93,5 ºC 8 
õâ òà 40 öèêë³â 93,5 ºC 35 ñ; 55 ºC 35 ñ; 72 ºC 
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Ñ.Ì. Äèáêîâà, Î.Á. Ëþòêî, Ì.Â. Äèáêîâ òà ³í.

40 ñ. Ïðîäóêòè ÏËÐ ðîçä³ëÿëè ó 1,8%-âîìó 
àãàðîçíîìó ãåë³ ç ïîäàëüøîþ â³çóàë³çàö³ºþ 
ÏËÐ-ïðîäóêò³â ðîç÷èíîì áðîìèñòîãî åòèä³þ. 
Ðîçì³ð ôðàãìåíòà, ÿêèé â³äïîâ³äàº ãåíó tet(K) 
ñêëàäàº 360 ï.í., tet(M) – 158 ï.í. Ïîçèòèâíèé 
êîíòðîëü íà S. aureus – 420 ï.í.

Àíàë³ç á³îïë³âêîóòâîðåííÿ. Çäàòí³ñòü áàêòå-
ð³é êë³í³÷íèõ ³çîëÿò³â S. aureus äî á³îïë³âêî-
óòâîðåííÿ äîñë³äæóâàëè çã³äíî (Piechota et 
al, 2018). Êîæåí øòàì âèðîùóâàëè âïðîäîâæ 
18 ãîä íà ì’ÿñî-ïåïòîííîìó àãàð³ (ÌÏÀ). Äàë³ 
â ñòåðèëüíèõ ïðîá³ðêàõ ðîçâîäèëè ñóñïåí-
ç³þ áàêòåð³é 108 ÊÓÎ/ìë ó ì’ÿñî-ïåïòîííîìó 
áóëüéîí³ (ÌÏÁ) (çàãàëüíèé îá’ºì 1 ìë) ³ êóëü-
òèâóâàëè 48 ãîä ïðè 37 ºÑ. Ï³ñëÿ êóëüòèâóâàí-
íÿ êóëüòóðàëüíó ð³äèíó çëèâàëè, à ñôîðìîâàí³ 
íà ñò³íêàõ ïðîá³ðîê á³îïë³âêè ïðîìèâàëè ñòå-
ðèëüíèì ôîñôàòíèì áóôåðîì (ðÍ 7,4). Ï³ñëÿ 
ïðîìèâàííÿ á³îïë³âêè ô³êñóâàëè ìåòàíîëîì 
âïðîäîâæ 15 õâ, îáðîáëÿëè 1%-âèì ðîç÷è-
íîì êðèñòàë³÷íîãî ô³îëåòîâîãî âïðîäîâæ 5 õâ, 
ïðîìèâàëè äèñòèëüîâàíîþ âîäîþ ³ âèñóøóâà-
ëè íà ïîâ³òð³. Äàë³ âíîñèëè ó ïðîá³ðêè 0,5 ìë
96 % åòàíîëó, çí³ìàëè ç ñò³íîê á³îïë³âêó òà 
àíàë³çóâàëè îïòè÷íó ãóñòèíó çà äîïîìîãîþ 
ôîòîêîëîðèìåòðà ÊÔÊ-2 ïðè äîâæèí³ õâèë³ 
492 íì. Ïîêàçíèê �0,12 ñâ³ä÷èâ ïðî á³îïë³âêî-
óòâîðåííÿ, <0,2 – ñëàáêå á³îïë³âêîóòâîðåííÿ, 
0,2–0,4 – ïîì³ðíå, à >0,4 – ñèëüíå (Piechota 
et al, 2018). 

Åë³ì³íàö³ÿ ïëàçì³äíî¿ ÄÍÊ çà äîïîìîãîþ íàíî-
÷àñòèíîê. Äëÿ åë³ì³íàö³¿ ïëàçì³äíî¿ ÄÍÊ çà-
ñòîñîâóâàëè êîëî¿äíèé ðîç÷èí çîëîòà ç³ ñôå-
ðè÷íèìè íàíî÷àñòèíêàìè çîëîòà ñåðåäíüîãî 
ðîçì³ðó 30 íì (38,6 ìêã/ìë çà ìåòàëîì) òà êî-
ëî¿äíèé ðîç÷èí ñð³áëà ç³ ñôåðè÷íèìè ÷àñòèí-
êàìè ñåðåäíüîãî ðîçì³ðó 30 íì (80 ìêã/ìë çà 
ìåòàëîì). Í³÷íó êóëüòóðó áàêòåð³é êë³í³÷íèõ 
³çîëÿò³â S. aureus ðîçâîäèëè ÌÏÁ ó ñï³ââ³ä-
íîøåíí³ 1 : 50, ³íêóáóâàëè íà êà÷àëö³ 2 ãîä 
äî òèòðó êë³òèí 1–2•109. 1•104–1•105 êë³òèí 
âíîñèëè â ïðîá³ðêè ç 2 ìë ÌÏÁ, êóäè ïîïå-
ðåäíüî äîäàâàëè âèõ³äíèé ïðåïàðàò íàíî÷àñ-
òèíîê çîëîòà àáî ñð³áëà ó ê³ëüêîñò³, ùî çà-
áåçïå÷óâàëà âì³ñò çîëîòà 3,2 àáî 9,6 ìêã/ìë, à 
ñð³áëà 20 àáî 40 ìêã/ìë çà ìåòàëîì. Êóëüòóðè 
âèðîùóâàëè ïðè 37 ºÑ âïðîäîâæ 20–24 ãîä. Â 
ïîäàëüøîìó áàêòåð³àëüí³ êóëüòóðè âèñ³âàëè 
ïî 0,1 ìë íà ÷àøêè ç ÌÏÀ òà âèçíà÷àëè ÷óò-
ëèâ³ñòü äî àíòèá³îòèê³â äèñêî-äèôóç³éíèì ìå-

