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ÎÃËßÄÎÂ² ÒÀ ÒÅÎÐÅÒÈ×Í² ÑÒÀÒÒ²

OBSERVATION AND THEORETICAL ARTICLES 

ÓÄÊ 576.8.095.38

Î.À. Ïîëòàâñüêà, Í.Ê. Êîâàëåíêî

²íñòèòóò ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ³ìåí³ Ä.Ê. Çàáîëîòíîãî ÍÀÍ Óêðà¿íè
âóë. Çàáîëîòíîãî, 154, Êè¿â, Ä 03680, Óêðà¿íà,

òåë.: 8 (044) 526 23 29, e-mail: poltavska@ukr.net

Á²Ô²ÄÎÁÀÊÒÅÐ²¯ ² ¯Õ Á²ÎËÎÃ²×Í² ÂËÀÑÒÈÂÎÑÒ²

Â îãëÿä³ íàâåäåí³ äàí³ ë³òåðàòóðè òà äàí³ âëàñíèõ äîñë³ä-
æåíü ñòîñîâíî á³îëîã³¿ á³ô³äîáàêòåð³é. Âèêëàäåíî â³äîìîñò³ 
ùîäî ðîçâèòó òà ñó÷àñíîãî ñòàíó òàêñîíîì³¿ á³ô³äîáàêòåð³é 
òà ôåíîòèïîâèõ îçíàê ö³º¿ ãðóïè ì³êðîîðãàí³çì³â. Ïðîâåäåíî 
àíàë³ç ðîá³ò, ïðèñâÿ÷åíèõ âèâ÷åííþ àíòàãîí³ñòè÷íèõ òà àäãå-
çèâíèõ âëàñòèâîñòåé á³ô³äîáàêòåð³é. Âèñâ³òëåíî ïèòàííÿ âè-
êîðèñòàííÿ á³ô³äîáàêòåð³é ó ñêëàä³ ïðîá³îòè÷íèõ ïðåïàðàò³â.

Ê ë þ ÷ î â ³  ñ ë î â à: á³ô³äîáàêòåð³¿, á³îëîã³÷í³ âëàñòèâîñò³, ïðî-
á³îòèêè, ñèíá³îòèêè.

Á³ô³äîáàêòåð³¿ ÿâëÿþòü ñîáîþ ãðóïó áàêòåð³é, ùî â³ä³ãðàþòü âàæëèâó ðîëü 
ó æèòòºä³ÿëüíîñò³ ëþäèíè. Öÿ ãðóïà ì³êðîîðãàí³çì³â º ñêëàäîâîþ ÷àñòèíîþ íîð-
ìàëüíî¿ ì³êðîôëîðè øëóíêîâî-êèøêîâîãî òðàêòó (ØÊÒ) ëþäèíè ³ òâàðèí. Çàâäÿêè 
âèñîê³é ³ ð³çíîìàí³òí³é á³îëîã³÷í³é àêòèâíîñò³ á³ô³äîáàêòåð³é ³íòåðåñ äî öèõ áàêòåð³é 
ïîñò³éíî çðîñòàº.

Òàêñîíîìi÷íå ïîëîæåííÿ áiôiäîáàêòåðié. Âïåðøå á³ô³äîáàêòåð³¿ áóëè âèä³ëåí³ 
³ îïèñàí³ H. Tissier ùå â 1900 ðîö³, ÿêèé íàçâàâ âèä³ëåíèé øòàì Bacillus bifidus 
communis [1]. Îäíàê ïðîòÿãîì äîñèòü òðèâàëîãî ïåð³îäó ïðîòèëåæí³ñòü äóìîê ð³çíèõ 
àâòîð³â [2, 3] ñòîñîâíî ñèñòåìàòèêè á³ô³äîáàêòåð³é ñòðèìóâàëà âñòàíîâëåííÿ òàêñîíî-
ì³¿ öèõ ì³êðîîðãàí³çì³â ³ çàëèøàëà ïðàêòè÷íî íå ðîçðîáëåíîþ ¿õ âèäîâó ä³àãíîñòèêó. 

Çíà÷íèé ïðîãðåñ ó ãàëóç³ ñèñòåìàòèêè á³ô³äîáàêòåð³é ïî÷àâ ñïîñòåð³ãàòèñÿ ó 
äðóã³é ïîëîâèí³ ÕÕ ñò., ï³ñëÿ âñòàíîâëåííÿ äîì³íóþ÷î¿ ðîë³ öèõ ì³êðîîðãàí³çì³â ó 
ñêëàä³ ì³êðîôëîðè ØÊÒ ä³òåé, à òàêîæ ¿õ ïîçèòèâíîãî âïëèâó íà îðãàí³çì ëþäè-
íè. Òàê, G. Reuter [4] â³äí³ñ á³ô³äîáàêòåð³¿ äî ñàìîñò³éíîãî ðîäó Bifidobacterium 
Orla-Jensen. Áóëè âèä³ëåí³ ³ îïèñàí³ íîâ³ âèäè öüîãî ðîäó: ç êèøå÷íèêó ëþäèíè 
– B. adolescentis, B. breve, B. infantis, B. lactentis, B. liberorum, B. longum, 
B. parvulorum, â³ä áäæ³ë – B. asteroides, B. coryneforme, B. indicum, ç ðóáöÿ 
âåëèêî¿ ðîãàòî¿ õóäîáè – B. globosum i B. ruminale [5]. 

Ç ðîçâèòêîì ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â ³ ç çàñòîñóâàííÿì ¿õ ó ñèñòåìàòèö³ 
ì³êðîîðãàí³çì³â óäîñêîíàëþâàëàñü ³ òàêñîíîì³ÿ á³ô³äîáàêòåð³é [6], ùî äîçâîëèëî 

© Î.À. Ïîëòàâñüêà, Í.Ê. Êîâàëåíêî, 2008
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ðîçðîáèòè ¿õ êëàñèô³êàö³þ. Áóëà ðîçøèðåíà ôåíîòèïîâà õàðàêòåðèñòèêà, ïðîâåäåí³ 
äîñë³äæåííÿ ãåíîìó á³ô³äîáàêòåð³é, âèçíà÷åíî íóêëåîòèäíèé ñêëàä ÄÍÊ ³ çàñòî-
ñîâàíî ìåòîä ã³áðèäèçàö³¿ ÄÍÊ-ÄÍÊ, ùî äîçâîëèëî óäîñêîíàëèòè êëàñèô³êàö³þ 
³ âèÿâèòè íîâ³ âèäè áàêòåð³é ðîäó Bifidobacterium – B. dentium, Â. catenulatum, 
B. angulatum. Ó 1986 ð. ó 9-ìó âèäàíí³ £Êåð³âíèöòâà ïî âèçíà÷åííþ áàêòåð³é” 
Áåðã³ ð³ä Bifidobacterium áóâ âêëþ÷åíèé â 15-òó ÷àñòèíó “Irregular nonsporing 
gram-positive rods” («Ãðàìïîçèòèâí³ íåñïîðîóòâîðþþ÷³ ïàëè÷êè íåïðàâèëüíî¿ 
ôîðìè») áåç îá’ºäíàííÿ â áóäü-ÿêó ðîäèíó ³ ì³ñòèâ âæå 24 âèäè ç òèïîâèì âèäîì 
Bifidobacterium bifidum [5].

Çà îñòàíí³ ÷àñè ï³ñëÿ îïóáë³êóâàííÿ 9-ãî £Êåð³âíèöòâà ïî âèçíà÷åííþ áàêòåð³é” 
Áåðã³ íà îñíîâ³ àíàë³çó äàíèõ ïðî ïîñë³äîâí³ñòü ðÄÍÊ áóëè çàïðîïîíîâàí³ âèäè:  
B. gallicum, B. scardovii, B. inopinatum, B. denticolens, [7, 8], B. thermacidophilum 
[9, 10], B.psychraephilum [11] òà ³í. Êð³ì òîãî, P.J. Simpson ç³ ñï³âàâò. íà îñíîâ³ äàíèõ 
ïîñë³äîâíîñò³ ãåíó 16s ðÐÍÊ çàïðîïîíóâàëè ñòâîðèòè íîâèé ð³ä Aeriscardovia (òèïî-
âèé âèä – A. aeriphila), à êèòàéñüê³ â÷åí³ V. Jian òà X. Dong îïèñàëè 2 íîâèõ ðîäè 
á³ô³äîáàêòåð³é: Scardovia (S. ³nopinata) òà Parascardovia (P. denticolens) [11,12].

Çàñòîñóâàííÿ ñó÷àñíèõ ìåòîä³â äîñë³äæåííÿ íà ìîëåêóëÿðíîìó ð³âí³ äîçâîëèëî 
ï³ä³éòè ç ïîçèö³¿ ô³ëîãåí³¿ äî ðîçóì³ííÿ ì³ñöÿ á³ô³äîáàêòåð³é ñåðåä ³íøèõ áàêòåð³é. 
E. Stackebrandt ç³ ñï³âàâò. [13], ï³äñóìîâóþ÷è îòðèìàí³ ðàí³øå äàí³ àíàë³çó áóäîâè 
16S ãåíó ðèáîñîìíî¿ ÐÍÊ, çàïðîïîíóâàëè íîâó êëàñèô³êàö³éíó ñòðóêòóðó á³ô³äî-
áàêòåð³é, äå âîíè â³äíîñÿòüñÿ äî êëàñó Actinobacteria, ïîðÿäêó Bifidobacteriales, ³ 
óòâîðþþòü ðîäèíó Bifidobacteriaceae, òèïîâèé ð³ä – Bifidobacterium.

Òàêèì ÷èíîì, íà äàíèé ÷àñ îïèñàíî 31 âèä á³ô³äîáàêòåð³é, ÿê³ â îñòàíí³ ðîêè 
áóëè äîïîâíåí³ òðüîìà íîâèìè ðîäàìè.

Ìîðôîëîãî-êóëüòóðàëüíi òà ôiçiîëîãî-áiîõiìi÷íi âëàñòèâîñòi áiôiäîáàêòåðié. 
Á³ô³äîáàêòåð³¿ – öå âàð³àáåëüí³ çà ìîðôîëîã³ºþ ïàëè÷êè. Ïèòàííÿ ¿õ ïëåîìîðô³çìó 
ïðèâåðòàëî óâàãó áàãàòüîõ äîñë³äíèê³â. Òàê, A.C. Hayward ç³ ñï³âàâò. â³äì³÷àëè 
ïîñèëåííÿ ðîçãàëóæåííÿ ³ óòâîðåííÿ íàáðÿêëèõ, ³íâîëþö³éíèõ, êóëåïîä³áíèõ ôîðì 
á³ô³äîáàêòåð³é â íåñïðèÿòëèâèõ óìîâàõ ïîæèâíîãî ñåðåäîâèùà, à ñàìå: çàíàäòî 
âèñîêà àáî íèçüêà êèñëîòí³ñòü ñåðåäîâèùà, òåìïåðàòóðà âèðîùóâàííÿ, ïðèñóòí³ñòü 
êèñíþ [14]. V. Sundman i K. Bjorksten â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü çðîáèëè 
âèñíîâîê, ùî õî÷à á³ô³äîáàêòåð³¿ ìàþòü òåíäåíö³þ äî ïëåîìîðô³çìó ïðè ðîñò³ in 
vitro, àëå âîíè ó á³ëüøîñò³ ïàëè÷êîïîä³áí³ ó ïðèðîäíîìó äëÿ íèõ ñåðåäîâèù³. Àâòî-
ðè ïðèïóñêàþòü, ùî á³ô³äîáàêòåð³¿ ìàþòü á³ëüø ñêëàäíèé øëÿõ ñèíòåçó êë³òèííî¿ 
ñò³íêè, í³æ ³íø³ ì³êðîîðãàí³çìè [15].

Á³ô³äîáàêòåð³¿ – õåìîîðãàíîãåòåðîòðîôè. V. Scardovi, W. de Vries ç³ ñï³âàâò. 
[5, 16] áóëî ïîêàçàíî, ùî öÿ ãðóïà áàêòåð³é çáðîäæóº âóãëåâîäè çà ôðóêòîçî-6-
ôîñôàòíèì øóíòîì. Áàëàíñ ôåðìåíòàö³¿ ìîæíà âèðàçèòè íàñòóïíèì ð³âíÿííÿì:

ãëþêîçà → (1,5 + 0,5õ) àöåòàò + (1,0 – õ) ëàêòàò + 0,5õ åòàíîë + õ ôîðì³àò.

Ñë³ä çàçíà÷èòè, ùî â³äêðèòòÿ ó á³ô³äîáàêòåð³é òàêîãî îñîáëèâîãî òèïó ìåòà-
áîë³çìó áóëî îäí³ºþ ç âàãîìèõ ïðè÷èí äëÿ â³äîêðåìëåííÿ ¿õ â³ä ðîäó Lactobacillus.

Ìàñëÿíó ³ ïðîï³îíîâó êèñëîòè á³ô³äîáàêòåð³¿ íå óòâîðþþòü. Êàòàëàçîíåãàòèâí³, 
à â äåÿêèõ âèïàäêàõ ïîçèòèâí³ ï³ä ÷àñ ðîñòó â àòìîñôåð³ ïîâ³òðÿ ç äîäàâàííÿì 
ÑÎ

2
. Íå óòâîðþþòü H

2
S, íå â³äíîâëþþòü í³òðàòè â í³òðèòè, íå ìàþòü óðåàçíî¿ àê-

òèâíîñò³, íå ðîçð³äæóþòü æåëàòèí. Îïòèìàëüíà òåìïåðàòóðà äëÿ ðîñòó á³ëüøîñò³ 
âèä³â á³ô³äîáàêòåð³é 37 – 41 οÑ. 
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Ïîòðåáè á³ô³äîáàêòåð³é ó ïîæèâíèõ ðå÷îâèíàõ âåëèê³ ³ ð³çíîìàí³òí³. 
J.B. Hassinen ç³ ñï³âàâò. ïîêàçàëè, ùî ö³ ì³êðîîðãàí³çìè ïîòðåáóþòü á³îòèíó, ðèáîô-
ëàâ³íó, ïàíòîòåíîâî¿ êèñëîòè, ïóðèíîâèõ ³ ï³ðèì³äèíîâèõ îñíîâ, ïåïòèä³â, öèñòå¿íó, 
àì³íîöóêð³â [17]. Â òîé æå ÷àñ äåÿê³ á³ô³äîáàêòåð³¿ ñàì³ çäàòí³ ñèíòåçóâàòè ðÿä 
â³òàì³í³â: ïàíòîòåíîâó êèñëîòó, ðèáîôëàâ³í, ò³àì³í, ôîë³ºâó êèñëîòó, êîáàëàì³í [18].

Ïðîòÿãîì âñüîãî ïåð³îäó âèâ÷åííÿ á³îëîã³¿ á³ô³äîáàêòåð³é, ùî ñóïðîâîäæóâàâñÿ 
â³äêðèòòÿì íîâèõ âèä³â ³ äîñë³äæåííÿì ¿õ âëàñòèâîñòåé, ì³æ äîñë³äíèêàìè öèõ 
ì³êðîîðãàí³çì³â âåëèñÿ ñóïåðå÷êè ó ïèòàíí³ â³äíîøåííÿ ¿õ äî êèñíþ. Ë³òåðàòóðí³ 
â³äîìîñò³ ïðî çäàòí³ñòü á³ô³äîáàêòåð³é ðîñòè â ïðèñóòíîñò³ êèñíþ º ñóïåðå÷ëèâèìè 
³ äîòåïåð. Òàê, Norris ç³ ñï³âàâò. â³äì³÷àëè ð³çíèöþ â ïîòðåá³ àòìîñôåðíîãî ÑÎ

2 
ïðè 

âèðîùóâàíí³ á³ô³äîáàêòåð³é íà òâåðäîìó àáî â ð³äêîìó ñåðåäîâèùàõ [19]. Mayer ç³ 
ñï³âàâò. [20] ïîêàçàëè, ùî á³ô³äîáàêòåð³¿ º àíàåðîáíèìè ì³êðîîðãàí³çìàìè, à òàêîæ 
âèÿâèëè ³ñíóâàííÿ ð³çíèõ ïðè÷èí àíàåðîá³îçó äëÿ ð³çíèõ øòàì³â á³ô³äîáàêòåð³é. 

Çã³äíî ë³òåðàòóðíèõ äæåðåë, ì³ñöåì ³ñíóâàííÿ á³ô³äîáàêòåð³é º, â îñíîâíîìó, 
îðãàí³çì ëþäèíè ³ òâàðèí. Çà äàíèìè 9-ãî âèäàííÿ £Êåð³âíèöòâà ïî âèçíà÷åííþ 
áàêòåð³é” Áåðã³ [5], ìàéæå òðåòèíà âèä³â ðîäó Bifidobacterium º ìåøêàíöÿìè ØÊÒ 
ëþäèíè, ïðè÷îìó íàé÷àñò³øå çóñòð³÷àþòüñÿ B. bifidum, B. longum, B. adolescentis, 
B. infantis òà B. breve. Ó âàã³íàëüíîìó âì³ñò³ V. Scardovi, L.D. Trovatelli âèÿâëÿëè 
B. bifidum, B. infantis, B. breve [5]. 

Á³ô³äîáàêòåð³¿ áóëè âèÿâëåí³ ³ ó ØÊÒ ñâèíåé, âåëèêî¿ ðîãàòî¿ õóäîáè, ñîáàê, 
ìàâï, êðîë³â, ìèøåé, êóð÷àò [5]. Ïîîäèíîê³ äàí³ âêàçóþòü, ùî ö³ ì³êðîîðãàí³çìè 
çóñòð³÷àþòüñÿ â òðàâíîìó òðàêò³ áäæ³ë (B. asteroides, B. corineforme òà B. indicum) 
[5, 21]. Â îñòàíí³ ðîêè ç`ÿâèëèñü â³äîìîñò³ ïðî ³ñíóâàííÿ á³ô³äîáàêòåð³é ó òðàâíîìó 
òðàêò³ äåëüô³í³â [21, 22]. 

Áiîëîãi÷íà àêòèâíiñòü áiôiäîáàêòåðié. Îçäîðîâ÷à ä³ÿ íîðìàëüíî¿ ì³êðîôëîðè, 
³ çîêðåìà á³ô³äîáàêòåð³é, íà ìàêðîîðãàí³çì â³äîìà äîñèòü äàâíî. ².². Ìå÷íèêîâ ³ 
H. Tissier ùå â 1905 ðîö³ â³äì³÷àëè ïîçèòèâíó äèíàì³êó ó ñòàí³ çäîðîâ’ÿ ïàö³ºíò³â 
ïðè çàñòîñóâàíí³ æèâèõ êóëüòóð ìîëî÷íîêèñëèõ áàêòåð³é ³ âèêîðèñòîâóâàëè ¿õ ïðè 
ë³êóâàíí³ õâîðèõ ç êèøêîâèìè äèñôóíêö³ÿìè [18]. Àêòèâíå âèâ÷åííÿ ìåõàí³çì³â 
òàêîãî ïîçèòèâíîãî âïëèâó ðîçïî÷àëîñÿ ëèøå ó äðóã³é ïîëîâèí³ ÕÕ ñòîë³òòÿ.

Äëÿ îá´ðóíòóâàííÿ âàæëèâîñò³ á³ô³äîáàêòåð³é äëÿ æèòòºä³ÿëüíîñò³ ëþäèíè, 
ïðîâîäèëèñü äîñë³äæåííÿ ç âèâ÷åííÿ âïëèâó öèõ áàêòåð³é íà óìîâíî ïàòîãåíí³ 
ì³êðîîðãàí³çìè. Îäíèì ç ïåðøèõ áóëî ïîâ³äîìëåííÿ [20], â ÿêîìó ïîêàçàíî ³íã³-
áóþ÷èé åôåêò Lactobacillus bifidus var. pennsylvanicus íà ð³ñò E. coli. Â äîñë³äàõ 
ç ìèøàìè-ãíîòîá³îíòàìè áóëî âèÿâëåíî, ùî á³ô³äîáàêòåð³¿ çäàòí³ ïðèãí³÷óâàòè 
ðîçìíîæåííÿ Salmonella typh³murium [18]. Ïðè âèâ÷åíí³ êèøêîâèõ ³íôåêö³é ó 
íîâîíàðîäæåíèõ â³äì³÷àëàñÿ çíà÷íî ìåíøà ê³ëüê³ñòü âèïàäê³â öèõ çàõâîðþâàíü ó 
íåìîâëÿò, ùî õàð÷óâàëèñÿ âèêëþ÷íî ãðóäíèì ìîëîêîì, ïðè÷îìó ó ôåêàë³ÿõ öèõ 
ä³òåé äîì³íóþ÷èìè ì³êðîîðãàí³çìàìè áóëè á³ô³äîáàêòåð³¿ [20].

Â ë³òåðàòóð³ äîñèòü ïîâíî â³äîáðàæåí³ äîñë³äæåííÿ àíòàãîí³ñòè÷íî¿ ä³¿ 
á³ô³äîáàêòåð³é íà çáóäíèê³â áàãàòüîõ ãîñòðèõ òà õðîí³÷íèõ ðîçëàä³â – Escherichia 
coli ç³ ñëàáî âèðàæåíèìè ôåðìåíòàòèâíèìè âëàñòèâîñòÿìè; Campylobacter, Listeria 
monocytogenes, äð³æäæåïîä³áí³ ãðèáè ðîäó Candida, Clostridium, Bacillus, òà ³í. 
[23, 24, 25, 26]. Çäàòí³ñòü á³ô³äîáàêòåð³é ïðèãí³÷óâàòè ð³ñò íåáàæàíî¿ ì³êðîôëîðè 
äîâãèé ÷àñ ïîÿñíþâàëàñÿ ëèøå ä³ºþ îöòîâî¿ òà ìîëî÷íî¿ êèñëîò – ê³íöåâèõ 
ïðîäóêò³â ìåòàáîë³çìó öèõ ì³êðîîðãàí³çì³â [16]. Â ïîäàëüøîìó â íàóêîâ³é ë³òåðàòóð³ 
ç’ÿâèëèñÿ ïîâ³äîìëåííÿ ïðî ³íø³ ìåõàí³çìè àíòàãîí³ñòè÷íî¿ ä³¿ á³ô³äîáàêòåð³é 

Î.À. Ïîëòàâñüêà, Í.Ê. Êîâàëåíêî
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ç ìåòîþ çàõèñòó ìàêðîîðãàí³çìó â³ä ïàòîãåííèõ áàêòåð³é. Çîêðåìà, F. Abe, 
M.-F. Bernet, R. Fuller, G. Gibson â åêñïåðèìåíòàõ ç êóëüòóðàìè êë³òèí ïîêàçàëè, 
ùî á³ô³äîáàêòåð³¿ çäàòí³ åôåêòèâíî êîíêóðóâàòè ç ïàòîãåííèìè ì³êðîîðãàí³çìàìè çà 
ñàéòè àäãåç³¿ íà åï³òåë³àëüíèõ êë³òèíàõ ìàêðîîðãàí³çìó, òèì ñàìèì çàáåçïå÷óâàòè, 
òàê çâàíó, êîëîí³çàö³éíó ðåçèñòåíòí³ñòü [27, 28, 29, 30]. Â äîñë³äæåíí³ G. Reid 
ç³ ñï³âàâò. in vitro áóëî ïîêàçàíî, ùî á³ô³äîáàêòåð³¿ çäàòí³ ïðèêð³ïëþâàòèñÿ ³ äî 
êë³òèí ñàìèõ ïàòîãåí³â [31]. Àâòîðè ðîáëÿòü ïðèïóùåííÿ, ùî â óìîâàõ êèøå÷íèêà 
á³ô³äîáàêòåð³¿, ïðèêð³ïëþþ÷èñü äî ïàòîãåííèõ ì³êðîîðãàí³çì³â, çàïîá³ãàþòü àäãåç³¿ 
îñòàíí³õ äî åíòåðîöèò³â, ùî ñïðèÿº øâèäê³é ¿õ åë³ì³íàö³¿.

²ñíóþòü ë³òåðàòóðí³ â³äîìîñò³ ïðî àíòàãîí³ñòè÷íó àêòèâí³ñòü íîðìîôëîðè 
êèøå÷íèêó, ÿêà îáóìîâëåíà íå ëèøå ä³ºþ îðãàí³÷íèõ êèñëîò, à ³ çäàòí³ñòþ 
ñèíòåçóâàòè ñïåöèô³÷í³ àíòèì³êðîáí³ ðå÷îâèíè. Ðÿäó äîñë³äíèê³â âäàëîñÿ âèÿâèòè ó 
äåÿêèõ ïðåäñòàâíèê³â ìîëî÷íîêèñëèõ áàêòåð³é ÿâèùå ñïåöèô³÷íîãî àíòèì³êðîáíîãî 
àíòàãîí³çìó ³ ïîêàçàòè, ùî âîíè ñèíòåçóþòü àíòèá³îòèêè [32]. Ñòîñîâíî á³ô³äîáàêòåð³é 
³ñíóþòü ëèøå ïîîäèíîê³ â³äîìîñò³ ïðî çäàòí³ñòü ïðîäóêóâàòè ñïåöèô³÷í³ àíòèì³êðîáí³ 
ðå÷îâèíè. Â íàøèõ äîñë³äæåííÿõ áóëî ïîêàçàíî, ùî àíòàãîí³ñòè÷í³ âëàñòèâîñò³ 
á³ô³äîáàêòåð³é òàêîæ îáóìîâëåí³ ïðîäóêóâàííÿì ñïåöèô³÷íèõ àíòèì³êðîáíèõ ðå÷îâèí 
[33]. Z. Yildirim ç³ ñï³âàâò [34] îïèñàëè áàêòåð³îöèí, ÿêèé îòðèìàâ íàçâó á³ô³äîöèí 
Â, ç³ øòàìó B. bifidum NCFB 1454. Öåé áàêòåð³îöèí ïðèãí³÷óâàâ ð³ñò áàêòåð³é 
ðîä³â Listeria, Bacillus, Enterococcus. R. Toure ç³ ñï³âàâò. [35] îòðèìàëè ñò³éê³ äî 
íàãð³âàííÿ á³ëêîâ³ ñïîëóêè, ùî ïðîäóêóâàëè 4 øòàìè á³ô³äîáàêòåð³é, âèä³ëåí³ â³ä 
ä³òåé. Äàí³ ñïîëóêè ïðèãí³÷óâàëè ð³ñò Listeria monocytogenes. Ïèòàííÿ ³ñíóâàííÿ 
ñïåöèô³÷íèõ àíòèì³êðîáíèõ ðå÷îâèõ á³ô³äîáàêòåð³é ïîòðåáóº ïîäàëüøèõ äîñë³äæåíü.

Çäàòí³ñòü á³ô³äîáàêòåð³é ïðèêð³ïëþâàòèñÿ äî åï³òåë³îöèò³â â³ä³ãðàº âåëèêó 
ðîëü â ¿õ êîëîí³çàö³¿ ØÊÒ, çàïîá³ãàþ÷è øâèäê³é ¿õ åë³ì³íàö³¿ ïåðèñòàëüòèêîþ 
êèøå÷íèêà. Öåé ôàêòîð çàáåçïå÷óº á³ô³äîáàêòåð³ÿì êîíêóðåíòíîñïðîìîæí³ñòü ó 
äàí³é åêîñèñòåì³. Çàâäÿêè ïîçèòèâíîìó âïëèâó á³ô³äîáàêòåð³é íà æèòòºä³ÿëüí³ñòü 
ìàêðîîðãàí³çìó, â îñòàíí³ ðîêè ç’ÿâèëèñÿ ðîáîòè, ïðèñâÿ÷åí³ ïîøóêó âèñîêîàäãå-
çèâíèõ øòàì³â öèõ áàêòåð³é [28, 29, 30, 36]. Â³äîìî, ùî êë³òèííà àäãåç³ÿ – öå áàãà-
òîñòàä³éíèé ïðîöåñ, ÿêèé âêëþ÷àº â ñåáå êîíòàêò êë³òèíè ç ïîâåðõíåþ åï³òåë³þ, ³ 
â³í çàëåæèòü â³ä ñêëàäó ³ ñòðóêòóðè êë³òèííî¿ ñò³íêè, à òàêîæ ïîâåðõí³, ç ÿêîþ âîíà 
âçàºìîä³º [37]. Ïîîäèíîê³ äîñë³äæåííÿ ìåõàí³çì³â àäãåç³¿ á³ô³äîáàêòåð³é äî êë³òèí 
ìàêðîîðãàí³çìó äîçâîëèëè âèÿâèòè äåÿê³ ôàêòîðè, ùî ïðèéìàþòü ó÷àñòü ó ïðîöåñ³ 
àäãåç³¿. Òàê, P.F. Peretz ç³ ñï³âàâò. [38] ïîêàçàëè, ùî ã³äðîôîáí³ñòü ³ äçåòà-ïîòåíö³àë 
ïîâåðõí³ êë³òèíè âïëèâàþòü íà ïðîöåñè àóòîàãðåãàö³¿ ³ ãåìàãëþòèíàö³¿ ó øòàì³â 
á³ô³äîáàêòåð³é, ³çîëüîâàíèõ â³ä ëþäèíè. Êð³ì òîãî, àâòîðè â³äì³÷àëè ï³äâèùåííÿ 
àäãåçèâíî¿ àêòèâíîñò³ ïðè çíèæåíí³ ðÍ â³ä 7,0 äî 2,0. B. Del Re ç³ ñï³âàâò. [39] 
âèÿâèëè êîðåëÿö³þ ì³æ àóòîàãðåãàö³ºþ êë³òèí B. suis, ã³äðîôîáí³ñòþ ¿õ êë³òèííèõ 
ïîâåðõîíü òà àäãåç³ºþ äî åíòåðîöèò³â ñâèí³. Àíàëîã³÷í³ äàí³ ç 13-ìà øòàìàìè B. lon-
gum, âèä³ëåíèìè â³ä ëþäèíè, ï³äòâåðäèëè ïîïåðåäí³ ðåçóëüòàòè, ³ áóëî âèñëîâëåíî 
äóìêó, ùî ïðîöåñ àóòîàãðåãàö³¿ º íåîáõ³äíîþ ñêëàäîâîþ àäãåçèâíîãî ïðîöåñó ó 
êèøå÷íèêó ìàêðîîðãàí³çìó [39].

F. He ç³ ñï³âàâò. [40] äîñë³äæóâàëè çäàòí³ñòü á³ô³äîáàêòåð³é, ³çîëüîâàíèõ ç 
ð³çíèõ ïðèðîäíèõ äæåðåë, àäãåçóâàòèñü äî ³ììîá³ë³çîâàíèõ ãë³êîïðîòå¿í³â ñëèçîâî¿ 
îáîëîíêè êèøå÷íèêó. Áóëî ç’ÿñîâàíî, ùî âñ³ äîñë³äæóâàí³ øòàìè àäãåçóâàëèñü äî 
ãë³êîïðîòå¿í³â îáîõ òèï³â, ïðè÷îìó àäãåçèâíà àêòèâí³ñòü øòàì³â, ³çîëüîâàíèõ â³ä 
ëþäèíè, áóëà á³ëüø ñïåöèô³÷íîþ äî ãë³êîïðîòå¿í³â êèøå÷íèêà ëþäèíè. Ó øòàì³â, 
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³çîëüîâàíèõ ç ³íøèõ ïðèðîäíèõ äæåðåë, òàêî¿ ñïåöèô³÷íîñò³ íå ñïîñòåð³ãàëîñÿ. Öåé 
ôàêò ñâ³ä÷èòü ïðî òå, ùî ñë³ä ðåòåëüí³øå ï³äõîäèòè äî âèáîðó ìîäåë³ åï³òåë³îöèò³â 
ï³ä ÷àñ äîáîðó âèñîêîàäãåçèâíèõ øòàì³â äëÿ ñòâîðåííÿ ïðîá³îòèê³â äëÿ ëþäèíè.

Òàêèì ÷èíîì, ë³òåðàòóðí³ äàí³ ñâ³ä÷àòü, ùî àäãåçèâíà àêòèâí³ñòü á³ô³äîáàêòåð³é 
çàëåæèòü ÿê â³ä ñàìîãî øòàìó, òàê ³ â³ä ìåòàáîë³çìó åï³òåë³îöèò³â ìàêðîîðãàí³ç-
ìó. Íà çäàòí³ñòü á³ô³äîáàêòåð³é ïðèêð³ïëþâàòèñÿ âïëèâàþòü óìîâè ñåðåäîâèùà, 
âëàñòèâîñò³ êë³òèííî¿ ïîâåðõí³ òà ³í. 

Íà óâàãó çàñëóãîâóþòü íîâ³ äàí³ G.R. Gibson â³äíîñíî ìåòàáîë³çìó á³ô³äîáàêòåð³é. 
Îñòàíí³ ðîçêëàäàþòü â êèøå÷íèêó ðå÷îâèíè, ÿê³ íå ìîæóòü çàñâîþâàòèñü îðãàí³çìîì 
õàçÿ¿íà, íà á³ëüø ïðîñò³, âêëþ÷àþ÷è íåðîç÷èííèé êðîõìàëü, ñêëàäí³ âóãëåâîäè, 
îë³ãîöóêðèäè, ïðîòå¿íè ³ ìóöèí [30]. Â ðåçóëüòàò³ öüîãî ìåòàáîë³çìó ÿê ê³íöåâ³ 
ïðîäóêòè óòâîðþþòüñÿ â îñíîâíîìó êîðîòêîëàíöþãîâ³ æèðí³ êèñëîòè, òàê³ ÿê 
ëàêòàò, àöåòàò, ÿê³ íåîáõ³äí³ äëÿ ùîäåííèõ åíåðãåòè÷íèõ ïîòðåá ìàêðîîðãàí³çìó. 
Â òîâñò³é êèøö³ ëþäèíè á³ô³äîáàêòåð³¿ ñèíòåçóþòü â³òàì³íè – ò³àì³í, ðèáîôëàâ³í 
òà â³òàì³í Ê, ÿê³ ïîò³ì ïîãëèíàþòüñÿ îðãàí³çìîì õàçÿ¿íà [41]. Çà äàíèìè 
Ñ.À. Øåâåëüîâî¿, á³ô³äîáàêòåð³¿ ñèíòåçóþòü ³ òðàíñïîðòóþòü ì³æ êë³òèíàìè äî 
120,3 ìã â³òàì³í³â ãðóïè Â [42]. S. Bengmark ç³ ñï³âàâò. ïîêàçàëè, ùî á³ô³äîáàêòåð³¿ 
òàêîæ ìîæóòü ñèíòåçóâàòè äåÿê³ åêçîãåíí³ àì³íîêèñëîòè: àðã³í³í, ãëþòàì³í òà ³í. 
[43]. Êð³ì òîãî, àâòîðàìè áóëî äîâåäåíî, ùî àäàïòàö³ÿ òðàâíîãî òðàêòó äî á³ô³äíèõ 
êóëüòóð ïîêðàùóº âì³ñò àçîòó ïðè ï³äâèùåíí³ âì³ñòó â³òàì³íó Â

6
.

Ïðîáiîòè÷íi ïðîäóêòè. Â îñòàíí³ ðîêè, çàâäÿêè á³îëîã³÷í³é àêòèâíîñò³ 
á³ô³äîáàêòåð³é, ¿õ ðîëü äëÿ çäîðîâ’ÿ ³ æèòòºä³ÿëüíîñò³ ìàêðîîðãàí³çìó º 
çàãàëüíîâèçíàíîþ ³ ïîñò³éíî ïðèâåðòàº óâàãó äîñë³äíèê³â. Îñîáëèâó ðîëü ç 
íàóêîâî¿ òî÷êè çîðó â³ä³ãðàþòü øòàìè, ùî ìàþòü ï³äâèùåíó ô³ç³îëîã³÷íó àêòèâí³ñòü, 
àíòèîêñèäàíòí³ âëàñòèâîñò³, çäàòí³ñòü àêòèâíî ïðèãí³÷óâàòè ð³ñò íåáàæàíèõ 
ì³êðîîðãàí³çì³â, âèñîêó àäãåçèâíó àêòèâí³ñòü. Òàê³ øòàìè ì³êðîîðãàí³çì³â îòðèìàëè 
íàçâó ïðîá³îòè÷íèõ. Òåðì³í “ïðîá³îòèê” ïîõîäèòü â³ä ãðåöüêîãî ñëîâà ³ îçíà÷àº “äëÿ 
æèòòÿ”. Âñåñâ³òíÿ îðãàí³çàö³ÿ îõîðîíè çäîðîâ’ÿ (ÂÎÎÇ) âèçíà÷àº ïðîá³îòèêè ÿê “æèâ³ 
ì³êðîîðãàí³çìè, ÿê³ ïðîÿâëÿþòü ñâî¿ ïîçèòèâí³ âëàñòèâîñò³ íà ìàêðîîðãàí³çì” [44]. 

Ïðîá³îòè÷í³ ì³êðîîðãàí³çìè º íîðìàëüíèìè ìåøêàíöÿìè êèøå÷íèêà çäîðîâî¿ 
ëþäèíè. ×àñò³øå öå á³ô³äîáàêòåð³¿, ëàêòîáàêòåð³¿, äåÿê³ äð³æäæ³ òà ³í. [45]. Â â³äîìèõ 
ïðîá³îòè÷íèõ ïðåïàðàòàõ âîíè âèêîðèñòîâóþòüñÿ ÿê ñêëàäîâ³ ìîíîêóëüòóð, òàê ³ ÿê 
îêðåì³ øòàìè á³ô³äîáàêòåð³é â àñîö³àö³¿ ç ³íøèìè âèäàìè ì³êðîîðãàí³çì³â. Äî ¿õ ñêëà-
äó íàé÷àñò³øå âõîäÿòü B. bifidum, B. longum, B. adolescentis, B. infantis, B. breve [46].

Â îñòàíí³ ðîêè â íàóêîâ³é ë³òåðàòóð³ ³ â îô³ö³éíèõ äîêóìåíòàõ, ùî ìàþòü â³ä-
íîøåííÿ äî ïðîáëåì çáåðåæåííÿ áàëàíñó íîðìàëüíî¿ ì³êðîôëîðè, ïðèä³ëÿºòüñÿ 
âåëèêà óâàãà ïðîá³îòè÷íèì ì³êðîîðãàí³çìàì. Âîíè øèðîêî çàñòîñîâóþòüñÿ ó ë³êó-
âàíí³ ³ ïðîô³ëàêòèö³ áàãàòüîõ äèñôóíêö³é ô³ç³îëîã³÷íèõ ñèñòåì ëþäèíè.

Ïåðø çà âñå, âîíè âèêîðèñòîâóþòüñÿ ó ë³êóâàíí³ êèøêîâèõ ³íôåêö³é ó íåìîâëÿò. 
Çà äàíèìè G. Reid ç³ ñï³âàâò. [31], òàê³ çáóäíèêè ³íôåêö³é, ÿê Clostridium, Esch-
erichia, Klebsiella, Salmonella, Pseudomonas, Streptococcus òà ³í. çá³ëüøóþòü ðèçèê 
íåêðîòè÷íîãî åíòåðîêîë³òó. Îäíèìè ç ïåðøèõ ïî÷àëè åôåêòèâíî çàñòîñîâóâàòè 
ïðîá³îòèêè, çîêðåìà «Á³ô³äóìáàêòåðèí», äëÿ ë³êóâàííÿ êèøêîâèõ çàõâîðþâàíü 
íåìîâëÿò Ã.². Ãîí÷àðîâà ç³ ñï³âàâò. [47]. Â äîñë³äæåííÿõ ð³çíèõ àâòîð³â ïîêàçàíî, ùî 
êîëîí³çàö³ÿ êèøå÷íèêà íåìîâëÿò á³ô³äîáàêòåð³ÿìè ïðè êèøêîâèõ ³íôåêö³ÿõ, çíèæóº 
ðèçèê âèíèêíåííÿ ó íèõ íåêðîòè÷íîãî åíòåðîêîë³òó, à á³ô³äîáàêòåð³¿ ïðèãí³÷óþòü 
ð³ñò ïàòîãåííèõ ì³êðîîðãàí³çì³â íå ëèøå øëÿõîì êîëîí³çàö³éíî¿ ðåçèñòåíòíîñò³. 
Âîíè òàêîæ çíèæóþòü åíäîòîêñåì³þ é ³íäóêóþòü çàïàëüíèé êàñêàä [48, 49].

Î.À. Ïîëòàâñüêà, Í.Ê. Êîâàëåíêî
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Á³ô³äîïðåïàðàòè º åôåêòèâíèìè ïðè ë³êóâàíí³ ³ ïðîô³ëàêòèö³ ãàñòðîåíòåðèò³â 
ï³ñëÿ àíòèáàêòåð³àëüíî¿ òåðàï³¿. Çàñòîñóâàííÿ ïðîá³îòèê³â â êîìá³íàö³¿ ç³ çâè÷àé-
íîþ àíòèá³îòèêîòåðàï³ºþ çíèæóº ðèçèê âèíèêíåííÿ äèñáàêòåð³îç³â ð³çíî¿ åò³îëî-
ã³¿. Àëå â öüîìó âèïàäêó øòàì-ïðîá³îòèê ìàº áóòè íå÷óòëèâèì äî âèêîðèñòàíîãî 
àíòèá³îòèêà [31].

Çäàòí³ñòü á³ô³äîáàêòåð³é çíèæóâàòè ð³âåíü a-ãëþêóðîí³äàçè ³ êàíöåðîãåííèõ 
ðå÷îâèí º ïðè÷èíîþ çìåíøåííÿ ðèçèêó âèíèêíåííÿ ðàêó ïðè çàñòîñóâàíí³ öèõ 
ì³êðîîðãàí³çì³â [50]. L. Pei-Ren ç³ ñï³âàâò. âèÿâèëè, ùî â ðåàêö³¿ àíòèìóòàãåíåçó 
ó øòàì³â B. lactis Bb-12 i B. longum CCRC 14634 ïðèéìàº ó÷àñòü â îñíîâíîìó 
êë³òèííà ñò³íêà á³ô³äîáàêòåð³é, çâ’ÿçóþ÷è ìóòàãåííèé ôàêòîð [51]. V.I. Chalova ç³ 
ñï³âàâò. ïîêàçàëè, ùî òàêèé àíòèìóòàãåííèé åôåêò çàëåæèòü â³ä ôàçè ðîñòó öèõ 
ì³êðîîðãàí³çì³â, à òàêîæ ñàìîãî ìóòàãåíó [52]. 

Á³ô³äîáàêòåð³¿ çäàòí³ çíèæóâàòè ð³âåíü ñèðîâàòêîâîãî õîëåñòåðèíó. D.I.A. Pereira, 
G.R. Gibson ñïîñòåð³ãàëè in vitro çíèæåííÿ âì³ñòó õîëåñòåðèíó â êóëüòóðàëüí³é ð³äèí³ 
øòàìó Bifidobacterium infantis ATCC 15697 [30, 53]. Ìåõàí³çìîì òàêîãî çíèæåííÿ 
õîëåñòåðèíó àâòîðè ââàæàþòü çâ’ÿçóâàííÿ îñòàííüîãî êë³òèííîþ ñò³íêîþ áàêòåð³é.

Îñòàíí³ì ÷àñîì á³ô³äîáàêòåð³¿ ïî÷àëè åôåêòèâíî çàñòîñîâóâàòè ó ïðîô³ëàêòèö³ 
³ ë³êóâàíí³ óðîãåí³òàëüíèõ ³íôåêö³é. Òàê, Â.Ô. Äîëãóøèíà [54] ïîêàçàëà åôåêòèâ-
í³ñòü ïðèéîìó á³ô³äóìáàêòåðèíó ó ë³êóâàíí³ âàã³íîç³â áàêòåð³àëüíî¿ åò³îëîã³¿ ó 
âàã³òíèõ æ³íîê. 

Çã³äíî âèìîãàì ÂÎÇ, ïðîá³îòèêàìè íàçèâàþòüñÿ ëèøå ò³ ïðåïàðàòè, ùî â³ä-
ïîâ³äàþòü êðèòåð³ÿì â³äáîðó øòàì³â: âîíè ïîâèíí³ áóòè ÷³òêî ³äåíòèô³êîâàíèìè, íå 
ïàòîãåííèìè, íå òîêñè÷íèìè, ì³ñòèòèñÿ â äîñòàòí³é ê³ëüêîñò³ (íå ìåíøå 106 ÊÓÎ/
ìë), çáåð³ãàòè æèòòºçäàòí³ñòü ïðè ïðîõîäæåíí³ ÷åðåç âåñü ØÊÒ òà ïðè çáåð³ãàíí³ 
[45], ïîâèíí³ ïðîÿâëÿòè âèñîêó àíòàãîí³ñòè÷íó àêòèâí³ñòü ïðîòè ïàòîãåííèõ ì³êðî-
îðãàí³çì³â òà ìàòè çäàòí³ñòü àäãåçóâàòèñü íà êë³òèíàõ åï³òåë³þ ìàêðîîðãàí³çìó. 

Íà òåïåð³øí³é ÷àñ âñå á³ëüøå ïðèâåðòàº óâàãó ðîçðîáêà ñèíá³îòè÷íèõ ïðåïà-
ðàò³â, ÿê³ ÿâëÿþòü ñîáîþ ñóì³ø ïðîá³îòèê³â òà ïðåá³îòèê³â [46]. Îñòàíí³ ÿâëÿþòü 
ñîáîþ á³îëîã³÷íî àêòèâí³ äîáàâêè. Ïðåá³îòèêè àêòèâ³çóþòü ìåòàáîë³÷í³ ïðîöåñè 
ó ìàêðîîðãàí³çì³, ³ çàâäÿêè âèá³ðêîâ³é ñòèìóëÿö³¿ ðîñòó ïðîá³îòè÷íèõ êóëüòóð 
ñïðèÿþòü ïðîÿâó àíòàãîí³çìó ïî â³äíîøåííþ äî ïàòîãåííî¿ ³ óìîâíî ïàòîãåííî¿ 
ì³êðîôëîðè, ³ òàêèì ÷èíîì çàõèùàþòü îðãàí³çì â³ä ïðîíèêíåííÿ çáóäíèê³â ³íôåêö³¿. 
×èñëåíí³ äîñë³äæåííÿ ñâ³ä÷àòü ïðî òå, ùî ñèíá³îòèêè ÷èíÿòü êîðèñíèé âïëèâ íà 
çäîðîâ′ÿ ëþäèíè ³ âèá³ðêîâî ñòèìóëþþòü ð³ñò ³ ôóíêö³îíàëüíó àêòèâí³ñòü ïðîá³î-
òèê³â, ÿê òèõ, ùî íàäõîäÿòü ç ïðîäóêòàìè, òàê ³ âëàñíèõ, ùî íàñåëÿþòü îðãàí³çì 
õàçÿ¿íà. Ñèíá³îòè÷í³ ïðåïàðàòè ñïðèÿþòü ïðîÿâëåííþ ³ìóíîãåííèõ âëàñòèâîñòåé 
êîðèñíèõ ì³êðîîðãàí³çì³â çà ðàõóíîê çá³ëüøåííÿ ïðîäóêóâàííÿ íèìè áàêòåð³àëüíèõ 
ìåòàáîë³ò³â ç ³ìóíîìîäåëþþ÷èìè âëàñòèâîñòÿìè (ïåïòèäîãë³êàíè, ë³ïîïîë³öóêðèäè, 
òåéõîºâ³ êèñëîòè), à òàêîæ, ñòèìóëþâàííÿ íîðìàëüíî¿ ì³êðîôëîðè, ÿêà ïîñèëþº 
êë³òèííèé ³ìóí³òåò [55].

Òàêèì ÷èíîì, àíàë³ç ë³òåðàòóðíèõ äàíèõ ïîêàçóº, ùî á³ô³äîáàêòåð³¿ ïðåä-
ñòàâëÿþòü ñàìîñò³éíó ãðóïó ì³êðîîðãàí³çì³â, îá’ºäíàíó â ð³ä Bifidobacterium. 
Òàêñîíîì³÷íå ïîëîæåííÿ ïðåäñòàâíèê³â öüîãî ðîäó âèçíà÷àºòüñÿ íà îñíîâ³ 
ìîðôîëîãî-êóëüòóðàëüíèõ òà ô³ç³îëîãî-á³îõ³ì³÷íèõ âëàñòèâîñòåé, à òàêîæ ç 
âèêîðèñòàííÿì ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåòîä³â. Á³ô³äîáàêòåð³¿ â³ä³ãðàþòü âàæëèâó 
ðîëü â îðãàí³çì³ ëþäèíè ³ òâàðèí çàâäÿêè øèðîêîìó ñïåêòðó á³îëîã³÷íî¿ àêòèâíîñò³. 
Îçäîðîâ÷èé âïëèâ ¿õ íà ìàêðîîðãàí³çì ïåðåêîíëèâî âñòàíîâëåíèé. 
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Ðåôåðàò

Â îáçîðå ïðåäñòàâëåíû äàííûå ëèòåðàòóðû è ñîáñòâåííûõ èññëåäîâàíèé, 
êàñàþùèåñÿ èçó÷åíèÿ áèîëîãèè áèôèäîáàêòåðèé. Èçëîæåíû ñâåäåíèÿ î 
ðàçâèòèè è ñîâðåìåííîì ñîñòîÿíèè òàêñîíîìèè áèôèäîáàêòåðèé è î ôå-
íîòèïè÷åñêèõ ïðèçíàêàõ ýòîé ãðóïïû ìèêðîîðãàíèçìîâ. Ïðîâåäåí àíàëèç 
ðàáîò, ïîñâÿùåííûõ èçó÷åíèþ àíòàãîíèñòè÷åñêèõ, àäãåçèâíûõ ñâîéñòâ áè-
ôèäîáàêòåðèé. Îñâåùåí âîïðîñ èñïîëüçîâàíèÿ áèôèäîáàêòåðèé â ñîñòàâå 
ïðîáèîòè÷åñêèõ ïðåïàðàòîâ.

Ê ë þ ÷ å â û å  ñ ë î â à: áèôèäîáàêòåðèè, áèîëîãè÷åñêèå ñâîéñòâà, ïðî-
áèîòèêè, ñèíáèîòèêè.
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BIFIDOBACTERIA AND THEIR BIOLOGICAL PROPERTIES

Summary

Literature data, concerning the study of bifidobacterial biology are represented 
in the review. The information about development and modern condition 
of bifidobacterial taxonomy and about phenotypic characters of this group 
of microorganisms is expounded. The analysis of the studies described 
the investigation of antagonistic, adhesive properties of bifidobacteria is 
conducted. The question of the use of bifidobacteria in composition of probiotic 
preparations is taken up.

K e y  w o r d s: bifidobacteria, biological properties, probiotics, synbiotics.
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MONOSACCHARIDE COMPOSITION 
OF RHABDOVIRUSES INFECTING ANIMALS 

AND PLANTS

Comparative studies of plant and animal rhabdoviruses are of great 
importance because of their similar structural organization, morpholoical 
characters and functional properties of their components. Rhabdoviruses differ 
from plus-genome viruses, because in addition to their minus-RNA chain and 
multifunctional proteins, they contain also fatty acids and carbohydrates.

K e y  w o r d s: carbohydrates, rhabdoviruses, vesicular 
stomatitis virus, curly potato dwarf virus, spot sweetflag virus.

Carbohydrate component of viral glycoproteins plays the leading role in the virus 
genome expression. Rhabdoviruses contain 3 % of carbohydrates. They are presented 
by N-glycan chains on the surface G-protein as well as by glycolipids (1, 2). G-protein 
function due to its association with specific monosaccharides determines to certain 
degree its properties; the most important G-protein property is peplomer formation on 
the virion surface, the peplomers being, in their turn responsible for virus binding to 
its host cell receptors (3). Besides, the carbohydrate roles in virus life cycle includes 
the glycoprotein transport to the cell surface and its intracellular migration (4), as 
well as carbohydrate participation in the formation and establishment of glycoproteins 
conformation necessary to assure their immunological properties; carbohydrates 
defend glycoprotein polypeptide chains against their non-specific cleavage by cell 
proteinases (5). Many laboratories investigate the different properties and the role of 
glycoproteins contained by vertebrates (6, 7) and plants (8).

The importance of such investigations is without any doubt because of increasing 
interest in biological evolution and properties of Rhabdoviridae family members infecting 
plants and animals. Taking into account these considerations, we have carried out the 
comparative study concerning detection and identification of carbohydrates contained 
by phytorhabdoviruses – curly potato dwarf virus (CPDV) and spot sweetflag virus 
(SSV), as well as by an animal rhabdovirus – causative agent of vesicular stomatitis 
(vesicular stomatitis virus, VSV).

©L.F. Didenko, L.D. Varbanets, T.Yu. Sabirova, O.V. Serdenko, O.S. Brovarska, N.Ya. Spivak, 2008
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Materials and methods
Isolation of viruses. Phytorhabdoviruses – curly potato dwarf virus (CPDV) and 

spot sweetflag virus (SSV) – were isolated from infected Nicotiana rustica tissues 
using PEG-6000 and differential centrifugation (7).

VSV was cultivated in the cells of embryonal piglet testicles; a purified virus 
preparation was obtained according to Dalton and Rose (8).

Carbohydrate identification. To identify neutral monosaccharides, the virus 
preparations were hydrolyzed by 2 N HCl during 5 h at 100 °Ñ and then analyzed as 
polyol-acetates in a chromatomass-spectrometric Agilent 6890N/5973 inert system. 
A column PB225mS used had the parameters 30 m õ 0.25 mm õ 0.25 µm; the car-
rier gas, helium, was flowed through the column (1 ml/µm). The temperatures were 
250 °Ñ, 280 oC, and 22 oC for evaporator, interface, and thermostat, respectively, the 
process having been carried out in isothermal conditions.

