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Ю.П. Зайцев, Н.И. Копытина
Îäåññêèé фèëèàë èíñòèòóòà бèîëîгèè южíых ìîðåé èìåíè А.А. Кîâàëåâñêîгî 

НАН Уêðàèíы, óë. Пóшêèíñêàÿ, 37, г. Îäåññà, 65125, Уêðàèíà, 
òåë.: +38 (048) 725 09 17

e-mail: yu.zaitsev@paco.net, nade.kopytina@yandex.ru

ÃÐèÁЫ â ÌÎÐсÊÎé сÐÅäÅ

Дан краткий обзор опубëикованныõ сведений о ãрибаõ как о компонентаõ 
биоты морей и океанов. Рассмотрено распространение ãрибов в разëичныõ 
биоãеоãрафическиõ зонаõ и биотопаõ мировоãо океана. Показано вëияние ãëуби-
ны, температуры, соëености воды, õарактера донныõ отëожений на видовой 
состав и пëотность пропаãуë ãрибов. Отмечена роëь ãрибов сапротрофов, 
паразитов, симбионтов и оппортунистов в экосистемаõ, а также трофические 
связи морскиõ ãрибов и беспозпозвоночныõ. Названы некоторые перспективные 
направëения изучения и испоëьзования морскиõ ãрибов дëя решения научныõ 
и прикëадныõ задач.

К ë ю ч е в ы е  с ë о в а: ãрибы, пеëаãиаëь, бентаëь, животные.

Кîñìîпîëèòè÷åñêèé хàðàêòåð ðàñпðîñòðàíåíèÿ гðèбîâ îñîбåííî ÿðêî пðî-
ñëåжèâàåòñÿ íà пðèìåðå èх ðàñпðåäåëåíèÿ â ìîðÿх è îêåàíàх. Гðèбы äåëÿòñÿ 
íà ñàпðîòðîфîâ, пàðàзèòîâ, ñèìбèîíòîâ è àññîöèàíòîâ ðàñòåíèé, жèâîòíых è 
÷åëîâåêà. Îíè зàíèìàюò âñå бèîòîпы гàëîñфåðы, îò пîâåðхíîñòè äî íàèбîëüшèх 
гëóбèí, îò âîзäóшíîé ñóпðàëèòîðàëè äî ñåðîâîäîðîäíых îòëîжåíèé àбèññàëè, îò 
îпðåñíåííых ó÷àñòêîâ ó пîбåðåжèé äî гèпåðгàëèííых âîä èзîëèðîâàííых ìîðåé è 
îзåð. Дîñòèгàÿ âыñîêîé ÷èñëåííîñòè, гðèбы èгðàюò ñóщåñòâåííóю ðîëü â пðîöåñ-
ñàх фóíêöèîíèðîâàíèÿ ìîðñêèх эêîñèñòåì, пîòðåбëÿÿ è ìèíåðàëèзóÿ îðгàíè÷åñêîå 
âåщåñòâî, ó÷àñòâóÿ â бèîëîгè÷åñêîì î÷èщåíèè ìîðñêîé ñðåäы, ñîзäàâàÿ óñëîâèÿ 
äëÿ ðàзâèòèÿ бèîöåíîзîâ ìîðñêèх îðгàíèзìîâ. Спîðы è гèфы гðèбîâ, à òàêжå 
îбîгàщåííыå ìèöåëèåì öåëëюëîзîñîäåðжàщèå ñóбñòðàòы è äåòðèò ñëóжàò пèщåé 
äëÿ ìíîгèх âèäîâ бåñпîзâîíî÷íых è ìîëîäè ðыб [4].

Нåñìîòðÿ íà эòî, гðèбы â ìîðñêîé ñðåäå èзó÷åíы íåäîñòàòî÷íî, ñпåöèàëèñòîâ 
â îбëàñòè ìîðñêîé ìèêîëîгèè íàìíîгî ìåíüшå, ÷åì òîгî òðåбóåò пîзíàíèå эòîé 
èñêëю÷èòåëüíî èíòåðåñíîé è âàжíîé гðóппы îðгàíèзìîâ. Нàпðèìåð, íà чåðíîì 
ìîðå ìèêîëîгè÷åñêèå èññëåäîâàíèÿ â íàñòîÿщåå âðåìÿ пðîâîäÿòñÿ ëèшü â Îäåññêîì 
фèëèàëå иíñòèòóòà бèîëîгèè южíых ìîðåé НАН Уêðàèíы.

Îпóбëèêîâàííыå â îòå÷åñòâåííîé è зàðóбåжíîé ëèòåðàòóðå ìàòåðèàëы пîзâîëÿ-
юò ñîñòàâèòü îбщåå пðåäñòàâëåíèå î гðèбàх êàê î êîìпîíåíòàх бèîòы ìîðåé è îêåàíîâ.

© Ю.П. Зàéöåâ, Н.и. Кîпыòèíà, 2009
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ГРиБи У ÌÎРСьКÎÌУ СеРеДÎÂиЩI

Определение понятия «морские грибы» 
Пî пðîèñхîжäåíèю ìîðñêèå гðèбы äåëÿò íà äâå гðóппы: îбëèгàòíыå – пåð-

âè÷íîâîäíыå гðèбы (пîÿâèëèñü â âîäíîé ñðåäå è îñòàëèñü â íåé) è фàêóëüòàòèâ-
íыå – âòîðè÷íîâîäíыå гðèбы (â хîäå эâîëюöèè ìèгðèðîâàëè â пðåñíыå âîäы è íà 
ñóшó, à зàòåì âíîâü âåðíóëèñü â âîäíóю ñðåäó). из ìîðñêîé ñðåäы âыäåëåíî îêîëî 
1500 âèäîâ гðèбîâ èз îòäåëîâ Oomycota, Chytridiomycota, Zygomycota (íèзшèå 
гðèбы), Ascomycota, Basidiomycota è ìîðфîëîгè÷åñêîé гðóппы Anamorphic Fungi 
(âыñшèå ìèöåëèàëüíыå гðèбы), ñðåäè íèх 500 – пðåäñòàâèòåëè âыñшèх îбëèгàòíî 
ìîðñêèх гðèбîâ. Â ìîíîгðàфèè хàéäà è Пîéòèíгà «Marine Mycology» [17] пðèâåäåí 
ñпèñîê âыñшèх îбëèгàòíî ìîðñêèх гðèбîâ (444 âèäà): гðèбы èз îòäåëà Ascomycota 
ñîñòàâëÿюò 81%, îòäåëà Basidiomycota – îêîëî 2%, ìîðфîëîгè÷åñêîé гðóппы 
Anamorphic Fungi – 17%. 

Îпèñàíèå íîâых îбëèгàòíî ìîðñêèх âèäîâ пðîäîëжàåòñÿ è â íàñòîÿщåå âðåìÿ. 
Бîëüшèíñòâî ìèöåëèàëüíых фàêóëüòàòèâíî ìîðñêèх гðèбîâ –эâðèòîпíыå пðåä-
ñòàâèòåëÿè ðîäîâ Alternaria, Aspergillus, Chaetomium, Cladosporium, Penicillium, 
Phoma, Trichoderma, êîòîðыå зàíîñÿòñÿ â ìîðå âìåñòå ñ пî÷âîé, ðàñòèòåëüíыìè, 
жèâîòíыìè ñóбñòðàòàìè, à òàêжå âîзäóшíыìè пîòîêàìè [1, 10]. 

Â 1999 г. íà VII-ì Ìåжäóíàðîäíîì ñèìпîзèóìå пî ìîðñêîé è пðåñíîâîäíîé 
ìèêîëîгèè â Гîíêîíгå пðåäëîжåíî â êà÷åñòâå гëàâíîгî êðèòåðèÿ пðè îпðåäåëåíèè 
ìîðñêèх гðèбîâ èñпîëüзîâàòü èх ñпîñîбíîñòü пðîðàñòàòü è фîðìèðîâàòü ìèöåëèé 
â åñòåñòâåííых ìîðñêèх óñëîâèÿх [13]. 

Грибы в различных биогеографических областях мирового океана 
Â ìèðîâîì îêåàíå гðèбы ðàñпðîñòðàíåíы âî âñåх бèîгåîгðàфè÷åñêèх îб-

ëàñòÿх. Îбëèгàòíыå гðèбы, îбèòàющèå â òðîпè÷åñêèх ðàéîíàх, пî îòíîшåíèю ê 
òåìпåðàòóðå âîäы, äåëÿòñÿ íà äâå êàòåгîðèè: òðîпè÷åñêèå/ñóбòðîпè÷åñêèå âèäы 
è êîñìîпîëèòы. Нàпðèìåð, èз 88 âèäîâ ìèêðîìèöåòîâ пðèбðåжíых âîä иíäèè, 
36 âñòðå÷àюòñÿ â óìåðåííîé зîíå. Тðîпè÷åñêèå/ñóбòðîпè÷åñêèå гðèбы â эêñпåðè-
ìåíòàх in vitro îпòèìàëüíî ðàзâèâàюòñÿ пðè òåìпåðàòóðàх 35–40 °С, à äëÿ пîпó-
ëÿöèé гðèбîâ-êîñìîпîëèòîâ îпòèìàëüíыé òåìпåðàòóðíыé ðåжèì ðîñòà ñîâпàäàåò 
ñ òàêîâыì â пðèðîäíых ìåñòàх îбèòàíèÿ [27]. ещå íåäîñòàòî÷íî èзó÷åíы гðèбы 
àðêòè÷åñêîé è àíòàðêòè÷åñêîé îбëàñòåé, пîбåðåжèé Южíîé Аìåðèêè è Южíîé 
Афðèêè. Нå èñêëю÷åíî, ÷òî ðàñшèðåíèå àðåàëà èññëåäîâàíèé пîзâîëèò äîêàзàòü 
пðàâîìåðíîñòü óòâåðжäåíèÿ, ÷òî гðèбы, îбèòàющèå â óìåðåííых шèðîòàх, ÿâëÿ-
юòñÿ êîñìîпîëèòàìè [18]. 

Грибы в пелагиали 
Спîðы è îбðыâêè ìèöåëèÿ гðèбîâ îбíàðóжåíы îò пîâåðхíîñòíîé пëåíêè âîäы 

äî бîëüшèх гëóбèí (4610 ì), à â òàêîì âîäîёìå, êàê чåðíîå ìîðå гðèбы âыÿâëåíы 
äàжå èз ñåðîâîäîðîäíîé зîíы пåëàгèàëè (îò 250 äî 2000 ì). Â âîäíîé òîëщå äî-
ìèíèðóюò фàêóëüòàòèâíыå гðèбы èз ðîäîâ Aspergillus, Cladosporium, Penicilliium 
è äðîжжè Candida, Rhodotorulaceae [9, 25, 28]. Уñòàíîâëåíî, ÷òî пëîòíîñòü пðî-
пàгóë (ñòðóêòóð äàющèх íà÷àëî íîâîìó îðгàíèзìó: ñпîðы, êîíèäèè, êëåòêè гèф) 
гðèбîâ óбыâàåò пî ìåðå óäàëåíèÿ îò ñóшè è óâåëè÷åíèåì гëóбèíы [1].

Спîðы îбëèгàòíî ìîðñêèх гðèбîâ пîäíèìàюòñÿ â пîâåðхíîñòíыé ñëîé âîäы è 
бëàгîäàðÿ îñîбåííîñòÿì èх ñòðîåíèÿ è пîëîжèòåëüíîé пëàâó÷åñòè óäåðжèâàюòñÿ 
â пåíå. Â íåé ìîжíî îбíàðóжèòü ñпîðы бîëüшîгî ÷èñëà гðèбîâ èзó÷àåìых ðàéîíîâ 
(äî 70% âèäîâîгî ñîñòàâà). чèñëåííîñòü ñпîð è êëåòîê гèф гðèбîâ â пåíå быâàåò íà 
1–4 пîðÿäêà âышå, ÷åì â пîâåðхíîñòíîì ñëîå âîäы. Â ìîðñêîé пåíå пðåîбëàäàюò 
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ñпîðы ìîðñêèх âèäîâ (бîëåå 70% ñëó÷àåâ), â пåðâóю î÷åðåäü Corollospora maritima 
Werdermann, Arenariomyces trifurcatus höhnk, E.B.G. Jones и Nia vibrissa R. T. 
Moore, Meyers, à â пåíå ñîëåíых ëèìàíîâ зíà÷èòåëüíóю äîëю (äî 77%) ñîñòàâëÿюò 
ñпîðы íàзåìíых гðèбîâ èз ðîäîâ Alternaria, Chaetomium, Diplodia, stemphylium. 
Эòè îбëèгàòíыå è фàêóëüòàòèâíыå ìèêðîìèöåòы òàêжå ðàзâèâàюòñÿ â бèîòîпàх 
пåñêà пñåâäîëèòîðàëè è âåðхíåé ñóбëèòîðàëè [7, 11]. 

Грибы в донных отложениях шельфа 
Â äîííых îòëîжåíèÿх пðèбðåжíîé зîíы ñåâåðî-зàпàäíîé ÷àñòè чåðíîгî ìîðÿ 

è пðèëåгàющèх ëèìàíîâ ðàзíîé ñîëåíîñòè íà гëóбèíàх 0–20 ì âыÿâëåíî 60 âèäîâ 
гðèбîâ, èз íèх 34 âèäà (56,7%) – îбëèгàòíî ìîðñêèå. Â âèäîâîì ñîñòàâå гðèбîâ 
пðåîбëàäàëè пðåäñòàâèòåëè гðóппы Anamorphic fungi – 32 âèäà (53,3%). Ìàêñè-
ìàëüíîå ÷èñëî âèäîâ îòìå÷åíî â ðîäàх Chaetomium (3) и Cirrenalia (3). Â ìèêîêîì-
пëåêñàх пñåâäîëèòîðàëè пî ÷àñòîòå âñòðå÷àåìîñòè äîìèíèðóюò ìîðñêèå àñêîìèöåòы 
C. maritima (27,5%), A. trifurcatus (19,2%), ñóбëèòîðàëè – C. maritima (34,7%) 
è эâðèòîпíыé àíàìîðфíыé âèä stachybotrys chartarum (Ehrend.) Hughes (10,4%) 
[8]. Â гðóíòàх чåðíîгî ìîðÿ â ðàéîíå ìыñà хåðñîíåñ (гëóбèíà äî 15 ì) âыÿâëåíî 
86 âèäîâ гðèбîâ, èз гðóппы Anamorphic fungi – 72 (80,9%) âèäà [1].

Â äîííых îòëîжåíèÿх шåëüфà îñòðîâà Сàхàëèí, Кóðèëüñêèх îñòðîâîâ (Îхîòñêîå 
ìîðå) è Япîíñêîгî ìîðÿ (гëóбèíà 10–200 ì) îбíàðóжåíы îêîëî 200 âèäîâ гðèбîâ, 
èз íèх 95% – пðåäñòàâèòåëè гðóппы Anamorphic fungi [11, 12]. Â Кàíäàëàêшñêîì 
зàëèâå Бåëîгî ìîðÿ èññëåäîâàíà ìèêîбèîòà ìàðшåâых пî÷â, пñåâäîëèòîðàëè è ñó-
бëèòîðàëè (54–108 ì, пðîëèâ Âåëèêàÿ Сàëìà). Âыäåëåíî 73 âèäà гðèбîâ, èз гðóппы 
Anamorphic fungi – 61 (83,6%) âèä [2]. Â Бåëîì, чåðíîì (ðàéîí ìыñà хåðñîíåñ) è 
Дàëüíåâîñòî÷íых ìîðÿх â ìèêîêîìпëåêñàх äîííых îòëîжåíèÿх îбëèгàòíî ìîðñêèå 
гðèбы ñîñòàâëÿëè îêîëî 5% îò âèäîâîгî ñîñòàâà. Â âèäîâîì ñîñòàâå â öåëîì è â 
êîìпëåêñàх äîìèíàíòîâ âñåх гëóбèí быëè íàèбîëåå шèðîêî пðåäñòàâëåíы гðèбы 
èз ðîäîâ Penicillium, Aspergillus, ò.å. âèäы òåððèгåííîгî пðîèñхîжäåíèÿ, îбы÷íыå 
â îêðåñòíых íàзåìíых пî÷âàх èëè êîñìîпîëèòы [1, 2, 11, 12].

Â ñåâåðî-зàпàäíîé ÷àñòè чåðíîгî ìîðÿ íå âыÿâëåíî äîñòîâåðíых ðàзëè÷èé ÷èñ-
ëåííîñòè пðîпàгóë è âèäîâîгî ñîñòàâà гðèбîâ â äîííых îòëîжåíèé пñåâäîëèòîðàëè 
è âåðхíåé ñóбëèòîðàëè [8]. Â гðóíòàх Дàëüíåâîñòî÷íых ìîðåé зàфèêñèðîâàíî óìå-
íüшåíèå ÷èñëåííîñòè пðîпàгóë è бèîðàзíîîбðàзèÿ гðèбîâ ñ óâåëè÷åíèåì гëóбèíы 
(îò 10 äî 200 ì) [12]. Â чåðíîì è Дàëüíåâîñòî÷íых ìîðÿх âыÿâëåíà зàâèñèìîñòü 
âèäîâîгî ñîñòàâà è пëîòíîñòè пðîпàгóë гðèбîâ îò гðàíóëîìåòðè÷åñêîгî ñîñòàâà 
äîííых îòëîжåíèé, пðè эòîì ìàêñèìàëüíîå êîëè÷åñòâî âèäîâ è íàèâыñшàÿ ÷èñëåí-
íîñòü пðîпàгóë îòìå÷åíы â èëèñòых гðóíòàх [8, 11, 12]. Â Бåëîì ìîðå íå âыÿâëåíî 
êàêîé-ëèбî ñâÿзè âèäîâîгî ñîñòàâà è ÷èñëåííîñòè пðîпàгóë гðèбîâ ñ гëóбèíîé è 
òèпîì гðóíòà [2].

Грибы в батиали и абиссали
К гëóбîêîâîäíыì пðèíÿòî îòíîñèòü гðèбы, ðàñòóщèå è ðàзìíîжàющèåñÿ íà 

гëóбèíàх бîëåå 500 ì (Kohlm., Kohlm. 1979). Ìèêðîìèöåòы îбíàðóжåíы â âîäíîé 
òîëщå, äîííых îòëîжåíèÿх, íà ñòâîðêàх ìîëëюñêîâ è öåëëюëîзîñîäåðжàщèх 
ñóбñòðàòàх â гëóбîêîâîäíых ðàéîíàх Аòëàíòè÷åñêîгî, Тèхîгî è иíäèéñêîгî îêåà-
íîâ, â Аðàâèéñêîì è чåðíîì ìîðÿх íà гëóбèíàх îò 600 ì äî 10500 ì [8, 9, 20, 
25, 28, 32]. Â гëóбîêîâîäíых äîííых îòëîжåíèÿх пðåîбëàäàюò эâðèòîпíыå гðèбы 
èз ðîäîâ Acremonium, Alternaria, Aspergillus, Cladosporium, Penicillium è äð. Â 
Аòëàíòè÷åñêîì è Тèхîì îêåàíàх íà äðåâåñèíå îбíàðóжåíы 5 íîâых äëÿ íàóêè 
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âèäîâ îбëèгàòíî ìîðñêèх гðèбîâ: Abyssomyces hydrozoicus Kohlm., Allescheriella 
bathygena Kohlm., Bathyascus vermisporus Kohlm., Oceanitis scuticella Kohlm. и 
Periconia abyssa Kohlm. [20].

Грибы и соленость морской воды 
Ìîðñêèå гðèбы ñпîñîбíы ðàзâèâàòüñÿ пðè шèðîêîì äèàпàзîíå êîëåбàíèé 

ñîëåíîñòè âîäы è ðàñòè äàжå íà ñðåäàх ñ äèñòèëëèðîâàííîé âîäîé, пðè эòîì гàëî-
òîëåðàíòíîñòü гðèбîâ ìîжåò быòü шèðîêîгî è óзêîгî äèàпàзîíà (òàбë.). 

Тàбëèöà 
Влияние солености морской воды на рост некоторых грибов 

Table 
the salinity effect marine water on the growth of selected fungi 

Грибы с широкой 
галотолерантностью

Соленость воды, 

‰
Грибы с узкой

галотолерантностью
Соленость воды, 

‰

Asteromyces cruciatus 
Moreau & R. Moreau

0 – 100
(90)

Althornia crouchi E.B.G. 
Jones & Alderman

40 – 100
(80 – 100)

Corollospora maritima 
Werderm.

0 – 100
(100)

Labyrinthula sp.
35 – 100

(60 – 100)

Dendryphiella salina 
(G.K. Sutherl.) 
Pugh & Nicot

0 – 100
(60 – 70)

Ostracoblabe implexa 
Bornet & Flahault

20 – 100
(70 – 100)

Dendryphiella arenaria 
Nicot

0 – 100
(20)

Thraustochytrium multiru-
dimentale S. Goldst.

20 – 100
(70 – 100)

Пðèìå÷àíèå: Â ñêîбêàх óêàзàíà ñîëåíîñòü, ñîîòâåòñòâóющàÿ îпòèìàëüíîìó ðîñòó гðèбîâ  
(пî Jones, 2004).

Note: Fugures in brackets indicate the optimum growth (according to Jones, 2004).

Â гèпåðñîëåíых âîäîåìàх Фðàíöèè (ñîëåíîñòü äî 300‰) ñ äðåâåñèíы, пî-
гðóжåííîé â âîäó, âыäåëåíы 19 òàêñîíîâ гðèбîâ, ñðåäè íèх Phoma sp., Pleospora 
gaudefroyi Pat., Leptosphaeria sp., savoryella sp. Âñå èзîëÿòы îêàзàëèñü óñòîé÷èâы 
ê ñîëåíîñòè, íî êîíöåíòðàöèÿ âышå 120‰ пîäàâëÿëà èх ðàзâèòèå [23]. Â âîäå 
Ìåðòâîгî ìîðÿ ñ ñîëåíîñòüю 340‰ îбíàðóжåíы 58 âèäîâ ìèöåëèàëüíых гðèбîâ, 
46 (80%) èз êîòîðых îòíåñåíî ê ðîäàì Aspergullus и Penicillium, à òàêжå âыäåëåí 
íîâыé äëÿ íàóêè âèä Gymnascella marismortui Buchalo et al. Бîëüшèíñòâî ìèêðî-
ìèöåòîâ îпòèìàëüíî ðàзâèâàëèñü íà ñðåäàх, пðèгîòîâëåííых èз ðàñ÷åòà 10–30% 
êîíöåíòðàöèè ñîëåíîñòè âîäы Ìåðòâîгî ìîðÿ, îäíàêî, íåêîòîðыå âèäы ðîñëè пðè 
ñîëåíîñòè 175‰ è âышå [13]. 

Гðèбы C. maritima, Halosphaeria appendiculata Linder, Halosphaeriopsis 
mediosetigera (Cribb, J. W. Cribb) T. W. Johnson, Nais inornata Kohlm., savoryella 
lignicola E. B. G. Jones, R. A. Eaton, Clavatospora bulbosa (Anastasiou) Nakagiri, 
Tubaki âпåðâыå îпèñàííыå èз ìîðñêèх ìåñò îбèòàíèÿ, âпîñëåäñòâèè быëè îбíàðó-
жåíы òàêжå â пðåñíых âîäàх [4, 18]. 

Â âîäå è äîííых îòëîжåíèÿх óñòüåâ ðåê è ðó÷üåâ îòìå÷åíî óâåëè÷åíèå ÷èñëåí-
íîñòè пðîпàгóë è ðàзíîîбðàзèÿ гðèбîâ зà ñ÷åò ìèêðîìèöåòîâ, хàðàêòåðíых äëÿ 
пî÷â íàзåìíых öåíîзîâ, Cephalosporium-пîäîбíыå íåñîâåðшåííыå гðèбы, âèäы 
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ðîäîâ Aspergillus, Dendryphiella, Penicillium òåìíîîêðàшåííыå гèфîìèöåòы è 
ñòåðèëüíыå ìèöåëèè [2, 12, 26]. 

Грибы на других гидробионтах 
Бîëüшèíñòâî ìîðñêèх гðèбîâ – ñàпðîòðîфы è ðàзâèâàюòñÿ íà ìåðòâых ðàñ-

òåíèÿх è жèâîòíых. Эâòðîфèêàöèÿ è зàгðÿзíåíèå ìîðñêîé ñðåäы ñпîñîбñòâóюò 
îñëàбëåíèю èììóíèòåòà гèäðîбèîíòîâ è ñîзäàюò óñëîâèÿ äëÿ ìàññîâîгî ðàзâèòèÿ 
пàòîгåííых è îппîðòóíèñòè÷åñêèх âèäîâ гðèбîâ. Эòî – шèðîêî ðàñпðîñòðàíåííыå 
ñàпðîòðîфíыå гðèбы, пðîäóöèðóющèå ìèêîòîêñèíы èëè ñпîñîбíыå пðè îпðåäåëåííых 
óñëîâèÿх пåðåхîäèòü ê пàðàзèòèзìó. Нà âîäîðîñëÿх îбíàðóжåíы 79 âèäîâ âыñшèх 
îбëèгàòíî ìîðñêèх гðèбîâ, èз êîòîðых пðåäñòàâèòåëè 12 ðîäîâ – пàðàзèòы è 6 
ðîäîâ – ñèìбèîíòы [17]. Â 30-х гîäàх хх ñòîëåòèÿ â ñåâåðíîì пîëóшàðèè пðîèзîшëî 
зíà÷èòåëüíîå ñîêðàщåíèå пîпóëÿöèè ìîðñêîé òðàâы Zostera marina L. â ðåзóëüòàòå 
пîðàжåíèÿ åå íèзшèì гðèбîì Labyrinthula macrocystis Cienk. [1]. Â чåðíîì ìîðå 
íà 27 âèäàх ìàêðîâîäîðîñëåé îбíàðóжåíî 67 òàêñîíîâ гðèбîâ, â Япîíñêîì ìîðå íà 
пðîìыñëîâîé бóðîé âîäîðîñëè Laminaria japonica Aresch. (L.) Edmon. âыÿâëåíî 37 
âèäîâ ìèêðîìèöåòîâ, â îбîèх ìîðÿх пðåîбëàäàëè ìèöåëèàëüíыå îппîðòóíèñòè÷åñêèå 
гðèбы èз ðîäîâ Penicillium, Aspergillus, Alternaria, Cladosporium, Dendryphiella, 
stemphylium, Fusarium [1, 5]. 

Â 1963–1969 гг. â òåððèòîðèàëüíых âîäàх Уêðàèíы, Рóìыíèè, Бîëгàðèè è 
Тóðöèè (чåðíîå ìîðå) íàбëюäàëè гðèбêîâыå эпèзîîòèè ðà÷êà Penilia avirostris 
(Dana), âызâàííыå íèзшèì гðèбîì Hyphochytrium peniliae N.J Artemczuk & Zelez., 
íîâыì äëÿ íàóêè âèäîì [1]. Â 1990-х гîäàх хх âåêà è íà÷àëå 2000-х гг. âíåäðåíèå 
ìèöåëèàëüíîгî îппîðòóíèñòè÷åñêîгî гðèбà Aspergillus sydowii (Bainier & Sartory) 
Thom & Church â эêîñèñòåìó Кàðèбñêîгî ìîðÿ âызâàëî êàòàñòðîфè÷åñêîå ñîêðà-
щåíèå пîпóëÿöèè êîðàëëà Gorgonia ventalina Linnaeus [29].

Îппîðòóíèñòè÷åñêèå гðèбы (Alternaria alternata (Fr.) Keissl., A. tenuissima 
(Kunze) Wiltshire, Aspergillus niger Tiegh., A. flavus Link, A. parasiticus Speare, 
A. ochraceus G. Wilh., A. versicolor (Vuill.) Tirab., Chaetomium globosum Kunze, 
Cladosporium cladosporioides (Fresen.) G.A. de Vries, Penicillium citrinum Thom, 
P. simplicissimum (Oudem.) Thom, stachybotrys chartarum (Ehrenb.) S. hughes, 
Trichoderma viride Schumach., T. koningii Oudem., è äðóгèå), íàêàпëèâàющèåñÿ 
âî âíóòðåííèх îðгàíàх пðîìыñëîâых äâóñòâîð÷àòых ìîëëюñêîâ (Mizuhopecten 
yessoensis Jay, Mytilus trossulus Gould, Crenomytilus grayanus Dunker, Mytilus 
galloprovincialis Lam., Mytilus edulis L.), âызыâàюò ìèêîзы è ìèêîòîêñèêîзы ó 
÷åëîâåêà, íàзåìíых è ìîðñêèх жèâîòíых [3, 6]. 

Нàèбîëåå пîëíî èññëåäîâàíы гðèбы âызыâàющèå ìÿгêóю гíèëü äðåâåñèíы – 
ðàзëîжåíèå пîгðóжåííых â âîäó îäðåâåñíåâåâшèх ÷àñòåé ðàñòåíèé äî ìÿгêîгî ñîñ-
òîÿíèÿ. Эêñпåðèìåíòы ñ âыñшèìè îбëèгàòíî ìîðñêèìè (Dendryphiella salina (Suth.) 
Pugh et Nicot, Monodictys pelagica (Johnson) Jones, Zalerion maritimum (Linder) 
Anastasiou) è фàêóëüòàòèâíî ìîðñêèìè гðèбàìè (Alternaria sp., Cladosporium 
herbarum (Pers.), stachybotrys atra Corda, Ch. globosum, sordaria fimicola (Roberge 
ex Desm.) Ces. & De Not.) пîêàзàëè, ÷òî ìàêñèìàëüíîå ðàзëîжåíèå äðåâåñèíы â 
ìîðå пðîèñхîäèò пðè òåìпåðàòóðàх 15–25 °С è pH – 5,0–8,0. Нà пëàâàющåé äðåâå-
ñèíå (пëàâíèêå) îбíàðóжèâàюò бîëüшåå ÷èñëî âèäîâ гðèбîâ, ÷åì íà зàêðåпëåííîé 
(ñóбñòðàòы-пðèìàíêè èз äðåâåñèíы). Â îäíèх è òåх жå ðàéîíàх íà пëàâíèêå âыÿâèëè 
26 è 104 âèäà, íà бëîêàх-пðèìàíêàх 9 è 77, ñîîòâåòñòâåííî [11]. 