òîäîì. Ïàðàëåëüíî â óñ³õ îáðîáëåíèõ íàíî-
÷àñòèíêàìè ìåòàë³â êë³òèí âñ³õ äîñë³äæóâàíèõ 
êë³í³÷íèõ ³çîëÿò³â â³çóàë³çóâàëè íàÿâí³òü ïëàç-
ì³ä çà äîïîìîãîþ åëåêòðîôîðåçó â 1%-âîìó 
àãàðîçíîìó ãåë³ òà âèä³ëÿëè òîòàëüíó ÄÍÊ äëÿ 
âèÿâëåííÿ ãåí³â ñò³éêîñò³ äî òåòðàöèêë³íó.

Ðåçóëüòàòè òà îáãîâîðåííÿ. S. aureus çàçâè-
÷àé º ïðåäñòàâíèêîì íîðìàëüíî¿ ì³êðîôëîðè 
çäîðîâèõ ëþäåé, àëå çäàòíèé âèêëèêàòè íåáåç-
ïå÷í³ äëÿ æèòòÿ ñòàíè, ïåðåâàæíî ó îñëàáëå-
íèõ îñ³á àáî ïàö³ºíò³â, ÿê³ ïåðåíåñëè õ³ðóðã³÷í³ 
âòðó÷àííÿ. Âîíè º îäíîþ ç îñíîâíèõ ïðè÷èí 
âíóòð³øíüîë³êàðíÿíèõ ³íôåêö³é ³ â³äîì³ ñâîºþ 
ñõèëüí³ñòþ äî ðîçâèòêó ñò³éêîñò³ äî áàãàòüîõ 
àíòèì³êðîáíèõ àãåíò³â. Îñîáëèâå çàíåïîêî-
ºííÿ âèêëèêàº ïîñò³éíå çá³ëüøåííÿ ê³ëüêîñò³ 
ìóëüòèðåçèñòåíòíèõ øòàì³â S. aureus. Ó ñòàô³-
ëîêîê³â ãåíè ðåçèñòåíòíîñò³ äî àíòèá³îòèê³â â 
îñíîâíîìó ïîâ’ÿçàí³ ç ìîá³ëüíèìè ãåíåòè÷íè-
ìè åëåìåíòàìè, òàêèìè ÿê ïëàçì³äè òà òðàíñ-
ïîçîíè (Kwong et al, 2017).

Äîñë³äæåííÿ 64 êë³í³÷íèõ ³çîëÿò³â S. aureus, 
âèä³ëåíèõ â³ä ïàö³ºíò³â ç ãí³éíî-çàïàëüíèìè 
òà ïåðèïðîòåçíèìè ³íôåêö³ÿìè ñóãëîá³â ó ëà-
áîðàòîð³¿ ì³êðîá³îëîã³¿ òà õ³ì³îòåðàï³¿ ÄÓ «²í-
ñòèòóòó òðàâìàòîëîã³¿ òà îðòîïåä³¿ ÍÀÌÍ Óê-
ðà¿íè» ïîêàçàëè, ùî 33 êë³í³÷íèõ ³çîëÿòè S. au-
reus ì³ñòèëè ïëàçì³äíó ÄÍÊ, à ç îãëÿäó íà 
çíà÷íèé ïîòåíö³àë àíòèá³îòèêîðåçèñòåíòíîñ-
ò³ ñåðåä ïëàçì³ä áàêòåð³é êë³í³÷íèõ ³çîëÿò³â 
S. aureus (Mores et al, 2021), çðîáëåíî ïðèïó-
ùåííÿ ïðî íàÿâí³ñòü ãåí³â àíòèá³îòèêîðåçèñ-
òåíòíîñò³ íà òàêèõ â³çóàë³çîâàíèõ åêñòðàõðî-
ìîñîìíèõ åëåìåíòàõ ó äîñë³äæóâàíèõ ³çîëÿòàõ. 

Óñ³ ö³ 33 êë³í³÷íèõ ïëàçì³äîâì³ñíèõ ³çîëÿòè 
S. aureus âèÿâèëèñÿ ìåòèöèë³íðåçèñòåíòíèìè 
(MRSA). Â³äîìî, ùî MRSA º ïðè÷èíîþ òÿæ-
êèõ ñòàô³ëîêîêîâèõ ³íôåêö³é, ÿê³ âàæêî ë³êó-
âàòè ÷åðåç ¿õ ñò³éê³ñòü äî äåÿêèõ àíòèá³îòèê³â 
(Liu et al, 2011). Âàæëèâîþ õàðàêòåðèñòèêîþ 
S. aureus (MRSA) º ¿õ çäàòí³ñòü âèêëèêàòè âíó-
òð³øíüîë³êàðíÿí³ (íîçîêîì³àëüí³) ³íôåêö³¿. 