The test was conducted by the division of the stream 1:100. The identification of 
monosaccharides was made by comparing of retention time for different polyol-acetates 
of samples tested and standard ones using the computer data base Chemstation. The 
quantitative ratios of individual monosaccharides were determined as percents from 
the amount of the peak areas of all monosaccharides.

To evaluate the aminosugar content, 1 mg of preparation was hydrolyzed by 6 N 
HCl (20 h, 100 °Ñ). A hydrolyzate obtained was centrifuged and vacuum-evaporated. 
Aminosugars were determined by using of the amino acid analyzer KLA-5 (“Hita-
chi”, Japan) using a column (0.9×15cm) containing “Ostion 0803” cation-exchanger 
in the sodium-citrate buffer, pH 5.28, at 55 °Ñ. The quantitative glucosamine and 
galactosamine determination was carried out following the sample hydrolysis by 2 N 
CF

3
CO

2
H (1.5h, 120 °Ñ) using Agilent 6890N/5973 inert system.

Results and discussion
The qualitative and quantitative monosaccharide contents in glycoproteins of 

viruses grown in animal cells, VSV, and plant ones – CPDV and SSV have been 
investigated.

The envelope structures of all three rhabdoviruses CPDV, SSV, and VSV were 
shown to contain monosaccharides, their contents being varied depending on the 
virus studied (Table 1).

Identifying monosaccharides contained by the CPDV we found out glucose 
(35.2 %) and mannose (23.8 %) to be dominant CPDV monosaccharides. In 
addition, this virus contains also galactose, arabinose, fucose, and rhamnose.

The carbohydrate component of the SSV was shown to include something 
different monosaccharide content. Its monosaccharides were glucose (25,3 %), 
galactose (18,3 %), arabinose (16 %), rhamnose (3,1 %), mannose (2.32 %), and 
fucose (3,98 %).

Sometimes we found out also ribose in several hydrolyzate preparations, its 
detection being due to the ribose presence in rhabdoviral RNA molecules.

Rhabdoviruses possess a very wide host range, their surface glycoproteins include 
carbohydrates of different cell origin leading to marked differences in monosaccha-
ride contents of these pathogenic agents. That is why it is interesting to compare 
carbohydrate compounds included into CPDV and SSV particles, these agents being 
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reproduced in the same host, Nicotiana rustica. CPDV and SSV were shown to contain 
identical mînosaccharides, their quantitative ratios being, however, markedly different.

The results obtained show the highest glucose content (35,2 %) is found for the 
CPDV. Contrary to the CDPV, the SSV contains lower quantity of this compound 
– 25,3 %.

The quantities of arabinose found in the CPDV and SSV are 10,4 % and 16 %, 
respectively. Phytorhabdoviruses contain also rhamnose, its quantities being 3,1 % 
and 9,7 % for the SSV and CPDV, respectively. Mannose is a dominating CPDV 
monosaccharide (23,8 %), its content in the SSV is significantly lower (2,32 %).

Besides, fucose was also identified in these viruses, its quantities being 8,6 % 
and 3,98 % for the CPDV and SSV, respectively.

Galactose levels in these agents are 12,3 % (in CPDV virions) and 18,3 % (in 
SSV particles). The presence of identical carbohydrates in phytorhabdoviruses infecting 
the same host demonstrates the viral carbohydrate structures to be predetermined 
by the host cell enzymatic systems (11). However, there is a point of view the virus 
is able to transform in some way the host cell glycosyltransferases (12). It is quite 
possible the cell glycosyltransferases modified by the viral infection may induce some 
changes concerning monosaccharide quantitative ratios in the cells and, consequently, 
in the virus particles.

Comparing monosaccharide contents of the VSV (an animal virus) and phytorhab-
doviruses, CPDV and SSV, it was detected, the VSV contained much higher quantities 
of the mannose – 58,5 %; it is almost twice as much as for the CPDF (23,8 %) and 
about by 20 times more than in the SSV (2,32 %). The glucose contents are almost 
similar for the VSV (21 %) and for the SSV (25,3 %); VSV, however, contain less 
glucose quantity than the CPDV (35,2 %). The SSV contains also higher quantities 
of galactose 18,3 % and arabinose 16 % comparing to the CDPV, the last includes 
12,3 and 10,4 % of these compounds, respectively. The fucose content of the VSV 
(3,7 %) is the same to the SSV (3,98 %), being, however, lower than in the CDPV 
(8,6 %). It is noteworthy there is no rhamnose in the VSV envelope, the SSV con-
taining 3,1 % and the CDPV – 9,7 % of this monosaccharide.

 Table 1

Comparative analyses of viral monosaccharides (%)

Monosaccharides CPDV SSV VSV

Glucose 35,2 25,3 21,0

Mannose 23,8 2,32 58,5

Galactose 12,3 18,3 3,8

Arabinose 10,4 16,0 2,7

Fucose 8,6 3,98 3,7

Rhamnose 9,7 3,1

All the viruses studied here include also, in addition to neutral monosaccharides, 
two aminosugars – glucosamine and galactosamine. The last compound content was 
markedly higher comparing to the first one: it was by 8,75 times for the CPDV, by 
7,2 times for the SSV, and by 1,6 times more for the VSV.

L.F. Didenko, L.D. Varbanets, T.Yu. Sabirova, O.V. Serdenko, O.S. Brovarska, N.Ya. Spivak 
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Ðåôåðàò

Âèâ÷åíèé ìîíîöóêðèäíèé ñêëàä ãë³êîïðîòå¿í³â çîîðàáäîâ³ðóñà âåçèêóëÿðíîãî 
ñòîìàòèòó (ÂÂÑ) ³ ô³òîïàòîãåííèõ ðàáäîâ³ðóñ³â – â³ðóñà êó÷åðÿâî¿ êàðëè-
êîâîñò³ êàðòîïë³ (ÂÊÊÊ) ³ â³ðóñà ïëÿìèñòîñò³ à¿ðó (ÂÏÀ). Ïðè ïîð³âíÿíí³ 
ìîíîöóêðèäíîãî ñêëàäó âñ³õ òðüîõ ïðåäñòàâíèê³â ðàáäîâ³ðóñ³â âèÿâëåí³ 
çàãàëüí³ ìîíîöóêðèäè – ãëþêîçà, ìàíîçà, ãàëàêòîçà, àðàá³íîçà, ôóêîçà. 
Äîì³íóþ÷èìè ç íèõ â ñêëàä³ ÂÊÊÊ ³ ÂÂÑ ïðèñóòí³ ãëþêîçà ³ ìàíîçà (35,2 %, 
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21,6 % ³ 23,8 %, 49,6 % â³äïîâ³äíî), äëÿ ÂÏÀ ãëþêîçà ³ ãàëàêòîçà (24 % 
³ 16,4 % â³äïîâ³äíî). ÂÊÊÊ ³ ÂÏÀ íà â³äì³íó â³ä ÂÂÑ ì³ñòÿòü ðàìíîçó 
(3 % ³ 9,7 % â³äïîâ³äíî).
Ó âñ³õ öèõ â³ðóñàõ ïîðÿä ç ìîíîöóêðàìè âèÿâëåí³ òàêîæ ³ àì³íîöóêðè ãëþ-
êîçàì³í ³ ãàëàêòîçàì³í.

Ê ë þ ÷ î â ³  ñ ë î â à: âóãëåâîäè, ðàáäîâ³ðóñè, âåçèêóëÿðíèé â³ðóñ 
ñòîìàòèòó, â³ðóñ êó÷åðÿâî¿ êàðëèêîâîñò³ êàðòîïë³, â³ðóñ êðàï÷àòîñò³ à¿ðó.
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ðàèíû, óë. Çàáîëîòíîãî, 154, Êèåâ, ÄÑÏ, Ä03680, Óêðàèíà, 
òåë.: 8 (044) 526 94 25, e-mail: spivak@serv.imv.kiev.ua

ÌÎÍÎÑÀÕÀÐÈÄÍÛÉ ÑÎÑÒÀÂ ÐÀÁÄÎÂÈÐÓÑÎÂ, ÈÇÎËÈÐÎÂÀÍ-
ÍÛÕ ÈÇ ÐÀÑÒÅÍÈÉ È ÆÈÂÎÒÍÛÕ

Ðåôåðàò

Èññëåäîâàí ìîíîñàõàðèäíûé ñîñòàâ ãëèêîïðîòåèíîâ çîîðàáäîâèðóñà âåçèêó-
ëÿðíîãî ñòîìàòèòà (ÂÂÑ) è ôèòîïàòîãåííûõ ðàáäîâèðóñîâ âèðóñà êóð÷àâîé 
êàðëèêîâîñòè êàðòîôåëÿ (ÂÊÊÊ) è âèðóñà êðàï÷àòîñòè àèðà (ÂÊÀ). Ïðè 
ñðàâíåíèè ìîíîñàõàðèäíîãî ñîñòàâà âñåõ òðåõ ïðåäñòàâèòåëåé ðàáäîâèðóñîâ 
âûÿâëåíû îáùèå ìîíîñàõàðèäû – ãëþêîçà, ìàííîçà, ãàëàêòîçà, àðàáèíîçà, 
ôóêîçà. Äîìèíèðóþùèìè ñðåäè íèõ â ñîñòàâå ÂÊÊÊ è ÂÂÑ ïðèñóòñòâóåò 
ãëþêîçà è ìàííîçà (35,2 %, 21,6 % è 23,8 %, 49,6 % ñîîòâåòñòâåííî), äëÿ 
ÂÊÀ ãëþêîçà è ãàëàêòîçà (24 % è 16,4 % ñîîòâåòñòâåííî). ÂÊÊÊ è ÂÊÀ â 
îòëè÷èå îò ÂÂÑ ñîäåðæàò ðàìíîçó (3 % è 9,7 % ñîîòâåòñòâåííî).
Âî âñåõ ýòèõ âèðóñàõ, íàðÿäó ñ ìîíîñàõàðàìè, âûÿâëåíû òàêæå è àìèíîñà-
õàðà – ãëþêîçàìèí è ãàëàêòîçàìèí.

Ê ë þ ÷ å â û å   ñ ë î â à: óãëåâîäû, ðàáäîâèðóñû, âåçèêóëÿðíûé âèðóñ 
ñòîìàòèòà, âèðóñ êóð÷àâîé êàðëèêîâîñòè êàðòîôåëÿ, âèðóñ êðàï÷àòîñòè àèðà.
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ÂÏËÈÂ ÏÐÅÏÀÐÀÒÓ ÁÀÊÒÅÐ²ÎÔÀÃÀ CLOSTRIDIUM 
PERFRINGENS ÍÀ ÔÓÍÊÖ²ÎÍÀËÜÍÈÉ ÑÒÀÍ 

ÌÀÊÐÎÔÀÃ²Â 

Âñòàíîâëåíî, ùî ïðåïàðàò áàêòåð³îôàãà Clostridium perfringens in 
vivo ³ in vitro ïðèãí³÷óº ôàãîöèòàðíó çäàòí³ñòü ìàêðîôàã³â ÷åðåâíî¿ 
ïîðîæíèíè ³ ñåëåç³íêè òà óòâîðåííÿ íèìè àêòèâíèõ ôîðì êèñíþ. 
Ê³ëüê³ñí³ ïðîÿâè öèõ åôåêò³â çàëåæàòü â³ä òðèâàëîñò³ ïðèéîìó 
ïðåïàðàòó òà éîãî êîíöåíòðàö³¿ ó ñåðåäîâèù³ ³íêóáàö³¿. Ö³ çì³íè 
ôóíêö³îíàëüíîãî ñòàíó ñóïðîâîäæóþòüñÿ ïîñèëåííÿì ñèíòåçó 
ôàêòîðà íåêðîçó ïóõëèí α ÿê â îðãàí³çì³, òàê ³ ó êóëüòóð³ ìàêðîôàã³â 
in vitro. Ïðåïàðàò íå ÷èíèòü ïðÿìîãî òîêñè÷íîãî âïëèâó íà ìàêðîôàãè. 

Ê ë þ ÷ î â ³  ñ ë î â à: áàêòåð³îôàã Clostridium perfringens, 
ôóíêö³îíàëüíà àêòèâí³ñòü ìàêðîôàã³â, ôàêòîð íåêðîçó ïóõëèí α.

Ïîíîâëåííÿ â îñòàíí³ ðîêè ³íòåðåñó äî áàêòåð³îôàã³â ÿê äî àíòèì³êðîáíèõ 
àãåíò³â, ÿê³ ìîæóòü âèêîðèñòîâóâàòèñÿ äëÿ ë³êóâàííÿ ³ ïðîô³ëàêòèêè ³íôåêö³éíèõ 
çàõâîðþâàíü ëþäèíè òà òâàðèí, ïîñòàâèëî ðÿä ïèòàíü ïðî õàðàêòåð ¿õ âïëèâó íà 
îðãàí³çì â ö³ëîìó [3, 8]. Îñîáëèâó óâàãó ïðèâåðòàº ïðîáëåìà âçàºìîä³¿ ³ìóííî¿ 
ñèñòåìè ç ôàãàìè, îñê³ëüêè ö³ ïèòàííÿ ìàéæå íå äîñë³äæåí³. 

Ñüîãîäí³ â³äîì³ äâà ôàêòè: áàêòåð³îôàãè, ââåäåí³ òâàðèíàì âíóòð³øíüî÷åðå-
âèííî, ³íäóêóþòü ñèíòåç ñïåöèô³÷íèõ àíòèò³ë [7], à ïåðîðàëüíå çàñòîñóâàííÿ ôàã³â 
âèêëèêàº ¿õ òðèâàëó (äî 14 ä³á) ïåðñèñòåíö³þ ó ïå÷³íö³ òà ñåëåç³íö³ [11,12]. Ö³ ôàêòè 
ñâ³ä÷àòü ïðî àêòèâíó âçàºìîä³þ êë³òèí ³ìóííî¿ ñèñòåìè ç áàêòåð³îôàãàìè.

Ðàí³øå íàìè áóëî âñòàíîâëåíî, ùî êîìåðö³éíèé ïðåïàðàò áàêòåð³îôàãà Clos-
tridium perfringens çà ïåðîðàëüíîãî ââåäåííÿ ìèøàì ïîñèëþº ó íèõ çàïàëüíó 
ðåàêö³þ íà êàðàãåíàí òà çèìîçàí [1]. 

Âðàõîâóþ÷è âàæëèâó ðîëü ó ôîðìóâàíí³ çàïàëåííÿ ìàêðîôàã³â òà öèòîê³í³â, 
ùî ñèíòåçóþòüñÿ öèìè êë³òèíàìè, ìåòîþ äàíîãî äîñë³äæåííÿ áóëî âèâ÷åííÿ âïëèâó 
ïðåïàðàòó áàêòåð³îôàãà Clostridium perfringens in vivo òà in vitro íà ôóíêö³îíàëüíó 
àêòèâí³ñòü ìàêðîôàã³â òà ïðîäóêö³þ íèìè ôàêòîðà íåêðîçó ïóõëèí α.

© Â.Î. ²âàíèöÿ, Ò.Î. Ô³ë³ïîâà, Á.Ì. Ãàëê³í, Ò.Â. Ãóäçåíêî, Ì.Þ. Ðóñàêîâà, Ò.Þ. Ñòåïàíîâà, 
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Ìàòåðiàëè i ìåòîäè
Ïðåïàðàò áàêòåð³îôàãà Clostridium perfringens, ñòâîðåíèé â ²íñòèòóò³ 

áàêòåð³îôàã³¿, ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÀÍ Ãðóç³¿, ì³ñòèâ 107 áëÿøêîóòâîðþâàëüíèõ 
îäèíèöü (ÁÓÎ) â 1 ìë.

Ó ðîáîò³ áóëè âèêîðèñòàí³ ìèø³ ñàìö³ ë³í³¿ BALB/c ìàñîþ 18-20 ã.
Â åêñïåðèìåíòàõ in vivo ïðåïàðàò áàêòåð³îôàãà ââîäèëè ìèøàì ïåðîðàëüíî 

îäíî- àáî òðüîõðàçîâî ó äîç³ 0,5 ìë, à â äîñë³äàõ in vitro ïðåïàðàò äîäàâàëè äî 
ìîíîøàðó ìàêðîôàã³â ó ê³íöåâèõ êîíöåíòðàö³ÿõ 105 òà 106 ÁÓÎ/ìë.

Ñèðîâàòêó ³ ìàêðîôàãè ç ÷åðåâíî¿ ïîðîæíèíè òà ñåëåç³íêè îòðèìóâàëè çà çà-
ãàëüíî ïðèéíÿòèìè ìåòîäàìè [2]. Êóëüòèâóâàííÿ ìàêðîôàã³â in vitro çä³éñíþâàëè 
ó 96-ëóíêîâèõ ïëàíøåòàõ ó ñåðåäîâèù³ RPMI 1640, ÿêå ì³ñòèëî 10 % òåëÿ÷î¿ ñè-
ðîâàòêè, 2 ìÌ ãëóòàì³íó òà àíòèá³îòèêè. Ó êîæíó ëóíêó âíîñèëè 0,2 ìë ñóñïåíç³¿ 
ìàêðîôàã³â ç êîíöåíòðàö³ºþ êë³òèí 106 â 1 ìë. ×åðåç 60 õâ, ï³ñëÿ ïðèêð³ïëåííÿ 
ìàêðîôàã³â äî äíà ëóíîê, çàì³íþâàëè êóëüòóðàëüíå ñåðåäîâèùå ³ äîäàâàëè â³äïîâ³äí³ 
ê³ëüêîñò³ ïðåïàðàòó áàêòåð³îôàãà. Ïîäàëüøó ³íêóáàö³þ çä³éñíþâàëè ïðîòÿãîì 24 
ãîä ó òåðìîñòàò³ ïðè òåìïåðàòóð³ 37 îÑ.

Ôàãîöèòàðíó àêòèâí³ñòü òà çäàòí³ñòü ìàêðîôàã³â â³äíîâëþâàòè í³òðîñèí³é 
òåòðàçîë³é (ÍÑÒ-òåñò) îö³íþâàëè çà [5,10].

Âì³ñò ôàêòîðà íåêðîçó ïóõëèí α (ÔÍÏ-α) âèçíà÷àëè ³ìóíîôåðìåíòíèì ìåòî-
äîì ç âèêîðèñòàííÿì òåñò-íàáîð³â Anti-mouse Ready-Set-Go! Cytokine ELISA Kit 
ô³ðìè «eBioscience», ÑØÀ. Ïðè âèêîíàíí³ àíàë³ç³â êåðóâàëèñÿ ³íñòðóêö³ºþ ô³ðìè 
âèðîáíèêà. Ð³âåíü ÔÍÏ-α âèçíà÷àëè ó ñèðîâàòö³, ñåëåç³íö³ òà êóëüòóðàëüí³é ð³äèí³. 
Îáë³ê ðåçóëüòàò³â ïðîâîäèëè íà ïëàíøåòíîìó ôîòîìåòð³ «Óí³ïëàí», Ðîñ³ÿ, ïðè 
äîâæèí³ õâèë³ 450 íì.

Öèòîòîêñè÷íèé âïëèâ ïðåïàðàòó áàêòåð³îôàãà Clostridium perfringens âèâ÷àëè 
çà àêòèâí³ñòþ äåã³äðîãåíàç ìàêðîôàã³â ç âèêîðèñòàííÿì 3-[4,5-äèìåòèëò³àçîë-2-³ë]-
2,5-äèôåí³ë òåòðàçîë³é áðîì³äó (ÌÒÒ-òåñò) ô³ðìè SIGMA, ÑØÀ [4,9].

Óñ³ åêñïåðèìåíòè ïîâòîðþâàëè ï’ÿòèêðàòíî. Ìàòåìàòè÷íå îïðàöþâàííÿ îòðè-
ìàíèõ äàíèõ çä³éñíþâàëè ç âèêîðèñòàííÿì ïðîãðàìè MS Excel. Â³ðîã³äí³ñòü ð³çíèö³ 
ïîêàçíèê³â îö³íþâàëè çà äîïîìîãîþ t-êðèòåð³þ Ñòüþäåíòà. 

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ó ðîáîò³ äîñë³äæåíî ïðåïàðàò áàêòåð³îôàãà, ùî áóâ ðîçðîáëåíèé äëÿ ì³í³ì³çàö³¿ 

ðèçèêó øëóíêîâî-êèøêîâèõ ³íôåêö³é ëþäèíè òà òâàðèí, ÿê³ çáóäæóþòüñÿ øòàìàìè 
Clostridium perfringens ç íåùîäàâíî íàáóòîþ ðåçèñòåíòí³ñòþ äî àíòèá³îòèê³â. 
Êð³ì ôàã³â, ïðåïàðàò ì³ñòèòü ë³çàò êë³òèí êëîñòðèä³é òà êóëüòóðàëüíå ñåðåäîâèùå 
(ì’ÿñî-ïåïòîííèé áóëüéîí).

Îòðèìàí³ íàìè ðàí³øå ðåçóëüòàòè ñâ³ä÷àòü, ùî ïðåïàðàò áàêòåð³îôàãà Clos-
tridium perfringens, ââåäåíèé ìèøàì ó çàäíþ ëàïó ï³ä àïîíåâðîç, íå âèêëèêàº 
ôîðìóâàííÿ ì³ñöåâî¿ çàïàëüíî¿ ðåàêö³¿. Ó òîé æå ÷àñ ïåðîðàëüíå çàñòîñóâàííÿ 
öüîãî ïðåïàðàòó ïîòåíö³þº ëîêàëüíó çàïàëüíó ðåàêö³þ íà â³äîì³ ôëîãîãåíè: 
êàðàãåíàí ³ çèìîçàí, à ó 70 % äîñë³äíèõ òâàðèí îäíî÷àñíî ðåºñòðóâàëèñÿ îçíàêè 
ñèñòåìíîãî çàïàëåííÿ. Áóëî âèñóíóòî ïðèïóùåííÿ, ùî êîìïîíåíòè ïðåïàðàòó (ñàì³ 
áàêòåð³îôàãè òà/àáî ë³çàò êë³òèí êëîñòðèä³é, ïåðø çà âñå, ¿õ òîêñèíè) ³íäóêóþòü 
óòâîðåííÿ â îðãàí³çì³ ïðîçàïàëüíèõ öèòîê³í³â, çîêðåìà ÔÍÏ-α. Åêñïåðèìåíòàëü-
íîìó ï³äòâåðäæåííþ öüîãî ïðèïóùåííÿ ïðèñâÿ÷åíà äàíà ðîáîòà.

 Ó äîñë³äæåííÿõ in vivo ïðåïàðàò ââîäèëè ïåðîðàëüíî, îäíî- ³ òðüîõðàçîâî, ó 
äîç³ 0,5 ìë íà ìèøó ³ ÷åðåç äîáó ï³ñëÿ îñòàííüîãî ââåäåííÿ îö³íþâàëè ôàãîöèòàðíó 
çäàòí³ñòü ³ àêòèâí³ñòü ó ÍÑÒ-òåñò³ ìàêðîôàã³â, âèëó÷åíèõ ç ÷åðåâíî¿ ïîðîæíèíè òà 
ñåëåç³íêè, à òàêîæ ð³âåíü ÔÍÏ-α ó ñèðîâàòö³ òà ñåëåç³íö³.
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 Îòðèìàí³ ðåçóëüòàòè (òàáë.) ïîêàçàëè, ùî ïðåïàðàò áàêòåð³îôàãà Clostridium 
perfringens âèêëèêàº â³ðîã³äíå çíèæåííÿ ÿê ôàãîöèòàðíî¿ àêòèâíîñò³ ìàêðîôàã³â, òàê 
³ ïðîäóêö³¿ íèìè ðåàêö³éíî àêòèâíèõ ôîðì êèñíþ. Ïðè öüîìó íà ôîí³ òðüîõðàçîâîãî 
çàñòîñóâàííÿ ïðåïàðàòó â³äì³÷åí³ á³ëüø ñóòòºâ³ çì³íè ôóíêö³îíàëüíèõ âëàñòèâîñòåé 
ôàãîöèò³â. Ïîä³áí³ äàí³ áóëè îòðèìàí³ ³ ó êë³í³÷íèõ äîñë³äæåííÿõ [14]. Ðåçóëüòàòè 
öèõ ñïîñòåðåæåíü ñâ³ä÷àòü ïðî íàÿâí³ñòü ó ïàö³ºíò³â ïðèãí³÷åíî¿ çäàòíîñò³ 
íåéòðîô³ë³â äî ôàãîöèòîçó áàêòåð³é ï³ñëÿ ôàãîòåðàï³¿, ïðè÷îìó ãàëüìóâàííÿ 
ôàãîöèòîçó ðåºñòðóâàëîñÿ òàêîæ ÷åðåç òðè ì³ñÿö³ ï³ñëÿ ïðèïèíåííÿ ë³êóâàííÿ. 

Òàáëèöÿ

Âïëèâ ïðåïàðàòó áàêòåðiîôàãà Clostridium perfringens íà ôóíêöiîíàëüíó 
àêòèâíiñòü ìàêðîôàãiâ in vivo(M ± m, n = 5)

Âàðiàíò
Ôàãîöèòàðíà àêòèâíiñòü,

êëiòèí äðiæäæiâ/
106 ìàêðîôàãiâ, x 106

Àêòèâíiñòü ó ÍÑÒ-òåñòi,
ìêã äèôîðìàçàíó/

106 ìàêðîôàãiâ

М
ак

р
о
ф

аг
и

с
ел

е
зі

н
к
и Контроль 1,78 ± 0,09 5,36 ± 0,34

1-разове введення 1,68 ± 0,11 4,22 ± 0,16* 

3-разове введення 0,79 ± 0,04* 3,67 ± 0,15*

М
ак

р
о
ф

аг
и

 

ч
ер

ев
н

о
ї 

п
о
-

р
о
ж

н
и

н
и

Контроль 4,83 ± 0,21 13,94 ± 1,06

1-разове введення 3,65 ± 0,12* 11,25 ± 0,83*

3-разове введення 1,49 ± 0,09* 3,83 ± 0,18*

* – ð³çíèöÿ â³ðîã³äíà ó ïîð³âíÿíí³ ç êîíòðîëåì (ð £ 0,05)

 Âèçíà÷åííÿ ð³âíÿ ÔÍÏ-α ó ñèðîâàòö³ òà ñåëåç³íö³ (ðèñ. 1) âèÿâèëî éîãî 
ï³äâèùåííÿ íà 10-15 % ï³ñëÿ îäíîêðàòíîãî ³ íà 40-50 % ï³ñëÿ òðüîõêðàòíîãî ââå-
äåííÿ ïðåïàðàòó.
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Ðèñ. 1. Âïëèâ ïðåïàðàòó áàêòåðiîôàãà Clostridium perfringens íà âìiñò ôàêòîðó 
íåêðîçó ïóõëèí ó ñèðîâàòöi òà ñåëåçiíöi ìèøåé 

*-ðiçíèöÿ âiðîãiäíà ó ïîðiâíÿííi ç êîíòðîëåì (ð ≤ 0,05)

 Fig. 1. Bacteriophage  Preparatus Clostridium perfringens effect upon factor contents of 

tumour necrosis at the serum and spleen of mouse

* *
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Ðèñ. 2. Âïëèâ ðiçíèõ êîíöåíòðàöié áàêòåðiîôàãà Clostridium perfringens íà 
ôóíêöiîíàëüíié ñòàí ìàêðîôàãiâ ÷åðåâíî¿ ïîðîæíèíè (À) òà ñåëåçiíêè (Á) in vitro
* – ðiçíèöÿ âiðîãiäíà ïîðiâíÿíî ç êîíòðîëåì (ð ≤ 0,05)

 Fig. 2. Bacteriophage Clostridium perfringens different concentration effect 
upon funñtional macrophages activity of peritoneal (A) and spleen (B) 

in vitro

Âðàõîâóþ÷è, ùî îñíîâíà ê³ëüê³ñòü ôàêòîðà íåêðîçó ïóõëèí α â îðãàí³çì³ 
ñèíòåçóºòüñÿ ìàêðîôàãàìè, ó äîñë³äàõ in vitro âèâ÷àëè áåçïîñåðåäí³é âïëèâ 
ïðåïàðàòó áàêòåð³îôàãà íà ôóíêö³îíàëüí³ âëàñòèâîñò³ ìàêðîôàã³â ³ ïðîäóêö³þ 
íèìè ïðîçàïàëüíîãî öèòîê³íó. Äî ìàêðîôàã³â, ïðèêð³ïëåíèõ äî äíà 96-ëóíêîâèõ 
ïëàíøåò³â àáî ÷àøîê Ïåòð³ ä³àìåòðîì 35 ìì, äîäàâàëè ñåðåäîâèùå RPMI 1640, ÿêå 
ì³ñòèëî â 1 ìë 105-106 ôàãîâèõ ÷àñòîê. ×åðåç 24 ãîäèíè ³íêóáàö³¿ ó òåðìîñòàò³ ïðè 
37 îÑ ó íàäîñàäîâ³é ð³äèí³ ëóíîê âèçíà÷àëè âì³ñò ÔÍÏ-α, à ó øàðàõ ìàêðîôàã³â íà 
÷àøêàõ Ïåòð³ îö³íþâàëè çäàòí³ñòü äî ïîãëèíàííÿ êë³òèí äð³æäæ³â òà â³äíîâëåííÿ 
í³òðîñèíüîãî òåòðàçîë³þ.

Íàâåäåí³ íà ðèñ. 2 äàí³ ñâ³ä÷àòü ïðî òå, ùî ïðåïàðàò áàêòåð³îôàãà Clos-
tridium perfringens â óìîâàõ in vitro âïëèâàº íà ìàêðîôàãè òàê ñàìî, ÿê ³ in vivo. 
Ãàëüìóâàííÿ ôóíêö³îíàëüíî¿ àêòèâíîñò³ ôàãîöèò³â òà çá³ëüøåííÿ ñèíòåçó ôàêòîðà 
íåêðîçó ïóõëèí α âèÿâèëèñÿ çàëåæíèìè â³ä êîíöåíòðàö³¿ ôàãîâèõ ÷àñòîê. Ïðè 
êîíöåíòðàö³¿ ôàãà 106 ÁÓÎ/ìë ïîãëèíàëüíà çäàòí³ñòü òà àêòèâí³ñòü ó ÍÑÒ-òåñò³ 
çíèæóâàëèñÿ ïîð³âíÿíî ç êîíòðîëåì ìàéæå íà 50 %, à ð³âåíü ñèíòåçó öèòîê³íà 
ï³äâèùèâñÿ âäâ³÷³. 
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Çà äàíèìè ÌÒÒ-òåñòó âñòàíîâëåíî, ùî äîñë³äæóâàíèé ïðåïàðàò áàêòåð³îôàãà 
Clostridium perfringens íå âïëèâàº íà æèòòºçäàòí³ñòü ìàêðîôàã³â â êóëüòóð³: ð³âåíü 
àêòèâíîñò³ äåã³äðîãåíàç ó êë³òèíàõ, ùî ³íêóáóâàëèñÿ ó ïðèñóòíîñò³ áàêòåð³îôàãà 
âïðîäîâæ äîáè, íå â³äð³çíÿâñÿ â³ä êîíòðîëüíèõ çíà÷åíü ³ ñêëàäàâ 97 % â³ä âåëè÷èí, 
çàðåºñòðîâàíèõ ó ìàêðîôàãàõ îäðàçó ï³ñëÿ âèëó÷åííÿ ç îðãàí³çìó òâàðèí.

Òàêèì ÷èíîì, ïðîâåäåíå äîñë³äæåííÿ ï³äòâåðäèëî, ùî ïðåïàðàò áàêòåð³îôàãà 
Clostridium perfringens ñòèìóëþº ñèíòåç â îðãàí³çì³ äîñë³äíèõ òâàðèí îäíîãî ç 
ïðîçàïàëüíèõ öèòîê³í³â – ôàêòîðà íåêðîçó ïóõëèí α. Êð³ì òîãî, ïîêàçàíî áåçïî-
ñåðåäí³é âïëèâ ïðåïàðàòó íà ôóíêö³îíàëüíèé ñòàí ìàêðîôàã³â. Ñë³ä çàçíà÷èòè, 
ùî âïëèâ ôàãîòåðàï³¿ íà öèòîê³íîâèé ïðîô³ëü õâîðèõ âñòàíîâëåíèé ðÿäîì àâòîð³â 
[6,13]. Îñê³ëüêè äîñë³äæåíèé ïðåïàðàò ì³ñòèòü êð³ì ôàã³â ë³çàò êëîñòðèä³é, íå 
ìîæíà ñòâåðäæóâàòè, ùî âñòàíîâëåí³ åôåêòè îáóìîâëåí³ ñàìå ôàãàìè. Äëÿ îñòà-
òî÷íîãî âèð³øåííÿ öüîãî ïèòàííÿ íåîáõ³äíî îòðèìàòè ôàãîâ³ ÷àñòêè, î÷èùåí³ â³ä 
ôðàãìåíò³â áàêòåð³àëüíèõ êë³òèí, ³ ïðîâåñòè âèâ÷åííÿ ¿õ âïëèâó íà ôóíêö³îíàëüíó 
àêòèâí³ñòü ìàêðîôàã³â òà ïðîäóêö³þ íèìè ÔÍÏ-α.
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ÂËÈßÍÈÅ ÏÐÅÏÀÐÀÒÀ ÁÀÊÒÅÐÈÎÔÀÃÀ CLOSTRIDIUM PER-
FRINGENS ÍÀ ÔÓÍÊÖÈÎÍÀËÜÍÎÅ ÑÎÑÒÎßÍÈÅ ÌÀÊÐÎÔÀÃÎÂ

Ðåôåðàò

Ïîêàçàíî, ÷òî ïðåïàðàò áàêòåðèîôàãà Clostridium perfringens in vivo è in 
vitro ïîäàâëÿåò ôàãîöèòàðíóþ ñïîñîáíîñòü ìàêðîôàãîâ áðþøíîé ïîëîñòè è 
ñåëåçåíêè è îáðàçîâàíèå èìè àêòèâíûõ ôîðì êèñëîðîäà. Âûðàæåííîñòü ýòèõ 
ýôôåêòîâ çàâèñèò îò äëèòåëüíîñòè ïðèåìà ïðåïàðàòà è åãî êîíöåíòðàöèè â 
ñðåäå èíêóáàöèè. Ýòè èçìåíåíèÿ ñîïðîâîæäàþòñÿ óñèëåíèåì ñèíòåçà ôàê-
òîðà íåêðîçà îïóõîëåé α êàê â îðãàíèçìå, òàê è â êóëüòóðå ìàêðîôàãîâ in 
vitro. Ïðåïàðàò íå îêàçûâàåò ïðÿìîãî òîêñè÷åñêîãî âëèÿíèÿ íà ìàêðîôàãè.

Ê ë þ ÷ å â û å   ñ ë î â à: áàêòåðèîôàã Clostridium perfringens, ôóíêöèî-
íàëüíàÿ àêòèâíîñòü ìàêðîôàãîâ, ôàêòîð íåêðîçà îïóõîëåé α.
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CLOSTRIDIUM PERFRINGENS BACTERIOPHAGE EFFECT 
ON MACROPHAGES FUNCTIONAL ACTIVITY 

Summary

We have shown that Clostridium perfringens bacteriophage both in vivo and 
in vitro supresses the phagocytic activity of peritoneal cavity and spleen mac-
rophages as well as restoration of nitro blue tetrazollium. The effect depends 
on duration of treatment and preparation concentration in incubation media. 
All changes in cell activity are entailed with the increase of tumor necrosis 
factor α synthesis in organism as well as in macrophage culture in vitro. The 
preparation does not have any direct toxic effect on macrophages.

K e y  w o r d s: Clostridium perfringens bacteriophage, functional activity 
of macrophages, tumor necrosis factor α.
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ÂÍÅÊËÅÒÎ×ÍÛÅ ÏÎËÈÑÀÕÀÐÈÄÛ ÄÐÎÆÆÅÉ 
CRYPTOCOCCUS ALBIDUS (SAITO) SKINNER

Èçó÷åí ìîíîñàõàðèäíûé ñîñòàâ âíåêëåòî÷íûõ ïîëèñàõàðèäíûõ ïðåïà-
ðàòîâ äðîææåé C. albidus ÓÊÌ Ó-1028, 1063 è 1066, äîìèíèðóþùèì óã-
ëåâîäîì êîòîðûõ áûëà ìàííîçà (äî 67 %). Îòîáðàí øòàìì C. albidus 
ÓÊÌ Ó-1066, â ñîñòàâå âíåêëåòî÷íûõ ïîëèñàõàðèäîâ êîòîðîãî ïðåîáëà-
äàëè ìàííîçà (58 %), ãëþêîçà (21 %) è êñèëîçà (16 %). Ïîëó÷åííûé 
ïðåïàðàò ìîæåò áûòü èñïîëüçîâàí â êà÷åñòâå ñîðáåíòà ìèêîòîêñèíîâ.

Ê ë þ ÷ å â û å  ñ ë î â à: Cryptococcus albidus, âíåêëåòî÷íûå ïîëèñà-
õàðèäû, ìîíîñàõàðèäíûé ñîñòàâ.

Äðîææè âûãîäíî îòëè÷àþòñÿ îò áàêòåðèàëüíûõ êóëüòóð ñïîñîáíîñòüþ îáðàçî-
âûâàòü öåííûå è ìàëîòîêñè÷íûå ïîëèñàõàðèäû. Íàèáîëåå èçâåñòíûìè è èçó÷åííûìè 
ïðîäóöåíòàìè âíåêëåòî÷íûõ ïîëèñàõàðèäîâ ÿâëÿþòñÿ äðîææè ðîäîâ Cryptococcus 
Vuillemin è Rhodotorula Harrison ïðåæäå âñåãî ïîòîìó, ÷òî âàæíûì òàêñîíîìè-
÷åñêèì ïðèçíàêîì, îòëè÷àþùèì ìåæäó ñîáîé äðîææè äàííûõ ðîäîâ, ÿâëÿåòñÿ 
ìîíîñàõàðèäíûé ñîñòàâ èìåííî èõ âíåêëåòî÷íûõ ïîëèñàõàðèäîâ [4, 11, 14]. Ïðè 
ýòîì ïîëó÷åíèå è èçó÷åíèå ðàçëè÷íûõ ïîëèñàõàðèäíûõ ïðåïàðàòîâ ïðîâîäèëîñü ñ 
öåëüþ èõ èñïîëüçîâàíèÿ â ôàðìàöåâòè÷åñêîé è ïèùåâîé ïðîìûøëåííîñòè [2, 5]. 

Â íàñòîÿùåå âðåìÿ òàêæå àêòóàëåí âîïðîñ èñïîëüçîâàíèÿ âíåêëåòî÷íûõ ïîëèñà-
õàðèäîâ â æèâîòíîâîäñòâå è êîðìîïðîèçâîäñòâå â êà÷åñòâå êîìïîíåíòà ïðåïàðàòîâ, 
ïðèìåíÿåìûõ äëÿ ïðîôèëàêòèêè ìèêîòîêñèêîçîâ [8]. Â ñîñòàâ òàêèõ ïðåïàðàòîâ 
è êîðìîâûõ äîáàâîê âõîäÿò îëèãîñàõàðèäû ìàííîçû è β-D-ãëþêàíû. Ðàçðàáàòû-
âàþòñÿ ñïåöèàëüíûå ïðîäóêòû äëÿ ïòèöåâîäñòâà íà îñíîâå ýòèõ êîìïîíåíòîâ, ñî-
äåðæàùèå, â îñíîâíîì, ãëþêîìàííàíû, âûäåëÿåìûå èç ñòåíîê äðîææåâûõ êëåòîê 
[16, 17]. Ãëþêîìàííàíû, ïîëó÷åííûå òàêèì îáðàçîì, èìåþò âûñîêóþ ñòîèìîñòü, â 
îòëè÷èå îò ïðåïàðàòîâ âíåêëåòî÷íûõ ïîëèñàõàðèäîâ äðîææåé, êîòîðûå òàêæå â 
ñâî¸ì ñîñòàâå ñîäåðæàò êàê îëèãîñàõàðèäû ìàííîçû, òàê è β-D-ãëþêàíû. Â ñâÿçè ñ 
ýòèì ïðåäñòàâëÿåò èíòåðåñ ïîèñê àêòèâíûõ øòàììîâ êðèïòîêîêêîâ – ïðîäóöåíòîâ 
âíåêëåòî÷íûõ ìàííàíîâ è ãëþêàíîâ. 

Öåëüþ íàñòîÿùåé ðàáîòû áûëî èçó÷åíèå ìîíîñàõàðèäíîãî ñîñòàâà âíåêëåòî÷-
íûõ ïîëèñàõàðèäîâ äðîææåé Cryptococcus albidus (Saito) Skinner.

Ìàòåðèàëû è ìåòîäû
Îáúåêòîì èññëåäîâàíèé áûëè 9 øòàììîâ Cryptococcus albidus (Saito) Skinner 

(1947) èç Óêðàèíñêîé êîëëåêöèè ìèêðîîðãàíèçìîâ (ÓÊÌ), âûäåëåííûå èç ïðåñíûõ 
âîäî¸ìîâ, ðåê, èëà è ôèëëîñôåðû êóêóðóçû.
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Â ðàáîòå èñïîëüçîâàëè ñëåäóþùèå ñðåäû: 
ñðåäà Ðèäåð, ñîäåðæàùàÿ (ã/ë äèñòèëëèðîâàííîé âîäû): (NH

4
)
2
SO

4
 –3,0, 

K
2
HPO

4
 – 0,1, KH

2
PO

4
 – 1,0, MgSO

4
 – 0,7, NaCl – 0,5, ãëþêîçà – 1 %, äðîææåâîé 

ýêñòðàêò – 0,1 %, ðÍ 4,2; 
ñðåäà Õàðàäà, ñîäåðæàùàÿ (ã/ë âîäîïðîâîäíîé âîäû): (NH
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)
2
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4
 – 2,5, KH

2
PO
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– 1,0, MgSO
4
∙7H

2
O – 0,5, NaCl – 0,5, CaCl

2
∙2H

2
O – 0,1, ãëþêîçà – 5 %, êîìïëåêñ 

âèòàìèíîâ ãðóïïû Â, ðÍ 4,2; 
ñðåäà Ãîëóáåâà, ñîäåðæàùàÿ (ã/ë äèñòèëëèðîâàííîé âîäû): Na

2
HPO

4
 – 7,2, 

KH
2
PO

4
 – 3,5, MgSO

4
∙7H

2
O – 0,5, NaCl – 0,5, CaCl

2
∙2H

2
O – 0,001, FeSO

4
∙7H

2
O 

– 0,01, MnCl
2
∙4H

2
O – 0,0015, ãëþêîçà – 5 %, ïåïòîí – 0,2 %, äðîææåâîé àâòî-

ëèçàò – 10 ìë, ðÍ 4,2 [3, 7].
Ïîñåâíîé ìàòåðèàë âûðàùèâàëè â òå÷åíèå 48 ÷àñ íà ñóñëî-àãàðå. Â ðàáîòå 

èñïîëüçîâàëè êóëüòóðû äðîææåé, ïðåäâàðèòåëüíî âûðàùåííûå íà âûøåóêàçàííûõ 
ñðåäàõ â êîëáàõ Ýðëåíìåéåðà îáú¸ìîì 750 ìë, ñîäåðæàùèõ 150 ìë ïèòàòåëüíîé 
ñðåäû ïðè 28 OC íà êà÷àëêàõ (240 îá./ìèí) â òå÷åíèå 5 ñóòîê. Îöåíèâàëè ïðèðîñò 
áèîìàññû (èçìåðÿëè ôîòîýëåêòðîêîëîðèìåòðè÷åñêè â ïåðåñ÷¸òå íà àáñîëþòíî 
ñóõîé âåñ) è êàïñóëîîáðàçîâàíèå (ìåòîä íåãàòèâíîãî êîíòðàñòèðîâàíèÿ òóøüþ ïî 
Äþãèäó) ó èññëåäóåìûõ êóëüòóð äðîææåé [10].

Äëÿ èçó÷åíèÿ óãëåâîäíûõ êîìïîíåíòîâ êëåòêè èñïîëüçîâàëè ðàçëè÷íûå ïîä-
õîäû. Áèîìàññó êëåòîê ðàñòèðàëè ñ àöåòîíîì â ñîîòíîøåíèè 1:1, ÷åðåç 24 ÷àñà 
ôèëüòðîâàëè è öåíòðèôóãèðîâàëè ôèëüòðàò ïðè 5000 g 20 ìèí. Äëÿ ïîëó÷åíèÿ 
ïðåïàðàòîâ âíåêëåòî÷íûõ ïîëèñàõàðèäîâ â öåíòðèôóãàò êóëüòóðàëüíîé æèäêîñòè 
äîáàâëÿëè äâà îáú¸ìà 96 %-íîãî ýòàíîëà, îñàäîê ïîëèñàõàðèäà îòäåëÿëè öåíòðè-
ôóãèðîâàíèåì ïðè 5000 g â òå÷åíèå 20 ìèí. Â äðóãîì âàðèàíòå êëåòêè îòäåëÿëè 
îò êóëüòóðàëüíîé æèäêîñòè öåíòðèôóãèðîâàíèåì 5000 g â òå÷åíèå 30 ìèí. Ê 
ñóïåðíàòàíòó, ïîäêèñëåííîìó êîíöåíòðèðîâàííîé óêñóñíîé êèñëîòîé äî ðÍ 3,0, 
äîáàâëÿëè äâà îáú¸ìà ýòàíîëà 96 % èëè îäèí îáú¸ì àöåòîíà, îñàäîê ïîëèñàõàðèäà 
îòäåëÿëè öåíòðèôóãèðîâàíèåì ïðè 5000 g â òå÷åíèå 20 ìèí., òðèæäû ïðîìûâàëè 
åãî àöåòîíîì. Îòñóòñòâèå êëåòîê â ñóïåðíàòàíòàõ êîíòðîëèðîâàëè ìèêðîñêîïèðî-
âàíèåì [2 – 5].

Èäåíòèôèêàöèþ íåéòðàëüíûõ ìîíîñàõàðèäîâ ïðîâîäèëè ïîñëå ãèäðîëèçà 
ïðåïàðàòîâ â 2 N HCl íà ïðîòÿæåíèè 4-5 ÷àñ ïðè òåìïåðàòóðå 100 OÑ. Ïðîáû äëÿ 
àíàëèçà ïðåïàðàòîâ ãîòîâèëè ïî ìåòîäó Albersheim ñ ñîàâòîðàìè [12]. Ãèäðîëè-
çàò óïàðèâàëè äîñóõà, òðèæäû ïðîìûâàëè äèñòèëëèðîâàííîé âîäîé íà ðîòîðíîì 
èñïàðèòåëå ïðè òåìïåðàòóðå 45-50 OÑ. Ïðîáó ðåñóñïåíäèðîâàëè â 1 ìë äèñòèëëè-
ðîâàííîé âîäû, äîáàâëÿëè áîðãèäðèä Na, îñòàâëÿëè â ò¸ìíîì ìåñòå íà 12 ÷àñîâ, 
ïîñëå ÷åãî ðÍ äîâîäèëè äî íåéòðàëüíîãî çíà÷åíèÿ ïðè ïîìîùè ñìîëû ÊÓ-2 â 
Í+ ôîðìå. Îñâîáîæä¸ííûé îò ñìîëû ôèëüòðàò óïàðèâàëè äîñóõà, çàòåì òðèæäû 
ïðîìûâàëè ìåòàíîëîì íà ðîòîðíîì èñïàðèòåëå ïðè êîìíàòíîé òåìïåðàòóðå. Ê 
ïðîáå äîáàâëÿëè 0,5 ìë ïèðèäèíà (ïåðåãíàííîãî) è 0,5 ìë óêñóñíîãî àíãèäðèäà, 
ãèäðîëèçèðîâàëè 15 ìèí. ïðè 100 OÑ. Ïðîáû âûñóøèâàëè, ðåñóñïåíäèðîâàëè â 2-3 
ìë õëîðîôîðìà è öåíòðèôóãèðîâàëè ïðè 2500 g, 20 ìèí. Ïîñëå ÷åãî ñóïåðíàòàíò, 
ñîäåðæàùèé ñìåñü íåéòðàëüíûõ ìîíîñàõàðèäîâ â âèäå àöåòàòîâ ïîëèîëîâ, ðàçäåëÿëè 
íà õðîìàòî-ìàññ-ñïåêòðîìåòðè÷åñêîé ñèñòåìå Agilent 6890N/5973 inert, êîëîíêà 
DB-225 mS 30 ì x 0,25 ìì x 0,25 ìêì, ãàç íîñèòåëü – ãåëèé, ïîòîê ÷åðåç êîëîíêó 
1 ìë/ìèí. Òåìïåðàòóðà èñïàðåíèÿ – 250 OÑ, èíòåðôåéñà – 280 OÑ, òåðìîñòàòà 
– 220 OÑ (èçîòåðìè÷åñêèé ðåæèì). Ïðîáó ââîäèëè ñ äåëåíèåì ïîòîêà 1:100. Èäåí-
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òèôèêàöèþ ìîíîñàõàðèäîâ ïðîâîäèëè ïðè ïîìîùè ñðàâíåíèÿ âðåìåíè óäåðæàíèÿ 
àöåòàòîâ ïîëèîëîâ ñòàíäàðòíûõ è èññëåäóåìûõ îáðàçöîâ, è òàêæå ñ èñïîëüçîâàíèåì 
êîìïüþòåðíîé áàçû äàííûõ ChemStation. Êîëè÷åñòâåííîå ñîîòíîøåíèå îòäåëüíûõ 
ìîíîñàõàðèäîâ îïðåäåëÿëè â ïðîöåíòàõ îò ñóììû ïëîùàäåé ïèêîâ.

Îïðåäåëåíèå êîëè÷åñòâà óãëåâîäîâ ïðîâîäèëè ïî Dubois et al. [13]. 1 ìã ïðåïà-
ðàòà ïîëèñàõàðèäà ðàñòâîðÿëè â 1 ìë äèñòèëëèðîâàííîé âîäû. Ê 0,1 ìë èññëåäóå-
ìîãî ðàñòâîðà äîáàâëÿëè 0,4 ìë H

2
O, 0,5 ìë 5 %-íîãî ôåíîëà è 2,5 ìë H

2
SO

4
 (êîíö.). 

Âûäåðæèâàëè ñìåñü ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 30 ìèí. Ñîäåðæàíèå óã-
ëåâîäîâ îïðåäåëÿëè ïî ñòàíäàðòíîé êàëèáðîâî÷íîé êðèâîé çàâèñèìîñòè îïòè÷åñêîé 
ïëîòíîñòè D-ãëþêîçû îò êîíöåíòðàöèè ïðè äëèíå âîëíû 490 íì â êþâåòå òîëùèíîé 
1 ñì, íà ñïåêòðîôîòîìåòðå ÑÔ-26. Êîíòðîëü ãîòîâèëè ïàðàëëåëüíî ñ èññëåäóåìû-
ìè îáðàçöàìè ïî âûøåóêàçàííîé ìåòîäèêå, ãäå ðàñòâîð ïðåïàðàòà ïîëèñàõàðèäà 
çàìåí¸í ñîîòâåòñòâóþùèì êîëè÷åñòâîì äèñòèëëèðîâàííîé âîäû [1, 13].

Ðåçóëüòàòû è èõ îáñóæäåíèå
Äðîææè ðîäà Cryptococcus èçâåñòíû êàê ïðîäóöåíòû âíåêëåòî÷íûõ ïîëèñà-

õàðèäîâ. Â òàêîì àñïåêòå èçó÷åí êà÷åñòâåííûé ìîíîñàõàðèäíûé ñîñòàâ âíåêëå-
òî÷íûõ ïîëèñàõàðèäîâ C. skinneri, C. humicolus, C. dimennae, C. neoformans, 
C. terreus, C. luteolus è êàïñóëüíîãî ìàòåðèàëà C. laurentii [2 – 5, 11]. Âíåêëåòî÷íûå 
ïîëèñàõàðèäû C. albidus ÿâëÿþòñÿ ìàëîèçó÷åííûìè ïîëèìåðàìè è èì ïîñâÿùåíû 
åäèíè÷íûå ñîîáùåíèÿ [15]. Óñòàíîâëåíû àíòèâèðóñíûå ñâîéñòâà êàïñóëüíûõ âå-
ùåñòâ íåêîòîðûõ øòàììîâ C. albidus, âûäåëåííûõ íàìè èç ôèëëîñôåðû ðàñòåíèé 
[9]. Ýòè âåùåñòâà ñïîñîáíû çàùèùàòü ðàñòåíèÿ òàáàêà è äóðìàíà îò çàðàæåíèÿ 
âèðóñîì òàáà÷íîé ìîçàèêè.

Â ñâÿçè ñ ìàëîé èçó÷åííîñòüþ C. albidus â êà÷åñòâå ïðîäóöåíòà âíåêëåòî÷íûõ 
ïîëèñàõàðèäîâ, ìû èññëåäîâàëè îñîáåííîñòè êàïñóëîîáðàçîâàíèÿ ó êîëëåêöèîííûõ 
øòàììîâ. Ïðè êóëüòèâèðîâàíèè íà ñóñëî-àãàðå C. albidus, äðîææè îáðàçîâûâàëè 
ÿâíî âûðàæåííóþ êàïñóëó, ÷òî ÿâëÿåòñÿ õàðàêòåðíûì ïðèçíàêîì èìåííî áàçè-
äèîìèöåòíûõ äðîææåé ðîäà Cryptococcus [11, 14]. Ñðåäè äåâÿòè èññëåäîâàííûõ 
øòàììîâ C. albidus ñ èñïîëüçîâàíèåì ìåòîäà íåãàòèâíîãî êîíòðàñòèðîâàíèÿ òóøüþ 
ïî Äþãèäó âèçóàëüíî áûëè îòîáðàíû òðè øòàììà C. albidus ÓÊÌ Ó-1028, 1063 
è 1066 (ðèñ. 1). 

