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Ð²ÑÒ CHLOROBIUM LIMICOLA YA-2002 
ÇÀ Ð²ÇÍÈÕ ÓÌÎÂ ÊÓËÜÒÈÂÓÂÀÍÍß

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

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

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

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

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

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

Ìîðôîëîã³÷í³ çì³íè â êë³òèíàõ áàêòåð³é âèâ÷àëè çà äîïîìîãîþ åëåêòðîííîãî 
òðàíñì³ñ³éíîãî ì³êðîñêîïà ÓÅÌÂ–100Á. Äëÿ âèãîòîâëåííÿ ì³êðîôîòîãðàô³é äâ³÷³ 
â³äìèò³ äèñòèëüîâàíîþ âîäîþ êë³òèíè îñàäæóâàëè öåíòðèôóãóâàííÿì ïðè 10 òèñ. îá./õâ 
ïðîòÿãîì 15 õâ. Êë³òèíè ô³êñóâàëè â 1,5 % ðîç÷èí³ ÎsÎ4 ó êàêîäèëàòíîìó áóôåð³ 
(ðÍ 7,2) ïðîòÿãîì 90 õâ ïðè 0 ÎÑ. Ô³êñîâàí³ êë³òèíè ïðîìèâàëè, îáåçâîäíþâàëè â 
ðîç÷èíàõ ³ç çðîñòàþ÷èìè êîíöåíòðàö³ÿìè åòàíîëó ³ îêèñó ïðîï³ëåíó. Çðàçêè ïåðå-
íîñèëè â åïîêñèäíó ñìîëó Epon 812. Çð³çè êë³òèí îòðèìóâàëè íà óëüòðàì³êðîòîì³ 
ÓÌÒÏ – 6 ³ êîíòðàñòóâàëè öèòðàòîì ñâèíöþ çà Ðåéíîëüäñîì. Äîñë³äæåííÿ çðàçê³â 
ïðîâîäèëè íà åëåêòðîííîìó òðàíñì³ñ³éíîìó ì³êðîñêîï³ ÓÅÌÂ–100Á [2]. Ñòàòèñ-
òè÷íå îáðîáëåííÿ îòðèìàíèõ ðåçóëüòàò³â ïðîâîäèëè ç âèêîðèñòàííÿì ïðîãðàìè 
“Microsoft Excel 2003”. Âèá³ð òàêòèêè ñòàòèñòè÷íîãî îáðîáëåííÿ ³ ï³äãîòîâêó äàíèõ 
äëÿ àíàë³çó çä³éñíþâàëè, áàçóþ÷èñü íà çàãàëüíîïðèéíÿòèõ ìåòîäàõ [7] çà ð³âíÿ 
äîñòîâ³ðíîñò³ Ð < 0,05.

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

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

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

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

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

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

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

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

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

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

Ï³ñëÿ 10-òè ä³á êóëüòèâóâàííÿ íàéá³ëüøèé âèõ³ä á³îìàñè ñïîñòåð³ãàëè ïðè 
ðîñò³ áàêòåð³é íà ñåðåäîâèù³ ç NH4Cl. Çã³äíî ç ë³òåðàòóðíèìè äàíèìè [4, 9, 11], 
àñèì³ëÿö³ÿ ñîëåé àìîí³þ çåëåíèìè ñ³ðêîáàêòåð³ÿìè â³äáóâàºòüñÿ çà äîïîìîãîþ 
ãëóòàì³íñèíòåòàçè ³ ãëóòàìàòñèíòàçè. Î÷åâèäíî, ó C. limicola ö³ ôåðìåíòè òàêîæ 
ïðîÿâëÿþòü âèñîêó àêòèâí³ñòü.

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

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

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

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

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

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

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

Òàêèì ÷èíîì, âèä³ëåíèé íàìè øòàì çåëåíèõ ñ³ðêîáàêòåð³é C. limicola Ya-2002 
äîáðå ðîñòå íà ì³íåðàëüíîìó ñåðåäîâèù³ ³ íàãðîìàäæóº á³îìàñó äî 5 ìã/ìë ïðî-
òÿãîì 8-10 ä³á êóëüòèâóâàííÿ. Ð³ñò êóëüòóðè âèçíà÷àºòüñÿ íàÿâí³ñòþ ñ³ðêîâîäíþ 
òà âóãëåêèñëîòè â ñåðåäîâèù³ êóëüòèâóâàííÿ. Íàãðîìàäæåííÿ á³îìàñè êóëüòóðîþ 
ñòèìóëþº íèçüêà ³íòåíñèâí³ñòü îñâ³òëåííÿ (40 ëê), çá³ëüøåííÿ ³íòåíñèâíîñò³ ïðè-
çâîäèòü äî ïðèãí³÷åííÿ ðîñòó. Ñóòòºâèé âïëèâ íà ð³ñò áàêòåð³é ìàº êîíöåíòðàö³ÿ 
ñ³ðêîâîäíþ. Ìàêñèìàëüíèé ð³ñò áàêòåð³é çàáåçïå÷óº 4 ìÌ Na2S, çá³ëüøåííÿ âì³ñòó 
ñóëüô³äó íàòð³þ â ñåðåäîâèù³ ñóïðîâîäæóºòüñÿ ïðèãí³÷åííÿì ðîñòó êóëüòóðè. 
Çåëåí³ ñ³ðêîáàêòåð³¿ C. limicola Ya-2002 íå âèêîðèñòîâóþòü îðãàí³÷í³ ñïîëóêè, 
â ÿêîñò³ äæåðåë âóãëåöåâîãî æèâëåííÿ òà åëåêòðîí³â â ïðîöåñ³ ôîòîñèíòåçó. 
Âèä³ëåíèé øòàì âèêîðèñòîâóº ëèøå ï³ðóâàò ³ àöåòàò ÿê äîäàòêîâå äæåðåëî âóãëåöþ 
çà óìîâ íàÿâíîñò³ Í2S ³ ÑÎ2 â ñåðåäîâèù³ êóëüòèâóâàííÿ. 
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Ðåôåðàò