Äîñë³äæåííÿ ïðîô³ëåé àíòèá³îòèêîðåçèñ-
òåíòíîñò³ ïîêàçàëî, ùî 24 ç 33 êë³í³÷íèõ ïëàç-
ì³äîâì³ñíèõ ³çîëÿò³â S. aureus ïðîÿâëÿëè ðå-
çèñòåíòí³ñòü äî àíòèá³îòèêà òåòðàöèêë³íîâîãî 
ðÿäó – äîêñèöèêë³íó. Ñò³éê³ñòü äî òåòðàöèê-
ë³íó S. aureus çóìîâëåíà ìåõàí³çìîì ìîäèô³-
êàö³¿ ðèáîñîìè, ùî êîäóºòüñÿ øèðîêî ðîç-
ïîâñþäæåíèì ãåíîì tet(M), àáî ìåõàí³çìîì 
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îïîñåðåäêîâàíîãî åôëþêñó, êîäîâàíèì ãåíîì 
tet(K). Ç ð³çíèõ ãåí³â tet, ùî êîäóþòü ìåõàí³ç-
ìè åôëþêñó, tet(K) íàé÷àñò³øå çóñòð³÷àºòüñÿ â 
S. aureus (Schmitz et al, 2001). Â³äîìî, ùî ó 
ªâðîï³ òà Àç³¿ äóæå ïîøèðåíèìè º ãåíè ðå-
çèñòåíòíîñò³ äî òåòðàöèêë³íó tet(K), tet(M), ÿê³ 
ìàþòü ïëàçì³äíó ëîêàë³çàö³þ (Khoshbakht et al, 
2018). Òîìó áóëî ïðîâåäåíî âèÿâëåííÿ ãåí³â 
tet(K), tet(M) ó ïëàçì³äîâì³ñíèõ êë³í³÷íèõ ³çî-
ëÿòàõ S. aureus çà äîïîìîãîþ ÏËÐ. Íà ðèñ. 1. 
íàâåäåíî îäíó ç åëåêòðîôîðåãðàì ðîçä³ëåííÿ 
ïðîäóêò³â ÏËÐ, ÿê³ îòðèìàíî ïðè äîñë³äæåí-
í³ ÄÍÊ áàêòåð³é êë³í³÷íèõ ³çîëÿò³â ¹¹ 110, 
126, 418 òà êîíòðîëüíîãî øòàìó Staphylococcus 
aureus ATCC 25923. 

Áóëî ïîêàçàíî íàÿâí³ñòü åï³äåì³îëîã³÷íî âàæ-
ëèâèõ òðàíñì³ñèáåëüíèõ ãåí³â ðåçèñòåíòíîñò³ 
äî òåòðàöèêë³íó ó áàêòåð³ÿõ 23 êë³í³÷íèõ ³çî-
ëÿò³â S. aureus. Çàãàëîì ïîêàçàíî, ùî ç 24 äî-
êñèöèêë³íðåçèñòåíòíèõ êë³í³÷íèõ ïëàçì³äîâ-
ì³ñíèõ ³çîëÿò³â S. aureus 11 ³çîëÿò³â ìàëè ãåí 
tet(M), 4 ³çîëÿòè ì³ñòèëè ãåí tet(K), 8 – ³ tet(M) 
³ tet(K), áàêòåð³¿ îäíîãî êë³í³÷íîãî ³çîëÿòó íå 
ì³ñòèëè à í³ tet(M), à í³ tet(K) ãåí³â. 

Òàêîæ áóëî äîñë³äæåíî äåâ’ÿòü äîêñèöè-
êë³í÷óòëèâèõ ïëàçì³äîâì³ñíèõ êë³í³÷íèõ ³çî-
ëÿò³â íà íàÿâí³ñòü ãåí³â tet(K) ³ tet(M). Ïîêàçà-
íî, ùî æîäåí äîêñèöèêë³í÷óòëèâèé êë³í³÷íèé 
³çîëÿò íå ìàâ ãåí³â tet(K) ³ tet(M) .

Îòæå, ïðåäñòàâëåí³ äàí³ äîçâîëÿþòü çðîáèòè 
âèñíîâîê ïðî çíà÷íå ðîçïîâñþäæåííÿ òðàíñ-
ì³ñèáåëüíèõ ãåí³â ðåçèñòåíòíîñò³ äî òåòðàöè-
êë³íó tet(K) ³ tet(M) ó äîñë³äæåíèõ ïëàçì³äîâ-
ì³ñíèõ äîêñèöèêë³íðåçèñòåíòíèõ êë³í³÷íèõ ³çî-
ëÿòàõ S. aureus, 96 % òàêèõ ³çîëÿò³â ìàëè ÿê 
ì³í³ìóì îäèí ç öèõ ãåí³â. 