À Â Ñ

Ðèñ. 1. Êëåòêè äðîææåé C. albidus ÓÊÌ Ó-1028 (À), ÓÊÌ Ó-1063 (Â) è 
ÓÊÌ Ó-1066 (Ñ) íà ñóñëî-àãàðå ïîñëå 120 ÷ êóëüòèâèðîâàíèÿ (óâåëè÷åíèå õ 200).

Fig. 1. Yeasts cells C. albidus UKM U-1028 (A), UKM U-1063 (B) and 
UKM U-1066 (C) on beer-wort agar after 120 h cultivation (increase x 200).
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Íàìè óñòàíîâëåíî, ÷òî ñðåäè èñïîëüçóåìûõ ñðåä Ðèäåð, Õàðàäà è Ãîëóáåâà 
íàèëó÷øåé äëÿ íàêîïëåíèÿ áèîìàññû äðîææåé ÿâëÿåòñÿ ñðåäà Ãîëóáåâà (òàáë. 1). 
Íà ýòîé æå ñðåäå îïðåäåëÿëè âûõîä âíåêëåòî÷íîãî ïîëèñàõàðèäà äëÿ øòàììîâ 
C. albidus ÓÊÌ Ó-1028, ÓÊÌ Ó-1063 è ÓÊÌ Ó-1066, êîòîðûé äîñòèãàë 2,54 ± 0,18 ã/ë, 
2,82 ± 0,26 ã/ë è 2,89 ± 0,21 ã/ë. Èñõîäíûå çíà÷åíèÿ ðÍ ñðåäû äëÿ êóëüòèâèðî-
âàíèÿ êðèïòîêîêêîâ áûëè äîñòàòî÷íî íèçêèìè (4,2), ñ äàëüíåéøèì ñíèæåíèåì ðÍ 
äî 3,5 ïðè èõ êóëüòèâèðîâàíèè.

Òàáëèöà 1

Íàêîïëåíèå áèîìàññû Cryptococcus albidus ïðè êóëüòèâèðîâàíèè 
íà ðàçëè÷íûõ ïèòàòåëüíûõ ñðåäàõ

Øòàìì
ÓÊÌ Ó-

Áèîìàññà, ã/ë ÀÑÂ

ñðåäà Ðèäåð ñðåäà Õàðàäà ñðåäà Ãîëóáåâà

1003 3,42 ± 0,20 0,74 ± 0,15 3,55 ± 0,10

1028 2,02 ± 0,10 0,96 ± 0,12 3,64 ± 0,20

1033 2,30 ± 0,13 0,62 ± 0,25 2,36 ± 0,16

1055 2,30 ± 0,10 0,98 ± 0,10 2,28 ± 0,15

1063 3,42 ± 0,11 0,81 ± 0,20 4,04 ± 0,12

1066 2,24 ± 0,14 1,17 ± 0,10 4,02 ± 0,12

1068 2,36 ± 0,14 0,69 ± 0,10 2,70 ± 0,11

1065 3,48 ± 0,20 0,81 ± 0,10 2,64 ± 0,20

1069 4,00 ± 0,10 0,74 ± 0,16 2,70 ± 0,10

Ïî äàííûì ëèòåðàòóðû, âíåêëåòî÷íûå ïîëèñàõàðèäû äðîææåé ðîäà Cryptococcus 
ñîäåðæàò ìàííîçó, êñèëîçó, ãëþêóðîíîâóþ êèñëîòó, èíîãäà ãëþêîçó [2 – 5, 11, 
14, 15]. Òàêîé ìîíîñàõàðèäíûé ñîñòàâ âíåêëåòî÷íûõ ïîëèñàõàðèäîâ óñòàíîâëåí 
äëÿ C. skinneri, C. humicolus, C. dimennae [2 – 5]. Äëÿ íåôðàêöèîíèðîâàííûõ 
âíåêëåòî÷íûõ ïîëèñàõàðèäîâ C. albidus var. albidus õàðàêòåðíî íàëè÷èå ãëþêîçû, 
ãàëàêòîçû, ìàííîçû, êñèëîçû è ãëþêóðîíîâîé êèñëîòû [15]. 

Èçó÷åíèå ìîíîñàõàðèäíîãî ñîñòàâà ïðåïàðàòîâ ïîëèñàõàðèäîâ C. albidus 
ÓÊÌ Ó-1028, ÓÊÌ Ó-1063 è ÓÊÌ Ó-1066, ïîëó÷åííûõ ñ ïîìîùüþ òð¸õ ðàçëè÷íûõ 
ïîäõîäîâ ïîêàçàëî, ÷òî îñíîâíûì ïðåîáëàäàþùèì êîìïîíåíòîì ïðåïàðàòîâ áûëà 
ìàííîçà — äî 67 % (òàáë. 2). Â ñîñòàâ âíåêëåòî÷íûõ ïðåïàðàòîâ òàêæå âõîäè-
ëè ãëþêîçà (20,0 – 22,0 %), êñèëîçà (13,0 – 20,0 %), ãàëàêòîçà (1,0 – 3,0 %), 
ñëåäîâûå êîëè÷åñòâà ðèáîçû è àðàáèíîçû (0 – 2,0 %). Íåèäåíòèôèöèðîâàííûé 
ìîíîñàõàðèä ñîñòàâëÿë 2,0 – 6,35 % îò îáùåé ñóììû ïëîùàäåé ïèêîâ. Ïðè ýòîì 
îáùåå êîëè÷åñòâî óãëåâîäîâ â ïîëèñàõàðèäíûõ ïðåïàðàòàõ ñîñòàâëÿëî äëÿ øòàì-
ìîâ C. albidus ÓÊÌ Ó-1066 è ÓÊÌ Ó-1028 – 36 % è 34 % ñîîòâåòñòâåííî, à äëÿ 
øòàììà C. albidus ÓÊÌ Ó-1063 – 9 %.

Òàêèì îáðàçîì, äëÿ ïîñëåäóþùåãî èçó÷åíèÿ íàìè îòîáðàí øòàìì äðîææåé 
C. albidus ÓÊÌ Ó-1066. Ìàííîçà (58 %), ãëþêîçà (21 %) è êñèëîçà (16 %) ÿâëÿþòñÿ 
ïðåîáëàäàþùèìè ìîíîñàõàðèäàìè âíåêëåòî÷íîãî ïîëèñàõàðèäà äàííîãî øòàììà. 
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Òàáëèöà 2

Ìîíîñàõàðèäíûé ñîñòàâ ïîëèñàõàðèäíûõ ïðåïàðàòîâ Cryptococcus albidus 
(% ê îáùåé ñóììå ïëîùàäåé ïèêîâ)

Ïðåïà-
ðàò

Øòàìì, ÓÊÌ Ó- Ðèá Àðàá Êñè Ìàí Ãàë Ãëþ Õ

1

1066 - - 15,69 58,06 - 21,36 4,89

1028 0,54 0,71 13,83 50,69 3,16 29,09 1,98

1063 1,02 1,87 55,44 20,21 2,52 13,90 5,04

2

1066 1,30 3,19 14,54 59,15 - 21,76 0,06

1028 - - 13,13 48,83 30,67 2,24 5,13

1063 - - 13,07 58,91 20,35 1,32 6,35

3

1066 1,21 1,94 13,32 66,27 3,57 7,74 5,95

1028 - - 2,40 13,13 0,77 82,31 1,39

1063 0,61 1,03 14,80 66,08 3,32 11,85 2,31

Ïðèìå÷àíèå: Õ – íåèäåíòèôèöèðîâàííûé ìîíîñàõàðèä, âûõîäÿùèé ïîñëå ãëþêîçû. 

Óíèêàëüíîñòü äàííîãî ïðåïàðàòà òàêæå ñîñòîèò â òîì, ÷òî â åãî ñîñòàâå ïîë-
íîñòüþ îòñóòñòâóåò ãàëàêòîçà, íàëè÷èå êîòîðîé áûëî áû áîëåå õàðàêòåðíî äëÿ 
êðèïòîêîêêîâ. Îñîáåííîñòüþ âíåêëåòî÷íîãî ïîëèñàõàðèäà áûëî ïðèñóòñòâèå â í¸ì 
ãëþêîçû, ñâÿçàííîå, âåðîÿòíî ñ ýêñòðàêöèåé ðàñòâîðèìûõ ãëþêàíîâ êëåòî÷íîé 
ñòåíêè [11]. Ïîëó÷åííûé ïðåïàðàò ìîæåò áûòü ïåðñïåêòèâåí äëÿ äàëüíåéøåãî 
èññëåäîâàíèÿ â êà÷åñòâå ñîðáåíòà ìèêîòîêñèíîâ êàê ñîñòàâëÿþùàÿ ÷àñòü êîðìî-
âûõ äîáàâîê.

Àâòîðû ïóáëèêàöèè áëàãîäàðÿò ñîòðóäíèêîâ Èíñòèòóòà ìèêðîáèîëîãèè 
è âèðóñîëîãèè èìåíè Ä.Ê. Çàáîëîòíîãî ÍÀÍ Óêðàèíû ä.á.í., ïðîôåññîðà Âàð-
áàíåö Ëþäìèëó Äìèòðèåâíó çà êîíñóëüòàòèâíóþ ïîìîùü, ê.á.í. Áðîâàðñêóþ 
Îêñàíó Ñòåïàíîâíó çà ïîìîùü ïðè îïðåäåëåíèè ñîäåðæàíèÿ îáùåãî êîëè÷åñòâà 
óãëåâîäîâ.

ËÈÒÅÐÀÒÓÐÀ
1. Âàðáàíåö Ë.Ä., Çäîðîâåíêî Ã.Ì., Êíèðåëü Þ.À. Ìåòîäû èññëåäîâàíèÿ ýíäîòîêñèíîâ 

– Ê.: Íàóê. äóìêà, 2006. – 237 ñ.
2. Âèòîâñêàÿ Ã.Ë., Ñàìàðêèíà Ã.Ì., Àíàíüåâà Å.Ï., Ñèíèöêàÿ È.À. Ñèíòåç âíåêëåòî÷-

íûõ ãåòåðîãëèêàíîâ äðîææàìè ðîäà Cryptococcus //Ìèêðîáèîëîãèÿ. – 1989. – ò. 58, â. 2. – 
Ñ. 240-245

3. Ãîëóáåâ Â.È., Ìàíóêÿí À.Ð., Öèîìåíêî À.Á., Óøàêîâ Â.Ì. Ïîëó÷åíèå êàïñóëüíîãî 
ìàòåðèàëà äðîææåé // Ïðèêë. áèîõèìèÿ è ìèêðîáèîë. – 1980. – 16, ¹ 4. – Ñ. 591-596

4. Ãîëóáåâ Â.È., Ñâèðèäîâ À.Ô., Áàáüåâà È.Ï. Ìîíîñàõàðèäíûé ñîñòàâ âíåêëåòî÷íûõ 
è êàïñóëüíèõ ïîëèñàõàðèäîâ äðîæåé // Ìèêðîáèîëîãèÿ. – 1971. – ò. 40, â. 4. – Ñ. 610-616.

5. Åëèíîâ Í.Ï., Âèòîâñêàÿ Ã.Ë., Àíàíüåâà Å.Ï., Àáåëÿí Â.À., Êèñåëåâà Ñ.Ì. Áèîñèíòåç 
ãåòåðîïîëèñàõàðèäîâ íåêîòîðûìè âèäàìè êðèïòîêîêêîâ // Ïðèêë. áèîõèìèÿ è ìèêðîáèîë. 
– 1982. – 18, ¹ 5. – Ñ. 636-639

ÂÍÅÊËÅÒÎ×ÍÛÅ ÏÎËÈÑÀÕÀÐÈÄÛ ÄÐÎÆÆÅÉ CRYPTOCOCCUS ALBIDUS ...



34 Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2008

6. Åëèíîâ Í.Ï., Èîçåï À.À., Ãîëÿêîâ Ï.Í., Òèõîíîâà Ò.À. Ñòðîåíèå âíåêëåòî÷íîãî 
ìàííàíà, ïðîäóöèðóåìîãî Sporobolomyces species ÄÑ 26-Ì // Ïðèêë. áèîõèìèÿ è ìèêðîáèîë. 
– 1975. – ò. 11, â. 3. – Ñ. 346-348

7. Çàõàðîâà È.ß., Êîñåíêî Ë.Â. Ìåòîäû èçó÷åíèÿ ìèêðîáíûõ ïîëèñàõàðèäîâ. – Ê.: Íàóê. 
äóìêà, 1982. – 192 ñ.

8. Êâàñíèêîâ Å.È., Ù¸ëîêîâà È.Ô. Äðîææè. Áèîëîãèÿ. Ïóòè èñïîëüçîâàíèÿ. – Ê.: 
Íàóêîâà äóìêà, 1991. – 328 ñ.

9. Êîâàëåíêî Î.Ã., Áàðêàëîâà À.Î., Íàãîðíà Ñ.Ñ. Àíòèô³òîâ³ðóñíà àêòèâí³ñòü êàïñóëü-
íèõ ðå÷îâèí ç äð³æäæ³â Cryptococcus albidus // Ì³êðîá³îë. æóðí. – 2005. – 67, ¹ 3. – Ñ. 
81-84

10. Ìåòîä îêðàñêè êàïñóë ïî Äþãèäó: Ïåð. ñ àíãë. /Ïîä ðåä. Ô.Ãåðõàðäòà è äð. – Ì.: 
Ìèð, 1983. – ò. 1. – 536 ñ.

11. Òèõîìèðîâà Î.Ì., Âèòîâñêàÿ Ã.À., Ñèíèöêàÿ È.À. Ïîëèñàõàðèäû êëåòîê Cryptococcus 
laurentii (Kufferath) Skinner – ïðîäóöåíòà âíåêëåòî÷íîãî ãåòåðîãëèêàíà // Ìèêðîáèîëîãèÿ. 
– 1998. – 67, ¹ 1. – Ñ. 73-78

12. Albershein P., Nevis D.J., English P.D., Karr A. A method for analysis of sugars in 
plant cell-wall polysaccharides by gas-liquid chromatography // Carbohyd. Res. – 1976. – ¹ 3. 
– Ð. 340-345

13. Dubois M., Gilles K., Hamilton J., Rebers P.A., Smith F. Colorimetric method for deter-
mination of sugars and related substances // Anal. Chem. – 1956. – 28, ¹ 2. – Ð. 350-356

14. Kurtzman C.P., Fell J.M. The yeasts, a taxonomic study. Chemotaxonomy based on the 
polysaccharide composition of cell walls and capsules. – Amsterdam: Elsevier, – 1998. – 1055 ð.

15. Ross A. and Taylor I.A. Extracellular glycoprotein from virulent and avirulent Crypto-
coccus species // Infection and Immunity. – 1981. – 31, ¹ 3. – Ð. 911-918.

Î.Ã. Ìàìººâà, Ñ.Ñ. Íàãîðíà, À.Ì. Îñòàï÷óê, Â.Ñ. Ïiäãîðñüêèé 

²íñòèòóò ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ³ìåí³ Ä.Ê. Çàáîëîòíîãî ÍÀÍ Óêðà¿íè, 
âóë. Çàáîëîòíîãî 154, Êè¿â, ÄÑÏ, Ä03680, Óêðà¿íà, òåë.: 8 (044) 526 11 
79, e-mail: mameeva@ukr.net 

ÏÎÇÀÊË²ÒÈÍÍ² ÏÎË²ÑÀÕÀÐÈÄÈ ÄÐ²ÆÄÆ²Â 
CRYPTOCOCCUS ALBIDUS (SAITO) SKINNER

Ðåôåðàò

Âèâ÷åíèé ìîíîñàõàðèäíèé ñêëàä ïîçàêë³òèííèõ ïîë³ñàõàðèäíèõ ïðåïàðàò³â 
äð³æäæ³â C. albidus ÓÊÌ Ó-1028, ÓÊÌ Ó-1063 è ÓÊÌ Ó-1066, äîì³íóþ÷èì 
âóãëåâîäîì ÿêèõ áóëà ìàíîçà (äî 67 %). Â³ä³áðàíèé øòàì C. albidus ÓÊÌ 
Ó-1066, â ñêëàä³ ïîçàêë³òèííèõ ïîë³ñàõàðèä³â ÿêîãî ïåðåâàæàëè ìàíîçà 
(58 %), ãëþêîçà (21 %) ³ êñèëîçà (16 %). Îòðèìàíèé ïðåïàðàò ìîæå áóòè 
âèêîðèñòàíèé â ÿêîñò³ ñîðáåíòó ì³êîòîêñèí³â.

Ê ë þ ÷ î â ³   ñ ë î â à: Cryptococcus albidus, ïîçàêë³òèíí³ ïîë³ñàõàðèäè, 
ìîíîñàõàðèäíèé ñêëàä.
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EXTRACELLULAR POLYSACCHARYDES OF YEASTS’ 
CRYPTOCOCCUS ALBIDUS (SAITO) SKINNER

Summary

It was studied the monosaccharide composition of extracellular polysaccharide 
preparations of yeasts C. albidus UCM U-1028, UCM U-1063 and UCM U-1066, 
with mannose (up to 67 %) as dominating carbohydrates. It was selected the 
strain C. albidus UCM U-1066 in the extracellular polysaccharides structure 
in which mannose (58 %), glucose (21 %) and xylose (16 %), prevailed. The 
received preparation can be used in further as the sorbent of mycotoxins as 
the making part of fodder additives.

K e y  w o r d s: Cryptococcus albidus, monosaccharide composition.
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ÍÎÂÛÅ ÒÀÊÑÎÍÛ ÄÈÀÒÎÌÎÂÛÕ ÂÎÄÎÐÎÑËÅÉ 
ÁÅÍÒÎÑÀ ÒÈËÈÃÓËÜÑÊÎÃÎ ËÈÌÀÍÀ 

(ÑÅÂÅÐÎ-ÇÀÏÀÄÍÎÅ ÏÐÈ×ÅÐÍÎÌÎÐÜÅ)

Â áåíòîñå Òèëèãóëüñêîãî ëèìàíà âûÿâëåí 181 âèäîâîé è âíóò-
ðèâèäîâîé òàêñîí äèàòîìîâûõ âîäîðîñëåé. Èç íèõ âïåðâûå 
ïðèâîäÿòñÿ äëÿ âîäîåìà – 74, âïåðâûå äëÿ ëèìàíîâ Ñåâåðî-Çà-
ïàäíîãî Ïðè÷åðíîìîðüÿ – 25. Îïèñàíû êàê íîâûå äëÿ íàóêè 
– Cocconeis scutellum var. tiligulicus Kovtun var. nov. è Fallacia 
gusliakovi Kovtun sp. nov., ïðåäñòàâëåíû èõ ìèêðîôîòîãðàôèè.

Ê ë þ ÷ å â û å   ñ ë î â à: Bacillariophyta, íîâûå òàêñîíû, áåíòîñ, 
Òèëèãóëüñêèé ëèìàí.

Òèëèãóëüñêèé ëèìàí, â ñðàâíåíèè ñ äðóãèìè ïðè÷åðíîìîðñêèìè ëèìàíàìè 
þãà Óêðàèíû, âûäåëÿåòñÿ âûñîêèì áèîëîãè÷åñêèì ðàçíîîáðàçèåì è óíèêàëüíûìè 
ëàíäøàôòíûìè ñèñòåìàìè. Ìíîãèå èç íèõ â ïîñëåäíèå äåñÿòèëåòèÿ ïðèîáðåëè 
ðàçëè÷íûå ñòàòóñû çàïîâåäîâàíèÿ. Ê âàæíåéøåé îñîáåííîñòè ëèìàíà ñëåäóåò 
îòíåñòè ïðèñóòñòâèå â åãî ôàóíå è ôëîðå áîëüøîãî ÷èñëà ðåäêèõ, ýíäåìè÷íûõ è 

ðåëèêòîâûõ âèäîâ, â òîì ÷èñëå è ïðåäñòàâèòåëåé ïîíòî-êàñïèéñêèõ êîìïëåêñîâ.
Òèëèãóëüñêèé ëèìàí – ñëàáî èçó÷åííûé â àëüãîëîãè÷åñêîì ïëàíå âîäîåì Ñåâå-

ðî-Çàïàäíîãî Ïðè÷åðíîìîðüÿ. Ïîñëå èññëåäîâàíèé È. È. Ïîãðåáíÿêà [1], êîòîðûé 
óêàçûâàë äëÿ âîäîåìà 128 âèäîâûõ è âíóòðèâèäîâûõ òàêñîíîâ, ìèêðîôèòîáåíòîñ 
ëèìàíà èçó÷àëñÿ ýïèçîäè÷åñêè è íà îãðàíè÷åííûõ ó÷àñòêàõ. Í. Å. Ãóñëÿêîâûì [2] â 
1981 è 1988 ãã. â ëèìàíå îáíàðóæåíî 85 âèäîâ äèàòîìåé. Íà 47 èç íèõ ïðèâåäåíû 
ññûëêè â ìîíîãðàôèè [3]. Êðàòêàÿ îáçîðíàÿ èíôîðìàöèÿ ïî ïëàíêòîííûì âèäàì, 
êóäà ÷àñòî ïîïàäàþò è áåíòîñíûå âèäû, ïðèâåäåíà â èçâåñòíûõ ìîíîãðàôè÷åñêèõ 
ñâîäêàõ [4, 5], à òàêæå â ðàáîòàõ À. È. Èâàíîâà [6]. Â ïîñëåäíèå ãîäû îïóáëèêî-
âàí ðÿä ðàáîò, â êîòîðûõ ñóùåñòâåííî ïîïîëíåí ñïèñîê èçâåñòíûõ äëÿ âîäîåìà 
òàêñîíîâ äèàòîìîâûõ âîäîðîñëåé [7 – 9].

Èññëåäîâàíèÿ âèäîâîãî ñîñòàâà äèàòîìîâûõ âîäîðîñëåé áåíòîñà Òèëèãóëüñêîãî 
ëèìàíà íà îñíîâå ñâåòîâîé è ýëåêòðîííîé ìèêðîñêîïèè, à òàêæå ñâîäíûé àíàëèç 
èñòî÷íèêîâ ëèòåðàòóðû ïîçâîëèë óñòàíîâèòü 216 âèäîâûõ è âíóòðèâèäîâûõ òàêñîíîâ 
äèàòîìîâûõ âîäîðîñëåé, îòíîñÿùèõñÿ ê 3 êëàññàì, 7 ïîäêëàññàì, 22 ïîðÿäêàì, 39 
ñåìåéñòâàì è 60 ðîäàì. Íàìè íå îáíàðóæåí 41 òàêñîí èç ðàíåå óêàçàííûõ ðàçëè÷-
íûìè àâòîðàìè, ÷òî, ïî-âèäèìîìó, ñâÿçàíî ñ èñ÷åçíîâåíèåì èõ ïîñëå îñîëîíåíèÿ 
ëèìàíà (äî 21- 22 ‰ â 2004 ã.), à òàêæå ñ âîçìîæíîé íåòî÷íîñòüþ èäåíòèôèêàöèè 
ïðè èñïîëüçîâàíèè òîëüêî ñâåòîâîãî ìèêðîñêîïà.

© Î.À. Êîâòóí, 2008
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Öåëü ðàáîòû – èçó÷èòü ñ ïîìîùüþ ñêàíèðóþùåãî ýëåêòðîííîãî è ñâåòîâîãî 
ìèêðîñêîïîâ òàêñîíîìè÷åñêèé ñîñòàâ äèàòîìîâûõ âîäîðîñëåé áåíòîñà Òèëèãóëü-
ñêîãî ëèìàíà è îïèñàòü íîâûå äëÿ íàóêè Cocconeis scutellum var. tiligulicus Kovtun 
var. nov. è Fallacia gusliakovi Kovtun sp. nov.

Ìàòåðèàëû è ìåòîäû 
Ìàòåðèàëîì äëÿ ðàáîòû ïîñëóæèëè áîëåå 1200 ïðîá ìèêðîôèòîáåíòîñà è 

îáðàñòàíèé, ñîáðàííûõ íà ïðîòÿæåíèè 1990-2005 ãã. ïî âñåé àêâàòîðèè Òèëèãóëü-
ñêîãî ëèìàíà. 

Îïðåäåëåíèå, èçó÷åíèå ñòðóêòóðû êëåòîê, à òàêæå ôîòîãðàôèðîâàíèå âîäî-
ðîñëåé â öåëÿõ èõ òàêñîíîìè÷åñêîé èäåíòèôèêàöèè è èëëþñòðàöèè ïðîèçâîäèëè 
ñ ïîìîùüþ ñâåòîâîãî ìèêðîñêîïà (ÑÌ) «Ergaval» (Carl Zeiss – Éåíà, Ãåðìàíèÿ) 
è ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà (ÑÝÌ) «JSM – 35Ñ» (Jeol, ßïîíèÿ) â 
èíñòèòóòå áîòàíèêè èìåíè Í. Ã. Õîëîäíîãî ÍÀÍ Óêðàèíû (ã. Êèåâ). 

Ìàòåðèàë äëÿ ïðîñìîòðà â ÑÝÌ ïðåäâàðèòåëüíî ãîòîâèëè ïî ìåòîäèêå, ïðèìå-
íÿåìîé ïðè èçó÷åíèè äèàòîìîâûõ âîäîðîñëåé [10]. Ïàíöèðè î÷èùàëè îò îðãàíè÷åñ-
êîãî âåùåñòâà ìåòîäîì õîëîäíîãî ñæèãàíèÿ â êîíöåíòðèðîâàííîé ñåðíîé êèñëîòå 
ñ ïîñëåäóþùåé òðåõêðàòíîé îòìûâêîé äèñòèëëèðîâàííîé âîäîé. Îòìûòûå ïðîáû 
ñîõðàíÿëè â 70 % ýòèëîâîì ñïèðòå.

Î÷èùåííûå ïàíöèðè äèàòîìîâûõ âîäîðîñëåé (îñàäîê) íàíîñèëè íà ñïåöèàëüíûå 
ñòîëèêè èç íåðæàâåþùåé ñòàëè èëè ëàòóíè, êîòîðûå ïðåäâàðèòåëüíî ïîëèðîâàëè 
ìåëêîé àáðàçèâíîé ïàñòîé è îáåçæèðèâàëè àöåòîíîì. Ñòîëèêè ñ ïðîáàìè ïîìå-
ùàëè â ïðèáîð äëÿ èîííîãî èñïàðåíèÿ JEC-1100 äëÿ íàïûëåíèÿ òîí÷àéøèì ñëîåì 
óãëåðîäà, à çàòåì çîëîòîì âûñîêîé ïðîáû. Îáðàçöû ïðîñìàòðèâàëè â ÑÝÌ ïðè 
óâåëè÷åíèÿõ â 2-22 òûñÿ÷è ðàç è ôîòîãðàôèðîâàëè.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Îðèãèíàëüíûìè ýëåêòðîííî-ìèêðîñêîïè÷åñêèìè è îïòè÷åñêèìè èññëåäîâàíèÿìè 

ìèêðîôèòîáåíòîñà Òèëèãóëüñêîãî ëèìàíà âûÿâëåíî 167 âèäîâ, ïðåäñòàâëåííûõ 181 
âèäîâûì è âíóòðèâèäîâûì òàêñîíîì äèàòîìîâûõ âîäîðîñëåé. Èç íèõ 74 ÿâëÿþòñÿ 
íîâûìè äëÿ ýòîãî âîäîåìà, 25 – âïåðâûå óêàçûâàþòñÿ äëÿ ëèìàíîâ Ñåâåðî-Çà-
ïàäíîãî Ïðè÷åðíîìîðüÿ. 

Ýòî òàêèå âèäû, êàê: Òhalassiosira incerta Makar., Ò. parva Pr.-Lavr., 
Ò. weissflogii (Grun.) Fryx. et Hasle, Cyclostephanos dubius (Fricke) Round, Stepha-

nodiscus astraea (Ehr.) Grun., S. rotula (Kütz.) Hend., S. costatum (Grev.) Cl., 
Coscinodiscus perforatus Ehr., Ñ. radiatus Ehr., C. granii Gough., Ñ. gigas Ehr., 
Melosira varians Ag., Aulacoseira granulata (Ehr.) Sim. f. granulata, A. islandica 
(O. Müll.) Sim., Pseudosolenia calcar-avis (M. Shultze) Sunstrom, Chaetoceros af-

finis Lauder, Ch. curvisetus Ñ²., Ch. rigidus Östf., Diatoma tenue Ag., Licmophora 

communis (Grun.) Grun., L. ehrenbergii (Kütz.) Grun., Ardissonia baculus (Greg.) 
Grun., A. crystallina (Ag.) Grun. in Cl. et Grun., Toxarium undulatum Bail., Striatella 

interrupta (Ehr.) Heib., S. unipunctata (Lyngb.) Ag., Lyrella abrupta (Donk.) Gusl. 
et Kar., Mastogloia pumila (Cl. et Moll.) Cl., Ñymbella cistula (Hemp. in Hemp. et 
Ehr.) Kirch., Gomphonema angustatum Kütz., Anomoeoneis sphaerophora (Ehr.) Pfit, 
Achnanthes manifera Brun., A. triconfusa V. L., Achnanthidium minutissima (Kütz.) 
Czarn. var. minutissima, Anorthoneis hummii Hust., Coconeis kujalnitzkensis Gusl. 
et Geras., C. maxima (Grun.) Perag., C. notata Petit., C. pellucida Grun. ex Rab., 
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C. quarnerensis (Grun.) A.S. var. adjuncta A. S., Luticola mutica (Kütz.) Mann in 
Round, Crawf., Mann, Ñaloneis liber (W. Sm.) Cl., Fallacia forcipata (Grev.) Stick. 
et Mann, Pinnularia microstauron (Ehr.) Cl., Diploneis chersonensis (Grun.) Cl., 
D. didyma (Ehr.) Ehr., D. subadvena Hust., Gyrosigma prolongatum (W. Sm.) Grif. 
et Henfr., Navicula palpebralis Breb., N. ramosissima Ag., N. tripunctata (O.F. Müll.) 
Bory, Proschkinia complanatoides (Hust. ex Simonsen) Mann, Amphora caroliniana 
Giff., A. commutata Grun. in V. H., A. eunotia Cl., A. exigua Greg., A. genkalii 
Gusl., A. graeffeana Hendey, A. subacutiuscula Schoeman, Nitzschia acicularis 
(Kütz.) W. Sm., N. fasciculata (Grun.) Grun. in V. H., N. filiformis (W. Sm.) Schutt, 
N. lanceolata W. Sm. f. minor V. H., N. obtusa W. Sm. var. scalpeliformis (Grun.) 
in V.H., N. pseudohybrida Hust., N. pusilla Grun., N. sigmoidea (Nitzsch) W. Sm., 
N. vermicularis (Kütz.) Hant. in Rabenh., Tryblionella angustata W. Sm., T. coarctata 
(Grun.) D. G. Mann, T. gracilis W. Sm., Camphylodiscus fastuosus Ehr., E. alata 
(Ehr.) Ehr., Surirella brebissonii Kram. et L.-B. var. kuetzingii Kram. et L.-B.

Àíàëèç ýëåêòðîííûõ ìèêðîôîòîãðàôèé ðàíåå íå èäåíòèôèöèðîâàííûõ ìåëêèõ 
âèäîâ, îáíàðóæåííûõ â áåíòîñå ëèìàíà, ïîçâîëèë âûäåëèòü äâà èíòåðåñíûõ ýêçåì-
ïëÿðà. Ýòè ýêçåìïëÿðû, ñîãëàñíî èçó÷åííîé íàìè ëèòåðàòóðå è äèàãíîñòè÷åñêèì 
ïðèçíàêàì èçâåñòíûõ òàêñîíîâ äèàòîìîâûõ âîäîðîñëåé, ÿâëÿþòñÿ íîâûìè äëÿ 
íàóêè. Îïèñàíèå íîâûõ òàêñîíîâ, èõ äèàãíîçû è îðèãèíàëüíûå ìèêðîôîòîãðàôèè 
ïðèâîäÿòñÿ íèæå.

1. Cocconeis scutellum var. tiligulicus Kovtun var. nov. 
Valva longa-elliptica, 14 mkm longae, 7 mkm latae, area axiali, angusta, rasili, 

lineata, aequali latitudine per omnem longitudinem. Area axialis columnibus paulo 
prolatans in parvas areolas valvae versurae incurrens. Transversae series areolarum ad 
fines valvae paulo radialae. In series foramina areolarum prolongata in longitudinali 
directo. Areolae 30, serius areolarum 11 per 10 mkm. Serius areolarum in valvae 
rectae sine fl exurae. Sex series centrales septeni areolas habent, tum numeros earum 
minuit singuli per seriem; perveniens ad duas. In versura valvae series areolarum 
de una serie se transferentes in duas, tres, quatuor lineas simili flabello. Valvae se 
terminantes partes superiores seriebus parvatum areolarum pariter dispositis per 
versuram areolarum ad 40 per 10 mkm (fig. 1).

H o l o t y p u s: negativ ¹ 155, SEM.
Ñòâîðêà óäëèíåííî – ýëëèïòè÷åñêàÿ, 14 ìêì äëèíû, 7 ìêì øèðèíû, ñ óçêèì, 

ãëàäêèì ëèíåéíûì îñåâûì ïîëåì, îäèíàêîâîé øèðèíû ïî âñåé äëèíå. Îñåâîå 
ïîëå íà êîíöàõ íåìíîãî ðàñøèðÿåòñÿ, óïèðàÿñü â ìåëêèå àðåîëû çàãèáà ñòâîðêè. 
Ïîïåðå÷íûå ðÿäû àðåîë ñëåãêà ðàäèàëüíûå ê êîíöàì ñòâîðêè. Â ðÿäàõ ôîðàìåíû 
àðåîë óäëèíåíû â ïðîäîëüíîì íàïðàâëåíèè. Àðåîë – 30, ðÿäîâ àðåîë – 11 â 10 
ìêì. Ðÿäû àðåîë îòíîñèòåëüíî îñåâîãî ïîëÿ ñòâîðêè ïðÿìûå, áåç èçãèáîâ. Â øåñòè 
öåíòðàëüíûõ ðÿäàõ ïî 7 àðåîë, äàëåå èõ êîëè÷åñòâî óìåíüøàåòñÿ ïî åäèíèöå íà ðÿä, 
äîõîäÿ äî 2-õ. Íà çàãèáå ñòâîðêè ðÿä àðåîë èç îäíîðÿäíîé ïîëîñû âååðîîáðàçíî 
ïåðåõîäèò â 2-õ, 3-õ è 4-õ ðÿäíûå. Âåðøèíû ñòâîðêè çàêàí÷èâàþòñÿ ðÿäàìè ìåëêèõ, 
ðàâíîìåðíî ðàñïðåäåëåííûõ ïî çàãèáó àðåîë, äî 40 â 10 ìêì (ðèñ. 1).

Ò è ï. Óêðàèíà, Òèëèãóëüñêèé ëèìàí, â ðàéîíå ñ. Êîøàðû; åäèíè÷íî â áåíòîñå 
íà ïåñ÷àíîì ãðóíòå, ñîëåíîñòü 17,3 ‰, VI. 1996, Î. À. Êîâòóí; õðàíèòñÿ íà Ãèä-
ðîáèîëîãè÷åñêîé ñòàíöèè ÎÍÓ èìåíè È. È. Ìå÷íèêîâà (ã. Îäåññà).

Ã î ë î ò è ï : íåãàòèâ ¹ 155, ÑÝÌ.

Î.À. Êîâòóí
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Ðèñ. 1. Âåðõíÿÿ áåñøîâíàÿ ñòâîðêà Cocconeis scutellum var. tiligulicus Kovtun 
var. nov. (1); òèïè÷íàÿ âåðõíÿÿ áåñøîâíàÿ ñòâîðêà Cocconeis scutellum 

var. scutellum (2) (ÑÝÌ, ëèíåéêà íà ôîòî – 1 ìêì).

Fig. 1. Upper araphid valve of Cocconeis scutellum var. tiligulicus Kovtun var. 
nov. (1); typical upper araphid valve of Cocconeis scutellum var. scutellum 

(2-3); (SEM, line at photo – 1 mkm).

Ðàçìåðàìè è êîëè÷åñòâîì øòðèõîâ ïðè ñâåòîâîé ìèêðîñêîïèè ïðîÿâëÿåò 
ñõîäñòâî ñ ìåëêèìè ýêçåìïëÿðàìè C. scutellum var. parva Grun., îäíàêî îòëè÷àåòñÿ 
îâàëüíûìè àðåîëàìè â ðÿäàõ, íàïðàâëåííûìè âäîëü îñåâîãî ïîëÿ, è èõ ïàðàëëåëü-
íûì ðàñïîëîæåíèåì. Ïî ìåëêèì àðåîëàì çàãèáà ñòâîðêè áîëüøå âñåãî ïîõîæ íà 
òèïîâîé C. scutellum var. scutellum, íî îòëè÷àåòñÿ îò íåãî ìåíüøèìè ðàçìåðàìè, 
áîëüøèì êîëè÷åñòâîì ðÿäîâ àðåîë â 10 ìêì, ôîðìîé àðåîë, èõ ðàñïîëîæåíèåì, 
à òàêæå ðàñïîëîæåíèåì àðåîë â âåðøèíàõ ñòâîðêè (ó C. scutellum var. scutellum 
êëèíîîáðàçíûå ïó÷êè) (ðèñ. 1, ôîòî 2). 

Ñîãëàñíî [11, 12], C. scutellum var. scutellum: äëèíà 20 – 60 ìêì, øèðèíà 12 
– 40 ìêì; íà âåðõíåé ñòâîðêå 5 – 8 ïðîäîëüíûõ è ïîïåðå÷íûõ ðÿäîâ àðåîë â 10 
ìêì; íà íèæíåé ñòâîðêå 7 – 9 øòðèõîâ è 10 – 12 òî÷åê â 10 ìêì, êðàé ãèàëèíîâûé 
ñ êîëüöîì òî÷åê â íåáîëüøèõ ãðóïïàõ. Äëÿ C. scutellum var. parva óêàçûâàåòñÿ: 
äëèíà äî 30 ìêì, 11 – 14 øòðèõîâ â 10 ìêì, ñòâîðêè ýëëèïòè÷åñêèå, ðåæå ðîìáè-
÷åñêèå. Îòìå÷àåòñÿ, ÷òî ÷àñòî âñòðå÷àþòñÿ ïåðåõîäíûå ôîðìû ìåæäó var. parva 
è var. minutissima è ìåæäó var. parva è òèïè÷íîé ôîðìîé. 

Í. È. Êàðàåâà [13] äëÿ Êàñïèéñêîãî ìîðÿ óêàçûâàëà òèïè÷íóþ ôîðìó (äëèíà 
20,8 – 46,2 ìêì, øèðèíà 14,2 – 22,0 ìêì) è òîëüêî îäèí var. adjuncta, ñ ðàçìåðàìè: 
äëèíà 11,0 – 29,7 ìêì, øèðèíà 7,7 – 20,9 ìêì. Íà ìåëêèõ ñòâîðêàõ âäîëü êðàåâ 
îòñóòñòâóþò ãðóïïû ìåëêèõ ðóäèìåíòèðîâàííûõ àðåîë, òîãäà êàê íà êðóïíûõ îíè 
èìåþòñÿ. Àðåîëû êðóãëûå, 10 – 12 â 10 ìêì, äëÿ òèïè÷íîé ôîðìû 8 – 10 øòðèõîâ 
â 10 ìêì. 

Èçâåñòíî, ÷òî C. scutellum, êàê óêàçûâàëà À. È. Ïðîøêèíà-Ëàâðåíêî [14], 
î÷åíü èçìåí÷èâûé âèä, îñîáåííî â âîäîåìàõ ñ èçìåíÿþùèìèñÿ óñëîâèÿìè ñðåäû, ê 
êîòîðûì ìîæíî îòíåñòè è âñþ ñåâåðî-çàïàäíóþ ÷àñòü ×åðíîãî ìîðÿ, è ìíîãèå ëè-
ìàíû þãà Óêðàèíû. Â íàñòîÿùåå âðåìÿ, êðîìå òèïîâîé ðàçíîâèäíîñòè C. scutellum 
var. scutellum âûäåëÿþò åùå äâå – C. scutellum var. adjuncta A. S. è C. scutellum 
var. parva Grun. [15] èëè òðè ðàçíîâèäíîñòè – C. scutellum var. adjuncta A. S., C. 
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scutellum var. parva Grun., C. scutellum var. minutissima Grun. ex V.H. [16]. Ðàç-
íîâèäíîñòü C. scutellum var. stauroneiformis òðàíñôîðìèðîâàíà â ñàìîñòîÿòåëüíûé 
âèä – C. stauroneiformis (V. Í.) Okuno. Ïî ïîâîäó äðóãîãî òàêñîíà – C. scutellum 
var. minutissima Grun. in V. H. À. È. Ïðîøêèíà – Ëàâðåíêî [14] óêàçûâàëà, ÷òî, 
ïî-âèäèìîìó, çà ýòîò òàêñîí îøèáî÷íî áûëè ïðèíÿòû ìåëêèå ýêçåìïëÿðû C. 
scutellum var. parva, îäíàêî ýòà òî÷êà çðåíèÿ òðåáóåò ïîäòâåðæäåíèÿ.

Ó ðàçíûõ àâòîðîâ âñòðå÷àåòñÿ ìíîãî íåñîîòâåòñòâèé, âûðàæàþùèõñÿ â íå÷åò-
êîì ðàçãðàíè÷åíèè C. scutellum íà âíóòðèâèäîâûå òàêñîíû. Òàêàÿ ñèòóàöèÿ, ïî-
âèäèìîìó, ñâÿçàíà ñî ñëîæíîñòüþ òî÷íîãî îïðåäåëåíèÿ ìåëêèõ âèäîâ â ñâåòîâîì 
ìèêðîñêîïå è íåäîñòàòî÷íîé ÷åòêîñòüþ äèàãíîñòè÷åñêèõ ïðèçíàêîâ, ïîëó÷åííûõ 
ïðè àíàëèçå ôîòîãðàôèé ñî ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà.

Òàêèì îáðàçîì, îáíàðóæåííûé è èëëþñòðèðîâàííûé (ðèñ. 1, ôîòî 1) ñ ïîìîùüþ 
ÑÝÌ ýêçåìïëÿð çíà÷èòåëüíî îòëè÷àåòñÿ îò óïîìÿíóòûõ âûøå òàêñîíîâ âèäîâîãî 
è âíóòðèâèäîâîãî ðàíãà, ÷òî äàåò íàì îñíîâàíèå îïèñàòü åãî êàê íîâóþ ðàçíîâèä-
íîñòü – Cocconeis scutellum var. tiligulicus Kovtun var. nov.

 Îãðàíè÷åííûé îáúåì èññëåäîâàííîãî ìàòåðèàëà òðåáóåò äàëüíåéøåãî òùàòåëü-
íîãî èçó÷åíèÿ óëüòðàñòðóêòóðû íèæíåé ñòâîðêè è åå âíóòðåííåé ïîâåðõíîñòè.

2. Fallacia gusliakovi Kovtun sp. nov. 
Valvae lata-ovata paulo excussus 16 mkm longae, 7 mkm latae, areolae rotundae 

in parallelas paulo radiales serius formate. Series 40-44 per 10 mkm et 48 areolae per 
10 mkm. Iter raphe continuum in finibus paulo curvum in unum latus. Area centralis 
nitida sine areolis transversa-lata-ovata (fig. 2).

H o l o t y p u s: diapositivum ¹ 301, SEM.

Ðèñ. 2. Fallacia gusliakovi Kovtun sp. nov. – âíóòðåííÿÿ ïîâåðõíîñòü ñòâîðêè 
(ÑÝÌ, ëèíåéêà íà ôîòî – 1 ìêì).

Fig. 2. Fallacia gusliakovi Kovtun sp. nov. – internal surface of valve 
(SEM, line at photo – 1 mkm).

Ñòâîðêà øèðîêîîâàëüíàÿ, ñëåãêà âûòÿíóòàÿ, äëèíà 16 ìêì, øèðèíà 7 ìêì. 
Àðåîëû êðóãëûå, ñîáðàíû â ïàðàëëåëüíûå, ñëàáî ðàäèàëüíûå ðÿäû. 40 – 44 ðÿäîâ 
â 10 ìêì è äî 48 àðåîë â 10 ìêì ðÿäà. Øîâíûé êàíàë íåïðåðûâíûé, íà êîíöàõ 
ñëåãêà çàãíóò â îäíó ñòîðîíó. Öåíòðàëüíîå ïîëå ÷èñòîå, áåç àðåîë, ïîïåðå÷íî-
øèðîêîîâàëüíîé ôîðìû. Îñåâîå ïîëå ëèíåéíîå, ñðåäíåå áîëåå èëè ìåíåå ïîïåðåê-
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ðàñøèðåííîå è ñîåäèíåíû ñ ãëàäêèìè áîêîâûìè ïðîäîëüíûìè ïîëÿìè, îáðàçóþùèìè 
âìåñòå ëèðîâèäíóþ ôèãóðó (ðèñ. 2).

Ò è ï. Óêðàèíà, Òèëèãóëüñêèé ëèìàí; â áåíòîñå íà èëèñòî-ïåñ÷àíîì ãðóíòå, 
ñîëåíîñòü 15 ‰, òåìïåðàòóðà 17 îÑ, åäèíè÷íî, Õ. 1998, Î.À. Êîâòóí; õðàíèòñÿ íà 
Ãèäðîáèîëîãè÷åñêîé ñòàíöèè ÎÍÓ èìåíè È. È. Ìå÷íèêîâà (ã. Îäåññà).

Ã î ë î ò è ï : äèàïîçèòèâ ¹ 301, ÑÝÌ.
Ôîðìîé è îáùåé ñòðóêòóðîé ñòâîðêè ñõîäíà ñ Fallacia forcipata (Grev.) Stick. 

et Mann (= Navicula forcipata Grev., Lyrella forcipata (Grev.) Gusl. et Kar.), îäíàêî 
ñèëüíî îòëè÷àåòñÿ îò íåå ðàçìåðàìè è êîëè÷åñòâåííûìè õàðàêòåðèñòèêàìè àðåîë.

Èç äðóãèõ âèäîâ ïî ðàçìåðíûì õàðàêòåðèñòèêàì ñðàâíèìà òîëüêî ñ Fallacia 
pygmaea (Kütz.) Stick. et Mann (=Navicula pygmaea Kütz., Lyrella pygmaea (Kütz.) 
Makar. et Kar.), äëÿ êîòîðîé õàðàêòåðíû êëåòêè äëèíîé 17-35 ìêì, øèðèíîé 8-10 
ìêì è 25-27 ðÿäàìè àðåîë â 10 ìêì, à òàêæå ñ îïèñàííûì Í. Å. Ãóñëÿêîâûì è äð. 
[3] âèäîì Lyrella phylophorae Gusl. Äëÿ ýòîãî âèäà óêàçàíû ñëåäóþùèå ðàçìåðíûå 
õàðàêòåðèñòèêè: äëèíà 7-12 ìêì, øèðèíà 4-6 ìêì, äî 60 àðåîë â 10 ìêì, îêîëî 30 
ðÿäîâ àðåîë â 10 ìêì (òàáë.). 

Íîâûé âèä ïðîÿâëÿåò òàêæå íåêîòîðîå ñõîäñòâî ñ èñêîïàåìûì âíóòðèâèäîâûì 
òàêñîíîì Navicula hyalina Donk. var. fossiluis Pant., äëÿ êîòîðîãî óêàçûâàþòñÿ 
ñëåäóþùèå ðàçìåðíûå äàííûå: 23,5 ìêì äëèíà, 9 ìêì øèðèíà. Âèä èçâåñòåí èç 
ìèîöåíîâûõ îòëîæåíèé Êåð÷åíñêîãî ïîëóîñòðîâà [14]. 

Òàáëèöà

Ñðàâíèòåëüíàÿ õàðàêòåðèñòèêà âèäîâ Fallacia gusliakovi Kovtun sp. nov.
è Fallacia forcipata (Grev.) Stick. et Mann

Âèä Äëèíà Øèðèíà
Êîëè÷åñòâî 

ðÿäîâ 
â 10 ìêì

Êîëè÷åñòâî 
àðåîë 

â 10 ìêì
Fallacia forcipata, ïî [3] 54-60 16-22 13-14 íå ïðèâîäÿò

F. forcipata, ïî [11] 30-80 12-24 13-16 22

F. forcipata, ïî [12] 40-80 20-26 13 17-20 

F. forcipata, ïî [14] 55-68 21-25 13-14 íå ïðèâîäÿò

F. forcipata, ïî [17] 20-80 10-24 13-16 22

Fallacia gusliakovi Kovtun sp.nov. 16 7 40-44 Äî 48

Òàêèì îáðàçîì, îïèñàíèå íàéäåííîãî íàìè âèäà íå ñîâïàäàåò íè ñ îäíèì èç 
èçâåñòíûõ ïî ëèòåðàòóðå òàêñîíîâ äèàòîìîâûõ âîäîðîñëåé. Ýòîò âèä, îñîáåííî 
îòëè÷àÿñü îò âñåõ áëèçêèõ âèäîâ, èìååò çíà÷èòåëüíî áîëüøåå êîëè÷åñòâî àðåîë 
â ðÿäàõ è â 10 ìêì ðÿäà. Èçó÷åíèå ñòðóêòóðû ýòîãî âèäà â ñâåòîâîì ìèêðîñêîïå 
ìàëîïåðñïåêòèâíî èç-çà î÷åíü ìåëêèõ ðàçìåðîâ âèäà è íåâîçìîæíîñòè óâèäåòü è 
ïîñ÷èòàòü ìåëêèå äèàãíîñòè÷åñêèå ñòðóêòóðû. Â ñâÿçè ñî ñêóäíîñòüþ èññëåäîâàííî-
ãî ìàòåðèàëà è äëÿ áîëåå ïîëíîãî èçó÷åíèÿ îñíîâíûõ ìîðôîëîãè÷åñêèõ ïàðàìåòðîâ, 
íåîáõîäèìî èçó÷èòü íà ÑÝÌ óëüòðàñòðóêòóðó íàðóæíîé ïîâåðõíîñòè ñòâîðêè.

Âèä íàçâàí â ÷åñòü èçâåñòíîãî óêðàèíñêîãî àëüãîëîãà, äîêòîðà áèîëîãè÷åñêèõ 
íàóê Ãóñëÿêîâà Íèêîëàÿ Åìåëüÿíîâè÷à.

Íàõîæäåíèå áîëüøîãî êîëè÷åñòâà íîâûõ òàêñîíîâ â Òèëèãóëüñêîì ëèìàíå 
ñâèäåòåëüñòâóåò î çíà÷èòåëüíûõ ïåðåñòðîéêàõ â åãî áèîòå, êîòîðûå ïðîèçîøëè 
â ïîñëåäíåå âðåìÿ èç-çà èçìåíèâøèõñÿ ãèäðîëîãî-ãèäðîõèìè÷åñêèõ óñëîâèé. Îá-
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íàðóæåíèå íîâûõ è ðåäêèõ âèäîâ, â òîì ÷èñëå íîâûõ è äëÿ ëèìàíîâ Ñåâåðíîãî 
Ïðè÷åðíîìîðüÿ, ñâèäåòåëüñòâóåò îá îðèãèíàëüíîñòè åãî ôëîðû, ÷òî äàåò îñíîâàíèå 
äëÿ äàëüíåéøåãî, áîëåå äåòàëüíîãî å¸ èçó÷åíèÿ. 

Àâòîð áëàãîäàðèò íàó÷íûõ ñîòðóäíèêîâ Èíñòèòóòà áîòàíèêè èìåíè 
Í.Ã. Õîëîäíîãî ÍÀÍ Óêðàèíû (ã. Êèåâ) Î.À. Çàêîðäîíöà è À.Ô. Êðàõìàëüíîãî 
çà íåîöåíèìóþ ïîìîùü ïðè ðàáîòå íà ýëåêòðîííîì ñêàíèðóþùåì ìèêðîñêîïå, 
â ðåçóëüòàòå êîòîðîé è ïîëó÷åíû èñõîäíûå ôîòîãðàôèè.
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Ðåôåðàò

Ó áåíòîñ³ Òèë³ãóëüñüêîãî ëèìàíó âèÿâëåíèé 181 âèäîâèé ³ âíóòð³øíüîâèäî-
âèé òàêñîí ä³àòîìîâèõ âîäîðîñòåé. Ç íèõ âïåðøå ïðèâîäÿòüñÿ äëÿ âîäîéìè 
– 74, âïåðøå äëÿ ëèìàí³â Ï³âí³÷íî-Çàõ³äíîãî Ïðè÷îðíîìîð’ÿ – 25. Îïèñàí³ 
ÿê íîâ³ äëÿ íàóêè – Cocconeis scutellum var. tiligulicus Kovtun var. nov. è 
Fallacia gusliakovi Kovtun sp. nov., ïðåäñòàâëåí³ ¿õ ì³êðîôîòîãðàô³¿.

Ê ë þ ÷ î â ³  ñ ë î â à: Bacillariophyta, íîâ³ òàêñîíè, áåíòîñ, Òèë³ãóëüñü-
êèé ëèìàí.
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NEW TAXONS OF BENTHIC DIATOM ALGAE OF THE 
TILIGUL ESTUARY (THE NORTH-WESTERN PART 
OF THE BLACK SEA COAST)

Summary

181 species and taxons of the diatom algae were revealed in benthos of the 
Tiligul Estuary. 74 of them are represented for the reservoir for the first time 
and 25 for the first time for the estuaries of the north-western part of the 
Black Sea. Cocconeis scutellum var. tiligulicus Kovtun var. nov. and Fallacia 
gusliakovi Kovtun sp. nov. are described as new species for science. The 
original micrographs are presented.