11Ìікробіоëоãія і біотеõноëоãія ¹ 7/2009

ГРиБи У ÌÎРСьКÎÌУ СеРеДÎÂиЩI

Нà ñòâîëàх è êîðíÿх ìàíгðîâых ðàñòåíèé, пîгðóжåííых â ìîðñêóю âîäó, 
îбíàðóжåíî íàèбîëüшåå ÷èñëî âыñшèх îбëèгàòíî ìîðñêèх âèäîâ гðèбîâ – 450  
(èз 500), îäíàêî эòè äàííыå пðåäâàðèòåëüíыå, òàê êàê èññëåäîâàíèÿ пðîâîäèëè 
âñåгî íà 9 âèäàх ìàíгðîâых ðàñòåíèé èз 100. Ìàíгðîâыå ëåñà зàíèìàюò òåððèòî-
ðèю 181 òыñ. êì2 íà бåðåгàх 112 ñòðàí. Â ëåñàх Бàгàìñêèх îñòðîâîâ âыÿâëåíî 112 
âèäîâ гðèбîâ, Бðóíåÿ – 95, иíäèè – 88, Тàèëàíäà – 81, Ìàêàî – 6 [19, 30]. Нà 
äðåâåñèíå ìàíгðîâîгî ðàñòåíèÿ Acanthus ilicifolius Linn. îбíàðóжèëè 120 âèäîâ 
гðèбîâ, ìèêðîìèöåò Caryospora mangrovei K.D. Hyde âыäåëåí òîëüêî íà Xylocarpus 
granatum Koen., à Aigialus mangrovis Borse и Eutypa sp. íà Avicennia alba Blume 
[18]. Ìíîгèå ìàíгðîâыå ìîðñêèå гðèбы ñпîñîбíы пîñåëÿòüñÿ íà äðóгèх ñóбñòðàòàх, 
пîэòîìó âñòðå÷àюòñÿ пîâñåìåñòíî â òðîпèêàх [21]. Нà äðåâåñèíå ðàзíых âèäîâ äî-
ìèíèðóюò îбëèгàòíî ìîðñêèå гðèбы èз îòäåëà Ascomycota. Нà ëèñòüÿх ìàíгðîâых 
äåðåâüåâ è äðóгèх âыñшèх ðàñòåíèé, пîгðóжåííых â ìîðñêóю âîäó, пðåîбëàäàюò 
шèðîêî ðàñпðîñòðàíåííыå ñàпðîòðîфíыå фàêóëüòàòèâíî ìîðñêèå гðèбы èз гðóппы 
Anamorphic fungi [12]. 

иññëåäîâàíèÿ âåðòèêàëüíîгî ðàñпðåäåëåíèÿ гðèбîâ â пðèëèâíîé зîíå ìàí-
гðîâых зàðîñëåé âыÿâèëè èх ÷åòêóю пðèóðî÷åííîñòü ê гëóбèíàì. Â âåðхíåé зîíå 
пðåîбëàäàюò Hypoxylon oceanicum Whalley et al., savoryella lignicola, Nia vibrissa 
R. T. Moore, Meyers, sphaerulina oraemaris Linder, Marinosphaera mangrovei 
K. D. hyde, â íèжíåé – Antennospora quadricornuta (Cribb, & J. W. Cribb) 
T. W. Johnson, Marinospora longissima, M. calyptrata (Kohlm.) Cavaliere, Lulworthia 
spp., Halosphaeria appendiculata, Amylocarpus encephaloides Currey, Digitatispora 
marina Doguet, Remispora maritima Linder, R. pilleata Kohlm., R. stellata Kohlm., 
Cirrenalia tropicalis Kohlm., Clavatospora bulbosa (Anastasiou) Nakagiri, Tubaki, 
Cytospora rhizophorae Kohlm. & Kohlm., Periconia prolifica Anastasiou. Ìàêñèìàëü-
íîå ÷èñëî âèäîâ è íàèбîëåå ðàñпðîñòðàíåííыå гðèбы ñâîéñòâåííы öåíòðàëüíîé 
зîíå. Нà âñåх гîðèзîíòàх пðèñóòñòâîâàëè Halocyphina villosa Kohlm. & E. Kohlm., 
Halosphaeriopsis mediosetigera (Cribb, & J. W. Cribb) T. W. Johnson, Leptosphaeria 
australiensis (Cribb, & J. W. Cribb) G. C. hughes, Cirrenalia macrocephala (Kohlm) 
Meyers, R. T. Moore, Monodictys pelagica (Johnson) E. B. G. Jones и Zalerion 
maritimum (Linder) Anastasiou [15, 16, 19, 30].

Дðåâåñèíà, пîðàжåííàÿ гðèбàìè, ñòàíîâèòñÿ äîñòóпíîé äëÿ íåìàòîä, ìîëëю-
ñêîâ, êëåщåé è ðàêîîбðàзíых [22, 24]. изâåñòíà îбîюäíàÿ зàâèñèìîñòü ìîðñêèх 
гðèбîâ è бåñпîзâîíî÷íых-äðåâîòî÷öåâ: ìîëëюñê Teredo è ðàâíîíîгèé ðà÷îê Lim-
noria êîëîíèзèðóюò òîëüêî äðåâåñèíó, пðåäâàðèòåëüíî пîðàжåííóю гðèбàìè; 
à пëîäîâыå òåëà àñêîìèöåòà Lulworthia sp. ðàзâèâàюòñÿ òîëüêî íà äðåâåñèíå, 
пåðфîðèðîâàííîé ðà÷êîì L. tripunctata, êîòîðыé óòðà÷èâàåò ñпîñîбíîñòü ê âîñ-
пðîèзâîäñòâó, åñëè íå пèòàåòñÿ гðèбàìè [14, 22]. Â пðèбðåжíых âîäàх иíäèè íà 
ìàíгðîâîì ðàñòåíèè Mangifera indica îòìå÷åíы àññîöèàöèè гðèбîâ ñî ñâåðëÿщèìè 
ìîëëюñêàìè. Нà пîâåðхíîñòè è âíóòðè äðåâåñèíы îбíàðóжåíî 33 âèäà гðèбîâ è 8 âèäîâ 
ñâåðëÿщèх ìîëëюñêîâ èз ðîäîâ Teredo и Pholas. Сðåäè íàèбîëåå àêòèâíых гðèбîâ-
äåñòðóêòîðîâ äðåâåñèíы âыäåëÿюò пðåäñòàâèòåëåé ðîäîâ Halosphaeria, Gnomonia, 
Nausitara, Martesia, Lulworthia, sphaeroma è âèäы Torpedospora radiata Meyers 
и Corollospora pulchella Kohlm., I. Schmidt, Nair. [31]. Сâîбîäíîжèâóщèх íåìàòîä 
Viscosia macramphida Chitwood, Leptolaimus plectoides Chitwood пðèâëåêàюò 
äðåâåñèíà è ëèñòüÿ, òàêжå пîðàжåííыå гðèбàìè ðîäà Lulworthia [24].
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Перспективы дальнейших исследований грибов в морской среде
Âыÿñíåíèå òîпè÷åñêèх, òðîфè÷åñêèх è èíых ñâÿзåé гðèбîâ è бåñпîзâîíî÷íых-

äðåâîòî÷öåâ пðåäñòàâëÿåò íåñîìíåííыé íàó÷íыé è пðàêòè÷åñêèé èíòåðåñ. Спëàâíîé 
ëåñ, ðыбîëîâåöêèå ñíàñòè, äåðåâÿííыå ñóäà è ñîîðóжåíèÿ ÷àñòî íàñòîëüêî пîâðå-
жäàюòñÿ äðåâîòî÷öàìè è гðèбàìè, ÷òî âызыâàюò ñåðüåзíыé эêîíîìè÷åñêèé óщåðб. 
Â иíäèè è íåêîòîðых äðóгèх òðîпè÷åñêèх ñòðàíàх äåéñòâóåò ðàзðàбîòàííàÿ ñèñòåìà 
ñòðàхîâàíèÿ äåðåâÿííых ñóäîâ îò пîâðåжäåíèé äðåâîòî÷öàìè è гðèбàìè [11]. 

Îбëàäàÿ эффåêòèâíыì è ðàзíîñòîðîííèì фåðìåíòíыì àппàðàòîì, âыñшèå 
ìîðñêèå гðèбы ÿâëÿюòñÿ пåðâè÷íыìè äåñòðóêòîðàìè ðàñòèòåëüíых è жèâîòíых 
îñòàòêîâ â ìîðñêîé ñðåäå, îíè ðåзèñòåíòíы ê äåéñòâèю òîêñè÷åñêèх âåщåñòâ è 
ñпîñîбíы óñâàèâàòü óгëåâîäîðîäы íåфòè, ñåðó, фåíîë. Пîэòîìó ñпåöèàëèñòы 
ñ÷èòàюò пåðñпåêòèâíыì èññëåäîâàíèå äåñòðóêöèè èñêóññòâåííых ìàòåðèàëîâ â 
ìîðå, à òàêжå î÷èñòêó пðîìышëåííых è быòîâых ñòî÷íых âîä ñ èñпîëüзîâàíèåì 
гðèбîâ [10].

Бèîхèìè÷åñêèå èññëåäîâàíèÿ âыñшèх ìîðñêèх гðèбîâ âыÿâèëè бîëüшîå êîëè-
÷åñòâî пðîäóöèðóåìых èìè бèîëîгè÷åñêè àêòèâíых âåщåñòâ, пåðñпåêòèâíых äëÿ 
пðèìåíåíèÿ â фàðìàêîëîгèè â êà÷åñòâå àíòèбàêòåðèàëüíых, àíòèфóíгàëüíых è 
íàðêîòè÷åñêèх пðåпàðàòîâ. Пðè эòîì îòìå÷åíî, ÷òî эâðèòîпíыå гðèбы, îбèòàющèå 
â ìîðñêèх óñëîâèÿх, âыðàбàòыâàюò âåщåñòâà хèìè÷åñêè бîëåå àêòèâíыå, ÷åì òå 
жå âèäы, жèâóщèå â íàзåìíых бèîòîпàх [11]. 

Ìîðñêèå гðèбы âхîäÿò â ðàöèîí ìíîгèх гèäðîбèîíòîâ, пîэòîìó ìîгóò быòü 
èñòî÷íèêîì пîëó÷åíèÿ èñêóññòâåííых êîðìîâ è бèîäîбàâîê äëÿ ìíîгèх êóëüòèâè-
ðóåìых бåñпîзâîíî÷íых è ðыб.

Ìîжíî ñ óâåðåííîñòüю пðèñîåäèíèòüñÿ ê ìíåíèю [11], ÷òî пî ìåðå îñâîåíèÿ 
Ìèðîâîгî îêåàíà èñпîëüзîâàíèå ìîðñêèх гðèбîâ бóäåò пðèîбðåòàòü âñå бîëüшåå 
зíà÷åíèå. Кîìпëåêñíîå èññëåäîâàíèå ìîðñêèх гðèбîâ ó÷åíыìè ðàзíых ñпåöèàëü-
íîñòåé – ìèêîëîгàìè, ìèêðîбèîëîгàìè, гèäðîбèîëîгàìè, эêîëîгàìè, бèîхèìèêàìè, 
хèìèêàìè – бåзóñëîâíî, â äàëüíåéшåì пðèíåñåò ñâîè ðåзóëüòàòы, êàê â îбëàñòè 
òåîðåòè÷åñêèх èññëåäîâàíèé, òàê è â ðåшåíèè ìíîгèх пðèêëàäíых зàäà÷. 
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Реферат 

Дàíî îгëÿä îпóбë³êîâàíèх ìàòåð³àë³â пðî гðèбè, ÿê êîìпîíåíòè б³îòè ìîð³â 
òà îêåàí³â. Рîзгëÿíóòî ðîзпîä³ë гðèб³â ó ð³зíèх б³îгåîгðàф³÷íèх зîíàх òà б³îòîпàх 
ñâ³òîâîгî îêåàíó. Пîêàзàíî зíà÷åííÿ òåìпåðàòóðè òà ñîëîíîñò³ âîäè, гëèбèíè, 
хàðàêòåðó äîííèх â³äêëàäåíü äëÿ âèäîâîгî ñêëàäó òà щ³ëüíîñò³ гðèбíèх пðîпàгóë. 
Â³äì³÷åíî ðîëü гðèб³â ñàпðîф³ò³â, пàðàзèò³â, ñèìб³îíò³â òà îпîðòóí³ñò³â ó ìîðñüêèх 
åêîñèñòåìàх, à òàêîж òðîф³÷í³ зâ’ÿзêè ìîðñüêèх гðèб³â òà бåзхðåбåòíèх òâàðèí. 
Пåðåë³÷åíî äåÿê³ пåðñпåêòèâí³ íàпðÿìêè äîñë³äжåíü ìîðñüêèх гðèб³â äëÿ òåîðå-
òè÷íèх òà пðàêòè÷íèх ö³ëåé.

К ë ю ÷ î â ³  ñ ë î â à: гðèбè, пåëàг³àëü, бåíòàëü, òâàðèíè. 
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fungi in thE MarinE EnvironMEnt

summary

The review of published data on fungi as the components of biota of the seas and 
oceans is presented. The distribution of fungi in different biogeographical regions and 
biotopes is considered. The importance of depth, temperature and water salinity, types 
of bottom sediments for the species composition and number of fungal propagules 
is revealed. The role of saprophytic, parasitic, symbiotic and opportunistic fungi in 
marine ecosystems as well as the relations of marine fungi and animals are shown. 
Some perspective lines of further investigations of marine fungi for theoretical and 
practical purposes are analysed.

K e y  w o r d s: fungi, pelagic and benthic zones, animals.
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MEChanisMs of ChroMatE dEtoxifiCation 
in yEasts

The main pathway of Cr(VI) (hexavalent chromium) detoxification in microor-
ganisms involves its reduction to Cr(III). Characteristics of chromate reduction in 
yeasts (isolation, purification and characterization of Cr(III)-biochelated complexes 
from the culture medium) and the non-enzymatic processes responsible for efficient 
detoxification of chromate are described. The yeast saccharomyces cerevisiae was 
shown to be able to reduce chromate extra-cellularly by the formation of at least 
two types of stable Cr(III)-biochelated complexes. selenite-resistant mutants of 
Phaffia rhodozyma were studied with respect to their ability to reduce Cr(VI). 
The cells of selenite-resistant mutant sit11 which show strong sensitivity toward 
Cr(VI), generated an increasing pool of a very toxic radical Cr(V). The role of 
some extracellular agents such as sulfate and riboflavin in Cr(VI) detoxification 
in the flavin-overproducing yeast Pichia guilliermondii was also investigated. Our 
data on modulation of chromate toxicity by riboflavin provide some evidence for 
the involvement of riboflavin (or its derivatives) in chromate detoxification. The 
identification of the extracellular chromate-reducing compounds and elucidation of 
their role in detoxification of chromate will promote the application of the studied 
yeast cells for Cr(VI) bioremediation and its transformation to Cr(III) bio-complexes 
with potential pharmaceutical and nutritional importance.

K e y w o r d s: chromate, yeasts, detoxification, Cr(III)-biocomplexes, riboflavin.

Chromium in trace amounts is beneficial to humans, animals, plants and mi-
croorganisms; it is an element essential for glucose and fat metabolism, stabiliza-
tion of the tertiary structure of proteins and nucleic acids [3, 15]. However, at high 
concentrations it is extremely toxic, mutagenic and carcinogenic, especially in its 
oxidized hexavalent form Cr(VI). The adverse health effects and diverse cellular and 
molecular reactions make the research on chromium toxicology and metabolism to be 
very crucial in terms of both environmental protection and clinical medicine. Parallel 
studies have been performed at molecular and cellular levels using yeasts, mammalian 
cells and transgenic mice. however the detailed mechanisms of the cell-chromium 
interactions are yet to be revealed. 

©  D.V. Fedorovych, M.V. Gonchar, h.P. Ksheminska, T.M. Prokopiv, h.I. Nechay, P. Kaszycki, 

h. Koloczek, A.A. Sibirny, 2009
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Yeasts which proved to be effective in accumulation of chromium ions and were 
able to bioconvert them into stable, much less toxic and bioavailable forms, might be 
applied in the management of chromium-containing wastes, as well as in efforts to 
produce chromium-enriched biomass, containing biostabilized and nontoxic Cr species 
for balanced nutrition of mammals and humans [5]. The dual role of chromium in the 
cell metabolism implies the presence of effective mechanisms for controlling its entry 
into the cells, accumulation and detoxification. Yeast tolerance to Cr(VI) as well as 
chromium accumulation inside yeast cells were shown to be dependent on treatment 
time, metal concentration, biomass density and phase of growth [8, 9, 15]. 

The main pathway of Cr(VI) detoxification in microorganisms, and particularly in 
bacteria, involves its reduction to Cr(III) [5, 15]. In yeast, the role of chromate reduc-
tion to mitigate the toxicity of Cr(VI) is still open for discussion. It was suggested 
that the principal reason of the yeast resistance to chromium was a low ability to its 
absorption [4, 15]. However, for the chromate-resistant strains of Candida maltosa 
a NAD-dependent chromate reducing activity was observed [14]. Recently we have 
found that some reducing substances, secreted extracellularly by yeast played a 
significant role in Cr(VI)-detoxification [10, 11]. As a product of chromate reduction, 
trivalent Cr(III) formed complexes with some specific components of culture liquid 
which were not adsorbed by the cells. Besides, chromate-resistant mutants of this 
yeast that exhibited the increased chromate-reducing ability have been selected [2]. 
At the same time, the rate of chromate reduction did not correlate with chromium 
accumulation in the cells. 

In this article, we present data on chromate reduction in several yeast species 
including isolation, purification and characterization of Cr(III)-biochelated complexes 
from the culture liquid. We also describe non-enzymatic processes responsible for 
efficient detoxification of chromate.

Materials and methods
In this work we have used the following yeast strains: 1) Pichia guilliermondii 

ATCC 201911 (L2) (MAT-hisX-17) (MAT is a mating type locus, his – a locus defining 
histidine biosynthesis); 2) an industrial strain “Effect” of the yeast saccharomyces 
cerevisiae; 3) Phaffia rhodozyma NRRL Y-10921 as well as its selenite-resistant 
mutants selected by our team.

The yeast cells were cultivated at 30 °C (for P. rhodozyma – at 22 °C) in Er-
lenmeyer flasks on a circular shaker (200 rpm) in Burkholder’s medium with the 
addition of 0.1% yeast extract (a semi-rich medium) or 0.2% yeast extract +0.2% 
peptone (a rich medium). Cr(VI) was added to the medium as potassium chromate. 
Liquid media were inoculated with the cells from the early stationary growth phase 
in concentration of 5 mg d.w.cells/l. Yeast biomass was determined turbidimetrically 
at 600 nm (OD600) using gravimetrical calibration. The determination of total chro-
mium content in the cells was performed using either atomic absorption spectrometer 
AAS-3 (Carl Zeiss, Germany). Cells for analyses were prepared using acid-hydrogen 
peroxide mineralization as described earlier [7]. The assay of residual Cr(VI) concen-
tration in media was carried out using diphenylcarbazide method [12]. The content 
of the trivalent chromium was determined by the reaction with Chromazurol S [7]. 
The presented quantitative data are average values resulting from 2–3 independent 
experiments. All analytical measurements were performed in 3 duplicates. 
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results and discussion
The cells of baker’s yeast were shown to be capable of reducing chromate extra-

cellularly and to form at least two types of stable Cr(III)-biochelated complexes. Such 
Cr(III)-complexes, isolated from a cultural liquid of s. cerevisiae industrial strain ”Ef-
fect” grown for 3 days in the presence of 1 mM chromate, were characterized with 
respect to their molecular weight. Cr(III)–containing compounds were concentrated 
by freezing-thawing processes and supplied on a column with a molecular sieve 
Toyopearl hW-40 (80 x 1.4 cm) calibrated by a set of low molecular markers. Two 
Cr(III)-complexes were isolated differed in molecular weights (M

I = 440±40 and MII 

= 380±30 Da). For preparative isolation of Cr(III)-biochelates we used ion-exchange 
chromatography for fractionation of the concentrated extra-cellular liquid from 
chromate-supplemented culture of s. cerevisiae. It was shown that Cr(III)-biochelates 
could be separated into at least two components on anion-exchanging resin Dowex 
1x10 (14 x 2 cm). Both Cr(III)-complexes have a total negative charge. Absorption 
peaks were observed for Cr(III)-complex I at 572–574 nm and for Cr(III)-complex 
II – at 579–581 nm (Fig. 1). 

Fig.1. Absorbance spectra of Cr(III)-biocomplexes isolated from a cultural liquid 
of s. cerevisiae

The selenite-resistant mutants of carotene-synthesizing yeast P. rhodozyma, iso-
lated by us previously [13] have been studied regarding their ability to reduce Cr(VI) 
and to produce astaxantin. The obtained results suggest that although the pathways 
of detoxification of chromate and selenite by P. rhodozyma were different, one com-
mon reductive type involved in transformation of these compounds was observed. 
The EPR spectrometry was employed to follow the reduction of chromate applied to 
cell cultures. It was shown for the case of the selenite-resistant mutant sit11 which 
simultaneously revealed sensitivity to chromate, that this phenotype was accompanied 
with the increasing pool of the very toxic intermediate, free radical Cr(V) (g=1.98) 
generated in extra-cellular medium of the culture (Fig. 2). In contrast to the wild-type 
strain characterized by a relatively constant Cr(V) pool as observed in medium during 
incubation with chromate, the chromate-sensitive mutant sit11 (Fig. 2B) generated 
gradually increasing pool of Cr(V) species.
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Fig. 2. EPR-spectra of Cr(V) (g=1.98) in cultural liquid of P. rhodozyma 
incubated with 1 mM chromate (10 min, 1 and 2 hours)

A – parental (“wild type”) strain as a control; B – mutant sit11. The EPR measurements 
were performed on the x-band spectrometer RADIOPAN using liquid nitrogen cooling 

system.

The role of some extracellular agents such as sulfate, iron (II), riboflavin, cysteine 
in Cr(VI) detoxification in flavin-overproducing yeast P. guilliermondii was inves-
tigated. The presence of sulfate, a typical media constituent, had a strong negative 
effect on Cr-bioaccumulation. Under conditions of sulfate deprivation, the cellular 
chromium content was approximately 20 times higher as compared to the cells grown 
in sulfur-sufficient media. The flavinogenic yeast P. guilliermondii responded to 
Cr(VI) by stimulation of riboflavin (RF) biosynthesis [6]. We hypothesized that the 
extensive flavinogenesis was a response to Cr(VI) treatment and that it served as a 
mechanism leading to higher yeast survival under chromate-induced stress. Neverthe-
less the sensitivity of the studied yeast strains to Cr(VI) did not correlate with the 
level of flavinogenic activity (data not shown). however when Cr(VI) was added to 
the cultures that actively synthesized RF the growth inhibition was suppressed. In 
order to determine the possible role of exogenous RF in diminishing the inhibitory 
effect of Cr(III) and Cr(VI) on the culture cell growth, P. guilliermondii flavinogenic 
strains UKD-66 and UKD 1453, unable to oversynthesize of RF in the media supple-
mented with chromate, were used. The yeast growth in the presence of 200 mg/ml 
RF was investigated and the cellular content of Cr and flavins was monitored. The 
incubation of biomass (2 OD600/ml) with chromium and RF was performed during 
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18 h. In all the cases, the sensitivity of the cells to chromium depended strongly 
upon presence of exogenous RF. The treatment of the cells with Cr(VI) (0.6 mM) in 
medium supplemented with RF resulted in an increase of biomass and flavin content 
(Table), although the addition of RF did not cause any significant changes of cellular 
Cr content. 

It was shown earlier [1] that RF could decrease the nephrotoxic effect of chromate 
in young and adult rats. Our data on RF protection of P. guilliermondii cells against 
chromium toxicity, for the first time it was provided the evidence on RF involvement 
in chromium detoxification.

Table 
Effect of exogenous RF (200 mg/ml) on the growth, chromium and flavin content 
in P. guilliermondii cells of the strains UKD-66 and 1453 during incubation with 

chromate (0.6 mM)

strains

Biomass, 
mg/ml

flavins in the cells, 
µmol/g d.w.

Chromium content in the cells, 
mg/g d.w.

-rf +rf -rf +rf -rf +rf

UKD-66 2.16 3.91 43.5 168.3 1.8 1.3

UKD-1453 1.03 3.12 44.2 212.1 1.24 0.8

Identification of the extracellular chromate-reducing compounds and elucidation 
of their role in detoxification of chromate will promote the application of yeast for 
chromate bioremediation and its transformation to Cr(III) bio-complexes with potential 
pharmaceutical and nutritional importance.

This work was supported by the Polish Research Committee grant for the project 
N N304 326136.

We are thankful to Yurii Usatenko for technical assistance in EPR 
measurements.
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ÌÅÕàÍèЗÌЫ äÅÒÎÊсèÊàÖèè ÕÐÎÌàÒà у äÐÎЖЖÅé

Реферат

Îñíîâíыì пóòåì äåòîêñèêàöèè Cr(VI) ó ìèêðîîðгàíèзìîâ ÿâëÿåòñÿ åгî âîññòà-
íîâëåíèå ê Cr(III). Пðèâåäåíы äàííыå î ðåäóêöèè хðîìàòà (âыäåëåíèå, î÷èñòêà è 
хàðàêòåðèñòèêà Cr(III)-бèîхåëàòèðóющèх êîìпëåêñîâ èз êóëüòóðàëüíîé жèäêîñòè), 
à òàêжå îпèñàíы íåфåðìåíòàòèâíыå пðîöåññы, îбåñпå÷èâàющèå эффåêòèâíóю äå-
òîêñèêàöèю хðîìàòà. Дðîжжè saccharomyces cerevisiae ñпîñîбíы ê âíåêëåòî÷íîìó 
âîññòàíîâëåíèю хðîìàòà ñ îбðàзîâàíèåì, пî êðàéíåé ìåðå, äâóх òèпîâ ñòàбèëüíых 
Cr(III)-бèîхåëàòèðóющèх êîìпëåêñîâ. иññëåäîâàíà ñпîñîбíîñòü ê âîññòàíîâëåíèю 
Cr(VI) ñåëåíèòðåзèñòåíòíых ìóòàíòîâ äðîжжåé Phaffia rhodozyma. Пîêàзàíî, ÷òî 
êëåòêè ñåëåíèòðåзèñòåíòíîгî ìóòàíòà sit11, îбëàäàющèå пîâышåííîé ÷óâñòâèòå-
ëüíîñòüю ê Cr(VI), пðè èíêóбàöèè ñ хðîìàòîì îбðàзóюò ñòàбèëüíыé пóë î÷åíü 
òîêñè÷íîгî ðàäèêàëà Cr(V). иññëåäîâàíà ðîëü íåêîòîðых âíåêëåòî÷íых àгåíòîâ, 
â ÷àñòíîñòè ñóëüфàòà è ðèбîфëàâèíà, â äåòîêñèêàöèè Cr(VI) ó äðîжжåé Pichia 
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guilliermondii, ñпîñîбíых ê ñâåðхñèíòåзó ðèбîфëàâèíà. Пðèâåäåííыå äàííыå î 
âëèÿíèè ðèбîфëàâèíà íà èзìåíåíèå òîêñè÷íîñòè хðîìàòà ñâèäåòåëüñòâóюò îб ó÷à-
ñòèè ðèбîфëàâèíà (èëè åгî пðîèзâîäíых) â äåòîêñèêàöèè хðîìàòà. иäåíòèфèêàöèÿ 
âíåêëåòî÷íых хðîìàòðåäóöèðóющèх âåщåñòâ è âыÿñíåíèå èх ðîëè â äåòîêñèêàöèè 
хðîìàòà ñâèäåòåëüñòâóюò î âîзìîжíîñòè èñпîëüзîâàíèÿ äðîжжåâèх êëåòîê äëÿ 
бèîðåìåäèàöèè хðîìàòà, à òàêжå пðåâðàщåíèè åгî â Cr(III)-бèîêîìпëåêñы, èìåющèå 
фàðìàöåâòè÷åñêîå è êîðìîâîå зíà÷åíèå.

К ë ю ÷ å â ы å  ñ ë î â à: хðîìàò, äðîжжè, äåòîêñèêàöèÿ, Cr(III)-бèîêîìп-
ëåêñы, ðèбîфëàâèí.
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ÌÅÕàÍ²ЗÌè äÅÒÎÊсèÊàÖ²ї ÕÐÎÌàÒу у äÐ²ЖäЖ²â

Реферат

Îñíîâíèì шëÿхîì äåòîêñèêàö³ї Cr(VI) ó ì³êðîîðгàí³зì³â є éîгî â³äíîâëåííÿ 
äî Cr(III). Пðåäñòàâëåíî äàí³ з ðåäóêö³ї хðîìàòó (âèä³ëåííÿ, î÷èщåííÿ ³ хàðàê-
òåðèñòèêà Cr(III)-б³îхåëàòóю÷èх êîìпëåêñ³â з êóëüòóðàëüíîї ð³äèíè) òà îпèñàíî 
íåфåðìåíòàòèâí³ пðîöåñè, щî зàбåзпå÷óюòü åфåêòèâíó äåòîêñèêàö³ю хðîìàòó. 
Дð³жäж³ saccharomyces cerevisiae зäàòí³ äî пîзàêë³òèííîгî â³äíîâëåííÿ хðîìàòó 
з óòâîðåííÿì щîíàéìåíшå äâîх òèп³â ñòàб³ëüíèх Cr(III)-б³îхåëàòóю÷èх êîìпëåêñ³â. 
Âèâ÷åíî зäàòí³ñòü ñåëåí³ò-ðåзèñòåíòíèх ìóòàíò³â äð³жäж³â Phaffia rhodozyma äî 
â³äíîâëåííÿ Cr(VI). Пîêàзàíî, щî êë³òèíè ñåëåí³òðåзèñòåíòíîгî ìóòàíòà sit11, ÿê³ 
âîëîä³юòü п³äâèщåíîю ÷óòëèâ³ñòю äî Cr(VI), пðè ³íêóбàö³ї з хðîìàòîì óòâîðююòü 
ñòàб³ëüíèé пóë äóжå òîêñè÷íîгî ðàäèêàëó Cr(V). Дîñë³äжåíî ðîëü äåÿêèх пîзàêë³-
òèííèх àгåíò³â, зîêðåìà ñóëüфàòó ³ ðèбîфëàâ³íó, ó äåòîêñèêàö³ї Cr(VI) ó äð³жäж³â 
Pichia guilliermondii, зäàòíèх äî íàäñèíòåзó ðèбîфëàâ³íó. Нàâåäåí³ äàí³ пðî âпëèâ 
ðèбîфëàâ³íó íà зì³íó òîêñè÷íîñò³ хðîìàòó câ³ä÷àòü пðî ó÷àñòü ðèбîфëàâ³íó (àбî 
éîгî пîх³äíèх) ó äåòîêñèêàö³ї хðîìàòó. Iäåíòèф³êàö³ÿ пîзàêë³òèííèх хðîìàòâ³äíîâ-
ëюâàëüíèх ñпîëóê òà з’ÿñóâàííÿ їх ðîë³ â äåòîêñèêàö³ї хðîìàòó ñâ³ä÷àòü пðî ìîж-
ëèâ³ñòü âèêîðèñòàííÿ êë³òèí äð³жäж³â äëÿ б³îðåìåä³àö³ї хðîìàòó òà пåðåòâîðåíí³ 
éîгî â Cr(III)-б³îêîìпëåêñè, щî ìàюòü фàðìàöåâòè÷íå òà êîðìîâå зíà÷åííÿ.