Îñê³ëüêè âèÿâëåííÿ ïàòîãåííèõ øòàì³â, ùî 
óòâîðþþòü á³îïë³âêè, ìàº íàäçâè÷àéíî âàæëè-
âå çíà÷åííÿ â ä³àãíîñòè÷íèõ ëàáîðàòîð³ÿõ ³ ç 
îãëÿäó íà ï³äâèùåíó íåáåçïåêó ïåðåäà÷³ ãåí³â 
àíòèá³îòèêîðåçèñòåíòíîñò³ ó á³îïë³âêàõ íàìè 
áóëî äîñë³äæåíî ïîòåíö³àë äî á³îïë³âêîóòâî-
ðåííÿ â óñ³õ ïðåäñòàâëåíèõ 64 êë³í³÷íèõ ³çî-
ëÿòàõ S. aureus. Òàê³ ³çîëÿòè áóëè ïðåäñòàâëå-
í³ òðüîìà ãðóïàìè: 31 ³çîëÿò, áàêòåð³¿ ÿêèõ íå 
ìàþòü ïëàçì³ä; 24 ïëàçì³äîâì³ñíèõ äîêñèöè-
êë³íðåçèñòåíòíèõ ³çîëÿòè; 9 ïëàçì³äîâì³ñíèõ 
äîêñèöèêë³í÷óòëèâèõ ³çîëÿòè. Âàðòî â³äì³òèòè, 
ùî â ãðóï³ 24 ïëàçì³äîâì³ñíèõ äîêñèöèêë³í-
ðåçèñòåíòíèõ ³çîëÿò³â ìè â³äñë³äêîâóâàëè ³ 

ñèñòåìàòèçóâàëè äàí³ ùîäî çäàòíîñò³ äî á³î-
ïë³âêîóòâîðåííÿ ó áàêòåð³é, ÿê³ ìàëè ãåíè ñò³é-
êîñò³ äî òåòðàöèêë³íó – tet(K) ³ tet(M). 

Ðåçóëüòàòè îö³íêè ïîòåíö³àëó äî á³îïë³âêî-
óòâîðåííÿ ïðåäñòàâëåí³ ó òàáëèö³. 

Ðèñ. 1. Åëåêòðîôîðåãðàìà ÏËÐ-ïðîäóêò³â âèÿâëåí-
íÿ ãåí³â tet(K), tet(M): 1–3 – ðåçèñòåíòíèé äî äîêñè-
öèêë³íó êë³í³÷íèé ³çîëÿò ¹ 110 (1 – tet(M); 2 –
tet(K); 3 – ST); 4–6 – êîíòðîëüíèé øòàì Staphylo-
coccus aureus ATCC 25923 (4 – tet(M); 5 – tet(K); 6 –
ST); 8–10 – ÷óòëèâèé äî äîêñèöèêë³íó êë³í³÷íèé 
³çîëÿò ¹ 126 (8 – tet(M); 9 – tet(K); 10 – ST); 11–
13 – ðåçèñòåíòíèé äî äîêñèöèêë³íó êë³í³÷íèé ³çî-
ëÿò ¹ 418 (11 – tet(M); 12 – tet(K); 13 – ST); 7 – 
ìàðêåð ìîëåêóëÿðíî¿ ìàñè Generunner 100 bp

Îö³íêà ïîòåíö³àëó äî á³îïë³âêîóòâîðåííÿ
â êë³í³÷íèõ ³çîëÿòàõ S. aureus

Ãðóïà êë³í³÷íèõ ³çîëÿò³â

Ïîêàçíèê 
îïòè÷íî¿ 
ãóñòèíè 

ïðè 492 íì

Ñòóï³íü 
á³îïë³âêî-
óòâîðåííÿ

31 ³çîëÿò, áàêòåð³¿ ÿêèõ íå 
ìàþòü ïëàçì³ä
9 ïëàçì³äîâì³ñíèõ äîêñè-
öèêë³í÷óòëèâèõ ³çîëÿò³â
24 ïëàçì³äîâì³ñíèõ äî-
êñèöèêë³íðåçèñòåíòíèõ 
³çîëÿò³â
Íîñ³¿ ãåíó tet (K) 
Íîñ³¿ ãåíó tet (M)
Íîñ³¿ ãåí³â tet (K) ³ tet (M)
²çîëÿòè, ùî íå ìàþòü ãåí³â 
tet (K) ³ tet (M)

0,21–0,24

0,20–0,25

0,21–0,30

0,22–0,24
0,21–0,27
0,21–0,30
0,21–0,26

Ïîì³ðíà 

Ïîì³ðíà 

Ïîì³ðíà 

Ïîì³ðíà 
Ïîì³ðíà 
Ïîì³ðíà 
Ïîì³ðíà 
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Ñ.Ì. Äèáêîâà, Î.Á. Ëþòêî, Ì.Â. Äèáêîâ òà ³í.

Òàêèì ÷èíîì, ïðîâåäåí³ äîñë³äæåííÿ ùîäî 
ïîòåíö³àëó äî á³îïë³âêîóòâîðåííÿ â ïðåäñòàâ-
ëåíèõ 64 êë³í³÷íèõ ³çîëÿòàõ S. aureus ïðîäå-
ìîíñòðóâàëè ïîì³ðíó çäàòí³ñòü óòâîðþâàòè á³î-
ïë³âêè ñòàô³ëîêîêàìè ïëàçì³äîâì³ñíèõ ³çîëÿ-
ò³â, òàê ³ ³çîëÿòàìè, ùî íå ìàëè ïëàçì³ä. Òà-
êèé ôàêò âèêëèêàº çàíåïîêîºííÿ, îñê³ëüêè 
äîñë³äæóâàí³ áàêòåð³¿ áóëè êë³í³÷íèìè ³çîëÿ-
òàìè, âèä³ëåíèìè â³ä õâîðèõ ïàö³ºíò³â ç ãí³é-
íî-çàïàëüíèìè òà ïåðèïðîòåçíèìè ³íôåêö³ÿìè 
ñóãëîá³â, à îòæå ³ñíóº íàäçâè÷àéíî âèñîêèé 
ðèçèê ðîçïîâñþäæåííÿ ïëàçì³äíèõ ãåí³â ðå-
çèñòåíòíîñò³ äî òåòðàöèêë³íó ó âíóòð³øíüî-
ë³êàðíÿíèõ ïîïóëÿö³ÿõ á³îïë³âêîóòâîðþþ÷èõ 
áàêòåð³é çîëîòèñòîãî ñòàô³ëîêîêó.