K e y  w o r d s: Bacillariophyta, new taxons, benthos, the Tiligul Estuary. 
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ÆÈÐÍÎÊÈÑËÎÒÍÛÉ ÑÎÑÒÀÂ ÁÀÊÒÅÐÈÉ ÐÎÄÀ 
PSYCHROBACTER, ÂÛÄÅËÅÍÍÛÕ ÈÇ ÂÎÄÛ 

×ÅÐÍÎÃÎ ÌÎÐß

Æèðíîêèñëîòíûå ñïåêòðû òðåõ øòàììîâ áàêòåðèé, âûäåëåííûõ 
èç âîäû ×åðíîãî ìîðÿ è îòíåñåííûõ, ñîãëàñíî äàííûì ôåíîòèïè-
÷åñêîãî àíàëèçà è ÷àñòè÷íîãî ñèêâåíñà 16S ðÐÍÊ ê ðîäó Psychro-
bacter, áûëè òèïè÷íûìè äëÿ ïðåäñòàâèòåëåé ýòîãî ðîäà è ñîäåð-
æàëè â êà÷åñòâå âàæíåéøèõ êîìïîíåíòîâ íåíàñûùåííûå æèðíûå 
êèñëîòû Ñ18:1 (61,89 – 74,86 %), Ñ17:1 (6,48 – 22,96 %) è Ñ16:1 
(4,58 – 7,26 %). Â êà÷åñòâå ìèíîðíûõ êîìïîíåíòîâ ïðèñóòñòâî-
âàëè Ñ12:0, Ñ16:0, Ñ18:0, ó îòäåëüíûõ øòàììîâ – 12-èçî-Ñ15:0 è 
èçî-Ñ17:0 êèñëîòû. Ðåçóëüòàòû ôåíîòèïè÷åñêèõ è õåìîòàêñîíî-
ìè÷åñêèõ èññëåäîâàíèé ñâèäåòåëüñòâóþò îá îòëè÷èÿõ ÷åðíîìîð-
ñêèõ èçîëÿòîâ îò ýâîëþöèîííî áëèçêîãî èì âèäà P. glacincola. 

Ê ë þ ÷ å â û å  ñ ë î â à: ñîñòàâ æèðíûõ êèñëîò, áàêòåðèè ðîäà 
Psychrobacter, ×åðíîå ìîðå. 

  Ðîä Psychrobacter [7] ñ òèïîâûì âèäîì P. immobilis îïèñàí â 1986 ã. äëÿ 
ãðàìîòðèöàòåëüíûõ îêñèäàçîïîëîæèòåëüíûõ íåôåðìåíòèðóþùèõ áåñïèãìåíòíûõ 
íåïîäâèæíûõ êîêêîáàöèëë, ïðèíàäëåæàùèõ ê ñåìåéñòâó Moraxellaceae è øèðîêî 
ðàñïðîñòðàíåííûõ â ìîðñêîé è íàçåìíîé ñðåäå îáèòàíèÿ. 

 Ïñèõðîáàêòåðû áûëè èçîëèðîâàíû èç ìîðñêîé âîäû [8, 9], æàáð è êîæè ðûá, 
ìîðñêèõ áåñïîçâîíî÷íûõ [9], ïèùåâûõ ïðîäóêòîâ è êëèíè÷åñêèõ èñòî÷íèêîâ [10]. 
Íîâûå ýêñòðåìîôèëüíûå âèäû ðîäà Psychrobacter áûëè íàéäåíû â ïîñëåäíèå ãîäû 
âî ëüäàõ, ìîðñêîé âîäå è ïî÷âàõ Àíòàðêòèêè – â ìåñòàõ ïîñåëåíèÿ ïèíãâèíîâ [4, 5]. 

Ïðè èññëåäîâàíèè ãàëîôèëüíûõ áàêòåðèé ×åðíîãî ìîðÿ íàìè èç îáðàçöîâ âîäû, 
îòîáðàííûõ â Êàðàäàãñêîì çàïîâåäíèêå, áûëè âûäåëåíû òðè øòàììà ãðàìîòðè-
öàòåëüíûõ íåïîäâèæíûõ ïñèõðîòðîôíûõ ìèêðîîðãàíèçìîâ, íóæäàþùèõñÿ â èîíàõ 
íàòðèÿ è îòíåñåííûõ, íà îñíîâàíèè èçó÷åíèÿ èõ ôåíîòèïè÷åñêèõ ñâîéñòâ è äàííûõ 
÷àñòè÷íîãî ñèêâåíñà 16S ðÐÍÊ, ê ðîäó Psychrobacter. Ôèëîãåíåòè÷åñêè è ôåíîòèïè-
÷åñêè èññëåäîâàííûå èçîëÿòû áûëè áëèçêè ýêñòðåìîôèëüíîìó âèäó P. glacincola, 
âûäåëåííîìó èç ìàòåðèêîâîãî ëüäà Àíòàðêòèäû [10]. Îäíàêî îíè îòëè÷àëèñü îò 
íåãî óðîâíåì ãàëîòîëåðàíòíîñòè, îòíîøåíèåì ê òåìïåðàòóðå è íåêîòîðûìè îñîáåí-
íîñòÿìè ñïåêòðîâ óãëåðîäíîãî ïèòàíèÿ. Òàêèì îáðàçîì, âîïðîñ î òîì, îòíîñÿòñÿ 
ëè ÷åðíîìîðñêèå èçîëÿòû ê êàêîìó-òî ýêîòèïó P. glacincola èëè ïðèíàäëåæàò ê 
ñàìîñòîÿòåëüíîìó âèäó ðîäà Psychrobacter, íå áûë ðåøåí îêîí÷àòåëüíî. 
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Îäíèì èç âàæíûõ õåìîòàêñîíîìè÷åñêèõ êðèòåðèåâ, øèðîêî èñïîëüçóåìûõ ïðè 
õàðàêòåðèñòèêå íîâûõ âèäîâ áàêòåðèé, ÿâëÿåòñÿ èõ æèðíîêèñëîòíûé ñîñòàâ. 

Öåëüþ íàñòîÿùåé ðàáîòû áûëî èññëåäîâàíèå îáùèõ æèðíîêèñëîòíûõ ñïåêòðîâ 
íàçâàííûõ áàêòåðèé ñ öåëüþ óòî÷íåíèÿ èõ òàêñîíîìè÷åñêîãî ïîëîæåíèÿ. 

Ìàòåðèàëû è ìåòîäû 
Îáúåêòîì èññëåäîâàíèÿ ñëóæèëè øòàììû Psychrobacter spp. ÓÊÌ (Óêðàèíñêàÿ 

Êîëëåêöèÿ Ìèêðîîðãàíèçìîâ) Â-11100, ÓÊÌ Â-11101 è ÓÊÌ Â-11102. Áàêòåðèè 
õðàíèëè íà ïîëóæèäêîé ïèòàòåëüíîé ñðåäå Â äëÿ ìîðñêèõ áàêòåðèé [3] ïîä ñëîåì 
ñòåðèëüíîãî âàçåëèíîâîãî ìàñëà ïðè êîìíàòíîé òåìïåðàòóðå. Ñðåäà ñîäåðæàëà ã/ë: 
ïåïòîíà – 5,0; äðîææåâîãî ýêñòðàêòà – 2,5; ãëþêîçû – 1,0; K

2
HPO

4
 – 0,3; MgSO

4
 

– 0,05; NaCl – 12,5; àãàð-àãàð – 20; ðÍ 7,5-7,8. Äëÿ èçó÷åíèÿ ñâîéñòâ áàêòåðèé, 
â òîì ÷èñëå æèðíîêèñëîòíîãî ñîñòàâà, èõ âûñåâàëè íà ñêîøåííóþ àãàðèçîâàííóþ 
ñðåäó Â è èíêóáèðîâàëè ïðè 26 °Ñ. Ìåòîäû ôåíîòèïè÷åñêèõ èññëåäîâàíèé, àìï-
ëèôèêàöèè ÄÍÊ è ôèëîãåíåòè÷åñêîãî àíàëèçà îïèñàíû íàìè ðàíåå [2].

Æèðíîêèñëîòíûé ñîñòàâ êëåòî÷íûõ ëèïèäîâ èçó÷àëè ìåòîäîì õðîìàòî-ìàññ-
ñïåêòðîìåòðèè. Ïðîáû äëÿ àíàëèçà ãîòîâèëè ñîãëàñíî ìåòîäèêå ïðèãîòîâëåíèÿ 
ìåòèëîâûõ ýôèðîâ æèðíûõ êèñëîò áàêòåðèé [6].

Èññëåäîâàíèÿ ïðîâîäèëè íà õðîìàòîãðàôå Agilent 6890N ñ ìàññ-ñïåêòðîìåò-
ðè÷åñêèì äåòåêòîðîì Agilent 5973 inert (êàïèëëÿðíàÿ êîëîíêà HP-5MS: 30 m × 
0,25 mm × 0,25µm (J&W Scientific, USA). Îáúåì ïðîáû – 1,0 ìêë; ðåæèì – split; 
ãàç-íîñèòåëü – ãåëèé; ñêîðîñòü ïîòîêà – 1,0 ìë/ìèí; íà÷àëüíàÿ òåìïåðàòóðà êîëîíêè 
– 150 °Ñ; êîíå÷íàÿ òåìïåðàòóðà êîëîíêè – 250 °Ñ; òåìïåðàòóðíûé ãðàäèåíò – 
4 °Ñ/ìèí; òåìïåðàòóðà èíòåðôåéñà – 280 °Ñ; òèï èîíèçàöèè – ýëåêòðîííûé óäàð; 
ýíåðãèÿ èîíèçàöèè – 70 åÂ. 

Îáðàáîòêó äàííûõ õðîìàòî-ìàññ-ñïåêòðîìåòðè÷åñêîãî àíàëèçà ïðîâîäèëè ñ 
ïîìîùüþ êîìïüþòåðíîé ïðîãðàììû ChemStation è èíòåãðèðîâàííîé áàçû äàííûõ 
ìàññ-ñïåêòðîâ NIST 02, à òàêæå ñòàíäàðòà ìåòèëîâûõ ýôèðîâ æèðíûõ êèñëîò 
áàêòåðèé (Supelco, ¹ 4708-U, USA). 

Ðåçóëüòàòû è èõ îáñóæäåíèå
Äàííûå ÏÖÐ-àìïëèôèêàöèè è ïîñëåäóþùåãî ñèêâåíèðîâàíèÿ ó÷àñòêîâ ãåíà 

16S ðÐÍÊ ñ äëèíîé îò 448 äî 456 íóêëåîòèäîâ ñâèäåòåëüñòâîâàëè î ïðèíà-
äëåæíîñòè èññëåäóåìûõ ìèêðîîðãàíèçìîâ ê ðîäó Psychrobacter. Ýâîëþöèîííî 
íàèáîëåå áëèçêèì ê íèì îêàçàëñÿ øòàìì Psychrobacter glacincola U 85876, 
îáíàðóæèâøèé 98 % ñõîäñòâà ïîñëåäîâàòåëüíîñòåé ñ èäåíòè÷íûìè ôðàãìåí-
òàìè èõ 16S ðÐÍÊ. 

Ïî ñâîèì ôåíîòèïè÷åñêèì ñâîéñòâàì áàêòåðèè ñîîòâåòñòâîâàëè äèàãíîçó ðîäà 
Psychrobacter [7] è ïðåäñòàâëÿëè ñîáîé àýðîáíûå, ãðàìîòðèöàòåëüíûå íåïîäâèæ-
íûå, íåñïîðîîáðàçóþùèå êîêêîáàöèëëû, êàòàëàçî- è îêñèäàçîïîëîæèòåëüíûå, 
ëèøåííûå àðãèíèíäèãèäðîëàçû, îðíèòèí- è ëèçèí-äåêàðáîêñèëàçû, íå òðåáóþùèå 
äîïîëíèòåëüíûõ ôàêòîðîâ ðîñòà. Îíè õîðîøî ðîñëè íà ïðîñòûõ ìèíåðàëüíûõ ñðå-
äàõ è óñâàèâàëè áóòèðàò, àñïàðàãèí, ãëþòàìàò è ïðîëèí â êà÷åñòâå åäèíñòâåííîãî 
èñòî÷íèêà óãëåðîäà è ýíåðãèè. 

Îäíàêî, åñëè ðåçóëüòàòû ìîëåêóëÿðíî-ãåíåòè÷åñêèõ èññëåäîâàíèé ñâèäåòåëü-
ñòâîâàëè îá ýâîëþöèîííîé áëèçîñòè ÷åðíîìîðñêèõ êóëüòóð ýêñòðåìîôèëüíîìó 
Psychrobacter glacincola, òî â èõ ôåíîòèïè÷åñêèõ õàðàêòåðèñòèêàõ íàáëþäàëèñü 
îïðåäåëåííûå îòëè÷èÿ (òàáë.1). 
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Òàáëèöà 1

Íåêîòîðûå ôåíîòèïè÷åñêèå îòëè÷èÿ ìåæäó ÷åðíîìîðñêèìè øòàììàìè 
Psychrobacter è àíòàðêòè÷åñêèì Psychrobacter glacincola

Ñâîéñòâî
Øòàììû Psychrobacter
èç âîäû ×åðíîãî ìîðÿ

P. glacincola [4]

Ðîñò â ïðèñóòñòâèè 
15 % NaCl â ñðåäå

− +

Îïòèìàëüíàÿ 
òåìïåðàòóðà ðîñòà 

+26 °Ñ +13÷15 °Ñ

Óñâîåíèå â êà÷åñòâå 
åäèíñòâåííîãî

èñòî÷íèêà óãëåðîäà: 
D-ãëþêîçû + −

Ñàõàðîçû + −

D-ôðóêòîçû + −

òðåãàëîçû + −

öåëëîáèîçû + −

ñîðáèòà + −

l-ìàëàòà + −

Ïðèìå÷àíèå: “+” ïðèçíàê ïîëîæèòåëåí; “−" ïðèçíàê îòðèöàòåëåí

 ×åðíîìîðñêèå êóëüòóðû òðåáóþò äëÿ ðîñòà èîíû Na+ è ñõîäíû â ýòîì îòíîøå-
íèè ñ P. glacincola. Îäíàêî, åñëè ïîñëåäíèé âûäåðæèâàåò äî 15 % NaCl â ñðåäå, 
òî äëÿ áîëüøèíñòâà èññëåäóåìûõ áàêòåðèé ìàêñèìàëüíî ïåðåíîñèìîé ÿâëÿåòñÿ â 
òðè ðàçà ìåíüøàÿ êîíöåíòðàöèÿ. Îòëè÷èÿ â ñïåêòðàõ óãëåðîäíîãî ïèòàíèÿ äâóõ 
ðàññìàòðèâàåìûõ ãðóïï ìèêðîîðãàíèçìîâ êàñàþòñÿ ñïîñîáíîñòè ÷åðíîìîðñêèõ 
ïñèõðîáàêòåðîâ óñâàèâàòü óãëåâîäû è íåêîòîðûå äðóãèå ñîåäèíåíèÿ, íåäîñòóïíûå 
äëÿ àíòàðêòè÷åñêîãî âèäà. 

Íàêîíåö, ïîäîáíî äðóãèì ïñèõðîáàêòåðèÿì, ÷åðíîìîðñêèå èçîëÿòû – ïñèõ-
ðîòðîôû. Îäíàêî â îòëè÷èå îò P. glacincola, äëÿ êîòîðîãî âåðõíÿÿ ãðàíèöà òåì-
ïåðàòóðû ðîñòà +19÷22 °Ñ, òåîðåòè÷åñêè ðàññ÷èòàííûé ìèíèìóì – ìèíóñ 18 °Ñ, 
à îïòèìóì ëåæèò ïðè +13÷15 îÑ, âûäåëåííûå íàìè ïñèõðîáàêòåðû ðàñòóò ïðè 
áîëåå âûñîêèõ òåìïåðàòóðàõ.

Ðåçóëüòàòû èçó÷åíèÿ ëèïèäíîãî ñîñòàâà ðàññìàòðèâàåìûõ áàêòåðèé ïðåäñòàâ-
ëåíû â òàáë. 2.

Ïîäîáíî îñòàëüíûì ïðåäñòàâèòåëÿì ðîäà Psychrobacter (â òîì ÷èñëå è 
P. glacincola), ÷åðíîìîðñêèå èçîëÿòû îòëè÷àþòñÿ íàëè÷èåì â ñâîèõ æèðíîêèñëîòíûõ 
ïðîôèëÿõ òðåõ íåíàñûùåííûõ êèñëîò – Ñ18:1, Ñ17:1 è Ñ16:1, ñîñòàâëÿþùèõ áîëåå 
70 % èõ æèðíîêèñëîòíîãî ïóëà. Áîëåå òîãî, ïî óòâåðæäåíèþ àâòîðîâ, îïèñûâàâøèõ 
àíòàðêòè÷åñêèå âèäû [5], èõ æèðíîêèñëîòíûå ñïåêòðû ïðàêòè÷åñêè èäåíòè÷íû è 
íåîòëè÷èìû îò òàêîâûõ ó îñòàëüíûõ ïðåäñòàâèòåëåé ðîäà Psychrobacter. 

Îäíàêî ñóùåñòâóåò äðóãàÿ òî÷êà çðåíèÿ, ïîäòâåðæäàåìàÿ è ïîëó÷åííûìè íàìè 
äàííûìè: âèäîâóþ ñïåöèôèêó ïñèõðîáàêòåðèé îáóñëîâëèâàþò êàê êîëè÷åñòâåííûå 
ñîîòíîøåíèÿ íàçâàííûõ âûøå âàæíåéøèõ æèðíûõ êèñëîò, òàê è ìèíîðíûå êîìïî-
íåíòû èõ æèðíîêèñëîòíûõ ñïåêòðîâ (ðèñ. 1).

Â.Â. Êëî÷êî, À.Í. Îñòàï÷óê, Ë.Í. Áóöåíêî, Î.Ì. Îíèùåíêî,  Å.À. Êèïðèàíîâà 
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Òàáëèöà 2

Æèðíîêèñëîòíûé ñîñòàâ ÷åðíîìîðñêèõ ïñèõðîáàêòåðèé è íåêîòîðûõ âèäîâ 
ðîäà Psychrobacter

Æèðíûå
 êèñëîòû

Psychrobacter spð.
Psychrobacter 
submarinus 

KMM 225Ò [9]

Psychrobacter 
marincola KMM 

277Ò [9]
ÓÊÌ

 Â-11100
ÓÊÌ

 Â-11101
ÓÊÌ

 Â-11102

Ñ10:0 0 0 0 3,4 3,1

Ñ12:0 5,272 4,08 3,08 7,1 4,4

3-ÎÍ Ñ12:0 0 0 0 2,1 3,1

12iso-Ñ15:0 0 2,98 0 − −

Ñ16:0 3,08 2,94 2,80 − −

Ñ16:1 5,08 7,26 4,58 5,5 5,0

³so-Ñ17:0 0 0 1,27 − −

Ñ17:1 17,15 6,48 22,96 − −

Ñ18:0 1,56 1,40 3,42 − −

Ñ18:1 67,84 74,86 61,89 78,9 84,4

Ïðèìå÷àíèå: “−" äàííûå â ëèòåðàòóðå íå ïðèâîäÿòñÿ.

Çàìåòèì, ÷òî ìû íå íàøëè óïîìèíàíèÿ îá îáíàðóæåííûõ íàìè ìèíîðíûõ 
æèðíûõ êèñëîòàõ â îïèñàíèè æèðíîêèñëîòíîãî ñïåêòðà P. glacincola [4]. Âûâîä î 
âèäîâîé ñïåöèôèêå ëèïèäíîãî ñîñòàâà ïñèõðîáàêòåðèé ïîäòâåðæäàþò è ïðåäñòàâ-
ëåííûå â òàáë. 2 äëÿ ñðàâíåíèÿ æèðíîêèñëîòíûå ïðîôèëè äâóõ äðóãèõ ìîðñêèõ 
âèäîâ Psychrobacter. 

Ðèñ. 1. Æèðíîêèñëîòíûé ñïåêòð øòàììà Psychrobacter sp.ÓÊÌ Â-11100

Fig. 1. Fatty acidic spectrum of the strain Psychrobacter sp. UKM B-11100
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Åùå áîëåå ðàçèòåëüíûå îòëè÷èÿ îáíàðóæèâàþòñÿ ïðè àíàëèçå æèðíîêèñ-
ëîòíîãî ñîñòàâà òèïîâîãî øòàììà Moraxella phenylpyruvicà (â íàñòîÿùå âðåìÿ 
Psychrobacter phenylpyruvicus [10]), ñîäåðæàùåãî â êà÷åñòâå ìèíîðíûõ êîìïîíåíòîâ 
Ñ14:0 è Ñ15:0 êèñëîòû, òàêæå 3-îêñèäåêàíîâóþ êèñëîòó [1]. Ýòîò âèä îòëè÷àåòñÿ 
è ýêîëîãèåé – â îòëè÷èå îò îñòàëüíûõ âèäîâ ïñèõðîáàêòåðèé, îí âûäåëåí èç êëè-
íè÷åñêèõ èñòî÷íèêîâ. 

Òàêèì îáðàçîì, áàêòåðèè, âûäåëåííûå èç âîäû ×åðíîãî ìîðÿ, ïî ñâîèì ôåíî-
òèïè÷åñêèì ñâîéñòâàì, ðåçóëüòàòàì ÷àñòè÷íîãî ñèêâåíñà 16S ðÐÍÊ, æèðíîêèñëîò-
íîìó ñîñòàâó ÿâëÿþòñÿ òèïè÷íûìè ïðåäñòàâèòåëÿìè ðîäà Psychrobacter. Â òî æå 
âðåìÿ, íåêîòîðûå ôåíîòèïè÷åñêèå ñâîéñòâà è õåìîòàêñîíîìè÷åñêèå îñîáåííîñòè 
(ëèïèäíûé ñîñòàâ) ñâèäåòåëüñòâóþò îá èõ ñóùåñòâåííûõ îòëè÷èÿõ îò ýâîëþöèîííî 
áëèçêîãî ýêñòðåìîôèëüíîãî âèäà P. glacincola, ÷òî ïîçâîëÿåò ïðåäïîëîæèòü èõ 
ïðèíàäëåæíîñòü ê íîâîìó âèäó ðîäà Psychrobacter. 
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ÆÈÐÍÎÊÈÑËÎÒÍÈÉ ÑÊËÀÄ ÁÀÊÒÅÐ²É ÐÎÄÓ 
PSYCHROBACTER, ÂÈÄ²ËÅÍÈÕ Ç ÂÎÄÈ ×ÎÐÍÎÃÎ ÌÎÐß

Ðåôåðàò 

Æèðíîêèñëîòí³ ñïåêòðè òðüîõ øòàì³â áàêòåð³é, âèä³ëåíèõ ç âîäè ×îðíîãî 
ìîðÿ òà â³äíåñåíèõ, çã³äíî äàíèõ ôåíîòèïîâîãî àíàë³çó ³ ÷àñòêîâîãî ñ³êâåíñó 
16S ðÐÍÊ, äî ðîäó Psychrobacter, áóëè òèïîâèìè ïðåäñòàâíèêàìè öüîãî 
ðîäó ³ ì³ñòèëè ÿê íàéâàæëèâ³ø³ êîìïîíåíòè íåíàñè÷åí³ æèðí³ êèñëîòè Ñ18:1 
(61,89 – 74,86 %), Ñ17:1 (6,48 – 22,96 %) ³ Ñ16:1 (4,58 – 7,26 %). ßê 
ì³íîðí³ êîìïîíåíòè áóëè ïðèñóòí³ Ñ12:0, Ñ16:0, Ñ18:0, ó îêðåìèõ øòàì³â 
– 12-³çî-Ñ15:0 òà ³çî-Ñ17:0 êèñëîòè. Ðåçóëüòàòè ôåíîòèïîâèõ ³ õåìîòàêñî-
íîì³÷íèõ äîñë³äæåíü ñâ³ä÷àòü ïðî â³äì³íí³ñòü ÷îðíîìîðñüêèõ ³çîëÿò³â â³ä 
åâîëþö³éíî áëèçüêîãî ¿ì âèäó P. glacincola . 

Ê ë þ ÷ î â ³  ñ ë î â à: ñêëàä æèðíèõ êèñëîò, áàêòåð³¿ ðîäó Psychrobacter, 
×îðíå ìîðå. 

V.V. Klochko, A.N. Ostapchuk, L.N. Butsenko, O.M. Onischenko, 
E.A. Kiprianova 

Zabolotny Institute of Microbiology and Virology, UNAS, Zabolotnogo str., 
154, Kiev, D 03680, Ukraine, 
tel.: 8 (044) 526 11 79, e-mail: vvk@serv.imv.kiev.ua 

FAT-ACIDIC COMPOSITION OF BACTERIA OF THE GENUS 
PSYCHROBACTER ISOLATED FROM THE BLACK SEA WATER

Summary

The fat-acidic spectra of three bacterial strains isolated from the Black sea water 
and assigned to Psychrobacter genus according to the phenotypical analysis 
and partial 16S rRNA sequence data were common for the representatives of 
this genus. They contained as the main components the unsaturated fatty acids: 
C18:1 (61,89 – 74,86 %), C17:1 (6,48 – 22,96 %) and C16:1 (4,58 – 7,26 %). 
C12:0, C16:0, C18:0, and in the isolated strains – 12-iso-C15:0 and iso-C17:0 
fatty acids were present as the minor components. The results of phenotypical 
and chemotaxonomic study give evidence of the difference between the Black 
sea isolates and evolutionary related to them Psychrobacter glacincola.

K e y  w o r d s: fat-acidic composition, bacteria of the genus Psychrobacter, 
the Black Sea.
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Ð²ÑÒ CHLOROBIUM LIMICOLA YA-2002 
ÇÀ Ð²ÇÍÈÕ ÓÌÎÂ ÊÓËÜÒÈÂÓÂÀÍÍß

Äîñë³äæåíî óìîâè ðîñòó C. limicola Ya-2002. Ïîêàçàíî, ùî 
ìàêñèìàëüíèé ð³ñò áàêòåð³é â³äáóâàºòüñÿ çà ³íòåíñèâíîñò³ îñâ³òëåííÿ 
â 40 ëê. Çá³ëüøåííÿ ³íòåíñèâíîñò³ îñâ³òëåííÿ ñóïðîâîäæóºòüñÿ 
çíèæåííÿì ðîñòó êóëüòóðè. Çà äîïîìîãîþ åëåêòðîííî¿ ì³êðîñêîï³¿ 
ïîêàçàíî, ùî ð³çíà ³íòåíñèâí³ñòü îñâ³òëåííÿ êóëüòóðè âèêëèêàº 
çì³íè ó ôîòîñèíòåòè÷íîìó àïàðàò³ êë³òèí C. limicola Ya-2002. 
Êîíöåíòðàö³ÿ ñ³ðêîâîäíþ, ùî çàáåçïå÷óº ìàêñèìàëüíèé ð³ñò 
C. limicola, ñêëàäàº 4 ìÌ, çá³ëüøåííÿ âì³ñòó ñ³ðêîâîäíþ â ñåðåäîâèù³ 
ñóïðîâîäæóºòüñÿ ïðèãí³÷åííÿì ðîñòó êóëüòóðè. Êë³òèíè áàêòåð³é 
C. limicola Ya-2002 íå âèêîðèñòîâóþòü ãëþêîçó, ôðóêòîçó, ãàëàêòîçó 
ÿê äæåðåëî âóãëåöþ òà äîíîð åëåêòðîí³â. Ëèøå äîäàâàííÿ àöåòàòó 
³ ï³ðóâàòó ñòèìóëþº ð³ñò êóëüòóðè çà íàÿâíîñò³ ÑÎ2 ³ Í2S â 
ñåðåäîâèù³. Ïîêàçàíî, ùî çåëåí³ ñ³ðêîáàêòåð³¿ C. limicola Ya-2002 
çäàòí³ âèêîðèñòîâóâàòè àìîí³éíèé, àì³ííèé ³ ìîëåêóëÿðíèé àçîò. 
Í³òðàòíà ôîðìà àçîòó íå âèêîðèñòîâóºòüñÿ áàêòåð³ÿìè. Äî-
äàâàííÿ í³òðàò³â äî ñåðåäîâèùà ïðèãí³÷óº ïðîöåñ àçîòô³êñàö³¿.

Ê ë þ ÷ î â ³  ñ ë î â à : çåëåí³ ñ³ðêîáàêòåð³¿, ð³ñò, ñ³ðêîâîäåíü.

Çåëåí³ ôîòîòðîôí³ ñ³ðêîâ³ áàêòåð³¿ çóñòð³÷àþòñÿ ìàéæå â êîæíîìó âîäíîìó 
áàñåéí³. Îäíàê, îñíîâíèìè ì³ñöÿìè ¿õ ³ñíóâàííÿ º ïð³ñí³ òà ñîëîí³ âîäîéìè, êîòð³ 
ì³ñòÿòü ñ³ðêîâîäåíü [2, 9, 11]. Ïåðåâàæíî, öå âîäîéìè çàñò³éíîãî òèïó ç âèñîêèì 
âì³ñòîì îðãàí³÷íèõ ðå÷îâèí. Ó òàêèõ ñåðåäîâèùàõ ôîòîñèíòåçóâàëüí³ çåëåí³ ñ³ð-
êîáàêòåð³¿ ðîçâèâàþòüñÿ ó âåëèêèõ ê³ëüêîñòÿõ ³ º äîì³íóþ÷îþ ì³êðîôëîðîþ ïðè 
êîíöåíòðàö³¿ ñ³ðêîâîäíþ 50-100 ìã/ë. Âîíè óòâîðþþòü ñêóï÷åííÿ ó âèãëÿä³ çåëåíèõ 
ïëÿì ÷è ñóö³ëüíèõ íàëüîò³â íà äí³ îñâ³òëåíèõ ä³ëÿíîê âîäîéì [1, 4, 3]. Ôîòîòðîôí³ 
çåëåí³ ñ³ðêîáàêòåð³¿ º ïåðøèì áàð’ºðîì íà øëÿõó ïîøèðåííÿ ñ³ðêîâîäíþ ó âåðõí³ 
øàðè âîäîéì, ùî çàáåçïå÷óº ìîæëèâ³ñòü ðîçâèòêó òàì áàãàòüîõ ðîñëèííèõ òà òâà-
ðèííèõ îðãàí³çì³â. Ó âèïàäêó äîñòàòíüî¿ îñâ³òëåíîñò³ ö³ áàêòåð³¿ ñòàþòü ãîëîâíèìè 
ñïîæèâà÷àìè ñ³ðêîâîäíþ, âèêîðèñòîâóþ÷è éîãî ÿê äîíîð åëåêòðîí³â ó ïðîöåñ³ 
àíîêñèãåííîãî ôîòîñèíòåçó [9, 12].

Ìåòîþ ðîáîòè áóëî äîñë³äèòè âïëèâ îñâ³òëåííÿ, êîíöåíòðàö³¿ ñ³ðêîâîäíþ òà 
ð³çíèõ äæåðåë âóãëåöåâîãî æèâëåííÿ íà ïðîöåñ íàãðîìàäæåííÿ á³îìàñè çåëåíèìè 
ôîòîñèíòåçóâàëüíèìè ñ³ðêîáàêòåð³ÿìè C. limicola Ya-2002. 
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Ìàòåðiàëè i ìåòîäè 
Ó äîñë³äàõ âèêîðèñòîâóâàëè êóëüòóðó çåëåíèõ ôîòîñèíòåçóâàëüíèõ ñ³ðêîâèõ 

áàêòåð³é C. limicola Ya-2002, âèä³ëåíó ç âîäîéì ßâîð³âñüêîãî ñ³ðêîâîãî ðîäîâèùà, 
ùî áàãàò³ ñ³ðêîâîäíåì [1, 2]. Áàêòåð³¿ âèðîùóâàëè â àíàåðîáíèõ óìîâàõ ó ð³äêîìó 
ñåðåäîâèù³ Âàí Í³ëÿ [2] ïðîòÿãîì 8-10 ä³á ïðè òåìïåðàòóð³ 24 –25 îÑ ³ ïîñò³éíî-
ìó îñâ³òëåíí³ ïðîìåíÿìè ç äîâæèíîþ õâèë³ 740-800 íì. ²íòåíñèâí³ñòü îñâ³òëåííÿ 
âèì³ðþâàëè çà äîïîìîãîþ ëþêñîìåòðà Þ-116.

Âèçíà÷åííÿ á³îìàñè áàêòåð³é ïðîâîäèëè ôîòîåëåêòðîêîëîðèìåòðè÷íî (λ=450 
íì, äîâæèíà îïòè÷íîãî øëÿõó 3 ìì, ÔÅÊ–2 ÌÏ–ÓÕË×4.2). 

Ìîðôîëîã³÷í³ çì³íè â êë³òèíàõ áàêòåð³é âèâ÷àëè çà äîïîìîãîþ åëåêòðîííîãî 
òðàíñì³ñ³éíîãî ì³êðîñêîïà ÓÅÌÂ–100Á. Äëÿ âèãîòîâëåííÿ ì³êðîôîòîãðàô³é äâ³÷³ 
â³äìèò³ äèñòèëüîâàíîþ âîäîþ êë³òèíè îñàäæóâàëè öåíòðèôóãóâàííÿì ïðè 10 òèñ. îá./õâ 
ïðîòÿãîì 15 õâ. Êë³òèíè ô³êñóâàëè â 1,5 % ðîç÷èí³ ÎsÎ

4
 ó êàêîäèëàòíîìó áóôåð³ 

(ðÍ 7,2) ïðîòÿãîì 90 õâ ïðè 0 ÎÑ. Ô³êñîâàí³ êë³òèíè ïðîìèâàëè, îáåçâîäíþâàëè â 
ðîç÷èíàõ ³ç çðîñòàþ÷èìè êîíöåíòðàö³ÿìè åòàíîëó ³ îêèñó ïðîï³ëåíó. Çðàçêè ïåðå-
íîñèëè â åïîêñèäíó ñìîëó Epon 812. Çð³çè êë³òèí îòðèìóâàëè íà óëüòðàì³êðîòîì³ 
ÓÌÒÏ – 6 ³ êîíòðàñòóâàëè öèòðàòîì ñâèíöþ çà Ðåéíîëüäñîì. Äîñë³äæåííÿ çðàçê³â 
ïðîâîäèëè íà åëåêòðîííîìó òðàíñì³ñ³éíîìó ì³êðîñêîï³ ÓÅÌÂ–100Á [2]. Ñòàòèñ-
òè÷íå îáðîáëåííÿ îòðèìàíèõ ðåçóëüòàò³â ïðîâîäèëè ç âèêîðèñòàííÿì ïðîãðàìè 
“Microsoft Excel 2003”. Âèá³ð òàêòèêè ñòàòèñòè÷íîãî îáðîáëåííÿ ³ ï³äãîòîâêó äàíèõ 
äëÿ àíàë³çó çä³éñíþâàëè, áàçóþ÷èñü íà çàãàëüíîïðèéíÿòèõ ìåòîäàõ [7] çà ð³âíÿ 
äîñòîâ³ðíîñò³ Ð < 0,05.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Â³äîìî, ùî ³íòåíñèâí³ñòü íàãðîìàäæåííÿ á³îìàñè çåëåíèìè ôîòîñèíòåçó-

âàëüíèìè ñ³ðêîáàêòåð³ÿìè çàëåæèòü â³ä ð³çíèõ ôàêòîð³â ñåðåäîâèùà: ïðèðîäè ³ 
³íòåíñèâíîñò³ îñâ³òëåííÿ, êîíöåíòðàö³¿ ïåðâèííîãî äîíîðà åëåêòðîí³â, âóãëåöåâîãî 
æèâëåííÿ, ì³íåðàëüíîãî ñêëàäó ñåðåäîâèùà, òåìïåðàòóðè òîùî [5, 6, 7].

Ïðåäñòàâíèêè ðîäèíè Chlorobiaceae – îáë³ãàòí³ ôîòîë³òîàâòîòðîôè. Îñîáëèâ³ñ-
òþ öèõ áàêòåð³é º íàÿâí³ñòü ó êë³òèíàõ ñïåö³àëüíèõ ñâ³òëî÷óòëèâèõ âåçèêóë õëîðîñîì 
[6]. Ó öèõ ñòðóêòóðàõ, çàëåæíî â³ä âèäó áàêòåð³é, çíàõîäÿòüñÿ áàêòåð³îõëîðîô³ëè 
ñ, d òà å, à òàêîæ ë³ï³äè ³ êàðîòèíî¿äè. Ëîêàë³çîâàí³ â õëîðîñîìàõ áàêòåð³îõëîðî-
ô³ëè âèêîíóþòü ôóíêö³þ ñâ³òëîâëîâëþþ÷èõ àíòåí. Îñòàíí³ çâ’ÿçàí³ ç ðåàêö³éíèì 
öåíòðîì, ëîêàë³çîâàíèì ó ïëàçìàòè÷í³é ìåìáðàí³ ÷åðåç áàêòåð³îõëîðîô³ë à, ÿêèé 
çíàõîäèòüñÿ â áàçàëüí³é ïëàñòèíö³ ³ âèêîíóº ôóíêö³þ ïðîì³æíî¿ ëàíêè ïðè ïåðåíîñ³ 
åíåðã³¿ ñâ³òëà â³ä õëîðîñîì íà ðåàêö³éí³ öåíòðè [6, 8]. Âèñîêèé ñòóï³íü âïîðÿäêî-
âàíîñò³ äàíèõ ï³ãìåíò³â çä³éñíþºòüñÿ çà äîïîìîãîþ á³ëêîâèõ ìîëåêóë. 

Ïðîöåñ íàãðîìàäæåííÿ á³îìàñè çåëåíèìè ñ³ðêîáàêòåð³ÿìè çàëåæèòü íå ëèøå 
â³ä ñïåêòðàëüíîãî ñêëàäó ñâ³òëîâèõ ïðîìåí³â, àëå ³ â³ä ³íòåíñèâíîñò³ ñâ³òëîâîãî 
ïîòîêó. Íà ðèñ 1. ïîêàçàíî, ÿê âïëèâàº ³íòåíñèâí³ñòü îñâ³òëåííÿ êóëüòóðè íà ð³ñò 
C. limicola Ya-2002.

Äàí³ öüîãî åêñïåðèìåíòó ïîêàçóþòü, ùî ³íòåíñèâí³ñòü îñâ³òëåííÿ â³ä³ãðàº 
âàæëèâó ðîëü ó ïðîöåñ³ ðîñòó áàêòåð³é. Íàéá³ëüø ³íòåíñèâíî ð³ñò êóëüòóðè 
â³äáóâàâñÿ ïðè ñëàáêîìó îñâ³òëåíí³, ³íòåíñèâí³ñòü ÿêîãî íå ïåðåâèùóâàëà 40 ëê. 
Ïîäàëüøå çðîñòàííÿ ³íòåíñèâíîñò³ îñâ³òëåííÿ ñóïðîâîäæóâàëîñÿ ïðèãí³÷åííÿì 
ðîñòó êóëüòóðè, ïðî ùî ñâ³ä÷èëî çìåíøåííÿ á³îìàñè áàêòåð³é. Ïðè ³íòåíñèâíîñò³ 
150 ëê á³îìàñà áàêòåð³é çìåíøóâàëàñü ó äâà ðàçè, à ïðè 600 ëê ð³âåíü á³îìàñè áóâ 
ó ï’ÿòü ðàç³â ìåíøèì â³ä ìàêñèìàëüíîãî. 
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Ðèñ. 1. Âïëèâ iíòåíñèâíîñòi îñâiòëåííÿ íà ðiñò C. limicola Ya-2002

Fig. 1. Corrålation between lighting intensity and growth C. limicola Ya-2002
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Ðèñ. 2. Óëüòðàòîíêi çðiçè êëiòèí C. limicola Ya-2002, âèðîùåíèõ çà ðiçíî¿ 
îñâiòëåíîñòi: A – 40 ëê, Â – 600 ëê. Õ – õëîðîñîìè ( õ 50 000)

Fig. 2. Ultrathin sections of the cells C. limicola Ya-2002, grown under different 
intensity of light

Х

Åëåêòðîííà ì³êðîñêîï³ÿ êë³òèí, âèðîùåíèõ çà óìîâ ð³çíî¿ îñâ³òëåíîñò³, ïîêà-
çàëà, ùî êë³òèíè, âèðîùåí³ ïðè 40 ëê (ðèñ. 2), ì³ñòÿòü äîáðå ðîçâèíåíó ñèñòåìó 
õëîðîñîì, ùî â ñâîþ ÷åðãó ñâ³ä÷èòü ïðî âèñîêó ³íòåíñèâí³ñòü ïðîöåñó ôîòîñèíòåçó 
â êë³òèíàõ. Ó òîé ÷àñ, ÿê çà îñâ³òëåííÿ â 600 ëê ö³ ñòðóêòóðè ðîçâèíåí³ ñëàáî. 
Ïîä³áí³ çàêîíîì³ðíîñò³ ñèíòåçó áàêòåð³îõëîðîô³ë³â ³ óòâîðåííÿ õëîðîñîì çåëåíèìè 
ñ³ðêîâèìè áàêòåð³ÿìè îïèñàí³ â ë³òåðàòóð³ [9].
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Ôîòîòðîôí³ ñ³ðêîâ³ áàêòåð³¿ ìàþòü ëèøå îäíó ôîòîñèñòåìó ïåðøîãî 
òèïó, â ðåçóëüòàò³ ÷îãî íå çäàòí³ âèêîðèñòîâóâàòè âîäó ÿê ïåðâèííèé äîíîð 
åëåêòðîí³â [6]. Çàì³ñòü âîäè, çåëåí³ ñ³ðêîáàêòåð³¿ âèêîðèñòîâóþòü á³ëüø â³ä-
íîâëåí³ ñïîëóêè, íàïðèêëàä, ñ³ðêîâîäåíü. Ïîá³÷íèì ïðîäóêòîì ó ïðîöåñ³ 
ôîòîñèíòåçó ó öèõ áàêòåð³é º ñ³ðêà àáî ñóëüôàòè [9, 11]. Î÷åâèäíî, ó ôî-
òîòðîôíèõ ñ³ðêîâèõ áàêòåð³é êîíöåíòðàö³ÿ äîíîðà åëåêòðîí³â ó ñåðåäîâèù³ 
â³ä³ãðàº ïðîâ³äíó ðîëü ó ïðîöåñ³ ¿õ æèòòºä³ÿëüíîñò³. Íà ðèñ. 3 ïîêàçàíî ð³ñò 
C. limicola Ya-2002 íà ñåðåäîâèù³ ç ð³çíèìè êîíöåíòðàö³ÿìè ñóëüô³äó íàòð³þ.

ßê âèäíî ç ðèñ. 3, íàéâèùèé âèõ³ä á³îìàñè áàêòåð³é çàáåçïå÷óº êîíöåíòðàö³ÿ 
ñ³ðêîâîäíþ, ÿêà ñêëàäàº 4 ìÌ (ðèñ. 3). Ïîäàëüøå çðîñòàííÿ âì³ñòó ñóëüô³äó â 
ñåðåäîâèù³ íå ñïðèÿëî çá³ëüøåííþ á³îìàñè, à ñóïðîâîäæóâàëîñü ïðèãí³÷åííÿì 
ðîñòó êóëüòóðè, ùî, î÷åâèäíî, îáóìîâëåíî òîêñè÷íîþ ä³ºþ ö³º¿ ñïîëóêè íà êë³òèíè 
C. limicola Ya-2002. 
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Ðèñ. 3. Âïëèâ ðiçíî¿ êîíöåíòðàöi¿ ñóëüôiäó íàòðiþ íà ðiñò C. limicola Ya-2002

Fig. 3. Correlation between different sulphur nitrogen concentration 
and the growth of C. limicola Ya-2002

Çåëåí³ ñ³ðêîáàêòåð³¿ º îáë³ãàòí³ ôîòîë³òîàâòîòðîôè. Îäíàê, ó ë³òåðàòóð³ [11, 12] 
çóñòð³÷àþòüñÿ ïîâ³äîìëåííÿ ïðî òå, ùî äåÿê³ ïðåäñòàâíèêè ðîäèíè Chlorobiaceae 
ìîæóòü çàñâîþâàòè íåâåëèê³ ê³ëüêîñò³ îðãàí³÷íèõ ñïîëóê: ãëþêîçè, ôðóêòîçè, 
öóêðîçè, ìàí³òó, ìàëüòîçè, ï³ðóâàòó, àöåòàòó, öèòðàòó. Äîäàâàííÿ öèõ ñïîëóê â 
ñåðåäîâèùå ñóïðîâîäæóâàëîñü äåÿêèì ñòèìóëþâàííÿì ðîñòó êóëüòóðè, çàâäÿêè ¿õ 
âèêîðèñòàííþ ÿê äæåðåëà âóãëåöþ. Îäíàê, öå âèêîðèñòàííÿ áóëî ìîæëèâå ëèøå 
çà íàÿâíîñò³ â ñåðåäîâèù³ êóëüòèâóâàííÿ ñ³ðêîâîäíþ òà âóãëåêèñëîòè. Ïðè âèâ-
÷åíí³ çäàòíîñò³ C. limicola Ya-2002 âèêîðèñòîâóâàòè ãëþêîçó, ôðóêòîçó, öóêðîçó 
íàìè ïîêàçàíî (ðèñ. 4), ùî ö³ öóêðè íå âèêîðèñòîâóâàëèñü áàêòåð³ÿìè í³ ÿê äîíîðè 
åëåêòðîí³â, í³ ÿê äæåðåëî âóãëåöþ. 
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Ëèøå âíåñåííÿ ï³ðóâàòó òà àöåòàòó ñïðèÿëî çá³ëüøåííþ á³îìàñè 
C. limicola Ya-2002 íà 20 %. Òàêèé âïëèâ öèõ ñïîëóê ìîæíà ïîÿñíèòè 
ôóíêö³îíóâàííÿì ó C. limicola Ya-2002 öèêëó Àðíîíà, îäíèì ³ç ïðîì³æíèõ ïðîäóêò³â 
ÿêîãî º àöåòàò. Îñòàíí³é ó ïðåäñòàâíèê³â ðîäèíè Chlorobiaceae êàðáîêñèëþºòüñÿ äî 
ï³ðóâàòó, ÿêèé âèêîðèñòîâóºòüñÿ ó ðåàêö³ÿõ ãëþêîíåîãåíåçó [4, 11]. Ñë³ä â³äì³òèòè, 
ùî êë³òèíè áàêòåð³é íå ð îñòóòü çà â³äñóòíîñò³ ã³äðîêàðáîíàòó íàòð³þ â ñåðåäîâèù³.
Ùîá âèçíà÷èòè ôîðìè àçîòó, ÿê³ çàñâîþþòüñÿ C. limicolà Ya-2002, áàêòåð³¿ 
âèðîùóâàëè íà ñåðåäîâèùàõ ç ð³çíèìè ñïîëóêàìè àçîòó. Âèÿâèëîñü, ùî 
C. limicolà Ya-2002 çäàòí³ âèêîðèñòîâóâàòè ð³çí³ äæåðåëà àçîòó â ïðîöåñ³ ðîñòó (ðèñ. 5). 

Ï³ñëÿ 10-òè ä³á êóëüòèâóâàííÿ íàéá³ëüøèé âèõ³ä á³îìàñè ñïîñòåð³ãàëè ïðè 
ðîñò³ áàêòåð³é íà ñåðåäîâèù³ ç NH

4
Cl. Çã³äíî ç ë³òåðàòóðíèìè äàíèìè [4, 9, 11], 

àñèì³ëÿö³ÿ ñîëåé àìîí³þ çåëåíèìè ñ³ðêîáàêòåð³ÿìè â³äáóâàºòüñÿ çà äîïîìîãîþ 
ãëóòàì³íñèíòåòàçè ³ ãëóòàìàòñèíòàçè. Î÷åâèäíî, ó C. limicola ö³ ôåðìåíòè òàêîæ 
ïðîÿâëÿþòü âèñîêó àêòèâí³ñòü.

Á³îìàñà êë³òèí íà ñåðåäîâèù³ ç ïåïòîíîì ³ ñóì³øøþ àì³íîêèñëîò áóëà ëèøå 
íà 25-30 % ìåíøà, í³æ íà ñåðåäîâèù³ ç ñîëÿìè àìîí³þ, ùî ñâ³ä÷èòü ïðî çäàòí³ñòü 
C. limicola Ya-2002 çàñâîþâàòè àì³ííèé àçîò ñåðåäîâèùà.

Ïîä³áíî, ÿê íà ñåðåäîâèù³ ç àì³ííèì àçîòîì, áàêòåð³¿ äîáðå ðîñëè ³ çà 
â³äñóòíîñò³ äæåðåëà àçîòó, ùî, î÷åâèäíî, ñâ³ä÷èòü ïðî ¿õ çäàòí³ñòü äî ô³êñàö³¿ 
àòìîñôåðíîãî àçîòó [4]. Öÿ âëàñòèâ³ñòü ó C. limicola Ya-2002 ï³äòâåðäæóºòüñÿ 
äîñë³äàìè ç 10-òè êðàòíèìè ïåðåñ³âàìè êóëüòóðè íà ñåðåäîâèùà áåç àçîòó.

Îñîáëèâî¿ óâàãè çàñëóãîâóº åêñïåðèìåíò ç âèâ÷åííÿ íàãðîìàäæåííÿ á³îìàñè 
áàêòåð³ÿìè íà ñåðåäîâèù³ ç í³òðàòàìè. Ïðàêòè÷íî ð³ñò ó öüîìó âèïàäêó â³äñóò-
í³é. Ç ë³òåðàòóðíèõ äæåðåë â³äîìî [11], ùî ó á³ëüøîñò³ ïðåäñòàâíèê³â ðîäèíè 
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Ðèñ. 4. Âïëèâ îðãàíi÷íèõ ñïîëóê íà ðiñò C. limicola  Ya-2002. 
1 – êîíòðîëü (áåç îðãàíi÷íèõ ñïîëóê);  2 – ãëþêîçà;  3 – ôðóêòîçà;  

4 - ñàõàðîçà;  5 - àöåòàò;  6 - ïiðóâàò +  àöåòàò; 7 - ïiðóâàò 

Fig. 4. Correlation between organic compounds and the growth of C. limicola  
Ya-2002. 1  – control (without any organic compounds); 2 - glucose; 
3 - fructose; 4 - sucrose; 5 - acetate; 6 - piruvat + acetate; 7 - piruvat
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Ðèñ. 5. Ðiñò C. limicola Ya-2002 íà ñåðåäîâèùi ç ðiçíèìè äæåðåëàìè àçîòó: 
1 – áåç àçîòó, 2 – NH4Cl,  3 – ïåïòîí, 4 – CNO3 , 5 – àñïàðàãií + àðãiíií + ãëiöèí

Fig. 5. C. limicola Ya-2002 growth on the medium with different nitrogen 
sources: 1 – without nitrogen, 2 – NH4Cl, 3 – peptone, 4 – KNO3, 

5 – asparagine + arginine + glycine
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Chlorobiaceae â³äñóòíÿ àêòèâí³ñòü í³òðàòðåäóêòàçè. Îäíàê, ÿêùî âðàõóâàòè, ùî 
áàêòåð³¿ C. limicola Ya-2002 çäàòí³ äî àçîòô³êñàö³¿, íàïðîøóºòüñÿ âèñíîâîê, ùî 
ó öèõ ì³êðîîðãàí³çì³â íå ò³ëüêè â³äñóòíÿ í³òðàòðåäóêòàçà, àëå é òå, ùî í³òðàòè 
âèÿâëÿþòü ñèëüíó ³íã³áóþ÷ó ä³þ íà àêòèâí³ñòü í³òðîãåíàçè.