К ë ю ÷ î â ³  ñ ë î â à: хðîìàò, äð³жäж³, äåòîêñèêàö³ÿ, Cr(III)-б³îêîìпëåêñè, 
ðèбîфëàâ³í.
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Polar liPids of RUANIA ALBIDIFLAVA, 
a novEl MEMBEr of thE suBordEr 

MICROCOCCINEAE

Ruania albidiflava represents a novel species and new genus within the suborder 
Micrococcineae in Actinobacteria classis. The aim of the studies was to establish 
a polar lipid profile of Ruania and to compare it with other representatives of 
actinobacteria. Additionally, isolation, purification and chemical characteristics 
of major lipid compounds were elaborated. Major lipids were isolated using 
column adsorption chromatography and purified by TLC and high performance 
liquid chromatography. The polar lipids of Ruania were phosphatidylglycerol, 
diphosphatidylglycerol and two unknown lipids containing sugar and phosphorus. 
GLC-Ms and methylation analysis of sugar part of major glycolipids revealed the 
presence of glycerol, inositol; and terminal residues of mannose and galactosamine. 
Fatty acids were mainly iso and anteiso C15:0 branched. Comparative TLC showed 
its glycolipid profile of Ruania different from previously reported for Rothia, 
Arthrobacter, Micrococcus and Propionibacterium, but was similar to Oerskovia 
which belongs to Micrococcineae suborder.

K e y w o r d s: bacterial lipids, glycolipids, Ruania, chemical markers.

Actinobacteria class was introduced by Stackebrandt and coworkers in 1997 and 
contains phylogenetically related microorganisms on the basis of 16 S rRNA and 
rDNA sequence similarity, previously known as actinomycetes [10].

During the past several years numerous novel taxa in the class Actinobacteria 
were cultured and described. One of them is Ruania albidiflava, which represents 
a novel species and new genus within the suborder Micrococcineae [3]. Besides that 
new families in this suborder are created, Ruania up to now represents a separate 
genus [4] and the nearest phylogenetic neighbour was determined as Georgenia 
muralis [3].

The strain was isolated from farmland soil from Shandong province in China [3]. 
Characteristic feature of this genus is new murein type, L-Lys–Gly–L-Glu–L-Glu 
(A4α) in the peptidoglycan of a cell wall.

 Valuable markers in chemotaxonomy are polar lipids i.e. phospho- and 
glycolipids. Phospholipids are broad and important markers in actinomycete 
taxonomy [5]. The early observations showed that polar lipid profile was useful in 
the differentiation of actinomycetes and allied taxa giving the reference glycolipid 

© Mariola Pas�ciak, Ewelina Kasprów, Ying huang, Andrzej Gamian, 2009
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patterns. Studies of our group revealed some specific glycolipids markers f. ex. in 
Propionibacterium [9], Rothia [8], saccharopolyspora [2] and many other genera [6].

The aim of the study was to establish a polar lipid profile of Ruania and to compare 
it with other representatives of actinobacteria. Additionally, isolation, purification and 
chemical characteristics of major lipid compounds were performed.

Materials and methods
Ruania albidiflava PCM 2644T (PCM – Polish Collection of Microorganisms) was 

originally obtained from Chinese partners. Strains used in comparative experiments: 
Micrococcus luteus PCM 525T, Rothia dentocariosa PCM 2249T, Propionibacterium 
propionicum PCM 2431T and Oerskovia xantineolytica PCM 2385T.

Ruania was grown on Rich medium [3] on a rotary shaker under aerobic 
conditions at 37 °C for 48 h. Micrococcus luteus, Rothia dentocariosa and Oerskovia 
xantineolytica were cultivated on medium 79 [6] but Propionibacterium propionicum 
according to [9].

After cultivation biomass was centrifuged (6000rpm, 20 min) and washed twice 
with phosphate buffer (PBS).

The wet biomass was extracted twice with chloroform-methanol (2:1 v/v) [7]. 
The obtained lipid samples were analyzed by thin layer chromatography using 
specific spray reagents: vanillin, orcinol, ninhydrin and Dittmer & Lester reagent for 
phosphorus [7]. 

Major lipids were isolated using column adsorption chromatography and purified 
by TLC and high performance liquid chromatography [9]. 

Fatty acid, neutral sugar and methylation analyses were performed by GLC-MS [9].
MALDI-TOF mass spectra were performed in the positive ion mode with DhB 

matrix on Kratos Kompact-SEQ instrument.

results and discussion
After 48 h incubation of R. albidiflava cells in submerged culture the biomass 

was obtained with yield 11.8 g from 1l of medium. Morphology of colonies and Gram 
staining smears are presented in Fig. 1.

Fig. 1. Ruania albidiflava 
A – Gram stain of cells from Rich medium (48h submerged culture, magnification 1000x; 

B – colonies on nutrient agar (72h, 28 °C)
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Chloroform-methanol extract of bacterial biomass of R. albidiflava was 
obtained with yield of 0.32%. The polar lipids of Ruania were phospatidylglycerol, 
diphosphatidylglycerol and two unknown lipids labelled G1 and G2. TLC analysis of 
these compounds showed that they were reactive with vanillin, orcinol reagent and 
Dittmer and Lester reagent, so these lipids contained sugar and phosphorus (Fig. 2). 
No reaction with ninhydrin was reported (Fig. 2).

Fіg. 2. TLC chromatogram of lіpіd extract from 
Ruanіa albіdіflava 

Abbreviation: G1, G2 – major lipid compounds, DPG – 
diphosphatidylglycerol, PG – phosphatidylglycerol. 

Solvent system: chloroform – methanol – water (65:25:4 
v/v/v), detection: 1 – ninhydrin regent, 2 – Dittmer and 
Lester reagent, 3 – orcinol reagent, 4 – vanillin reagent.

Comparative TLC showed that glycolipid profile of Ruania differed from previously 
reported in Rothia, Arthrobacter, Micrococcus and Propionibacterium, but was similar 
to Oerskovia xantineolytica which belongs to Micrococcineae suborder (Fig. 3).

Fіg. 3. TLC chromatogram of glycolіpіds 
from Actinobacteria

1 – Micrococcus luteus, 2 – Arthrobacter 
globiformis, 3 – Rothia dentocariosa,  

4 – Oerskovia xantineolytica, 5 – Ruania 
albidiflava, 6 – Propionibacterium propionicum. 
Solvent system like on Fig. 2, detection: orcinol 

reagent.

Glycolipids G1 and G2 were separated and purified by different chromatographic 
methods. The crude lipid extract of R. albidiflava was separated on a column of silica 
gel eluted with solvents: chloroform, acetone and methanol (Fig. 4).
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The methanol fractions were partially 
purified by preparative TLC. Pure glycolipids 
were obtained by HPLC.

Fіg. 4. TLC of Ruania albidiflava lіpіd 
fractіons from column chromatography 

eluted subsequently wіth chloroform, acetone 
and methanol

1-3 – chloroform fractions, 4-6 – acetone 
fractions, 7-10 – methanol fractions, 11-crude 
lipid extract.  Solvent system as on Fig. 2, 

detection: vanillin reagent.

GLC-MS analysis of sugar part of major glycolipids revealed the presence of 
glycerol, inositol, mannose and galactosamine in both compounds (Fig. 5). Methylation 
analysis showed that mannose and galactosamine were in terminal positions.

Fіg. 5 GLC/MS chromatogram of the sugars present іn glycolіpіd G1 of  
R. albidiflava

Peak 1 – (Rt=7.27 min) xylose represents internal standard, 2 – (Rt=9.85 min) inositol, 
3 – (Rt=9.97 min) mannose, 4 – (Rt=12.01) galactosamine.

Fatty acids compositions of both glycolipids were similar and were mainly iso 
and anteiso branched pentadecanoic acids (Тab.). Similar results were obtained for 
whole cell fatty acids analysis in Ruania albidiflava [3].
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Table
Fatty acіds composіtіon of major lіpіd compounds of R. albidiflava

Fatty acіds
Retentіon tіme Rt 

[mіn]
GL 1 (%) GL 2 (%)

n C14:0 5.40 14.4 13.9

iso C15:0 6.29 26.6 20.4

anteiso C15:0 6.40 30.8 43.1

n C15:0 6.76 3.1 tr

iso/anteiso C16:0 7.62 6.3 4.0

n C16:0 8.10 15.0 18.6

n C17:0 9.02 3.8 tr

MALDI-TOF analysis of intact glycolipids revealed that molecular mass of G2 
was lower than G1. On MALDI spectra four major peaks were seen, differed by 
14 mass units, that was connected with heterogeneity of fatty acids (Fig. 6). The 
difference in molecular mass between G2 and G1 indicates probably loss of one fatty 
acid residue.

Fіg. 6 MALDI-TOF mass spectra of glycolіpіd G1 and G2 of Ruania albidiflava 
Kratos Kompact-SEQ instrument, linear positive mode, DHB matrix.

Lipid compounds of R. albidiflava appeared to be related to phosphatidylinositol 
mannosides (PIM). PIM are abundant in some actinobacteria f. ex. in Mycobacterium 
and are involved in the interactions of mycobacteria with host cells [11, 1].

Ruania albidiflava represents characteristic lipid profile consisted of two unknown 
lipid compounds, both belonging to glycerophospholipids.
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ПОЛЯРНЫЕ ЛИПИДЫ RUANIA ALBIDIFLAVA –  
НОВОГО ПРЕДСТАВИТЕЛЯ ПОДПОРЯДКА MICROCOCCINEAE

Реферат

Ruania albidiflava представляет собой новый вид и род подпорядка Micro-
coccineae в классе Actinobacteria. Целью исследований было изучение профиля 
полярных липидов Ruania и сравнение его с профилями других представителей 
актинобактерий. Дополнительно было проведено выделение, очистка и изучение 
химических характеристик основных липидных соединений. Выделение основных 
липидов осуществляли методом колонково-адсорбционной хроматографии, а очи-
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щали методами тонкослойной хроматографии и высокоэффективной жидкостной 
хроматографии. Полярные липиды Ruania были представлены фосфатидилглице-
ролом, дифосфатидилглицеролом и двумя неизвестными липидами, содержащими 
сахар и фосфор. Газово-жидкостная хроматография–масс-спектрофотометрия и 
метиляционный анализ сахаров большинства гликолипидов выявили наличие гли-
церола, инозитола и терминальных остатков маннозы и галактозамина. Жирные 
кислоты были представлены в основном разветвленными изо- и антиизо- С15:0. 
Сравнительная тонкослойная хроматография показала, что гликолипидный профиль 
Ruania отличался от ранее изученных профилей Rothia, Arthrobacter, Micrococcus 
и Propionibacterium, но был схож с таковым у Oerskovia, принадлежащих к под-
порядку Micrococcineae.

К л ю ч е в ы е  с л о в а: бактериальные липиды, гликолипиды, Ruania, хи-
мические маркеры. 
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ПОЛЯРНI ЛIПIДИ RUANIA ALBIDIFLAVA – НОВОГО 
ПРЕДСТАВНИКА ПIДПОРЯДКУ MICROCOCCINEAE

Реферат

Ruania albidiflava являє собою новий вид і рід підпорядку Micrococcineae у 
класі Actinobacteria. Метою досліджень було вивчення профілю полярних ліпідів 
Ruania і порівняння його з профілем інших представників актинобактерій. Дода-
тково було проведено виділення, очищення та вивчення хімічних характеристик 
основних ліпідних сполук. Виділення основних ліпідів здійснювали методом колонко-
во-адсорбційної хроматографії, а очищення методами тонкошарової хроматографії і 
високоефективної рідинної хроматографії. Полярні ліпіди Ruania були представлені 
фосфатидилгліцеролом, дифосфатидилгліцеролом та двома невідомими ліпідами, які 
містять цукор та фосфор. Газо-рідинна хроматографія-масспектрометрія та метиля-
ційний аналіз цукру більшості гліколіпідів виявили наявність гліцеролу, інозитолу 
та термінальних залишків манози і галактозаміну. Жирні кислоти були представ-
лені в основному розгалуженими ізо- та антиізо- С15:0. Порівняльна тонкошарова 
хроматографія показала, що гліколіпідний профіль Ruania відрізнявся від раніше 
вивчених профілів Rothia, Arthrobacter, Micrococcus и Propionibacterium, але був 
подібним до таких у Oerskovia, що належать до порядку Micrococcineae.

К л ю ч о в і  с л о в а: бактеріальні ліпіди, гліколіпіди, Ruania, хімічні мар-
кери.
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analysis of thE 2-PhEnylEthanol 
ProduCtion By yEasts gEnus 

KLUyVEROMyCEs

The present study is focused on the determination of the 2-phenylethanol produc-
tion by yeasts genus Kluyveromyces. The most productive strain was K. marxianus 
UCM Y-305. It can be concluded that 2-phenylethanol production by K. marxianus 
UCM Y-305 can be improved from 0.0268 g/l to 0.37 g/l by selecting the suitable 
cultivating conditions.

K e y  w o r d s: Kluyveromyces marxianus, producer, 2-phenylethanol, conditions.

Many yeasts have been found to produce de novo odours compounds with fruity 
or floral flavours [1–5, 7]. The yeasts of the genus Kluyveromyces can produce signifi-
cant amounts of important flavor compound with the rose-like odor 2-phenylethanol 
(2-PE) and it can achieve high product yields; this depends on different cultivation 
conditions. Previously five strains of K. marxianus and one strain of K. lactis by 
Etschmann et al. (2003) [2], K. marxianus ATCC 10022 by Medeiros et al. (2001) 
[8], K. marxianus CBS 5670 by Wittmann et al. (2002) [7], twenty-one yeast strains 
of K. marxianus by Fabre et al. (1997) [9] were tested for 2-PE production with high 
product yields. From this yeasts K. marxianus are receiving an increasing interest 
for the development of biotechnological production processes for 2-phenylethanol  
[2, 7]. It is one of the best producers of 2-PE described in the literature [1–3, 7]. 
Also, K. marxianus is Crabtree-negative which is an advantage for future production 
processes, because the ethanol formation as a toxic by-product under aerobic condi-
tions can be avoided [10].

The purpose of the present study is to determine the levels of the 2-phenylethanol 
production by yeasts genus Kluyveromyces under the influence of different conditions.

Materials and methods 
The 20 yeast strains Kluyveromyces marxianus, K. lactis, K. africanus, K. lactis 

var. lactis, K. lactis var. drosophilarum, K. thermotolerans, K. wickerhamii from the 
collection of yeasts (UCM) of the Industrial Microorganisms Physiology Department, 
Institute of Microbiology and Virology of National Academy of Sciences of Ukraine, 
Kiev were used in this study. 

The yeasts inoculums (106–107 cells/ml) were grown in media for initial 
screening (medium ¹ 1), containing (g/l): 80.0 sucrose, 7.0 L-phenylalanine, 22.8 

© O.G. Mameeva, A.N. Ostapchuk, S.S. Nagornaya, V.S. Podgorsky, 2009
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Na2hPO4·2h2O, 10.3 citric acid, 0.5 MgSO4·7h2O, 0.17 Bacto Yeast Nitrogen Base 
without amino acids and (Nh4)2SO4, adjusted to pH 5.0 [2] and medium ¹ 2, con-
taining (g/l): 77.0 glucose, 7.0 L-phenylalanine, 0.5 MgSO4·7h2O, 0.17 Bacto Yeast 
Nitrogen Base without amino acids, additionally amended 1.25 Kh2PO4 and 0.16 
K2hPO4, pH 5.0 [7]. 

Sucrose was determined by cleavage with invertase and measuring glucose 
concentration with by the dinitrosalicylic acid method [6]. 

1 ml aliquot of sell suspension (106–107 cell/ml) was transferred to a test-tube 
containing 9 ml of medium: 1–8% carbon sources, 0.05–0.25% L-phenylalanine, and 
0.25–1.25% yeast extract. The effect of carbon sources (glucose, sucrose, maltose, 
trehalose, rafinose, and ethanol), cultivating temperatures (12–14 °C, 20–22 °C, 
28–30 °C, and 42–48 °C), pH value (2, 4, 5, 7, and 9), medium amount (50, 100 and 
150 ml) on the production of 2-phenylethanol and biomass production were determined. 
The effect of the various concentration of sucrose in medium from 1% to 8% on growth 
of yeast biomass and a level of synthesis 2-phenylethanol were investigated. 

The growth of yeast biomass after cultivation was measured as optical density at 
540 nm and recalculated as biomass dry weight. Medium ph was determined directly 
with ph meter (Model ph-150MA, Antex, Byelorussia). All data were standardized 
and carried out in triple frequency. 

The concentrations of 2-phenylethanol in the medium were measured after fil-
trations by GC/MS analyses. Samples were filtered through 0.2 mm filters prior to 
GC/MS analyses (Agilent Technologies, USA). GC/MS analyses were performed on 
Agilent 6890N/5973 inert chromatograph/mass spectrometer (Agilent Technologies, 
USA) equipped with DB-FFAP capillary column (30 m x 0.25 mm x 0.25 mm, J&W 
Scientific, USA). Helium was used as the carrier gas at a flow rate of 1 ml/min. The 
temperature program was as follows: 60 °C for 1 min and then increased to 220 °C 
at a rate 20 °C/min and held for 10 min. The temperature of injector was maintained 
at 250 °C. Detection was followed at SCAN rate. 2-phenylethanol was identified by 
NIST 02 mass spectrum database and 2-phenylethanol standard solution (Merck, 
Germany). 

results and discussion
It was determined that the presence of the 2-phenylethanol in the medium 

reaches the maximal values in the beginning of stationary growth phase (18–24 h, 
strain specific). Among the twenty yeast strains tested, nine strains K. marxianus 
produced 2-phenylethanol. These strains were isolated previously from wine and beer 
making industries. K. marxianus UCM Y-305 gained the highest yield at 0.0268 g/l 
after 18 h of cultivation and reached biomass yield 1.54 ± 0.16 g/l DWB (tab.). The 
strains K. lactis, K. africanus, K. lactis var. lactis, K. lactis var. drosophilarum, 
K. thermotolerans, K. wickerhamii did not exhibit any 2-phenylethanol production. 

high concentration of precursor of carbon source (sucrose or glucose), L-phe-
nylalanine provide shift of biochemical reactions for 2-phenylethanol syntheses that 
is more typical for Kluyveromyces yeasts [2, 3, 5, 7]. Different carbon sources in the 
culture media also resulted in the changes of the qualitative and quantitative produc-
tion of aromatic compounds by microorganisms [4]. 
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Table 
the initial analysis of K. marxianus yeast strains ability to synthesize 

2-phenylethanol

K. marxianus
uCM y-

Medium ¹ 1
(Etschmann M.M.W. et al., 2003)

Medium ¹ 2
(Wittmann C. et al., 2002)

2-ÐÅ 
concentration, 

g/l 

Biomass,
g/l CDW

2-ÐÅ 
concentration, 

g/l 

Biomass,
g/l CDW

12

13

17

301

305

320

2096

2098

2387

0.0189

0.0112

0.0151

0.0242

0.0268

0.0175

0.0098

0.0127

0.0080

1.69 ± 0.11

1.78 ± 0.10

1.57 ± 0.10

1.67 ± 0.15

1.54 ± 0.16

1.66 ± 0.10

1.58 ± 0.20

1.79 ± 0.14

1.54 ± 0.16

0.0203

0.0145

0.0141

0.0261

0.0271

0.0177

0.0099

0.0143

0.0086

1.78 ± 0.10

1.50 ± 0.13

1.62 ± 0.15

1.36 ± 0.10

1.50 ± 0.10

1.42 ± 0.12

1.66 ± 0.20

1.58 ± 0.10

1.67 ± 0.12

Obtained results revealed that among six carbon sources tested, sucrose was 
suitable carbon sources for K. marxianus UCM Y-305 resulting in production high 
amounts of 2-phenylethanol (Fig. 1). In the medium containing 1–8% sucrose, the 
production of biomass increased, but the production of 2-phenylethanol was found to be 
the highest at 8% (Fig. 2). The same results were obtained after studying the ranges 
of the L-phenylalanine and yeast extract. It was established that the highest level of 
biomass and 2-PE synthesized at 1.25% yeast extract and 0.25% L-phenylalanine in 
cultivating medium. This phenomenon may be caused by high sucrose concentration 
like inhibitory factor (increasing osmotic pressure due to increasing sucrose concen-
tration) for 2-phenylethanol and biomass production [4]. We can note that the yeast 
extract demonstrated its ability to affect 2-phenylethanol syntheses. This could be 
explained by the fact that yeast extract in addition to providing adequate nitrogen 
contains various vitamins increased the yeast strains the growth. The received results 
completely coincided with the results of other authors [4, 11]. Previously, we received 
such results for s. cerevisiae UCM Y-514 and UCM Y-524 which confirmed this state-
ment [12]. The further increasing of the sucrose concentrations (up to 15%, data are 
not shown) in the media of not reduced amounts of the 2-phenylethanol. 

Medium contained 0.25% yeast extract, 0.05% L-phenylalanine and 5.0% carbon 
source.

The final ph ranged from 5.0 to 3.2–4.8 in media with different carbon sources. 
This is probably due to the production of 1–2% acidic acid by tested yeasts strains 
under these conditions (Fig. 1B). Significantly higher amount of 2-phenylethanol 
was detected in medium containing sucrose than in media containing other carbon 
sources (Fig. 1).

The temperature is one of the most important parameters for the development 
of alcoholic fermentation since it can affect both the kinetics of the process in terms 
of duration and rate of fermentation and the production of metabolites and the fi-



32 Ìікробіоëоãія і біотеõноëоãія ¹ 7/2009    

О.Г. Мамєєва, А.М. Остапчук, С.С. Нагорна, В.С. Пiдгорський

nal quality of wine, for example. As expected, the strain K. marxianus UCM Y-305 
gained the highest yield at 1.6 g/l biomass CDW after 18 h at temperature 28–30 °С, 
respectively. 

fig. 2. Production of biomass and 2-phenylethanol by K. marxianus UCM Y-305 in 
medium with different range of sucrose

Fig. 1. The growth (A), final pH (B), and production of 2-PE (C) by K. marxianus 
UCM Y-305 in medium containing various carbon sources

à

B

с
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Data are means derived from three replicated determinations. The straight line – 
SEM ≤ 0.1 for biomass yield; the dash line – SEM ≤ 0.001 for 2-PE production.

Laboratory fermentations in 750 ml Erlenmeyer flasks have some characteristic 
properties. Limited aeration and thus limitation of oxygen can be a strong challenge 
for yeast due to its necessity for 2-phenylethanol production. The effects of the medium 
value, from 25 to 150 ml, and as sequent aeration levels changing were investigated. 
The data showed that with reduction of cultivation medium’s quantity, the level of 
oxygen saturation increased; at that biomass yields (Fig. 3) and 2-phenylethanol 
production for K. marxianus UCM Y-305 increased too.

Fig. 3. Biomass yields depending on aeration level and sucrose concentration

Thus, the best cultivating conditions for K. marxianus UCM Y-305 were 8% su-
crose, 1.25% yeast extract, 0.25% L-phenylalanine, 18 h of cultivation time, 28–30 єC 
cultivating temperatures, 150 ml medium with aeration 0.48–1.12 g O2/lh (Fig. 3.), 
ph value 5.0. Sucrose was completely consumed after 18–26 h of cultivation under 
different conditions. 

After cultivating under the all optimized conditions the levels of the 2-phenyla-
thenol and biomass production were established. It was 0.37 g/l 2-phenylethanol and 
biomass yield 2.04 ± 0.22 g/l DWB. 

Conclusion 
Twenty yeast strains were screened for production of 2-phenylethanol from 

L-phenylalanine with sucrose as a carbon source. It was found nine producers of 
2-phenylethanol among K. marxianus strains. The most productive strain was 
K. marxianus UCM Y-305. It can be concluded that 2-phenylethanol production by 
K. marxianus UCM Y-305 can be improved from 0.0268 g/l to 0.37 g/l by selecting 
the suitable cultivating conditions. 

 
rEfErEnCEs
1. Clemente-Jimenez J.M., Mingorance-Cazola L., Martinez-Rodriguez s., Las Heras-

Vazquez F.J., Rodriguez-Vico F. Influence of sequential yeast mixtures on wine fermentation 
// Int. J. of Food Microbiol. – 2005. – 98. – P. 301–308. 



34 Ìікробіоëоãія і біотеõноëоãія ¹ 7/2009    

О.Г. Мамєєва, А.М. Остапчук, С.С. Нагорна, В.С. Пiдгорський

2. Etschmann M.M.W., shell D., schrader J. Screening of yeasts for the production of 
the aroma compound 2 – phenylethanol in a molasses-based medium // Biotechnol. Lettårs. – 
2003. – 25. – P. 531–536.

3. Fabre C.E., Duviau V.J., Blanc P.J., Goma G. Identification of volatile flavour compounds 
obtained in culture of Kluyveromyces marxianus // Biotechnol. Lettårs. – 1995. – 17. –  
P. 1207–1212.

4. Huang C.J.R., Lee s.L., Chou C.C. Production and molar yield of 2-phenylethanol by 
Pichia fermentans L-5 as affected by some medium components // J. Biosci. Bioeng. – 2000. 
– 90. – P. 142–147.

5. Jiang J. Identification of flavour volatile compounds produced by Kluyveromyces lactis 
// Biotechnol. Tech. – 1993. – 7. – P. 863–866.

6. sumner J.B. (1921) Dinitrosalicilic acid: a reagent for the estimation of sugar in normal 
and diabetic urine // J. of Biol. Chemistry – 1921. – 3. – P. 5–9.

7. Wittmann C., Hans M. and Bluemke W. (2002) Metabolic physiology of aroma-producing 
Kluyveromyces marxianus // Yeasts. – 2002. – 19. – P. 1351–1363.

8. Medeiros A.B.P., Pandey A., Christen P. et al. Aroma compounds produced by 
Kluyveromyces marxianus in solid state fermentation on a packed bed column bioreaktor // 
World J. Microbiol. and Biotechnol. – 2001. – 17. – P. 767–771.

9. Fabre C.E., Blanc P.J., Goma G. Screening of yeasts producing 2-phenylethylalcohol 
// Biotechnol. Techniq. – 1997. – Vol. 11, no. 7. – P. 523–525.

10. Etschmann M.M.W., Bluemke W., Shell D., Schrader J. Biotechnologycal production of 
2-phenylethanol // Appl. Microbiol. Biotechnol. – 2002. – 59. – P. 1-8.

11. Albertazzi E., Cardillo R., servi s., Zucci G. Biogeneration of 2-phenylethanol and 2-
phenylacetate important aroma components // Biotechnol. Lett. – 1994. – 16. – P. 491–496.

12. Mameeva O., Nagornaya s., Podgorsky V. Optimization of the 2-phenylethanol and 
ethanol production by yeast saccharomyces cerevisiae using statistical analysis // Folia Microbiol. 
– 2009. – in press.

УДК 663.12/.14:547.568.5 

О.Г. Мамеева, А.М. Остапчук, С.С. Нагорная, В.С. Подгорский 

иíñòèòóò ìèêðîбèîëîгèè è âèðóñîëîгèè èìåíè Д.К. Зàбîëîòíîгî НАН 
Уêðàèíы, óë. Аêàäåìèêà Зàбîëîòíîгî 154, Кèåâ, ДСП, Д03680, Уêðàèíà, 

òåë.: +38 (044) 526 11 79, e-mail: mameeva@ukr.net

АНАлИЗ СИНТЕЗА 2-ФЕНИлЭТАНОлА ДРОЖЖАМИ РОДА 
KLUyVEROMyCEs

Реферат

Нàñòîÿщåå èññëåäîâàíèå íàпðàâëåíî íà îпðåäåëåíèå ñèíòåзà 2-фåíèëэòàíîëà 
äðîжжàìè ðîäà Kluyveromyces. Нàèбîëåå пðîäóêòèâíыì шòàììîì ÿâëÿåòñÿ 
K. marxianus УКÌ Y-305. Уñòàíîâëåíî, ÷òî пîäбîð îпòèìàëüíых óñëîâèé êóëüòèâè-
ðîâàíèÿ äàë âîзìîжíîñòü óâåëè÷èòü ñèíòåз 2-фåíèëэòàíîëà äðîжжàìè K. marxianus 
УКÌ Y-305 ñ 0,0268 г/ë äî 0,37 г/ë.