Áóëî ïðîâåäåíî äîñë³äæåííÿ ùîäî åë³ì³-
íàö³¿ ïëàçì³äîàñîö³éîâàíèõ ãåí³â àíòèá³îòèêî-
ðåçèñòåíòíîñò³ ó êë³í³÷íèõ ³çîëÿò³â çîëîòèñ-
òîãî ñòàô³ëîêîêà çà äîïîìîãîþ íàíî÷àñòèíîê 
çîëîòà ³ ñð³áëà. Âèêîðèñòîâóâàëè íàíî÷àñòèí-
êè çîëîòà ñåðåäíüîãî ðîçì³ðó 30 íì ó âèãëÿä³ 
êîëî¿äíîãî ðîç÷èíó, îäåðæàíîãî øëÿõîì ã³äðî-
òåðìàëüíîãî ñèíòåçó: çîëîòîõëîðèñòîâîäíåâó 
êèñëîòó (HAuCl4•3H2O) â³äíîâëþâàëè öèòðà-
òîì íàòð³þ ó ïðèñóòíîñò³ êàðáîíàòó êàë³þ; 
à íàíî÷àñòèíêè ñð³áëà ñåðåäíüîãî ðîçì³ðó 
30 íì – ó âèãëÿä³ êîëî¿äíîãî ðîç÷èíó, îäåð-
æàíîãî êîíäåíñàö³éíèì ìåòîäîì øëÿõîì â³ä-
íîâëåííÿ í³òðàòó ñð³áëà òàí³íîì. 

Îáðîáêó ïëàçì³äîâì³ñíèõ áàêòåð³àëüíèõ êë³-
òèí êë³í³÷íèõ ³çîëÿò³â S. aureus, ÿê³ ïðîäåìîí-
ñòðóâàëè íàÿâí³ñòü äîñë³äæóâàíèõ ãåí³â tet(K) 
òà/àáî tet(M) íàíî÷àñòèíêàìè çîëîòà ÷è ñð³áëà 
çä³éñíþâàëè øëÿõîì ³íêóáóâàííÿ áàêòåð³é ³ç 
íàíî÷àñòèíêàìè. Âêàçàí³ íàíî÷àñòèíêè ìåòà-
ë³â ââîäèëè â ñåðåäîâèùå êóëüòèâóâàííÿ ó âè-
ãëÿä³ ñòåðèëüíèõ âîäíèõ ðîç÷èí³â ó ê³ëüêîñò³, 
ÿêà çàáåçïå÷óº âì³ñò íàíî÷àñòèíîê çîëîòà â 
ñåðåäîâèù³ 3,2–9,6 ìêã/ìë, à ñð³áëà – 20–
40 ìêã/ìë çà ìåòàëîì. Òàê, äî êóëüòóðè áàêòå-
ð³é êë³í³÷íèõ ³çîëÿò³â ó ÌÏÁ ç òèòðîì êë³òèí
1–2•109 äîäàâàëè âèõ³äíèé ïðåïàðàò íàíî÷àñ-
òèíîê çîëîòà àáî ñð³áëà äî âêàçàíèõ âèùå 
êîíöåíòðàö³é òà çä³éñíþâàëè êóëüòèâóâàííÿ 
ïðè 37 ºÑ âïðîäîâæ 20–24 ãîä. 

Çà äàíèìè äèñêî-äèôóç³éíîãî ìåòîäó äîñë³-
äæåííÿ ÷óòëèâîñò³ äî òåòðàöèêë³íîâîãî àíòè-
á³îòèêà äîêñèöèêë³íó, óñ³ îáðîáëåí³ áàêòåð³¿ 
íàíî÷àñòèíêàìè ñð³áëà ÷è çîëîòà ñåðåäíüîãî 
ðîçì³ðó 30 íì âòðàòèëè ðåçèñòåíòí³ñòü äî äà-
íîãî àíòèá³îòèêà. Ïîñ³â áàêòåð³é êîæíîãî îá-
ðîáëåíîãî øòàìó íà ñåðåäîâèùå ç äîêñèöèêë³-
íîì ïîêàçàëî â³äñóòí³ñòü ðîñòó íà ñåðåäîâèù³ 
ç äàíèì àíòèá³îòèêîì. 

Êîðîòêî÷àñíå êóëüòèâóâàííÿ áàêòåð³é, ùî 
âòðàòèëè ðåçèñòåíòí³ñòü äî äîêñèöèêë³íó íà 
ÌÏÀ (áëèçüêî 18 ãîä) ³ç íàñòóïíèì ïîñ³âîì 
íà ñåðåäîâèùå ç àíòèá³îòèêîì ïîêàçàëî â³äñóò-
í³ñòü äî ðåâåðñ³¿ àíòèá³îòèêîðåçèñòåíòíîñò³ äî 
äîêñèöèêë³íó. 