Òàêèì ÷èíîì, âèä³ëåíèé íàìè øòàì çåëåíèõ ñ³ðêîáàêòåð³é C. limicola Ya-2002 
äîáðå ðîñòå íà ì³íåðàëüíîìó ñåðåäîâèù³ ³ íàãðîìàäæóº á³îìàñó äî 5 ìã/ìë ïðî-
òÿãîì 8-10 ä³á êóëüòèâóâàííÿ. Ð³ñò êóëüòóðè âèçíà÷àºòüñÿ íàÿâí³ñòþ ñ³ðêîâîäíþ 
òà âóãëåêèñëîòè â ñåðåäîâèù³ êóëüòèâóâàííÿ. Íàãðîìàäæåííÿ á³îìàñè êóëüòóðîþ 
ñòèìóëþº íèçüêà ³íòåíñèâí³ñòü îñâ³òëåííÿ (40 ëê), çá³ëüøåííÿ ³íòåíñèâíîñò³ ïðè-
çâîäèòü äî ïðèãí³÷åííÿ ðîñòó. Ñóòòºâèé âïëèâ íà ð³ñò áàêòåð³é ìàº êîíöåíòðàö³ÿ 
ñ³ðêîâîäíþ. Ìàêñèìàëüíèé ð³ñò áàêòåð³é çàáåçïå÷óº 4 ìÌ Na

2
S, çá³ëüøåííÿ âì³ñòó 

ñóëüô³äó íàòð³þ â ñåðåäîâèù³ ñóïðîâîäæóºòüñÿ ïðèãí³÷åííÿì ðîñòó êóëüòóðè. 
Çåëåí³ ñ³ðêîáàêòåð³¿ C. limicola Ya-2002 íå âèêîðèñòîâóþòü îðãàí³÷í³ ñïîëóêè, 
â ÿêîñò³ äæåðåë âóãëåöåâîãî æèâëåííÿ òà åëåêòðîí³â â ïðîöåñ³ ôîòîñèíòåçó. 
Âèä³ëåíèé øòàì âèêîðèñòîâóº ëèøå ï³ðóâàò ³ àöåòàò ÿê äîäàòêîâå äæåðåëî âóãëåöþ 
çà óìîâ íàÿâíîñò³ Í

2
S ³ ÑÎ

2
 â ñåðåäîâèù³ êóëüòèâóâàííÿ. 
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ÐÎÑÒ CHLOROBIUM LIMICOLA YA-2002 ÏÐÈ ÐÀÇÍÛÕ ÓÑËÎ-
ÂÈßÕ ÊÓËÜÒÈÂÈÐÎÂÀÍÈß

Ðåôåðàò

Èññëåäîâàíû óñëîâèÿ ðîñòà C. limicola Ya-2002. Ïîêàçàíî, ÷òî ìàêñèìàëü-
íûé ðîñò áàêòåðèè ïðîèñõîäèò ïðè èíòåíñèâíîñòè îñâåùåíèÿ â 40 ëê. Óâåëè-
÷åíèå èíòåíñèâíîñòè îñâåùåíèÿ ñîïðîâîæäàåòñÿ ñíèæåíèåì ðîñòà êóëüòóðû. 
Ñ ïîìîùüþ ýëåêòðîííîé ìèêðîñêîïèè ïîêàçàíî, ÷òî ðàçíàÿ èíòåíñèâíîñòü 
îñâåùåíèÿ êóëüòóðû âûçûâàåò èçìåíåíèÿ â ôîòîñèíòåòè÷å ñêîì àïïàðàòå 
êëåòîê C. limicola Ya-2002. Êîíöåíòðàöèÿ ñåðîâîäîðîäà, ÷òî îáåñïå÷èâàåò 
ìàêñèìàëüíûé ðîñò C. limicola Ya-2002, ñîñòàâëÿåò 4 ìÌ, óâåëè÷åíèå ñî-
äåðæàíèÿ ñåðîâîäîðîäà â ñðåäå ñîïðîâîæäàåòñÿ ñíèæåíèåì ðîñòà êóëüòóðû. 
Êëåòêè áàêòåðèé C. limicola Ya-2002 íå èñïîëüçóþò ãëþêîçó, ôðóêòîçó, 
ãàëàêòîçó êàê èñòî÷íèê óãëåðîäà è äîíîð ýëåêòðîíîâ. Ëèøü äîáàâëåíèå 

Ì.Á. Ãîð³øíèé, Ñ.Ï. Ãóäçü, Ñ.Î. Ãíàòóø
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àöåòàòà è ïèðóâàòà ñòèìóëèðóåò ðîñò êóëüòóðû ïðè íàëè÷èè ÑÎ
2
 è Í

2
S â 

ñðåäå. Ïîêàçàíî, ÷òî çåëåíûå ñåðîáàêòåðèè C. limicola Ya-2002 ñïîñîáíû 
èñïîëüçîâàòü àììîíèéíûé è ìîëåêóëÿðíûé àçîò. Íèòðàòíàÿ ôîðìà àçîòà íå 
èñïîëüçóåòñÿ áàêòåðèÿìè. Äîáàâëåíèå íèòðàòîâ â ñðåäó êóëüòèâèðîâàíèÿ 
ïîäàâëÿåò ïðîöåññ àçîòôèêñàöèè.

Ê ë þ ÷ å â û å   ñ ë î â à : çåëåíûå ñåðîáàêòåðèè, ðîñò, ñåðîâîäîðîä.
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THE GROWTH OF CHLOROBIUM LIMICOLA YA-2002 
UNDER VARIOUS CULTIVATION CONDITIONS 

Summary

The conditions of Chlorobium limicola Ya-2002 growth have been studied. It 
has been shown that the maximum growth of the bacteria takes place under the 
light intensity of 40 lx. The increase in the light intensity is accompanied by 
the decrease in the growth of the culture. By means of electronic microscopy 
it has been revealed that various light intensity causes changes in the 
photosynthesising apparatus of the cells of Chlorobium limicola Ya-2002. The 
concentration of sulphar hydrogen which insures the maximum growth of 
Chlorobium limicola Ya-2002 amounts to 4 ìM. The increase in the sulphur 
hydrogen content in the environment is accompanied by the decrease in the 
growth of the culture. The cells of Chlorobium limicola Ya-2002 bacteria do not 
make use of glucose, fructose, galactose as a carbonic source and an electron 
donor. Exclusively the addition of acetate and piruvat stimulates the growth 
of the culture, on condition CO

2
 and H

2
S are present in the environment. It 

has been shown that green sulphur bacteria Chlorobium limicola Ya-2002 
are capable of utilizing ammonium, amino and amospheric nitrogen. Nitrate 
form of nitrogen is not utilized by the bacteria. Addition of nitrates into the 
environment decelerates the process of nitric fixation. 

K e y  w o r d s: green sulphur bacteria, growth, hydrogen sulfide.
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ÁÈÎÕÈÌÈ×ÅÑÊÈÉ ÑÎÑÒÀÂ ÁÈÎÌÀÑÑÛ ØÒÀÌÌÎÂ 
ARTHROSPIRA (SPIRULINA) PLATENSIS 

Ïðîâåäåíî ñðàâíèòåëüíîå èçó÷åíèå áèîõèìè÷åñêîãî ñîñòàâà áèîìàññû 
ðîäèòåëüñêîãî øòàììà Arthrospira (Spirulina) platensis äèêîãî òèïà 
è ïîëó÷åííûõ èç íåãî ìóòàíòíûõ øòàììîâ 198Â è 27G ñ ïîâûøåí-
íûì ñîäåðæàíèåì ìåòèîíèíà â áåëêàõ è áèîìàññå. Óñòàíîâëåíî, ÷òî 
îáùåå ñîäåðæàíèå áåëêà, íåçàìåíèìûõ àìèíîêèñëîò, ñ-ôèêîöèàíèíà, 
àëëîôèêîöèàíèíà è õëîðîôèëëà à â áèîìàññå ìóòàíòíûõ øòàì-
ìîâ âûøå, ÷åì ó øòàììà äèêîãî òèïà. Øòàìì 198Â îòëè÷àåòñÿ 
òàêæå ïîâûøåííûì ñîäåðæàíèåì êàðîòèíîèäîâ. Âûÿâëåííûå îò-
ëè÷èÿ ñâèäåòåëüñòâóþò î ïîâûøåííîé ïèòàòåëüíîé öåííîñòè è 
àíòèîêñèäàíòíîé àêòèâíîñòè áèîìàññû ìóòàíòíûõ øòàììîâ, ÷òî 
ïîçâîëÿåò ðàññìàòðèâàòü èõ êàê ïåðñïåêòèâíûå èñòî÷íèêè ÁÀÂ è 
ðåêîìåíäîâàòü äëÿ äàëüíåéøåãî èçó÷åíèÿ â êà÷åñòâå àäàïòîãåíîâ. 
 
Ê ë þ ÷ å â û å   ñ ë î â à: Spirulina  spp., áåëîê, àìèíîêèñëîòû, ïèãìåíòû.

Â óñëîâèÿõ óõóäøàþùåéñÿ ýêîëîãè÷åñêîé îáñòàíîâêè îñîáóþ àêòóàëüíîñòü 
ïðèîáðåòàåò ïîèñê íîâûõ ïðåïàðàòîâ áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ (ÁÀÂ) ïðè-
ðîäíîãî ïðîèñõîæäåíèÿ, ñïîñîáñòâóþùèõ áîëåå áûñòðîé àäàïòàöèè ÷åëîâå÷åñêîãî 
îðãàíèçìà ê ìåíÿþùèìñÿ óñëîâèÿì îêðóæàþùåé ñðåäû. 

Ñðåäè ïðèðîäíûõ àäàïòîãåíîâ ïî ýôôåêòèâíîñòè è ñïåêòðó ïîëîæèòåëüíî-
ãî áèîëîãè÷åñêîãî äåéñòâèÿ íà îðãàíèçì ÷åëîâåêà è ëàáîðàòîðíûõ æèâîòíûõ 
â íåáëàãîïðèÿòíûõ óñëîâèÿõ îêðóæàþùåé ñðåäû âûäåëÿþòñÿ öèàíîáàêòåðèè 
èç ðîäà Arthrospira (Spirulina): Spirulina platensis, Spirulina maxima, Spi-
rulina fusiformis è íåêîòîðûå äðóãèå [1, 11]. Â áèîìàññå ýòèõ öèàíîáàêòåðèé 
ñîäåðæèòñÿ äî 70 % áåëêà ñ ïîëíûì íàáîðîì íåçàìåíèìûõ àìèíîêèñëîò, äî 
11 % ëèïèäîâ, â ñîñòàâå êîòîðûõ èìååòñÿ γ-ëèíîëåíîâàÿ êèñëîòà, äî 20 % 
óãëåâîäîâ, êîìïëåêñ ïî÷òè âñåõ, íåîáõîäèìûõ äëÿ æèçíè ÷åëîâåêà âèòàìèíîâ, 
øèðîêèé ñïåêòð âàæíåéøèõ ìèêðîýëåìåíòîâ [9,13]. Áëàãîäàðÿ ñâîåìó óíè-
êàëüíîìó ñîñòàâó áèîìàññà ñïèðóëèíû îáëàäàåò àíòèîêñèäàíòíûì, èììóíî-
ìîäóëèðóþùèì, èììóíîñòèìóëèðóþùèì äåéñòâèåì è ñïîñîáíà êîððèãèðîâàòü 
âîçíèêàþùèå ïîä âîçäåéñòâèåì íåáëàãîïðèÿòíûõ âíåøíèõ ôàêòîðîâ èçìåíåíèÿ 
ìåòàáîëèçìà [1,11]. Ýòèìè ñïîñîáíîñòÿìè îáëàäàåò íå òîëüêî áèîìàññà ñïè-
ðóëèíû, íî è îòäåëüíûå åå êîìïîíåíòû, îñîáåííî òàêèå êàê β-êàðîòèí, ñ-ôè-
êîöèàíèí, àëëîôèêîöèàíèí, õëîðîôèëë à, α-òîêîôåðîë, ôåíîëû è äð. [11, 7].
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Îäíàêî ïîòåíöèàëüíûå âîçìîæíîñòè ñïèðóëèíû êàê èñòî÷íèêà öåííûõ áèî-
ëîãè÷åñêè àêòèâíûõ âåùåñòâ ìîãóò áûòü óëó÷øåíû. Ó÷èòûâàÿ òîò ôàêò, ÷òî ïî 
ñîäåðæàíèþ ìåòèîíèíà áåëîê ñïèðóëèíû óñòóïàåò òàêèì ëó÷øèì ïèùåâûì áåëêàì 
êàê ÿè÷íûé àëüáóìèí è êàçåèí êîðîâüåãî ìîëîêà [2, 9, 13], íàìè áûëè ïðîâåäå-
íû ñåëåêöèîííî-ãåíåòè÷åñêèå èññëåäîâàíèÿ ïî ñîçäàíèþ øòàììîâ S. platensis ñ 
ïîâûøåííûì ñîäåðæàíèåì ìåòèîíèíà [3, 4]. Â ðåçóëüòàòå ïðîâåäåííûõ ðàáîò ñî-
çäàíà êîëëåêöèÿ ìóòàíòíûõ øòàììîâ S. platensis ñ èçìåíåííûìè áèîõèìè÷åñêèìè 
ñâîéñòâàìè (ðàáîòû ïî ñåëåêöèè â 1985-1997 ãîäàõ ïðîâîäèëèñü ïîä ðóêîâîäñòâîì 
È.È.Áðîóíà). Ñðåäè ïîëó÷åííûõ ìóòàíòîâ ìàêñèìàëüíîå ñîäåðæàíèå ìåòèîíèíà â 
áèîìàññå íàáëþäàëè ó øòàììîâ 198B è 27G.

Öåëü äàííîé ðàáîòû – ïðîâåñòè ñðàâíèòåëüíîå èçó÷åíèå áèîõèìè÷åñêîãî 
ñîñòàâà áèîìàññû ðîäèòåëüñêîãî øòàììà Spirulina platensis äèêîãî òèïà è ìóòàí-
òíûõ øòàììîâ 198B è 27G äëÿ îöåíêè ïåðñïåêòèâû èõ èñïîëüçîâàíèÿ â êà÷åñòâå 
èñòî÷íèêîâ ïðåïàðàòîâ ÁÀÂ.

Ìàòåðèàëû è ìåòîäû
Â ðàáîòå èñïîëüçîâàëè øòàììû öèàíîáàêòåðèè Arthrospira (Spirulina) platensis 

(Nordst.) Geitl. èç êîëëåêöèè êóëüòóð öèàíîáàêòåðèé Îäåññêîãî íàöèîíàëüíîãî óíè-
âåðñèòåòà èìåíè È.È. Ìå÷íèêîâà: ðîäèòåëüñêèé øòàìì Moyse äèêîãî òèïà (ÄÒ) è ïîëó-
÷åííûå èç íåãî ñåëåêöèîííî-ãåíåòè÷åñêèìè ìåòîäàìè ìóòàíòíûå øòàììû 198B è 27G.

Äëÿ ïîëó÷åíèÿ áèîìàññû øòàììû öèàíîáàêòåðèé âûðàùèâàëè â ñðåäå Çàðóêà 
[15] â óñëîâèÿõ íàêîïèòåëüíîé êóëüòóðû ïðè êðóãëîñóòî÷íîì îñâåùåíèè ëàìïàìè 
ËÄ-40 è ïðîäóâêå âîçäóõîì. Êóëüòèâèðîâàíèå øòàììîâ ïðîâîäèëè â ñòåêëÿííûõ 
ñîñóäàõ òèïà ïàðàëëåëåïèïåäà ðàçìåðîì 40 õ 90 õ140 ìì ñ ñîäåðæàíèåì ðîñòîâîé 
ñðåäû 400 ìë ïðè îñâåùåíèè 6-8 êëê è t – 35 ÎÑ. Òîëùèíà êëåòî÷íîé ñóñïåíçèè 
ìåæäó îñâåùàåìûìè ïàðàëëåëüíûìè ïîâåðõíîñòÿìè áûëà 40 ìì. Íà÷àëüíûé çàñåâ 
– 0,4 ã/ë ñóõîé áèîìàññû. Ïîñëå âûõîäà êóëüòóð â ñòàöèîíàðíóþ ôàçó ðîñòà áèî-
ìàññó ñîáèðàëè ôèëüòðîâàíèåì ÷åðåç ìåëêîÿ÷åèñòóþ ñåòü, òùàòåëüíî ïðîìûâàëè 
äèñòèëëÿòîì è ëèîôèëüíî âûñóøèâàëè.

Ñîäåðæàíèå áåëêà â áèîìàññå îïðåäåëÿëè ïî ìåòîäó Ëîóðè [5], óãëåâîäîâ 
– àíòðîíîâûì ìåòîäîì [5], æèðîâ – ïî ìåòîäó Ðóøêîâñêîãî [6]. Ñîäåðæàíèå õëî-
ðîôèëëà à è êàðîòèíîèäîâ îïðåäåëÿëè ïóòåì èõ ýêñòðàêöèè èç áèîìàññû 96 % 
ýòàíîëîì [12]. Ñîäåðæàíèå ñ-ôèêîöèàíèíà è àëëîôèêîöèàíèíà îïðåäåëÿëè ïóòåì 
èõ ýêñòðàêöèè èç áèîìàññû 20 ìÌ Na-àöåòàòíûì áóôåðîì (ðÍ 5,5) è ïîñëåäóþùåé 
ñïåêòðîñêîïèè ýêñòðàêòîâ ïðè OD

650 
è OD

620. 
Ñîäåðæàíèå ïèãìåíòîâ â áèîìàññå 

ðàññ÷èòûâàëè ïî ôîðìóëàì, ïðåäñòàâëåííûì â ðàáîòå [14].
Ïîëíûé àìèíîêèñëîòíûé àíàëèç áèîìàññû (ñóììàðíîå ñîäåðæàíèå ñâîáîäíûõ 

è ñâÿçàííûõ â áåëêàõ àìèíîêèñëîò) ïðîâîäèëè ñ ïîìîùüþ àìèíîêèñëîòíîãî àíàëè-
çàòîðà «Hitachi-836» ïîñëå åå ãèäðîëèçà 6N HCl â çàïàÿííûõ ñòåêëÿííûõ àìïóëàõ 
ïðè òåìïåðàòóðå 105 îÑ â òå÷åíèå 24 ÷àñîâ.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Â òàáëèöå 1 ïðåäñòàâëåíû ðåçóëüòàòû îáùåãî áèîõèìè÷åñêîãî àíàëèçà áèî-

ìàññû èññëåäóåìûõ øòàììîâ S. platensis. Ïîêàçàòåëè áèîõèìè÷åñêîãî ñîñòàâà 
øòàììà ÄÒ íå ïðîòèâîðå÷àò äàííûì, ïðåäñòàâëåííûì â ðàáîòàõ äðóãèõ èññëå-
äîâàòåëåé [9,13]. Â îòëè÷èå îò ðîäèòåëüñêîãî øòàììà ÄÒ, ìóòàíòíûå øòàììû 
õàðàêòåðèçóþòñÿ ïîâûøåííûì ñîäåðæàíèåì áåëêîâ è ïîíèæåííûì ñîäåðæàíèåì 
óãëåâîäîâ. Øòàìì 198Â èìååò òàêæå ïîíèæåííîå ñîäåðæàíèå ëèïèäîâ. Î÷åâèäíî, 
ïîâûøåíèå ñèíòåçà áåëêîâîé ïðîäóêöèè ó øòàììà 27G ïðîèñõîäèò â îñíîâíîì çà 
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ñ÷åò ñíèæåíèÿ ñèíòåçà óãëåâîäîâ, à ó øòàììà 198Â – çà ñ÷åò ñíèæåíèÿ ñèíòåçà 
êàê óãëåâîäîâ, òàê è ëèïèäîâ. 

Òàáëèöà 1

Îáùèé áèîõèìè÷åñêèé ñîñòàâ áèîìàññû øòàììîâ Spirulina platensis 
(% îò âåñà ñóõîé áèîìàññû)

¹ ï.ï. Øòàìì Áåëêè Óãëåâîäû Ëèïèäû
1 ÄÒ 60,5 ± 3,2 19,6 ± 3,1 6,3 ± 1,2
2 198Â 71,4 ± 1,8 11,2 ± 1,8 2,1 ± 0,1
3 27G 78,1± 1,3  9,0 ± 0,8 5,4 ± 0,1

Â òàáëèöå 2 ïðåäñòàâëåíû ðåçóëüòàòû ïîëíîãî àìèíîêèñëîòíîãî àíàëèçà áèî-
ìàññû èññëåäóåìûõ øòàììîâ. Ñîãëàñíî ýòèì äàííûì, ó ìóòàíòíûõ øòàììîâ ïî 
ñðàâíåíèþ ñî øòàììîì ÄÒ íàðÿäó ñ ïîâûøåíèåì ñóììû îïðåäåëÿåìûõ àìèíîêèñ-
ëîò íàáëþäàåòñÿ ïîâûøåíèå ñîäåðæàíèÿ íåçàìåíèìûõ àìèíîêèñëîò â áèîìàññå. 
Òàê, ñîäåðæàíèå íåçàìåíèìûõ àìèíîêèñëîò â áèîìàññå ó ìóòàíòîâ 198Â è 27G â 
1,5 è 1,7 ðàç âûøå, ÷åì ó øòàììà ÄÒ, ñîîòâåòñòâåííî. Èçìåíåíèÿ â êîìïîçèöèè 
îïðåäåëÿåìûõ àìèíîêèñëîò ó ìóòàíòíûõ øòàììîâ êàñàþòñÿ ñóùåñòâåííûì îáðàçîì 
ñîäåðæàíèÿ ìåòèîíèíà. Ñîäåðæàíèå ìåòèîíèíà â ñóììå îïðåäåëÿåìûõ àìèíîêèñëîò 
ó øòàììîâ 198Â è 27G â 1,6 è 1,4 ðàçà âûøå, ÷åì ó øòàììà ÄÒ, ñîîòâåòñòâåííî. 
Ïî ñîäåðæàíèþ ìåòèîíèíà â áèîìàññå (% îò ñóõîãî âåñà áèîìàññû) ýòè øòàììû 
ïðåâîñõîäÿò øòàìì ÄÒ â 2,2 ðàçà. 

Òàáëèöà 2

Ñîäåðæàíèå àìèíîêèñëîò â áèîìàññå øòàììîâ Spirulina platensis

Àìèíî
êèñëîòà

% îò âåñà ñóõîé áèîìàññû % îò âåñà îïðåäåëÿåìûõ àìèíîêèñëîò

øòàìì øòàìì

ÄÒ 198Â 27G ÄÒ 198Â 27G

asp 4,97±0,14 7,28±0,05 6,60 9,72±0,14 10,33±0,08 8,08

thr* 2,78±0,09 4,00±0,01 4,61 5,44±0,04 5,67±0,09 5,64

ser 2,75±0,06 3,57±0,01 3,96 5,38±0,14 5,07±0,05 4,84

glu 7,71±0,15 9,78±0,31 11,39 15,08±0,43 13,89±0,24 13,95

gly 2,68±0,09 3,66±0,01 4,07 5,23±0,04 5,19±0,09 4,98

ala 4,50±0,26 5,81±0,21 8,16 8,80±0,18 8,24±0,17 10,00

val* 3,00±0,21 3,70±0,10 5,18 5,86±0,20 5,25±0,06 6,34

met* 1,48±0,12 3,20±0,06 3,26 2,90±0,12 4,54±0,01 4,00

ile* 2,43±0,18 3,65±0,16 4,44 4,74±0,16 5,18±0,14 5,43

leu* 4,84±0,19 6,93±0,00 7,49 9,47±0,09 9,84±0,15 9,17

tyr 2,51±0,12 2,92±0,05 4,26 4,91±0,07 4,14±0,01 5,22

phe* 2,47±0,11 3,36±0,25 3,44 4,84±0,03 4,77±0,43 4,21

lys* 2,54±0,13 3,81±0,08 3,92 4,96±0,06 5,41±0,04 4,80

his* 0,79±0,05 1,10±0,01 0,93 1,55±0,05 1,56±0,03 1,14

arg* 3,62±0,15 5,42±0,10 6,79 7,08±0,09 7,70±0,03 8,31

pro 2,07±0,06 2,27±0,19 3,17 4,05±0,05 3,21±0,22 3,88

Ñóììà 51,56±2,01 70,43±1,04 82,50 100 100 100
Ñóììà

íåçàìåíèìûõ
24,37 35,16 40,89 47,26 49,92 49,05

 * – íåçàìåíèìûå àìèíîêèñëîòû
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Îñîáåííî âàæíûì ÿâëÿåòñÿ òîò ôàêò, ÷òî â áèîìàññå ìóòàíòíûõ øòàììîâ â 
ïîâûøåííûõ êîëè÷åñòâàõ ñîäåðæàòñÿ ñåðóñîäåðæàùèå àìèíîêèñëîòû – ìåòèîíèí 
è ñåðèí, à òàêæå ôåíèëàëàíèí, êîòîðûé îòíîñèòñÿ ê ôåíîëüíûì ñîåäèíåíèÿì. 
Ðîëü ýòèõ àìèíîêèñëîò â ôóíêöèîíèðîâàíèè ñèñòåìû àíòèîêñèäàíòíîé çàùèòû 
óæå óñòàíîâëåíà. 

Íà îñíîâå äàííûõ àìèíîêèñëîòíîãî àíàëèçà áèîìàññû øòàììîâ ìîæíî ïðåä-
ïîëîæèòü, ÷òî áèîìàññà ìóòàíòíûõ øòàììîâ ìîæåò áûòü áîëåå ýôôåêòèâíîé ïè-
ùåâîé äîáàâêîé, èñïîëüçóåìîé äëÿ áàëàíñèðîâêè áåëêîâîãî ïèòàíèÿ, ÷åì áèîìàññà 
øòàììà ÄÒ.

Ó÷èòûâàÿ òîò ôàêò, ÷òî ìíîãèå ïèãìåíòû öèàíîáàêòåðèè S. platensis ÿâëÿþòñÿ 
àíòèîêñèäàíòàìè è îêàçûâàþò èììóíîìîäóëèðóþùåå è èììóíîñòèìóëèðóþùåå 
äåéñòâèå íà ÷åëîâåêà è ëàáîðàòîðíûõ æèâîòíûõ â óñëîâèÿõ ïàòîëîãèé è âîçäåéñ-
òâèÿ íåáëàãîïðèÿòíûõ ôàêòîðîâ îêðóæàþùåé ñðåäû [1,11], íàìè áûëî ïðîâåäåíî 
ñðàâíèòåëüíîå èçó÷åíèå ïèãìåíòíîãî ñîñòàâà áèîìàññû ìóòàíòíûõ øòàììîâ è 
øòàììà ÄÒ. 

Ñîãëàñíî ïîëó÷åííûì íàìè äàííûì (òàáë. 3), ïîêàçàòåëè ïèãìåíòíîãî ñîñòàâà 
áèîìàññû øòàììà ÄÒ íàõîäÿòñÿ â ïðåäåëàõ ïîêàçàòåëåé, ïðåäñòàâëåííûõ â ëèòå-
ðàòóðå [9]. Â òî æå âðåìÿ íàìè áûëî óñòàíîâëåíî, ÷òî øòàìì 198Â ïðåâîñõîäèò 
øòàìì ÄÒ ïî ñîäåðæàíèþ êàðîòèíîèäîâ â 1,9 ðàçà, õëîðîôèëëà à – â 1,4 ðàçà, ñ-
ôèêîöèàíèíà – â 1,7 ðàçà, àëëîôèêîöèàíèíà – â 1,6 ðàçà. Òàêæå áûëî íàéäåíî, ÷òî 
øòàìì 27G îòëè÷àåòñÿ îò äðóãèõ èçó÷åííûõ øòàììîâ ñàìûì âûñîêèì ñîäåðæàíèåì 
ôèêîáèëèïðîòåèíîâ. Â ÷àñòíîñòè, ñîäåðæàíèå ñ-ôèêîöèàíèíà è àëëîôèêîöèàíèíà 
ó øòàììà 27G â 3,2 è 2,4 ðàçà âûøå, ÷åì ó øòàììà ÄÒ, ñîîòâåòñòâåííî. Íà îñíî-
âå ïðåäñòàâëåííûõ âûøå äàííûõ ìîæíî ïðåäïîëîæèòü, ÷òî áèîìàññà ìóòàíòíûõ 
øòàììîâ ìîæåò îáëàäàòü áîëåå ñèëüíûì àíòèîêñèäàíòíûì è èììóíîêîððèãèðóþùèì 
äåéñòâèåì, ÷åì áèîìàññà øòàììà ÄÒ.

Òàáëèöà 3

Ñîäåðæàíèå ïèãìåíòîâ â áèîìàññå øòàììîâ Spirulina platensis 
(% îò âåñà ñóõîé áèîìàññû)

Øòàìì Êàðîòèíîèäû Õëîðîôèëë à Ñ-ôèêîöèàíèí Àëëîôèêîöèàíèí

ÄÒ 0,22± 0,01 0,93± 0,04 5,59± 0,02 3,04± 0,39

198Â 0,42± 0,02* 1,29± 0,07* 9,49± 0,06* 4,77± 0,16*

27G 0,19± 0,02 1,25± 0,06* 17,64± 0,46* 7,30± 0,48*

Ïðèìå÷àíèå: * – ðàçíèöà ñî øòàììîì ÄÒ äîñòîâåðíà (ð<0,05) 

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé óñòàíîâëåíî, ÷òî áèîìàññà ìóòàí-
òíûõ øòàììîâ Spirulina platensis 198B è 27G îòëè÷àeòñÿ îò áèîìàññû øòàììà 
ÄÒ ïîâûøåííûì ñîäåðæàíèåì àìèíîêèñëîò, â òîì ÷èñëå íåçàìåíèìûõ, îñîáåííî 
– ìåòèîíèíà. Óëó÷øåííûé àìèíîêèñëîòíûé ñîñòàâ áèîìàññû ìóòàíòíûõ øòàììîâ 
ïîçâîëÿåò ðàññìàòðèâàòü èõ â êà÷åñòâå ïåðñïåêòèâíûõ ïèùåâûõ äîáàâîê äëÿ 
êîððåêöèè áåëêîâîãî ñîñòàâà ïèùåâîãî ðàöèîíà ÷åëîâåêà è äîìàøíèõ æèâîòíûõ. 
Â áèîìàññå ìóòàíòíûõ øòàììîâ, â îòëè÷èå îò øòàììà ÄÒ, ïîâûøåíî ñîäåðæàíèå 
ïèãìåíòîâ: ñ-ôèêîöèàíèíà, àëëîôèêîöèàíèíà è õëîðîôèëëà à. Ìóòàíòíûé øòàìì 
198Â îòëè÷àåòñÿ òàêæå ïîâûøåííûì ñîäåðæàíèåì êàðîòèíîèäîâ. Ïîâûøåííîå 
ñîäåðæàíèå â áèîìàññå ìóòàíòíûõ øòàììîâ öåëîãî ðÿäà ïðèðîäíûõ àíòèîêñèäàí-
òîâ (ìåòèîíèí, ñåðèí, ôåíèëàëàíèí, ñ-ôèêîöèàíèí, àëëîôèêîöèàíèí, êàðîòèíîèäû, 
õëîðîôèëë à) ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî îíà, â îòëè÷èå îò áèîìàññû øòàììà 
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ÄÒ, áóäåò îáëàäàòü áîëåå ñèëüíûì àíòèîêñèäàíòíûì äåéñòâèåì ïðè èñïîëüçîâàíèè 
åå â êà÷åñòâå ïèùåâûõ äîáàâîê. 

Òàêèì îáðàçîì, âûÿâëåííûå îòëè÷èÿ â áèîõèìè÷åñêîì ñîñòàâå áèîìàññû ìó-
òàíòíûõ øòàììîâ è øòàììà ÄÒ ïîçâîëÿþò ðàññìàòðèâàòü ìóòàíòíûå øòàììû â 
êà÷åñòâå ïåðñïåêòèâíûõ èñòî÷íèêîâ íîâûõ ïðåïàðàòîâ ÁÀÂ è ðåêîìåíäîâàòü èõ 
äëÿ äàëüíåéøåãî èçó÷åíèÿ â êà÷åñòâå àäàïòîãåíîâ.
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Á²ÎÕ²Ì²×ÍÈÉ ÑÊËÀÄ Á²ÎÌÀÑÈ ØÒÀÌ²Â ARTHROSPIRA 
(SPIRULINA) PLATENSIS

Ðåôåðàò

Çä³éñíåíî ïîð³âíÿëüíå âèâ÷åííÿ á³îõ³ì³÷íîãî ñêëàäó á³îìàñè áàòüê³âñüêîãî 
øòàìó Arthrospira (Spirulina) platensis äèêîãî òèïó òà îòðèìàíèõ ³ç íüîãî 
ìóòàíòíèõ øòàì³â 198Â ³ 27G ç ï³äâèùåíèì âì³ñòîì ìåò³îí³íó â á³îìàñ³. 
Âñòàíîâëåíî, ùî âì³ñò á³ëêà, íåçàì³ííèõ àì³íîêèñëîò, ñ-ô³êîö³àí³íó, àëîô³-
êîö³àí³íó, õëîðîô³ëó à â á³îìàñ³ ìóòàíòíèõ øòàì³â âèùèé, í³æ ó øòàìó äè-
êîãî òèïó. Øòàì 198Â â³äçíà÷àâñÿ òàêîæ ï³äâèùåíèì âì³ñòîì êàðîòèíî¿ä³â. 
Âèÿâëåí³ â³äì³íè ñâ³ä÷àòü ïðî âèñîêó ïîæèâíó ö³íí³ñòü òà àíòèîêñèäàíòíó 
àêòèâí³ñòü á³îìàñè ìóòàíòíèõ øòàì³â, ùî äàº çìîãó ðîçãëÿäàòè ¿õ ÿê ïåð-
ñïåêòèâí³ äæåðåëà ïðåïàðàò³â ÁÀÐ òà ðåêîìåíäóâàòè ¿õ äëÿ ïîäàëüøîãî 
âèâ÷åííÿ â ÿêîñò³ àäàïòîãåí³â.

Ê ë þ ÷ î â ³  ñ ë î â à: Spirulina spp., á³ëîê, àì³íîêèñëîòè, ï³ãìåíòè.
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BIOCHEMICAL BIOMASS CONTEST OF THE  STRAIN 
OF ARTHROSPIRA (SPIRULINA) PLATENSIS 

Summary

Comparative analysis of biochemical composition of the wild strain S. platensis 
(Nordst.) Geitl. and its mutants, selected after chemical mutagenesis, has 
been carried out. It was found out that mutant strains 198B and 27G contain 
higher quantities of total protein, essential amino acids, c-phycocyanin, 
allophycocyanin and chlorophyll a than parental wild strain S. platensis. The 
strain 198B is also characterized by increased content of carotenoids. The 
revealed biochemical peculiarities of mutant strains suggest that strains 198B 
and 27G might serve as an additional source of essential amino acids as well 
as phycobiliproteins and carotenoids. That is why mutant strains 198B and 
27G can be considered as the prominent resources of bioactive substance and 
recommended for further study of their adaptogenic activity.

K e y  w o r d s: Spirulina spp., protein, amino acids, pigments.
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XYLOSE ISOMERASE SYNTHESIS 
IN ACTINOBACTERIA

ARTHROBACTER UREAFACIENS BIM B-6

The role of different carbon sources in biosynthesis of cell-bound xylose 
isomerase by Arthrobacter ureafaciens BIM Â-6 was investigated. It was 
found that in this prokaryotic actinobacterium enzyme production is un-
der control of induction and catabolite repression. High level of xylose 
isomerase production was recorded when bacterium was grown both 
on xylose media and on media with soy, citrus pulp and wheat bran. 

K e y  w o r d s: Arthrobacter ureafaciens, producer, xylose isomerase, biosynthesis

Xylose isomerase (D-xylose ketol isomerase, E.C. 5.3.1.5) is a key enzyme of 
xylose metabolism in prokaryotes and commodity in top demand at world biocatalyst 
market. Possessing non-strict substrate specificity, xylose isomerase, in addition to 
xylose isomerization into xylulose, catalyzes glucose-fructose conversion. The latter 
motivates wide commercial application of the enzyme for manufacturing glucose-
fructose syrup from saccharified starchy feedstock.

Prerequisite for efficient management of genetic potential of strains producing 
biologically active agents, including xylose isomerase, is to reveal the factors affect-
ing enzyme biosynthesis. As a rule, a critical role in generating enzymes involved in 
carbohydrate metabolism belongs to the source of carbon nutrition. In prokaryotes 
specific substrate and/or its structural analogues in most cases serve as the induc-
ers of biosynthesis, in contrast to glucose repressing xylose isomerase production 
[1]. Among xylose-utilizing bacteria of genus Arthrobacter species showing inducible 
and constitutive type of xylose isomerase synthesis were detected [2-4]. Yet, detailed 
studies on mechanisms controlling enzyme formation in this group of gram-positive 
prokaryotes were not performed.

Earlier we have screened xylose isomerase-producing actinobacteria Arthrobacter 
ureafaciens BIM Â-6 [5]. The aim of this investigation is to study the effect of different 
carbon sources on the growth of the culture and biosynthesis of xylose isomerase.

Materials and Methods
Actinobacteria Arthrobacter ureafaciens BIM Â-6 deposited at National collec-

tion of non-pathogenic microorganisms (Institute of Microbiology, Belarus National 
Academy of Sciences) were chosen as the object of investigation.

© L.I. Sapunova, 2008
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Under the laboratory conditions the microbial culture was maintained on yeast-
peptone agar of the following composition (%): peptone – 1.0; yeast extract – 0.5; 
glucose – 0.5; NaCl – 0.5; agar-agar – 1.5; initial pH 7.2-7.4.

Submerged cultivation of bacteria A. ureafaciens was carried out in 250 ml 
Erlenmeyer flasks containing 50 ml of nutrient medium on the shaker (180-200 rpm) 
at temperature 26-28 °C during 72 hours. The nutrient medium comprised (%): pep-
tone – 1.0; yeast extract – 0.5; K

2
HPO

4
 – 0.3; MgSO

4
·7H

2
O – 0.1. The compounds 

of different chemical composition in concentration 1% (calculated as carbon) or, in 
case of polysaccharides, 1% (w/v) were used as carbon sources. Initial pH of the 
medium was adjusted to 6.8 with 0.1 M NaOH.

Water suspension of bacterial cells grown on peptone-yeast agar at 26-28 °C 
during 72 hours served as an inoculum in dose of 2 % (v/v).

Biomass accumulation was estimated photoelectrocolorimetrically at wavelength 
λ=540 nm and expressed in optical density units (OD

540
) or in mg dry biomass per 

1 ml of the medium (mg/ml). Dry biomass amount was determined from pre-plot-
ted graph reflecting relationship between optical density of bacterial cell suspension 
(OD

540
) and cell weight.

Specific growth rate of bacteria was calculated according to the following formula: 
µ=dxdt-1x-1, where µ – specific growth rate (h-1), x – biomass (OD

540
), dx – biomass 

accumulation (OD
540

) for the time interval dt- (h).
Cells of bacteria A.ureafaciens separated from the cultural liquid by centrifug-

ing (8000 g, 15 min), were washed with distilled water and used to assay xylose 
isomerase activity.

Reaction mixture for quantitative evaluation of xylose isomerase contained: 0.2 
ml of 1 M D-glucose solution; 0.5 ml of 0.2 M K,Na-phosphate buffer, pH 7.8; 0.1 ml 
of 0.1 M MgSO

4
⋅7H

2
O; 0.5 ml of cell suspension and distilled water to 2 ml volume. 

Duration of isomerization reaction was 1 hour at 70 0Ñ.
Fructose amount was determined by the cystein-carbazole method [6].
One unit of xylose isomerase activity was defined as the amount of enzyme trans-

forming 1 µM glucose during 1 min under above-described conditions. Enzyme activity 
was expressed in U/mg dry biomass and in U/ml cultural liquid (productivity).

The presented results are the average values of data from 2-3 experiments 
performed in triplicate. In the course of statistical data processing confidence interval 
of arithmetical mean was calculated for probability level 0.05 [7-8]. The difference of 
2 mean values was regarded reliable if their confidence intervals did not overlap. The 
obtained results were processed using Microsoft Windows package software.

Results and Discussion
Functioning of any living cell, like microbial one, is based on the balanced 

intracellular biochemical processes promoted by concerted catalytic activities of 
numerous different enzymes. It appears therefore that investigation of mechanisms 
regulating enzymatic reactions at metabolic, structural and genetic levels is an attractive 
challenge for contemporary biological science allowing to lay the theoretical basis for 
the controllable biotechnological systems governing synthesis of microbial products.

Conversion of pentoses dominated by xylose plays a key role in the cell metabolism. 
Xylose isomerization into xylulose mediated by xylose isomerase occurs at the initial 
metabolic stages in prokaryotic microorganisms.

XYLOSE ISOMERASE SYNTHESIS IN ACTINOBACTERIA ARTHROBACTER ...
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Elucidation of mechanisms controlling production of xylose isomerase in 
actinobacteria A. ureafaciens will enable to intensify the process of enzyme biosynthesis 
and thereby to raise efficiency of derived enzyme preparation for fabrication of glucose-
fructose syrup – the natural sweetener for diatetic and preventive-therapeutic products.

Polysaccharides, mono-, di-, aldo-, ketosugars, sugaralcohols, organic acids 
were supplemented as the carbon sources into the nutrient medium for culturing 
A. ureafaciens in studies on xylose isomerase biosynthesis. It may be seen from 
the data presented in Table 1 that bacteria generated the enzyme only if a specific 
substrate – xylose or its structural analogue xylitol was available in the cultural 
medium. It should be noted that natural polymer xylan (which may be hydrolyzed to 
xylose) did not stimulate xylose isomerase synthesis although it promoted the growth 
of A. ureafaciens.

Table 1

Effect of carbon sources on the growth of A.ureafaciens 
and xylose isomerase synthesis

Carbon source, 1% Final pH
Biomass, 
mg/ml

Xylose isomerase

U/mg U/ml

Apple pectin 7.5±0.3 8.1±0.15 0 0

Citric acid 6.9±0.2 5.3±0.11 0 0

Fructose 6.9±0.3 5.1±0.12 0 0

Glucose 7.2±0.2 7.9±0.16 0 0

Glycerol 7.4±0.2 4.9±0.15 0 0

Pyruvic acid 6.8±0.2 4.8±0.09 0 0

Starch 6.5±0.2 5.9±0.13 0 0

Sucrose 6.8±0.1 7.8±0.17 0 0

Xylan 7.3±0.1 7.1±0.14* 0 0

Xylitol 7.3±0.1 7.8±0.14 0.064±0.0018 0.499±0.008

Xylose 6.9±0.1 7.6±0.15 0.055±0.0016 0.418±0.012
Note: * – biomass contains residual not utilized carbon source

Xylose acting as an inducer of xylose isomerase production is a hardly digestible 
source of carbon nutrition for many microbial species, including the representa tives 
of the genus Arthrobacter [2, 9]. The experimental data summed up in Figure 1a 
indicate that xylose is a favourable source of carbon and energy for the growth of 
the tested strain A. ureafaciens. Bacterial growth started after 1-2 h lag-phase, with 
maximum specific growth rate of 0.114 h-1 recorded by 11 h of fermentation. This 
parameter for bacterial culture growing on the xylitol medium is equal to 0.146 h-1 
upon 14 h (Figure 1b).

Xylose isomerase activity was detected at early exponential phase of A. ureafaciens 
growth, biosynthetic process progressed during subsequent 2 days, reaching the 
peak at stationary phase by the 3d day of bacterium cultivation (figure 2). The level 
of enzyme production by A. ureafaciens on the media with xylose and xylitol under 
non-optimized conditions constituted 0.064 U/mg and 0.073 U/mg and did not decline 
throughout the whole fermentation period.

It may be stated that xylose inducing effect was directly correlated with its 
concentration in the medium, and enzyme production by bacteria A. ureafaciens 
attained top value at specific substrate concentration 1.25 % (Figure 3).

L.I. Sapunova
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It is evident that application of xylose for commercial manufacturing of xylose 
isomerase is not profitable. To define production media for growing strain-producers, 
xylose is partially replaced by cheaper carbon sources or substituted by xylan-
containing plant substrates (wheat bran, corn cobs, grain husk, fruit pulp, cotton 
seeds, rice bran) and their hydrolyzates [1, 4, 10-13]. According to our findings, 
chopped plentiful and cheap wastes of vegetable origin, like soya, beet and citrus cake, 
along with wheat bran, oat and soya meals exerted similar and, in some cases, even 
stronger beneficial effect in comparison with xylose on xylose isomerase synthesis 
by A. ureafaciens (Table 2).

Table 2

Effect of xylan-containing plant substrates on the growth of A. ureafaciens 
and xylose isomerase synthesis

Carbon source, 1% Final pH
Biomass, 
mg/ml

Xylose isomerase

U/mg U/ml

Xylose 6.9±0.1 7.6±0.15 0.055±0.002 0.418±0.011

Wheat bran 8.3±0.3 8.4±0.16* 0.063±0.003 0.529±0.011

Oat meal 7.9±0.2 7.4±0.15* 0.053±0.004 0.392±0.010

Beet cake 8.0±0.4 7.6±0.12* 0.059±0.002 0.448±0.012

Soya cake 8.4±0.2 8.3±0.16* 0.060±0.005 0.498±0.014

Citrus cake 80±0.2 8.0±0.14* 0.054±0.002 0.432±0.010

Soya meal 8.2±0.1 7.3±0.18* 0.058±0.001 0.423±0.013

Note: * – biomass contains residual not utilized carbon source

The complete absence of xylose isomerase activity in A. ureafaciens cells grown 
on media lacking the specific substrate points to the inducible type of xylose isomerase 
synthesis and to possible role of catabolite repression as a regulating factor. It provoked 

Figure 1. Specific growth rate (µ, h -1,� ) and biomass accumulation 
(OD540, �) by A. ureafaciens on the media with xylose (a) and xylitol (b)

Ðèñ. 1. Ñðàâíèòåëüíûå õàðàêòåðèñòèêè ñêîðîñòè ðîñòà è íàêîïëåíèÿ 
áèîìàññû(OÄ540, �) A. ureafaciens íà ñðåäàõ, ñîäåðæàùèõ 

(à) êñèëîçó è (â) êñèëèò

XYLOSE ISOMERASE SYNTHESIS IN ACTINOBACTERIA ARTHROBACTER ...
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studies on impact of different carbon sources supplied into xylose medium on enzyme 
production by the examined bacterial strain. The data presented in Table 3 provide the 
evidence that enzyme synthesis in growing culture A. ureafaciens was inhibited by 
all tested compounds, though minimal repressing effect was shown by disaccharides 
lactose and sucrose, maximum repressing effect – by glucose and fructose.

Figure 2. Dynamics of xylose isomerase synthesis by A. ureafaciens 
on the media with xylose (1) and xylitol (2)

Ðèñ. 2. Äèíàìèêà ñèíòåçà êñèëîçîèçîìåðàçû A. ureafaciens íà ñðåäàõ, 
ñîäåðæàùèõ (1) êñèëîçó è (2) êñèëèò

Figure 3. Correlation of xylose isomerase synthesis by 
A. ureafaciens with xylose concentration

Ðèñ. 3. Çàâèñèìîñòü ñèíòåçà êñèëîçîèçîìåðàçû àêòèíîáàêòåðèÿìè
A. ureafaciens îò êîíöåíòðàöèè êñèëîçû

L.I. Sapunova
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Table 3

Effect of different carbon sources on growth of A. ureafaciens 
and xylose isomerase synthesis on xylose media

Carbon source, 1% Final pH
Biomass, 
mg/ml

Xylose isomerase

U/mg U/ml

Xylose*: 6.6±0.1 2.2±0.12 0.010±0.0003 0.022±0.0007
+ xylose** 6.8±0.2 3.3±0.10 0.058±0.0017 0.191±0.0054
+ xylitol 7.0±0.1 3.3±0.08 0.061±0.0015 0.201±0.0050
+ glucose 6.9±0.2 3.8±0.09 0.016±0.0005 0.061±0.0013
+ fructose 6.9±0.2 3.2±0.10 0.019±0.0007 0.061±0.0015
+ sucrose 6.7±0.1 3.0±0.11 0.031±0.0009 0.093±0.0023
+ lactose 6.9±0.1 2.9±0.09 0.030±0.0008 0.087±0.0027

Notes:
* - bacteria were cultured on the media with 0.5% xylose during 24 h; 
**- after sampling and supplementing 0.5% of respective carbon sources bacteria were 

additionally grown for 48 h

 

It should be noted that under experimental conditions glucose repressing effect 
depended on its concentration. It may be seen from Figure 4 that production of xylose 
isomerase by A. ureafaciens was not suppressed in presence of 0.1-0.3 % levels of catabolic 
repressor in the cultural medium. When concentration of glucose fed into the nutrient 
medium simultaneously with bacterial inoculation increased to 0.5 and 1.0 %, enzyme 
production decreased by 32 % and 72 % as compared to the control.

Summing up, synthesis of xylose isomerase by A. ureafacien, induced by specific 
substrate xylose and its structural analog xylitol, is repressed by glucose and other readily 
digestible carbohydrates. High level of xylose isomerase production under non-optimized 
conditions and possibility of using diverse xylose-containing plant materials and derived 
processing wastes as components of nutrient media for culturing A.ureafaciens motivate 
the choice of this microbial strain as potential industrial xylose isomerase producer.

Figure  4. Correlation of xylose isomerase (a – U/mg, b – U/ml) synthesis 
by A. ureafaciens with concentration of glucose supplied into xylose medium

Ðèñ. 4. Âçàèìîñâÿçü ñèíòåçà êñèëîçîèçîìåðàçû (à) – U/mg; (â) – U/ml
 àêòèíîáàêòåðèÿìè A. ureafaciens è êîíöåíòðàöèè ãëþêîçû ïðè âûðàùèâàíèè 

áàêòåðèé íà ñðåäàõ ñ êñèëîçîé

XYLOSE ISOMERASE SYNTHESIS IN ACTINOBACTERIA ARTHROBACTER ...
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ÑÈÍÒÅÇ ÊÑÈËÎÇÎ²ÇÎÌÅÐÀÇÈ ÀÊÒÈÍÎÁÀÊÒÅÐ²ßÌÈ 
ARTHROBACTER UREAFACIENS Á²Ì Â-6

Ðåôåðàò

Âèâ÷åíî âïëèâ äæåðåë âóãëåöþ ð³çíîãî õ³ì³÷íîãî ñêëàäó íà óòâîðåííÿ 
êë³òèííîçâ’ÿçàíî¿ êñèëîçî³çîìåðàçè ó Arthrobacter ureafaciens Á²Ì Â-6. 
Âñòàíîâëåíî ³íäóêîâàíèé ï³äâåðæåíèé êàòàáîë³òí³é ðåïðåññ³¿ õàðàêòåð á³î-
ñèíòåçó ôåðìåíòà áàêòåð³ÿìè. Âèñîêèé ð³âåíü óòâîðåííÿ êñèëîçî³çîìåðàçè 
ïðè âèðîùóâàíí³ áàêòåð³é íà ñåðåäîâèùàõ ç êñèëîçîþ àáî êñèëîçîâì³ùóþ÷è-
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ìè â³äõîäàìè ïåðåðîáêè ðîñëèííî¿ ñèðîâèíè – ñîåâèì òà öèòðóñîâèì æîìîì, 
ïøåíè÷íèìè âèñ³âêàìè – îáóìîâëþþòü âèá³ð Arthrobacter ureafaciens Á²Ì 
Â-6 ÿê ïîòåíö³éíîãî ïðîäóöåíòà ôåðìåíòà.

Ê ë þ ÷ î â ³  ñ ë î â à: Arthrobacter ureafaciens, ïðîäóöåíò, êñèëîçî³çîìåðàçà, 
á³îñèíòåç.
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Ë.È. Ñàïóíîâà 

Èíñòèòóò ìèêðîáèîëîãèè ÍÀÍ Áåëàðóñè, óë. Êóïðåâè÷à, 2, Ìèíñê, 220141, 
Áåëàðóñü, tel.: 8 (017) 26 76 209, e-mail: leonida@mbio.bas-net.by

ÑÈÍÒÅÇ ÊÑÈËÎÇÎÈÇÎÌÅÐÀÇÛ ÀÊÒÈÍÎÁÀÊÒÅÐÈßÌÈ 
ARTHROBACTER UREAFACIENS ÁÈÌ B-6

Ðåôåðàò

Èññëåäîâàíî âëèÿíèå èñòî÷íèêîâ óãëåðîäà ðàçëè÷íîãî õèìè÷åñêîãî ñòðîåíèÿ 
íà îáðàçîâàíèå êëåòî÷íîñâÿçàííîé êñèëîçîèçîìåðàçû ó Arthrobacter urea-
faciens ÁÈÌ Â-6. Óñòàíîâëåí èíäóöèðîâàííûé ïîäâåðæåííûé êàòàáîëèòíîé 
ðåïðåññèè õàðàêòåð áèîñèíòåçà ôåðìåíòà áàêòåðèÿìè. Âûñîêèé óðîâåíü 
îáðàçîâàíèÿ êñèëîçîèçîìåðàçû ïðè âûðàùèâàíèè áàêòåðèé íà ñðåäàõ ñ 
êñèëîçîé èëè êñèëîçîñîäåðæàùèìè îòõîäàìè ïåðåðàáîòêè ðàñòèòåëüíîãî 
ñûðüÿ – ñîåâûì è öèòðóñîâûì æîìîì, ïøåíè÷íûìè îòðóáÿìè – îáóñëîâëè-
âàþò âûáîð Arthrobacter ureafaciens ÁÈÌ Â-6 â êà÷åñòâå ïîòåíöèàëüíîãî 
ïðîäóöåíòà ôåðìåíòà.

Ê ë þ ÷ å â û å  ñ ë î â à: Arthrobacter ureafaciens, ïðîäóöåíò, êñèëîçîèçîìåðàçà, 
áèîñèíòåç.

XYLOSE ISOMERASE SYNTHESIS IN ACTINOBACTERIA ARTHROBACTER ...
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ÔÅÐÌÅÍÒÀÒÈÂÍ² ÌÅÒÎÄÈ ÅË²Ì²ÍÀÖ²¯ ÔÅÍÎËÜÍÈÕ 
ÏÎËÞÒÀÍÒ²Â

Ç âèêîðèñòàííÿì ÷àñòêîâî î÷èùåíèõ ïðåïàðàò³â îêèñíþâàíî-â³ä-
íîâëþâàíèõ ôåðìåíò³â: ïåðîêñèäàçè õðîíó ³ òèðîçèíàçè ãðèá³â 
Agaricus bisporus ðîçðîáëåí³ ìåòîäè ê³ëüê³ñíî¿ åë³ì³íàö³¿ ôåíîëó 
ïðè îïòèìàëüíèõ çíà÷åííÿõ ðÍ, òåìïåðàòóðè, ÷àñó, êîíöåíòðàö³é 
ôåðìåíò³â, ñóáñòðàò³â ³ íåîðãàí³÷íèõ êîàãóëÿíò³â. Ïîêàçàíî âïëèâ 
ïðèðîäè ôåíîëüíîãî ñóáñòðàòó ³ ðîçòàøóâàííÿ çàì³ñíèê³â ó éîãî 
ìîëåêóë³ (î-, ì-, ï-õëîðôåíîëè) íà ïðîöåñ ïåðîêñèäàçíîãî îêèñíåííÿ.