К ë ю ч е в ы е  с ë о в а: K. marxianus, пðîäóöåíò, 2-фåíèëэòàíîë,  
óñëîâèÿ.
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АНАліЗ СИНТЕЗУ 2-ФЕНілЕТАНОлУ ДРіЖДЖАМИ РОДУ 
KLUyVEROMyCEs

Реферат

Дàíå äîñë³äжåííÿ ñпðÿìîâàíå íà âèзíà÷åííÿ пðîäóêóâàííÿ 2-фåí³ëåòàíîëó 
äð³жäжàìè ðîäó Kluyveromyces. Нàéб³ëüш пðîäóêòèâíèì шòàìîì є K. marxianus 
УКÌ Y-305. Âñòàíîâëåíî, щî п³äб³ð îпòèìàëüíèх óìîâ êóëüòèâóâàííÿ äàâ ìîж-
ëèâ³ñòü зб³ëüшèòè пðîäóêóâàííÿ 2-фåí³ëåòàíîëó äð³жäжàìè K. marxianus ÓÊÌ 
Y-305 з 0,0268 г/ë äî 0,37 г/ë.

К ë ю ч о в і  с ë о в а: K. marxianus, пðîäóöåíò, 2-фåí³ëåòàíîë, óìîâè.    
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nEgativE rEgulation of MoEnoMyCin a 
BiosynthEsis in sTREPTOMyCEs GHANAENsIs 

ATCC14672

Members of the soil-dwelling prokaryotic genus streptomyces produce around two-
thirds of all known antibiotics. Moenomycin A is a potent antibacterial drug against 
many Gram-positive pathogens, including vancomycin-resistant pathogens. studying 
of moenomycin A biosynthesis regulation is of great importance because of need of 
new tools for combinatorial biosynthesis. In this work we examined the effects of 
known pleiotropic regulator DasR on moenomycin biosynthesis under heterologous 
conditions. DasR controls several pivotal cellular processes, including the transport 
of N-acetylglucosamine (GlcNAc), ubiquitous metabolite and an important 
source of carbon and nitrogen in soil ecosystems. Gene dasR was inactivated in  
s. coelicolor and moenomycin biosynthetic gene cluster was expressed in the mutant 
and parent strains. Moenomycin production increased twofold in dasR-deficient 
strain, confirming the involvement of DasR in regulation of phosphoglycolipid 
production.

K e y  w o r d s: streptomycetes, moenomycin A, regulator DasR, 
N-acetylglucosamine.

Streptomycetes are complex multicellular Gram-positive soil bacteria, perhaps 
best known for their ability to produce over two-thirds naturally derived antibiotics. 
Moenomycin A (MmA) is produced by streptomyces ghanaensis ATCC14672. 
Moenomycin A (MmA) is a member of the phosphoglycolipid family of antibiotics, 
which are the only natural products known to directly target the extracellular 
peptidoglycan glycosyltransferases involved in bacterial cell wall biosynthesis. The 
emergence of resistance to existing antibiotics represents a significant threat to 
public health. New antibiotics with activity against resistant bacterial strains are 
desperately needed. The structural and biological uniqueness of MmA make it an 
attractive starting point for the development of new antibacterial drugs.

The entire MmA biosynthetic (moe) gene cluster from the producer streptomyces 
ghanaensis ATCC14672 was cloned and sequenced [1]. The regulation of moe cluster 
gene expression is unclear because it appears to lack dedicated regulatory genes. The 
aim of this work is to find genes that can regulate MmA biosynthesis. Particularly 
we focused our attention on gene dasR, encoding a protein involved in regulation of 
transport and metabolism of N-acetylglucosamine (GlcNAc). The latter is a breakdown 
product of chitin, widely represented polymer in soils. Two molecules of GlcNAc are 
also present in the MmA, and, therefore, it is logically to suppose that DasR might 
somehow be implicated in regulation of MmA production. We addressed this question 
through expression of MmA gene cluster and subsequent analysis of MmA production 
levels in dasR-deficient and parent strains of s. coelicolor M145.

© K. S. Marakasova, B. O. Ostash, V. O. Fedorenko, 2009
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Materials and methods
Plasmids and streptomyces strains used in this work are listed in Table. E. coli 

ET12567 (pUB307) was used to perform intergeneric conjugation from E. coli to 
streptomyces strains. sarcina lutea was used as a test-culture for antibiotic activity test. 

Table 
Plasmids and streptomyces strains

Plasmid/Strain Genotype/description Source/reference

moeno38-5
Contains major portion of moe cluster 1, 
AprhygrKmr

Ostash B., 
Lviv University

cosmid SC7E4
Contains a fragment of s. coelicolor genome with 
insertion of modified Tn5 transposon into dasR 
coding sequence; AprAmrKmr

Dyson P.J., 
University of Wales 
Swansea

s. ghanaensis 
ATCC14672

Wild-type producer of MmA ATCC

s. coelicolor 
M145

SCP1-, SCP2-; model strain, produces actinorho-
din and undecylprodigisin

M. Bibb, 
John Innes Centre

s. coelicolor 
M145∆ dasR

dasR mutant, Amr This study

M145∆ dasR 
moeno38-5+ s. coelicolor M145∆ dasR carrying moeno38-5 This study

M145 moeno38-5+ s. coelicolor M145 carrying moeno38-5 This study

 
Standard genetic techniques for E. coli and streptomyces and for DNA manipu-

lations were used as described by Sambrook et al. [2] and Kieser et al. [3]. strepto-
myces strains were grown in liquid TSB media for MmA production. streptomyces 
strains were grown on rich (R2YE) and minimal medium (MM) for estimate the effect 
of N-acetylglucosamine on the production of the pigmented antibiotics. E. coli and 
sarcina strains were grown in LB supplemented with appropriate antibiotics. Oat-
meal medium was used to obtain spores of streptomycetes and to plate intergeneric 
matings. Where needed, streptomycete strains were incubated in the presence of 
antibiotics: kanamycin (Km, 50 mg ml-1), apramycin (Am, 50 mg ml-1) or hygromycin 
(hyg, 100 mg ml-1). MmA was extracted by stirring the biomass (1 g, wet weight) 
with 3 ml of methanol for 12 h. The extract was concentrated in vacuo and diluted 
to the final volume of 300 ml. For the antibiotic diffusion assay, paper discs (∅ 5mm, 
Whatman) were impregnated with a portion of the extract and dried at 37 °C for 1 h. 
Discs were placed on the plates with 0.7% soft agar containing s. lutea. The plates 
were incubated at 4 °C for 1 h and then at 37 °C for 17 h. The productivity of the 
strains was referred back to the equal weight of the dry biomass.

results and discussion
Bioinformatics research has revealed the presence of two genes homologous to 

GntR-type regulator dasR within the genome of s. ghanaensis ATCC14672. Probably, 
DasR is involved in control of the streptomyces sugar phosphotransferase system, 
responsible for import of several carbon sources, most notably N-acetylglucosamine, the 
monomer of chitin. In literature, binding of s. coelicolor DasR protein to the consensus 
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sequence (DasR-responsive element (dre)) is well documented [4]. We have detected 
two putative dre elements within s. ghanaensis ATCC14672 genome. These elements 
are located within promoters upstream of two genes involved in MmA’s carbohydrate 
portion assembly (moeE5: TTGGTCCGGACA, moeGT5: TCGGTCGGGCCC).

For knock-out of dasR gene in s. coelicolor M145 a cosmid SC7E4.1 (tab.) has 
been used. Phenotype of the generated mutant was confirmed via PCR analysis. 
We have confirmed the effect of N-acetylglucosamine on the production of the 
pigmented antibiotics of mutant grown on rich (R2YE) and minimal medium (MM) 
agar plates with/without N-acetylglucoseamine. For heterologous expression of MmA 
biosynthesis gene cluster, s. coelicolor M145 ∆dasR (moeno38-5) and s. coelicolor 
M145 (moeno38-5) strains were constructed. Antibiotic activities of generated 
mutants were tested with the help of test-culture sarcina lutea. Our data show that 
in liquid medium s. coelicolor ∆dasR strain produces two times more moenomycin 
as compared to initial strain (M145). Thus DasR regulator seems to be involved in 
regulation of MmA biosynthesis. 

Our study showed that s. coelicolor DasR could be involved in regulation of MmA 
biosynthesis. This is also supported by bioinformatic evidence for presence of two 
dasR-like ORFs and two putative dre sequences within moe cluster of s. ghanaensis. 
Probably DasR binds dre sequences in this way repressing MmA biosynthesis. It 
will be interesting to investigate the role of DasR in MmA producer, s. ghanaensis 
ATCC14672, which contains two genes highly homologous to s. coelicolor dasR. 
We suppose that DasR is not a single global negative regulator involved in MmA 
biosynthesis and more extensive search will turn up other repressors and activators 
of MmA production. Their rational manipulation will form a basis for improvement 
of MmA titers in native and heterologous producers.
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ÍÅÃàÒèâÍàß ÐÅÃуËßÖèß ÁèÎсèÍÒÅЗà ÌÎÅÍÎÌèÖèÍà à  
â ШÒàÌÌÅ sTREPTOMyCEs GHANAENsIs ATCC14672

Реферат

Пðîâåäåí бèîèíфîðìàòè÷åñêèé àíàëèз гåíîìà s. ghanaensis ATCC14672. Â 
гåíîìå s. ghanaensis îбíàðóжåíы äâà гåíà, гîìîëîгè÷íых гåíó dasR â s. coelicolor, 
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пðîäóêò êîòîðîгî ÿâëÿåòñÿ ÷ëåíîì ñåìåéñòâà ðåгóëÿòîðîâ GntR. DasR-пëåéîòðîпíыé 
ðåгóëÿòîð, êîòîðыé íåгàòèâíî ðåгóëèðóåò бèîñèíòåз àíòèбèîòèêîâ, ìåòàбîëèзì 
N-àöåòèëгëюêîзàìèíà è ñпðîîбðàзîâàíèå. Â êëàñòåðå гåíîâ бèîñèíòåзà ìîåíîìè-
öèíà А èäåíòèфèöèðîâàíы âåðîÿòíыå пîñëåäîâàòåëüíîñòè dre, ñ êîòîðыìè ìîжåò 
ñâÿзыâàòüñÿ бåëîê DasR. Пîëó÷åíî íîêàóò гåíà dasR â шòàììå s. coelicolor Ì145. 
Дëÿ шòàììà äèêîгî òèпà Ì145 хàðàêòåðíî óâåëè÷åíèå ñèíòåзà пèгìåíòèðîâàííых 
àíòèбèîòèêîâ àêòèíîðîäèíà è óíäåöèëпðîäèгèîзèíà íà ìèíèìàëüíîé ñðåäå ñ äîбàâ-
ëåíèåì N-àöåòèëгëюêîзàìèíà. Тàêîгî эффåêòà íå íàбëюäàëîñü â шòàììå ñ íîêàóòîì 
гåíà dasR (s. coelicolor M145∆ dasR). Îñóщåñòâëåíà гåòåðîëîгè÷åñêàÿ эêñпðåññèÿ 
êëàñòåðà гåíîâ бèîñèíòåзà ìîåíîìèöèíà А â шòàììàх s. coelicolor M145 ∆ dasR и 
s. coelicolor M145. Аíàëèз àíòèбèîòè÷åñêîé àêòèâíîñòè эòèх шòàììîâ пîêàзàë, ÷òî 
гåí dasR s. coelicolor M145 íåгàòèâíî ðåгóëèðóåò эêñпðåññèю гåíîâ бèîñèíòåзà ìîå-
íîìèöèíà А. Сèíòåз ìîåíîìèöèíîâ â шòàììå ñ íàðóшåííыì гåíîì dasR быë âäâîå 
âышå, ÷åì â шòàììå s. coelicolor, êîòîðыé ñîäåðжèò фóíêöèîíàëüíыé гåí dasR.

К ë ю ÷ å â ы å  ñ ë î â à: ñòðåпòîìèöåòы, ìîåíîìèöèí А, ðåгóëÿòîð DasR, 
N-àöåòèëгëюêîзàìèí.
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ÍÅÃàÒèâÍà ÐÅÃуËßÖiß ÁiÎсèÍÒÅЗу ÌÎÅÍÎÌiÖèÍу à  
у ШÒàÌi sTREPTOMyCEs GHANAENsIs ATCC14672

Реферат
Пðîâåäåíî б³î³íфîðìàòèâíèé àíàë³з гåíîìó s. ghanaensis ATCC14672. У гåíîì³ 

s. ghanaensis âèÿâëåíî äâà гåíè, гîìîëîг³÷í³ äî гåíà dasR s. coelicolor, пðîäóêò ÿêî-
гî íàëåжèòü äî ðîäèíè ðåгóëÿòîð³â GntR. DasR-пëåéîòðîпíèé ðåгóëÿòîð, зàä³ÿíèé ó 
íåгàòèâí³é ðåгóëÿö³ї б³îñèíòåзó àíòèб³îòèê³â, ìåòàбîë³зìó N-àöåòèëгëюêîзàì³íó òà 
ñпîðîóòâîðåííÿ. У ìåжàх êëàñòåðà гåí³â б³îñèíòåзó ìîåíîì³öèíó А ³äåíòèф³êîâàíî 
³ìîâ³ðí³ пîñë³äîâíîñò³ dre, з ÿêèìè ìîжå зâ’ÿзóâàòèñü б³ëîê DasR. Îòðèìàíî íîêàóò 
гåíà dasR â шòàì³ s. coelicolor M145. Дëÿ шòàìó äèêîгî òèпó Ì145 хàðàêòåðíå 
зðîñòàííÿ ñèíòåзó п³гìåíòîâàíèх àíòèб³îòèê³â àêòèíîðîäèíó òà óíäåöèëпðîäèг³î-
зèíó íà ì³í³ìàëüíîìó ñåðåäîâèщ³ пðè äîäàâàíí³ N-àöåòèëгëюêîзàì³íó. Нàòîì³ñòü 
òàêîгî зðîñòàííÿ íå ñпîñòåð³гàëè ó шòàì³ з íîêàóòîì гåíà dasR (s. coelicolor M145∆ 
dasR). Зä³éñíåíî гåòåðîëîг³÷íó åêñпðåñ³ю êëàñòåðà гåí³â б³îñèíòåзó ìîåíîì³öèíó 
А ó шòàìàх s. coelicolor M145 òà s. coelicolor M145∆ dasR. Аíàë³з àíòèб³îòè÷íîї 
àêòèâíîñò³ öèх шòàì³â âèÿâèâ, щî гåí dasR s. coelicolor M145 íåгàòèâíî ðåгó-
ëює åêñпðåñ³ю гåí³â б³îñèíòåзó ìîåíîì³öèíó А. Сèíòåз ìîåíîì³öèí³â ó шòàì³ з³ 
зðóéíîâàíèì гåíîì dasR óäâ³÷³ âèщèé пîð³âíÿíî з³ шòàìîì s. coelicolor Ì145, щî 
ì³ñòèòü фóíêö³îíàëüíèé гåí dasR.

К ë ю ÷ î â ³  ñ ë î â à: ñòðåпòîì³öåòè, ìîåíîì³öèí А, ðåгóëÿòîð DasR, 
N-àöåòèëгëюêîзàì³í.
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thE divErsity of RHIZOBIUM 
LEGUMINOsARUM Bv. TRIFOLII  

loCal PoPulations: gEnEtiC and 
PhysiologiCal traits ConnECtion

Genetic and metabolic variability within local population of Rhizobium leguminosarum 
bv. trifolii in context of possible interconnections between metabolic-physiological 
properties of rhizobia was studied. Considerable genetic diversity was observed in 
16-23s rDNA regions and in the plasmid profiles of studied strains. Furthermore, the 
strains within defined PCR-RFLP group were greatly different. Metabolic profiles 
of rhizobia studied by Biolog test showed large diversity, even within one genetic 
group. PCA analysis of metabolic traits revealed differences in utilization of two 
large groups of the substrates: (a) saccharides, and (b) organic acids, amino acids 
and modified sugars, named here “non-sugars”. Utilization of chemically various 
saccharides by rhizobia was more commonly observed than “non-sugars”. Moreover, 
utilization of “sugars” and “non-sugars” were positively correlated in the strains 
belonging to PCR-RFLP Groups 1, 2 and 3. The “sugars” were utilized differently 
than “non-sugars” by the strains of Group 4. Finally, the significant differences 
in the growth rate of the strains belonging to particular PCR-RFLP groups in 
different media were found. We concluded that the local population of Rhizobium 
leguminosarum bv. trifolii was not uniform. It was composed of physiologically 
different strains and high metabolic diversity reflected the level of genetic diversity 
of population.
 K e y w o r d s: Rhizobium leguminosarum, metabolic and genetic diversity.

The metabolic and adaptive potential of a bacterium is correlated with a degree 
of its genome complexity. The soil bacterium Rhizobium leguminosarum bv. trifolii 
(Rlt) occupies highly challenging soil habitats and induces complex symbiotic 
interaction with the host plant clover (Trifolium spp.) [11]. A common feature of the 
Rlt and other rhizobial genomes is the complexity of genomic organization, with a 
single chromosome and several large plasmids (megaplasmids). The genes encoding 
symbiotic functions usually constitute independent replicons, known as symbiotic 
plasmids (pSym), or symbiotic islands when incorporated into the chromosome [10]. 
The cryptic plasmids constitute a pool of accessory genetic information [15] and even 
though they are in general dispensable for bacterial survival. Functional interactions 
among different replicons are often required for successful completion of both the 
symbiotic and saprophytic lifestyle of rhizobia [1, 8]. The large, complex and dynamic 
rhizobial genomes, which encode many potentially useful metabolic traits, play a role 
in their high metabolic diversity and adaptive potential [9, 14].
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The knowledge of metabolic traits important for the growth and competition of 
rhizobia within population is limited. It is known that local populations of rhizobia 
may differ significantly both on the genetic and physiological levels. Up to now studies 
concerning genetic and physiological diversity of rhizobial populations focused mainly 
on the strains colonizing the soil or particular legume plants species [2, 5, 7].

In this work the representative sample of local population of rhizobia that 
occupy the nodules of clover root systems growing in each other’s vicinity in the soil 
was subjected to comprehensive analyses of their genetic and especially metabolic 
variability. We have described the possible interconnections between the metabolic-
physiological properties of R. leguminosarum bv. trifolii and some genetic traits of 
their genomes.

Materials and methods
50 Rhizobium leguminosarum isolates were obtained from the nodules of red 

clover (Trifolium pratense L. cv. Dajana) growing in sandy loam. The nodules were 
surface-sterilized, crushed and their content was plated on 79CA medium [13]. Strains 
isolated from the nodules were purified by successive streaking of single colonies 
and pure cultures were used in further experiments. After analysis of PCR-RFLP and 
plasmid profiles, strains with the same profiles were discarded. 23 strains different in 
the PCR-RFLP pattern and plasmid profiles were considered as the representatives of 
the Rlt soil population and subjected to further physiological analyses.

The analyses of the plasmid content of the isolates were performed as it was 
described by Eckhardt (1978) [3]. The estimation of plasmid size was performed using 
BIO-PROFIL BioGene Windows Application V11.01 (Vilber-Lourmat, France), using 
R. leguminosarum bv. viciae strain 3841 [15] as plasmid standard.

PCR assays of 16S-23S rDNA internal transcribed spacer (ITS) were carried 
out using genomic DNA of Rlt isolates as the templates and primers FGPS1490-5’-
TGCGGCTGGATCACCTCCTT-3’ and FGPL132-5’-CCGGGTTTCCC CATTCGG-3’ 
[4]. PCR amplicons were digested with BsuRI (HaeIII) and TaqI restriction enzymes 
(FERMENTAS, Vilnius, Lithuania), and restriction fragments were separated by 3% 
agarose gel electrophoresis. 

The utilization of different carbon and energy sources by Rlt isolates was assessed 
using BIOLOG GN2MicroPlateTM (Gram Negative Identification Test Panel) (BIOLOG, 
hayward, USA) containing 95 carbon sources, including sugars, amino acids and 
organic acids as it had been described earlier [14]. 

For bacterial growth kinetics assays the isolates were grown overnight at 28 °C 
in 5 ml TY liquid medium. The cultures were then diluted to OD550 of 0.2, and the 
suspensions were used for inoculation (1:100 v/v) of 79CA, TY and M1 liquid media 
[12], the latter supplemented with vitamins (thiamine, 1 mg/ml, biotin, 0.5 mg/ml, 
panthotenate, 1 mg/ml). The cultures were grown in 79CA and TY media for 48 h and 
in M1 medium for 72 h at 28 °C. Optical density (OD550) of cultures was measured 
at every 24 h. Each experiment was conducted in triplicate.

For cluster analysis and principal component analysis (PCA) the results of 
BIOLOG test were coded in the binary system. The cluster analysis was used to define 
similarity of rhizobia metabolic profiles which were calculated by a simple matching 
coefficient, following which the clustering was performed by the UPGMA method.

The principal component analysis (PCA) with varimax rotation [6] was used 
to analyze bacterial capability of utilization of particular substrates or groups of 
substrates. In this manner PCA method allowed us to transform the numerous variables 
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(utilization of individual substrates), possibly correlated as well into small groups of 
uncorrelated factors (utilization of groups of substrates) as well as to interpret the 
defined PCA factors named PC1, PC2 and PC3. 

To compare the growth rates of bacteria belonging to different PCR-RFLP groups 
(groups 1-4) one-way ANOVA was used. All the described analyses were performed 
with STATISTICA software.

results and discussion
50 isolates obtained from nodules of clover plants growing in each other’s vicinity 

were characterized by PCR-RFLP analysis of 16S-23S rDNA ITS region and plasmid 
patterns. The analyses allow selecting of 23 strains different in these genetic traits. 
Four distinct PCR-RFLP genetic groups (Groups 1–4) were distinguished after RFLP 
analysis of PCR-amplified 16S-23S rDNA ITS region with BsuRI and TaqI restriction 
enzymes (Fig. 1, Òab. 1). The isolates of Group 1 and 2 may be considered as related 
to some extent due to the same BsuRI RFLP profile.

Fig. 1. PCR-RFLP groups identified in Rlt strains used in this study
M – 100 bp molecular weight marker (MassRulerTM DNA Ladder Mix, Fermentas).

The plasmid profiles obtained for all isolates showed the great variability, even 
within one PCR-RFLP group (Fig. 2). Each isolate contained from 2 to 5 plasmids 
ranging in size approximately from 170 kb to 1 Mb.

fig. 2. Plasmid profiles of Rlt strains used in this study 
M – molecular weight marker (R. leguminosarum bv. viciae 3841).
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All 23 isolates belonging to four different PCR-RFLP genetic groups were examined 
with respect to their metabolic profiles using commercial Biolog GN2 MicroPlateTM 
test. This approach revealed that there were substantial differences between strains 
in number of utilized substrates, ranging from 37 (Rlt 38) to 59 (Rlt 35) substrates. 
On the other hand no differences were found between PCR-RFLP groups, where the 
number of utilized substrates was respectively 49 ± 4, 47 ± 6, 46 ± 8 and 49 ± 5 
in Group 1, 2, 3 and 4.

Table 1
PCr-rflP grouping of Rlt strains used in this study

PCr-rflP group strain numbers

Group 1 11, 12, 13, 14, 15

Group 2 21, 22, 23

Group 3 31, 32, 33, 34, 35, 36, 37, 38

Group 4 41, 42, 43, 44, 45, 46, 47

Similarly when the Biolog test results were analyzed by the UPGMA method, 
no relationships were found between PCR-RFLP groups and clustering based on 
metabolic properties of strains (Fig. 3). Two main branches at 86% similarity level 
and two independent lineages can be distinguished, but the representatives of four 
PCR-FFLP groups was found in each of them (Fig. 3).

Fig. 3. UPGMA dendrogram of R. leguminosarum bv. trifolii strains constructed 
on the basis of the Biolog test results
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Since cluster analysis did not allow identifying the qualitative metabolic differences 
between the clover nodule isolates, the results of Biolog test were subjected to 
principal component analysis (PCA). The total 95 carbon and energy sources used 
in the test were arbitrary divided into nine groups: monosaccharides [S], complex 
saccharides [cS], modified saccharides [mS], non-modified acids [A], modified acids 
[mA], sugar acids [sA], non-modified aminoacids [AA], modified aminoacids [mAA] 
and others (with amines predominating) [O]. The PCA analysis enabled us to group 
all mentioned carbon and energy sources into three factors explaining most of the 
total variance: principal component 1 (PC1) composed of A, mS, AA, O and sA; 
principal component 2 (PC2) composed of S, cS and mAA; and principal component 
3 (PC3) including mA (detailed data not shown). Taking into account the chemical 
characteristics of the substrates, PC1 was interpreted as “utilization of non-sugar 
components”, and PC2 as “utilization of sugar substrates”. These two large groups 
of substrates were composed of 90 (35 “sugars” and 55 “non-sugars”) of 95 tested 
carbon and energy sources. Substantial differences in capability to utilize of substrates 
belonging to these two groups by the tested rhizobia were found (Òab. 2). While 
individual strains used “sugars” more readily, the greater variance in substrate 
utilization by different strains was observed for “non-sugars” substrates. Therefore 
the differences in the number of utilized substrates by individual Rlt strains may be 
attributed rather to “non-sugars” than to “sugars” substrates (Тab. 2).

Table 2
Classes of metabolic substrates created by the principal component analysis (PCA) 

applied to Rlt strains

substrates

group of substrates

“sugars” 
(from PCA 

classification)

 “non-sugars”
(from PCA 

classification)

all tested 
Biolog`s 

substrates

Total number of tested substrates 35 55 95

Minimum number of utilized substrates 24 7 37

Maximum number of utilized substrates 31 26 59

Average number of utilized substrates 28.2 ± 1.6 15.7 ± 5.0 47.7 ± 6.0

Variance (for number of utilized 
substrates) 2.4 25.3 36.5

% of utilized substrates 80.5 ± 4.5 27.7 ± 8.2 49.8 ± 5.8

Variance (for % of utilized substrates) 19.8 67.0 33.8

The relations in the utilization of “sugars” and “non-sugars” by the strains 
belonging to PCR-RFLP groups were examined (Tab. 3). Relatively high correlation 
coefficients (ranging from 0.700 to 0.996) between utilization of “sugars”, “non-sugars” 
and “all substrates” were observed in Group 1 and 2. On the other hand correlation 
between the use of “sugars” vs. “non-sugars” and “all substrates” in Group 4 was 
not visible. This observation suggested that the utilization of “non-sugar” substrates 
reflected the differences of metabolic potential in this group of rhizobial strains (Tab. 3).
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Table 3
Correlation coefficients for utilization of “sugar” and “non-sugar” substrates in 

four PCr-rflP groups of Rlt strains

PCr-rflP group
groups of substrates

“non-sugars” all substrates

Group 1
“sugars” 0.700 0.858

“non-sugars” - 0.965

Group 2
“sugars” 0.786 0.839

“non-sugars” - 0.996

Group 3
“sugars” 0.560 0.739

“non-sugars” - 0.972

Group 4
“sugars” 0.357 0.452

“non-sugars” - 0.995

The metabolic potential of the individual strains was also estimated by 
measurements of their growth rates in M1, 79CA and TY liquid media and substantial 
differences in their growth rates were observed (the details not shown). When ANOVA 
and post-hoc Tukey test were applied in relation to PCR-RFLP genetic classification 
(for groups composed of numerous strains), statistically significant difference (p<0.05) 
in the growth rates of isolates belonging to Group 4 vs. Group 1, 2 and 3 after 24 h of 
growth, as well between the isolates belonging to Group 4 vs. Group 3 after 48 h of 
growth was observed on TY medium (Tab. 4). The statistically significant differences 
were not observed in the case of strains grown on M1 and 79CA media.

In general a great diversity of studied local population with respect to PCR-RFLP 
profiles, plasmids content, metabolic profiles and growth rate was found. The degree 
of diversity observed within this population is comparable with that described for 
populations originating from the distinct soils [5]. It seems that in the context of 
population diversification studies, plasmid and metabolic profiles should be of special 
interest. A substantial part of genetic variability results from different plasmid content 
that constitutes an accessory rhizobial genome influencing bacterial metabolic potential 
and differentiation of strains even within a given genetic group.

