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Äàíà ðîáîòà º ôðàãìåíòîì íàóêîâî-äîñë³äíî¿ ðî-
áîòè ëàáîðàòîð³¿ ïðîô³ëàêòèêè êðàïëèííèõ ³íôåêö³é 
ÄÓ «²Ì² ÍÀÌÍ» «Á³îëîã³÷í³ îñíîâè ðîçðîáêè ñèíá³î-
òè÷íèõ êîìïëåêñ³â çà óìîâ çàñòîñóâàííÿ åëåêòðîìàã-
í³òíèõ é óëüòðàçâóêîâèõ õâèëü», ¹ äåðæ. ðåºñòðàö³¿ 
0113U001517.

Âñòóï. Â³äîìî, ùî áàêòåð³¿ ðîäó Lactobacillus º 
íåâ³ä’ºìíîþ ñêëàäîâîþ íîðìàëüíî¿ ì³êðîá³îòè îð-
ãàí³çìó ëþäèíè, ÿêà â³ä³ãðàº çíà÷íó ðîëü ó ñòâîðåíí³ 
âèñîêî¿ êîëîí³çàö³éíî¿ ðåçèñòåíòíîñò³ ñëèçîâèõ îáî-
ëîíîê äî ïàòîãåííèõ òà óìîâíî-ïàòîãåííèõ ì³êðîîð-
ãàí³çì³â, ï³äòðèìóº íà îïòèìàëüíîìó ð³âí³ ìåòàáîë³÷í³ 
ïðîöåñè ³ ³ìóíîëîã³÷íó ðåàêòèâí³ñòü ìàêðîîðãàí³çìó, 
ñïðèÿº ðåãåíåðàö³¿ åï³òåë³þ ñëèçîâî¿ îáîëîíêè, òîùî 
[6, 13, 19, 23, 24]. Ïîçèòèâíèé âïëèâ ëàêòîáàêòåð³é 
íà îðãàí³çì ëþäèíè îáóìîâëåíèé íå ò³ëüêè ¿õ âèñîêîþ 
çäàòí³ñòþ äî öèòîàäãåç³¿ òà êîëîí³çàö³¿, à é âèñîêèìè 
àíòàãîí³ñòè÷íèìè âëàñòèâîñòÿìè ó á³îöåíîç³ çàâäÿêè 
ïðîäóêö³¿ àíòèì³êðîáíèõ ñïîëóê á³ëêîâîãî ïîõîäæåííÿ 
(áàêòåð³îöèí³â), ÿê³ îòðèìàëè íàçâó «ïëàíòàðèöèíè» 
çàâäÿêè L. plantarum [17, 21]. Ïëàíòàðèöèíè – öå êà-
ò³îíí³ òåðìîñòàá³ëüí³ ïåïòèäè ç ìîëåêóëÿðíîþ âàãîþ 
ìåíø 10 êÄà (íàé÷àñò³øå â ìåæàõ 2-6 êÄà) [17]. Àêòèâ-
í³ñòü òà ð³âåíü ¿õ ïðîäóêö³¿ çàëåæèòü â³ä óìîâ, â ÿêèõ 
çíàõîäÿòüñÿ ëàêòîáàêòåð³¿, ³ êîíòðîëþºòüñÿ òðèêîì-
ïîíåíòíîþ ñèñòåìîþ ðåãóëþâàííÿ. äî ñêëàäó çàçíà-
÷åíî¿ ñèñòåìè âõîäÿòü ñèãíàëüíèé ïåïòèä (ôåðîìîí), 
ñåíñîðíà ã³ñò³ä³íê³íàçà é á³ëîê-ðåãóëÿòîð, ùî àêòèâóº 
òðàíñêðèïö³þ. Ñò³éê³ñòü ïðîäóöåíòà äî ä³¿ âëàñíîãî 
áàêòåð³îöèíó çàáåçïå÷óºòüñÿ, òàê çâàíèì, «á³ëêîì 
³ìóí³òåòó» [12]. Â³äîì³ íàñòóïí³ åòàïè óøêîäæóþ÷î¿ 
ä³¿ ïëàíòàðèöèí³â: âçàºìîä³ÿ åôåêòîðíèõ ïåïòèä³â 
ç ìåìáðàíîþ ÷óòëèâî¿ êë³òèíè, ïîçèö³îíóâàííÿ ïåï-
òèäó â îáëàñò³ ç’ºäíàííÿ ç á³ëêîâèì ðåöåïòîðîì, çà-
íóðåííÿ â ñåðöåâèíó ìåìáðàí ñï³ðàëüíî¿ ñòðóêòóðè 
ç óòâîðåííÿì ïîðè ³ âèñíàæåííÿì ïóëó ÀÒÔ [12, 17]. 
Àíòèì³êðîáí³ ïåïòèäè (ÀÌÏ) ëàêòîáàöèë çäàòí³ âïëè-
âàòè íà ñåïòîóòâîðåííÿ ó ãðèá³â, ñèíòåç ïåïòèäîãë³êà-
íó ³ á³ëêó êë³òèí áàêòåð³é, öèòîïëàçìàòè÷íó ìåìáðàíó 
êîíêóðåíò³â, âèêëèêàþ÷è ¿¿ äåñòàá³ë³çàö³þ øëÿõîì ïî-
ðîóòâîðåííÿ, ÿêå ïðèçâîäèòü äî íåðåãóëüîâàíîãî âè-
õîäó ³ç êë³òèíè âàæëèâèõ ðå÷îâèí ³, òàêèì ÷èíîì, ñïðè-
ÿº çàãèáåë³ êë³òèíè-ì³øåí³ [12, 17, 21].

 © Êàë³í³÷åíêî Ñ.Â., Êîðîòêèõ Î.Î., Áàáè÷ ª.Ì., *Ê³ââà Ô.Â., *Êîâàëåíêî Î.².

ÓÄÊ 57.04:[537.868 + 534-8]:579.262

Êàë³í³÷åíêî Ñ.Â., Êîðîòêèõ Î.Î., Áàáè÷ ª.Ì., *Ê³ââà Ô.Â., *Êîâàëåíêî Î.².

ÕÐÎÌÀÒÎÃÐÀÔ²×ÍÈÉ ÀÍÀË²Ç ÅÊÇÎÌÅÒÀÁÎË²Ò²Â 

LACTOBACILLUS PLANTARUM, ÎÒÐÈÌÀÍÈÕ ÇÀ Ð²ÇÍÈÕ ÓÌÎÂ 

ÃÀÇÎÂÎÃÎ ÑÊËÀÄÓ ÀÒÌÎÑÔÅÐÈ ÊÓËÜÒÈÂÓÂÀÍÍß 

ÒÀ ÂÏËÈÂÓ Ô²ÇÈ×ÍÈÕ ×ÈÍÍÈÊ²Â
Äåðæàâíà óñòàíîâà «²íñòèòóò ì³êðîá³îëîã³¿ òà ³ìóíîëîã³¿ ³ì. ².². Ìå÷íèêîâà 

Íàö³îíàëüíî¿ àêàäåì³¿ ìåäè÷íèõ íàóê Óêðà¿íè» (ì. Õàðê³â)