Ê ë þ ÷ î â ³   ñ ë î â à: ïåðîêñèäàçà, òèðîçèíàçà, åë³ì³íàö³ÿ, ôåíîëüí³ ñïîëóêè

²ñíóþ÷³ ìåòîäè î÷èùåííÿ ñò³÷íèõ âîä â³ä ôåíîë³â, íåáåçïå÷íèõ çàáðóäíþâà÷³â 
íàâêîëèøíüîãî ñåðåäîâèùà (õ³ì³÷íå îêèñíåííÿ, ì³êðîáíà äåãðàäàö³ÿ, àäñîðáö³ÿ 
àêòèâîâàíèì âóã³ëëÿì, åêñòðàêö³ÿ ðîç÷èííèêàìè), íåçâàæàþ÷è íà ¿õ åôåêòèâí³ñòü, 
ìàþòü íèçêó ³ñòîòíèõ íåäîë³ê³â, òàêèõ ÿê âèñîêà âàðò³ñòü, íåïîâíîòà î÷èùåííÿ, 
óòâîðåííÿ òîêñè÷íèõ ïðîäóêò³â.

Ïåðñïåêòèâíèì íàïðÿìîì â î÷èùåíí³ ñò³÷íèõ âîä º ðîçðîáêà íîâèõ òåõíîëîã³é 
ç âèêîðèñòàííÿì îêèñíþâàíî-â³äíîâëþâàíèõ ôåðìåíò³â (ïåðîêñèäàçè õðîíó òà òè-
ðîçèíàçè ç ãðèá³â) çàâäÿêè ¿õ ñåëåêòèâíîñò³, ìîæëèâîñò³ çàñòîñóâàííÿ ó øèðîêîìó 
ä³àïàçîí³ ðÍ, òåìïåðàòóð, êîíöåíòðàö³é òîêñèêàíò³â, óòâîðåííþ ìåíø òîêñè÷íèõ 
ïðîäóêò³â [1 – 3]. 

Ïåðîêñèäàçà (Ê.Ô. 1.11.1.7) êàòàë³çóº ó ïðèñóòíîñò³ ïåðîêñèäó âîäíþ 
îêèñíåííÿ ôåíîë³â [4] ç óòâîðåííÿì, â îñíîâíîìó, íåðîç÷èííèõ, ëåãêî â³äîêðåì-
ëþâàíèõ ïðîäóêò³â îêèñíåííÿ; îäíàê, ïåðîêñèä âîäíþ ìîæå ñòàòè äîäàòêîâèì 
çàáðóäíþâà÷åì íàâêîëèøíüîãî ñåðåäîâèùà. 

Òèðîçèíàçà (Ê.Ô. 1.14.18.1) êàòàë³çóº îêèñíåííÿ ôåíîëüíèõ ñóáñòðàò³â ó ïðè-
ñóòíîñò³ ìîëåêóëÿðíîãî êèñíþ äî â³äïîâ³äíèõ î-õ³íîí³â, ÿê³ ï³ääàþòüñÿ íåôåðìåí-
òàòèâíîìó îêèñíåííþ äî ðîç÷èííèõ òåìíî-çàáàðâëåíèõ îë³ãîìåðíèõ ïðîäóêò³â [5], 
âíàñë³äîê ÷îãî âèíèêàº íåîáõ³äí³ñòü çàñòîñóâàííÿ êîàãóëÿíò³â äëÿ ¿õ âèäàëåííÿ. 
Îäíàê, â³äîì³ ìåòîäè åë³ì³íàö³¿ ïðîäóêò³â á³îêîíâåðñ³¿ çà äîïîìîãîþ ïîë³ìåð³â 
ïðèðîäíîãî òà ñèíòåòè÷íîãî ïîõîäæåííÿ [2, 3] º íå äîñèòü åêîíîì³÷íèìè. 

Îäíèì ç ñóòòºâèõ ôàêòîð³â, ùî îáìåæóþòü çàñòîñóâàííÿ ôåðìåíò³â, º âèñîêà 
âàðò³ñòü ¿õ êîìåðö³éíèõ ïðåïàðàò³â, òîìó äîö³ëüíî äîñë³äæåííÿ åë³ì³íàö³¿ ôåíîëüíèõ 
ïîëþòàíò³â ç âèêîðèñòàííÿì ÷àñòêîâî î÷èùåíèõ ïðåïàðàò³â ôåðìåíò³â.

Ìåòîþ äàíîãî äîñë³äæåííÿ º ðîçðîáêà ôåðìåíòàòèâíèõ ìåòîä³â âèäàëåííÿ 
ôåíîëüíèõ ñïîëóê ç âèêîðèñòàííÿì ÷àñòêîâî î÷èùåíèõ ïðåïàðàò³â ïåðîêñèäàçè 
õðîíó (ÏÎÕ), òèðîçèíàçè ãðèá³â (ÒÈÐ) òà íåîðãàí³÷íèõ êîàãóëÿíò³â. 

© ².². Ðîìàíîâñüêà, Î.Â. Îñ³é÷óê, Þ.À. Øåñòåðåíêî, Î.Â. Ñåâàñòüÿíîâ, 2008
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Ìàòåðiàëè i ìåòîäè
Ó ðîáîò³ âèêîðèñòîâóâàëè ÷àñòêîâî î÷èùåí³ ïðåïàðàòè ïåðîêñèäàçè õðîíó ³ 

òèðîçèíàçè ç ãðèá³â Agaricus bisporus, âèä³ëåí³ çà ìîäèô³êîâàíèìè íàìè ìåòîäàìè 
[6] òà [7], â³äïîâ³äíî. Ó ôåðìåíòíèõ ïðåïàðàòàõ âèçíà÷àëè âì³ñò á³ëêà ìåòîäîì 
Ëîóð³ â ìîäèô³êàö³¿ Õàðòð³ [8], àêòèâí³ñòü çà òèðîçèíîì [7] (ÒÈÐ), ñïåêòðàëüíèé 
ïîêàçíèê ÷èñòîòè (RZ=À

403
/À

278
), (ÏÎÕ) [6], ñòóï³íü î÷èùåííÿ çà âì³ñòîì ³îí³â ì³ä³ 

(ÒÈÐ) [3], ðÍ-, òåðìîîïòèìóì, ñòðîê çáåð³ãàííÿ ³ âàðò³ñòü. 
Êîíöåíòðàö³þ ïåðîêñèäàçè òà ïåðîêñèäó âîäíþ âèçíà÷àëè ñïåê-

òðîôîòîìåòðè÷íî, âèêîðèñòîâóþ÷è ìîëÿðí³ êîåô³ö³ºíòè ïîãëèíàííÿ 
ε=102000 Ì -1·ñì -1 ïðè 403 íì ³ ε=72,4 Ì -1∙ñì -1 ïðè 230 íì, â³äïîâ³ä-
íî [7]. Êîíöåíòðàö³¿ ñóáñòðàò³â (ôåíîëó, î-, ì-, ï-õëîðôåíîë³â) âèçíà÷àëè 
4-àì³íîàíòèï³ðèíîâèì ìåòîäîì [9]. 

ðÍ-çàëåæí³ñòü ðåàêö³¿ òðàíñôîðìàö³¿ ôåíîë³â âèâ÷àëè â ä³àïàçîí³ çíà÷åíü ðÍ 
3,0 – 10,0 ç âèêîðèñòàííÿì â³äïîâ³äíèõ áóôåðíèõ ðîç÷èí³â; âïëèâ òåìïåðàòóðè 
ðåàêö³¿ â ³íòåðâàë³ 5 – 70 °Ñ ïðè ðÍ 7,0. 

Êîàãóëÿö³þ ïðîäóêò³â ôåðìåíòàòèâíîãî îêèñíåííÿ ôåíîëó ïðîâîäèëè çà äî-
ïîìîãîþ àëþìîàìîí³éíèõ, àëþìîêàë³ºâèõ òà çàë³çîàìîí³éíèõ ãàëóí³â, ïðè âèõ³äí³é 
êîíöåíòðàö³¿ ôåíîëó 0,5 – 10 ììîëü/äì3, êîíöåíòðàö³¿ êîàãóëÿíò³â 1 – 20,7 ã/äì3. 
Ïðè âèçíà÷åíí³ íåîáõ³äíî¿ äëÿ î÷èùåííÿ âîäè êîíöåíòðàö³¿ êîàãóëÿíò³â âèêîðèñ-
òîâóâàëè ìåòîäèêó ïðîáíîãî êîàãóëþâàííÿ [10], ùî ³ì³òóº êîàãóëÿö³éíå î÷èùåííÿ 
ç íàñòóïíèì â³äñòîþâàííÿì. Ñòóï³íü âèäàëåííÿ ïðîäóêò³â îêèñíåííÿ ôåíîëó âèç-
íà÷àëè ñïåêòðîôîòîìåòðè÷íî [2].

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ç ìåòîþ îïòèì³çàö³¿ ïåðîêñèäàçíîãî ìåòîäó åë³ì³íàö³¿ ôåíîë³â ç âèêîðèñòàííÿì 

ÏÎÕ, áóâ âèä³ëåíèé ôåðìåíò ç êîðåí³â õðîíó çà ìîäèô³êîâàíèì ìåòîäîì Áàõà òà 
âèâ÷åí³ éîãî á³îõ³ì³÷í³ âëàñòèâîñò³.

ßê âèäíî ç äàíèõ, ïðåäñòàâëåíèõ ó òàáë. 1, âèâ÷åííÿ á³îõ³ì³÷íèõ âëàñòèâîñòåé 
âèä³ëåíîãî ôåðìåíòó (RZ, àêòèâí³ñòü, ðÍ-, òåðìîîïòèìóì), çáåð³ãàííÿ ³ ïîð³âíÿííÿ 
îòðèìàíèõ õàðàêòåðèñòèê ç àíàëîã³÷íèìè äàíèìè êîìåðö³éíîãî ïðåïàðàòó ÏÎÕ 
(“Sigma”, RZ = 2,7) ñâ³ä÷èòü ïðî äîñèòü áëèçüê³ âëàñòèâîñò³ ïðåïàðàò³â ôåðìåíòó, 
çà âèíÿòêîì ñòóïåíÿ ÷èñòîòè, ñòðîê³â çáåð³ãàííÿ ³ âàðòîñò³. Îòðèìàíèé ïðåïàðàò 
ÏÎÕ â³äð³çíÿºòüñÿ á³ëüøîþ åêîíîì³÷í³ñòþ ó ïîð³âíÿíí³ ³ç êîìåðö³éíèì.

Òàáëèöÿ 1

Õàðàêòåðèñòèêè ÷àñòêîâî î÷èùåíî¿ i êîìåðöiéíî¿ ÏÎÕ

Õàðàêòåðèñòèêè ôåðìåíòó
×àñòêîâî î÷èùåíèé 

ïðåïàðàò ÏÎÕ
Êîìåðöiéíèé ïðåïàðàò ÏÎÕ 

(”Sigma”)

RZ (À
403

/À
278

) 1,0 2,7

Àêòèâí³ñòü, îä/õâ·ìã ôåðìåíòó 100 100

ðÍ-îïòèìóì 6,0-7,0 6,0-7,0

Òåðìîîïòèìóì, ÎÑ 30-40 30-40

Ñòðîê çáåð³ãàííÿ, ì³ñ. 5 24

Âàðò³ñòü 1ã, ãðí 65 1580

ÔÅÐÌÅÍÒÀÒÈÂÍ² ÌÅÒÎÄÈ ÅË²Ì²ÍÀÖ²¯ ÔÅÍÎËÜÍÈÕ ÏÎËÞÒÀÍÒ²Â
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Ç ãðèá³â Agaricus bisporus îòðèìàíî ÷àñòêîâî î÷èùåíèé ïðåïàðàò òèðîçèíàçè. 
Ìåòîä âèä³ëåííÿ ôåðìåíòó áóâ ìîäèô³êîâàíèé äîäàâàííÿì ïîë³êàïðîàì³äó, ùî 
ïðèâåëî äî çá³ëüøåííÿ àêòèâíîñò³ ÒÈÐ â 3 ðàçè òà çíèæåííÿ ¿¿ âàðòîñò³ ïîð³âíÿíî 
ç êîìåðö³éíîþ (Fluka) â 11 ðàç³â. Îòðèìàíî ïðåïàðàò ÒÈÐ ç ïèòîìîþ àêòèâí³ñòþ 
500 îä/õâ∙ìã á³ëêà, âì³ñòîì á³ëêà 0,3 ìã/ã, ñòðîêîì çáåð³ãàííÿ 6 ì³ñ; âì³ñòîì ì³ä³ 
â ïðåïàðàò³ 0,193 %, ùî äîçâîëèëî ðîçðàõóâàòè ñòóï³íü éîãî ÷èñòîòè – 84,5 %.

Âàæëèâî áóëî âñòàíîâèòè, íàñê³ëüêè åôåêòèâí³ñòü ïðîöåñó äåôåíîë³çàö³¿, ùî 
êàòàë³çóºòüñÿ ÷àñòêîâî î÷èùåíèìè ôåðìåíòíèìè ïðåïàðàòàìè, çàëåæèòü â³ä ðÍ, 
òåìïåðàòóðè ³íêóáàö³éíîãî ñåðåäîâèùà, êîíöåíòðàö³¿ ðåàãåíò³â ³ ÷àñó ïðîâåäåííÿ ðåàêö³¿. 

ßê ñâ³ä÷àòü äàí³, ïðåäñòàâëåí³ íà ðèñ. 1, ìàêñèìàëüíèé ñòóï³íü á³îêîíâåðñ³¿ 
äîñë³äæóâàíèõ ïîëþòàíò³â (ôåíîëó – 80,4 %, î-, ì-, ï-õëîðôåíîë³â – 68,1 %, 
25,2 %, 71,0 %, â³äïîâ³äíî) ç âèêîðèñòàííÿì ÏÎÕ ñïîñòåð³ãàºòüñÿ â 
³íòåðâàëàõ 6,0 – 7,5 ³ 4,0 – 5,0 îä. ðÍ ³ â ä³àïàçîí³ 20 – 40 °Ñ – äëÿ ôåíîëó, 
30 – 40 °Ñ – äëÿ õëîðôåíîë³â.

Ðèñ. 1. Çàëåæíiñòü åôåêòèâíîñòi ïåðîêñèäàçíîãî îêèñíåííÿ ôåíîëiâ âiä òåìïå-
ðàòóðè (à) i ðÍ (á) iíêóáàöiéíîãî ñåðåäîâèùà ([ôåíîëüíèé ñóáñòðàò] = 
1,0 ììîëü/äì3, [Í2Î2] = 1,0 ììîëü/äì3, àêòèâíiñòü ÏÎÕ 0,1 îä/ñì3, ðÍ 7,0, 

t = 37 °Ñ, τ = 1 ãîä.)

 Fig. 1. Correlation of fenol peroxidative oxidation efficiency with the tempera-
ture (a) and pH (b) of the incubative environment ( phenol substrate) =

1,0 Mmol/dm 3, {H2O2} = 1,0 Mmol/dm 3, activity POX 0,14 U/cm 3 pH=7,0, 
t=37 °C, τ =1 hour

ßê âèäíî ç äàíèõ, ïðåäñòàâëåíèõ ó òàáë. 2, ìàêñèìàëüíèé ñòóï³íü òðàíñôîðìàö³¿ 
ôåíîëó òèðîçèíàçîþ ñïîñòåð³ãàºòüñÿ ïðè ðÍ 5,5 – 7,0 ³ òåìïåðàòóð³ 20 – 50 °Ñ. 

Åôåêòèâí³ñòü òðàíñôîðìàö³¿ ôåíîë³â ÏÎÕ çðîñòàº ïðè ï³äâèùåíí³ êîíöåíòðàö³¿ 
îêèñëþâà÷à-ïåðîêñèäó âîäíþ (äî 1,0 ììîëü/äì3) (ðèñ. 2à) ³ àêòèâíîñò³ ÏÎÕ (äî 
0,1 îä/ñì3) (ðèñ. 2á). 

Âèâ÷åííÿ ñòóïåíÿ á³îêîíâåðñ³¿ ôåíîëüíèõ ñïîëóê â³ä ¿õ êîíöåíòðàö³¿ ñâ³ä÷èòü 
ïðî òå, ùî â ³íòåðâàë³ êîíöåíòðàö³é 0,1 – 3,0 ììîëü/äì3 ñïîñòåð³ãàºòüñÿ ¿¿ çíè-
æåííÿ ç 100 % äî 25,2 % äëÿ ôåíîëó, äî 29,5 % – äëÿ î-õëîðôåíîëó, äî 17,2 % 
– äëÿ ï-õëîðôåíîëó ³ äî 0 % – äëÿ ì-õëîðôåíîëó. 
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Ðèñ. 2. Çàëåæíiñòü åôåêòèâíîñòi ïåðîêñèäàçíîãî îêèñíåííÿ ôåíîëiâ âiä êîí-
öåíòðàöi¿ ïåðîêñèäó âîäíþ (à) ([ôåíîëüíèé ñóáñòðàò] – 1,0 ììîëü/äì3, 

àêòèâíiñòü ÏÎÕ 0,1 îä/ñì3, ðÍ 7,0, t – 37 °Ñ, τ – 1 ãîä) i àêòèâíîñòi ÏÎÕ (á) 
([ôåíîëüíèé ñóáñòðàò] – 1,0 ììîëü/äì3, [Í2Î2] – 1,0 ììîëü/äì3, ðÍ 7,0, 

t – 37 °Ñ, τ – 1 ãîä)

Fig. 2. Correlation between phenol peroxidative oxidation effeciency and 
hydrogen peroxide concentration (a) {phenol substrate} –1,0 Mmol/dm3 

activity POX 0,1 u/cm3, pH – 7,0, t – 37 °C, τ –1 hour and activity POX (b) 
{phenol substrate} – 1 Mmol/dm 3, [H2O] – 1,0 Mmol/dm 3, pH – 7,0, t – 37 

°C, τ –1 hour

Òàáëèöÿ 2

Âïëèâ ðÍ i òåìïåðàòóðè iíêóáàöiéíîãî ñåðåäîâèùà íà ñòóïiíü îêèñíåííÿ 
ôåíîëó, ùî êàòàëiçóºòüñÿ òèðîçèíàçîþ

pÍ
Ñòóïiíü òðàíñôîðìàöi¿ 
ôåíîëó, % âiä ìàêñ.

Òåìïåðàòóðà, OÑ
Ñòóïiíü òðàíñôîðìàöi¿ 
ôåíîëó, % âiä ìàêñ.

3 1,9 2 23,7

4 28,3 10 62,3

5 53,3 20 79,2

5,5 90,2 25 88,3

6 98,1 30 93,4

6,5 100,0 40 100,0

7 97,5 50 90,4

8 50,5 60 66,0

9 28,1 70 47,9

10 2,2 80 31,3

×àñ, íåîáõ³äíèé äëÿ äîñÿãíåííÿ ìàêñèìàëüíîãî ñòóïåíÿ á³îêîíâåðñ³¿ äî-
ñë³äæóâàíèõ ôåíîë³â, äîñÿãàº 0,5 – 1 ãîä. (ìîëüíå ñï³ââ³äíîøåííÿ ôåíîë: 
Í

2
Î

2 
= 0,1(0,5):1, ðÍ 7,0, t = 37 OÑ, àêòèâí³ñòü ÏÎÕ 0,1 îä/ñì3); çá³ëüøåííÿ ÷àñó 

³íêóáàö³¿ äî 24 ãîäèí ³ñòîòíî íå ñïðèÿº (íà 5 – 10 %) ï³äâèùåííþ ñòóïåíÿ òðàíñ-
ôîðìàö³¿ òîêñèêàíò³â. 
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Çà äîïîìîãîþ âèä³ëåíî¿ òèðîçèíàçè ïðîâåäåíî îêèñíåííÿ ôåíîëó â øèðîêîìó 
ä³àïàçîí³ êîíöåíòðàö³é (0,5 – 10 ììîëü/äì3), ïðè öüîìó ñòóï³íü îêèñíåííÿ ó âñ³õ 
âèïàäêàõ ñòàíîâèâ á³ëüøå 98 %, ùî â³äïîâ³äàº äàíèì Ikehata K. et al. [2], ÿê³ âè-
êîðèñòîâóâàëè êîìåðö³éíèé ïðåïàðàò ÒÈÐ. Ñë³ä çàçíà÷èòè, ùî ñòóï³íü á³îêîíâåðñ³¿ 
ôåíîëó ï³äâèùóºòüñÿ ïðè çá³ëüøåíí³ àêòèâíîñò³ ôåðìåíòó, äîñÿãàþ÷è ìàêñèìàëü-
íîãî ð³âíÿ ï³ñëÿ 1 ãîä. ³íêóáàö³¿ ç òèðîçèíàçîþ ç àêòèâí³ñòþ 50 îä/ñì3. Ïðè âèêî-
ðèñòàíí³ ôåðìåíòó ìåíøî¿ àêòèâíîñò³ (30 ³ 10 îä/ñì3) ÷àñ, íåîáõ³äíèé äëÿ ìàêñè-
ìàëüíîãî ñòóïåíÿ òðàíñôîðìàö³¿, çá³ëüøóºòüñÿ äî 3 ³ 24 ãîäèí, â³äïîâ³äíî (ðèñ. 3). 

Ðèñ. 3. Çàëåæíiñòü ñòóïåíÿ òðàíñôîðìàöi¿ ôåíîëó âiä ÷àñó (êîíöåíòðàöiÿ ôå-
íîëó 0,5 ììîëü/äì3, òåìïåðàòóðà 30 °Ñ, ðÍ 6,5)

Fig. 3. Correlatin between phenol transphormation level and time (phenol con-
centration 0,5 mM/dm3, temperature 30 °C, pH 6,5)

Ó ðåçóëüòàò³ ïåðîêñèäàçíîãî îêèñíåííÿ äîñë³äæóâàíèõ ôåíîë³â ñïîñòåð³ãàëîñü 
óòâîðåííÿ ïîë³ìåðíèõ ïðîäóêò³â (ðîçì³ð ÷àñòîê 15-75 ìêì), íåðîç÷èííèõ ó âîä³ òà 
îðãàí³÷íèõ ðîç÷èííèêàõ, ùî îáâóãëþâàëèñÿ ïðè òåìïåðàòóð³ 240 – 260 îÑ, ÿê³ çà 
äàíèìè ²×-ñïåêòðîñêîï³¿ ³ ìàñ-ñïåêòðîìåòð³¿ º ïîë³îêñèôåí³ëåíàìè. 

Äëÿ âèäàëåííÿ ðîç÷èííèõ çàáàðâëåíèõ ïðîäóêò³â îêèñíåííÿ ôåíîëó, ùî êàòàë³-
çóºòüñÿ òèðîçèíàçîþ, âèêîðèñòîâóâàëè êîàãóëÿíòè: àëþìîêàë³ºâ³, àëþìîàìîí³éí³ 
òà çàë³çîàìîí³éí³ ãàëóíè, ÿê³ äëÿ öüîãî ïðîöåñó ðàí³øå íå çàñòîñîâóâàëèñÿ. Î÷è-
ùåííþ êîàãóëÿíòàìè ï³ääàâàëèñÿ ðîç÷èíè ôåíîëó (0,5 – 10 ììîëü/äì3), îêèñíåí³ 
â ïðèñóòíîñò³ òèðîçèíàçè á³ëüø, í³æ íà 98 %. 

Çà äîïîìîãîþ îáðàíèõ êîàãóëÿíò³â áóëà çä³éñíåíà åë³ì³íàö³ÿ ïðîäóêò³â ðåàêö³¿ 
ç ñòóïåíåì âèäàëåííÿ ó âñ³õ âèïàäêàõ á³ëüøå 97 %; ïðè öüîìó êîíöåíòðàö³¿ àëþ-
ìîàìîí³éíèõ ³ àëþìîêàë³ºâèõ ãàëóí³â ñòàíîâèëè 1,0 – 17,5 ã/äì3, çàë³çîàìîí³éíèõ 
– 1,7  – 20,7 ã/äì3 (ðèñ. 4). Ïîä³áíèé ñòóï³íü åë³ì³íàö³¿ ïðîäóêò³â îêèñíåííÿ ôåíîëó 
ñïîñòåð³ãàâñÿ ïðè âèêîðèñòàíí³ õ³òîçàíó, àëå äàíèé ñïîñ³á ìàº ñóòòºâ³ íåäîë³êè 
– âèñîêó âàðò³ñòü õ³òîçàíó òà íåçðó÷í³ñòü éîãî çàñòîñóâàííÿ ÷åðåç îòðèìàííÿ 
õ³òîçàíó çà äîïîìîãîþ äåçàöåòèëþâàííÿ õ³òèíó ç ïàíöèð³â ðàêîïîä³áíèõ [2].

50 од/см
3
 30 од/см

3
 10 од/см

3
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Òàêèì ÷èíîì, ç âèêîðèñòàííÿì ÷àñòêîâî î÷èùåíèõ ïðåïàðàò³â îêèñíþâàíî-â³äíîâ-
ëþâàíèõ ôåðìåíò³â: ïåðîêñèäàçè õðîíó ³ òèðîçèíàçè ãðèá³â äîñë³äæåí³ ìåòîäè ê³ëüê³ñ-
íî¿ åë³ì³íàö³¿ ôåíîëó ïðè îïòèìàëüíèõ çíà÷åííÿõ ðÍ, òåìïåðàòóðè, ÷àñó, êîíöåíòðàö³é 
ôåðìåíò³â, ñóáñòðàò³â, òà âïåðøå çàñòîñîâàíèõ íåîðãàí³÷íèõ êîàãóëÿíò³â. Ïîêàçàíî 
âïëèâ ïðèðîäè ôåíîëüíîãî ñóáñòðàòó òà ðîçòàøóâàííÿ çàì³ñíèê³â ó éîãî ìîëåêóë³ 
(î-, ì-, ï-õëîðôåíîëè) íà ïðîöåñ ïåðîêñèäàçíîãî îêèñíåííÿ. 
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Ðèñ. 4. Êîíöåíòðàöi¿ êîàãóëÿíòiâ, íåîáõiäíi äëÿ 97 %-íî¿ åëiìiíàöi¿ ïðîäóêòiâ 
áiîêîíâåðñi¿ (t = 25 °Ñ, ðÍ 6,5, τ = 3 ãîä)

Fig. 4. Coagulants concentration values needed for 97 % bioconversion 
products elimination (t=25 °C, pH 6,5 τ= 3 hours)
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Ðåôåðàò

Ñ èñïîëüçîâàíèåì ÷àñòè÷íî î÷èùåííûõ ïðåïàðàòîâ îêèñëèòåëüíî-âîññòà-
íîâèòåëüíûõ ôåðìåíòîâ: ïåðîêñèäàçû õðåíà è òèðîçèíàçû ãðèáîâ Agaricus 
bisporus ðàçðàáîòàíû ìåòîäû êîëè÷åñòâåííîé ýëèìèíàöèè ôåíîëà ïðè îï-
òèìàëüíûõ çíà÷åíèÿõ ðÍ, òåìïåðàòóðû, âðåìåíè, êîíöåíòðàöèé ôåðìåíòîâ, 
ñóáñòðàòîâ è íåîðãàíè÷åñêèõ êîàãóëÿíòîâ. Ïîêàçàíî âëèÿíèå ïðèðîäû ôå-
íîëüíîãî ñóáñòðàòà è ðàñïîëîæåíèÿ çàìåñòèòåëåé â åãî ìîëåêóëå (î-, ì-, 
ï-õëîðôåíîëû) íà ïðîöåññ ïåðîêñèäàçíîãî îêèñëåíèÿ. 

Ê ë þ ÷ å â û å  ñ ë î â à: ïåðîêñèäàçà, òèðîçèíàçà, ýëèìèíàöèÿ, ôåíîëü-
íûå ñîåäèíåíèÿ
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e-mail: irinaroma@gmail.com; osey4uk@gmail.com

ENZYMATIC METHODS OF PHENOLIC POLLUTANTS 
ELIMINATION

Summary

With usage of partially purified oxidative-reductive enzymes: horseradish 
peroxidase and mushroom Agaricus bisporus tyrosinase, the methods of 
quantitative phenol elimination were developed at optimal pH-, temperature, 
time, enzyme, substrates and inorganic coagulants concentration values; 
the influence of phenolic substrate nature and the substituents position in 
its molecule (o-, m-, p-chlorophenols) on the peroxidative oxidation process 
was shown. 

K e y  w o r d s: peroxidase, tyrosinase, elimination, phenolic compounds. 
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ÂÈÊÎÐÈÑÒÀÍÍß Ã²ÄÐÎÃÅÍ ÑÓËÜÔ²ÄÓ ÒÀ 
ÍÀÃÐÎÌÀÄÆÅÍÍß ÅËÅÌÅÍÒÍÎ¯ Ñ²ÐÊÈ Â ÊË²ÒÈÍÀÕ 

THIOCYSTIS SP. YA 2006

Äîñë³äæåíî çàêîíîì³ðíîñò³ óòèë³çàö³¿ ñ³ðêîâîäíþ òà íàãðîìàä-
æåííÿ ñ³ðêè â êë³òèíàõ ïóðïóðîâèõ ñ³ðêîâèõ áàêòåð³é Thiocystis 
sp. Øâèäê³ñòü âèêîðèñòàííÿ ñ³ðêîâîäíþ áàêòåð³ÿìè çàëåæèòü 
â³ä éîãî âì³ñòó â ñåðåäîâèù³. Îñâ³òëåííÿ êóëüòóðè 1000 ëê òà 
âèñîê³ êîíöåíòðàö³¿ ñ³ðêîâîäíþ (ïîíàä 200 ìã/ë) ñïðèÿþòü á³ëüø 
øâèäê³é éîãî óòèë³çàö³¿ êë³òèíàìè. Ìàêñèìàëüíå íàãðîìàäæåííÿ 
åëåìåíòíî¿ ñ³ðêè ñïîñòåð³ãàºòüñÿ íà 6 äîáó êóëüòèâóâàííÿ. ²í-
òåíñèâí³ñòü îñâ³òëåííÿ òà âì³ñò ñ³ðêîâîäíþ â ñåðåäîâèù³ º òèìè 
ôàêòîðàìè, ÿê³ ðåãóëþþòü íàêîïè÷åííÿ ñ³ðêè â êë³òèíàõ áàêòåð³é. 
Ï³ñëÿ âèêîðèñòàííÿ ñ³ðêîâîäíþ ³ç ñåðåäîâèùà ãðàíóëè ñ³ðêè â 
êë³òèíàõ çâ³ëüíÿþòüñÿ â³ä á³ëêîâî¿ ìåìáðàíè ³ ñ³ðêà âèêîðèñòî-
âóºòüñÿ â ïðîöåñ³ àíîêñèãåííîãî ôîòîñèíòåçó ÿê äîíîð åëåêòðîí³â.

Ê ë þ ÷ î â ³   ñ ë î â à: ïóðïóðîâ³ ñ³ðêîáàêòåð³¿, ñ³ðêîâîäåíü, åëåìåíòíà ñ³ðêà.

Ïóðïóðîâ³ ñ³ðêîâ³ áàêòåð³¿ (ðîäèíà Chromatiaceae) âèêîðèñòîâóþòü â³äíîâëåí³ 
ñïîëóêè ñ³ðêè, çîêðåìà, ñ³ðêîâîäåíü, ÿê äîíîðè åëåêòðîí³â ó ïðîöåñ³ àíîêñèãåííîãî 
ôîòîñèíòåçó [8]. Á³ëüø³ñòü ïðåäñòàâíèê³â ðîäèíè – îáë³ãàòí³ ôîòîë³òîàâòîòðîôè 
³ ðîñòóòü çà òàêèõ êîíöåíòðàö³é ñóëüô³äó, ÿê³ º çãóáíèìè äëÿ ³íøèõ ôîòîòðîôíèõ 
íåñ³ðêîâèõ áàêòåð³é [2, 3, 11]. Îêèñíåííÿ ñ³ðêîâîäíþ (à, îòæå, éîãî äåòîêñèêàö³ÿ) 
ïóðïóðîâèìè ñ³ðêîâèìè áàêòåð³ÿìè ñóïðîâîäæóºòüñÿ íàãðîìàäæåííÿì â êë³òèíàõ 
åëåìåíòíî¿ ñ³ðêè [8, 9].

Çäàòí³ñòü çíåøêîäæóâàòè ñ³ðêîâîäåíü ³ íàãðîìàäæóâàòè ñ³ðêó äîçâîëÿº 
ðîçãëÿäàòè ïóðïóðîâ³ ñ³ðêîâ³ áàêòåð³¿ ÿê ïåðñïåêòèâí³ ìîäåëüí³ îðãàí³çìè äëÿ 
ð³çíèõ á³îòåõíîëîã³÷íèõ ïðîöåñ³â, â òîìó ÷èñë³ ³ äëÿ îäåðæàííÿ ñ³ðêè.

Ìåòîþ ðîáîòè áóëî äîñë³äèòè çäàòí³ñòü ôîòîñèíòåçóâàëüíèõ ïóðïóðîâèõ 
ñ³ðêîâèõ áàêòåð³é Thiocystis sp. Ya 2006 óòèë³çóâàòè ñ³ðêîâîäåíü ñåðåäîâèùà òà 
íàãðîìàäæóâàòè ñ³ðêó.

Ìàòåðiàëè i ìåòîäè
Ó äîñë³äàõ âèêîðèñòîâóâàëè êóëüòóðó ïóðïóðîâèõ ñ³ðêîáàêòåð³é Thiocystis 

sp. Ya 2006, âèä³ëåíó ç âîäè îçåðà “ßâîð³âñüêå”, ùî ðîçòàøîâàíå íà òåðèòîð³¿ 
ßç³âñüêîãî ñ³ðêîâîãî ðîäîâèùà (Óêðà¿íà, Ëüâ³âñüêà îáëàñòü).

Êóëüòóðó âèðîùóâàëè íà ð³äêîìó ñåðåäîâèù³ ÀÒÑÑ ¹ 1449 ó ïðîá³ðêàõ îá’ºìîì 
20 ìë, ÿê³ çàêðèâàëè ãóìîâèìè êîðêàìè òàê, ùîá íå çàëèøèëîñü ïóõèðö³â ïîâ³òðÿ. 
×àñ êóëüòèâóâàííÿ 10 ä³á ïðè òåìïåðàòóð³ 28 OÑ çà óìîâ ïîñò³éíîãî îñâ³òëåííÿ. 
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Äæåðåëîì ñâ³òëà ñëóãóâàëè ëàìïè ðîçæàðþâàííÿ ð³çíî¿ ïîòóæíîñò³. ²íòåíñèâí³ñòü 
îñâ³òëåííÿ ðåãóëþâàëè çì³íîþ â³äñòàí³ ì³æ äæåðåëîì ñâ³òëà ³ îá’ºêòîì äîñë³äæåííÿ. 
²íòåíñèâí³ñòü îñâ³òëåííÿ âèì³ðþâàëè ëþêñîìåòðîì Þ116.

Á³îìàñó êë³òèí âèçíà÷àëè òóðá³äîìåòðè÷íî íà ôîòîêîëîðèìåòð³ ÊÔÊ-3 ïðè 
600 íì, êþâåòà 3 ìì.

Ãðàíóëè ñ³ðêè â êë³òèíàõ âèÿâëÿëè çà äîïîìîãîþ åëåêòðîííî¿ ì³êðîñêîï³¿. 
Ô³êñàö³þ ³ êîíòðàñòóâàííÿ êë³òèí ïðîâîäèëè ÿê îïèñàíî [1, 10]. Çðàçêè ïåðåãëÿ-
äàëè ³ ôîòîãðàôóâàëè â åëåêòðîííîìó òðàíñì³ñ³éíîìó ì³êðîñêîï³ ÏÅÌ-100 çà 
ïðèñêîðþâàëüíî¿ íàïðóãè 75 êÂ.

Ê³ëüê³ñòü c³ðêîâîäíþ âèçíà÷àëè ôîòîåëåêòðîêîëîðèìåòðè÷íî (λ = 400 íì) 
ï³ñëÿ éîãî âçàºìîä³¿ ç â³ñìóòîâèì ðåàêòèâîì [5].

Ê³ëüê³ñòü ñ³ðêè âèçíà÷àëè éîäîìåòðè÷íî [6].
Ñòàòèñòè÷íå îïðàöþâàííÿ ðåçóëüòàò³â ïðîâîäèëè ç âèêîðèñòàííÿì ïðîãðàì 

Excel òà Origin. 

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ñ³ðêîâîäåíü âèÿâëÿº òîêñè÷íó ä³þ íà æèâ³ îðãàí³çìè. Íåçíà÷í³ éîãî êîíöåí-

òðàö³¿ (0,06 – 0,2 ììîëü) ïðèãí³÷óþòü ðîçâèòîê äåÿêèõ áàêòåð³é òà íàéïðîñò³øèõ 
[7]. Ïóðïóðîâ³ ñ³ðêîáàêòåð³¿ âèÿâëÿþòü ï³äâèùåíó ñò³éê³ñòü äî ö³º¿ ñïîëóêè ³ 
äîáðå ðîñòóòü â øèðîêîìó ä³àïàçîí³ êîíöåíòðàö³é ñ³ðêîâîäíþ (0,5 – 11 ììîëü) â 
ñåðåäîâèù³ [2, 3, 11]. Âîíè âèêîðèñòîâóþòü éîãî ÿê äîíîð åëåêòðîí³â â ðåàêö³ÿõ 
â³äíîâëåííÿ ÑÎ

2
 ó ïðîöåñ³ ôîòîë³òîàâòîòðîôíîãî ðîñòó.

Âèâ÷åííÿ äèíàì³êè âèêîðèñòàííÿ ñ³ðêîâîäíþ Thiocystis sp. Ya 2006, ïîêàçàëî, 
ùî âæå íà òðåòþ äîáó êóëüòèâóâàííÿ éîãî êîíöåíòðàö³ÿ ó ñåðåäîâèù³ çìåíøóºòüñÿ 
ó 30 ðàç³â (ðèñ. 1). Íà øîñòó äîáó êóëüòèâóâàííÿ áàêòåð³¿ îêèñíþþòü ïðàêòè÷íî 
âåñü íàÿâíèé ó ñåðåäîâèù³ ñ³ðêîâîäåíü.

Ðèñ. 1. Âèêîðèñòàííÿ ñiðêîâîäíþ Thiocystis sp. Ya 2006  
â ïðîöåñi ðîñòó êóëüòóðè (1). 2 – ñåðåäîâèùå áåç êëiòèí.

Fig. 1. Hydrogen sulfide utilization during the Thiocystis sp. Ya 2006 
growth (1).  2 – the medium without cells.

Þ.Î. Ïàâëîâà, Ñ.Ï. Ãóäçü 
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Ó ïîïåðåäí³õ äîñë³äæåííÿõ íàìè ïîêàçàíî, ùî âèñîê³ êîíöåíòðàö³¿ c³ðêî-
âîäíþ íåãàòèâíî âïëèâàþòü íà ð³ñò êóëüòóðè òà âèêëèêàþòü ð³çí³ äåñòðóêòèâí³ 
çì³íè â êë³òèíàõ áàêòåð³é [3]. Thiocystis sp. Ya 2006 óòèë³çóº äî 95 % ñ³ðêîâîäíþ 
ñåðåäîâèùà, ÿêùî îñòàíí³é ïðèñóòí³é ó íåâåëèêèõ êîíöåíòðàö³ÿõ (80 ìã/ë) (ðèñ. 
2, Á). Âèùà ïî÷àòêîâà êîíöåíòðàö³ÿ ñ³ðêîâîäíþ (200 ìã/ë) ñïðèÿº êðàùîìó ðîñòó 
áàêòåð³é (ðèñ. 2, À). Ïðè öüîìó ñ³ðêîâîäåíü îêèñíþºòüñÿ áàêòåð³ÿìè â 1,5 ðàçè 
øâèäøå, ïîð³âíÿíî ³ç êë³òèíàìè, âèðîùåíèìè ó ñåðåäîâèù³ ³ç êîíöåíòðàö³ºþ H

2
S 

80 ìã/ë. Â îáèäâîõ åêñïåðèìåíòàõ áàêòåð³¿ îêèñíþâàëè ñ³ðêîâîäåíü øâèäøå, í³æ 
öå â³äáóâàºòüñÿ çà ó÷àñòþ êèñíþ ïîâ³òðÿ. 

Ðèñ. 2. Âèêîðèñòàííÿ ñiðêîâîäíþ Thiocystis sp. Ya 2006 iç ñåðåäîâèùà ç 
ðiçíèìè éîãî êîíöåíòðàöiÿìè

1 – îêèñíåííÿ ñiðêîâîäíþ â ïðèñóòíîñòi êëiòèí;
2 – îêèñíåííÿ ñiðêîâîäíþ êèñíåì ïîâiòðÿ; 3 – ðiñò êóëüòóðè.

Fig. 2. The utilization of different hydrogen sulfide concentration by 
Thiocystis sp. Ya 2006    

1 – hydrogen sulfide oxidation in cells presence; 2 -hydrogen sulfide oxidation 
by oxygen from the air; 3 – the growth of culture.

Àíîêñèãåíí³ ôîòîñèíòåçóâàëüí³ áàêòåð³¿ âèêîðèñòîâóþòü åíåðã³þ ñâ³òëà 
äëÿ ïåðåíåñåííÿ åëåêòðîí³â â³ä ñ³ðêîâîäíþ äî ÍÀÄ(Ô)+ ³ ôåðåäîêñèíó [4]. 
Îòæå, óòèë³çàö³ÿ ñ³ðêîâîäíþ ïóðïóðîâèìè ñ³ðêîâèìè áàêòåð³ÿìè â ïåðøó ÷åðãó 
âèçíà÷àºòüñÿ ³íòåíñèâí³ñòþ îñâ³òëåííÿ. Íà ðèñ. 3 ïîêàçàíà óòèë³çàö³ÿ ñ³ðêîâîäíþ 
Thiocystis sp. Ya 2006 çà óìîâ ð³çíî¿ îñâ³òëåíîñò³. Øâèäê³é óòèë³çàö³¿ ñóëüô³äó 
ñïðèÿº âèðîùóâàííÿ êóëüòóðè çà ³íòåíñèâíîñò³ îñâ³òëåííÿ 1000 ëê. Íàìè ïîêàçàíî, 
ùî çà òàêèõ óìîâ, ïðîòÿãîì äâîõ ä³á êóëüòèâóâàííÿ áàêòåð³¿ âèêîðèñòîâóþòü ïîíàä 
80 % ñ³ðêîâîäíþ (ðèñ. 3). Çíèæåííÿ ³íòåíñèâíîñò³ îñâ³òëåííÿ (700 ëê, 300 ëê) 
çóìîâëþº ñïîâ³ëüíåííÿ òåìï³â îêèñíåííÿ ñ³ðêîâîäíþ. Íåäîñòàòíº àáî íàäì³ðíå 
îñâ³òëåííÿ (40 ëê, 2000 ëê) ñóïðîâîäæóºòüñÿ ñóòòºâèì ñïîâ³ëüíåííÿì éîãî óòèë³çàö³¿ 
(ðèñ. 3) òà çìåíøåííÿì ê³ëüêîñò³ ñ³ðêè â êë³òèíàõ (ðèñ. 4). 

Ð³çí³ ñ³ðêîâ³ áàêòåð³¿ ó ïðîöåñ³ ðîñòó âèêîðèñòîâóþòü â³äíîâëåí³ ñïîëóêè ñ³ðêè 
ÿê äîíîð åëåêòðîí³â äëÿ àíîêñèãåííîãî ôîòîñèíòåçó àáî àåðîáíîãî ÷è àíàåðîáíîãî 
õåìîòðîôíîãî ðîñòó [2, 4, 8, 9]. ßê ïðîì³æíèé ïðîäóêò îêèñíåííÿ c³ðêîâîäíþ ÷è 

ÂÈÊÎÐÈÑÒÀÍÍß Ã²ÄÐÎÃÅÍ ÑÓËÜÔ²ÄÓ ÒÀ ÍÀÃÐÎÌÀÄÆÅÍÍß ÅËÅÌÅÍÒÍÎ¯ Ñ²ÐÊÈ...
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ò³îñóëüôàòó áàêòåð³¿ íàêîïè÷óþòü ãëîáóëè “åëåìåíòíî¿” ñ³ðêè â êë³òèí³ (Chroma-
tiaceae, Beggiatoa sp.) àáî âèä³ëÿþòü ¿¿ â íàâêîëèøíº ñåðåäîâèùå (Ectothiorho-
dospiraceae, Chlorobiaceae) [8, 9].

Ðèñ. 4. Íàãðîìàäæåííÿ ñiðêè â êëiòèíàõ Thiocystis sp. Ya 2006 çà óìîâ ðiçíî¿ 
îñâiòëåíîñòi: 1 – 40 ëê; 2 – 700 ëê; 3 – 2000 ëê.

Fig. 4. Sulfur accumulation in Thiocystis sp. Ya 2006 cells under different light 
intensity conditions: 1 – 40 lx; 2 – 700 lx; 3 – 2000 lx.

Óòâîðåíà â êë³òèíàõ ñ³ðêà çà äåô³öèòó ñ³ðêîâîäíþ ó çîâí³øíüîìó ñåðåäîâèù³ 
ñëóæèòü äæåðåëîì åëåêòðîí³â ïðè ôîòîñèíòåç³. Ìàêñèìàëüíå íàãðîìàäæåííÿ 
ñ³ðêè â êë³òèíàõ Thiocystis sp. Ya 2006 (13 ìã/ã êë³òèí) ñïîñòåð³ãàºòüñÿ íà 6 äîáó 
êóëüòèâóâàííÿ (ðèñ. 5). 

Ðèñ. 3. Óòèëiçàöiÿ ñiðêîâîäíþ Thiocystis sp. Ya 2006 çà óìîâ ðiçíî¿ 
îñâiòëåíîñòi – 1 – 40 ëê; 2 – 300 ëê; 3 – 700 ëê; 4 – 1000 ëê; 5 – 2000 ëê; 

6 – ñåðåäîâèùå áåç êëiòèí.

Fig. 3. Hydrogen Thiocystis sp. Ya 2006 sulfide utilization under different light 
intensity condition – 1 – 40 lx; 2 – 300 lx; 3 – 700 lx; 4 – 1000 lx; 5 – 2000 lx; 

6 – the medium without cells.

Þ.Î. Ïàâëîâà, Ñ.Ï. Ãóäçü 
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Ðèñ. 5. Ðiñò (- � -) òà íàãðîìàäæåííÿ ñiðêè (-�-) â êëiòèíàõ 
Thiocystis sp. Ya 2006 íà ñåðåäîâèùi iç ñóëüôiäîì. -�- óòèëiçàöiÿ áàêòåðiÿìè 

ñiðêîâîäíþ.

Fig. 5. The growth (-�-) and sulfur accumulation (-�-) 
in Thiocystis sp. Ya 2006 cells in the medium with hydrogen sulfide. 

-�- hydrogen sulfide utilization by bacteria.

Íà öåé ÷àñ ñ³ðêîâîäåíü ñåðåäîâèùà ïîâí³ñòþ âèêîðèñòîâóºòüñÿ êë³òèíàìè ³ 
âîíè ïåðåõîäÿòü â ñòàö³îíàðíó ôàçó ðîñòó. Ïðè ñïîâ³ëüíåíí³ òåìï³â ðîñòó áàêòåð³é 
ñïîñòåð³ãàºòüñÿ çíèæåííÿ âì³ñòó ñ³ðêè â êë³òèíàõ, ùî, î÷åâèäíî, ïîâ’ÿçàíå ç ¿¿ 
âèêîðèñòàííÿì â åíåðãåòè÷íîìó ìåòàáîë³çì³.

Íà åëåêòðîííèõ ôîòîãðàô³ÿõ (ðèñ. 6) âèäíî íàïîâíåí³ ãðàíóëàìè ñ³ðêè êë³òèíè. 
Íà ïî÷àòêó ¿õ ôîðìóâàííÿ – çà íàÿâíîñò³ ñ³ðêîâîäíþ ó ñåðåäîâèù³ – âîíè îòî-

А Б

1

1

2

2

Ðèñ. 6. Ìiêðîôîòîãðàôi¿ êëiòèí Thiocystis sp. Ya 2006, âèðîùåíèõ ó ñåðåäîâè-
ùi iç ñiðêîâîäíåì äî ñåðåäèíè ëîãàðèôìi÷íî¿ (À) òà ñòàöiîíàðíî¿ (Á) ôàçè 

ðîñòó. 1 – áiëêîâà îáîëîíêà, 2 – ôîòîñèíòåòè÷íi âåçèêóëè.

Fig. 6. Electron microscopic photomicrographs of Thiocystis sp Ya 2006. 
cells, which were grown in the medium with hydrogen sulfide to middle of 

logarithmic (left) and stationary (right) stage of growth. 
1 – protein membrane, 2 – photosynthetic vesicles.
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÷åí³ äîáðå ïîì³òíîþ á³ëêîâîþ ìåìáðàíîþ. Âèêîðèñòàííÿ ñ³ðêîâîäíþ ñåðåäîâèùà 
ñòèìóëþº âèêîðèñòàííÿ ãðàíóë ñ³ðêè “íîâèõ” äîíîð³â åëåêòðîí³â. Ïðè öüîìó ìåì-
áðàíà, ùî îòî÷óº ãðàíóëè ðóéíóºòüñÿ ³ ñ³ðêà âèâ³ëüíÿºòüñÿ â öèòîïëàçìàòè÷íèé 
ïðîñò³ð. Íà åëåêòðîííèõ ôîòîãðàô³ÿõ âèäíî, ùî ³ç çâ³ëüíåíîþ â³ä ìåìáðàí ñ³ðêîþ 
âçàºìîä³þòü ôîòîñèíòåòè÷í³ âåçèêóëè, ùî î÷åâèäíî, ïîâ’ÿçàíî ç á³ëüø ³íòåíñèâíèì 
âèêîðèñòàííÿì ñ³ðêè ÿê äîíîðà åëåêòðîí³â â ïðîöåñ³ ôîòîñèíòåçó.

Òàêèì ÷èíîì, â ðåçóëüòàò³ ïðèâåäåíèõ äîñë³äæåíü âñòàíîâëåíî, ùî ïóðïóðîâ³ 
ñ³ðêîâ³ áàêòåð³¿ ðîäó Thiocystis çäàòí³ óòèë³çóâàòè ñ³ðêîâîäåíü ³ ïåðåòâîðþâàòè 
éîãî â ñ³ðêó, ÿêà íàãðîìàäæóºòüñÿ â êë³òèíàõ. Ìàêñèìàëüíå íàãðîìàäæåííÿ ñ³ðêè 
êë³òèíàìè ñïîñòåð³ãàºòüñÿ íà øîñòó äîáó êóëüòèâóâàííÿ. Ê³ëüê³ñòü óòâîðþâàíî¿ 
êë³òèíàìè ñ³ðêè ðåãóëþºòüñÿ ³íòåíñèâí³ñòþ îñâ³òëåííÿ ³ êîíöåíòðàö³ÿìè ñ³ðêîâîäíþ 
â ñåðåäîâèù³. Îïèñàí³ áàêòåð³¿ ñë³ä ðîçãëÿäàòè ÿê ïåðñïåêòèâí³ äëÿ á³îòåõíîëî-
ã³÷íîãî îäåðæàííÿ ñ³ðêè.
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ÈÑÏÎËÜÇÎÂÀÍÈÅ CÅÐÎÂÎÄÎÐÎÄÀ È ÍÀÊÎÏËÅÍÈÅ 
ÝËÅÌÅÍÒÍÎÉ ÑÅÐÛ Â ÊËÅÒÊÀÕ THIOCYSTIS SP. YA 2006

Ðåôåðàò

Èññëåäîâàíû çàêîíîìåðíîñòè óòèëèçàöèè ñåðîâîäîðîäà è íàêîïëåíèÿ 
ñåðû â êëåòêàõ ïóðïóðíûõ ñåðîáàêòåðèé Thiocystis sp. Ya 2006 Ñêîðîñòü 
èñïîëüçîâàíèÿ ñåðîâîäîðîäà áàêòåðèÿìè çàâèñèò îò åãî ñîäåðæàíèÿ â ñðå-
äå. Îñâåùåíèå êóëüòóðû 1000 ëê è âûñîêèå êîíöåíòðàöèè ñåðîâîäîðîäà 
(ñâûøå 200 ìã/ë) ñîäåéñòâóþò áîëåå áûñòðîé åãî óòèëèçàöèè êëåòêàìè. 
Ìàêñèìàëüíîå íàêîïëåíèå ýëåìåíòíîé ñåðû íàáëþäàåòñÿ íà 6-å ñóòêè 
êóëüòèâèðîâàíèÿ. Èíòåíñèâíîñòü îñâåùåíèÿ è ñîäåðæèìîå ñåðîâîäîðîäà 
â ñðåäå ÿâëÿþòñÿ òåìè ôàêòîðàìè, êîòîðûå ðåãóëèðóþò íàêîïëåíèå ñåðû 
â êëåòêàõ áàêòåðèé. Ïîñëå èñïîëüçîâàíèÿ ñåðîâîäîðîäà èç ñðåäû, ãðàíóëû 
ñåðû â êëåòêàõ îñâîáîæäàþòñÿ îò áåëêîâîé ìåìáðàíû, è ñåðà èñïîëüçóåòñÿ 
â ïðîöåññå áåñêèñëîðîäíîãî ôîòîñèíòåçà êàê äîíîð ýëåêòðîíîâ.

Ê ë þ ÷ å â û å  ñ ë î â à: ïóðïóðíûå ñåðîáàêòåðèè, ñåðîâîäîðîä, ñåðà.