Despite the lack of the straight correlation between PCR-RFLP genetic groups 
and plasmid content or PCR-RFLP and Biolog test results, some relationships could 
be found. In the case of the strains belonging to the Group 1 and 2 characterized by 
similar PCR-RFLP profile similarity in utilization of “sugars” and “non-sugars” were 
observed, while such correlation between the use of “sugars” vs. “non-sugars” and 
“all substrates” was not visible in the strains of genetically distinct Group 4. Moreover 
the differences in the growth rate in TY medium of the strains belonging to Group 
4 suggest their variable metabolic potential. Though the genetic classification of the 
strains based only on the differentiation in 16-23S ITS rDNA is very useful, this type 
of study underestimates the biodiversity of especially complex populations such as 
rhizobial ones. The genetic characteristic supplemented by metabolic characterization 
provides more adequate assessment and demonstrates the correlation occurring 
between genetic and metabolic profiles of bacterial strains.
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Table 4
the growth of Rlt strains belonging to four PCR-RFLP groups in TY, 79CA and 

M1 liquid media

PCr-rflP 
group

od550

79CA medium ty medium

24h 48h 24h 48h

Group 1 0.31 ± 0.07a 0.61 ± 0.14a 0.34 ± 0.05a 0.48 ± 0.05ab

Group 2 0.33 ± 0.07a 0.60 ± 0.09a 0.35 ± 0.06a 0.51 ± 0.07ab

Group 3 0.28 ± 0.05a 0.54 ± 0.11a 0.33 ± 0.05a 0.50 ± 0.04a

Group 4 0.26 ± 0.09a 0.56 ± 0.09a 0.28 ± 0.05b 0.46 ± 0.06b

M1 medium

24h 48h 72h

Group 1 0.23 ± 0.07a 0.45 ± 0.19a 0.52 ± 0.21a

Group 2 0.29 ± 0.08a 0.56 ± 0.16a 0.67 ± 0.15a

Group 3 0.25 ± 0.07a 0.51 ± 0.17a 0.70 ± 0.22a

Group 4 0.27 ± 0.09a 0.57 ± 0.23a 0.69 ± 0.24a

a, b – the values for one medium at defined time of the growth marked with the same letter 
did not differ significantly at P<0.05

The strain numbers are on the left. The scale bar represents percent of metabolic 
diversity.
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ÐàЗËèчèß ËÎÊàËьÍЫÕ пÎпуËßÖèé RHIZOBIUM 
LEGUMINOsARUM Bv. TRIFOLII: сâßЗь ÌÅЖäу 

ГЕНЕТИчЕСКИМИ И ФИЗИОлОГИчЕСКИМИ ПРИЗНАКАМИ

Реферат

изó÷åíà гåíåòè÷åñêàÿ è ìåòàбîëè÷åñêàÿ âàðèàбèëüíîñòü ëîêàëüíых пîпóëÿ-
öèé Rhizobium leguminosarum bv. trifolii â êîíòåêñòå âîзìîжíых ñâÿзåé ìåжäó 
ìåòàбîëî-фèзèîëîгè÷åñêèìè ñâîéñòâàìè ðèзîбèé. Быëè îбíàðóжåíы зíà÷èòåëüíыå 
гåíåòè÷åñêèå ðàзëè÷èÿ â 16-23S ðДНК ðåгèîíàх è â пëàзìèäíых пðîфèëÿх èñ-
ñëåäîâàííых шòàììîâ. шòàììы, ðàзäåëёííыå íà гðóппы ñ пîìîщüю PCR-RFLP, 
зíà÷èòåëüíî îòëè÷àëèñü. Ìåòàбîëè÷åñêèé пðîфèëü ðèзîбèé, èññëåäîâàííых ñ 
пîìîщüю Biolog òåñòà, пîêàзàë ñóщåñòâåííыå ðàзëè÷èÿ äàжå â пðåäåëàх îäíîé 
гåíåòè÷åñêîé гðóппы. PCA àíàëèз ìåòàбîëè÷åñêèх ñâîéñòâ пîêàзàë ðàзëè÷èÿ â 
óòèëèзàöèè äâóх бîëüшèх гðóпп ñóбñòðàòîâ (à) ñàхàðîâ, è (б) îðгàíè÷åñêèх êèñ-
ëîò, àìèíîêèñëîò è ìîäèфèöèðîâàííых ñàхàðîâ, íàзâàííых â ðàбîòå «íå-ñàхàðà». 
Уòèëèзàöèÿ хèìè÷åñêè ðàзëè÷íых ñàхàðîâ ðèзîбèÿìè íàбëюäàëàñü бîëåå ÷àñòî, 
÷åì «íå-ñàхàðîâ». Уòèëèзàöèÿ «ñàхàðîâ» è «íå-ñàхàðîâ» пîëîжèòåëüíî êîððåëè-
ðîâàëà ñ гåíåòè÷åñêèìè ðàзëè÷èÿìè шòàììîâ, îòíîñÿщèхñÿ ê PCR-RFLP гðóппàìè 
1, 2 è 3. «Сàхàðà» óòèëèзèðîâàëèñü îòëè÷íî îò «íå-ñàхàðîâ» шòàììàìè гðóппы 
4. Îбíàðóжåíы зíà÷èòåëüíыå ðàзëè÷èÿ ó эòèх PCR-RFLP гðóпп шòàììîâ â ñпî-
ñîбíîñòè ðàñòè íà ðàзíых ñðåäàх. Сäåëàí âыâîä î òîì, ÷òî ëîêàëüíыå пîпóëÿöèè 
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Rhizobium leguminosarum bv. trifolii íå ÿâëÿюòñÿ îäíîðîäíыìè. Îíè ñîñòîÿò èз 
фèзèîëîгè÷åñêè ðàзëè÷íых шòàììîâ, ðàзíàÿ ìåòàбîëè÷åñêàÿ àêòèâíîñòü êîòîðых 
ÿâëÿåòñÿ îòðàжåíèåì èх гåíåòè÷åñêîé íåîäíîðîäíîñòè. 

К ë ю ÷ å â ы å ñ ë î â à: Rhizobium leguminosarum, ìåòàбîëè÷åñêèå è гåíå-
òè÷åñêèå ðàзëè÷èÿ.
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â²äÌ²ÍÍÎсÒ² ËÎÊàËьÍèÕ пÎпуËßÖ²é RHIZOBIUM 
LEGUMINOsARUM Bv. TRIFOLII: Зâ’ßЗÎÊ Ì²Ж ÃÅÍÅÒèчÍèÌè  

і ФіЗіОлОГічНИМИ ОЗНАКАМИ

Реферат

Дîñë³äжåíà гåíåòè÷íà òà ìåòàбîë³÷íà âàð³àб³ëüí³ñòü Rhizobium leguminosarum 
bv. trifolii ó êîíòåêñò³ ìîжëèâèх зâ’ÿзê³â ì³ж ìåòàбîëî-ф³з³îëîг³÷íèìè îзíàêàìè 
ðèзîб³é. Бóëè âñòàíîâëåí³ зíà÷í³ гåíåòè÷í³ â³äì³ííîñò³ ó 16-23S ðДНК ðåг³îíàх 
òà â пëàзì³äíèх пðîф³ëÿх äîñë³äжóâàíèх шòàì³â. шòàìè, ðîзпîä³ëåí³ íà гðóпè зà 
äîпîìîгîю PCR-RFLP, зíà÷íî â³äð³зíÿëèñÿ. Ìåòàбîë³÷íèé пðîф³ëü ðèзîб³é, äîñë³-
äжåíèé з âèêîðèñòàííÿì Biolog òåñòó, пîêàзàâ ñóòòєâ³ â³äì³ííîñò³ íàâ³òü ó ìåжàх 
îäí³єї гåíåòè÷íîї гðóпè. РСА àíàë³з ìåòàбîë³÷íèх âëàñòèâîñòåé âèÿâèâ â³äì³ííî-
ñò³ â óòèë³зàö³ї äâîх âåëèêèх гðóп ñóбñòðàò³â: (à) öóêð³â ³ (б) îðгàí³÷íèх êèñëîò, 
àì³íîêèñëîò òà ìîäèф³êîâàíèх öóêð³â, ÿê³ ó ðîбîò³ íàзâàí³ «íå-öóêðè». Уòèë³зàö³ÿ 
х³ì³÷íî ð³зíèх öóêð³â ðèзîб³ÿìè ñпîñòåð³гàëàñÿ ÷àñò³шå, í³ж «íå-öóêð³â». Уòèë³зàö³ÿ 
«öóêð³â» ³ «íå-öóêð³â» пîзèòèâíî êîðåëюâàëà з гåíåòè÷íèìè â³äì³ííîñòÿìè шòàì³â, 
щî íàëåжàëè äî PCR-RFLP гðóп 1, 2 ³ 3. шòàìè 4-ї гðóпè пî ð³зíîìó óòèë³зóâàëè 
«öóêðè» ³ «íå-öóêðè». Бóëè âèÿâëåí³ зíà÷í³ â³äì³ííîñò³ ó зäàòíîñò³ öèх PCR-RFLP 
гðóп шòàì³â ðîñòè íà ð³зíèх ñåðåäîâèщàх. Зðîбëåíî âèñíîâîê, щî ëîêàëüí³ пîпó-
ëÿö³ї Rhizobium leguminosarum bv. trifolii íå є îäíîð³äíèìè. Âîíè ñêëàäàюòüñÿ з 
ф³з³îëîг³÷íî â³äì³ííèх шòàì³â, ð³зíà ìåòàбîë³÷íà àêòèâí³ñòü ÿêèх є â³äîбðàжåííÿì 
їх гåíåòè÷íîї íåîäíîð³äíîñò³.

К ë ю ÷ î â ³  ñ ë î â à: Rhizobium leguminosarum, ìåòàбîë³÷í³ ³ гåíåòè÷í³ 
â³äì³ííîñò³.
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CharaCtEriZation of staPhyloCoCCal 
CassEttE ChroMosoME MEC tyPEs  

in MEthiCillin-rEsistant sTAPHyLOCOCCUs 
INTERMEDIUs strains isolatEd froM dogs

sCCmec types in mecA-positive s. intermedius strains were characterized by 
using multiplex PCR method described previously by Oliveira and Lencastre [11].  
A total of 100 preliminary identified S. intermedius isolates were tested to determine 
their species identify and mecA gene encoding methicillin resistance. The duplex 
PCR assay was able to identity all the strains carring mecA gene (17%). The study 
showed that 4% strains identified as S. intermedius based upon their phenotypic 
properties do not yielded a 16s rRNA gene amplification product, indicating 
staphylococci other than s. intermedius. sCCmec type IIIC was identified in 15 
strains (88%), type IB was found only in one strain. One strain was not typable 
by this technique.

K e y  w o r d s: staphylococcus intermedius, multiplex PCR, mecA gene, MRsI, 
sCCmec types.

staphylococcus intermedius was first described as a new species in 1976 and 
was differentiated from staphylococcus aureus and staphylococcus epidermidis based 
on its biochemical and physiological characteristics [3]. This microorganism occurs 
as commensal bacteria on the skin and mucosal membranes of dogs. This species 
has also been found in cats, horses, pigeons, foxes, and other animals. In dogs it has 
been implicated in serious infections, such as: pyoderma, otitis externa, abscess, and 
infections of eyes, joints, mammary glands, respiratory tract and gastrointestinal tract 
[2]. In humans s. intermedius is recognized as an invasive zoonotic pathogen and 
has been isolated in 18% of canine-inflicted wounds [5, 8]. On the other hand it has 
been infrequently identified in other invasive human diseases and only a few studies 
have reported rare cases of infections such as bacteremia [14], infection of mastoid 
cavities [5], and brain abscesses [1]. 

Increased frequency of infections caused by s. intermedius exhibiting multi-drug 
resistance, including methicillin, is being observed among dogs [6, 9]. Methicillin 
resistance in staphylococci is mediated by the mecA gene, encoding the penicillin-
binding protein 2a (PBP2a), which has reduced affinity for methicillin, oxacillin 
and other beta-lactam antibiotics. The mecA gene, responsible for this phenomenon 

© Dorota Chrobak, Magdalena Kizerwetter-Swida, Magdalena Rzewuska, Marian Binek, 2009
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has already been identified in s. intermedius strains isolated from dogs [6, 9]. 
Methicillin resistance is most often associated with a mobile genetic element termed 
the staphylococcal cassette chromosome mec (SCCmec). The molecular basis of 
methicillin resistance has been well characterized in s. aureus, but little is known 
about the acquisition and the organization of its genetic key, the mecA gene, in other 
staphylococcal species. In s. aureus several types and subtypes of Staphylococcal 
chromosome cassettes (SCCmec) have been classified on the basis of the different 
combinations of the two main parts: the mec gene complex, which encodes methicillin 
resistance (the mecA gene and its regulators), and the ccr gene complex, which 
encodes site-specific recombinases responsible for its mobility [7, 10].

In this study we developed a duplex PCR assay, which allows to conduct 
the simultaneous identification of staphylococcus intermedius strains and the 
mecA gene detection. We also characterize SCCmec types in methicillin-resistant  
staphylococcus intermedius strains isolated from dogs using multiplex PCR 
strategy.

Materials and methods
A total of 100 strains were isolated in the Diagnostic Laboratory of the Division 

of Bacteriology and Molecular Biology at Warsaw University of Life Sciences. The 
strains were cultivated from different clinical specimens taken from dogs. Strains used 
for control purpose include the: staphylococcus aureus ATCC 6538, staphylococcus 
intermedius ATCC 29663 and methicillin-resistant staphylococcus aureus 
(MRSA) 14.002 (possessed from The National Reference Centre for Antimicrobial 
Susceptibility). 

The isolates were identified by means of the API Staph system (BioMérieux) 
and additional characteristics such as type of hemolysis, colony pigment, coagulase, 
clumping factor and acid production from maltose. Sensitivity to methicillin 
was assessed using a disc diffusion test according to the Clinical Laboratory 
Standards Institute (CLSI), with discs containing 1 mg of oxacillin (BioMérieux).  
Oxacillin-resistant, mecA-positive strains were tested for resistance to other 
antimicrobial agents.

Bacterial cultures were grown overnight at 37 °C in 5 ml of brain-heart 
infusion broth (BioMérieux). Chromosomal DNA was obtained using DNA Genomic 
Mini (A&A Biotechnology). For DNA extraction 1.5 ml of bacterial culture was 
centrifugated at 6 000 g for 5 minutes. Sediment was suspended in 140 ml TE buffer 
with 2% glucose, containing 5 ml lysozyme (5 mg/ml, SIGMA), 2.5 ml lysostaphin  
(1 mg/ml, SIGMA) and 2 ml ribonuclease A (10 mg/ml, Fermentas). After incubation 
for 2 hours at 37 °C further part of the DNA isolation process was conduced according 
to the manufacturer’s instructions.

Two pairs of primers were used for the detection of mecA-positive 
staphylococcus intermedius strains. One was specific for mecA gene and one for  
s. intermedius-specific fragment of the 16S rRNA gene. The cycling conditions were 
as follows: after an initial denaturation step of 94 °C for 3 min, samples completed  
30 cycles of amplification (30 s of denaturation at 94 °C, 30 s of annealing at 55 °C 
and 1.5 min of extention at 72 °C). The final elongation was performed at 72 °C for 4 
min. The primer sequences, products size and references are presented in Table 1.
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Table 1
Oligonucleotide primer sequences used in the duplex PCR

Primer
gene 

amplified
Sequence

Product size 
(bp)

references

Inter1
16S 

rRNA

5’-CCGTATTAGCTAGTTGGTGG-3’
901 [15]

Inter2 5’-GAATGATGGCAACTAAGTTC-3’

MecA1
mecA

5’-AAAATCGATGGTAAAGGTTGGC-3’
523 [13]

MecA2 5’-AGTTCTGCAGTACCGGATTTGC-3’

The PCR products, 901 bp and 523 bp in size were separated on 1% agarose 
gels in Tris-Acetate-EDTA buffer, stained with ethidium bromide, visualized with UV 
light and analyzed using the VersaDoc Model 1000 Imaging System with Quantity 
One 4-4-0 software (BioRad). Typical electrophoresis pattern of mecA and 16S rRNA 
gene amplification product are presented on Fig. 1.

Fig.1. PCR for the species confirmation and detection of mecA gene 
Lane 1 – negative control; lane 2 – MassRuler DNA Ladder Mix (Fermentas); lane 3 – 
mecA product for MRSA strain no. 14.002; lane 4 – 16S rRNA gene amplication product 

for s. intermedius ATCC 29663; lane 5 – one of the researched strains (MRSI).

The 17 mecA-positive s. intermedius strains were used to characterize the 
SCCmec types. SCCmec multiplex PCR typing assay was based on Oliveira’s method 
[11]. Totally 9 pairs of the primers for SCCmec types and subtypes, as well as for the 
mecA gene were used (tab. 2).
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Table 2
Oligonucleotide primer sequences used in the multiplex PCR

locus Primer
Oligonucleotide sequence  

(5’–3’)
Product size 

(bp)
specificity  

(SCCmec type)

A
CIF2 F2 TTCGAGTTGCTGATGAAGAAGG

495 I
CIF2 R2 ATTTACCACAAGGACTACCAGC

B
KDP F1 AATCATCTGCCATTGGTGATGC

284 II
KDP R1 CGAATGAAGTGAAAGAAAGTGG

C
MECI P2 ATCAAGACTTGCATTCAGGC

209 II, III
MECI P3 GCGGTTTCAATTCACTTGTC

D
DCS F2 CATCCTATGATAGCTTGGTC

342 I, II, IV
DCS R1 CTAAATCATAGCCATGACCG

E
RIF4 F3 GTGATTGTTCGAGATATGTGG

243 III
RIF4 R9 CGCTTTATCTGTATCTATCGC

F
RIF5 F10 TTCTTAAGTACACGCTGAATCG

414 III
RIF5 R13 GTCACAGTAATTCCATCAATGC

G
IS431 P4 CAGGTCTCTTCAGATCTACG

381pUB110 
R1

GAGCCATAAACACCAATAGCC

h
IS431 P4 CAGGTCTCTTCAGATCTACG

303
pT181 R1 GAAGAATGGGGAAAGCTTCAC

mecA
MECA P4 TCCAGATTACAACTTCACCAGG

162 Internal control
MECA P7 CCACTTCATATCTTGTAACG

The cycling conditions were as follows: after an initial denaturation step of 94 °C 
for 4 min, samples completed 30 cycles of amplification (30 s of denaturation at 94 °C, 
30 s of annealing at 53 °C and 1 min of extention at 72 °C). The final elongation was 
performed at 72 °C for 4 min.

The strains used for control purposes include the methicillin/oxacillin resistant  
s. aureus strains carrying: I, IA, IB, II, III, IIIA, IIIB, IIIC, IIID, IIIE, IIIG, IIIJ and 
IV type of cassette. The standard strains were obtained from National Medicines 
Institute, Division of Clinical Microbiology and Infection Prevention.

The PCR products were separated on 2% agarose gels in Tris-Acetate-EDTA 
buffer, stained with ethidium bromide, visualized with UV light and analyzed using  
a VersaDoc Model 1000 Imaging System with Quantity One 4-4-0 software 
(BioRad).
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results and discussion
All strains investigated in the present study were predominarily identified as  

s. intermedius based upon their phenotypic properties. In vitro antimicrobial 
susceptibility tests showed that 17 isolates were resistant to methicillin. Application 
of duplex PCR yielded following results as shown in Table 3.

Table 3
PCr testing results for the presence of mecA and 16S rRNA genes among 100 

canine isolates preliminary identified as s. intermedius

Methicillin susceptibility phenotypes 
of tested strains determined
by the disc diffusion method 

Results of duplex PCR assay 

mecA +
16S rRNA +

mecA –
16S rRNA +

mecA +
16S rRNA –

mecA –
16S rRNA –

Methicillin - resistant (n=17) 17 (17%) 0 0 0

Methicillin - susceptible (n=83) 0 79 (79%) 0 4 (4%)

The result of duplex PCR assay showed that 4% of the isolates were misidenti-
fied as s. intermedius upon the identification of the phenotypic test. Totally of 17% 
of strains recognised as s. intermedius carring mecA gene. For 79% of strains we 
obtained a species-specific product for the 16S rRNA gene of s. intermedius but 
no mecA product, as expected for methicillin-sensitive staphylococcus intermedius 
(MSSI). 

SCCmec type IIIC was identified in 15 mecA-positive strains (88%), type IB 
was found in one strain (6%). One isolate (6%) was not typable by this technique. 
The results of multiplex PCR of exemplary 7 investigated s. intermedius strains are 
presented on Fig. 2.

fig. 2. PCr sCCmec profiles from methicillin-resistant s. intermedius 
M – DNA molecular size marker; 1–7 – exemplary 7 investigated s. intermedius 

strains; SCCmec type IB – lanes 3; SCCmec type IIIC – lanes 1, 2 and 4 to 7.

mecA gene
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The occurence of s. intermedius strains resistant to all antimicrobials commonly 
used in veterinary medicine is alarming. The results of recent studies have proved 
that some isolates are resistant to methicillin by expression of mecA gene and thus 
the abbreviation methicillin-resistant staphylococcus intermedius (MRSI) is appropri-
ate in analogy to MRSA. The worldwide increase in the number of infections caused 
by methicillin-resistant staphylococcus aureus (MRSA) has emphasised the need 
for the fast and reliable identification and typing methods. In addition to genotyping 
characterization of the staphylococcal cassette chromosome (SCC) mec type has led 
to better discrimination of hospital-acquired MRSA (hA-MRSA), carrying one of 
three types of SCCmec (type I, II, or III) and nonmultiresistant community-acquired 
MRSA (CA-MRSA) carrying type IV or V SCCmec. Type IV and V SCCmec are 
small elements that do not carry the antibiotic resistance genes other than mecA 
and has the multiple subtypes [4]. Presence of this small (IV) type of SCCmec was 
observed in s. schleiferi subsp. coagulans strains isolated from companion animals 
[12]. Worthwhile to point out that SCCmec elements lacking mecA have also been 
reported in s. aureus and coagulase-negative staphylococci. SCCnon-mec is located 
at the same chromosomal site as all SCCmec elements, and it contains a virulence 
factor called capsular polysaccharide 1, which makes the strain more resistant to 
phagocytosis [10].

 In this study we found that s. intermedius strains isolated from dogs pos-
sessed the type I and III SCCmec, and we observed that all these strains were re-
sistant to all beta-lactams and also to other groups of antibiotics (aminoglycosides, 
thrimethoprim, sulfonamides, tetracyclines, macrolides, and fluorochinolones). Their 
MIC values were high (data not shown). One isolate was not typable by the method 
used in this study, and this may indicate that there are a variety of uncharacterized 
SCCmec elements in staphylococcal species other than s. aureus.

Little concern has been voiced yet about the possibility of animal to human mecA 
gene transmission.

Canine strains of s. intermedius have been found to harbor SCCmec elements 
homologues to those carried by s. aureus. 

Our findings suggest that the high prevalence of this resistancy vector in dogs 
may be the reservoirs of antibiotic resistancy genes, and may perhaps be the driving 
force for the generation of new staphylococcal methicillin-resistant strains. The fact 
that dogs are in close contact with their owners, the risk of transmission of such 
bacteria between animals and humans must be considered.

Canine strains of s. intermedius have been found to harbor SCCmec elements 
encoding determinants for the expression of the methicillin-resistance phenotype. 
The SCCmec typing strategy we used in this study detected two SCCmec elements 
(SCCmec type IB and IIIC). One isolate was not typable by this method.

The diversity of SCCmec types found in dogs appears similar to that seen in 
humans, however uncharacterized SCCmec elements in s. intermedius may exist.
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ХАРАКТЕРИСТИКА СТАФИлОКОККОВОЙ КАССЕТНОЙ ХРОМОСОМы 
MEC Òèпà у ÌÅÒèÖèËËèÍ-ÐÅЗèсÒÅÍÒÍЫÕ ШÒàÌÌÎâ 

sTAPHyLOCOCCUs INTERMEDIUs, èЗÎËèÐÎâàÍÍЫÕ ÎÒ сÎÁàÊ

Реферат

SCCmec òèп ó mecA-пîëîжèòåëüíых шòàììîâ s. intermedius быë îхàðàêòåðè-
зîâàí ñ èñпîëüзîâàíèåì ìåòîäà ìóëüòèпëåêñíîé ПцР, îпèñàííîгî ðàíåå Oliveira è 
Lencastre [11]. 100 пðåäâàðèòåëüíî èäåíòèфèöèðîâàííых èзîëÿòîâ s. intermedius 
быëè èññëåäîâàíы äëÿ пîäòâåðжäåíèÿ èх âèäîâîé пðèíàäëåжíîñòè è äëÿ îбíàðó-
жåíèÿ mecA гåíà, êîäèðóющåгî ðåзèñòåíòíîñòü ê ìåòèöèëëèíó. Дóпëåêñíыé ПцР 
àíàëèз äàë âîзìîжíîñòü èäåíòèфèöèðîâàòü âñå шòàììы, íåñóщèå mecA гåí (17%). 
иññëåäîâàíèÿ пîêàзàëè, ÷òî 4% шòàììîâ, èäåíòèфèöèðîâàííых êàê s. intermedius 
íà îñíîâàíèè èх фåíîòèпè÷åñêèх ñâîéñòâ, íå äàâàëè пðîäóêòîâ àìпëèфèêàöèè гåíà 
16S rРНК, îпðåäåëÿющèх ñòàфèëîêîêêè îòëè÷íыå îò s. intermedius. SCCmec òèпà 
IIIC быëà îбíàðóжåíà ó 15 (88%) шòàììîâ, òèпà IÂ – òîëüêî ó îäíîгî шòàììà. 
Лèшü îäèí шòàìì íå пîääàâàëñÿ òèпèðîâàíèю ñ пîìîшüю эòîгî пîäхîäà. 

К ë ю ÷ å â ы å  ñ ë î â à: staphylococcus intermedius, ìóëüòèпëåêñíàÿ ПцР, 
mecA гåí, MRSI, òèпы SCCmec.
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ХАРАКТЕРИСТИКА СТАФілОКОКОВОї КАСЕТНОї ХРОМОСОМИ MEC 
Òèпу у ÌÅÒèÖèË²Í-ÐÅЗèсÒÅÍÒÍèÕ ШÒàÌ²â sTAPHyLOCOCCUs 

INTERMEDIUs, èЗÎËьÎâàÍèÕ â²ä сÎÁàÊ

Реферат

SCCmec òèп ó mecA-пîзèòèâíèх шòàì³â s. іntermedius бóâ îхàðàêòåðèзîâàíèé 
з âèêîðèñòàííÿì ìåòîäà ìóëüòèпëåêñíîї ПЛР, щî бóâ îпèñàíèé ðàí³шå Oliveira ³ 
Lencastre [11]. 100 пîпåðåäíüî ³äåíòèф³êîâàíèх ³зîëÿò³â s. іntermedius бóëè äîñë³-
äжåí³ äëÿ п³äòâåðäжåííÿ їх âèäîâîї пðèíàëåжíîñò³ òà äëÿ âèÿâëåííÿ mecA гåíà, 
щî êîäóє ðåзèñòåíòí³ñòü äî ìåòèöèë³íó. Дóпëåêñíèé ПЛР àíàë³з äàâ ìîжëèâ³ñòü 
³äåíòèф³êóâàòè óñ³ шòàìè, щî íåñóòü mecA гåí (17%). Дîñë³äжåííÿ пîêàзàëè, щî 
4% шòàì³â, ³äåíòèф³êîâàíèх ÿê s. іntermedius íà п³äñòàâ³ їх фåíîòèпîâèх âëàñòèâî-
ñòåé, íå äàâàëè пðîäóêò³â àìпë³ф³êàö³ї гåíà 16S rРНК, щî âèÿâëÿюòü ñòàф³ëîêîêè 
â³äì³íí³ â³ä s. іntermedius. SCCmec òèпó IIIC бóëà âèÿâëåíà ó 15 (88%) шòàì³â, 
òèпó IÂ – ò³ëüêè ó îäíîгî шòàìó. Лèшå îäèí шòàì íå п³ääàâàâñÿ òèпóâàííю зà 
äîпîìîгîю äàíîгî п³äхîäó. 

К ë ю ÷ î â ³ ñ ë î â à: staphylococcus intermedius, ìóëüòèпëåêñíà ПЛР, mecA 
гåí, MRSI, òèпè SCCmec.
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ChEMotaxonoMiCal idEntifiCation  
of aCtinoBaCtErial strains isolatEd 
froM daMP-affECtEd offiCE Building

Four actinobacterial sporulating strains have been isolated from two damp-affected 
office buildings. They have been identified as streptomyces sp. (three strains) and 
cell wall type IV actinobacteria (one strain) by the chemotaxonomical approach. 

K e y  w o r d s: Actinobacteria, Streptomyces, chemotaxonomy, cell wall,  
indoor air. 

harmful microbes in indoor environments are a cause of public concern. Bacteria 
and fungi infest house and office buildings affected by dampness and the environmental 
conditions and microbial communities undergo continual changes resulting in different 
microbial populations. Microbial growth on moisture-damaged building materials is 
commonly associated with adverse health effects in the occupants. Microorganisms, 
their spores and cell wall components are biologically active agents which may cause 
and trigger allergy and other respiratory diseases, i.e. chronic airways inflammation 
[1]. Although the microbial diversity in indoor environment is high, the filamentous 
and sporulating fungi dominate on indoor microbiota screenings [2, 3]. Recently 
actinobacteria involved in biological infestation of damp buildings attract increasing 
interest [4].

Actinobacteria are Gram-positive bacteria, with high G+C content, filamentous 
microorganisms, majority of which are saprophytic soil and other environmental 
inhabitants. As common soil organisms they easily colonize water-damaged building 
materials and may emit toxic-metabolites isolated from the indoor environment of a 
building where the occupants suffered building-related ill-health symptoms [5]. 

The aim of present studies was identification of sporulating bacterial strains 
isolated from wall surface of damp-affected office building in Warsaw (Poland), by 
means of chemotaxonomical approach.

Materials and methods
Bacterial strains L1, L2, W3, and W4 were isolated from the wall surface of 

damp-affected office building in Warsaw, Poland.
The isolates were cultivated aerobically on medium “79” in 37 °C for 48 hours. 

Bacterial biomass was collected by centrifugation in 7000 rpm, after repeated washing 

© Bogumiła Szponar, Mariola Paœciak, Bartosz Figiel,  Andrzej Gamian, 2009
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with PBS and MilliQ water. The wet biomass was suspended in MilliQ water (1:1, 
v:v) and frozen in –70 °C prior to X-press (AB Biox, Sweden) cell disruption. 

The crude cell wall extract was prepared by centrifugation (6000 rpm, 20 min, 4 °C) 
of disintegrated cells. Supernatant containing crude bacterial cell walls was collected 
and frozen dried. The cell wall preparations were frozen dried and subjected to hot 
SDS extraction according to [6]. Proteins and nucleic acids remaining in preparations 
were removed by using enzymes and dialyzed to deionized water [6].

Sugars were analysed after derivatisation according to [7]; amino acids and fatty 
acids were derivatised according to [5] and analysed by gas chromatography-mass 
spectrometry [8].

LL- and meso diaminopimelic acid (DAP) isomers were determined by thin-layer 
chromatography [8].

Bacterial glycolipids were analysed in crude lipid extracts of bacterial biomass by 
use of thin layer chromatography and visualized by orcinol reagent [8].

An inflammatory potential of the cell wall constituents after purification has been 
examined by stimulation of cytokines TNF-α and interleukin 1β (IL-1β) in vitro in 
isolated human leukocytes by commercial ELISA tests (BD Biosciences). 

Results and dіscussіon
All four studied strains formed dry, lathery colonies producing white spores 

(Fig. 1). Microscopically, extensively branched Gram-positive pseudomycelium was 
observed.

Fіg. 1. Sporulatіng straіns L1(a), L2 (b), W3 (c), W4 (d) cultіvated on “79” 
medіum

Fatty acids profile of strains L2, W3 and W4 consisted of saturated, branched forms 
of different chain length isoC12, isoC16, aisoC16, isoC17, isoC18, and aisoC18. 