*²íñòèòóò ðàä³îô³çèêè òà åëåêòðîí³êè ³ì. Î. ß. Óñèêîâà ÍÀÍ Óêðà¿íè (ì. Õàðê³â)

kalinichenko_sv@ukr.net

Óìîâè â á³îëîã³÷íèõ í³øàõ ëþäñüêîãî îðãàí³ç-
ìó ìîæóòü ñóòòºâî â³äð³çíÿòèñü â³ä ñòâîðåíèõ in vitro 
çà áàãàòüìà ïàðàìåòðàìè, ó òîìó ÷èñë³ ³ çà ãàçîâèì 
ñêëàäîì àòìîñôåðè ³íêóáàö³¿. Òàêå äîïóùåííÿ áàçó-
ºòüñÿ íà äàíèõ ë³òåðàòóðè â³äíîñíî á³îëîã³÷íèõ âëàñ-
òèâîñòåé îêðåìèõ ïðåäñòàâíèê³â óìîâíî-ïàòîãåííèõ 
áàêòåð³é, ùî ïåðñèñòóþòü ó ì³êðîàåðîô³ëüíèõ í³øàõ 
ðîòîâî¿ ïîðîæíèíè, øëóíêîâî-êèøêîâîãî é óðîãåí³-
òàëüíîãî òðàêò³â, ãðàíóëüîìàòîçíèõ òà íåêðîòè÷íèõ 
ä³ëÿíêàõ ëåãåíü [20]. Ï³ä âïëèâîì íèçüêèõ êîíöåíòðà-
ö³é êèñíþ àñîö³àíòè íàáóâàþòü ñòàíó íåðåïë³êàö³éíî¿ 
ïåðñèñòåíö³¿ (NRP) (Mycobacterium tuberculosis), ÷è 
çíà÷íî ïîñèëþþòü àíòàãîí³ñòè÷í³ âëàñòèâîñò³ (øòàìè 
Aerococcus viridans òà Lactobacillus spp.), ³íâàçèâí³ñòü 
(Salmonella typhimurium òà Mycobacterium avium), 
çäàòí³ñòü äî ôîðìóâàííÿ á³îïë³âîê (Streptococcus 
mutans), àáî ìåíøîþ ì³ðîþ ïðîÿâëÿþòü äåÿê³ á³îëî-
ã³÷í³ îçíàêè ïîð³âíÿíî ç áàêòåð³ÿìè çà àåðîáíèõ óìîâ 
êóëüòèâóâàííÿ [16]. Á³ëüø³ñòü øòàì³â ëàêòîáàêòåð³é 
ÿâëÿþòüñÿ àåðîòîëåðàíòíèìè, àëå îïòèìàëüíèìè äëÿ 
¿õ ¿ñíóâàííÿ º ì³êðîàåðîô³ëüí³ óìîâè [10, 12]. 

Âèâ÷åííÿ á³îëîã³÷íèõ åôåêò³â òà ìåõàí³çì³â ä³¿ 
åëåêòðîìàãí³òíèõ âèïðîì³íþâàíü (ÅÌÂ) ïðåäñòàâ-
ëÿº ³íòåðåñ äëÿ áàãàòüîõ äîñë³äíèê³â, îñê³ëüêè íàäàº 
ìîæëèâ³ñòü êåðóâàííÿ ô³ç³îëîã³÷íèìè ïðîöåñàìè 
á³îîá’ºêò³â, à òàêîæ ðîçøèðþº àðñåíàë çàñîá³â áî-
ðîòüáè ç ³íôåêö³éíèìè õâîðîáàìè â ìåäèöèí³ òà ì³ê-
ðîá³îëîã³¿ [1, 2, 8, 18]. 

Ó äîñòóïí³é íàì ë³òåðàòóð³ ìè íå çíàéøëè äàíèõ 
ùîäî âèâ÷åííÿ ïðîäóêóâàííÿ ëàêòîáàêòåð³ÿìè ÀÌÏ 
çà óìîâ âïëèâó ô³çè÷íèõ ÷èííèê³â òà ð³çíèõ óìîâ ãàçî-
âîãî ñêëàäó àòìîñôåðè êóëüòèâóâàííÿ. 

Âèõîäÿ÷è ç âèùåçàçíà÷åíîãî íàìè áóëà ïîñòàâëå-
íà íàñòóïíà ìåòà: ïðîâåñòè õðîìàòîãðàô³÷íèé àíàë³ç 
åêçîìåòàáîë³ò³â, îòðèìàíèõ çà óìîâ âïëèâó ô³çè÷íèõ 
÷èííèê³â íà L. plantarum òà ð³çíèõ óìîâ ãàçîâîãî ñêëà-
äó àòìîñôåðè êóëüòèâóâàííÿ øòàìó-ïðîäóöåíòó. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Îá’ºêòîì äîñë³-
äæåííÿ áóëè åêçîìåòàáîë³òè L. plantarum. Äëÿ îòðè-
ìàííÿ ³ âèâ÷åííÿ ôðàêö³é ïåïòèä³â â³ä³áðàíî øòàì 
L. plantarum, âèëó÷åíèé ç êèøå÷íèêó áäæ³ë, ÿêèé ìàâ 
íàéâèùó àíòàãîí³ñòè÷íó âëàñòèâ³ñòü â³äíîñíî á³ëü-
øîñò³ òåñò-êóëüòóð [4].
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Ñóñïåíç³þ ì³êðîîðãàí³çì³â ãîòóâàëè â³äïîâ³äíî 
äî îïòè÷íîãî ñòàíäàðòó êàëàìóòíîñò³ 1,0 îäèíèöü ïî 
øêàë³ McFarland çà äîïîìîãîþ åëåêòðîííîãî ïðèëàäó 
Densi-La-Meter (âèðîáíèöòâà PLIVA-Lachema, ×åõ³ÿ; 
äîâæèíà õâèë³ 540 íì) çã³äíî ç ³íñòðóêö³ºþ äî ïðèëàäó 
òà ³íôîðìàö³éíèì ëèñòîì ïðî íîâîââåäåííÿ â ñèñòåì³ 
îõîðîíè çäîðîâ’ÿ ¹163-2006 «Ñòàíäàðòèçàö³ÿ ïðè-
ãîòóâàííÿ ì³êðîáíèõ ñóñïåíç³é», ì. Êè¿â [22]. Ñèíõðî-
í³çàö³þ êóëüòóð ïðîâîäèëè çà äîïîìîãîþ ä³¿ íèçüêî¿ 
òåìïåðàòóðè [2, 3]. 

Ì³êðîàåðîô³ëüí³ óìîâè êóëüòèâóâàííÿ ñòâîðþâà-
ëè ó ì³êðîàíàåðîñòàòàõ çà äîïîìîãîþ ãàçîãåíåðóþ-
÷èõ ïàêåò³â Generator GENbox microaer (bioMerieux, 
Ôðàíö³ÿ).

Îáëàäíàííÿ äëÿ îïðîì³íåííÿ åëåêòðîìàãí³òíèìè 
õâèëÿìè òà óëüòðàçâóêîì á³îîá’ºêòó áóëî íàäàíî ²íñòè-
òóòîì ðàä³îô³çèêè òà åëåêòðîí³êè ³ì. Î. ß. Óñèêîâà ÍÀÍ 
Óêðà¿íè (ñâ³äîöòâî ïðî àòåñòàö³þ ¹ 100-3919/2014, 
÷èííå äî 27.01.2017 ð., âèäàíå 28.01.2014 ð. ÄÏ «Õàð-
ê³âñüêèé ðåã³îíàëüíèé íàóêîâî-âèðîáíè÷èé öåíòð 
ñòàíäàðòèçàö³¿, ìåòðîëîã³¿ òà ñåðòèô³êàö³¿») çã³äíî 
ç äîãîâîðîì ïðî íàóêîâî-ïðàêòè÷íå ñï³âðîá³òíèöòâî 
â³ä 01.09.2009 ð.