Â óñ³õ îáðîáëåíèõ íàíî÷àñòèíêàìè ìåòàë³â 
êë³í³÷íèõ ³çîëÿòàõ ñòàô³ëîêîêà ïðîâîäèëè â³-
çóàë³çàö³þ ïëàçì³ä çà äîïîìîãîþ åëåêòðîôî-
ðåçó â 1%-âîìó àãàðîçíîìó ãåë³. Ïîêàçàíî â³ä-
ñóòí³ñòü ïëàçì³ä â óñ³õ êë³í³÷íèõ ³çîëÿòàõ, ùî 

Ðèñ. 2. Åëåêòðîôîðåãðàìà ÏËÐ-ïðîäóêò³â âèÿâëåííÿ 
ãåíó tet (K) â ÄÍÊ êë³í³÷íîãî ³çîëÿòó S. aureus ¹ 110 :
1, 2 – äî îáðîáêè íàíî÷àñòèíêàìè, 3, 4 – ï³ñëÿ îá-
ðîáêè íàíî÷àñòèíêàìè çîëîòà 30 íì (3,2 ìêã/ìë), 
5 – ìàðêåð ìîëåêóëÿðíî¿ ìàñè Generunner 100bp, 
6, 7 – ï³ñëÿ îáðîáêè íàíî÷àñòèíêàìè ñð³áëà 30 íì 
(20 ìêã/ìë) (1, 3, 6 – ïðàéìåðè tet(K)-F + tet(K)-R, 
2, 4, 7 – ïðàéìåðè ST-F + ST-F, ïîçèòèâíèé êîí-
òðîëü S. aureus)
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ï³ääàâàëèñÿ åëåì³íàö³¿ ïëàçì³ä çà âèêîðèñòàí-
íÿ íàíî÷àñòèíîê çîëîòà ÷è ñð³áëà ñåðåäí³õ ðîç-
ì³ð³â 30 íì.

Ïðîâåäåíèé ÏËÐ-àíàë³ç òàêèõ åë³ì³íàíò³â 
íà íàÿâí³ñòü ðàí³øå âèçíà÷åíèõ ó íèõ ãåí³â 
tet(K) ³ tet(M) ïîêàçàâ â³äñóòí³ñòü òàêèõ ãåí³â 
ï³ñëÿ îáðîáêè áàêòåð³àëüíèõ êë³òèí íàíî÷àñ-
òèíêàìè (ðèñ. 2).

Â³äì³÷åíî, ùî áàêòåð³¿ îäíîãî øòàìó, ó ÿêèõ 
íå âèÿâëåíî ãåíè tet(K), tet(M) òåæ âòðà÷àëè 
ðåçèñòåíòí³ñòü äî äîêñèöèêë³íó, à îòæå ìîæ-
íà çðîáèòè ïðèïóùåííÿ, ùî ³íø³ ãåíè ðåçèñ-
òåíòíîñò³ äî âêàçàíîãî àíòèá³îòèêà ðîçì³ùåí³ 
òàêîæ íà ïëàçì³ä³. 

Ïîÿñíèòè ìåõàí³çì åë³ì³íàö³¿ R-ïëàçì³ä ³ç 
äîñë³äæåíèõ êë³í³÷íèõ ³çîëÿò³â ìîæíà âèõîäÿ-
÷è ³ç äàíèõ, ùî äîñë³äæåí³ íàíî÷àñòèíêè çî-
ëîòà ÷è ñð³áëà ðîçì³ðîì 30 íì ïðîíèêàþòü äî 
áàêòåð³àëüíî¿ êë³òèíè øëÿõîì åëåêòðîïîðàö³¿, 
³íäóêîâàíî¿ ìåìáðàííèì ïîòåíö³àëîì (Ulberg 
et al, 2014). Ïðè öüîìó âñåðåäèí³ êë³òèíè â³ä-
áóâàºòüñÿ âçàºìîä³ÿ çàðÿäæåíèõ íàíî÷àñòèíîê 
³ç çàðÿäæåíîþ ìîëåêóëîþ ïëàçì³äíî¿ ÄÍÊ, ùî 
ïðèçâîäèòü äî çì³íè ñòðóêòóðè ïëàçì³äè ³ åë³-
ì³íàö³¿ òàêî¿ ïëàçì³äè ç êë³òèíè. 