L1 strain is characterized by the least number of fatty acids only isoC17:0, 
isoC18:0, and aisoC18:0 were present (tab. 1).
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Table 1
Fatty acіd composіtіon and relatіve percentage іn studіed straіns

Strain іso C12:0 іso C16:0 aіso C16:0 іso C17:0 n C17:0 іso C18:0 aіso C18:0

L1 - - - 76% - 9.5% 14.5%

L2 - 10% 25% 25.5% 12.5% 7% 20%

W3 4% 11% 21% 31% 10% 10% 13%

W4 4% 10% 20% 31% 9.5% 10.5% 15%

Alanine, glycine, glutamic acid and diaminopimelic acid (DAP) were detected in 
the preparations of the cell wall of all investigated strains. LL-Diaminopimelic acid 
(LL-DAP), marker of Streptomyces spp., has been detected in strains W3, W4 and 
L2. Mezo-DAP was present in L1 strain.

Taxonomically important sugars present in studied strains are presented in Table 2.

Table 2
Sugar composіtіon іn cell bіomass and іn cell wall preparatіons of Streptomyces 

іsolates

Straіn
Mannose Glucose Galactose

N-acetyl 
glucosamіne

total cell cell wall total cell cell wall total cell cell wall total cell cell wall

L2 + + - - - - - +

L1 - + - - + - - +

W3 + + - - - - - +

W4 - + + + - - - +

Three strains: L2, W3 and W4 represent I-type of bacterial cell wall, with mannose 
and N-acetylglucosamine (strain W4 contained mannose and glucose). The L1 strain 
differed from these strains by the type of growth, and sugar profile which comprised 
mannose, N-acetylglucosamine and galactose. Fatty acids were represented only by 
iso C17, and meso-DAP was detected. Due to this characteristics strain L1 cannot 
be classified as belonging to Streptomyces genus.

Three of studied strains (L2, W3, W4) revealed similar glycolipid profile with one 
domination glycolipid of similar retention time to Streptomyces sp., while L1 strain 
did not contain major glycolipid (Fig. 2).

An increasing potency of bacterial cell wall constituents of strain L2 has been 
shown to stimulate the human blood cells to TNF-α and IL-1β production and was 
concentration-dependent.
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Fіg. 2. Glycolіpіds of studіed straіns, TLC chromatogram vіsualіzed wіth orcіnol 
reagent

1 – Nocardiopsis dassonvillei; 2 – strain L1; 3 – strain L2; 4 – strain W3;  
5 – strain W4; 6 – Streptomyces sp.

Streptomyces are Gram-positive filamentous bacteria of the class Actinobacteria 
[9]. They are predominantly soil bacteria, but are also present in other habitats 
[10]. Streptomyces have been cultivated from dust samples collected from schools, 
day-care facilities and private houses [11,12,13]. Streptomyces are not demanding 
in their growth requirements; they metabolise biological polymers, i.e. cellulose, 
lignin, or chitin as their carbon source, and they do not need organic nitrogen for 
growth. Excepting a few thermophilic species, the optimal growing temperature 
is 25–28 °C, as it was observed also for our strains. These features make building 
materials suitable for their growth and proliferation [14]. Streptomyces are also highly 
potent producers of secondary metabolites of diverse biological activities, such as 
antibiotic, immunosuppressive, or antitumor [15]. Characteristic volatile metabolite 
of Streptomyces is geosmin, a volatile degraded sesquiterpene, responsible for odor 
of moist soil [16]. Cytotoxic potential of streptomycetal spores in cocultivation with 
moulds was reported [17]. Inflammatory and toxic potential of Streptomyces spores, 
not dependent on their viability, has also been confirmed [18]. 

Three investigated strains: W2, W3 and L2 belong to Streptomyces genus, while 
sporulating L1 strain characterized by cell wall type IV, is a member of Actinobacteria 
class, and further analysis is needed for complete determination of the taxonomical 
position. 
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ул. Рудольфа Вейгля, 12, 53–114, Вроцлав, Польша
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ХЕМОТАКСОНОМИЧЕСКАЯ ИДЕНТИФИКАЦИЯ ШТАММОВ 
АКТИНОБАКТЕРИЙ, ИЗОЛИРОВАННЫХ ИЗ ПОРАЖЕННЫХ 

СЫРОСТЬЮ ОФИСНЫХ ЗДАНИЙ

Реферат

Выделены четыре спорообразующих штамма бактерий из двух офисных 
зданий поврежденных сыростью. С помощью хемотаксономического подхода они 
идентифицированы как Streptomyces sp. (3 штамма) и актинобактерии с клеточной 
стенкой IV типа (1 штамм). 

К л ю ч е в ы е  с л о в а: Actinobacteria, Streptomyces sp., хемотаксономия, 
клеточная стенка, воздух помещений.

Б. Шпонар, М. Пащак, Б. Фігел, А. Гаміан

Iнститут імунології та експериментальної терапії академії наук Польщі,
вул. Рудольфа Вейгля, 12, 53 – 114, Вроцлав, Польща
тел. +48 71 370 9922, e-mail: szponar@iitd.pan.wroc.pl

ХЕМОТАКСОНОМIЧНА IДЕНТИФIКАЦIЯ ШТАМIВ АКТИНОБАКТЕРIЙ, 
IЗОЛЬОВАНИХ З УРАЖЕНИХ ВОЛОГОЮ ОФIСНИХ БУДIВЕЛЬ

Реферат

Виділено чотири штами споротвірних бактерій з двох офісних будівель ура-
жених вологою. За допомогою хемотаксономічного підходу штами ідентифіковані 
як Streptomyces sp. (3 штами) і актинобактерії з клітинною стінкою IV типу  
(1 штам). 

К л ю ч о в і  с л о в а: Actinobacteria, Streptomyces, хемотаксономія, клітинна 
стінка, повітря приміщень.
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спÎсÎÁÍÎсÒь ÁàÊÒÅÐèé ÐÎäà BACILLUs ÃèäÐÎËèЗÎâàÒь 
ÊсèËàÍ

Иссëедована способность ãидроëизовать сëожноструктурный ксиëан у 353 
штаммов бактерий рода Bасillus, относящиõся к 23 видам. Показано, что 
эта способность достаточно широко распространена среди 207 штаммов 
микроорãанизмов этоãо рода, что составиëо 58,6% от всеõ иссëедованныõ. 
Среди ниõ доминироваëи штаммы видов B. subtilis (111 штаммов из 228) и 
B. megaterium (11 штаммов из 13). Способность ãидроëизовать ксиëан также 
обнаружена у штаммов видов B. licheniformis, B. pumilus, B. cereus, B. species, 
B. oligonitrophilus. Штаммы видов B. circulans, B. thuringiensis, B. sphaericus, 
B. badius, B. bombycis, B. lentus и B. pulvifaciens не ãидроëизоваëи ксиëан. Уста-
новëены не тоëько видовые, но и штаммовые разëичия.

К ë ю ч е в ы е с ë о в а: ксиëаназы, бактерии рода Bacillus.

Â пðèðîäíых ðàñòèòåëüíых ìàòåðèàëàх ñëîжíàÿ пî ñòðóêòóðå öåëëюëîзà 
îбы÷íî ñâÿзàíà ñî ìíîгèìè äðóгèìè óгëåâîäíыìè ñîåäèíåíèÿìè: гåìèöåëëюëî-
зîé, пåêòèíîì, ëèгíèíîì, êðàхìàëîì. Гåìèöåëëюëîзы, â ÷àñòíîñòè, êñèëàíы, êàê 
è öåëëюëîзà, îòíîñÿòñÿ ê îñíîâíыì êîìпîíåíòàì êëåòî÷íîé ñòåíêè ðàñòèòåëüíых 
ìàòåðèàëîâ, èх ñîäåðжàíèå â íèх ñîñòàâëÿåò îбы÷íî 20–30%, à â ðÿäå ñëó÷àåâ è 
бîëüшå – 34–41% (êóêóðóзíàÿ êî÷åðыжêà, ñîëîìà, пîäñîëíå÷íàÿ ëóзгà, ñåìåíà 
ðèñà, ðжè, ñîè, гîðîхà, äðåâåñèíà ðàзíых пîðîä). Пî ñîâðåìåííыì пðåäñòàâëåíèÿì 
÷åðåз ðàзíыå пî ñòðóêòóðå êñèëàíы îñóщåñòâëÿåòñÿ ñâÿзü ìåжäó öåëëюëîзîé è 
òÿжåëî ðàзëàгàющèìñÿ ëèгíèíîì â ðàñòèòåëüíых îòхîäàх [2].

 Спîñîбíîñòü ê îбðàзîâàíèю фåðìåíòîâ, ðàñщåпëÿющèх íå òîëüêî öåëëю-
ëîзó, íî è êñèëàíы, êîòîðыìè бîгàòы ðàзíîîбðàзíыå ñåëüñêîхîзÿéñòâåííыå ðàñ-
òèòåëüíыå îòхîäы, бîëåå шèðîêî ðàñпðîñòðàíåíà ñðåäè гðèбîâ è àêòèíîìèöåòîâ, 
ìåíåå – ñðåäè бàêòåðèé. Кñèëàíàзы îбíàðóжåíы ó бàêòåðèé ðîäà Bacillus è îбëà-
äàюò бîëüшåé ìîëåêóëÿðíîé ìàññîé, ÷åì èз гðèбîâ, è íåðåäêî бîëåå àêòèâíы [4–7, 
9]. Кàê âîзìîжíыå пðîäóöåíòы гèäðîëèòè÷åñêèх фåðìåíòîâ эòè ìèêðîîðгàíèзìы 
èзó÷åíы зíà÷èòåëüíî ìåíüшå, ÷åì гðèбы, ìåжäó òåì шèðîêîå ðàñпðîñòðàíåíèå èх â 
пðèðîäå è ñпîñîбíîñòü ðàñщåпëÿòü òàêèå òðóäíîäîñòóпíыå ñîåäèíåíèÿ êàê êñèëàíы 
ñâèäåòåëüñòâóюò î òîì, ÷òî бàöèëëы îбëàäàюò бîгàòыì íàбîðîì фåðìåíòíых ñèñòåì 
è ìíîгèå èз íèх ìîгóò быòü пðîìышëåííî зíà÷èìыìè, à зíà÷èò пåðñпåêòèâíыìè 
â бóäóщåì [8, 10]. Â ñâÿзè ñ èзëîжåííыì, бîëüшîé íàó÷íыé èíòåðåñ è âàжíîå 
пðàêòè÷åñêîå зíà÷åíèå пðåäñòàâëÿåò пîèñê àêòèâíых шòàììîâ ñðåäè бàêòåðèé ðîäà 
Bacillus êàê пðîäóöåíòîâ êñèëàíàз, êîòîðыå ìîгóò быòü èñпîëüзîâàíы â ñåëüñêîì 
хîзÿéñòâå, â фàðìàöåâòè÷åñêîé è пèщåâîé пðîìышëåííîñòè.

цåëüю íàñòîÿщåé ðàбîòы ÿâèëñÿ ñêðèíèíг пðîäóöåíòîâ êñèëàíàз è èзó÷åíèå 
èх àêòèâíîñòè ñðåäè шòàììîâ ðàзíых âèäîâ бàêòåðèé ðîäà Bacillus.

© А.и. Îñàä÷àÿ, Л.А. Сàфðîíîâà, Л.Â. Аâäååâà, Â.Ì. иëÿш, 2009
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Материалы и методы
Â ðàбîòå èñпîëüзîâàíы 353 шòàììà бàêòåðèé ðîäà Bacillus, îòíîñÿщèхñÿ ê 23 

âèäàì, èз êîëëåêöèè êóëüòóð îòäåëà àíòèбèîòèêîâ иÌÂ НАН Уêðàèíы.
Бàêòåðèè âыðàщèâàëè â òå÷åíèå 2-х ñóòîê пðè 37 °С â ÷àшêàх Пåòðè íà àгà-

ðèзîâàííîé ñðåäå ñëåäóющåгî ñîñòàâà (â г/ë): öèòðàò íàòðèÿ – 1,29; (NH4)2 hPO4 
– 4,75; KH2PO4 – 9,6; MgSO4 7h2O – 0,18, êîòîðóю èñпîëüзîâàëè äëÿ пåðâè÷íîгî 
îòбîðà êñèëàíàзîàêòèâíых шòàììîâ. Â êà÷åñòâå èñòî÷íèêà óгëåðîäà èñпîëüзîâàëè 
êñèëàí îâñà [фèðìà Fluka, Гåðìàíèÿ] â êîíöåíòðàöèè 1%.

Îòбîð àêòèâíых шòàììîâ âåëè пî зîíàì пðîñâåòëåíèÿ êñèëàíà, êîòîðыå пðîÿâ-
ëÿëèñü íà 2-å ñóòêè èíêóбèðîâàíèÿ âîêðóг âыðîñшèх êîëîíèé бàêòåðèé è îò÷åòëèâî 
âèзóàëèзèðîâàëèñü пîñëå пðîêðàшèâàíèÿ ñðåäы êðàñèòåëåì êîíгî ðîò (0,1%). Пî 
äèàìåòðó зîí ñóäèëè î cпîñîбíîñòè êóëüòóð ðàзëàгàòü êñèëàí. Аêòèâíîñòü êñè-
ëàíàз (â åä/ìë) îпðåäåëÿëè òèòðîâàëüíыì ìåòîäîì пî êîëè÷åñòâó îбðàзóющèхñÿ 
пðè фåðìåíòàòèâíîì гèäðîëèзå 1%-íoгî êñèëàíà â 0,05 Ì öèòðàòíî-фîñфàòíîì 
бóфåðå (ðН 5,0) ðåäóöèðóющèх ñàхàðîâ (êñèëîзы) [3]. 

Аêòèâíîñòü эíäîгëюêàíàзы è β-гëюêîзèäàзы îпðåäåëÿëè пî êîëè÷åñòâó îбðàзó-
ющåéñÿ пðè èх гèäðîëèзå гëюêîзы пî пðåäâàðèòåëüíî пîñòðîåííыì êàëèбðîâî÷íыì 
êðèâыì [3]. Сîäåðжàíèå гëюêîзы íàхîäèëè ñ пîìîщüю 3,5-äèíèòðîñàëèöèëîâîé 
êèñëîòы [3].

Результаты и их обсуждение
изó÷åíèå êñèëàíàзíîé àêòèâíîñòè бàêòåðèé пðîâîäèëè пîэòàпíî. Пåðâыé эòàп 

ðàбîòы зàêëю÷àëñÿ â êà÷åñòâåííîì îòбîðå шòàììîâ, ñпîñîбíых гèäðîëèзîâàòü 
êñèëàí. Бîëüшèíñòâî êóëüòóð (207 шòàììîâ èз èññëåäîâàííых – 58,6% îò îбщå-
гî ÷èñëà шòàììîâ) îбðàзîâыâàëè зîíы гèäðîëèзà êñèëàíà ðàзíîгî äèàìåòðà: 87 
шòàììîâ èз íèх (42%) – зîíы äèàìåòðîì îò 10 äî 20 ìì, 44 шòàììà (21,3%) – 
зîíы 20–25 ìì è 36 шòàììîâ (17,4%) – зîíы бîëåå 25 ìì (òàбë.1). Нàèбîëüшåé 
ñпîñîбíîñòüю гèäðîëèзîâàòü êñèëàí ñðåäè èññëåäóåìых бàêòåðèé îбëàäàëè шòàììы 
ñàìîгî ìíîгî÷èñëåííîгî â íàшèх èññëåäîâàíèÿх âèäà B. subtilis. из 228 шòàììîâ 
161 шòàìì (70,6%) быë ñпîñîбåí гèäðîëèзîâàòü êñèëàí. Дîñòàòî÷íî àêòèâíыìè 
â èñпîëüзîâàíèè эòîгî ñóбñòðàòà быëè òàêжå шòàììы âèäîâ B. megaterium (11 
шòàììîâ èз 13), B. pumilus (6 шòàììîâ èз 14), B. licheniformis (4 шòàììà èз 25) 
и B. cereus (4 шòàììà èз 24). Âèäы B. circulans, B. thuringiensis, B. sphaericus, 
B. badius, B. bombycis, B. lentus и B. pulvifaciens íå ñпîñîбíы ðàзëàгàòü êñèëàí 
è öåëëюëîзó.

Â пðàêòèêå ñ÷èòàåòñÿ âàжíыì, ÷òîбы äëÿ пîëíîгî ðàñщåпëåíèÿ êëåòî÷íых 
îбîëî÷åê ðàñòèòåëüíîгî ñыðüÿ, êóëüòóðы íàðÿäó ñ êñèëàíàзíîé îбëàäàëè âыñîêîé 
öåëëюëàзíîé àêòèâíîñòüю. Спîñîбíых àêòèâíî гèäðîëèзîâàòü êàê êñèëàí, òàê è 
öåëëюëîзó âыÿâëåíî 140 шòàììîâ, ñîñòàâèâшèх 39,7% îò îбщåгî êîëè÷åñòâà 
èññëåäîâàííых шòàììîâ (òàбë. 2). Âñå äàëüíåéшèå èññëåäîâàíèÿ пðîâîäèëè ñ 
эòèìè шòàììàìè. Кîìпëåêñы êñèëàíàз è öåëëюëàз äîìèíèðîâàëè â îñíîâíîì 
ñðåäè шòàììîâ âèäà B. subtilis (111 èз 228, òî åñòü 48,7% îò îбщåгî êîëè÷åñòâà 
èññëåäîâàííых шòàììîâ). шèðîêî ðàñпðîñòðàíåíà ñпîñîбíîñòü гèäðîëèзîâàòü êñè-
ëàí è öåëëюëîзó ñðåäè шòàììîâ âèäà B. megaterium (76,9%). Аêòèâíыå шòàììы 
îбíàðóжåíы è ñðåäè âèäîâ B. licheniformis, B. cereus, B. pumilus, Bacillus spp., 
B. polymyxa, B. laterosporus, B. oligonitrophilus, B. firmus и B. macerans.
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ЗДАТНIСТь БАКТеР²й РÎДУ BACILLUs ГIДРÎЛIЗУÂАТи КСиЛАН

Тàбëèöà 1
Ксиланазная активность бактерий рода Bacillus  

(äèàìåòð зîí гèäðîëèзà êñèëàíà)
Table 1

xylanase activity of genus Bacillus bacteria  
(the diameter of xylanase hydrolysis zones)

Вид
Количество
штаммов

Количество штаммов по диаметру зон гидролиза ксилана, мм

0 0,1–10 10–20 20–25 более 25

B. subtilis 228 67 33 68 36 24

B. licheniformis 25 21 0 3 1 0

B. cereus 24 20 2 1 1 0

B. megaterium 13 2 3 3 3 2

B. pumilus 14 8 0 2 1 3

B. coagulans 3 2 0 1 0 0

B. circulans 4 4 0 0 0 0

B. alvei 3 1 0 0 1 1

B. polymyxa 2 1 0 0 0 1

B. brevis 3 2 0 1 0 0

B. thuringiensis 2 2 0 0 0 0

B. firmus 2 1 0 0 0 1

B. laterosporus 2 0 0 1 0 1

B. sphaericus 2 2 0 0 0 0

B. badius 1 1 0 0 0 0

B. bombycis 1 1 0 0 0 0

 B. lentus 1 1 0 0 0 0

B. pasteurii 1 0 0 0 0 1

B. macerans 2 1  0 1 0 0

B. pulvifaciens 1 1 0 0 0 0

B. species 15 8 1 5 0 1

B. oligonitrophilus 3 0 0 1 1 1

B. silvestris 1 0 1 0 0 0

Всего 353 - - - - -
â ò.÷. 
àêòèâíых

207 - 40 87 44 36

íåàêòèâíых 146 146 - - - -

из ñîîбщåíèé ðàзëè÷íых àâòîðîâ èзâåñòíî, ÷òî фåðìåíòы ìèêðîбíîгî пðîè-
ñхîжäåíèÿ, ìîгóò быòü гåòåðîгåííыìè пî ñîñòàâó è ñîñòîÿòü èз ðàзëè÷íых òèпîâ 
êàê öåëëюëàз, òàê è гåìèöåëëюëàз, ðàзëè÷àющèхñÿ пî ñпîñîбó äåéñòâèÿ, пî ñîäå-
ðжàíèю óгëåâîäîâ, àìèíîêèñëîò è ò.п. [2, 4, 6]. Â íàшèх èññëåäîâàíèÿх гåòåðîгåí-
íîñòü фåðìåíòíых êîìпëåêñîâ пîäòâåðжäàåòñÿ зîíàìè, ðàзëè÷àющèìè íå òîëüêî 
пî äèàìåòðó, íî è пî îêðàñêå (жåëòыå, òåìíыå è ñìåшàííыå). 
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Тàбëèöà 2
Способность к гидролизу Na-КМЦ и ксилана у штаммов рода Bacillus

Table 2
the ability of the strains of genus Bacillus to hydrolyze Na-CMC and xylane

Вид
число 

штаммов

na-ÊÌÖ1 Ксилан Na-КМЦ и ксилан

к-во % к-во % к-во %

B. subtilis 228 160 70,2 161 70,6 111 48,7

B. licheniformis 25 8 32,8 4 16,0 3 12,0

B. cereus 24 6 25,0 4 16,7 2 8,3

B. megaterium 13 10 76,9 11 84,6 10 76,9

B. pumilus 14 10 71,4 6 42,8 3 21,4

B. coagulans 3 1 33,3 1 33,3 - -

B. circulans 4 - - - - - -

B. alvei 3 1 33,3 2 66,7 - -

B. polymyxa 2 2 100 1 50,0 2 100

B. brevis 3 - - 1 33,3 - -

B. thuringiensis 2 1 50,0 - - - -

B. firmus 2 2 100 1 50.0 1 50,0

B. laterosporus 2 2 100 2 100 2 100

B. sphaericus 2 - - - - - -

B. badius 1 - - - - - -

B. bombycis 1 - - - - - -

B. lentus 1 - - - - - -

B. pasteurii 1 - - 1 100 - -

B. macerans 2 2 1100 1 50,0 1 50,0

B. pulvifaciens 1 1 100 - - - -

B. species 15 - - 7 46,7 3 20,0

B. oligonitrophilus 3 3 100 3 100 2 66,7

B. silvestris 1 - - 1 100 - -

Всего 353 209 59,2 207 58,6 140 39,7

Пðèìå÷àíèå: 1 – íàòðèåâàÿ ñîëü êàðбîêñèìåòèëöåëëюëîзы

Сëåäóющèì эòàпîì äëÿ îòбîðà бàêòåðèé быëî пðîâåäåíèå èññëåäîâàíèé пî 
ñпîñîбíîñòè îòîбðàííых â хîäå пåðâè÷íîгî ñêðèíèíгà шòàììîâ B. subtilis èñпîëü-
зîâàòü 1%-íóю ñóñпåíзèю êñèëàíà â êà÷åñòâå åäèíñòâåííîгî èñòî÷íèêà óгëåðîäà 
пðè èх гëóбèííîì âыðàщèâàíèè íà жèäêîé пèòàòåëüíîé ñðåäå. Нà пðèìåðå íàè-
бîëåå àêòèâíых пðè ðàñщåпëåíèè êñèëàíà шòàììîâ пîêàзàíî, ÷òî íàêîпëåíèå îб-
ðàзóющåéñÿ êñèëîзы â êóëüòóðàëüíîé жèäêîñòè ó íèх ñâÿзàíî ñ ðîñòîì бàêòåðèé 
â пðèñóòñòâèè êñèëàíà íà ñðåäå, âêëю÷àющåé êóêóðóзíыé эêñòðàêò (ðèñ.). Нà эòîé 
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ñðåäå íàбëюäàëèñü íàèбîëåå ñóщåñòâåííыå ðàзëè÷èÿ ìåжäó шòàììàìè B. subtilis 
êàê â íàêîпëåíèè бèîìàññы êëåòîê, òàê è â îбðàзîâàíèè èìè ñàхàðîâ. Î пîëîжè-
òåëüíîì âëèÿíèè êóêóðóзíîгî эêñòðàêòà íà îбðàзîâàíèå êñèëàíàз äðóгèìè ìèêðî-
îðгàíèзìàìè ñîîбщàåòñÿ è íåêîòîðыìè èññëåäîâàòåëÿìè [1]. Нà ñðåäàх бåз êóêó-
ðóзíîгî эêñòðàêòà èëè ëàêòîзы ðîñò бàêòåðèé быë бîëåå ñëàбыì è ñîпðîâîжäàëñÿ 
зíà÷èòåëüíî ìåíüшèì íàêîпëåíèåì â ñðåäå ðåäóöèðóющèх ñàхàðîâ. Пîëó÷åííыå 
ðåзóëüòàòы äàюò âîзìîжíîñòü ñóäèòü î хàðàêòåðå êñèëàíàз, ñèíòåзèðóåìых èññëå-
äóåìыìè бàêòåðèÿìè â пèòàòåëüíîé ñðåäå, ñîäåðжàщåé â êà÷åñòâå åäèíñòâåííîгî 
èñòî÷íèêà óгëåðîäà êñèëàí è êóêóðóзíыé эêñòðàêò â êà÷åñòâå èíäóêòîðà ñèíòåзà 
эòèх фåðìåíòîâ. 

Îбîбщàÿ пîëó÷åííыå ðåзóëüòàòы ñêðèíèíгà èз 353 шòàììîâ бàêòåðèé ðîäà 
Bacillus, îòíîñÿщèхñÿ ê 23 âèäàì, êàê íàèбîëåå àêòèâíыå пðîäóöåíòы êñèëàíàзíîгî 
êîìпëåêñà фåðìåíòîâ îòîбðàíы 5 шòàììîâ B. subtilis (шòàììы ÌС-132, 1155, 80 
ЛГ), B. licheniformis (шòàìì А6/3) и B. megaterium (шòàìì 906). Дàííыå шòàììы 

Рис. Показатели роста (А) и ксиланазной (Б) активности на примере штаммов 
Bacillus subtilis 

шòàììы Bacillus subtilis: 1 – 518, 2 – 55ЛГ, 3 – 96ЛГ, 4 – ÌС-19, 5 – 43ЛГ,  
6 – 54ЛГ. Сðåäы: К – êñèëàí (êîíòðîëü); КЛ – êñèëàí + ëàêòîзà;  

КК – êñèëàí+êóêóðóзíыé åêñòðàêò.

Fig. Indices of growth (A) and xylanase (B) activity by example strains  
Bacillus subtilis 

Bacillus subtilis strains: 1 – 518, 2 – 55ЛГ, 3 – 96ЛГ, 4 – ÌС-19, 5 – 43ЛГ,  
6 – 54ЛГ.  Media: X – xylan; XL – xylan+lactose; XC – xylan+corn extract.
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бàöèëë хàðàêòåðèзîâàëèñü òàêжå зíà÷èòåëüíîé öåëëюëîзîëèòè÷åñêîé àêòèâíîñòüю 
(òàбë. 3). Пîэòîìó îíè ìîгóò ðàññìàòðèâàòüñÿ êàê íàèбîëåå пåðñпåêòèâíыå пðî-
äóöåíòы òàêèх пðîìышëåííî âàжíых фåðìåíòîâ êàê öåëëюëàзы è êñèëàíàзы äëÿ 
èñпîëüзîâàíèÿ â бèîòåхíîëîгè÷åñêèх пðîöåññàх. 

Тàбëèöà 3
Ферментативная активность (ед/мл) бактерий рода Вacillus

Table 3
Fermentative activity (u/ml) of genus Bacillus bacteria 

Штамм Ксиланаза Эндоглюканаза b-глюкозидаза

B. subtilis ÌÑ-132 35,7 ± 5,6 158,4 ± 7,5 93,5 ±2,1

B. subtilis 80 ЛГ 30,6 ± 3,7 292,5 ±5,9 84,5 ±1,8

B. subtilis1155 30,6 ± 3,1 152,5 ± 5,5 85,5 ±2,0

B. megaterium 
ÈÍÌÈÂ 90

30,6 ± 2,5 252,5 ± 3,8 87,5 ± 2,5

B. licheniformis À6/3 34,7 ± 1,9 180,2 ± 2,7 87,5 ±1,1

Нàëè÷èå êîìпëåêñà фåðìåíòîâ, пðèíèìàющèх ó÷àñòèå â гèäðîëèзå ñëîжíî 
ðàзðóшàåìых ðàñòèòåëüíых ñóбñòðàòîâ, î÷åíü âàжíî, пîñêîëüêó êñèëàíàзы äåëàюò 
эòè ñóбñòðàòы åщå бîëåå äîñòóпíыìè äëÿ äåéñòâèÿ öåëëюëîзîëèòè÷åñêèх è äðóгèх 
фåðìåíòîâ. Дåéñòâóÿ íà êëåòî÷íóю ñòåíêó â êîìпëåêñå, îíè ìîгóò пîâыñèòü пèòà-
òåëüíóю è бèîëîгè÷åñêóю öåííîñòü êîðìîâ â жèâîòíîâîäñòâå ñ пîìîщüю бàêòåðèé 
ðîäà Bacillus, ñäåëàòü эффåêòèâíåå òàêèå пðîöåññы êàê êîíñåðâèðîâàíèå è îñà-
хàðèâàíèå. Тàêèå пðåпàðàòы òàêжå ìîгóò быòü эффåêòèâíыìè â äðóгèх îòðàñëÿх, 
òàêèх êàê пèâîâàðåíèå, пðîèзâîäñòâî пëîäîâî-ÿгîäíых ñîêîâ è äðóгèх. 
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ЗäàÒÍiсÒь ÁàÊÒÅÐ²é ÐÎäу BaCillus ÃiäÐÎËiЗуâàÒè ÊсèËàÍ

Реферат

Дîñë³äжåíà зäàòí³ñòü г³äðîë³зóâàòè ñêëàäíîñòðóêòóðíèé êñèëàí ó 353 шòàì³â 
бàêòåð³é ðîäó Bасillus, щî â³äíîñÿòüñÿ äî 23 âèä³â. Пîêàзàíî, щî öÿ зäàòí³ñòü äî-
ñèòü пîшèðåíà ñåðåä 207 шòàì³â ì³êðîîðгàí³зì³â öüîгî ðîäó, щî ñòàíîâèòü 58,6% 
â³ä óñ³х äîñë³äжåíèх. Сåðåä íèх äîì³íóâàëè шòàìè âèä³â B. subtilis (111 шòàì³â 
³з 228) ³ B. megaterium (11 шòàì³â ³з 13). Зäàòí³ñòü г³äðîë³зóâàòè êñèëàí òàêîж 
зíàéäåíà ó шòàì³â âèä³â B. licheniformis, B. pumilus, B. cereus, B. species, B. oli-
gonitrophilus. шòàìè âèä³â B. circulans, B. thuringiensis, B. sphaericus, B. badius, 
B. bombycis, B. lentus ³ B. pulvifaciens íå г³äðîë³зóâàëè êñèëàí. Спîñòåð³гàëèñü íå 
ò³ëüêè âèäîâ³, àëå ³ шòàìîâ³ â³äì³ííîñò³.