Äëÿ îïðîì³íåííÿ ì³êðîîðãàí³çì³â åëåêòðîìàãí³ò-
íèì ïîëåì ó âóçüêèõ ñìóãàõ ÷àñòîò (êâàç³ãàðìîí³éíèé 
ñèãíàë) ÍÇÂ×-ä³àïàçîíó âèêîðèñòàí³ ãåíåðàòîðè ñèã-
íàë³â Ã4-141 (f

1
 = 37,5-53,57) ÃÃö ³ Ã4-142 (f

2
 = 53,57-

78,33) ÃÃö Ïðîá³ðêè ç êóëüòóðàìè ïðè ê³ìíàòí³é 
òåìïåðàòóð³, áåç ïåðåì³øóâàííÿ, ðîçòàøîâóâàëè 
ïîáëèçó â³ä ðîçêðèâó ïðÿìîêóòíîãî ðóïîðó ç ïåðåð³-
çîì 6,0x5,0 ñì (äëÿ ãåíåðàòîðà Ã4-141) òà 8,5x6,5 ñì 
(äëÿ ãåíåðàòîðà Ã4-142). Ï³ä ÷àñ îïðîì³íåííÿ åëåê-
òðîìàãí³òíèì ïîëåì îá’ºêòè çíàõîäèëèñÿ íà â³äñòàí³
L  5-7 ñì â³ä ïëîùèíè àïåðòóðè, òîáòî â áëèæí³é çîí³ 
àíòåíè. Ó ì³ñö³ ¿õ ðîçòàøóâàííÿ ù³ëüí³ñòü ïîòîêó ïî-
òóæíîñò³ (ÙÏÏ) äîñÿãàëà âåëè÷èí ~ 0,1 ìÂò/ñì2 ïðè 
íåð³âíîì³ðíîñò³ îïðîì³íåííÿ â ì³ñö³ ðîçòàøóâàí-
íÿ îá’ºêò³â íå á³ëüøå 3 äÁ, ùî ïîâ’ÿçàíî ç³ ñïåöèô³-
êîþ áëèæíüî¿ çîíè, ê³íöåâèìè ðîçì³ðàìè àïåðòóðè 
òà îïðîì³íþâàíèõ îá’ºêò³â, à òàêîæ íèçüêèì ³ìïåäàí-
ñîì íàâàíòàæåííÿ.

Äæåðåëîì óëüòðàçâóêîâîãî âèïðîì³íþâàííÿ ñëó-
æèâ íèçüêî÷àñòîòíèé ãåíåðàòîð ñèãíàë³â Ã3-109, 
íàâàíòàæåíèé íà ê³ëüöåâèé ïüåçîêåðàì³÷íèé ïåðå-
òâîðþâà÷-âèïðîì³íþâà÷ òèïó ÖÒÑ òà óëüòðàçâóêîâèé 
ãåíåðàòîð ÃÇ-Ô. Ïðîá³ðêè ç áàêòåð³àëüíîþ ñóñïåíç³-
ºþ ðîçòàøîâóâàëèñÿ â áëèæí³é çîí³ âèïðîì³íþâà÷à. 
Îïðîì³íåííÿ ïðîâåäåíî â âîäíîìó ñåðåäîâèù³.

Õðîìàòîãðàô³÷í³ äîñë³äæåííÿ ïðîâîäèëè ìå-
òîäîì ãåëü-ô³ëüòðàö³éíî¿ (åêñêëþç³éíî¿ àáî ãåëü-
ïðîíèêàþ÷î¿ àáî ñèòîâî¿) õðîìàòîãðàô³¿ [14]. Äî-
ñë³äæåííÿ ïðîâåäåí³ ñï³ëüíî ç ²íñòèòóòîì ïðîáëåì 
êð³îá³îëîã³¿ ³ êð³îìåäèöèíè ÍÀÍ Óêðà¿íè çã³äíî ç äîãî-
âîðîì ïðî íàóêîâî-ïðàêòè÷íå ñï³âðîá³òíèöòâî.

Ñòàòèñòè÷íà îáðîáêà äàíèõ çä³éñíþâàëàñü ó â³ä-
ïîâ³äíîñò³ ç ïðàâèëàìè ðÿäîâî¿ é àëüòåðíàòèâíî¿ 
âàð³àö³éíî¿ ñòàòèñòèêè, ÿê âèêëàäåíî ó ïîñ³áíèêàõ 
[5, 7, 11, 15]. Äëÿ âèá³ðîê îö³íþâàëàñü â³äïîâ³äí³ñòü 
åìï³ðè÷íèõ ðîçïîä³ë³â íîðìàëüíîìó çàêîíó (ðîç-
ïîä³ëåííÿ Ãàóñà) çà êðèòåð³ÿìè Êîëìîãîðîâà-Ñì³ð-
íîâà, Øàï³ðî-Ó³ëêà òà Ë³ëë³ºôîðñà. ßêùî ðîçïîä³ë 
äîñë³äæóâàíèõ âèá³ðîê â³äð³çíÿâñÿ â³ä íîðìàëüíîãî, 
äëÿ îáðîáêè äàíèõ âèêîðèñòîâóâàëè íåïàðàìåòðè÷í³ 

êðèòåð³¿: Ìàííà-Ó³òí³, Êðàñêàëà-Óîëë³ñà, Â³ëêîêñîíà, 
êðèòåð³é çíàê³â. Äîñòîâ³ðí³ñòü ðîçá³æíîñòåé íîð-
ìàëüíî ðîçïîä³ëåíèõ âåëè÷èí âèçíà÷àëè çà äîïîìî-
ãîþ êðèòåð³þ t – Ñò’þäåíòà, ç îá÷èñëåííÿì ñåðåäíüî¿ 
âåëè÷èíè M, ñåðåäíüîêâàäðàòè÷íîãî â³äõèëåííÿ S, 
ñåðåäíüî¿ ïîõèáêè âåëè÷èíè m, çíà÷åííÿ äîñòîâ³ð-
íîñò³ ð. Äëÿ àíàë³çó îäåðæàíîãî ìàòåð³àëó ïðîâîäè-
ëîñü éîãî ãðóïóâàííÿ çà àòðèáóòèâíèìè òà âàð³àö³é-
íèìè îçíàêàìè [5, 7, 11, 15]. Ó ðåçóëüòàò³ çâåäåííÿ 
ìàòåð³àëó ïðè ï³äðàõóíêàõ îäèíèöü ñïîñòåðåæåíü 
áóëè îòðèìàí³ àáñîëþòí³ ÷èñëà, ÿê³ âèðàæàëè îïèñîâ³ 
³ ê³ëüê³ñí³ îçíàêè. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ïåðøèì åòàïîì äîñë³äæåííÿ ñòàëî âèâ÷åííÿ ôðàê-
ö³éíîãî ñêëàäó åêçîìåòàáîë³ò³â L. plantarum çà ð³ç-
íèõ óìîâ ãàçîâîãî ñêëàäó àòìîñôåðè êóëüòèâóâàííÿ 
(àåðîáí³ òà ì³êðîàåðîô³ëüí³). Öå ïîâ’ÿçàíå ç òèì, 
ùî àòìîñôåðà çíèæåíîãî ïàðö³àëüíîãî òèñêó êèñíþ 
òà ï³äâèùåíîãî âì³ñòó âóãëåêèñëîãî ãàçó ïåâíîþ 
ì³ðîþ â³äòâîðþº óìîâè ïåðåáóâàííÿ ëàêòîáàêòåð³é 
in vivo.

Ïðè àíàë³ç³ ðåçóëüòàò³â ãåëü-ô³ëüòðàö³éíî¿ õðîìà-
òîãðàô³¿ áóëî âñòàíîâëåííî íàÿâí³ñòü ìíîæèíè îäíî-
çàðÿäíèõ êîìïîíåíò³â á³ëêîâî¿ íèçüêîìîëåêóëÿðíî¿ 
ìàòðèö³ (ìàñà/çàðÿä 300-900), ùî âõîäèëè äî ñêëàäó 
ïîæèâíîãî ñåðåäîâèùà MRS. Ó âñ³õ äîñë³äæåíèõ åê-
çîìåòàáîë³òàõ L. plantarum, êð³ì íèçüêîìîëåêóëÿðíèõ 
ïåïòèä³â, áóëè âèÿâëåí³ ïåïòèäè ç â³äíîñíî âèñîêîþ 
ìîëåêóëÿðíîþ âàãîþ (ì.â.): 1195-7670 Äà. Îñê³ëüêè, 
çà äàíèìè ë³òåðàòóðè, ìîëåêóëÿðíà âàãà ïëàíòàðèöè-
í³â çíàõîäèòüñÿ â ìåæàõ 2-6 êÄà, ïåïòèäè ç ì.â. 12 êÄà 
òà á³ëüøå íå â³äáèðàëèñü.