Îòæå, óñ³ ïðåäñòàâíèêè 24 ïëàçì³äîâì³ñíèõ 
äîêñèöèêë³íðåçèñòåíòíèõ êë³í³÷íèõ ³çîëÿò³â 
âòðà÷àëè ðåçèñòåíòí³ñòü äî òåòðàöèêë³íîâîãî 
àíòèá³îòèêó äîêñèöèêë³íó ï³ä âïëèâîì îáðîá-
êè ¿õ êë³òèí íàíî÷àñòèíêàìè çîëîòà 30 íì â 
êîíöåíòðàö³¿ 3,2–9,6 ìêã/ìë ÷è ñð³áëà ñåðåä-
íüîãî ðîçì³ðó 30 íì ó êîíöåíòðàö³¿ 20–40 ìêã/
ìë. ÏËÐ àíàë³ç êë³í³÷íèõ ³çîëÿò³â, ÿê³ äî îá-
ðîáêè íàíî÷àñòèíêàìè ìåòàë³â ì³ñòèëè äîñë³-
äæåí³ ãåíè tet(K) ³ tet(M), ïîêàçàâ â³äñóòí³ñòü 
ó åëåì³íàíò³â òàêèõ ãåí³â. Åë³ì³íàö³ÿ ãåí³â ðå-
çèñòåíòíîñò³ äî òåòðàöèêë³íó ó ïëàçì³äîâì³ñ-
íèõ ³çîëÿò³â S.aureus ³ç â³äîìîþ ïëàçì³äíîþ 
ëîêàë³çàö³ºþ äîñë³äæåíèõ ãåí³â tet(K) ³ tet(M) 
ñâ³ä÷èòü ïðî åôåêòèâí³ñòü ïðîäåìîíñòðîâàíîãî 
ñïîñîáó ïîäîëàííÿ àíòèá³îòèêîðåçèñòåíòíîñò³ 
çáóäíèê³â ãí³éíî-çàïàëüíèõ òà ïåðèïðîòåçíèõ 
³íôåêö³é ñóãëîá³â ëþäèíè çà äîïîìîãîþ íàíî-
÷àñòèíîê ìåòàë³â. Íàìè âïåðøå áóëî ïîêàçàíî 
ìîæëèâ³ñòü ïîäîëàííÿ àíòèá³îòèêîðåçèñòåíò-
íîñò³ çáóäíèê³â ãí³éíî-çàïàëüíèõ òà ïåðèïðî-
òåçíèõ ³íôåêö³é ñóãëîá³â ëþäèíè äî øèðî-
êî ðîçïîâñþäæåíîãî àíòèá³îòèêà òåòðàöèêë³íó, 
ÿêèé çàñòîñîâóþòüñÿ äëÿ ë³êóâàííÿ òà ïðîô³-
ëàêòèêè öèõ çàõâîðþâàíü, øëÿõîì åë³ì³íàö³¿ 

ïëàçì³äíî¿ ÄÍÊ çà äîïîìîãîþ íàíî÷àñòèíîê 
çîëîòà àáî ñð³áëà ñåðåäí³õ ðîçì³ð³â 30 íì, îòðè-
ìàíèõ ìåòîäàìè õ³ì³÷íî¿ êîíäåíñàö³¿.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Ñòàòòÿ íå 
ì³ñòèòü æîäíèõ äîñë³äæåíü, ÿê³ áóëè âèêîíà-
í³ ³ç âèêîðèñòàííÿì ëàáîðàòîðíèõ ïðåïàðàò³â, 
êë³òèííèõ ë³í³é àáî ³íòàêòíèõ îðãàí³çì³â òâà-
ðèí ÷è ëþäèíè.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Ðîáîòó ÷àñòêîâî ï³äòðèìàíî 
Simons Support Grant 1290589. 

OVERCOMING ANTIBIOTIC RESISTANCE
TO TETRACYCLINE IN STAPHYLOCOCCUS 
AUREUS BY GOLD AND SILVER 
NANOPARTICLES 

S.M. Dybkova, O.B. Liutko, M.V. Dybkov, K.V. Vitrak, 
L.S. Rieznichenko, T.G. Gruzina, G.D. Telegeev

F.D. Ovcharenko Institute of Biocolloidal Chemistry 
of the National Academy of Sciences of Ukraine, 
42 Acad. Vernadskoho Ave., Kyiv, 03142, Ukraine
State Institution «The Institute of Traumatology
and Orthopedics by the National Academy 
of Medical Sciences of Ukraine»,
27 Bulvarno-Kudriavska St., Kyiv, 0105427, Ukraine 
The Institute of Molecular Biology and Genetics 
of the National Academy of Sciences of Ukraine, 
150 Zabolotnoho Str.,Kyiv, 03143, Ukraine

E-mail: sdybkova@gmail.com, o.liutko@gmail.com, 
mdybkov@edu.imbg.org.ua, k.vitrak1122@gmail.com, 
lrieznichenko@gmail.com, gruzinatamara@gmail.com, 
g.d.telegeev@imbg.org.ua

Wide application of tetracyclines in medicine, veterinary 
me-dicine and stock raising has led to the spread of 
bacterial resistance to tetracycline, particularly among 
dangerous representatives of Staphylococcus aureus. 
Therefore, the analysis of resistance to tetracycline 
and the elaboration of approaches to overcoming it are 
extremely relevant. The study of 64 clinical isolates of 
S. aureus, characterized by moderate biofilm formation, 
showed that 33 of them contained plasmid DNA. A 
significant spread (in 96 % of studied isolates) of the 
known transmissible tetracycline resistance genes 
tet(K) and tet(M) was shown in the examined plasmid-
containing doxycycline-resistant clinical isolates of S. 
aureus. Plasmid-containing doxycycline-resistant clinical 
isolates with tet(K) and tet(M) genes lost resistance to the 
tetracycline-based antibiotic doxycycline after treatment 
of their cells with gold nanoparticles of 30 nm in a 
concentration of 3.2–9.6 �g/ml or medium-sized silver 
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particles of 30 nm in a concentration of 20–40 �g/ml. 
The elimination of tet genes responsible for acquired 
resistance was confirmed by PCR.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Alekshun MN, Levy SB (2007) Molecular Mechanisms 
of Antibacterial Multidrug Resistance. Cell 128:1037–
1050 https://doi.org/10.1016/j.cell.2007.03.004