К ë ю ÷ î â ³  ñ ë î â à: êñèëàíàзè, бàêòåð³ї ðîäó Bacillus.

a. i. osadchaya, l. a. safronova, l. v. avdeeva, v.M. ilyash

Zabolotny Institute of Microbiology and Virology, NASU, Zabolotnogo str., 154, 
Kiev, D 03680, Ukraine, tel.: +38(044) 526 24 09, e-mail: safronova_larisa@ukr.net

aBility of BaCtEria of gEnus BACILLUs to hydrolyZE 
xylanE

summary

The ability to hydrolyze xylane has been investigated in 353 strains of bacteria 
belonging to 23 species of genus Bасillus. xylanase activity was revealed in 207 
strains of the genus (58,6% from all investigated cultures). Strains of species B. sub-
tilis (111 strains) and B. megaterium (11 strains) dominated among them. Strains of 
species B. licheniformis, B. pumilus, B. cereus, B. species, B. oligonitrophilus also 
displayed activity against xylane. Cultures of species B. circulans, B. thuringiensis, 
B. sphaericus, B. badius, B. bombycis, B. lentus and B. pulvifaciens did not appear 
any activity.

K e y  w o r d s: xylanases, bacteria of genus Bacillus.
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virus infECtion CoursE in diffErEnt 
Plant sPECiEs undEr influEnCE  

of arBusCular MyCorrhiZa

The results of the research aimed to study the influence of plants root colonization 
by arbuscular mycorrhizal fungus Glomus intraradices on virus infection development 
are presented in the paper. Tobacco mosaic virus (TMV) – Nicotiana tabacum 
model was used for the experiment. TMV – Lycopersicon esculentum and Cucumber 
green mottle mosaic virus (CGMMV) – Cucumis sativus were used as important 
agricultural plants. Microscopy, molecular and serological methods were used in 
the experiment. It was shown that arbuscular mycorrhiza inhibits the plant virus 
infection development in Nicotiana tabacum and Cucumis sativus plants but not in 
Lycopersicon esculentum.

K e y w o r d s: TMV (Tobacco mosaic virus), CGMMV (Cucumber green mottle 
mosaic virus), Glomus intraradices, arbuscular mycorrhiza.

Symbiotic interactions between the plants and microorganisms in rhizosphere 
is one of the major factors of plant health and soil fertility. Arbuscular mycorrhiza 
(AM) is a very common type of symbiotic interactions for the majority of the plants. 
Arbuscular mycorrhizal fungi (AMF) are widely spread and characterized by vast 
host range. The plants colonized by AMF demonstrate higher growth rate than plants 
without AM [13, 14]. Moreover AM increases resistance of the plants to stress fac-
tors and soilborne pathogens [6]. Activation of plant resistance to pathogens can 
be explained by anatomical or pathogenic changes in root system or alterations in 
rhizosphere microbial associations caused by arbuscular fungi [11]. The facts about 
the role of AM in inhibition of virus infection can be used to improve efficiency of 
antiviral preventive measures [7, 8]

The aim of this research was to study the influence of root colonization of plants 
by arbuscular mycorrhizal fungi on development of virus infection, caused by TMV 
in model plant Nicotiana tabacum and in important agricultural plants such as 
Lycopersicon esculentum, and by CGMMV in Cucumis sativus plants. Glomus intra-
radices was used in this experiment as one of the most widespread AMF that forms 
symbiosis with a large number of plant species. Furthermore Glomus mycelium can be 
cultivated at industrial scale and can be used in soil mixtures for the greenhouses. 

© I.M. Stolyarchuk, T.P. Shevchenko, V.P. Polischuk, A.V. Kripka, 2009
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Materials and methods
The plants used in the experiment are characterized as having systemic reaction 

in response to phytoviral infection. Nicotiana tabacum –TMV was used as a classic 
model, and Lycopersicon esculentum and Cucumis sativus were choosen as the plants 
important for agriculture, particularly for the greenhouses. These systems differed in 
the inoculation method. For the Nicotiana tabacum cv. trapesond, TMV viral prepa-
ration was poured in soil at concentration of 24.41 mg/ml, the final concentration 
of virus in soil constituted 500 ng/ml. The plants in Cucumis sativus – CGMMV 
system were infected by soaking seeds in viral preparation (concentration of virus 
was 200 mg/ml) overnight. The plants in Lycopersicon esculentum – TMV system 
were infected mechanically in two upper level leaves. Concentration of viral prepara-
tion was 250 mg/ml [5]. 

All plants were divided in four groups: the intact plants, the virus-infected plants 
without AM, non-infected plants with AM, and the plants with both virus and Glomus 
intraradices.

An incubation mixture was used to accumulate the infectious inoculum of AMF 
in Tagetes patula plants. The quantitative analysis of root colonization rate was 
performed in 80 days [3]. The obtained inoculum was used in the mixture with zeolite. 
The final proportion of soil and zeolite was 5:1.

Light microscopy of roots was carried out to control the process of AMF colo-
nization. For the quantative characterization of root mycorrhization the following 
parameters were used: F – colonization frequency (the percent of roots with fungal 
structures), M – colonization intensity (percent of colonized cortex in each root), 
А – percent of arbuscules in colonized roots, à – percent of arbuscules in the whole 
root system. The minimal value of these parameters in the case of successful colo-
nization is 50% [3].

DNA from plant material was extracted using the phenol-chlorophorm method. 
[15]. PCR analysis was carried out to determine AMF in roots [16]. For PCR, primers 
complementary to internal transcribing spacers of rRNA genes of Glomus intraradices 
were used. The nucleotide sequence of primers: ITS1- TCCGTAGGTGAACCTGCGG; 
ITS4- TCCTCCGCTTATTGATATGC [16]. The results of PCR were visualized using 
electrophoresis in 1% agarose gel. Gene Ruler 100 bp DNA ladder (100-3000 bp, MBI 
Fermentas) was used as markers set.

Indirect ELISA with polyclonal rabbit antibodies was used to detect the viral an-
tigens in plant samples. For ELISA the samples from each plant were collected. The 
leaves with strongly pronounced macroscopic symptoms, such as mosaic, deformation 
of leaf blade and necrosis were taken. The samples from the plants not showing the 
symptoms of virus infection including dried-up leaves were also collected [5].

results and discussion
The efficiency of colonization was determined by counting the fungal structures in 

roots of the colonized plants. The number of arbuscules as primary structures playing 
the role in nutrients exchange shows the rate of transport between the fungus the 
and the plant. Light microscopy analysis of the colonized roots showed the presence 
of both arbuscles and vesicles in the root cortex of the plants that confirms success-
ful colonization. The results of the quantitative analysis of plant roots colonization 
rate are shown in Table.
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Table
Quantitative analysis of aM colonization

Experimental plant virus presence F% M% A% а%

Nicotiana tabacum
+ 73.33 53.30 65.94 35.20

- 76.67 37.67 96.90 36.50

Lycopersicon esculentum
+ 76.67 23.53 97.18 22.87

- 94.00 32.50 93.74 30.34

Cucumis sativus
+ 93.56 35.84 94.23 29.05

- 95.46 48.09 96.37 33.75

The rates of root colonization, shown in the table, were considerably higher than 
the minimal rate of 50% confirming successful formation of symbiotic interactions 
between the plants and AMF. 

The PCR analysis of colonized roots was carried out as well to detect the presence 
of Glomus intraradices nucleic acid. The expected fragment approx of 450 bp has 
been detected (Fig. 1).

Fig. 1. PCR results for Nicotiana tabacum (1) and Lycopersicon esculentum (3) 
plants, 2-negative control, M - markers 

(Gene Ruler 100bp DNA ladder plus, 100 – 3000bp)

The following pattern was revealed for the Nicotiana tabacum cv. trapesond 
– TMV model after visual observations and ELISA. The infected plants without 
AM had clear symptoms in 80 days, such as mosaic and leaf blade deformation. No 
symptoms on further stages were observed for the plants colonized with AMF, so 
virus infection did not develop in such plants in contrast to the plants without AM. 
Intact plants and the plants colonized by AM but not infected served as the control 
groups. The content of viral antigens in infected plants without AM permanently 
increased, as revealed ELISA test. At the early stages of virus infection in infected 
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plants with AM the content of viral antigens was four times less as compared with 
infected plants without AM. The final content of viral antigens in such plants was 
2.5 times less (Fig. 2).

The symptoms of virus infection on Lycopersicon esculentum plants were ob-
served as green or yellow mosaic. Content of viral antigens in infected plants with 
and without AM was equal at the early stages of virus infection up to 14 days post 
inoculation, and then it increased in the plants colonized by AM. At the subsequent 
stages of virus infection the content of viral antigens in colonized plants subsequently 
decreased (Fig. 2). This fact can be explained by the way of virus penetration to the 
plant. It was shown previously that AM can lead to increase of disease severity of 
foliar pathogens [13].

For Cucumis sativus – CGMMV system, visual observations revealed that infected 
plants had clear symptoms, such as decrease in leaf blade size, growth inhibition, 
mosaic and leaf blade deformation. The plants colonized by AMF and infected by virus 
did not manifest pronounced symptoms. ELISA test revealed that infected plants with 
AM accumulated less amount of viral antigen comparing to infected plants without 
AM (Fig. 2).

These results can be compared with data about interaction of AMF and non-
viral pathogens, such as bacteria and root-infecting fungi. The arbuscular mycorrhiza 
formation leads to increase of phosphate uptake by the plants, and that nutritional 
status can be related to the enhanced resistance of the plants to soilborne pathogens 
such as Aphanomyces euteiches [9]. Also it was shown that not only nutritional status 
can affect the severity of the disease. AM can activate defense-relative genes, such 
as PR family genes prior to pathogen penetration [1]. The other way of controlling 
the pathogen proliferation is the competition between arbuscular mycorrhizal and 
pathogenic fungi to colonize root tissues [4, 10].

fig. 2. dynamics of viral antigen accumulation in Nicotiana tabacum cv. trapesond 
TMV (1), Cucumis sativus - CGMMV (2) and Lycopersicon esculentum - TMV (3) 

systems



74 Ìікробіоëоãія і біотеõноëоãія ¹ 7/2009    

I.М. Столярчук, Т.П. Шевченко, В.П. Полiщук, А.В. Крiпка

As it can be seen, the effect of AM colonization of the plants is different, but it 
is still difficult to estimate the reasons of such differences. The most obvious reason 
is the way the virus infects the plant as was already shown for non-viral soilborne 
pathogens [13]. Obtained data show that for viral pathogens that are introduced 
through soil the effect is still the same. But in the case when virus is introduced 
mechanically into the leaf blade the effect of myccorhization is opposite that may be 
caused by increased nutrition rates that promote more favorable conditions for virus 
replication. This fact is very important, because it makes the usage of AM in open 
field conditions difficult. But in the greenhouses where virus mechanical transmission 
can be controlled and soil mixture composition can be easily changed, AM can be 
used to control virus transmission via soil, moreover it increases nutritional rates 
of the plants and their resistance to non-viral pathogens being of major importance 
especially for the greenhouses.

It is estimated that AM inhibits plant virus infection development caused by TMV 
in Nicotiana tabacum plants and by CGMMV in Cucumis sativus plants if the virus 
is introduced through root system. It is also shown, that there is no such effect on 
TMV – Lycopersicon esculentum system, where the plants are infected mechanically 
into the leaf. These facts show that AM may play the role in activating plant responses 
to soilborne pathogens but promote higher susceptibility to foliar deseases, although 
the mechanisms of such effects are still unclear and need further research.
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Реферат

Â ñòàòò³ íàâåäåíî ðåзóëüòàòè äîñë³äжåíü, пðèñâÿ÷åíèх âèâ÷åííю âпëèâó êîëî-
í³зàö³ї êîðåí³â ðîñëèí àðбóñêóëÿðíèì ì³êîðèзíèì гðèбîì Glomus intraradices íà 
пðîò³êàííÿ ф³òîâ³ðóñíîї ³íфåêö³ї. У åêñпåðèìåíò³ âèêîðèñòîâóâàëè òàê³ ìîäåëüí³ 
ñèñòåìè ÿê ÂТÌ–Nicotiana tabacum, ÂÒÌ–Lycopersicon esculentum òà ÂЗКÌÎ–
Cucumis sativus. Ì³êðîñêîп³÷íèìè, ìîëåêóëÿðíî-б³îëîг³÷íèìè òà ñåðîëîг³÷íèìè 
ìåòîäàìè äîñë³äжåííÿ пîêàзàíî, щî àðбóñêóëÿðíà ì³êîðèзà ³íг³бóє ðîзâèòîê 
ф³òîâ³ðóñíîї ³íфåêö³ї â ðîñëèíàх Nicotiana tabacum òà Cucumis sativus, àëå íå â 
Lycopersicon esculentum.

К ë ю ÷ î â ³  ñ ë î â à: ÂТÌ (â³ðóñ òюòюíîâîї ìîзàїêè), ÂЗКÌÎ (â³ðóñ зåëåíîї 
êðàп÷àñòîї ìîзàїêè îг³ðêà), Glomus intraradices, àðбóñêóëÿðíà ì³êîðèзà.
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ПРОТЕКАНИЕ ВИРУСНОЙ ИНФЕКЦИИ У РАЗНыХ ВИДОВ РАСТЕНИЙ 
пÎä âËèßÍèÅÌ àÐÁусÊуËßÐÍÎé ÌèÊÎÐèЗЫ

Реферат

Â ñòàòüå пðèâåäåíы ðåзóëüòàòы èññëåäîâàíèé, пîñâÿщåííых èзó÷åíèю âëèÿ-
íèÿ êîëîíèзàöèè êîðíåâîé ñèñòåìы ðàñòåíèé àðбóñêóëÿðíыì ìèêîðèзíыì гðèбîì 
Glomus intraradices íà пðîòåêàíèå фèòîâèðóñíîé èíфåêöèè. Â эêñпåðèìåíòå 
èñпîëüзîâàëè òàêèå ìîäåëüíыå ñèñòåìы êàê ÂТÌ–Nicotiana tabacum, ÂÒÌ–
Lycopersicon esculentum à òàêжå ÂЗКÌÎ–Cucumis sativus. Ìèêðîñêîпè÷åñêèìè, 
ìîëåêóëÿðíî-бèîëîгè÷åñêèìè è ñåðîëîгè÷åñêèìè ìåòîäàìè èññëåäîâàíèé пîêàзàíî, 
÷òî àðбóñêóëÿðíàÿ ìèêîðèзà èíгèбèðóåò ðàзâèòèå фèòîâèðóñíîé èíфåêöèè â ðàñ-
òåíèÿх Nicotiana tabacum и Cucumis sativus, íî íå â Lycopersicon esculentum.

К ë ю ÷ å â ы å  ñ ë î â à: ÂТÌ (âèðóñ òàбà÷íîé ìîзàèêè), ÂЗКÌÎ (âèðóñ зå-
ëåíîé êðàп÷àòîé ìîзàèêè îгóðöà), Glomus intraradices, àðбóñêóëÿðíàÿ ìèêîðèзà.
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ПСИХРОФілЬНі ШТАМИ 
СУлЬФАТВіДНОВлЮВАлЬНИХ БАКТЕРіЙ

З анаеробної зони водойми, що знаõодиться в зоні Яворівськоãо сірковоãо родови-
ща, видіëені псиõрофіëьні суëьфатвідновëюваëьні бактерії, які ідентифіковані 
як Desulfobacter sp. Видіëені бактерії у середовищі з суëьфатами і орãанічними 
споëуками інтенсивно відновëюють суëьфати до сірководню. Із досëіджениõ 
орãанічниõ споëук як джереëо вуãëецю бактерії використовують ацетат, 
ëактат, ãëюкозу, рафінозу, ãаëактозу, арабінозу, сорбіт, дуëьцит. Видіëені 
псиõрофіëьні суëьфатвідновëюваëьні бактерії можуть розãëядатися як 
перспективні дëя очищення середовищ з високим вмістом суëьфатів.

К ë ю ч о в і с ë о в а: псиõрофіëьні суëьфатвідновëюваëьні бактерії, ãідроãен 
суëьфід, суëьфат.

Сóëüфàòâ³äíîâëюâàëüí³ бàêòåð³ї зä³éñíююòü äèñèì³ëÿö³éíå â³äíîâëåííÿ ñóëüфà-
ò³â ³ зâ’ÿзóюòü пîòîêè âóгëåöю ³ ñ³ðêè â àíàåðîбíèх б³îòîпàх, щî ì³ñòÿòü ñóëüфàò. 
Âîíè âèêîðèñòîâóюòü ñóëüфàò ÿê ê³íöåâèé àêöåпòîð åëåêòðîí³â ³ îòðèìóюòü åíå-
ðг³ю äëÿ ðîñòó âíàñë³äîê îêèñíåííÿ îðгàí³÷íèх ðå÷îâèí àбî ìîëåêóëÿðíîгî âîäíю 
[13]. Îêð³ì ñóëüфàò³â ñóëüфàòâ³äíîâëюâàëüí³ бàêòåð³ї ìîжóòü âèêîðèñòîâóâàòè 
ìåòàëè ³з зì³ííîю âàëåíòí³ñòю (Cr(VI), U(VI), Tc(VI), Pd(II) òà ³í.) ÿê àêöåпòîðè 
åëåêòðîí³â, пåðåòâîðюю÷è їх äî â³äíîâëåíèх ìåíш òîêñè÷íèх фîðì [11, 14, 15]. З 
äðóгîгî бîêó ñóëüфàòâ³äíîâëюâàëüí³ бàêòåð³ї, óòâîðюю÷è â пðîöåñ³ жèòòєä³ÿëüíîñò³ 
г³äðîгåí ñóëüф³ä, ñпðèÿюòü óòâîðåííю íåðîз÷èííèх ñóëüф³ä³â [12].

Â óìîâàх пîì³ðíîгî êë³ìàòó пåðñпåêòèâíèì є âèêîðèñòàííÿ пñèхðîф³ëüíèх ³ 
пñèхðîòîëåðàíòíèх шòàì³â ñóëüфàòâ³äíîâëюâàëüíèх бàêòåð³é äëÿ î÷èщåííÿ ñå-
ðåäîâèщà â³ä âèñîêèх êîíöåíòðàö³é ñóëüфàò³â òà ìåòàë³â. цå äàñòü ìîжëèâ³ñòü â 
зíà÷í³é ì³ð³ í³âåëюâàòè зàëåжí³ñòü пðîöåñ³â ðåìåä³àö³ї ñåðåäîâèщà â³ä òåìпåðàòóðè 
â пåð³îä îñ³íü-âåñíà. Кð³ì òîгî, ââàжàєòüñÿ, щî фåðìåíòè пñèхðîф³ëüíèх ì³êðî-
îðгàí³зì³â ìàюòü б³ëüш âèñîêó êàòàë³òè÷íó àêòèâí³ñòü пîð³âíÿíî з фåðìåíòàìè 
ìåзîф³ëüíèх бàêòåð³é [9, 10].

Ìåòîю ðîбîòè бóëî âèä³ëèòè пñèхðîф³ëüí³ шòàìè ñóëüфàòâ³äíîâëюâàëüíèх 
бàêòåð³é òà äîñë³äèòè їхí³ âëàñòèâîñò³.

Матерiали i методи 
Îб’єêòîì äîñë³äжåííÿ бóëè êóëüòóðè ñóëüфàòâ³äíîâëюâàëüíèх бàêòåð³é, âèä³ëå-

í³ з âîäîéìè, щî зíàхîäèòüñÿ íà òåðèòîð³ї Яâîð³âñüêîгî ñ³ðêîâîгî ðîäîâèщà. Пðîбè 
âîäè ðîзâîäèëè ³ âèñ³âàëè íà ÷àшêè Пåòð³ з àгàðèзîâàíèì ñåðåäîâèщåì Пîñòгåéòà 
Â [13] ó ðîзðàхóíêó 100–150 êîëîí³é íà ÷àшêó. Кóëüòóðè âèðîщóâàëè пðîòÿгîì 14 
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ä³б пðè 12 °С â àíàåðîñòàòàх. Дëÿ пîгëèíàííÿ êèñíю âèêîðèñòîâóâàëè гåíåðàòîðè 
GENbox anaer (Фðàíö³ÿ). Дëÿ âèÿâëåííÿ êîëîí³é ñóëüфàòâ³äíîâëюâàëüíèх бàêòåð³é 
ó ñåðåäîâèщå äîäàâàëè зàë³зî ó фîðì³ FeSO4. цå ñпðèÿëî óòâîðåííю â êë³òèíàх 
бàêòåð³é FeS, щî зàбàðâëюâàâ êîëîí³ї ó ÷îðíèé êîë³ð. Б³îìàñó êë³òèí п³ñëÿ їх âè-
ðîщóâàííÿ ó ð³äêîìó ñåðåäîâèщ³ â àíàåðîбíèх óìîâàх âèзíà÷àëè âàгîâèì ìåòîäîì 
àбî òóðб³äèìåòðè÷íî, âèêîðèñòîâóю÷è КФК-3. Дëÿ фîòîåëåêòðîêîëîðèìåòðè÷íîгî 
âèзíà÷åííÿ б³îìàñè êë³òèí бóäóâàëè êàë³бðóâàëüíó êðèâó зàëåжíîñò³ åêñòèíö³ї â³ä 
ñóхîї ìàñè êë³òèí.

²äåíòèф³êàö³ю ñóëüфàòâ³äíîâëюâàëüíèх бàêòåð³é пðîâîäèëè зà ìîðфî-ф³з³îëî-
г³÷íèìè îзíàêàìè зг³äíî âèзíà÷íèêà Бåðäж³ [4].

Зäàòí³ñòü бàêòåð³é óòâîðюâàòè ñпîðè âèзíà÷àëè зàгàëüíîпðèéíÿòèì ìåòîäîì 
[2]. Сóñпåíз³ю êë³òèí п³ñëÿ її пðîгð³âàííÿ íà âîäÿí³é бàí³ пðè 80 °С пðîòÿгîì 10 
хâ âèñ³âàëè íà àгàðèзîâàíå ñåðåäîâèщå òà ³íêóбóâàëè â àíàåðîбíèх óìîâàх. Дëÿ 
âèÿâëåííÿ ñпîð â êë³òèíàх їх äîäàòêîâî фàðбóâàëè зà ìåòîäîì Пєшêîâà [7], ìîð-
фîëîг³ю êë³òèí âèâ÷àëè зà äîпîìîгîю ñâ³òëîâîгî ì³êðîñêîпà (х 1600).

Нàгðîìàäжåííÿ àöåòàò-³îíó â êóëüòóðàх бàêòåð³é â пðîöåñ³ їхíüîгî ðîñòó 
пðîâîäèëè, ÿê îпèñàíî [1].

С³ðêîâîäåíü ó êóëüòóðàëüí³é ð³äèí³ âèзíà÷àëè фîòîìåòðè÷íî з âèêîðèñòàííÿì 
фîòîåëåêòðîêîëîðèìåòðà КФК-3 (λ=665 íì, êюâåòà з îпòè÷íèì шëÿхîì 30 ìì). 
Рåàêö³éíà ñóì³ш ìàëà òàêèé ñêëàä: öèòðàò öèíêó (27,3 ìÌ) – 10 ìë; äèñòèëüî-
âàíà âîäà – 1,98 ìë; ðîз÷èí п-àì³íîäèìåòèëàí³ë³íó (5,5 ìÌ) – 4 ìë òà 20 ìêë 
äîñë³äжóâàíîгî ðîз÷èíó. чåðåз 5 хâ äîäàâàëè 1 ìë хëîðèäó фåðóìó (0,125 Ì) òà 
ñпîñòåð³гàëè óòâîðåííÿ ìåòèëåíîâîї ñèí³. Кîíöåíòðàö³ю ñ³ðêîâîäíю âñòàíîâëюâàëè 
зà êàë³бðóâàëüíîю êðèâîю.

Сóëüфàò ó ñåðåäîâèщ³ âèзíà÷àëè òóðб³äèìåòðè÷íî п³ñëÿ éîгî îñàäжåííÿ бàð³é 
хëîðèäîì. Дëÿ ñòàб³ë³зàö³ї ñóñпåíз³ї âèêîðèñòîâóâàëè гë³öåðèí [6]. 

Сòàòèñòè÷íó îбðîбêó ðåзóëüòàò³â пðîâîäèëè зà äîпîìîгîю Microsîft Excel 
2000 òà ÿê îпèñàíî [3].

Результати та їх обговорення
Щîб з’ÿñóâàòè, ÿê³ ñàìå пðåäñòàâíèêè пñèхðîф³ëüíèх ñóëüфàòâ³äíîâëюâàëüíèх 

бàêòåð³é зóñòð³÷àюòüñÿ â äàíîìó ñåðåäîâèщ³ з ìóëó â³äбèðàëè пðîбè, âèêîðèñòî-
âóю÷è ìåòîä Сòîëбóíîâà-Рÿбîâà [8]. Пðîбè âèñ³âàëè íà ñåëåêòèâíå ñåðåäîâèщå 
Пîñòгåéòà. П³ñëÿ 14 ä³б êóëüòèâóâàííÿ пðè 12 °С â³ä³бðàëè 32 êóëüòóðè, êîëîí³ї 
ÿêèх бóëè зàбàðâëåí³ ó ÷îðíèé êîë³ð, щî ñâ³ä÷èëî пðî ³íòåíñèâíó ñóëüфàòðåäóêö³ю. 
У пîäàëüшèх åêñпåðèìåíòàх âèêîðèñòîâóâàëè îäíó êóëüòóðó, щî äîбðå ðîñëà íà 
ñåëåêòèâíîìó ñåðåäîâèщ³ ³ êîëîí³ї ÿêîї ìàëè íàéб³ëüш ³íòåíñèâíå ÷îðíå зàбàðâ-
ëåííÿ.

Зг³äíî âèзíà÷íèêà бàêòåð³é Бåðäж³ ñóëüфàòâ³äíîâëюâàëüí³ бàêòåð³ї пîä³ëÿюòü 
íà ÷îòèðè п³äгðóпè [4]. Щîб з’ÿñóâàòè, äî ÿêîї гðóпè íàëåжàòü âèä³ëåí³ бàêòåð³ї, їх 
âèñ³âàëè ó ñåðåäîâèщå з ñóëüфàòàìè òà бåз íèх, à òàêîж ³з åëåìåíòíîю ñ³ðêîю з 
äîäàâàííÿì ëàêòàòó íàòð³ю ÿê äжåðåëà âóгëåöю. Îäåðжàí³ ðåзóëüòàòè пîêàзóюòü, 
щî äîñë³äжóâàí³ бàêòåð³ї äîбðå ðîñëè â êîíòðîëüíîìó ñåðåäîâèщ³, щî ì³ñòèëî 
ñóëüфàòè òà ëàêòàò íàòð³ю. Кð³ì òîгî, îäåðжàí³ äàí³ пîêàзóюòü, щî зà â³äñóòíîñò³ 
ñóëüфàòó, ñ³ðêà íå зàбåзпå÷óâàëà їхíüîгî ðîñòó ó ñåðåäîâèщ³ з ëàêòàòîì, щî ñâ³-
ä÷èòü пðî â³äñóòí³ñòü ñåðåä âèä³ëåíèх бàêòåð³é пðåäñòàâíèê³â ðîä³â Desulfurella 
òa Desulfuromonas. 
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Дëÿ з’ÿñóâàííÿ зäàòíîñò³ âèä³ëåíèх бàêòåð³é âèêîðèñòîâóâàòè ð³зí³ äжåðåëà 
âóгëåöю, їх âèñ³âàëè íà ñåðåäîâèщå, â ÿêîìó ëàêòàò íàòð³ю, ÿê îñíîâíå äжåðåëî 
âóгëåöю, зàì³íÿëè íà ³íш³ îðгàí³÷í³ ñпîëóêè, зîêðåìà âèêîðèñòîâóâàëè àöåòàò, 
ñîðб³ò, äóëüöèò, åòàíîë, пàëüì³òàò, ñóêöèíàò, гëюêîзó, ðàф³íîзó, ëàêòîзó òà ðÿä 
³íшèх îë³гîöóêðèä³â (òàбë.). 

Тàбëèöÿ
Нагромадження бiомаси та використання сульфату Desulfobacter sp. 1

Table 
Biomass accumulation and sulphate utilization by Desulfobacter sp. 1

Джерело вуглецю
Бiомаса, г/л

% використання 
сульфатiвso4

2- s0

Лàêòàò Na (êîíòðîëü) 4,51 ± 0,31 - 90,2

Аöåòàò Na 4,75 ± 0,28 - 96,5*

Гëюêîзà 3,96 ± 0,18 - 77,7*

Аðàб³íîзà 3,84 ± 0,24 - 75,8*

Лàêòîзà 3,69 ± 0,31 - 70,6*

Рàф³íîзà 4,02 ± 0,17 - 81,3*

Сîðб³ò 3,85 ± 0,23 - 80,5*

Дóëüöèò 3,65 ± 0,13 - 72,6*

еòàíîë - - -

Пàëüì³òàò Na - - -

Сóêöèíàò Na - - -

Пðп³îíàò Na - - -

Пðèì³òêà.  * – âñòàíîâëåíî ñòàòèñòè÷íó ð³зíèöю â³äíîñíî êîíòðîëüíèх äàíèх; 
   “-” – ð³ñò â³äñóòí³é.