Ç åêçîìåòàáîë³ò³â L. plantarum, îòðèìàíèõ çà 
àåðîá íèõ óìîâ êóëüòèâóâàííÿ, áóëî âèä³ëåíî 9 ôðàê-
ö³é ì³êðîáíèõ ïåïòèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 546 
äî 5667 Äà. Ïèòîìà âàãà ôðàêö³é ç ì.â. äî 1 êÄà ñòà-
íîâèëà 10,7 %, â³ä 1 äî 2 êÄà – 13,1 %, â³ä 2 äî 6 êÄà – 
71 %, 12 êÄà òà á³ëüøå – 5,2 % â³ä çàãàëüíî¿ ê³ëüêîñò³ 
ì³êðîá íèõ ïåïòèä³â (òàáë. 1). 

Òàáëèöÿ 1 

Ïèòîìà âàãà ïåïòèäíèõ ôðàêö³é 
çà ð³çíèõ óìîâ ãàçîâîãî ñêëàäó 

àòìîñôåðè êóëüòèâóâàííÿ L. plantarum

Ôðàêö³ÿ
Ìîëåêóëÿðíà 

âàãà, 
Äà (Ì ± m)

Óìîâè êóëüòèâóâàííÿ

Àåðîáí³
Ì³êðî-

àåðîô³ëüí³

0 12000 5,2 % 4,7 %

Àà 7300 ± 370 - -

A 5580 ± 87 51,3 % 58,8 %

B 3710 ± 125 8,8 % 7,3 %

C 3030 ± 29 10,9 % 7,9 %

D 2330 ± 63 - 2,8 %

E 1780 ± 36 3,4 % 2,7 %

F 1460 ± 16 5,5 % 4,7 %

G 1220 ± 25 4,2 % 3,2 %

H 870 ± 20 6,5 % 4,4 %

I 550 ± 4 4,2 % 3,5 %
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Ç åêçîìåòàáîë³ò³â L. plantarum, îòðèìàíèõ ïðè 
êóëüòèâóâàíí³ çà óìîâ àòìîñôåðè çíèæåíîãî ïàðö³-
àëüíîãî òèñêó êèñíþ òà ï³äâèùåíîãî âì³ñòó âóãëåêèñ-
ëîãî ãàçó, áóëî âèä³ëåíî 10 ôðàêö³é ì³êðîáíèõ ïåïòè-
ä³â. Ïèòîìà âàãà ïåïòèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 
2 äî 6 êÄà ñòàíîâèëà 76,8 %, ç ì.â. äî 1 êÄà – 7,9 %, 
ç ì.â. Â³ä 1 äî 2 êÄà – 10,6 %, 12 êÄà òà á³ëüøå – 4,7 % 
â³ä çàãàëüíî¿ ê³ëüêîñò³ (òàáë.1).

Âèçíà÷åíî, ùî çà àåðîáíèõ óìîâ êóëüòèâóâàííÿ 
L. plantarum ôðàêö³ÿ D (ì.â. 2267-2393 Äà) áóëà â³ä-
ñóòíÿ, òîä³ ÿê çà ì³êðîàåðîô³ëüíèõ – ê³ëüê³ñòü ïåïòèä³â 
³ç çàçíà÷åíîþ ì.â. ñòàíîâèëà 2,8 % â³ä çàãàëüíî¿ ê³ëü-
êîñò³ ì³êðîáíèõ ïåïòèä³â. 

Ïîð³âíÿëüíèé àíàë³ç ïîêàçàâ, ùî ïèòîìà âàãà ïåï-
òèä³â ç ì.â. äî 1 êÄà çà ì³êðîàå-
ðîô³ëüíèõ óìîâ ãàçîâîãî ñêëàäó 
êóëüòèâóâàííÿ áóëà â 1,35 ðàçè 
(ð < 0,01), à ç ì.â. Â³ä 1 äî 2 
êÄà – 1,2 ðàçè (ð < 0,05) íèç÷îþ 
ïîð³âíÿíî ç àåðîáíèìè óìîâà-
ìè. Ïðîòå, ïèòîìà âàãà ïåïòè-
ä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 2 
äî 6 êÄà çà ì³êðîàåðîô³ëüíèõ 
óìîâ êóëüòèâóâàííÿ áóëà á³ëü-
øîþ ó ïîð³âíÿí³ ç àåðîáíèìè 
óìîâàìè (76,8 % ïðîòè 71 %). 
Íà íàø ïîãëÿä, öå ïîâ’ÿçàíî 
ç òèì, ùî ëàêòîáàêòåð³¿ ÿâëÿ-
þòüñÿ ì³êðîàåðîô³ëàìè, òîìó 
á³ëüø ñïðèÿòëèâèìè óìîâàìè 
äëÿ ¿õ ðîçâèòêó º àòìîñôåðà 
ç ï³äâèùåíèì âì³ñòîì âóãëåêèñ-
ëîãî ãàçó òà çíèæåíèì ïàðö³àëü-
íèìè òèñêîì êèñíþ.

Òàêèì ÷èíîì, åêñïåðèìåí-
òàëüíî âèçíà÷åíî, ùî çà óìîâ 
àòìîñôåðè çíèæåíîãî ïàðö³àëü-
íîãî òèñêó êèñíþ ó L. plantarum 
â³äáóâàëàñü ñòèìóëÿö³ÿ ïðîäó-
êóâàííÿ ïåïòèä³â ç ì.â. 2-6 êÄà 
(ìîæëèâ³ ïëàíòàðèöèíè) òà çíè-
æóâàëàñü ïèòîìà âàãà íèçüêî-
ìîëåêóëÿðíèõ á³ëê³â ïîæèâíîãî 
ñåðåäîâèùà, ùî îïîñåðåäêîâà-
íî âêàçóº íà êðàùå óñâîºííÿ ïî-
æèâíèõ ðå÷îâèí ç ñåðåäîâèùà 
òà çá³ëüøåííÿ àíòàãîí³ñòè÷íî¿ 
àêòèâíîñò³ øòàìà-ïðîäóöåíòà. 
Îñòàííå ï³äòâåðäæåíî â³äïîâ³ä-
íèìè ðåçóëüòàòàìè [9].

Â³äîì³ äîñë³äæåííÿ âïëè-
âó ì³ë³ìåòðîâèõ ³ óëüòðàçâóêî-
âèõ õâèëü íà óìîâíî-ïàòîãåííó 
òà ïàòîãåííó ãðóïó áàêòåð³é, 
àëå, ó äîñòóïíèõ ïóáë³êàö³ÿõ, ìè 
íå çíàéøëè äàíèõ ùîäî ì³íëè-
âîñò³ ïðåäñòàâíèê³â íîðìîôëî-
ðè ëþäèíè çà âïëèâó çàçíà÷å-
íèõ ô³çè÷íèõ ÷èííèê³â òà ð³çíèõ 
óìîâ ãàçîâîãî ñêëàäó àòìîñôå-
ðè êóëüòèâóâàííÿ [1, 8, 16].

Íàñòóïíèì åòàïîì ñòàëî 
âèâ÷åííÿ ôðàêö³éíîãî ñêëà-

äó åêçî ìåòîáîë³ò³â L. plantarum, îòðèìàíèõ çà ð³ç-
íèõ óìîâ ãàçîâîãî ñêëàäó àòìîñôåðè êóëüòèâóâàííÿ 
òà âïëèâó ô³çè÷íèõ ÷èííèê³â.