Balouiri M, Sadiki M, Ibnsouda SK (2016) Methods for 
in vitro evaluating antimicrobial activity: A review. 
J Pharm Anal 6:71–79. http://dx.doi.org/10.1016/j.
jpha.2015.11.005

Bimboim HC, Doly J (1979) A rapid alkaline extraction 
procedure for screening recombinant plasmid DNA.
Nucl Acids Res 7:1513–1523. https://doi.org/10.
1093/nar/7.6.1513

Crofts TS, Gasparrini AJ, Dantas G (2017) Next-
generation approaches to understand and combat the 
antibiotic resistome. Nat Rev Microbiol 15:422–434. 
https://doi.org/10.1038/nrmicro.2017.28 

Dybkova SM, Gruzina TG, Rieznichenko LS, Ulberg 
ZR (2014) Interaction of gold and silver nanopartic-
les with plasmids DNA. Faktori eksperimentalnoy 
evolucii organizmiv 15:48–52. ISSN 2219-3782 
(Print). ISSN 2415-3826 (Online). http://www.utgis.
org.ua/journals/index.php/Faktory/article/view/297 
(Ukrainian)

Græsbøll K, Larsen I, Clasen J et al (2019) Effect of
tetracycline treatment regimens on antibiotic resis-
tance gene selection over time in nursery pigs. BMC 
Microbiol 19:269. https://doi.org/10.1186/s12866-
019-1619-z

Khoshbakht R, Derakhshandeh A, Jelviz L, Azhdari F 
(2018) Tetracycline Resistance Genes in Salmonella 
enterica Serovars With Animal and Human Origin.
Int J Enteric Pathog 6:60–64. https://doi.org/10.
15171/ijep.2018.17

Kwong SM, Ramsay JP, Jensen SO, Firth N (2017) 
Replication of staphylococcal resistance plasmids. 
Front Microbiol 8:2279. https://doi.org/10.3389/
fmicb.2017.02279

Liu C, Bayer A, Cosgrove SE et al (2011) Clinical 
practice guidelines by the Infectious Diseases Society 
of America for the treatment of methicillin-resistant 
Staphylococcus aureus infections in adults and 
children. Clin Infect Dis 52:e18–e55. https://doi.
org/10.1093/cid/ciq146

Manandhar S, Singh A, Varma A et al (2018) Biofilm 
producing clinical staphylococcus aureus isolates 
augmented prevalence of antibiotic resistant cases 
in tertiary care hospitals of Nepal. Front Microbiol 
9:2749 https://doi.org/10.3389/fmicb.2018.02749

Mores CR, Montelongo C, Putonti C et al (2021) 
Investigation of Plasmids Among Clinical Staphy-
lococcus aureus and Staphylococcus haemolyticus 
Isolates From Egypt. Front Microbiol 12:659116. 
https://doi.org/10.3389/fmicb.2021.659116

Piechota M, Kot B, Frankowska-Maciejewska A et al
(2018) Biofilm Formation by Methicillin-Resistant 
and Methicillin-Sensitive Staphylococcus aureus 
Strains from Hospitalized Patients in Poland. Bio-
med Res Int 2018:4657396. https://doi.org/10.1155/
2018/4657396

Rodríguez-Lázaro D, Alonso-Calleja C, Oniciuc EA 
et al (2018) Characterization of biofilms formed by 
foodborne methicillin-resistant staphylococcus au-
reus. Front Microbiol 9:3004. https://doi.org/10.
3389/fmicb.2018.03004

Schmitz FJ, Krey A, Sadurski R et al (2001) Resistance
to tetracycline and distribution of tetracycline re-
sistance genes in European Staphylococcus aureus 
isolates. J Antimicrob Chemother 47:239–240. https://
doi.org/10.1093/jac/47.2.239

Shevchenko LV, Dobrozhan YV, Mykhalska VM et 
al (2019) Contamination of hen manure with nine 
antibiotics in poultry farms in Ukraine. Regul Mech 
Biosyst 10:532–537. https://doi.org/10.15421/021978

Spengler G, Molnar A, Schelz Z et al (2006) The Me-
chanism of Plasmid Curing in Bacteria. Curr Drug
Targets 7:823–841. https://doi.org/10.2174/1389450
06777709601

Strommenger B, Kettlitz C, Werner G, Witte W (2003) 
Multiplex PCR assay for simultaneous detection of 
nine clinically relevant antibiotic resistance genes in 
Staphylococcus aureus. J Clin Microbiol 41:4089–
4094. https://doi.org/10.1128/JCM.41.9.4089-4094.
2003

Ulberg ZR, Shilov VN (2014) Membrane-Potential-
induced electroporation as a physical mechanism 
for metal nanoparticle penetration through a cell 
membrane. Colloid J 76:739–745. https://doi.org/
10.1134/S1061933X14050159

Zaheer R, Lakin SM, Polo RO et al (2019) Comparative 
diversity of microbiomes and Resistomes in beef 
feedlots, downstream environments and urban se-
wage influent. BMC Microbiol 19:197. https://doi.
org/10.1186/s12866-019-1548-x

Íàä³éøëà â ðåäàêö³þ 27.06.2024
Ï³ñëÿ äîîïðàöþâàííÿ 10.07.2024

Ïðèéíÿòà äî äðóêó 18.11.2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