Îòðèìàí³ ðåзóëüòàòè пîêàзóюòü, щî äîñë³äжóâàí³ бàêòåð³ї äîбðå ðîñëè ó 
êîíòðîëüíîìó ñåðåäîâèщ³, щî ì³ñòèëî ñóëüфàòè òà ëàêòàò íàòð³ю. Пðîòÿгîì 14 
ä³б êóëüòèâóâàííÿ ó öüîìó ñåðåäîâèщ³ бàêòåð³ї âèêîðèñòàëè äî 90% ñóëüфàòó. 
Бàêòåð³ї, щî ðîñëè ó ñåðåäîâèщ³ з àöåòàòîì àêòèâí³шå âèêîðèñòîâóâàëè ñóëüфàòè 
(96%). У ñåðåäîâèщ³ з гëюêîзîю ê³ëüê³ñòü âèêîðèñòàíîгî ñóëüфàòó ñêàäàëà 78%. 
Пðè âèðîщóâàíí³ бàêòåð³é ó ñåðåäîâèщàх, ó ÿêèх äжåðåëîì âóгëåöю бóëè ³íш³ 
îðгàí³÷í³ ñпîëóêè, ê³ëüê³ñòü âèêîðèñòàíîгî ñóëüфàòó ñÿгàëà ð³âíÿ 72–81%. Âèä³ëåí³ 
êóëüòóðè íå ðîñëè ó ñåðåäîâèщ³ з åòàíîëîì, пàëüì³òàòîì òà ñóêöèíàòîì (òàбë.). 
Уñ³ âèä³ëåí³ êóëüòóðè ìàëè пîä³бí³ äî íàâåäåíèх â òàбëèö³ âëàñòèâîñò³.

Жîäíà з êóëüòóð íå ðîñëà ó ñåðåäîâèщ³ з ñóëüфàòàìè ³ пðîп³îíàòîì, щî âè-
êëю÷àє їх ìîжëèâó íàëåжí³ñòü äî ðîäó Desulfobulbus. У ñåðåäîâèщ³ з ëàêòàòîì 
íàòð³ю ³ ñóëüфàòàìè óñ³ бàêòåð³ї, íå íàгðîìàäжóâàëè â ñåðåäîâèщ³ àöåòàò-³îí. 
Пåðåâ³ðêà зäàòíîñò³ äàíèх бàêòåð³é äî ñпîðîóòâîðåííÿ äàëà íåгàòèâí³ ðåзóëüòà-
òè, щî ñâ³ä÷èòü пðî â³äñóòí³ñòü ñåðåä äîñë³äжóâàíèх êóëüòóð пðåäñòàâíèê³â ðîäó 
Desulfotomaculum. 
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 Îòжå, äîñë³äжåííÿ ðîñòîâèх пîòðåб, зäàòíîñò³ óòâîðюâàòè ñпîðè, хàðàêòåð-
íà пàëè÷êîпîä³бíà фîðìà, ð³ñò íà ñåðåäîâèщ³ з ëàêòàòîì íàòð³ю, àöåòàòîì òà ³íшèìè 
äжåðåëàìè âóгëåöю ³ â³äñóòí³ñòü ðîñòó íà ñåðåäîâèщ³ з åòàíîëîì, пàëüì³òàòîì 
òà ñóêöèíàòîì äàє п³äñòàâè â³äíåñòè âèä³ëåí³ êóëüòóðè ñóëüфàòâ³äíîâëюâàëüíèх 
бàêòåð³é äî ðîäó Desulfobacter.

 Дëÿ âèзíà÷åííÿ îпòèìàëüíîї òåìпåðàòóðè ðîñòó шòàìè бàêòåð³é пåðåñ³âàëè 
ó пðîб³ðêè з ð³äêèì ñåëåêòèâíèì ñåðåäîâèщåì òà âèðîщóâàëè зà ð³зíèх òåìпåðà-
òóð. Îпòèìàëüíîю òåìпåðàòóðîю äëÿ ðîñòó âèä³ëåíèх бàêòåð³é âèÿâèëàñü 12 °С 
(ðèñ. 1). Ìàêñèìóì íàгðîìàäжåííÿ б³îìàñè пðè 12 °С ñпîñòåð³гàâñÿ íà 9 äîбó 
êóëüòèâóâàííÿ ³ ñêëàäàâ 3,6 г/ë. 

Нà öåé ÷àñ ³з ñåðåäîâèщà пðàêòè÷íî пîâí³ñòю âè÷åðпóâàëèñÿ ñóëüфàòè, à ó 
ñåðåäîâèщ³ íàгðîìàäжóâàëîñÿ äî 5 ìÌ г³äðîгåí ñóëüф³äó. Зà òåìпåðàòóðè 4 °С 
ñпîñòåð³гàâñÿ íåзíà÷íèé ð³ñò (ðèñ. 1) ³ б³îìàñà êë³òèí бóëà ó òðè ðàзè ìåíшà, í³ж 
пðè 12 °С.

Пîðÿä з öèì ó ñåðåäîâèщ³ âèÿâëÿëîñÿ б³ëüшå 50% âíåñåíèх ñóëüфàò³â. П³ä-
âèщåííÿ òåìпåðàòóðè êóëüòèâóâàííÿ äî 25 °С íå ñóпðîâîäжóâàëîñÿ зðîñòàííÿì 
б³îìàñè бàêòåð³é òà п³äâèщåííÿì ³íòåíñèâíîñò³ пðîöåñó ñóëüфàòðåäóêö³ї. Зà òåì-
пåðàòóðè 37 °С бàêòåð³ї íå ðîñëè. Тàêèì ÷èíîì, àêòèâíèé ð³ñò âèä³ëåíèх бàêòåð³é 
òà óòâîðåííÿ íèìè г³äðîгåí ñóëüф³äó пðè 12–25 °С ñâ³ä÷èòü пðî òå, щî âîíè є 
пñèхðîф³ëüíèìè ì³êðîîðгàí³зìàìè.

Рис. 1. Використання сульфату (-▲-) та нагромадження бiомаси (-●-) i сульфiду 
(-■-) Desulfobacter sp. 1 за рiзних температур:  

а – 4 °С, б – 12 °С, в – 25 °С i г – 37 °С

Fig. 1. Sulphate utilization (-▲-) and biomass (-●-) and sulphide (-■-) 
accumulation by Desulfobacter sp. 1 at different temperatures:  

а – 4 °С, б – 12 °С, в – 25 °С and г – 37 °С
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Кîíöåíòðàö³ÿ ñóëüфàò³â ó ñåðåäîâèщ³ âèÿâèëàñÿ âàжëèâèì ÷èííèêîì, щî âè-
зíà÷àє ð³âåíü íàгðîìàäжåííÿ б³îìàñè ³ пåðåхîäó êóëüòóðè бàêòåð³é ó ñòàö³îíàðíó 
фàзè ðîñòó. Щîб âñòàíîâèòè зàëåжí³ñòü ðîñòó âèä³ëåíèх бàêòåð³é â³ä êîíöåíòðàö³ї 
ñóëüфàòó, їх âèðîщóâàëè ó ñåðåäîâèщ³ з ð³зíèìè éîгî êîíöåíòðàö³ÿìè (ðèñ. 2). 
Зà êîíöåíòðàö³ї ñóëüфàòó 4,4 ìÌ ìàêñèìàëüíèé ð³ñò бàêòåð³é ñпîñòåð³гàâñÿ íà 
п’ÿòó äîбó êóëüòèâóâàííÿ (ðèñ. 2, а). У ñåðåäîâèщ³, щî ì³ñòèëî 8,8 ìÌ ñóëüфàòó 
ìàêñèìóì íàгðîìàäжåííÿ б³îìàñè ñпîñòåð³гàâñÿ íà ñüîìó äîбó êóëüòèâóâàííÿ. 

Рис. 2. Використання сульфату (-▲-) та нагромадження бiомаси (-●-) i сульфiду 
(-■-) Desulfobacter sp. 1 у середовищi за рiзної концентрацiї сульфатiв: а – 4,4 

мМ; б – 8,8 мМ; в – 17,6 мМ; г – 35,2 мМ

Fig. 2. Sulphate utilization (-▲-) and biomass (-●-) and sulphide (-■-) 
accumulation by Desulfobacter sp. 1 in the media with different sulphate 

concentrations: а – 4.4 mМ; б – 8.8 mМ; в – 17.6 mМ; г – 35.2 mМ

Аíàë³з äèíàì³êè âèêîðèñòàííÿ ñóëüфàò³â бàêòåð³ÿìè пîêàзàâ, щî íà öåé ÷àñ 
êóëüòóðà пðàêòè÷íî пîâí³ñòю (> 97%) âèêîðèñòîâóâàëà ñóëüфàò з ñåðåäîâèщà, 
щî ìîгëî бóòè пðè÷èíîю пðèпèíåííÿ ðîñòó бàêòåð³é п³ñëÿ ñüîìîї äîбè êóëüòèâó-
âàííÿ (ðèñ. 2, а, б). Пîäàëüшå зб³ëüшåííÿ êîíöåíòðàö³ї ñóëüфàòó (ðèñ. 2, в, ã) не 
ñпðèÿëî зðîñòàííю б³îìàñè. Пðè÷èíîю öüîгî ìîгëî бóòè àбî äåф³öèò îðгàí³÷íèх 
ðå÷îâèí (äîíîð³â åëåêòðîí³â) àбî òîêñè÷íà ä³ÿ г³äðîгåí ñóëüф³äó.

Рàí³шå àâòîðàìè бóëî пîêàзàíî, щî îñíîâíèì фàêòîðîì, ÿêèé ë³ì³òóє ð³ñò 
Desulfovibrio desulfuricans Ya-11 зà íÿâíîñò³ â ñåðåäîâèщ³ äîíîð³â ³ àêöåпòîð³â 
åëåêòðîí³â є г³äðîгåí ñóëüф³ä [5]. Î÷åâèäíî, пîä³бíà зàêîíîì³ðí³ñòü ñпîñòåð³гàєòüñÿ 
³ ó пðåäñòàâíèê³â ðîäó Desulfobacter.
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Тàêèì ÷èíîì, âèä³ëåí³ íàìè шòàìè пñèхðîф³ëüíèх ñóëüфàòâ³äíîâëюâàëüíèх бà-
êòåð³é зà ìîðфî-ф³з³îëîг³÷íèìè îзíàêàìè ñë³ä â³äíåñòè äî ðîäó Desulfobacter. їхí³é 
îпòèìàëüíèé ð³ñò зà òåìпåðàòóðè 12 °С äàє п³äñòàâè ââàжàòè âèä³ëåí³ êóëüòóðè 
пåðñпåêòèâíèìè äëÿ б³îòåхíîëîг³÷íîгî âèêîðèñòàííÿ пðè î÷èщåíí³ зàбðóäíåíèх 
ñóëüфàòàìè ñåðåäîâèщ â óìîâàх пîì³ðíîгî êë³ìàòó.
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ПСИХРОФИлЬНыЕ ШТАММы СУлЬФАТВОССТАНАВлИВАЮЩИХ 
ÁàÊÒÅÐèé

Реферат

из àíàэðîбíîé зîíы âîäîåìà, íàхîäÿщåгîñÿ íà òåððèòîðèè Яâîðîâñêîгî ñåðíîгî 
ìåñòîðîжäåíèÿ, âыäåëåíы пñèхðîфèëüíыå ñóëüфàòâîññòàíàâëèâàющèå бàêòåðèè 
(òåìпåðàòóðíыé îпòèìóì 12 °С), èäåíòèфèöèðîâàííыå êàê Desulfovibrio sp. Нà 
ñðåäàх ñ ñóëüфàòàìè è îðгàíè÷åñêèìè âåщåñòâàìè бàêòåðèè âîññòàíàâëèâàюò 
ñóëüфàòы äî ñåðîâîäîðîäà. Â êà÷åñòâå èñòî÷íèêà óгëåðîäà бàêòåðèè èñпîëüзóюò 
àöåòàò, ëàêòàò, гëюêîзó, ðàфèíîзó, гàëàêòîзó, àðàбèíîзó, ñîðбèò, äóëüöèò. Âыäå-
ëåííыå бàêòåðèè ìîгóò быòü èñпîëüзîâàíы â ñòðàíàх ñ óìåðåííыì êëèìàòîì äëÿ 
î÷èñòêè âîä, зàгðÿзíåííых ñóëüфàòàìè.

К ë ю ÷ å â ы å  ñ ë î â à: пñèхðîфèëüíыå ñóëüфàòâîññòàíàâëèâàющèå бàêòå-
ðèè, ñåðîâîäîðîä, ñóëüфàò.
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Ivan Franko National University of Lviv,
Hrushevsky str. 4, Lviv, 79005, Ukraine, tel.: +380 32 239 40 53

e-mail: t_peretyatko@franko.lviv.ua

PsyChroPhiliC strains of sulPhatE-rEduCing 
BaCtEria

summary

Psychrophilic sulphate-reducing bacteria that were isolated from anaerobic zone 
of Yavoriv storage lake are identified as Desulfobacter sp. These bacteria intensively 
reduce sulphate to hydrogen sulphide in the medium with sulphate and organic 
compounds. Among the investigated organic compounds bacteria use acetate, lactate, 
glucose, raffinose, galactose, arabinose, sorbitol and dulzit as carbone sources. Isolated 
psychrophilic sulphate-reducing bacteria can be considered as perspective for media 
with hight sulphate content purification.

K e y  w o r d s: psychrophilic sulphate-reducing bacteria, hydrogen sulphide, 
sulphate.
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ÕÐÎÍ²Êà ÍàуÊÎâÎÃÎ ЖèÒÒß

thE ChroniClE of a sCiEntifiC lifE 

3-Я МіЖНАРОДНА УКРАїНСЬКО-ПОлЬСЬКА 
ВЕЙГліВСЬКА КОНФЕРЕНЦіЯ  

„MiÊÐÎÁ²ÎËÎÃ²ß сËуЖèÒь ËЮäèÍ²”

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².².Ìå÷íèêîâà
14–17 âåðåñíÿ 2009 ðîêó

Â Îäåñüêîìó íàö³îíàëüíîìó óí³âåðñèòåò³ ³ìåí³ ².². Ìå÷íèêîâà з 14 пî 17 âåðåñíÿ 
2009 ðîêó пðîхîäèëà 3-ÿ Ì³жíàðîäíà óêðàїíñüêî-пîëüñüêà Âåéгë³âñüêà êîíфåðåí-
ö³ÿ „MIКРÎБ²ÎЛÎГ²Я СЛУЖиТь ЛЮДиН²”. Нà êîíфåðåíö³ї бóëè пðåäñòàâëåí³ 
äîпîâ³ä³ з òàêèх âàжëèâèх äëÿ Уêðàїíè пèòàíü, ÿê ì³êðîбí³ б³îòåхíîëîг³ї ó хàð-
÷îâ³é пðîìèñëîâîñò³, ìåäèöèí³, ñ³ëüñüêîìó гîñпîäàðñòâ³, îхîðîí³ íàâêîëèшíüîгî 
ñåðåäîâèщà, îзäîðîâëåíí³ äîâê³ëëÿ, óòèë³зàö³ї â³äхîä³â, ñòâîðåííÿ àíòèì³êðîбíèх 
пðåпàðàò³â òà ³í. 

Кîíфåðåíö³ÿ пðèñâÿ÷åíà пàì'ÿò³ ³ äîñÿгíåííÿì îäíîгî з â³äîìèх пîëüñüêèх 
â÷åíèх, пðîфåñîðà Рóäîëüфà Âåéгëÿ, пåðшîâ³äêðèâà÷à âàêöèíàö³ї пðîòè âèñèпíîгî 
òèфó, ÿêèé бóâ пåðåäâ³ñíèêîì óêðàїíñüêî-пîëüñüêèх íàóêîâèх зâ'ÿзê³â. Гîëîâíà ìåòà 
êîíфåðåíö³ї пîëÿгàëà ó пîäàëüшîìó ðîзâèòêó óêðàїíñüêî-пîëüñüêîгî ä³àëîгó ëюäåé 
íàóêè, îбì³í³ äîñâ³äîì ³ зì³öíåííю зâ'ÿзê³â ì³ж ì³êðîб³îëîгàìè îбîх êðàїí. 

Îðгàí³зàòîðàìè êîíфåðåíö³ї з бîêó Уêðàїíè бóëè Нàö³îíàëüíà àêàäåì³ÿ íàóê 
Уêðàїíè, Ì³í³ñòåðñòâî îñâ³òè ³ íàóêè Уêðàїíè; Îäåñüêå òîâàðèñòâî б³îëîг³â òà 
б³îòåхíîëîг³â; Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà; ²íñòèòóò 
ì³êðîб³îëîг³ї ³ â³ðóñîëîг³ї ³ìåí³ Д.К. Зàбîëîòíîгî НАНУ; Лüâ³âñüêèé íàö³îíàëü-
íèé óí³âåðñèòåò ³ìåí³ ². Фðàíêà; ²íñòèòóò б³îëîг³ї êë³òèíè НАНУ (Лüâ³â), з бîêó 
Пîëüщ³ – Кîì³òåò з ì³êðîб³îëîг³ї Аêàäåì³ї íàóê Пîëüщ³; Âàðшàâñüêèé ñ³ëüñüêî-
гîñпîäàðñüêèé óí³âåðñèòåò, Кîì³òåò з âåòåðèíàðíèх íàóê, Аêàäåì³ÿ íàóê Пîëüщ³; 
Пîëüñüêå òîâàðèñòâî ì³êðîб³îëîг³â; Пîëüñüêå òîâàðèñòâî åêñпåðèìåíòàëüíîї òà 
êë³í³÷íîї ³ìóíîëîг³ї. 

У êîíфåðåíö³ї âзÿëè ó÷àñòü пîíàä 150 пðîâ³äíèх â÷åíèх з Уêðàїíè, Пîëüщ³, 
Рîñ³ї, Бåëüг³ї, Б³ëîðóñ³ї, Гðóз³ї, Кèòàю, Н³ìå÷÷èíè, СшА, шâåö³ї. 

Нà óðî÷èñòîìó â³äêðèòò³ êîíфåðåíö³ї, ÿêà â³äбóëàñÿ ó Кîíфåðåíö-зàë³ Îäåñüêî-
гî íàö³îíàëüíîгî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà, бóëè пðèñóòí³ Пîñîë Рåñпóбë³êè 
Пîëüщ³ â Уêðàїí³ пàí Яöåê Кëю÷êîâñêèé; Гåíåðàëüíèé êîíñóë Рåñпóбë³êè Пîëüщ³ 
â Îäåñ³ пàí Âåñëàâ Ìàзóð, Пðåзèäåíò Уêðàїíñüêîгî òîâàðèñòâà ì³êðîб³îëîг³â, 
àêàäåì³ê ÷ëåí НАНУ, äèðåêòîð ²íñòèòóòó ì³êðîб³îëîг³ї ³ â³ðóñîëîг³ї ³ìåí³ Д.К. 
Зàбîëîòíîгî НАНУ, пðîфåñîð Âàëåíòèí П³äгîðñüêèé, Гîëîâà Кîì³òåòó з ì³êðî-
б³îëîг³ї Аêàäåì³ї íàóê Пîëüщ³ пðîфåñîð Ìàðåê Н³єì³àëòîâñüêèé, Â³öå-пðåзèäåíò 
Уêðàїíñüêîгî òîâàðèñòâà ì³êðîб³îëîг³â, Зàñëóжåíèé ä³ÿ÷ íàóêè ³ òåхí³êè Уêðàїíè, 
пðîðåêòîð Îäåñüêîгî íàö³îíàëüíîгî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà, пðîфåñîð 
Âîëîäèìèð ²âàíèöÿ, à òàêîж ñпåö³àëüí³ гîñò³ êîíфåðåíö³ї – пðîфåñîð Кàðë Ìàðà-
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хРÎН²КА НАУКÎÂÎГÎ ЖиТТЯ

ìîðîш (СшА) i пðîфåñîð Âàöëàâ шèбàëüñüêèé (Пîëüщà). Нà â³äêðèòò³ êîíфåðåíö³ї 
бóëè зà÷èòàí³ ëèñòè – пðèâ³òàííÿ â³ä Кàб³íåòó Ì³í³ñòð³â Уêðàїíè, Ì³í³ñòåðñòâà 
îñâ³òè ³ íàóêè Уêðàїíè, Нàö³îíàëüíîї Аêàäåì³ї Нàóê Уêðàїíè.

Îñíîâí³ íàóêîâ³ íàпðÿìêè êîíфåðåíö³ї:
1. Пîгëÿä ó ³ñòîð³ю
2. Сèñòåìàòèêà òà åêîëîг³ÿ ì³êðîîðгàí³зì³â
3. Б³îх³ì³ÿ òà гåíåòèêà ì³êðîîðгàí³зì³â
4. хàð÷îâà ì³êðîб³îëîг³ÿ ³ ì³êðîбí³ б³îòåхíîëîг³ї
5. Аíòèì³êðîбí³ пðåпàðàòè
6. Â³ðóñîëîг³ÿ ³ ³ìóíîëîг³ÿ 
3-ÿ Ì³жíàðîäíà óêðàїíñüêî-пîëüñüêà Âåéгë³âñüêà êîíфåðåíö³ÿ «Ì³êðîб³îëîг³ÿ 

ñëóжèòü ëюäèí³» пðîхîäèëà ó фîðì³ зàñ³äàíü, äå бóëè пðåäñòàâëåí³ óñí³ ³ ñòåíäîâ³ 
äîпîâ³ä³, à òàêîж зàñ³äàíü êðóгëîгî ñòîëó – зóñòð³÷³ ÷ëåí³â Кîì³òåòó з ì³êðîб³îëîг³ї 
Пîëüñüêîї Аêàäåì³ї Нàóê òà óêðàїíñüêèх пðåäñòàâíèê³â з пðèâîäó íàóêîâèх ñòî-
ñóíê³â ì³ж ì³êðîб³îëîгàìè Пîëüщ³ òà Уêðàїíè. Тàêîж íà зàñ³äàíí³ êðóгëîгî ñòîëó 
íàóêîâöÿìè îбîх êðàїí бóëî ðîзгëÿíóòî òà îбгîâîðåíî пèòàííÿ щîäî пðîâåäåííÿ 
4-îї Ì³жíàðîäíîї Âåéгë³âñüê³é êîíфåðåíö³ї ó ì. Âðîöëàâ (Пîëüщà) ó 2011 ðîö³.

Уñ³ òåзè êîíфåðåíö³ї íàäðóêîâàí³ ó ìàòåð³àëàх êîíфåðåíö³ї. Îêðåì³ äîпîâ³ä³, 
â³ä³бðàí³ îðгàí³зàö³éíèì êîì³òåòîì íàäðóêîâàí³ ó жóðíàë³ «Ì³êðîб³îëîг³ÿ ³ б³îòåхíî-
ëîг³ÿ» âèäàâíèöòâà Îäåñüêîгî íàö³îíàëüíîгî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà.

Îðгàí³зàòîðè òà ó÷àñíèêè êîíфåðåíö³ї щèðî ñпîä³âàюòüñÿ, щî 3-ÿ Ì³жíàðîäíà 
óêðàїíñüêî-пîëüñüêà Âåéгë³âñüêà êîíфåðåíö³ÿ ñòâîðèëà íîâ³ ìîжëèâîñò³ äëÿ âñòà-
íîâëåííÿ íàóêîâèх зâ’ÿзê³â ó ñфåð³ ì³êðîб³îëîг³ї òà б³îòåхíîëîг³ї Уêðàїíè ³ Пîëüщ³, 
òà бóäå ñпðèÿòè пë³äíèì ñп³ëüíèì äîñë³äжåííÿì íàóêîâö³â îбîх êðàїí. 

Г. Ямборко
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іНФОРМАЦIЙНЕ ПОВIДОМЛЕННЯ ДЛЯ АВТОРIВ

InstructIons to authors

Scientific journal «Microbiology and biotechnology» invites you to spotlight

aims. Journal «Microbiology and biotechnology» publishes primary research 
papers on microbiology and biotechnology of prokaryotic (bacteria, archaea) and 
eucaryotic (fungi, microscopic algae, protozoa) microorganisms, viruses.

topics: microbiology, virology, molecular biotechnology, development and 
selection of new microbial strains, microbial preparations, antimicrobial preparations, 
biosensors, diagnosticums, microbial technologies in agriculture, microbial technologies 
in food production, environment protection and enhancement, development of energy 
vectors and new raw materials, etc.

Languages: Ukrainian, Russian, English.

types of publications: «Observation and theoretical articles», «Experimental 
works», «Reviews», «Original Research �apers», «�iscussions», «�hort communica�s», «Reviews», «Original Research �apers», «�iscussions», «�hort communica�», «Reviews», «Original Research �apers», «�iscussions», «�hort communica�, «Reviews», «Original Research �apers», «�iscussions», «�hort communica�«Reviews», «Original Research �apers», «�iscussions», «�hort communica�
tions», «Conferences, congresses, trend schools», «�cientific life chronicles», «�ages 
of History», «Anniversaries», «Book rewievs», «Bookshelf».

The manuscript should be accompanied by a letter from an institution expert 
commission that should state that the paper is suitable for publication in M�M, and 
comprise a recommendation of the institution where the research was carried out, 
signed by the chief and a signed agreement of institution leader. 

article appearance:
The manuscript should satisfy journal topics and according to Resolution of 

Higher Attestation Commission of Ukraine (15.01.2003, № 7�05/1, p. 3) must contain 
the following elements: problem definition with the reference to main scientific and 
practical tasks; analysis of recent studies and publications that form a basis for 
problem decision; highlighting of main unsolved tasks; article task; narrative of main 
results with their full substantiation; conclusions and main challenges in given area 
of focus. 

The following articles are accepted: 
•	 original research papers – at most 10 pages (with pictures, tables, and 

captions, resume, bibliography)
•	 reviews – at most 15 pages
•	 book reviews – at most 3 pages
•	 short communications – at most 2 pages.
The manuscript should be given in 2 carbon copies with an electronic variant on 

C� (Word, font Times New Roman, 14, line spacing automatic, at most 30 lines per 
page, page margins – 2 cm on all sides). 

contents of manuscript
•	 U�C index on the first page top left;
•	 author(s) full name(s) in source language, name(s) of institution(s), institution 

postal address (in international format), contact phone number, e�mail address. 



86 Ìікробіоëоãія і біотеõноëоãія ¹ 7/2009    

²НФÎРÌАц²йНе ПÎÂ²ДÎÌЛеННЯ ДЛЯ АÂТÎР²Â

Authors names and institutions they represent should be clearly stated by using 
superscript numbers;

•	 article title uppercase;
•	 article abstract (should not exeed 200 words);
•	 key words pertaining to the subject matter (5 maximum).
The manuscript should be divided into the following sections: introduction, 

materials and methods, resuts and discussion, concluding remarks, and references.
Abstracts in source language, Ukrainian/Russian (depending on article language) 

and English (each one on single page) should be attached to every copy of an article. 
Author(s) name(s), institution(s) and article title should be followed by word 
«Abstract», abstract itself and key words (new paragraph).

Next to article text contact details should be set: names of all the authors, 
institution names, postal address, phone/fax number, e-mail.

The manuscript should be signed by the author (all the authors) and dated on 
the last page. 

Manuscripts must be grammatically and linguistically correct.
Biological taxonomic names must be given in Latin, italics. 
Repeated word-combinations can be abbreviated. An abbreviation is set in brackets 

when first introduced, e. g. polimerase chain reaction (PCR). 
Bibliography references should be numeral and are given in the text in square 

brackets according to their order in the bibliography list. 
Tables should be compact, and numbered with Arabic numerals; all columns 

and rows should be arranged in logical and grafical order. All material presented in 
the tables (figures) should be clear and should not duplicate an article text. Results 
should be processed statistically.

All pictures should be presented in TIFF or JRG format, axes named. Figures 
shoud be placed in article body with electronic copies on CD in separate file. 

Section «Results and Discussion» should clearly state revealed effects, cause-
effect relations, compare obtained data with literature data and give the answers on 
questions specified in the introduction. 

References should be numbered sequentially in alphabetical-chronological order 
(Cyrillic first, then Latin) at the end of the manuscript. If the first author in several 
references is the same, all these references are arranged in chronological order. 
Reference list should be numbered. The numbers should be set in square brackets 
in the text, i. e. [2, 15]. 

References should contain all the authors’ names. Original research papers should 
contain at most 15 references. Patent documents should be mentioned at the end 
of the list. 

Books
Bergeys Manual of Systematic Bacteriology. – 9th ed. – Baltimore; London, 

1986. – Vol. 2. – 1599 p.
Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. – London; 

New York: Fcfd. Press, 1980. – 364 p.

journals
Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci // Arch. 

Microbiol. – 1982. – 132, ¹ 2. – P. 185 – 188.
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²НФÎРÌАц²йНе ПÎÂ²ДÎÌЛеННЯ ДЛЯ АÂТÎР²Â

The date of article acceptance is that one when the final variant comes to the 
publisher after a prepublication review. 

After obtaining the proof sheet the author should correct mistakes (clearly cancel 
incorrect variant with blue or black ink and put the correct variant on border) and 
send the revised variant to the editor (by post, e-mail or phone). 

In case of delays, editors keeping to the schedule have a right to publish the 
revised variant without author’s proofreading. 

Author’s signature vouches that author grants a copyright to the publisher. 
Author vouches that the work has not been published elsewhere, either completely, 
or in part and has not been submitted to another journal. 

Not accepted manuscripts will not be returned.
The publisher accepts paid-for advertisement on biotechnology, medicine, 

laboratory equipment, research diagnosticums, tests, reagents for publication on the 
cover or journal pages.

Вiд редакцiї.  У ¹ 1 жóðíàëó зà 2009 ð³ê ó зì³ñò³ òà ðåфåðàò³ óêðàїíñüêîю 
ìîâîю (ñòîð. 47) ñë³ä ÷èòàòè:

«Ì.Я. Сп³âàê, Â.С. П³äгîðñüêèé, Л.Ì. Лàзàðåíêî, Л.Ì. шèíêàðåíêî,  
Л.Т. Рà÷êîâà, З.Ì. Îëåâ³íñüêà  «Âпëèâ ëàêòî- òà б³ф³äîбàêòåð³é íà пîêàзíèêè 
³ìóíîðåàêòèâíîñò³ îðгàí³зìó íà åêñпåðèìåíòàëüí³é ìîäåë³».

Пð³зâèщå пðîфåñîðà Н.К. Кîâàëåíêî íàäðóêîâàíî ó ñêëàä³ àâòîð³â пîìèëêîâî. 
Пðîñèìî âèбà÷åííÿ зà íåäîгëÿä.
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