Ç åêçîìåòàáîë³ò³â L. plantarum, îòðèìàíèõ çà 
àåðîá íèõ óìîâ êóëüòèâóâàííÿ ï³ñëÿ îáðîáêè øòàìó-
ïðîäóöåíòó ì³ë³ìåòðîâèìè õâèëÿìè â ÷àñòîòíîìó ä³à-
ïàçîí³ 61,0 ÃÃö (ÌÕÂ 61,0 ÃÃö) áóëî âèä³ëåíî 10 ôðàê-
ö³é ì³êðîáíèõ ïåïòèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 546 
äî 7670 Äà (òàáë. 2). 

Ïèòîìà âàãà ôðàêö³é ç ì.â. äî 1 êÄà ñòàíîâèëà 
23,7 %, â³ä 1 äî 2 êÄà – 21,9 %, â³ä 2 äî 6 êÄà – 24,2 %, 
12 êÄà òà á³ëüøå – 2,9 % â³ä çàãàëüíî¿ ê³ëüêîñò³ ì³êðî-
áíèõ ïåïòèä³â. Ò³ëüêè çà âèùåçàçíà÷åíèõ óìîâ äîñë³äó 
ç åêçîìåòàáîë³ò³â L. plantarum âèä³ëÿëàñü ôðàêö³ÿ Àà 

Òàáëèöÿ 2 

Ïèòîìà âàãà ïåïòèäíèõ ôðàêö³é çà óìîâ âïëèâó 
ô³çè÷íèõ ÷èííèê³â íà øòàì-ïðîäóöåíò 

(àåðîáí³ óìîâè êóëüòèâóâàííÿ)

Ôðàêö³ÿ
Ìîëåêóëÿðíà 

âàãà,
 Äà (Ì ± m)

Êîíòðîëü

Ô³çè÷í³ ÷èííèêè

ÌÕÂ
61,0 ÃÃö

ÌÕÂ
42,2 ÃÃö

ÓÇ
ÃÇ-109

ÓÇ
ÃÇ-Ô

0 12000 5,2 % 2,9 % 7,7 % 6,0 % 5,3 %

Àà 7300 ± 370 - 27,3 % - - -

A 5580 ± 87 51,3 % 12,6 % 51,5 % 56,3 % 51,2 %

B 3710 ± 125 8,8 % 6,6 % 8,4 % 7,5 % 8,3 %

C 3020 ± 29 10,9 % - 9,2 % 9,0 % 8,8 %

D 2330 ± 63 - 5,0 % 1,8 % 2,2 % 2,9 %

E 1780 ± 36 3,4 % 2,9 % 2,7 % 2,9 % 3,2 %

F 1460 ± 16 5,5 % 4,8 % 5,1 % 4,3 % 5,6 %

G 1220 ± 25 4,2 % 14,2 % 3,2 % 3,2 % 4,2 %

H 870 ± 20 6,5 % 14,3 % 4,9 % 4,6 % 6,2 %

I 550 ± 4 4,2 % 9,4 % 5,5 % 4,0 % 4,3 %

Òàáëèöÿ 3 

Ïèòîìà âàãà ïåïòèäíèõ ôðàêö³é çà óìîâ âïëèâó 
ô³çè÷íèõ ÷èííèê³â íà øòàì-ïðîäóöåíò 

(ì³êðîàåðîô³ëüí³ óìîâè êóëüòèâóâàííÿ)

Ôðàêö³ÿ
Ìîëåêóëÿðíà 

âàãà, Äà 
(Ì ± m)

Êîíòðîëü

Ô³çè÷í³ ÷èííèêè

ÌÕÂ
61,0 ÃÃö

ÌÕÂ
42,2 ÃÃö

ÓÇ
ÃÇ-109

ÓÇ
ÃÇ-Ô

0 12000 4,7 % 5,2 % 7,5 % 4,9 % 4,9 %

Àà 7300 ± 370 - - - - -

A 5580 ± 87 58,8 % 59,5 % 59,4 % 56,6 % 60,3 %

B 3710 ± 125 7,3 % 3,7 % 6,2 % 9,1 % 7,1 %

C 3020 ± 29 7,9 % 12,3 % 8,4 % 8,5 % 8,4 %

D 2330 ± 63 2,8 % - - 1,8 % 1,8 %

E 1780 ± 36 2,7 % 3,4 % 2,6 % 2,4 % 2,5 %

F 1460 ± 16 4,7 % 5,4 % 5,0 % 4,6 % 4,5 %

G 1220 ± 25 3,2 % 3,2 % 3,1 % 3,6 % 3,2 %

H 870 ± 20 4,4 % 4,0 % 4,3 % 3,9 % 4,6 %

I 550 ± 4 3,5 % 3,3 % 3,5 % 4,6 % 2,7 %
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(ì.â. 6930-7670 Äà) – 27,3 % â³ä çàãàëüíî¿ ê³ëüêîñ-
ò³ ì³êðîáíèõ ïåïòèä³â òà áóëà â³äñóòíÿ ôðàêö³ÿ Ñ 
(ì.â. 2991-3049 Äà).

Ïîð³âíÿëüíèé àíàë³ç ðåçóëüòàò³â õðîìàòîãðàô³¿ åê-
çîìåòàáîë³ò³â, îòðèìàíèõ ï³ñëÿ îáðîáêè øòàìó-ïðîäó-
öåíòó ì³ë³ìåòðîâèìè õâèëÿìè â ÷àñòîòíîìó ä³àïàçîí³ 
61,0 ÃÃö ïðè êóëüòèâóâàíí³ â àåðîáíèõ óìîâàõ, âñòà-
íîâèâ, ùî ïèòîìà âàãà ïåïòèä³â ç ì.â. äî 1 êÄà áóëà 
â 2,2 ðàçè (ð < 0,01), à ç ì.â. Â³ä 1 äî 2 êÄà – 1,6 ðàçè 
(ð < 0,01) âèùîþ ïîð³âíÿíî ç êîíòðîëåì (åêçîìåòàáî-
ë³òè îòðèìàí³ â³ä íåîïðîì³íåíî¿ êóëüòóðè L. plantarum 
çà àåðîáíèõ óìîâ êóëüòèâóâàííÿ). Ïèòîìà âàãà ïåï-
òèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 2 äî 6 êÄà, íàïðîòè, 
çíèæóâàëàñü, â ñåðåäíüîìó, â 2,9 ðàç³â (ð < 0,01). Íà-
â³òü ç óðàõóâàííÿì íîâî¿ ôðàêö³¿ Àà, ïèòîìà âàãà ìîæ-
ëèâèõ ïëàíòàðèöèí³â âñå îäíî áóëà íèç÷îþ, ïîð³âíÿíî 
ç êîíòðîëåì, â 1,37 ðàçè (ð < 0,05).

Ç åêçîìåòàáîë³ò³â L. plantarum, îòðèìàíèõ çà 
àåðîá íèõ óìîâ êóëüòèâóâàííÿ ï³ñëÿ îáðîáêè øòàìó-
ïðîäóöåíòó ì³ë³ìåòðîâèìè õâèëÿìè â ÷àñòîòíîìó ä³à-
ïàçîí³ 42,2 ÃÃö (ÌÕÂ 42,2 ÃÃö) áóëî âèä³ëåíî 10 ôðàê-
ö³é ì³êðîáíèõ ïåïòèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 546 
äî 5667 Äà. Çà çàçíà÷åíèõ óìîâ äîñë³äó âèä³ëÿëèñü 
ì³êðîáí³ ïåïòèäè ç ì.â. 2267-2393 Äà (ôðàêö³ÿ D), ÿê³ 
áóëè â³äñóòí³ â êîíòðîë³. 