Èññëåäîâàíû óñëîâèÿ ðîñòà C. limicola Ya-2002. Ïîêàçàíî, ÷òî ìàêñèìàëü-
íûé ðîñò áàêòåðèè ïðîèñõîäèò ïðè èíòåíñèâíîñòè îñâåùåíèÿ â 40 ëê. Óâåëè-
÷åíèå èíòåíñèâíîñòè îñâåùåíèÿ ñîïðîâîæäàåòñÿ ñíèæåíèåì ðîñòà êóëüòóðû. 
Ñ ïîìîùüþ ýëåêòðîííîé ìèêðîñêîïèè ïîêàçàíî, ÷òî ðàçíàÿ èíòåíñèâíîñòü 
îñâåùåíèÿ êóëüòóðû âûçûâàåò èçìåíåíèÿ â ôîòîñèíòåòè÷å ñêîì àïïàðàòå 
êëåòîê C. limicola Ya-2002. Êîíöåíòðàöèÿ ñåðîâîäîðîäà, ÷òî îáåñïå÷èâàåò 
ìàêñèìàëüíûé ðîñò C. limicola Ya-2002, ñîñòàâëÿåò 4 ìÌ, óâåëè÷åíèå ñî-
äåðæàíèÿ ñåðîâîäîðîäà â ñðåäå ñîïðîâîæäàåòñÿ ñíèæåíèåì ðîñòà êóëüòóðû. 
Êëåòêè áàêòåðèé C. limicola Ya-2002 íå èñïîëüçóþò ãëþêîçó, ôðóêòîçó, 
ãàëàêòîçó êàê èñòî÷íèê óãëåðîäà è äîíîð ýëåêòðîíîâ. Ëèøü äîáàâëåíèå 
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àöåòàòà è ïèðóâàòà ñòèìóëèðóåò ðîñò êóëüòóðû ïðè íàëè÷èè ÑÎ2 è Í2S â 
ñðåäå. Ïîêàçàíî, ÷òî çåëåíûå ñåðîáàêòåðèè C. limicola Ya-2002 ñïîñîáíû 
èñïîëüçîâàòü àììîíèéíûé è ìîëåêóëÿðíûé àçîò. Íèòðàòíàÿ ôîðìà àçîòà íå 
èñïîëüçóåòñÿ áàêòåðèÿìè. Äîáàâëåíèå íèòðàòîâ â ñðåäó êóëüòèâèðîâàíèÿ 
ïîäàâëÿåò ïðîöåññ àçîòôèêñàöèè.

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

Summary

The conditions of Chlorobium limicola Ya-2002 growth have been studied. It 
has been shown that the maximum growth of the bacteria takes place under the 
light intensity of 40 lx. The increase in the light intensity is accompanied by 
the decrease in the growth of the culture. By means of electronic microscopy 
it has been revealed that various light intensity causes changes in the 
photosynthesising apparatus of the cells of Chlorobium limicola Ya-2002. The 
concentration of sulphar hydrogen which insures the maximum growth of 
Chlorobium limicola Ya-2002 amounts to 4 ìM. The increase in the sulphur 
hydrogen content in the environment is accompanied by the decrease in the 
growth of the culture. The cells of Chlorobium limicola Ya-2002 bacteria do not 
make use of glucose, fructose, galactose as a carbonic source and an electron 
donor. Exclusively the addition of acetate and piruvat stimulates the growth 
of the culture, on condition CO2 and H2S are present in the environment. It 
has been shown that green sulphur bacteria Chlorobium limicola Ya-2002 
are capable of utilizing ammonium, amino and amospheric nitrogen. Nitrate 
form of nitrogen is not utilized by the bacteria. Addition of nitrates into the 
environment decelerates the process of nitric fixation. 

K e y  w o r d s: green sulphur bacteria, growth, hydrogen sulfide.
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