Yu.O. Pavlova, S.P. Gudz

Ivan Franko Lviv National University,
Hrushevsky Str., 4, Lviv, 79005, Ukraine, òåë. 8 (0322) 96 40 53, 
e-mail: indrekis@icmp.lviv.ua

HYDROGEN SULFIDE UTILIZATION AND ACCUMULATION 
OF SULFUR IN THIOCYSTIS SP. YA 2006 CELLS

Summary

The mechanisms of hydrogen sulfide utilization and accumulation of hydrogen 
sulfide in Thiocystis sp. Ya 2006 cells were investigated. The intensity of 
hydrogen sulfide using dependes on its quantity in the medium. The light 
intensity 1000 lx and high hydrogen sulfide concentration made the positive 
influence on hydrogen sulfide utilization by the cells. The maximum of sulfur 
accumulation was observed after six days of cultivation. The light intensity 
and hydrogen sulfide content in the medium have regulated the accumulation 
of sulfur in bacteria cells. When hydrogen sulfide was used from the medium, 
sulfur globules lost their protein membrane and then sulfur was used in the 
process of anoxic photosynthesis as electron donor.

K e y  w o r d s: purple sulfur bacteria, hydrogen sulfide, sulfur. 
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ÂÏËÈÂ ÊÎÌÏËÅÊÑÓ 
ÌÅÇÎ-ÒÅÒÐÀ(4-N-ÌÅÒÈË-Ï²ÐÈÄÈË) ÏÎÐÔ²ÐÈÍÓ 

Ç Â²ÑÌÓÒÎÌ ÍÀ Ð²ÑÒ ÒÀ ÔÎÐÌÓÂÀÍÍß Á²ÎÏË²ÂÊÈ 
PSEUDOMONAS AERUGINOSA ATCC 27853

Êîìïëåêñ ìåçî-òåòðà(4-N-ìåòèë-ï³ðèäèë)ïîðô³ðèíó ç â³ñìóòîì 
ñóòòºâî ³íã³áóº ð³ñò Pseudomonas aeruginosa ó ñóñïåíç³éí³é 
êóëüòóð³. Ï³äâèùåííÿ ³íã³áóþ÷îãî åôåêòó ñïîñòåð³ãàºòü-
ñÿ â äâîõ ³íòåðâàëàõ êîíöåíòðàö³é: â³ä 0,04 äî 4,0 òà â³ä 
40 äî 80 ìêìîëåé. Ìàêñèìàëüíà ç äîñë³äæåíèõ êîíöåíòðàö³é 
(80 ìêìîëåé) çìåíøóâàëà ïðèð³ñò á³îìàñè P. aeruginosa íà 80 %. 
Ìåòàëîêîìïëåêñ ó êîíöåíòðàö³ÿõ 0,04 òà 40 ìêìîëåé çàïîá³-
ãàº ôîðìóâàííþ á³îïë³âêè ó 1,8 ³ 2,7 ðàçè, â³äïîâ³äíî. Ïðè öü-
îìó çíèæóºòüñÿ çäàòí³ñòü êë³òèí P. aeruginosa ñèíòåçóâà-
òè êèñë³ ìóêîïîë³öóêðèäè òà îá’ºäíóâàòèñÿ ó êîíãëîìåðàòè. 

Ê ë þ ÷ î â ³  ñ ë î â à: ìåçî-òåòðà(4-N-ìåòèë-ï³ðèäèë)ïîðô³ðèí, 
ìåòàëîêîìïëåêñ ç â³ñìóòîì, àíòèì³êðîáíà àêòèâí³ñòü, á³îïë³âêà, 
Pseudomonas aeruginosa. 

 Ïðîöåñ ôîðìóâàííÿ á³îïë³âêè ÷èñëåíèìè óìîâíî-ïàòîãåííèìè ì³êðîîðãàí³ç-
ìàìè ìàº âåëè÷åçíå çíà÷åííÿ ó ìåäè÷í³é ïðàêòèö³. Çäàòí³ñòü äî ¿¿ óòâîðåííÿ 
º îäíèì ç âèð³øàëüíèõ ôàêòîð³â ó ïåðåäà÷³ âíóòð³øíüîë³êàðíÿíèõ ³íôåêö³é, 
ùî âèêëèêàþòüñÿ, çîêðåìà, ïñåâäîìîíàäàìè, ñòàô³ëîêîêàìè, êàíäèäàìè òîùî. 
Äàí³ ë³òåðàòóðè ñâ³ä÷àòü ïðî óòâîðåííÿ á³îïë³âîê óìîâíî-ïàòîãåííèìè ì³êðî-
îðãàí³çìàìè íà êàòåòåðàõ äîâãîñòðîêîâîãî âèêîðèñòàííÿ, ÿê³ ñëóãóþòü äæåðå-
ëàìè ³íô³êóâàííÿ ëþäåé [3, 7]. Ôîðìóâàííÿ á³îïë³âîê ìàº ì³ñöå íå ò³ëüêè íà 
êàòåòåðàõ òà ³íøîìó ìåäè÷íîìó îáëàäíåíí³, àëå ³ íà çóáàõ òà çóáíèõ ïðîòåçàõ; 
ñèñòåìàõ êîíäèö³îíóâàííÿ ïîâ³òðÿ; òà, ó ïåâíèõ âèïàäêàõ, â îðãàí³çì³ ëþäèíè, 
íàïðèêëàä, ó äèõàëüíèõ øëÿõàõ õâîðèõ íà ìóêîâ³ñöèäîç. Ñôîðìîâàí³ á³îïë³âêè 
º äæåðåëàìè õðîí³÷íèõ ³íôåêö³é, ÿê³ ïîãàíî ï³ääàþòüñÿ ë³êóâàííþ [8].

Íàé÷àñò³øå ñïàëàõè âíóòð³øíüîë³êàðíÿíèõ ³íôåêö³é îáóìîâëåí³ Pseudomonas 
aeruginosa, ÿêà ó ñêëàä³ á³îïë³âîê ïðàêòè÷íî íå÷óòëèâà äî àíòèá³îòèê³â [3, 6]. Òîìó 
ïîøóê ïðèíöèïîâî íîâèõ ãðóï àíòèì³êðîáíèõ çàñîá³â, åôåêòèâíèõ ïî â³äíîøåííþ 
äî ì³êðîîðãàí³çì³â, ùî çíàõîäÿòñÿ ó ñêëàä³ á³îïë³âîê, º ñó÷àñíîþ, àêòóàëüíîþ 
ïðîáëåìîþ.

© Ì.Á. Ãàëê³í, Ç.². Æèë³íà, Þ.Â. ²øêîâ, Ì.Î. Ïåòðîâà, Â.Î. ²âàíèöÿ, 2008
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Ðàí³øå íàìè áóëî ïîêàçàíî, ùî ñèíòåòè÷í³ ìåçî-çàì³ùåí³ ïîðô³ðèíè òà ¿õ 
ìåòàëîêîìïëåêñè âîëîä³þòü çíà÷íîþ àíòèì³êðîáíîþ àêòèâí³ñòþ, ÿêà íå çàëåæèòü 
â³ä ÷óòëèâîñò³ áàêòåð³é äî àíòèá³îòèê³â [5,10]. 

Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ âïëèâó â³ñìóòîâîãî êîìïëåêñó ìåçî-òåòðà(4-
N-ìåòèë-ï³ðèäèë)ïîðô³ðèíà (Bi-ÒÏÏ) íà ôîðìóâàííÿ á³îïë³âêè òà ñèíòåç êèñëèõ 
åêçîïîë³ñàõàðèä³â P. aeruginosa.

Ìàòåðiàëè i ìåòîäè 
Ó ðîáîò³ áóâ âèêîðèñòàíèé øòàì Pseudomonas aeruginosa ATCC 27853, îòðèìà-

íèé ç ìóçåþ êóëüòóð ì³êðîîðãàí³çì³â êàôåäðè ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÎÍÓ ³ìåí³ 
². ². Ìå÷íèêîâà. Ìåçî-òåòðà(4-N-ìåòèë-ï³ðèäèë)-ïîðô³ðèí (ÒÏÏ) òà éîãî êîìïëåêñ 
ç â³ñìóòîì ñèíòåçîâàí³ ó ÏÍÄË-5 ÎÍÓ ³ìåí³ ². ². Ìå÷íèêîâà [1].

Àíòèì³êðîáíó àêòèâí³ñòü Bi-ÒÏÏ ùîäî P. aeruginosa äîñë³äæóâàëè ç 
âèêîðèñòàííÿì ìåòîäó ñåð³éíèõ ðîçâåäåíü ó ñåðåäîâèù³ Ã³ññà, â ä³àïàçîí³ 
êîíöåíòðàö³é â³ä 0,04 äî 80 ìêìîëü. Àíòèì³êðîáíèé åôåêò îö³íþâàëè çà îïòè÷íîþ 
ãóñòèíîþ 24-ãîäèíî¿ êóëüòóðè íà ñïåêòðîôîòîìåòð³ “Spekol-10”.

Äëÿ îö³íêè ôîðìóâàííÿ á³îïë³âêè ó ñòåðèëüí³ áþêñè ç ïîêð³âíèìè ñêåëüöÿìè 
(18õ18 ìì) äîäàâàëè 2 ìë ñåðåäîâèùà Ã³ññà òà êë³òèíè òåñò-øòàìó äî êîíöåíòðàö³¿ 
103 ÊÓÎ/ìë. Ó äîñë³äí³ ïðîáè äîäàâàëè ñèíòåçîâàí³ ñïîëóêè äî ê³íöåâèõ êîíöåí-
òðàö³é 0,04 ³ 40 ìêìîëü òà ³íêóáóâàëè ïðè 37 îÑ ó òåðìîñòàò³ âïðîäîâæ 24 ãîäèí. 
Ïî çàê³í÷åíí³ ³íêóáàö³¿ ñêåëüöÿ â³äìèâàëè â³ä íåïðèêð³ïëåíèõ êë³òèí ô³ç³îëîã³÷íèì 
ðîç÷èíîì, ô³êñóâàëè 96 % åòàíîëîì òà ôàðáóâàëè âïðîäîâæ 10 õâ êðèñòàë³÷íèì 
ô³îëåòîâèì. Ï³ñëÿ â³äìèâàííÿ áàðâíèêà ³ âèñóøóâàííÿ íà ïîâ³òð³ îö³íþâàëè ñòàí 
á³îïë³âîê â³çóàëüíî òà ï³ä ì³êðîñêîïîì [11].

Äëÿ âèâ÷åííÿ ê³ëüê³ñíîãî âïëèâó äîñë³äæóâàíèõ ñïîëóê íà ôîðìóâàííÿ 
á³îïë³âêè òà ñèíòåç êèñëèõ ïîë³ñàõàðèä³â P. aeruginosa âèêîðèñòîâóâàëè 96-ëóíêîâ³ 
ïëàñòèêîâ³ ïëàíøåòè. Ó ëóíêè âíîñèëè 0,1 ìë ñóñïåíç³¿ áàêòåð³é (103 ÊÓÎ/ìë). 
Ó äîñë³äí³ ïðîáè äîäàâàëè ñïîëóêè äî ê³íöåâèõ êîíöåíòðàö³é 0,04 ³ 40 ìêìîëü òà 
³íêóáóâàëè ïðè 37 îÑ ó òåðìîñòàò³. ×åðåç 24 ãîä íàäîñàäîâó ð³äèíó âèäàëÿëè ³ òðè÷³ 
ïðîìèâàëè á³îïë³âêó, äîäàþ÷è ó êîæíó ëóíêó ïî 0,2 ìë ô³ç³îëîã³÷íîãî ðîç÷èíó. Ñòàí 
á³îïë³âîê íà äí³ ëóíîê îö³íþâàëè ï³ñëÿ ôàðáóâàííÿ êðèñòàë³÷íèì ô³îëåòîâèì, àáî 
àëöèàíîâèì áëàêèòíèì. Îáë³ê ðåçóëüòàò³â çä³éñíþâàëè íà ôîòîìåòð³ äëÿ ³ìóíî-
ôåðìåíòíîãî àíàë³çó ïðè λ=570 íì òà λ=605 íì, â³äïîâ³äíî [11].

Óñ³ åêñïåðèìåíòè ïîâòîðþâàëè 4 ðàçè. Ê³ëüê³ñòü ïàðàëåëåé êîæíîãî ç âàð³àíò³â 
äîð³âíþâàëà 5. Äëÿ îáðîáêè òà àíàë³çó äàíèõ âèêîðèñòîâóâàëè ìåòîäè âàð³àö³éíî¿ 
ñòàòèñòèêè ç ðîçðàõóíêîì ñåðåäíüî¿ àðèôìåòè÷íî¿ òà ¿¿ ñåðåäíüîêâàäðàòè÷íîãî 
â³äõèëåííÿ. Â³ðîã³äí³ñòü ð³çíèö³ ïîêàçíèê³â îö³íþâàëè çà äîïîìîãîþ t-êðèòåð³þ 
Ñò’þäåíòà. Ìàòåìàòè÷íó îáðîáêó îòðèìàíèõ äàíèõ çä³éñíþâàëè ç âèêîðèñòàííÿì 
ïðîãðàìè MS Excel [2].

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ 
Âèâ÷åííÿ âïëèâó Bi-ÒÏÏ íà ð³ñò P. aeruginosa ïîêàçàëî, ùî äîñë³äæåíà íàìè 

ñïîëóêà ìàº âèñîêó àíòèì³êðîáíó àêòèâí³ñòü ùîäî äàíîãî ì³êðîîðãàí³çìó (ðèñ. 1). 
Õàðàêòåð ³íã³áóþ÷îãî âïëèâó âèÿâèâñÿ ïîä³áíèì äî âïëèâó ö³º¿ æ ñïîëóêè íà ð³ñò 
Salmonella enteritidis ÿê áóëî ïîêàçàíî íàìè ðàí³øå [5]. Ï³äâèùåííÿ ³íã³áóþ÷îãî 
âïëèâó ñïîñòåð³ãàëîñü ó ä³àïàçîí³ êîíöåíòðàö³é â³ä 0,04 äî 4 òà â³ä 40 äî 80 ìêìîëåé. 
Ó ä³àïàçîí³ êîíöåíòðàö³é 4-40 ìêìîëåé ñïîñòåð³ãàëîñü ïëàòî, â³äñóòí³ñòü çàëåæíîñò³ 
çðîñòàííÿ ³íã³áóþ÷î¿ àêòèâíîñò³ â³ä êîíöåíòðàö³¿ Bi-ÒÏÏ. Ïðè öüîìó ³íòåíñèâí³ñòü 
ðîñòó òåñò-øòàìó ñòàíîâèëà 40 % â³ä êîíòðîëþ. Íàéá³ëüøà ç âèâ÷åíèõ êîíöåíòðàö³é 
(80 ìêìîëü) ïðèãí³÷óâàëà ð³ñò òåñò-øòàìó ìàéæå íà 80 %. 

ÂÏËÈÂ ÊÎÌÏËÅÊÑÓ ÌÅÇÎ-ÒÅÒÐÀ(4-N-ÌÅÒÈË-Ï²ÐÈÄÈË) ÏÎÐÔ²ÐÈÍÓ ...
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Íà íàøó äóìêó ïîä³áíà êàðòèíà ³íã³áóâàííÿ ðîñòó P. aeruginosa ìîæå ñâ³ä-
÷èòè ïðî òå, ùî ó çîíàõ ìàëèõ òà âåëèêèõ êîíöåíòðàö³é ìåõàí³çì àíòèì³êðîáíî¿ 
ä³¿ äîñë³äæóâàíî¿ ñïîëóêè ìîæå ñóòòºâî â³äð³çíÿòèñÿ. Íå âèêëþ÷íî òàêîæ, ùî çà 
ð³çíèõ êîíöåíòðàö³é òðàíñïîðò Bi-ÒÏÏ óñåðåäèíó êë³òèí áàêòåð³é ìîæå çä³éñíþâà-
òèñÿ çà ð³çíèìè ìåõàí³çìàìè. Â³ëüíà îñíîâà òà í³òðàò â³ñìóòó ñóòòºâîãî âïëèâó íà 
P. aeruginosa íå ñïðè÷èíÿëè. Ëèøå íàéá³ëüøà êîíöåíòðàö³ÿ ÒÏÏ ïðèãí³÷óâàëà 
ð³ñò ì³êðîîðãàí³çìó íà 12 %.

Âèâ÷åííÿ åôåêòó äîñë³äæóâàíî¿ ñïîëóêè íà ôîðìóâàííÿ á³îïë³âêè ó ïëàíøåò³ 
ïîêàçàëî, ùî ó ïðèñóòíîñò³ â³ñìóòîâîãî êîìïëåêñó öåé ïðîöåñ ñóòòºâî ïðèãí³÷óºòüñÿ 
(ðèñ. 2). Çà ïðèñóòíîñò³ êîìïëåêñó ó êîíöåíòðàö³¿ 0,04 ìêìîëü, ÷èñëî êë³òèí òåñò-
øòàìó ïðèêð³ïëåíèõ äî äíà ëóíêè çìåíüøóâàëîñü ó 1,8 ðàçè, à çà êîíöåíòðàö³¿ 
40 ìêìîëü – ìàéæå ó 2,7 ðàçè. Åôåêò â³ëüíî¿ îñíîâè ñèíòåòè÷íîãî ïîðô³ðèíó 
âèÿâèâñÿ ìåíøèì çà åôåêò ìåòàëîêîìïëåêñó ³ ñêëàâ 25 òà 57 %, â³äïîâ³äíî. Í³òðàò 
â³ñìóòó íà ïðîöåñ ôîðìóâàííÿ á³îïë³âêè ñóòòºâîãî âïëèâó íå ñïðè÷èíÿâ. Ö³êàâèì 
º òîé ôàêò, ùî â³ñìóòîâèé êîìïëåêñ ìåçî-òåòðà(4-N-ìåòèë-ï³ðèäèë)ïîðô³ðèíó ìàº 
çíà÷íî á³ëüøó çäàòí³ñòü äî ïðèãí³÷åííÿ ôîðìóâàííÿ á³îïë³âêè, í³æ äî ³íã³áóâàííÿ 
ðîñòó P. aeruginosa ó ñóñïåíç³éí³é êóëüòóð³. Òàê, åôåêò íàéíèæ÷î¿ ç âèêîðèñòàíèõ 
êîíöåíòðàö³é ñêëàâ ó ïåðøîìó âèïàäêó ìàéæå 80 % (ðèñ. 2), òîä³ ÿê ó äðóãîìó 
(ðèñ. 1) ëèøå 23 %.

Öå äàº çìîãó ïðèïóñòèòè, ùî ïðèãí³÷åííÿ ôîðìóâàííÿ á³îïë³âêè Bi-ÒÏÏ 
ïîâ’ÿçàíî íå ò³ëüêè ç âïëèâîì éîãî íà ð³ñò P. aeruginosa. Ìîæëèâî öÿ ñïîëóêà 
ìîæå ãàëüìóâàòè àáî ìîäèô³êóâàòè äåÿê³ ìåòàáîë³÷í³ ïðîöåñè â êë³òèíàõ áàêòåð³¿, 
çîêðåìà âïëèâàòè íà ñèíòåç åêçîïîë³ñàõàðèä³â, ÿê³ ðàçîì ç ô³ìáð³ÿìè òà ³íøèìè 
ôàêòîðàìè ñïðèÿþòü àäãåç³¿ P. aeruginosa äî ð³çíèõ ïîâåðõîíü. Òàêà çäàòí³ñòü áóëà 
ïîêàçàíà äëÿ êîìïëåêñ³â â³ñìóòó ç ë³ïîô³ëüíèìè ò³îëàìè, ÿê³ ³íã³áóâàëè ñèíòåç 
åêçîïîë³ñàõàðèä³â ó P. aeruginosa òà äåÿêèõ ³íøèõ áàêòåð³é [9,12].
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Ðèñ. 1. Ðiñò P. aeruginosa ATCC 27853 çà ïðèñóòíîñòi 
ìåçî-òåòðà(4-N-ìåòèë-ïiðèäèë)ïîðôiðèíó òà éîãî êîìïëåêñó ç âiñìóòîì

* – ðiçíèöÿ âèðîãiäíà ó ïîðiâíÿííi ç êîíòðîëåì (ð < 0,05)

 Fig. 1. P. aeruginosa ATCC 27853 growth in presence of 
meso-tetra(4-N-methyl-piridyl)porphyrin and its bismuth complex

* – ð < 0,05 by Student’s test
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Ðèñ. 2. Âïëèâ äîñëiäæåíèõ ñïîëóê íà iíòåíñèâíiñòü ôîðìóâàííÿ áiîïëiâêè
P. aeruginosa 

K - êîíòðîëü, 1 – Bi-ÒÏÏ, 2 – ÒÏÏ, 3 – Bi(NO3)3
* – ðiçíèöÿ âèðîãiäíà ó ïîðiâíÿííi ç êîíòðîëåì (ð < 0,05)

 Fig. 2. Influence of studied compounds on the P. aeruginosa biofilm 
formation process 

K - kontrol, 1 – Bi-ÒPP ; 2 – ÒPP; 3 – Bi(NO3)3
* – ð < 0,05 by Student’s t test

Ðåçóëüòàòè äîñë³äæåííÿ ÿê³ñíîãî âïëèâó ìåòàëîêîìïëåêñó íà ôîðìóâàííÿ 
á³îïë³âêè ïîêàçàí³ íà ðèñ. 3 ³ 4. Çàãàëüíèé âèãëÿä á³îïë³âêè íà ñêåëüöÿõ (ðèñ. 3), 
ïîôàðáîâàíèõ êðèñòàë³÷íèì ô³îëåòîâèì, ñâ³ä÷èòü ïðî ïðèãí³÷åííÿ öüîãî ïðîöåñó. 
Âïëèâ Bi-ÒÏÏ âèÿâèâñÿ çàëåæíèì â³ä éîãî êîíöåíòðàö³¿. 

  1    2       3

Ðèñ. 3. Çàãàëüíèé âèãëÿä áiîïëiâêè, ïîôàðáîâàíî¿ êðèñòàëi÷íèì ôiîëåòîâèì
1 – êîíòðîëü; 2 – 0,04 ìêìîëÿ Bi-ÒÏÏ; 3 – 40 ìêìîëåé Bi-ÒÏÏ

Fig. 3. General view of the P. aeruginosa biofilm stained by crystal violet 
1 – control; 2 – 0,04 µM Bi-ÒPP; 3 – 40µM Bi-ÒPP

Íà ì³êðîôîòîãðàô³ÿõ ñêåëåöü, ïðåäñòàâëåíèõ íà ðèñ. 4, âèäíî, ùî ìåòàëîêîì-
ïëåêñ çíà÷íî çíèæóº çäàòí³ñòü P. aeruginosa äî ôîðìóâàííÿ êîíãëîìåðàò³â êë³òèí, 
ÿê³ ëåæàòü â îñíîâ³ á³îïë³âêè. Ïðè êîíöåíòðàö³¿ 0,04 ìêìîëü ó ïðåïàðàòàõ ïðèñóòíÿ 
çíà÷íà ê³ëüê³ñòü ïîîäèíîêèõ êë³òèí, òîä³ ÿê ó êîíòðîë³ ïðàêòè÷íî óñ³ êë³òèíè ç³áðàí³ 
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ó âåëèê³ êîíãëîìåðàòè. Çà êîíöåíòðàö³¿ 40 ìêìîëü Bi-ÒÏÏ, íà ñêåëüöÿõ ïðèñóòí³ 
ëèøå ïîîäèíîê³ êë³òèíè ðîçêèäàí³ ïî óñüîìó ïîëþ çîðó ³ ñôîðìîâàíà á³îïë³âêà 
ïðàêòè÷íî â³äñóòíÿ.

Ôàðáóâàííÿ á³îïë³âêè àëöèàíîâèì áëàêèòíèì (ðèñ. 5) âèÿâèëî òàêîæ çàëåæíå 
â³ä êîíöåíòðàö³³ Â³-ÒÏÏ ïðèãí³÷åííÿ ñèíòåçó êèñëèõ ìóêîïîë³ñàõàðèä³â, ÿê³ º âàæ-
ëèâèìè êîìïîíåíòàìè ñëèçó P. aeruginosa ³ ñïðèÿþòü àäãåç³¿ öüîãî ì³êðîîðãàí³çìó. 
Íåçíà÷íå ãàëüìóâàííÿ ñèíòåçó åêçîïîë³ñàõàðèä³â â³äì³÷åíî ó ïðèñóòíîñò³ ÒÏÏ, à 
í³òðàò â³ñìóòó çîâñ³ì íå âïëèâàâ íå öåé ïðîöåñ. 

 Ðèñ. 5. Âïëèâ äîñëiäæåíèõ ñïîëóê íà iíòåíñèâíiñòü ñèíòåçó êèñëèõ 
ïîëiñàõàðèäiâ â áiîïëiâöi P. aeruginosa

Ê - êîíòðîëü, 1 – Bi-ÒÏÏ, 2 – ÒÏÏ, 3 – Bi(NO3)3

* – ðiçíèöÿ âèðîãiäíà ó ïîðiâíÿííi ç êîíòðîëåì (ð < 0,05)

 Fig. 5. Influence of studied compounds on the acid polysaccharides 
synthesis intensity 

K - kontrol, 1 – Bi-ÒPP; 2 – TPP, 3 – Bi(NO3)3

* – ð < 0,05 by Student’s test
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Ðèñ. 4. Âèãëÿä áiîïëiâêè, ñôîðìîâàíî¿ â ïðèñóòíîñòi ðiçíèõ êîíöåíòðàöié 
Bi-ÒÏÏ, ïiä ìiêðîñêîïîì (õ900)

1 – êîíòðîëü; 2 – 0,04 ìêìîëÿ; 3 – 40 ìêìîëåé

 Fig. 4. Microscopic view of the P. aeruginosa biofilm formed in presence 
of different concentrations of Bi-ÒPP (õ900)

1 – control; 2 – 0,04µM; 3 – 40µM

*

*

Ì.Á. Ãàëê³í, Ç.². Æèë³íà, Þ.Â. ²øêîâ, Ì.Î. Ïåòðîâà, Â.Î. ²âàíèöÿ



91Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2008

Òàêèì ÷èíîì, îòðèìàí³ åêñïåðèìåíòàëüí³ äàí³ äàþòü ìîæëèâ³ñòü ââàæàòè, ùî 
êîìïëåêñ ìåçî-òåòðà(4-N-ìåòèë-ï³ðèäèë)ïîðô³ðèíó ç â³ñìóòîì íå ò³ëüêè ïðèãí³÷óº 
ð³ñò P. àeruginosa, àëå ³ çàïîá³ãàº óòâîðåííþ íåþ á³îïë³âêè. Çà ïîïåðåäí³ìè ðå-
çóëüòàòàìè îñòàííº îáóìîâëþºòüñÿ ³íã³áóþ÷èì âïëèâîì äîñë³äæåíî¿ ñïîëóêè íà 
ñèíòåç êèñëèõ ïîë³ñàõàðèä³â òà ôîðìóâàííÿ êë³òèííèõ êîíãëîìåðàò³â. Ïîäàëüø³ 
äîñë³äæåííÿ áóäóòü ñïðÿìîâàí³ íà á³ëüø ãëèáîêå âèâ÷åííÿ ìåõàí³çì³â ä³¿ â³ñìóòî-
âîãî êîìïëåêñó íà ïðîöåñ óòâîðåííÿ á³îïë³âêè.
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ÂËÈßÍÈÅ ÊÎÌÏËÅÊÑÀ ÌÅÇÎ-ÒÅÒÐÀ(4-N-ÌÅÒÈË-ÏÈÐÈÄÈË) 
ÏÎÐÔÈÐÈÍÀ Ñ ÂÈÑÌÓÒÎÌ ÍÀ ÐÎÑÒ È ÔÎÐÌÈÐÎÂÀÍÈÅ 
ÁÈÎÏËÅÍÊÈ PSEUDOMONAS AERUGINOSA ATCC 27853

Ðåôåðàò

Êîìïëåêñ ìåçî-òåòðà(4-N-ìåòèëïèðèäèë) ïîðôèðèíà ñ âèñìóòîì îáëàäàåò 
âûðàæåííîé ñïîñîáíîñòüþ èíãèáèðîâàòü ðîñò Pseudomonas aeruginosa â 
ñóñïåíçèîííîé êóëüòóðå. Ïîâûøåíèå èíãèáèðóþùåãî ýôôåêòà íàáëþäàëîñü 
â èíòåðâàëàõ êîíöåíòðàöèé îò 0,04 äî 4 è îò 40 äî 80 ìêìîëü. Ìàêñèìàëü-
íàÿ èç èñïîëüçîâàííûõ êîíöåíòðàöèé (80 ìêìîëü) èíãèáèðîâàëà ðîñò P. 
aeruginosa íà 80 %. Ìåòàëëîêîìïëåêñ â êîíöåíòðàöèÿõ 0,04 è 40 ìêìîëü 
èíãèáèðîâàë îáðàçîâàíèå áèîïë¸íêè â 1,8 è 2,7 ðàç, ñîîòâåòñòâåííî. Ïðè 
ýòîì ñíèæàåòñÿ ñïîñîáíîñòü êëåòîê P. aeruginosa ñèíòåçèðîâàòü êèñëûå 
ìóêîïîëèñàõàðèäû è îáðàçîâûâàòü êîíãëîìåðàòû.

Ê ë þ ÷ å â û å  ñ ë î â à: ìåçî-òåòðà(4-N-ìåòèë-ïèðèäèë) ïîðôèðèí, ìå-
òàëëîêîìïëåêñ ñ âèñìóòîì, àíòèìèêðîáíàÿ àêòèâíîñòü, áèîïëåíêà, Pseu-
domonas aeruginosa.

M.B. Galkin, Z.I. Zhilina, Yu.V. Ishkov, M.O. Petrova, V.O. Ivanytsya

Odesa National Mechnykov University,
Dvoryanska str., 2 , Odesa, 65082, Ukraine, òåë.: 8 (0482) 765 33 61, 
e-mail: volandaron@ukr.net 

INFLUENCE OF MESO-TETRA (4-N-METHYLPIRYDIL) 
PORPHYRIN COMPLEX WITH BISMUTH ON PSEUDOMONAS 
AERUGINOSA ATCC 27853 BIOFILM GROWTH AND FORMATION

Summary

The complex of meso-tetra (4-N-methylpirydil) porphyrin with bismuth 
can truly inhibit the growth of Pseudomonas aeruginosa . Increasing 
of inhibitory effect was observed at two intervals of concentration 
from 0.04 to 4 and from 40 to 80 µM. At interval of concentration of  
4 - 40 µM the inhibitory effect was constant and arranged 60 %. The highest 
of used concentrations – 80 µM inhibited P. aeruginosa growth to 80 %. 
The complex can effectively prevent the biofilm formation used the strain 
of P. aeruginosa. Under discovered property concentrations – 0.04 and 40 
µM, the biofilm formation was inhibited into 1,8 and 2,75 times. Under this 
decreasing of mucopolysaccharides synthesis was detected. 

K e y  w o r d s: meso-tetra (4-N-methylpirydil) porphyrin, metallocomplex 
with bismuth, antimicrobial activity, biofilm, Pseudomonas aeruginosa.

 

Ì.Á. Ãàëê³í, Ç.². Æèë³íà, Þ.Â. ²øêîâ, Ì.Î. Ïåòðîâà, Â.Î. ²âàíèöÿ



93Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2008

 
ÑÒÎÐ²ÍÊÈ²ÑÒÎÐ²¯

GLIMPSE OF HISTORY

ÓÄÊ 579:923 Òóëü÷èíñüêà (447.74)

Â.Î. ²âàíèöÿ, Ò.Â. Áóðëàêà, Í.Ã. Þðãåëàéòiñ, Ò.Â. Ãóäçåíêî, 
Ã.À. Êîæàíîâà, Ë.Á. Êîòëÿðîâà

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà, 
âóë. Äâîðÿíñüêà, 2, Îäåñà, 65082, Óêðàèíà, òåë.: 8 (0482) 68 79 64, 

e-mail: v_ivanit@.net.ua

 ÏÀÌ’ßÒ² ÏÐÎÔÅÑÎÐÀ Â.Ï. ÒÓËÜ×ÈÍÑÜÊÎ¯

Ñòàòòÿ ïðèñâÿ÷åíà 100-ð³÷÷þ â³ä äíÿ íàðîäæåííÿ âèäàòíî-
ãî â÷åíîãî-ì³êðîá³îëîãà, ÷ëåíà-êîðåñïîíäåíòà ÀÍ Óêðà¿íè, ïðî-
ôåñîðà Â³ðè Ïåòð³âíè Òóëü÷èíñüêî¿ (31.07.1907 – 27. 05.1994).
Ñïåêòð íàóêîâèõ ³íòåðåñ³â Â.Ï. Òóëü÷èíñüêî¿ áóâ íàäçâè÷àéíî øèðî-
êèì ³ òîðêàâñÿ àêòóàëüíèõ ïðîáëåì ìåäè÷íî¿, çàãàëüíî¿, âîäíî¿ ì³ê-
ðîá³îëîã³¿, â³ðóñîëîã³¿, åêîëîã³¿ òà îõîðîíè íàâêîëèøíüîãî ñåðåäîâèùà.
Â.Ï. Òóëü÷èíñüêà 32 ðîêè (ç 1951 ïî 1983 ðð.) çàéìàëà ïîñàäó çàâ³äóâà÷à 
êàôåäðè ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ Îäåñüêîãî äåðæàâíîãî óí³âåðñèòåòó 
³ìåí³ ².². Ìå÷íèêîâà. 

Ê ë þ ÷ î â ³  ñ ë î â à: ³ñòîð³ÿ ì³êðîá³îëîã³¿, Â.Ï. Òóëü÷èíñüêà, Îäåñü-
êèé óí³âåðñèòåò.
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Â³ðà Ïåòð³âíà áóëà îäíîëþáîì ó íàóö³, ³ç ñòóäåíòñüêèõ ðîê³â âîíà çàõîïèëà-
ñÿ ì³êðîá³îëîã³ºþ ³ ïðèñâÿòèëà ¿é óñå ñâîº æèòòÿ. Íà ïðèì³ðíèêó ñâîº¿ êíèæêè 
“Ìîðñüê³ áàêòåð³¿ ñëóæàòü ëþäèí³” (1974 ð.) Â³ðà Ïåòð³âíà çðîáèëà íàïèñ: “Ñî 
ñòóäåí÷åñêèõ ëåò çàíèìàÿñü áàêòåðèîëîãèåé, ÿ íå óñòàþ óäèâëÿòüñÿ îòêðûâàþùèìñÿ 
ïîä ìèêðîñêîïîì ìèðàì, êîòîðûå íàñåëÿþò ðàçíîîáðàçíûå ìèêðîîðãàíèçìû» [12].

Â³ðà Ïåòð³âíà Òóëü÷èíñüêà íàðîäèëàñÿ 31 ëèïíÿ (13 ñåðïíÿ) 1907 ðîêó â ì. 
Êàçàí³ â ðîäèí³ ñëóæáîâöÿ, áàòüêî – Òóëü÷èíñüêèé Ïåòðî Ñòåïàíîâè÷ áóâ ë³êàðåì-
ôàðìàöåâòîì, ìàòè – Òóëü÷èíñüêà Àííà Ñåìåí³âíà.

Ïiñëÿ óñïiøíîãî çàêií÷åííÿ æiíî÷î¿ ãiìíàçi¿ Â.Ï. Òóëü÷èíñüêà âñòóïèëà äî 
Êàçàíñüêîãî óíiâåðñèòåòó íà ìåäè÷íèé ôàêóëüòåò, äå íàâ÷àëàñÿ ïðîòÿãîì òðüîõ 
ðîê³â, à ïîòiì äî Êàçàíñüêîãî Âåòåðèíàðíîãî Iíñòèòóòó. Ñâîþ íàóêîâó äiÿëüíiñòü 
âîíà ïî÷àëà ùå ó ñòóäåíòñüêi ðîêè, ïiä êåðiâíèöòâîì àêàäåìiêà Ì.Ï. Òóøíîâà 
çàéìàëàñÿ iìóíîëîãi÷íèìè ïðîáëåìàìè ìiêðîáiîëîãi¿.

Îäðàçó ïiñëÿ çàêií÷åííÿ Êàçàíñüêîãî Âåòåðèíàðíîãî Iíñòèòóòó Â.Ï. Òóëü-
÷èíñüêà ïî÷àëà ñâîþ òðóäîâó äiÿëüíiñòü. Âîíà ïðàöþâàëà íà ïåðèôåð³¿ ïðàêòè÷íèì 
âåòë³êàðåì (ì. Àãðèç Òàòàðñüêî¿ ÀÐÑÐ, 1929 – 1930 ðð.); êåð³âíèêîì ëàáîðàòîð³¿ 
ïî äîñë³äæåííþ íà ñèá³ðêó (ì. Ñåìèïàëàòèíñüê, 1930 – 1932 ðð.). Ïðîòÿãîì 1932 
– 1936 ðîê³â Â.Ï. Òóëü÷èíñüêà ïðàöþâàëà íàóêîâèì ñïiâðîáiòíèêîì Êàçàíñüêîãî 
ÍÄI Íàðêîìçåìó Òàòàðñüêî¿ ÀÐÑÐ. Òàì âîíà âèêîíàëà íèçêó äîñë³äæåíü, ïðèñâÿ÷å-
íèõ ³ìóíîëîã³¿ áðóöåëüîçó, à òàêîæ ìåòîäàì êóëüòèâóâàííÿ òà ³ìóíîëîã³¿ â³ñïÿíîãî 
â³ðóñó. Îñòàíí³ äîñë³äæåííÿ ñòàëè ìàòåð³àëîì êàíäèäàòñüêî¿ äèñåðòàö³¿ ìîëîäîãî 
â÷åíîãî. Äèñåðòàö³þ “Êóëüòèâèðîâàíèå âèðóñà îñïû” íà çäîáóòòÿ ñòóïåíÿ êàíäèäà-
òà íàóê Â.Ï. Òóëü÷èíñüêà çàõèñòèëà ïiä êåðiâíèöòâîì ïðîôåñîðà Í.Ï. Ðóõëÿäºâà ó 
Êàçàíñüêîìó Âåòåðèíàðíîìó Iíñòèòóòi ó 1935 ðîö³. Îïîíåíòàìè íà çàõèñò³ äèñåðòàö³¿ 
áóëè ïðîôåñîðè Ì.Í. Âåðåùàã³í, Ê. Áîëü òà Í.Ï. Ðóô³ìñüêèé.

 Ïîíàä ï³âñòîë³òòÿ æèòòÿ ³ ïðàö³ Â.Ï. Òóëü÷èíñüêà ïðèñâÿòèëà âèù³é øêîë³. 
Ç 1936 ðîêó âîíà ïåðåéøëà íà âèêëàäàöüêó ðîáîòó ó âèùèé íàâ÷àëüíèé çàêëàä. 
Ïðàöþâàëà çàâ³äóâà÷åì êàôåäðè ìiêðîáiîëîãi¿ Êèðãèçüêîãî ñiëüñüêîãîñïîäàðñüêîãî 
iíñòèòóòó ç 1936 ïî 1941 ðiê ó ì. Ôðóíçå. Ó öåé ïåð³îä âîíà âèêîíàëà äîêòîðñüêó 
äèñåðòàö³þ, ïðèñâÿ÷åíó ì³íëèâîñò³ òóáåðêóëüîçíèõ áàêòåð³é. Äîêòîðñüêó äèñåðòà-
öiþ íà òåìó «Ìàòåðèàëû ê ó÷åíèþ î òóáåðêóëåçíûõ ïàëî÷êàõ (ýêñïåðèìåíòàëüíûå 
èññëåäîâàíèÿ)» Â.Ï. Òóëü÷èíñüêà, çàõèñòèëà íà â³äêðèòîìó çàñ³äàíí³ Â÷åíî¿ ðàäè 
Êàçàíñüêîãî Âåòåðèíàðíîãî iíñòèòóòó ó ëþòîìó 1940 ðîêó. Îïîíåíòàìè íà çàõèñòi 
äîêòîðñüêî¿ äèñåðòàö³¿ áóëè ïðîâiäíi ñïåöiàëèñòè ç ïèòàíü ìiêðîáiîëîãi¿ òà ³ìóíî-
ëîã³¿ ïðîôåñîðè Á.Ë. Ìàçóð òà Ñ.². Àôîíñüêèé. Ï³ñëÿ óñï³øíîãî çàõèñòó äèñåðòàö³¿ 
Â.Ï. Òóëü÷èíñüê³é áóëî ïðèñâîºíî ñòóï³íü äîêòîðà á³îëîã³÷íèõ íàóê.

 Ç 1941 ïî 1942 ð³ê Â.Ï. Òóëü÷èíñüêà ïðàöþâàëà çàâiäóâà÷åì âiääiëó Iíñòèòó-
òó åïiäåìiîëîãi¿ òà ìiêðîáiîëîãi¿ Íàðêîìçåìó Êèðãèçüêî¿ ÐÑÐ; ç 1942 ïî 1945 ð³ê 
– çàâiäóâà÷åì êàôåäðè ìiêðîáiîëîãi¿ òà âåòñàíåêñïåðòèçè Êèðãèçñüêîãî ciëüñüêî-
ãîñïîäàðñüêîãî iíñòèòóòó. Ó ïåð³îä ç 1945 ïî 1948 ðîêè Â.Ï. Òóëü÷èíñüêà ñóì³ùàº 
çàâ³äóâàííÿ êàôåäðàìè ìiêðîáiîëîãi¿ Áiëîöåðêiâñüêîãî òà Îäåñüêîãî ñiëüñüêîãîñ-
ïîäàðñüêèõ iíñòèòóòiâ. 

Êåðóþ÷è êàôåäðîþ ì³êðîá³îëîã³¿ Îäåñüêîãî ñ³ëüñüêîãîñïîäàðñüêîãî ³íñòèòóòó, 
Â.Ï. Òóëü÷èíñüêà â øèðîêîìó àñïåêò³ âèêîíóº íàóêîâ³ äîñë³äæåííÿ, ïðèñâÿ÷åí³ 
àêòóàëüíèì ïèòàíÿì ì³êðîá³îëîã³¿ òà ³ìóíîëîã³¿ áðóöåëüîçó, òóáåðêóëüîçíî¿ ³íôåêö³¿, 
ôàãîöèòîçó òà ³íøèì ïðîáëåìàì.

Âèçíàííÿì íàóêîâèõ çàñëóã ïðîôåñîðà Â³ðè Ïåòð³âíè Òóëü÷èíñüêî¿ ñòàëî îá-
ðàííÿ ¿¿ 2 ëèïíÿ 1948 ðîêó ÷ëåíîì-êîðåñïîíäåíòîì ÀÍ ÓÐÑÐ (â³ää³ëåííÿ á³îõ³ì³¿ 
³ òåîðåòè÷íî¿ ìåäèöèíè). Ç öüîãî ÷àñó íàóêîâà ä³ÿëüí³ñòü Â.Ï. Òóëü÷èíñüêî¿ ò³ñíî 
ïîâ’ÿçàíà ç Óêðà¿íñüêîþ àêàäåì³ºþ íàóê.

Â.Î. ²âàíèöÿ, Ò.Â. Áóðëàêà, Í.Ã. Þðãåëàéò³ñ, Ò.Â. Ãóäçåíêî, Ã.À. Êîæàíîâà, Ë.Á. Êîòëÿðîâà
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Êàôåäðó ìiêðîáiîëîãi¿ Îäåñüêîãî äåðæàâíîãî óíiâåðñèòåòó ïðîôåñîð Â.Ï. Òóëü-
÷èíñüêà î÷îëèëà ó 1951 ðîö³. Ðîçøèðåííÿ òåìàòèêè äîñë³äæåíü, ââåäåííÿ íîâèõ 
ñïåöêóðñ³â â íàâ÷àëüíèé ïðîöåñ â³äíàéøëè ñâîº â³äîáðàæåííÿ ³ â íàçâ³ êàôåäðè. 
Çà ³í³ö³àòèâè ïðîôåñîðà Â.Ï. Òóëü÷èíñüêî¿ ó 1963 ðîö³ êàôåäðà ì³êðîá³îëîã³¿ áóëà 
ïåðåéìåíîâàíà ³ îòðèìàëà ñó÷àñíó íàçâó – êàôåäðà ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿. Â.Ï. 
Òóëü÷èíñüêà êåðóâàëà íàâ÷àëüíîþ òà íàóêîâî-äîñë³äíèöüêîþ ðîáîòîþ êàôåäðè äî 
1983 ðîêó; ç 1984 ðîêó ïî 1994 ð³ê âîíà ïðàöþâàëà íà ïîñàä³ ïðîôåñîðà êàôåäðè 
ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿.

 Ó êîæíî¿ ëþäèíè º ãîëîâí³ ðèñè, ÿê³ âèð³çíÿþòü ¿¿ ñåðåä ³íøèõ. Ìè, õòî 
áàãàòî ðîê³â çíàëè Â.Ï. Òóëü÷èíñüêó, ï³äêðåñëèëè á ¿¿ æèòåéñüêó ìóäð³ñòü ³ ñèëü-
íèé, âîëüîâèé õàðàêòåð. Áåçñóìí³âíî, ö³ ÿêîñò³ â÷åíîãî ³ ïåäàãîãà âèùî¿ øêîëè 
(ïîíàä ï’ÿòü äåñÿòèë³òü íàðàõîâóº ¿¿ âèêëàäàöüêèé ñòàæ) ñïðèÿëè ïðèçíà÷åííþ 
Â³ðè Ïåòð³âíè ïðîðåêòîðîì ç íàóêîâî¿ ðîáîòè ó äóæå ñêëàäíèé äëÿ âèùî¿ øêîëè 
ïåð³îä ç 1951 ïî 1954 ðîêè. ² áàãàòî õòî ç âåòåðàí³â óí³âåðñèòåòó âäÿ÷í³ áóëè ¿é 
çà òó äîïîìîãó ³ ï³äòðèìêó, ÿêó âîíà íàäàëà ñâî¿ì êîëåãàì ó ò³ íåïðîñò³ ÷àñè, ùî 
áóëî íå ò³ëüêè âèÿâîì ïîðÿäíîñò³, àëå é ãðîìàäñüêî¿ ñì³ëèâîñò³. 

Çãàäóþ÷è ñêëàäí³ äëÿ á³îëîã³â ÷àñè – ïî÷àòîê 50-õ ðîê³â ìèíóëîãî ñòîë³òòÿ, 
ïðîôåñîð Ð.Î. Ôàéòåëüáåðã ó ñâî¿é êíèç³ “Ïåðåæèòîå” [15] ïèñàâ: «Ïðîôåñîð 
Â.Ï. Òóëü÷èíñêàÿ âîçãëàâèëà êàôåäðó ìèêðîáèîëîãèè. Çíàêîì áûë ñ íåþ åùå ïî 
ñîâìåñòíîé ðàáîòå â Îäåññêîì ñåëüñêîõîçÿéñòâåííîì èíñòèòóòå, â êîòîðîì îíà 
çàâåäîâàëà êàôåäðîé ìèêðîáèîëîãèè, à ÿ – êàôåäðîé ôèçèîëîãèè æèâîòíûõ. Â 
ñîòðóäíè÷åñòâå ñ íåé ìû âûïîëíèëè íåñêîëüêî íàó÷íûõ ðàáîò. Äîâîëüíî ÷àñòî 
íà åå äîëþ âûïàäàëà òðóäíàÿ çàäà÷à – ðàññêàçûâàòü íà ñîáðàíèè ó÷åíûõ òî îá 
«îòêðûòèÿõ» Áîøüÿíà, òî îá «îòêðûòèÿõ» Ëåïåøèíñêîé, â êîòîðûå îíà ñàìà íå 
âåðèëà. ×òî è ãîâîðèòü, ïîëîæåíèå áîëåå ÷åì íå çàâèäíîå».

Â³ðà Ïåòð³âíà áàãàòî ³ ç çàõîïëåííÿì, ÿê íà ëåêö³ÿõ â ñòóäåíòñüê³é àóäèòîð³¿, 
òàê ³ â îñîáèñòèõ áåñ³äàõ ãîâîðèëà ïðî ì³êðîá³îëîã³þ – ¿¿ ³ñòîð³þ, ñó÷àñíèé ñòàí 
³ ïåðñïåêòèâè ðîçâèòêó ö³º¿ íàóêè; ïðî ì³êðîîðãàí³çìè, ïðî ÿê³ Â³ðà Ïåòð³âíà 
ãîâîðèëà: «Ìû çíàåì òàê ìíîãî è òàê ìàëî». Âîíà îáîæíþâàëà ³ìåíà ²ëë³ ²ëë³÷à 
Ìå÷íèêîâà  òà Ëó¿ Ïàñòåðà, ÷àñòî ïðîìîâëÿëà ³ì’ÿ âåëèêîãî ôðàíöóçà íà ôðàí-
öóçüêèé ìàíåð.

Â³ðà Ïåòð³âíà äîáðå çíàëà ³ñòîð³þ ðîçâèòêó ì³êðîá³îëîã³¿ â Îäåñüêîìó (Íîâî-
ðîñ³éñüêîìó) óí³âåðñèòåò³, øàíóâàëà ïàì’ÿòü êîðèôå¿â-ïðèðîäîäîñë³äíèê³â òà ñâî¿õ 
ïîïåðåäíèê³â. Â ñòàòò³, ïðèñâÿ÷åí³é âèäàòíîìó â÷åíîìó ß.Þ. Áàðäàõó, îïóáë³êîâàí³é 
â æóðíàë³ “Ìèêðîáèîëîãèÿ” (1959), Â.Ï. Òóëü÷èíñüêà ïèñàëà: “(…) Ïîëó÷èâøè 
ïðèâàò-äîöåíòóðó ïî áàêòåðèîëîãèè (1895 ã.), Áàðäàõ ïåðâûé â Ðîññèè ââîäèò áàê-
òåðèîëîãèþ, êàê ñàìîñòîÿòåëüíóþ äèñöèïëèíó íà åñòåñòâåííîì îòäåëåíèè Ôèçèêî-
ìàòåìàòè÷åñêîãî ôàêóëüòåòà”. Òàêèì îáðàçîì, îí âïåðâûå ñîçäàåò â óíèâåðñèòåòå 
ñàìîñòîÿòåëüíóþ äîöåíòóðó ïî ìèêðîáèîëîãèè, âïîñëåäñòâèè ïðåîáðàçîâàííóþ 
â êàôåäðó ìèêðîáèîëîãèè. (…) Òîëüêî ß.Þ. Áàðäàõó óäàëîñü äîáèòüñÿ ââåäåíèÿ 
êóðñà ìèêðîáèîëîãèè â Íîâîðîññèéñêîì óíèâåðñèòåòå” [11].

 Ñïåêòð íàóêîâèõ ³íòåðåñ³â Â.Ï. Òóëü÷èíñüêî¿ áóâ íàäçâè÷àéíî øèðîêèì ³ 
òîðêàâñÿ àêòóàëüíèõ ïðîáëåì ìåäè÷íî¿, çàãàëüíî¿, âîäíî¿ ì³êðîá³îëîã³¿, â³ðóñîëî-
ã³¿, åêîëîã³¿ òà îõîðîíè íàâêîëèøíüîãî ñåðåäîâèùà. ¯¿ íàóêîâà ³íòó¿ö³ÿ âèçíà÷àëà 
áàãàòîãðàíí³ñòü äîñë³äíèöüêî¿ ä³ÿëüíîñò³. Íîâ³ íàóêîâ³ íàïðÿìêè çàõîïëþâàëè öþ 
íàòõíåííó ëþäèíó ³ ÷àñîì íàâ³òü øêîäèëè òåìàì, äå âîíà äîñÿãëà ïåâíèõ óñï³õ³â, ÿê 
öå áóëî, íàïðèêëàä, ç ³íôåêö³éíèìè çàõâîðþâàííÿìè ñ³ëüñüêîãîñïîäàðñüêèõ òâàðèí 
(ïðîô³ëàêòèêà, ä³àãíîñòèêà ³ ë³êóâàííÿ áðóöåëüîçó), ³ìóíîëîã³÷íèìè ïðîáëåìàìè 

ÏÀÌ’ßÒ² ÏÐÎÔÅÑÎÐÀ Â.Ï. ÒÓËÜ×ÈÍÑÜÊÎ¯
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âåòåðèíàðíî¿ ì³êðîá³îëîã³¿ òîùî. Ò³ëüêè ç öèõ ïðîáëåì íåþ áóëî îïóáë³êîâàíî 
áëèçüêî 70 íàóêîâèõ ïðàöü, ó òîìó ÷èñë³ ìîíîãðàô³ÿ “Áðóöåëë¸ç ñåëüñêîõîçÿé-
ñòâåííûõ æèâîòíûõ è ìåðû áîðüáû ñ íèì» [1].

Â³ääàí³ñòü ì³êðîá³îëîã³¿, ãëèáîê³ çíàííÿ ñïåö³àëüíîñò³ ³ ë³òåðàòóðè öüîãî ïðåä-
ìåòà, çíàííÿ îñîáëèâîñòåé ³ òîíêîù³â íàâ÷àëüíîãî ïðîöåñó ³ êàôåäðàëüíî¿ íàóêîâî¿ 
ðîáîòè, ç çàëó÷åííÿì äî íå¿ ñòóäåíò³â-ì³êðîá³îëîã³â, ñïðèÿëè çàáåçïå÷åííþ øèðîêî-
ãî ôðîíòó äîñë³äíèöüêî¿ ðîáîòè íà êàôåäð³, à âèõîâàíö³ êàôåäðè ï³ñëÿ çàê³í÷åííÿ 
óí³âåðñèòåòó áóëè çàâæäè áàæàíèìè íà âèðîáíèöòâ³, ó øêîë³, ó íàóö³.