Ïðè ïîð³âíÿíí³ ðåçóëüòàò³â õðîìàòîãðàô³³ åêçîìå-
òàáîë³ò³â, îòðèìàíèõ çà àåðîáíèõ óìîâ êóëüòèâóâàííÿ 
ï³ñëÿ îáðîáêè L. plantarum óëüòðàçâîâèìè õâèëÿìè 
ïîòóæí³ñòþ 5 Âò ç ÷àñòîòîþ âèïðîì³íþâàííÿ 60 êÃö 
(ÓÇ ÃÇ-109), ç åêçîìåòàáîë³òàìè êîíòðîëþ ç’ÿñîâàíî, 
ùî ïèòîìà âàãà ïåïòèä³â ç ì.â. äî 1 êÄà òà ì.â. Â³ä 1 
äî 2 êÄà – áóëà â 1,2-1,3 ðàçè (ð < 0,05) íèæ÷å, à ïèòî-
ìà âàãà ïåïòèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 2 äî 6 êÄà 
çá³ëüøóâàëàñü (â³äïîâ³äíî 75 % ïðîòè 71 %).

Îáðîáêà øòàìó-ïðîäóöåíòó óëüòðàçâîâèìè õâè-
ëÿìè ïîòóæí³ñòþ 16 Âò ç ÷àñòîòîþ âèïðîì³íþâàí-
íÿ 18 êÃö (ÓÇ ÃÇ-Ô) íå ïðèçâîäèëà äî ñóòòºâèõ çì³í 
ó ôðàêö³éíîìó ñêëàä³ åêçîìåòàáîë³ò³â L. plantarum.

Óçàãàëüíþþ÷è ðåçóëüòàòè äîñë³äæåííÿ çàçíà÷è-
ìî, ùî çà àåðîáíèõ óìîâ êóëüòèâóâàííÿ ï³ñëÿ âïëè-
âó ô³çè÷íèõ ÷èííèê³â â³äáóâàëàñü çì³íà ôðàêö³éíîãî 
ñêëàäó åêçîìåòàáîë³ò³â øòàìó-ïðîäóöåíòó: â åêçîìå-
òàáîë³òàõ âèëó÷àëèñü ì³êðîáí³ ïåïòèäè ç ìîëåêóëÿð-
íîþ âàãîþ 2267-2393 Äà (ôðàêö³ÿ D). Ïèòîìà âàãà çà-
çíà÷åíî¿ ôðàêö³¿ ñòàíîâèëà â³ä 1,8 % äî 5,0 % ïðîòè 0 % 
â êîíòðîë³. Ïðè äîñë³äæåíí³ åêçîìåòàáîë³ò³â ï³ñëÿ îá-
ðîáêè L. plantarum ì³ë³ìåòðîâèìè õâèëÿìè â ÷àñòîò-
íîì ä³àïàçîí³ 61,0 ÃÃö áóëè â³äñóòí³ ì³êðîáí³ ïåïòè-
äè ç ìîëåêóëÿðíîþ âàãîþ 2991-3049 Äà (ôðàêö³ÿ Ñ), 
òîä³ ÿê ó êîíðîë³ ïèòîìà âàãà öèõ ïåïòèä³â ñòàíîâèëà 
10,9 %. Ïðè çàçíà÷åíîìó ðåæèì³ âèëó÷àëèñü ì³êðîá í³ 
ïåïòèäè ç ì.â. 6930-7670 Äà (ôðàêö³ÿ Àà), ÿê³ áóëè â³ä-
ñóòí³ â ³íøèõ äîñë³äæåíèõ ïðîáàõ.

Íàñòóïíîþ ëàíêîþ ñòàëî âèâ÷åííÿ ôðàêö³éíîãî 
ñêëàäó åêçîìåòàáîë³ò³â L. plantarum, îòðèìàíèõ çà 
ì³êðîàåðîô³ëüíèõ óìîâ ãàçîâîãî ñêëàäó àòìîñôåðè 
êóëüòèâóâàííÿ òà âïëèâó ô³çè÷íèõ ÷èííèê³â (òàáë. 3).

Ç åêçîìåòàáîë³ò³â L. plantarum, îòðèìàíèõ çà ì³-
êðîàåðîô³ëüíèõ óìîâ êóëüòèâóâàííÿ ï³ñëÿ îáðîáêè 
øòàìó-ïðîäóöåíòó ì³ë³ìåòðîâèìè õâèëÿìè â ÷àñòîò-
íèõ ä³àïàçîíàõ 61,0 ³ 42,2 ÃÃö áóëî âèä³ëåíî ïî 9 ôðàê-
ö³é ì³êðîáíèõ ïåïòèä³â ç ìîëåêóëÿðíîþ âàãîþ â³ä 546 
äî 5667 Äà. Ó ïîð³âíÿíí³ ç êîíòðîëåì (åêçîìåòàáîë³-

òè îòðèìàí³ â³ä íåîïðîì³íåíî¿ êóëüòóðè L. plantarum 
çà ì³êðîàåðîô³ëüíèõ óìîâ êóëüòèâóâàííÿ), ïðè öèõ ðå-
æèìàõ âïëèâó, â åêçîìåòàáîë³òàõ áóëè â³äñóòí³ ì³êðîá-
í³ ïåïòèäè ç ì.â. 2267-2393 Äà (ôðàêö³ÿ D). 

Îïðîì³íåííÿ L. plantarum ì³ë³ìåòðîâèìè õâè-
ëÿìè â ÷àñòîòíîìó ä³àïàçîí³ 61,0 ÃÃö ñòèìóëþâàëî 
óòâîðåííÿ â ì³êðîàåðîô³ëüíèõ óìîâàõ êóëüòèâóâàííÿ 
ïåïòèä³â ç ì.â. Â³ä 1 äî 2 êÄà â 1,1-1,2 ðàçè (ð < 0,05), 
ç ì.â. 2991-3049 – â 1,55 ðàç³â (ð < 0,05) òà ïðèãí³÷ó-
âàëî óòâîðåííÿ ïåïòèä³â ç ì.â. 3585-3835 â 1,97 ðàç³â 
(ð < 0,01). Îïðîì³íåííÿ L. plantarum ì³ë³ìåòðîâèìè 
õâèëÿìè â ÷àñòîòíîìó ä³àïàçîí³ 42,2 ÃÃö íå ïðèçâîäè-
ëî äî ñóòòºâèõ çì³í ïîð³âíÿíî ç êîíòðîëåì ôðàêö³éíî-
ãî ñêëàäó åêçîìåòàáîë³ò³â.

Ïðè îáðîáö³ øòàìó-ïðîäóöåíòó óëüòðàçâóêîâèìè 
õâèëÿìè â åêçîìåòàáîë³òàõ (â îáîõ âèïàäêàõ), ó ïî-
ð³âíÿíí³ ç êîíòðîëåì, ïèòîìà âàãà ïåïòèä³â ôðàêö³¿ D 
çíèæóâàëàñü â 1,55 ðàç³â (ð < 0,05). Ïèòîìà âàãà ôðàê-
ö³é ç ì.â. äî 1 êÄà, â³ä 1 äî 2 êÄà, â³ä 2 äî 6 êÄà, â³ä 
12 êÄà òà á³ëüøå áóëà íà ð³âí³ ïîêàçíèê³â êîíòðîëþ.

Òàêèì ÷èíîì âñòàíîâëåíî, ùî ï³ñëÿ îïðîì³íåííÿ 
L. plantarum óëüòðîçâóêîâèìè õâèëÿìè ïðîäóêóâàííÿ 
øòàìîì-ïðîäóöåíòîì ì³êðîáíèõ ïåïòèä³â ç ìîëåêó-
ëÿðíîþ âàãîþ 2267-2293 Äà (ôðàêö³ÿ D) çíèæóâàëîñü 
â 1,55 ðàç³â, ï³ñëÿ îáðîáêè ì³ë³ìåòðîâèìè õâèëÿìè 
â ÷àñòîòíèõ ä³àïàçîíàõ 42,2 ³ 61,0 ÃÃö çàçíà÷åíà ôðàê-
ö³ÿ ïåïòèä³â çîâñ³ì íå âèëó÷àëàñü.

Âèñíîâêè. 
Âèçíà÷åíî, ùî ð³âåíü ïðîäóêö³¿ ì³êðîáíèõ ïåï-

òèä³â çàëåæèòü â³ä óìîâ, â ÿêèõ çíàõîäèòüñÿ øòàì-
ïðîäóöåíò.

Çà óìîâ àòìîñôåðè çíèæåíîãî ïàðö³àëüíîãî 
òèñêó êèñíþ ó L. plantarum â³äáóâàëàñü ñòèìóëÿö³ÿ 
ïðîäóêóâàííÿ ïåïòèä³â ç ì.â. 2-6 êÄà òà çíèæóâàëàñü 
ïèòîìà âàãà íèçüêîìîëåêóëÿðíèõ á³ëê³â ïîæèâíîãî 
ñåðåäîâèùà.

Îáðîáêà øòàìó-ïðîäóöåíòó ì³ë³ìåòðîâèìè õâè-
ëÿìè â ÷àñòîòíîìó ä³àïàçîí³ 61,0 ÃÃö ç íàñòóïíèì 
êóëüòèâóâàííÿì â àåðîáíèõ óìîâàõ ãàçîâîãî ñêëàäó 
àòìîñôåðè ïðèçâîäèëà äî çíèæåííÿ ïðîäóêóâàííÿ 
øòàìîì L. plantarum ì³êðîáíèõ ïåïòèä³â ç ìîëåêóëÿð-
íîþ âàãîþ â³ä 2 äî 6 êÄà, â 2,9 ðàçè.

Åêçàìåòàáîë³òè, îòðèìàí³ çà óìîâ àòìîñôåðè çíè-
æåíîãî ïàðö³àëüíîãî òèñêó êèñíþ ï³ñëÿ îïðîì³íåííÿ 
L. plantarum ì³ë³ìåòðîâèìè õâèëÿìè íå ì³ñòèëè ïåï-
òèäíèõ á³ëê³â ç ì.â. 2267-2293 Äà, à ï³ñëÿ îáðîáêè ÓÇ 
õâèëÿìè – ¿õ ïèòîìà âàãà çíèæóâàëàñü â 1,55 ðàçè ïî-
ð³âíÿíî ç êîíòðîëåì.

Îòðèìàí³ ðåçóëüòàòè ùîäî êóëüòèâóâàííÿ L. plan-
ta rum çà ì³êðîàåðîô³ëüíèõ óìîâ ãàçîâîãî ñêëàäó 
ðîçêðèâàþòü ïåðñïåêòèâí³ñòü ðîçðîáêè òåõíîëîã³é, 
ñïðÿìîâàíèõ íà ï³äâèùåííÿ åôåêòèâíîñò³ îäåðæàííÿ 
àíòèá³îòèêîïîä³áíèõ ðå÷îâèí.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Åêñïå-
ðèìåíòàëüí³ ðåçóëüòàòè ùîäî êóëüòèâóâàííÿ òåñò-
êóëüòóð ëàêòîáàêòåð³é çà óìîâ çíèæåíîãî ïàðö³àëü-
íîãî òèñêó êèñíþ òà ï³äâèùåíîãî âì³ñòó âóãëåêèñëîãî 
ãàçó ðîçêðèâàþòü ïåðñïåêòèâí³ñòü ¿õ âèêîðèñòàííÿ 
â á³îòåõíîëîã³÷íèõ ïðîöåñàõ, îñê³ëüêè ï³äâèùóþòü 
á³îëîã³÷í³ âëàñòèâîñò³ Lactobacillus sðp., à öå, â ñâîþ 
÷åðãó, ñïðèÿòèìå îòðèìàííþ âèñîêîàêòèâíèõ ìåòàá³î-
òè÷íèõ ðå÷îâèí äëÿ ñòâîðåííÿ ñèíá³îòè÷íèõ ïðåïàðà-
ò³â, ñïðÿìîâàíèõ ïðîòè ïàòîãåí³â.
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ÕÐÎÌÀÒÎÃÐÀÔ²×ÍÈÉ ÀÍÀË²Ç ÅÊÇÎÌÅÒÀÁÎË²Ò²Â LACTOBACILLUS PLANTARUM, ÎÒÐÈÌÀÍÈÕ 

ÇÀ Ð²ÇÍÈÕ ÓÌÎÂ ÃÀÇÎÂÎÃÎ ÑÊËÀÄÓ ÀÒÌÎÑÔÅÐÈ ÊÓËÜÒÈÂÓÂÀÍÍß ÒÀ ÂÏËÈÂÓ Ô²ÇÈ×ÍÈÕ ×ÈÍÍÈÊ²Â
Êàë³í³÷åíêî Ñ.Â., Êîðîòêèõ Î.Î., Áàáè÷ ª.Ì., Ê³ââà Ô.Â., Êîâàëåíêî Î.².
Ðåçþìå. Ó ðîáîò³ íàâåäåíî äàíí³ ùîäî âèâ÷åííÿ ôðàêö³éíîãî ñêëàäó åêçîìåòàáîë³ò³â L. plantarum. Çà-

çíà÷åíèé øòàì áóâ âèëó÷åíèé ç êèøå÷íèêó áäæ³ë, ìàâ íàéâèùó àíòàãîí³ñòè÷íó àêòèâí³ñòü â³äíîñíî á³ëüøîñò³ 
òåñò-êóëüòóð, òîìó ³ áóâ âèêîðèñòàíèé â ÿêîñò³ øòàìó-êàíäèäàòó äëÿ ïðîäóêóâàííÿ á³îëîã³÷íî àêòèâíèõ ñïîëóê, 
ÿê³ ìîæíà áóäå çàñòîñîâóâàòè äëÿ êîíñòðóþâàííÿ ïðîá³îòèê³â ìåòàáîë³òíîãî ðÿäó. Âïåðøå âèâ÷åíî ôðàêö³é-
íèé ñêëàä åêçîìåòàáîë³ò³â øòàìó-ïðîäóöåíòó, îòðèìàíèõ çà óìîâ âïëèâó ô³çè÷íèõ ÷èííèê³â òà ð³çíèõ óìîâ ãà-
çîâîãî ñêëàäó àòìîñôåðè êóëüòèâóâàííÿ. Âñòàíîâëåíî, ùî ð³âåíü ïðîäóêö³¿ ì³êðîáíèõ ïåïòèä³â çàëåæèòü â³ä 
óìîâ, â ÿêèõ çíàõîäÿòüñÿ øòàì-ïðîäóöåíò. Òàê, çà àåðîáíèõ óìîâ êóëüòèâóâàííÿ L. plantarum ì³êðîáí³ ïåïòèäè 
ç ì.â. 2267-2393 Äà áóëè â³äñóòí³, òîä³ ÿê çà ì³êðîàåðîô³ëüíèõ – ê³ëüê³ñòü ïåïòèä³â ³ç çàçíà÷åíîþ ì.â. ñòàíî-
âèëà 2,8 % â³ä ¿õ çàãàëüíî¿ ê³ëüêîñò³. Ç’ÿñîâàíî, ùî åëåêòðîìàãí³òí³ õâèë³ òà óëüòðàçâóêîâ³ êîëèâàííÿ çäàòí³ 
âïëèâàòè íà á³îëîã³÷í³ âëàñòèâîñò³ L. plantarum òà ìîäóëþâàòè ïðîäóêóâàííÿ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí. 
Îòðèìàí³ äàí³ ìîæóòü áóòè âèêîðèñòàí³ â á³îòåõíîëîã³÷íèõ ïðîöåñàõ.