Êð³ì ïðîáëåìè êëàñè÷íî¿ ì³êðîá³îëîã³¿, à ïîò³ì ³ â³ðóñîëîã³¿, íà êàôåäð³ ï³ä 
êåð³âíèöòâîì Â.Ï. Òóëü÷èíñüêî¿ ïðîâîäèëèñÿ äîñë³äæåííÿ ïîâ’ÿçàí³ ç ä³ÿëüí³ñòþ 
ì³êðîîðãàí³çì³â ó ïðèðîä³, ç àíòèì³êðîáíîþ àêòèâí³ñòþ âèùèõ íàçåìíèõ ðîñëèí ³ 
ã³äðîá³îíò³â. Çàõîïèâøèñü ïðîáëåìîþ ô³òîíöèä³â, ï³ñëÿ çíàéîìñòâà ç ïðîôåñîðîì 
Á.Ï. Òîê³íèì, Â³ðà Ïåòð³âíà âèêîíàëà íèçêó äîñë³äæåíü, êîòð³ çíàéøëè â³äîáðà-
æåííÿ ó ïîíàä äâîõ äåñÿòêàõ íàóêîâèõ ïðàöü. Ïðàêòè÷í³ ïèòàííÿ çàñòîñóâàííÿ 
ô³òîíöèäíî¿ àêòèâíîñò³ âèùèõ ðîñëèí çíàéøëè â³äîáðàæåííÿ ó êíèç³ “Ðàñòåíèÿ 
– ïðîòèâ ìèêðîáîâ», ÿêà ìàëà òðè âèäàííÿ [13].

Òàê ñàìî ³ç çàõîïëåííÿì, çàö³êàâèâøèñü ïðîáëåìîþ á³îïîøêîäæåííÿ, Â³ðà 
Ïåòð³âíà, ðàçîì ç êîëåêòèâîì êàôåäðè, âçÿëàñÿ çà äîñë³äæåííÿ, ÿê³ ìàëè ïðàê-
òè÷íå çíà÷åííÿ. Íà êàôåäð³ áóëè ðîçðîáëåí³ ìåòîäèêè âèçíà÷åííÿ òà ï³äâèùåííÿ 
ãðèáîñò³éêîñò³ ñèíòåòè÷íèõ òà ïðèðîäíèõ ìàòåð³àë³â. Îòðèìàí³ ðåçóëüòàòè áóëè 
çàïðîâàäæåí³ â ñóäíîáóä³âåëüí³é, ðàä³îòåõí³÷í³é, õàð÷îâ³é òà ³íøèõ ãàëóçÿõ ïðî-
ìèñëîâîñò³, äå çàñòîñîâóâàëèñÿ ö³ ìàòåð³àëè.

Îñîáëèâîãî çíà÷åííÿ íàäàâàëà Â³ðà Ïåòð³âíà äîñë³äæåííÿì ç åêîëîã³÷íî¿ òåìà-
òèêè, çàõèñòó íàâêîëèøíüîãî ñåðåäîâèùà, çîêðåìà, çàõèñòó ìîðÿ â³ä çàáðóäíåííÿ 
íàôòîþ òà íàôòîïðîäóêòàìè, ìîðñüê³é ì³êðîá³îëîã³¿ â ö³ëîìó. Äîñë³äæåííÿìè ç 
ìîðñüêî¿ ì³êðîá³îëîã³¿ âîíà çàõîïèëàñÿ çàâäÿêè â³äîìîìó ì³êðîá³îëîãó, ÷ë.-êîð. ÀÍ 
ÑÐÑÐ Ì.À. Êðàñèëüíèêîâó. 

Ùå ç ÷àñ³â ÷îðíîìîðñüêèõ åêñïåäèö³é àêàäåì³êà Á.Ë. ²ñà÷åíêî ×îðíå ìîðå ñòàëî 
ñâîºð³äíèì “íàóêîâèì ïîë³ãîíîì” äëÿ äåê³ëüêîõ ïîêîë³íü ìîðñüêèõ ì³êðîá³îëîã³â. 
Ïðîôåñîðîì Â.Ï. Òóëü÷èíñüêîþ ñï³ëüíî ³ç ñï³âðîá³òíèêàìè êàôåäðè áóëî çä³éñíåíî 
ïîíàä 50 åêñïåäèö³é â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ, â Îäåñüê³é çàòîö³ òà 
÷îðíîìîðñüêèõ ëèìàíàõ, â äåëüò³ Äóíàþ. Âèêîíàíî íèçêó äîñë³äæåíü ç ìîðñüêî¿ 
ì³êðîá³îëîã³¿. Âèâ÷àëîñÿ ì³êðîáíå íàñåëåííÿ ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ìîðÿ, äåëüòè 
Äóíàþ, Àçîâñüêîãî òà Á³ëîãî ìîð³â. Çà ðåçóëüòàòàìè äîñë³äæåíü áóëè ñêëàäåí³ 
ìàïè ì³êðîáíîãî íàñåëåííÿ ×îðíîãî, Àçîâñüêîãî òà Á³ëîãî ìîð³â.

Áóëî ðîçãîðíóòî äîñë³äæåííÿ ïî âèøóêóâàííþ ³ âèâ÷åííþ íîâèõ á³îëîã³÷íèõ 
ðå÷îâèí ñåðåä á³îöåíîç³â ìîðñüêèõ îðãàí³çì³â ³ ì³êðîá³â ×îðíîãî ìîðÿ òà ïðèëåãëèõ 
âîäîéìèù. Ðåçóëüòàòàìè öèõ äîñë³äæåíü âñòàíîâëåíî, ùî áàãàòî ì³êðîîðãàí³çì³â, 
âèä³ëåíèõ ³ç âîäîðîñòåé, âîäè ³ áåçõðåáåòíèõ, ùî æèâóòü ó í³é (êðàáè, êðåâåòêè, 
óñòðèö³, ãóáêè), ñèíòåçóþòü â³òàì³íè ãðóïè Â, åêçîàì³íîêèñëîòè òà àíòèá³îòè÷í³ ³ 
ðîñòîâ³ ðå÷îâèíè.

Âèä³ëåí³ ì³êðîáè-ïðîäóöåíòè á³îëîã³÷íî-àêòèâíèõ ðå÷îâèí, à òàêîæ âî-
äîðîñò³ áóëè âèêîðèñòàí³ Â.Ï. Òóëü÷èíñüêîþ òà ¿¿ ñï³âðîá³òíèêàìè â óìîâàõ 
ïòàõîôàáðèêè äëÿ ï³äêîðìó êóð÷àò ç ìåòîþ ï³äâèùåííÿ ¿õ ïðîäóêòèâíîñò³.

Íàóêîâ³ ðîáîòè ïðåäñòàâëåí³ íà ì³æíàðîäíèõ êîíãðåñàõ: IÕ Ì³æíàðîäíîìó 
– ïî ì³êðîá³îëîã³¿, ÕII Ì³æíàðîäíîìó – ïî ïòàõ³âíèöòâó, VII Ì³æíàðîäíîìó 
– á³îõ³ì³÷íîìó. Ö³ òà íîâ³ ðåçóëüòàòè äîñë³äæåíü áóëè òåìàìè äîïîâ³äåé íà ÕI 
Ì³æíàðîäí³é êîíôåðåíö³¿ “Ë³ìíîëîã³÷í³ äîñë³äæåííÿ Äóíàþ” (1967 ð., Êè¿â); íà 
ñèìïîç³óìàõ, ïðèñâÿ÷åíèõ âèâ÷åííþ ×îðíîãî òà Ñåðåäçåìíîãî ìîð³â (1973 ð., 
Ñåâàñòîïîëü) òà ç ìàð³êóëüòóðè (1982 ð., Êè¿â), â ÿêîìó áðàëè ó÷àñòü ÿïîíñüê³ â÷åí³; 

Â.Î. ²âàíèöÿ, Ò.Â. Áóðëàêà, Í.Ã. Þðãåëàéò³ñ, Ò.Â. Ãóäçåíêî, Ã.À. Êîæàíîâà, Ë.Á. Êîòëÿðîâà
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íà IV ç’¿çä³ ì³êðîá³îëîã³â Óêðà¿íè (1975 ð., Êè¿â); íà ÕI Òèõîîêåàíñüêîìó íàóêîâîìó 
êîíãðåñ³ (1979 ð., Õàáàðîâñüê); íà êîíôåðåíö³¿ “Îêåàí” (1983 ð., Âëàäèâîñòîê). 

Ðàçîì ³ç ñâî¿ìè ó÷íÿìè ïðîôåñîð Â.Ï. Òóëü÷èíñüêà ðîçðîáèëà íîâèé íàïðÿì 
– á³îëîã³÷íèé ìîí³òîðèíã ìîðñüêîãî ñåðåäîâèùà. Âïåðøå áóëî çàïðîïîíîâàíî 
íîâ³ ìåòîäè á³îëîã³÷íîãî êîíòðîëþ ÿêîñò³ âîäíîãî ñåðåäîâèùà íà òîêñè÷í³ñòü ³ 
ìóòàãåííó àêòèâí³ñòü ç âèêîðèñòàííÿì îðãàí³çì³â ð³çíèõ òðîô³÷íèõ ð³âí³â: áàêòåð³é, 
âîäîðîñòåé, êóëüòóðè êë³òèí òåïëîêðîâíèõ ³ õîëîäíîêðîâíèõ òâàðèí.

Âåëèêó óâàãó íàóêîâö³â ³ ïðàêòèê³â ïðèâåðòàëè ðîáîòè Â.Ï. Òóëü÷èíñüêî¿ ç 
á³îòåõíîëîã³¿ îõîðîíè íàâêîëèøíüîãî ñåðåäîâèùà. Öèêë äîñë³äæåíü ç ðîçðîáêè 
ñïîñîáó î÷èñòêè ïðîìèñëîâèõ ñò³÷íèõ âîä ³ììîá³ë³çîâàíèìè áàêòåð³ÿìè-
äåñòðóêòîðàìè ìàº ïðàêòè÷íå çàñòîñóâàííÿ.

Òåìàòèêà ìîðñüêî¿ ì³êðîá³îëîã³¿ çíàéøëà â³äîáðàæåííÿ íå ò³ëüêè â íèçö³ 
íàóêîâèõ ïóáë³êàö³é ïðîôåñîðà Â.Ï. Òóëü÷èíñüêî¿, àëå ³ â íàóêîâî-ïîïóëÿðí³é êíèç³ 
“Ìîðñüê³ áàêòåð³¿ ñëóæàòü ëþäèí³” [12], ÿêà àäðåñîâàíà øèðîêîìó êîëó ÷èòà÷³â. 
Ïîïóëÿðèçàö³¿ çíàíü ó ñôåð³ ì³êðîá³îëîã³¿ ïðîôåñîð Â.Ï. Òóëü÷èíñüêà íàäàâàëà 
âåëèêîãî çíà÷åííÿ.

Íàóêîâó ä³ÿëüí³ñòü – Â³ðà Ïåòð³âíà ïîñò³éíî ï³äêðåñëþâàëà öå ³ íà çàñ³äàííÿõ 
êàôåäðè, ³ â îñîáèñòèõ áåñ³äàõ ³ç ñï³âðîá³òíèêàìè òà àñï³ðàíòàìè, – íåîáõ³äíî 
ðîçãëÿäàòè íåâ³äðèâíî â³ä ïåäàãîã³÷íîãî ïðîöåñó: íàâ÷àííÿ ³ âèõîâàííÿ, äîëó÷åííÿ 
ñòóäåíò³â äî äîñë³äíèöüêî¿ ðîáîòè áóêâàëüíî ç ïåðøèõ êóðñ³â. Ïåäàãîã³÷íà ä³ÿëüí³ñòü 
Â.Ï. Òóëü÷èíñüêî¿ áóëà íàäçâè÷àéíî ïëîäîòâîðíîþ, âîíà ïðèñâÿ÷óâàëà ¿é áàãàòî 
÷àñó, â³ääàâàëà ñâ³é òàëàíò ³ ìàéñòåðí³ñòü ëåêòîðà ³ êîðèñòóâàëàñÿ çàñëóæåíîþ 
ïîâàãîþ ³ ïîøàíîþ ñòóäåíò³â. 

Â³ðà Ïåòð³âíà ç ïîâàãîþ ñòàâèëàñÿ äî ñòóäåíò³â òà àñï³ðàíò³â, áà÷èëà â 
êîæíîìó ³ç íèõ îñîáèñò³ñòü. Íà êàôåäð³ ñïåö³àë³çóâàëèñÿ ñòóäåíòè-³íîçåìö³. Âîíè 
ïðåäñòàâëÿëè øèðîêó ïàë³òðó ãåîãðàô³¿ ïëàíåòè: ç Ìîíãîë³¿, Êóáè, Â’ºòíàìà, 
Ãâ³íå¿, Ìàë³, Í³ãåð³¿, ²íä³¿, Ïîëüù³, Áîëãàð³¿ òîùî. Çíàííÿ, íàáóò³ íà êàôåäð³, îá-
ðàçíî êàæó÷è, ïîøèðþâàëèñÿ ïî âñüîìó ñâ³òó. Áàãàòî ñòóäåíò³â-³íîçåìö³â, ó òîìó 
÷èñë³ ³ àñï³ðàíò³â, ï³ñëÿ çàê³í÷åííÿ íàâ÷àííÿ íà êàôåäð³ ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ 
Îäåñüêîãî óí³âåðñèòåòó ïî¿õàëè íà áàòüê³âùèíó ç âåëèêèì çàïàñîì çíàíü. Öå 
äàëî ¿õ ìîæëèâ³ñòü îá³éìàòè êåð³âí³ ïîñàäè â äåðæàâíèõ ³ ïðèâàòíèõ íàóêîâèõ òà 
íàâ÷àëüíèõ óñòàíîâàõ ñâî¿õ êðà¿í. 

Ïðîòÿãîì áàãàòüîõ ðîê³â Â.Ï. Òóëü÷èíñüêà áóëà ÷ëåíîì ïðîáëåìíèõ ðàä ÀÍ 
ÑÐÑÐ, ñåêö³¿ ãåíåòè÷íèõ àñïåêò³â ïðîáëåìè “Ëþäèíà ³ á³îñôåðà” ïðè ÄÊÍÒ ÑÐÑÐ, 
âõîäèëà äî ñêëàäó äåëåãàö³¿ ÓÐÑÐ íà Ì³æíàðîäí³é êîíôåðåíö³¿ ÞÍÅÑÊÎ ç ïèòàíü 
åêîëîã³¿ (Ìîíòåâ³äåî). ¯¿ íàóêîâî-ãðîìàäñüêà ä³ÿëüí³ñòü îòðèìàëà âèçíàííÿ ç áîêó 
øèðîêîãî êîëà ãðîìàäñüêîñò³.

Â.Ï. Òóëü÷èíñüêà ìàëà òâîð÷³ êîíòàêòè ç â³äîìèìè â÷åíèìè – Á.Ï.Òîê³íèì, 
Ì.À. Êðàñèëüíèêîâèì, Â.Ã. Äðîáîòüêî, ª.². Êâàñí³êîâèì, Ì.Ñ. ªãîðîâèì, 
Â.Â. Ñì³ðíîâèì òà ³íøèìè. Âîíà çàïðîâàäèëà òðàäèö³þ íà ïðîâåäåííÿ âåëèêèõ íàó-
êîâèõ ôîðóì³â, ÿê³ îðãàí³çîâóâàëà êàôåäðà. Òàê, áóëî ïðîâåäåíî ç’¿çä ã³äðîá³îëîã³â, 
çàñ³äàííÿ ðîáî÷èõ ãðóï ÄÊÍÒ ÑÐÑÐ ç á³îòåñòóâàííÿ, Ïåðøó Âñåñîþçíó ìåòîäè÷íó 
øêîëó ç ì³êðîá³îëîã³÷íîãî ìîí³òîðèíãó ïðèðîäíèõ âîä ðàçîì ç ²íñòèòóòîì îêåà-
íîëîã³¿ (ì. Ìîñêâà), íèçêó çàñ³äàíü òà êîíôåðåíö³é ç ïðîáëåì á³îïîøêîäæåííÿ. 
Áàãàòî ö³êàâèõ òà âàæëèâèõ çàõîä³â áóëî ïðîâåäåíî ó òâîð÷³é ñï³âäðóæíîñò³ ç ïðî-
â³äíèìè àêàäåì³÷íèìè òà ãàëóçåâèìè ³íñòèòóòàìè, íàâ÷àëüíèìè çàêëàäàìè, ó òîìó 
÷èñë³ Õ³ìô³çèêè ÀÍ ÑÐÑÐ (ì. Ìîñêâà), ²íñòèòóòîì ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÀÍ 
Óêðà¿íè, ²íñòèòóòîì êîëî¿äíî¿ õ³ì³¿ òà õ³ì³¿ âîäè ÀÍ Óêðà¿íè, Êè¿âñüêèì äåðæàâíèì 
óí³âåðñèòåòîì ³ìåí³ Òàðàñà Øåâ÷åíêà, Ìîñêîâñüêèì äåðæàâíèì óí³âåðñèòåòîì ³ìåí³ 
Ì.Â. Ëîìîíîñîâà, ²íñòèòóòîì àíòèá³îòèê³â (ì. Ìîñêâà) – âñüîãî íå ïåðåðàõóâàòè.

ÏÀÌ’ßÒ² ÏÐÎÔÅÑÎÐÀ Â.Ï. ÒÓËÜ×ÈÍÑÜÊÎ¯
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Ïîºäíóþ÷è íàóêîâó òà ïåäàãîã³÷íó ä³ÿëüí³ñòü Â.Ï. Òóëü÷èíñüêà ñòâîðèëà íà-
óêîâó øêîëó. Ñåðåä ¿¿ ó÷í³â 4 äîêòîðè íàóê òà 36 êàíäèäàò³â, ¿¿ òâîð÷èé äîðîáîê 
íàë³÷óº á³ëüøå 270 íàóêîâèõ ïðàöü, âîíà ñï³âàâòîð ðîá³ò, íà ÿê³ îäåðæàíî àâòîðñüê³ 
ñâ³äîöòâà. 

Íàóêîâà òà ãðîìàäñüêà ïðàöÿ Â³ðè Ïåòð³âíè ìàëà âåëèêå âèçíàííÿ. Âîíà áóëà 
ïî÷åñíèì ÷ëåíîì Âñåñîþçíîãî ì³êðîá³îëîã³÷íîãî òîâàðèñòâà, Óêðà¿íñüêîãî ì³êðîá³î-
ëîã³÷íîãî òîâàðèñòâà, ÷ëåíîì ðåäàêö³éíî¿ ðàäè “Ì³êðîá³îëîã³÷íîãî æóðíàëó” ÀÍ 
Óêðà¿íè, ÷ëåíîì Îäåñüêîãî îáëàñíîãî òà ì³ñüêîãî âèêîíàâ÷èõ êîì³òåò³â.

Çà ïë³äíó íàóêîâó òà ïåäàãîã³÷íó ä³ÿëüí³ñòü Â³ðà Ïåòð³âíà Òóëü÷èíñüêà áóëà 
íàãîðîäæåíà îðäåíîì “Çíàê ïîøàíè”, þâ³ëåéíèìè ìåäàëÿìè Ëó¿ Ïàñòåðà, Ä.Ê. 
Çàáîëîòíîãî, “Çà äîáëåñíó ïðàöþ”, ñð³áíèìè òà áðîíçîâèìè ìåäàëÿìè ÂÄÍÃ.

Ïðî Â³ðó Ïåòð³âíó º íèçêà ïóáë³êàö³é ó åíöèêëîïåä³ÿõ, á³áë³îãðàô³÷íèõ çá³ð-
íèêàõ, ïåð³îäè÷íèõ âèäàííÿõ [2 – 10, 15].

Â³ðà Ïåòð³âíà íå îáìåæóâàëà ñâî¿õ ³íòåðåñ³â íàóêîþ, ÿê³é áóëà â³ääàíà 
– ì³êðîá³îëîã³ºþ. Âîíà ïîñò³éíî áóëà â êóðñ³ ïîë³òè÷íèõ ïîä³é ÿê â êðà¿í³, òàê ³ 
çà êîðäîíîì. Äîáðå çíàëà ³ ëþáèëà êëàñè÷íó ë³òåðàòóðó, æèâîïèñ, ïîåç³þ. Ó íå¿ 
áóëî íåïîãàíå ç³áðàííÿ êíèã ç àôîðèçìàìè, âîíà ÷àñòî öèòóâàëà ¿õ. Ó ñâî¿õ íàó-
êîâî-ïðîñâ³òíèöüêèõ ðîáîòàõ, ðîçðàõîâàíèõ íà ìàñîâîãî ÷èòà÷à, âîíà ââàæàëà ¿õ 
îáîâ’ÿçêîâîþ ³ âàæëèâîþ ñïðàâîþ â÷åíîãî ³ ñòàâèëàñÿ äî òàêî¿ ðîáîòè òàê ñàìî 
ñåðéîçíî ³ ðåòåëüíî, ÿê ³ äî íàóêîâèõ ïóáë³êàö³é (10, 12, 13), Â³ðà Ïåòð³âíà ÷àñòî öè-
òóâàëà â³äîìèõ â÷åíèõ ÕÕ òà ìèíóëèõ ñòîë³òü, ïðè÷îìó íå ò³ëüêè ìåäèê³â òà á³îëîã³â. 

Â³ðà Ïåòð³âíà ö³êàâèëàñÿ æèòòÿì ñâî¿õ ñòóäåíò³â, ñï³âðîá³òíèê³â, ïåðåéìàëàñÿ 
îñîáèñòèìè ³ ïîáóòîâèìè ïðîáëåìàìè òà íåãàðàçäàìè ³ äîïîìàãàëà ó ¿õ âèð³øåíí³. 
Ñï³âðîá³òíèêè òà ó÷í³ Â³ðè Ïåòð³âíè, ÿêèì âèïàäàëà ÷åñòü áóòè ðàçîì ç íåþ ó÷àñ-
íèêàìè ñèìïîç³óì³â, êîíôåðåíö³é, çàñ³äàíü, áà÷èëè, ÿê ïðèâ³òíî, ðàä³ñíî çóñòð³÷àëè 
¿¿ âñþäè, âèÿâëÿëè ïîâàãó ³ øàíóâàííÿ óñ³ ïðèñóòí³. 

Íà êàôåäð³ ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó 
³ìåí³ ².². Ìå÷íèêîâà íèí³ íàðÿäó ç íîâèìè íàóêîâèìè íàïðÿìêàìè ðîçâèâàþòüñÿ 
ò³, ÿê³ çàïî÷àòêóâàëà ïðîôåñîð Â.Ï. Òóëü÷èíñüêà.
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Ðåôåðàò

Ñòàòüÿ ïîñâÿùåíà 100-ëåòèþ ñî äíÿ ðîæäåíèÿ âûäàþùåãîñÿ ó÷åíîãî-ìèê-
ðîáèîëîãà, ÷ëåíà-êîððåñïîíäåíòà ÀÍ Óêðàèíû, ïðîôåññîðà Âåðû Ïåòðîâíû 
Òóëü÷èíñêîé (31.07.1907 – 27.05.1994).
Ñïåêòð íàó÷íûõ èíòåðåñîâ Â.Ï. Òóëü÷èíñêîé áûë ÷ðåçâû÷àéíî øèðîêèì è 
êàñàëñÿ àêòóàëüíûõ ïðîáëåì ìåäèöèíñêîé, îáùåé, âîäíîé ìèêðîáèîëîãèè, 
âèðóñîëîãèè, ýêîëîãèè è îõðàíû îêðóæàþùåé ñðåäû. Â.Ï. Òóëü÷èíñêàÿ 32 
ãîäà (ñ 1951 ïî 1983 ãã.) ðàáîòàëà çàâåäóþùåé êàôåäðîé ìèêðîáèîëîãèè è âè-
ðóñîëîãèè Îäåññêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà èìåíè È.È. Ìå÷íèêîâà.

Ê ë þ ÷ å â û å  ñ ë î â à: Â.Ï.Òóëü÷èíñêàÿ, èñòîðèÿ ìèêðîáèîëîãèè, Îäåñ-
ñêèé óíèâåðñèòåò.

V.O.Ivanytsya, T.V. Burlaka, N.G. Yurgelaitis, T.V. Gudzenko,
G.A. Kozhanova, L.V. Kotlyarova

Odesa National Mechnykov University, Dvoryanska str., 2, Odesa, 65082, 
Ukraine, tel.: 8 (0482) 68 79 64, e-mail: v_ivanit@.net.ua

IN MEMORY OF THE PROFESSOR V.P. TULCHYNSKA

Summary

The article is devoted to the centenery of the prominent scientist-microbiologist, 
corresponding member of NAS of Ukraine professor Vera Petrivna Tulchynska 
(31.07.1907 – 27.05.1994).
The spectrum of scientific interests of V.P. Tulchynska was extremely wide and 
dealt with Medical, General and Water Microbiology, Virology, Ecology and 
Environmental Protection. V.P. Tulchynska has worked for 32 yeas (1951 – 1983) as 
the Håad of the Chair of Microbiology and Virology of Odesa State University after 
I.I. Mechnykov.

K e y  w o r d s: V.Ð. Tulchynska, history of Microbiology, Odesa University.
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ÐÅÖÅÍÇ²¯

REVIEW

Â.Î. ²âàíèöÿ, Â.Ñ. Ïiäãîðñüêèé, Í.Ã. Þðãåëàéòiñ, Ò.Â. Áóðëàêà, 
Á.Ï. Ìàöåëþõ, ².Ã. Ñêðèïàëü

“ÑËÎÂÍÈÊ ÒÅÐÌ²Í²Â Ó Ì²ÊÐÎÁ²ÎËÎÃ²¯”
Êè¿â: Íàóêîâà äóìêà, 2006.–200 ñ.

Ðåöåíçîâàíèé ñëîâíèê â³äíîñèòüñÿ äî ñåð³¿ «Ñëîâíèêè Óêðà¿íè», ùî âèäàºòü-
ñÿ àêàäåì³÷íèì âèäàâíèöòâîì «Íàóêîâà äóìêà» â Êèºâ³. Íàñàìïåðåä ìóñèìî 
ñêàçàòè äîáðå ñëîâî â àäðåñó âèäàâíèöòâà, áî ñâî¿ìè âèïóñêàìè âîíî ðîáèòü 
âåëèêó ñïðàâó äëÿ Óêðà¿íè âçàãàë³, ó âèïóñêó íàóêîâî¿ ë³òåðàòóðè çîêðåìà.

Ñüîãîäí³, çàâäÿêè áóðõëèâîìó ðîçâèòêó äåìîêðàò³¿ â Óêðà¿í³ ñêëàëàñÿ äîñèòü 
äèâíà ñèòóàö³ÿ, êîëè â äåðæàâ³ ³ñíóþòü ïðèíàéìí³ òðè öåíòðè òåðì³íîëîã³÷íî¿ îðôîã-
ðàô³¿ — Êè¿âñüêèé, Ëüâ³âñüêèé, Õàðê³âñüêèé ³, ìîæëèâî, òóò âàðòî á íàçâàòè òàêîæ 
Îäåñüêèé. Ñïðàâà â òîìó, ùî íàø îô³ö³éíèé ïðàâîïèñ íå âñ³õ çàäîâîëüíÿº (à öå 
ñòîñóºòüñÿ âæèâàííÿ «ã» ³ «´» ó ñëîâàõ ãðåêî-ëàòèíñüêîãî ïîõîäæåííÿ, ïðèãîëîñíî¿ 
«õ». Íàïðèêëàä, Ìåõ³êî (êîëè ÷óæîçåìíå õ [³êñ] îòîòîæíþºòüñÿ ç óêðà¿íñüêèì “õ”), 
“ã” ó ñëîâ³ Ãåëüñ³íêè, à íå Õåëüñ³íêè òà ³í. Ó ìèíóëîìó ìè ìàëè áàãàòî âàð³àíò³â 
óêðà¿íñüêîãî ïðàâîïèñó (²â. Îã³ºíêà, Ñò. Ñìàëü-Ñòîöüêîãî, Áîðèñà Ãð³í÷åíêà, 
Ãð. Ãîëîñêåâè÷à, Ìèõàéëà Âîçíÿêà, Âàñèëÿ Ñ³ìîâè÷à, Ìèõàéëà Ðóäíèöüêîãî òà ³í.).

Óêðà¿íñüêà ë³òåðàòóðíà ìîâà, ÿêîþ êîðèñòóâàëèñÿ â Ãàëè÷èí³ â ê³íö³ XIX íà 
ïî÷àòêó XX ñò. áóëà äîáðå ðîçâèíóòîþ, çâó÷íîþ ³ øèðîêî âèêîðèñòîâóâàëàñÿ. 
Âîíà ³ ñüîãîäí³ æèâå ³ ôóíêö³îíóº â çàõ³äíèõ îáëàñòÿõ Óêðà¿íè. Ö³ºþ ìîâîþ, â 
îñíîâíîìó, òàêîæ êîðèñòóºòüñÿ óêðà¿íñüêà ä³àñïîðà. Ñüîãîäí³ óêðà¿íñüêà ìîâà 
â Óêðà¿í³ äóæå çá³äí³ëà, áåççâó÷íà, ãëóõà ïåðåâàæíî ÷åðåç òå, ùî çàáðàëè ç íå¿ 
áóêâó “´” ó ñëîâàõ ãðåêî-ëàòèíñüêîãî ïîõîäæåííÿ. Ó êîëèøíüîìó ïðàâîïèñ³ áóëà 
ÿñíî ³ ÷³òêî âèïèñàíà âèìîãà: ïèñàòè ³ âèìîâëÿòè ³íøîìîâí³ âëàñí³ ³ìåíà (íàçâè 
îñ³á, ãåîãðàô³÷í³ íàçâè) òàê, ÿê âîíè âèìîâëÿþòüñÿ â ìîâ³ îðèã³íàëó. Çàçíà÷ó — öå 
ïèòàííÿ áóäå çàâæäè àêòóàëüíèì, äîêè öÿ ïðîáëåìà íå áóäå ðîçâ’ÿçàíà. Çàäàºìî 
ñîá³ ïèòàííÿ: ÷è íå º ïðè÷èíîþ òàêèé ñòàí óêðà¿íñüêî¿ ë³òåðàòóðíî¿ ìîâè òîãî, ùî 
âîíà äî ðåøòè çíèêàº íà òåðèòîð³¿ Âåëèêî¿ Óêðà¿íè?

Çàäàºìî ñîá³ ïèòàííÿ: ÷îìó óêðà¿íñüêà ä³àñïîðà íå ïåðåõîäèòü íà ñó÷àñíèé 
îô³ö³éíèé ïðàâîïèñ?

Îòæå, ïðèñòóïàþ÷è äî ðåöåíçóâàííÿ íàçâàíîãî âèùå òåðì³íîëîã³÷íîãî ñëîâ-
íèêà ç ì³êðîá³îëîã³¿, ñòàâèìî ïèòàííÿ ïðî ïðàâîïèñ òåðì³í³â. Òóò ó ñëîâíèêó çà-
ñòåðåæåíü íåìàº. Â³í ñêëàäåíèé ó ñòðîã³é â³äïîâ³äíîñòè äî ñó÷àñíîãî ïðàâîïèñó 
óêðà¿íñüêî¿ ë³òåðàòóðíî¿ ìîâè. Õî÷åìî ìè òîãî ÷è í³, àëå ìóñèìî äîòðèìóâàòèñÿ 
öüîãî îô³ö³éíîãî ³ çàòâåðæäåíîãî àâòîðèòåòíîþ êîì³ñ³ºþ îðôîãðàô³÷íîãî ñëîâíèêà, 
õî÷à, ÿê âæå áóëî ñêàçàíî, íå ìîæåìî ïîãîäèòèñÿ ç íèçêîþ ïîëîæåíü ó íüîìó. 
Íàïðèêëàä, “õ³ì³ÿ” ïîâèííî áóòè “õåì³ÿ”, “ãë³êîë³ç”—“´ë³êîë³ç”, ã³ñòîõåì³ÿ (ëàò. 
chemia — àëõ³ì³ÿ, îçíà÷àº ï³äðîáêó ï³ä õ³ì³þ.
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Àâòîð³â ìè âèíèòè íå ìîæåìî, âîíè âèêîíàëè âåëè÷åçíó ïðàöþ, ç³áðàëè âåëè-
êèé îáñÿã ìàòåð³àëó ³, â³äïîâ³äíî äî ñó÷àñíîãî ïðàâîïèñó ñêëàëè ñëîâíèê, ÿêèé, 
ïîçà óñÿêèì ñóìí³âîì, äóæå ïîòð³áíèé äëÿ ðîçâèòêó íàóêè ³ äëÿ íàâ÷àëüíèõ ö³ëåé.

Àâòîðèòåòíèé ñêëàä àâòîðñüêî¿ ãðóïè, ÿê ³ ñêëàä ðåöåíçåíò³â – âèäàòíèõ 
â÷åíèõ Óêðà¿íè, âèêëèêàº ïîâíó äîâ³ðó äî çì³ñòó ñëîâíèêà, ÿêèé º ïîòð³áíèì íå 
ëèøå äëÿ âóçüêî¿ ôàõîâî¿ ñïåö³àëüíîñò³ ç ì³êðîá³îëîã³¿, àëå ³ äëÿ ñóì³æíèõ ôàõîâèõ 
íàïðÿì³â, âêëþ÷àþ÷è ôàðìàö³þ, ÿêà çàðàç íàáóëà øèðîêîãî ðîçâèòêó â óêðà¿íñüê³é 
ìåäè÷í³é íàóö³.

Çàñëóãîâóº íà ñõâàëåííÿ ñòðóêòóðà ñëîâíèêà â ö³ëîìó òà éîãî êîæíà îêðåìî 
âçÿòà ñòàòòÿ, â ÿê³é íàçâè ïîäàþòüñÿ ðîñ³éñüêîþ òà óêðà¿íñüêîþ ìîâàìè, à òàêîæ íå-
ð³äêî åòèìîëîã³ÿ òåðì³íà â îðèã³íàë³ – ³ç ìîâè ïîõîäæåííÿ, ùî ï³äñèëþº íàóêîâ³ñòü 
ñëîâíèêà. Ñëîâà çàïîçè÷åí³ ñóïðîâîäÿòüñÿ íàâ³òü â³äïîâ³äíèìè íàãîëîñàìè.

Íà çàâåðøåííÿ êîíñòàòóºìî, ùî íàçâàíèé ñëîâíèê çàñëóãîâóº íà âñåá³÷íå 
ñõâàëåííÿ, à íàø³ ì³ðêóâàííÿ ñòîñîâíî ïðàâîïèñó º ïèòàííÿì ³íøèì.

Ò.É. Ëåùóê, 
ïðîôåñîð êàôåäðè ³íîçåìíèõ ìîâ íàö³îíàëüíîãî óí³âåðñèòåòó 

“Ëüâ³âñüêà ïîë³òåõí³êà”

ÏÀÌ’ßÒ² ÏÐÎÔÅÑÎÐÀ Â.Ï. ÒÓËÜ×ÈÍÑÜÊÎ¯
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²ÍÔÎÐÌÀÖ²ÉÍÅ ÏÎÂ²ÄÎÌËÅÍÍß 
ÄËß ÀÂÒÎÐ²Â

Íàóêîâèé æóðíàë “Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ” çàïðîøóº Âàñäî ñï³âïðàö³ 
ç ïèòàíü âèñâ³òëåííÿ ðåçóëüòàò³â íàóêîâèõ äîñë³äæåíü ó ãàëóç³ ì³êðîá³îëîã³¿ 
³ á³îòåõíîëîã³¿. 

Ïðîãðàìíi öiëi âèäàííÿ: âèñâ³òëåííÿ ðåçóëüòàò³â íàóêîâèõ äîñë³äæåíü ó 
ãàëóç³ ì³êðîá³îëîã³¿ òà á³îòåõíîëîã³¿, îá’ºêòàìè ÿêèõ º ïðîêàð³îòí³ (áàêòåð³¿, àðõå-
áàêòåð³¿) òà åóêàð³îòí³(ì³êðîñêîï³÷í³ ãðèáè, ì³êðîñêîï³÷í³ âîäîðîñò³, íàéïðîñò³ø³) 
ì³êðîîðãàí³çìè, â³ðóñè.

Òåìàòè÷íà ñïðÿìîâàíiñòü: ì³êðîá³îëîã³ÿ, â³ðóñîëîã³ÿ, ³ìóíîëîã³ÿ, ìîëåêóëÿð-
íà á³îòåõíîëîã³ÿ, ñòâîðåííÿ òà ñåëåêö³ÿ íîâèõ øòàì³â ì³êðîîðãàí³çì³â, ì³êðîáí³ 
ïðåïàðàòè, àíòèì³êðîáí³ çàñîáè, á³îñåíñîðè, ä³àãíîñòèêóìè, ì³êðîáí³ òåõíîëîã³¿ 
â ñ³ëüñüêîìó ãîñïîäàðñòâ³, ì³êðîáí³ òåõíîëîã³¿ ó õàð÷îâ³é ïðîìèñëîâîñò³; çàõèñò 
òà îçäîðîâëåííÿ íàâêîëèøíüîãî ñåðåäîâèùà; îòðèìàííÿ åíåðãîíîñ³¿â òà íîâèõ 
ìàòåð³àë³â òîùî.

Ìîâà (ìîâè) âèäàííÿ: óêðà¿íñüêà, ðîñ³éñüêà, àíãë³éñüêà.
Ðóáðèêè æóðíàëó: “Îãëÿäîâ³ òà òåîðåòè÷í³ ñòàòò³”, “Åêñïåðèìåíòàëüí³ ïðà-

ö³”, “Äèñêóñ³¿”, “Êîðîòê³ ïîâ³äîìëåííÿ”,“Êîíôåðåíö³¿, ç’¿çäè, øêîëè”, “Ñòîð³íêè 
³ñòîð³¿”, “Þâ³ëå¿ ³ äàòè”, “Ðåöåíç³¿”, “Êíèæêîâà ïîëèöÿ”.

Äî ñòàòò³ äîäàºòüñÿ âèñíîâîê åêñïåðòíî¿ êîì³ñ³¿ óñòàíîâè ïðî ìîæëèâ³ñòüîïóá-
ë³êóâàííÿ ðîáîòè ó â³äêðèòèõ çàñîáàõ ìàñîâî¿ ³íôîðìàö³¿, ðåêîìåíäàö³ÿ óñòàíîâ, 
îðãàí³çàö³é, ó ÿêèõ âèêîíóâàëàñÿ ðîáîòà, çà ï³äïèñîì êåð³âíèêà òà ïèñüìîâà çãîäà 
êåð³âíèê³â óñòàíîâ, îðãàí³çàö³é, äå ïðàöþþòü ñï³âàâòîðè.

Âèìîãè äî îôîðìëåííÿ ñòàòåé, ÿêi ïîäàþòüñÿ äî ðåäàêöi¿ æóðíàëó:
Ñòàòòÿ ìàº â³äïîâ³äàòè òåìàòè÷íîìó ñïðÿìóâàííþ æóðíàëó ³, â³äïîâ³äíî äî 

ï. 3 Ïîñòàíîâè ÂÀÊ Óêðà¿íè â³ä 15.01.2003 ð. ¹7-05/1, âêëþ÷àòè òàê³ ñòðóêòóðí³ 
åëåìåíòè: ïîñòàíîâêà ïðîáëåìè ó çàãàëüíîìó âèãëÿä³ òà ¿¿ çâ’ÿçîê ³ç âàæëèâèìè 
íàóêîâèìè ÷è ïðàêòè÷íèìè çàâäàííÿìè; àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é, 
â ÿêèõ çàïî÷àòêîâàíî âèð³øåííÿ äàíî¿ ïðîáëåìè ³ íà ÿê³ îïèðàºòüñÿ àâòîð; âèî-
êðåìëåííÿ ðàí³øå íå âèð³øåíèõ ÷àñòèí çàãàëüíî¿ ïðîáëåìè, êîòðèì ïðèñâÿ÷óºòüñÿ 
ñòàòòÿ; ôîðìóëþâàííÿ ö³ëåé ñòàòò³ (ïîñòàíîâêà çàâäàííÿ); âèêëàä îñíîâíîãî ìà-
òåð³àëó äîñë³äæåííÿ ç ïîâíèì îá´ðóíòóâàííÿì íàóêîâèõ ðåçóëüòàò³â; âèñíîâêè ç 
äàíîãî äîñë³äæåííÿ ³ ïåðñïåêòèâè ïîäàëüøèõ ïîøóê³â ó äàíîìó íàïðÿì³.

Äî äðóêó ïðèéìàþòüñÿ ñòàòò³ (2 ïðèì³ðíèêè) îáñÿãîì íå á³ëüøå 10 ñòîð³íîê 
(ç óðàõóâàííÿì ðèñóíê³â,òàáëèöü ³ ï³äïèñ³â äî íèõ, àíîòàö³¿, ðåôåðàòó, ñïèñêó 
ë³òåðàòóðè), îãëÿäè – äî 15 ñòîð., ðåöåíç³¿ – äî 3 ñòîð., êîðîòê³ ïîâ³äîìëåííÿ 
– äî 2 ñòîð.

Äî ðóêîïèñó äîäàºòüñÿ åëåêòðîííèéâàð³àíò ñòàòò³ íà äèñêîâ³ (øðèôò Times 
New Roman, êåãëü 14, ³íòåðâàë àâòîìàòè÷íèé, íå á³ëüøå 30 ðÿäê³â íà ñòîð³íö³, 
ïîëÿ ïî 2 ñì).

Ïðè íàïèñàííi ñòàòòi íåîáõiäíî äîòðèìóâàòèñÿ òàêîãî ïëàíó:
- ³íäåêñ ÓÄÊ ó ë³âîìó âåðõíüîìó êóòêó ïåðøîãî àðêóøà;
- ïð³çâèùà òà ³í³ö³àëè àâòîðà (àâòîð³â) ìîâîþ îðèã³íàëó, ì³ñöå ðîáîòè êîæíîãî 

àâòîðà; ïîâíà ïîøòîâà àäðåñà óñòàíîâè (çà ì³æíàðîäíèìè ñòàíäàðòàìè); òåëåôîí, 
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åëåêòðîííà àäðåñà (e-mail). Ïð³çâèùà àâòîð³â òà íàçâè óñòàíîâ, äå âîíè ïðàöþþòü, 
ïîçíà÷àþòü îäíèì ³ òèì ñàìèì öèôðîâèì ³íäåêñîì (âãîð³);

- íàçâà ñòàòò³ âåëèêèìè ë³òåðàìè;
- àíîòàö³ÿ ³ç çàçíà÷åííÿì íîâèçíè äîñë³äæåííÿ (äî 200 ñë³â);
- êëþ÷îâ³ ñëîâà (íå á³ëüøå ï’ÿòè);
Òåêñò ñòàòòi ìàº âêëþ÷àòè òàêi ñêëàäîâi: âñòóï; ìàòåð³àëè ³ ìåòîäè; ðåçóëüòàòè 

òà ¿õ îáãîâîðåííÿ; âèñíîâêè; ë³òåðàòóðà.
Äî êîæíîãî ïðèì³ðíèêà ñòàòò³ äîäàºòüñÿ àíîòàö³ÿ ìîâîþ îðèã³íàëó òà ðåôåðàòè 

óêðà¿íñüêîþ / ðîñ³éñüêîþ (â çàëåæíîñò³ â³ä ìîâè îðèã³íàëó ñòàòò³), òà àíãë³éñüêîþ 
ìîâàìè(êîæåí ðåôåðàò íà îêðåìîìó àðêóø³). Ïåðåä ñëîâîì “ðåôåðàò” íåîáõ³äíî 
íàïèñàòè ïð³çâèùà òà ³í³ö³àëè àâòîð³â, íàçâèóñòàíîâ, ïîâíó íàçâó ñòàòò³ â³äïîâ³äíîþ 
ìîâîþ. Ï³ñëÿ òåêñòó ðåôåðàòó ç àáçàöó ðîçì³ùóþòüñÿ êëþ÷îâ³ ñëîâà. 

Ó ê³íö³ òåêñòó ñòàòò³ óêàçàòè ïð³çâèùà, ³ìåíà òà ïî áàòüêîâ³ óñ³õ àâòîð³â, 
ïîøòîâó àäðåñó, òåëåôîí, ôàêñ, e-mail (äëÿ êîðåñïîíäåíö³¿).

Ñòàòòÿ ìàº áóòè ï³äïèñàíà àâòîðîì (óñ³ìà àâòîðàìè) ç çàçíà÷åííÿì äàòè íà 
îñòàíí³é ñòîð³íö³.

Àâòîðè íåñóòü ïîâíó â³äïîâ³äàëüí³ñòü çà áåçäîãàííå ìîâíå îôîðìëåííÿ òåêñòó, 
îñîáëèâî çà ïðàâèëüíó íàóêîâó òåðì³íîëîã³þ (¿¿ ñë³ä çâ³ðÿòè çà ôàõîâèìè òåðì³-
íîëîã³÷íèìè ñëîâíèêàìè). 

Ëàòèíñüê³ á³îëîã³÷í³ íàçâè âèä³â, ðîä³â ïîäàþòüñÿ êóðñèâîì ëàòèíèöåþ. 
ßêùî ÷àñòîïîâòîðþâàí³ ó òåêñò³ ñëîâîñïîëó÷åííÿ àâòîð ââàæàº çà ïîòð³áíå 

ñêîðîòèòè, òî àáðåâ³àòóðè çà ïåðøîãî âæèâàííÿ îáóìîâëþþòü ó äóæêàõ. Íàïðè-
êëàä: ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ(ÏËÐ).

Ïîñèëàííÿ íà ë³òåðàòóðó ïîäàþòüñÿ ó òåêñò³ ñòàòò³, öèôðàìè ó êâàäðàòíèõ 
äóæêàõ, çã³äíî ç ïîðÿäêîâèì íîìåðîì ó ñïèñêó ë³òåðàòóðè.

Òàáëèö³ ìàþòü áóòè êîìïàêòíèìè, ìàòè ïîðÿäêîâèé íîìåð; ãðàôè, êîëîíêè 
ìàþòü áóòè òî÷íî âèçíà÷åíèìè ëîã³÷íî ³ ãðàô³÷íî. Ìàòåð³àë òàáëèöü (ÿê ³ ðèñóíê³â) 
ìàº áóòè çðîçóì³ëèì ³ íå äóáëþâàòè òåêñò ñòàòò³. Öèôðîâèé ìàòåð³àë òàáëèöü ñë³ä 
îïðàöþâàòè ñòàòèñòè÷íî. 

Ðèñóíêè âèêîíóþòüñÿ ó âèãëÿä³ ÷³òêèõ êðåñëåíü (çà äîïîìîãîþ êîìï’þòåðíîãî 
ãðàô³÷íîãî ðåäàêòîðà ó ôîðìàò³ Word, TIF, JPG). Îñ³ êîîðäèíàò íà ãðàô³êàõ ìàþòü 
áóòè ïîçíà÷åí³. Ðèñóíêè ðîçì³ùóþòüñÿ ó òåêñò³ ñòàòò³ òà äóáëþþòüñÿ îêðåìèì 
ôàéëîì íà CD.

Ï³äïèñè, à òàêîæ ïîÿñíåííÿ, ïðèì³òêè äî òàáëèöü òà ðèñóíê³â ïîäàþòüñÿ ìîâîþ 
îðèã³íàëó òà àíãë³éñüêîþ.

Ðîçä³ë “Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ” ìàº áóòè íàïèñàíèé êîðîòêî: 
íåîáõ³äíî ÷³òêî âèêëàñòè âèÿâëåí³ åôåêòè, ïîêàçàòè ïðè÷èííî-ðåçóëüòàòèâí³ çâ’ÿçêè 
ì³æ íèìè, ïîð³âíÿòè îòðèìàíó ³íôîðìàö³þ ç äàíèìè ë³òåðàòóðè, äàòè â³äïîâ³äü íà 
ïèòàííÿ, ïîñòàâëåí³ ó âñòóï³.

Ñïèñîê ë³òåðàòóðè ñêëàäàºòüñÿ çà àëôàâ³òíî-õðîíîëîã³÷íèì ïîðÿäêîì (ñïî÷àòêó 
êèðèëèöÿ, ïîò³ì ëàòèíèöÿ) ³ ðîçì³ùóºòüñÿ â ê³íö³ ñòàòò³. ßêùî ïåðøèé àâòîð ó 
äåê³ëüêîõ ïðàöÿõ îäèí³ òîé ñàìèé,òî ïðàö³ ðîçì³ùóþòüñÿ ó õðîíîëîã³÷íîìó ïîðÿä-
êó.Ñïèñîê ïîñèëàíü òðåáà ïðîíóìåðóâàòè, à ó òåêñò³ ïîñèëàòèñÿ íà â³äïîâ³äíèé 
íîìåðäæåðåëà ë³òåðàòóðè (ó êâàäðàòíèõ äóæêàõ).

Ó ïîñèëàíí³ ïèøóòü ïð³çâèùà óñ³õ àâòîð³â. Â åêñïåðèìåíòàëüíèõ ïðàöÿõ ìàº 
áóòè íå á³ëüøå 15 ïîñèëàíü ë³òåðàòóðíèõ äæåðåë.

Ïàòåíòí³ äîêóìåíòè ðîçì³ùóþòüñÿ ó ê³íö³ ñïèñêó ïîñèëàíü.

²ÍÔÎÐÌÀÖ²ÉÍÅ ÏÎÂ²ÄÎÌËÅÍÍß ÄËß ÀÂÒÎÐ²Â
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Íà êíèãè
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Aíäðåþê Å.È., Êîçëîâà È.À., Ðîæàíñêàÿ À.Ì. Ìèêðîáèîëîãè÷åñêàÿ êîððîçèÿ 
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Íà òåçè äîïîâiäåé
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Íà äåïîíîâàíi íàóêîâi ðîáîòè
1. Ëîïàòèíà Í.Â., Òåðåíòüåâ À.Í., Íàòàëè÷ Ë.À., ßíãóëîâ Ø.Ó. Îïòèìèçàöè-

ÿïèòàòåëüíîé ñðåäû äëÿ êóëüòèâèðîâàíèÿ âàêöèííîãî øòàììà ÷óìíîãî ìèêðîáà 
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Íà àâòîðåôåðàòè äèñåðòàöié
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Äàòîþ íàäõîäæåííÿ ñòàòò³ ââàæàþòü äåíü, êîëè äîðåäêîëåã³¿ íàä³éøîâ îñòà-
òî÷íèé âàð³àíò òåêñòó ñòàòò³ ï³ñëÿ ðåöåíçóâàííÿ.

Ï³ñëÿ îäåðæàííÿ êîðåêòóðè ñòàòò³ àâòîð ïîâèíåí âèïðàâèòè ëèøå ïîìèëêè 
(÷³òêî, ñèíüîþ àáî ÷îðíîþ ðó÷êîþ íåïðàâèëüíå çàêðåñëèòè, à ïîðÿä ç öèì íà ïîë³ 
íàïèñàòè ïðàâèëüíèé âàð³àíò) ³ òåðì³íîâî â³ä³ñëàòè ñòàòòþ íà àäðåñó ðåäêîëåã³¿ 
àáî ïîâ³äîìèòè ïðî ñâî¿ ïðàâêè ïîòåëåôîíó ÷è åëåêòðîííîþ ïîøòîþ.

Ó ðàç³ çàòðèìêè ðåäàêö³ÿ, äîäåðæóþ÷èñü ãðàô³êà, çàëèøàº çà ñîáîþ ïðàâî 
çäàòè êîðåêòóðó äî äðóêàðí³ (ó âèðîáíèöòâî) áåç àâòîðñüêèõ ïðàâîê.

Ï³äïèñ àâòîðà ó ê³íö³ ñòàòò³ îçíà÷àº, ùî àâòîð ïåðåäàº ïðàâà íà âèäàííÿ ñâîº¿ 
ñòàòò³ ðåäàêö³¿. Àâòîð ãàðàíòóº, ùî ñòàòòÿ îðèã³íàëüíà;í³ ñòàòòÿ, í³ ðèñóíêè äî íå¿ 
íå áóëè îïóáë³êîâàí³ â ³íøèõ âèäàííÿõ.

Â³äõèëåí³ ñòàòò³ íå ïîâåðòàþòüñÿ.
Ðåäàêö³ÿ ïðèéìàº äî äðóêó íà ñòîð³íêàõ ³ îáêëàäèíêàõ æóðíàëó ïëàòí³ ðåêëàìí³ 

îãîëîøåííÿ á³îòåõíîëîã³÷íîãî òà ìåäè÷íîãî íàïðÿì³â; âèðîáíèê³â ëàáîðàòîðíîãî 
îáëàäíàííÿ, äèàãíîñòèêóì³â, ðåàêòèâ³â òîùî äëÿ íàóêîâèõ äîñë³äæåíü.

²ÍÔÎÐÌÀÖ²ÉÍÅ ÏÎÂ²ÄÎÌËÅÍÍß ÄËß ÀÂÒÎÐ²Â



Óâàãà: ïåðåäðóê, óñi âèäè êîïiþâàííÿ òà âiäòâîðåííÿ ìàòåðiàëiâ, ùî íàäðóêîâàíi ó 
æóðíàëi “Ìiêðîáiîëîãiÿ i áiîòåõíîëîãiÿ” ìîæëèâi ëèøå çà óìîâè ïîñèëàííÿ 

íà äæåðåëî iíôîðìàöi¿ òà ç äîçâîëó ðåäàêöiéíî¿ êîëåãi¿. 
Óñi ïðàâà çàõèùåíi çãiäíî çàêîíîäàâñòâà Óêðà¿íè.
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