Êëþ÷îâ³ ñëîâà: ëàêòîáàêòåð³¿, ïðîäóöåíòè, åêçîìåòàáîë³òè, ì³êðîáí³ ïåïòèäè, ïðîá³îòèêè.
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ÕÐÎÌÀÒÎÃÐÀÔÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÝÊÇÎÌÅÒÀÁÎËÈÒÎÂ LACTOBACILLUS PLANTARUM, ÏÎËÓ×ÅÍ-

ÍÛÕ Â ÐÀÇËÈ×ÍÛÕ ÓÑËÎÂÈßÕ ÃÀÇÎÂÎÃÎ ÑÎÑÒÀÂÀ ÀÒÌÎÑÔÅÐÛ ÊÓËÜÒÈÂÈÐÎÂÀÍÈß È ÏÐÈ ÂËÈ-
ßÍÈÈ ÔÈÇÈ×ÅÑÊÈÕ ÔÀÊÒÎÐÎÂ

Êàëèíè÷åíêî Ñ.Â., Êîðîòêèõ Å.Î., Áàáè÷ Å.Ì., Êèââà Ô.Â., Êîâàëåíêî Î.È.
Ðåçþìå. Â ðàáîòå ïðèâåäåíû äàííûå ïî èçó÷åíèþ ôðàêöèîííîãî ñîñòàâà ýêçîìåòàáîëèòîâ L. plantarum. 

Óêàçàííûé øòàìì áûë âûäåëåí èç êèøå÷íèêà ï÷åë, èìåë ñàìóþ âûñîêóþ àíòàãîíèñòè÷åñêóþ àêòèâíîñòü â îò-
íîøåíèè áîëüøèíñòâà òåñò-êóëüòóð, ïîýòîìó è áûë èñïîëüçîâàí â êà÷åñòâå øòàììà-êàíäèäàòà äëÿ ïðîäóê-
öèè áèîëîãè÷åñêè àêòèâíûõ ñîåäèíåíèé, êîòîðûå ìîæíî áóäåò ïðèìåíÿòü â êîíñòðóèðîâàíèè ïðîáèîòèêîâ 
ìåòàáîëèòíîãî òèïà. Âïåðâûå èçó÷åí ôðàêöèîííûé ñîñòàâ ýêçîìåòàáîëèòîâ äàííîãî øòàììà-ïðîäóöåíòà, 
ïîëó÷åííûõ ïîñëå âîçäåéñòâèÿ ôèçè÷åñêèõ ôàêòîðîâ è êóëüòèâèðîâàíèÿ â ðàçëè÷íûõ óñëîâèÿõ ãàçîâîãî ñî-
ñòàâà àòìîñôåðû. Óñòàíîâëåíî, ÷òî óðîâåíü ïðîäóêöèè ìèêðîáíûõ ïåïòèäîâ çàâèñèò îò óñëîâèé, â êîòîðûõ 
íàõîäèëñÿ øòàìì-ïðîäóöåíò. Òàê, ïðè àýðîáíûõ óñëîâèÿõ êóëüòèâèðîâàíèÿ L. plantarum ìèêðîáíûå ïåïòèäû 
ñ ì.â. 2267-2393 Äà îòñóòñòâîâàëè, òîãäà êàê ïðè êóëüòèâèðîâàíèè â ìèêðîàýðîôèëüíûõ – êîëè÷åñòâî ïåïòè-
äîâ ñ óêàçàííîé ì.â. ñîñòàâèëà 2,8 % îò èõ îáùåãî êîëè÷åñòâà. Óñòàíîâëåíî, ÷òî ýëåêòðîìàãíèòíûå è óëüòðà-
çâóêîâûå âîëíû ñïîñîáíû âëèÿòü íà áèîëîãè÷åñêèå ñâîéñòâà L. plantarum è ìîäóëèðîâàòü ïðîäóöèðîâàíèå 
áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ. Ïîëó÷åííûå äàííûå ìîãóò áûòü èñïîëüçîâàíû â áèîòåõíîëîãè÷åñêèõ ïðî-
öåññàõ.

Êëþ÷åâûå ñëîâà: ëàêòîáàêòåðèè, ïðîäóöåíòû, ýêçîìåòàáîëèòû, ìèêðîáíûå ïåïòèäû, ïðîáèîòèêè.
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Chromatographic Analysis of Exometabolites Lactobacillus Plantarum, Obtained in Different Conditions 

of the Gas Composition of the Atmosphere of Cultivation and after Influence of Physical Factors
Kalinichenko S.V., Korotkykh O.O., Babych E.M. Kivva F.V., Kovaneko O.I.
Abstract. In recent years, new approaches to the treatment associated with the restoration of the natural ecology 

of the organism and based on the use of active biological products have proliferated. Normalization of the altered 
microbial landscape of the body by means of bacterial and biological products is one aspect of this approach. 

Eubiotics constitute the most important group of bacterial preparations. Eubiotics – medicines containing as 
active ingredient certain strains of representatives of healthy microflora in human organism. It is known that bacte-
ria normally colonizing mucous exert antagonistic action against pathogenic and conditionally microflora provide 
vitamin-and enzymatic functions.

Bacteria of the genus Lactobacillus are an integral part of the normal microbiota of the human body. They play 
a significant role in the creation of high colonization resistance to pathogenic and opportunistic pathogenic micro-
organisms in the mucous membranes. They also maintain an optimal level of metabolism and immunological reac-
tivity of macroorganism. They promote regeneration of mucosal epithelium, etc. The positive effect of lactobacilli 
on the human body is determined by the high capacity to cytoadhesion and colonization. And highly antagonistic 
properties in the biocenosis because of production of antimicrobial protein origin compounds (bacteriocins), which 
are called “plantaricin” due to L. plantarum. Plantaricin – is thermostable cationic peptides with a molecular weight 
less than 10 kDa (usually within 2-6 kDa). The activity and the level of their products depends on the conditions 
in which lactobacilli are located. 

At present the study of the biological effects and mechanisms of action of electromagnetic radiation (EMR) 
is of interest for many researchers. Due to the fact that it provides an opportunity to control the physiological pro-
cesses of biological objects. It is also increases the arsenal of means of combating infectious diseases in medicine 
and microbiology. 

The object of the study were exometabolites L. plantarum. L. plantarum strain was selected for the study of frac-
tions and peptides. The strain was isolated from the intestine of bees and had the highest antagonistic activity against 
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most of test cultures. Microaerophilic culture conditions created in the microanatomic using gas-generating packag-
es Generator GENbox microaer (bioMerieux, France). Chromatographic investigation conducted by gel filtration (gel 
permeation or sieve) chromatography.

The article presents data of the study of fractional composition exometabolites L. plantarum. This strain was iso-
lated from the intestine of bees and had the highest antagonistic activity against most of test cultures. Therefore, 
it was used as candidate strains for the production of biologically active compounds that can be used in the design 
of metabolite type probiotics. The first time have studied the fractional composition of the exometabolites producer 
strain obtained in the after effects of physical factors and cultivation under various conditions of the gas composi-
tion of the atmosphere. It have been established, that the production level of microbial peptides depended on the con-
ditions in which located producing strain. While, microbial peptides with a molecular weight of 2267-2393 Da absent 
under aerobic culture conditions L. plantarum. And the amount of the same peptide was 2.8 % of the total under cul-
tivation in microaerophilic culture conditions. It were established that electromagnetic and ultrasonic wave can affect 
the biological properties of L. plantarum and modulate the production of biologically active substances. The obtained 
data can be used in biotechnological processes.

Keywords: Lactobacillus, producents, exometabolites microbial peptides, probiotics.
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