
Ì²ÊÐÎÁ²ÎËÎÃ²ß ² Á²ÎÒÅÕÍÎËÎÃ²ß

Microbiology & Biotechnology

2007

¹ 1

Ì²Í²ÑÒÅÐÑÒÂÎ ÎÑÂ²ÒÈ ² ÍÀÓÊÈ ÓÊÐÀ¯ÍÈ
ÎÄÅÑÜÊÈÉ ÍÀÖ²ÎÍÀËÜÍÈÉ ÓÍ²ÂÅÐÑÈÒÅÒ ²ÌÅÍ² ².². ÌÅ×ÍÈÊÎÂÀ



SCIENTIFIC EDITOR
V. O. Ivanytsya

EDITORIAL STAFF
Publishibing editor N. G. Yurgelaitis

Editors: I. M. Omelchenko, L. B. Kotlyarova, T. Yu. Stepanova

A d d r e s s:

Odesa National Mechnykov University
Dvoryanska str., 2, Odesa, 65082, Ukraine

Tel. 7317151, 7466391
e-mail: journal.mbt@onu.edu.ua

©  Odesa National Mechnykov University, 2007

The journal is established
by  Odesa National Mechnykov University

Registration certificate — Registration ÊV ¹ 11462 – 335R
Date of ussue  07.07.2006

EDITOR-IN-CHIEF
V. O. Ivanytsya

CO-EDITOR-IN-CHIEF
T. O. Filippova

EXECUTIVE SECRETARY
T. V. Burlaka

EDITORIAL BOARD MEMBERS

L. D. Varbanets, A. I. Vinnikov, Yu. L. Volyansky, B. M. Galkin,
P. I. Gvozdyak, R. I. Gvozdyak, S. P. Gudz, Yu. P. Zaytsev, G. O. Iutynska,
L. V. Kapreliants, I. K. Kurdysh, B. P. Matseliuh, B. N. Milkus,
G. G. Minicheva, V. P. Patyka, V. S. Pidgorsky, V. K. Pozur,
V. P. Polishuk, A. A. Sybirny, Yu. M. Syvolap, I. G. Skrypal, M. Ya. Spivak,
F. I. Tovkach, V. M. Totsky, V. O. Fedorenko, I. S. Sherbatenko



ÍÀÓÊÎÂÈÉ ÐÅÄÀÊÒÎÐ ÂÈÏÓÑÊÓ
Â.Î. ²âàíèöÿ

ÐÅÄÀÊÖ²ß
Çàâ³äóâà÷ ðåäàêö³ºþ Í.Ã. Þðãåëàéò³ñ

Ðåäàêòîðè: ².Ì. Îìåëü÷åíêî, Ë.Á. Êîòëÿðîâà, Ò.Þ. Ñòåïàíîâà

Æóðíàë çàñíîâàíèé Îäåñüêèì íàö³îíàëüíèì
óí³âåðñèòåòîì ³ìåí³ ².². Ìå÷íèêîâà

Ñâ³äîöòâî ïðî ðåºñòðàö³þ – ñåð³ÿ ÊÂ ¹ 11462 – 335Ð
â³ä 07.07.2006 ð.

À ä ð å ñ à  ð å ä à ê ö ³ ¿:

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà,
âóë. Äâîðÿíñüêà, 2, Îäåñà, 65082, Óêðà¿íà

Òåë. 7317151, 7466391
e-mail: journal.mbt@onu.edu.ua

© Oäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷í³êîâà, 2007

ÐÅÄÀÊÖ²ÉÍÀ ÊÎËÅÃ²ß

ÃÎËÎÂÍÈÉ ÐÅÄÀÊÒÎÐ
Â.Î. ²âàíèöÿ

ÇÀÑÒÓÏÍÈÊ ÃÎËÎÂÍÎÃÎ ÐÅÄÀÊÒÎÐÀ
Ò.Î.Ô³ë³ïïîâà

 Â²ÄÏÎÂ²ÄÀËÜÍÈÉ ÑÅÊÐÅÒÀÐ
Ò.Â. Áóðëàêà

Ë.Ä. Âàðáàíåöü, À.². Â³íí³êîâ, Þ.Ë. Âîëÿíñüêèé, Á.Ì. Ãàëê³í,
Ï.². Ãâîçäÿê, Ð.². Ãâîçäÿê, Ñ.Ï. Ãóäçü, Þ.Ï. Çàéöåâ, Ã.Î. ²óòèíñüêà,
Ë.Â. Êàïðåëüÿíö, ².Ê. Êóðäèø, Á.Ï. Ìàöåëþõ, Á.Í. Ì³ëêóñ, Ã.Ã. Ì³í³÷å-
âà, Â.Ï. Ïàòèêà, Â.Ñ. Ï³äãîðñüêèé, Â.Ê. Ïîçóð, Â.Ï. Ïîë³ùóê,
À.À. Ñèá³ðíèé, Þ.Ì. Ñèâîëàï, ².Ã. Ñêðèïàëü, Ì.ß. Ñï³âàê, Ô.². Òîâêà÷,
Â.Ì. Òîöüêèé, Â.Î. Ôåäîðåíêî, ².Ñ. Ùåðáàòåíêî



CONTENS

EXPERIMENTAL WORKS

P.V. Rokytko, V.O. Romanovska, J.R. Malashenko
Sintabolism of non-growth substrates by methanotrophic bacteria………...........10

O. L. Rakhimova, V.O. Ivanytsya, S. McEldowney
Permanent attachment of myxobacteria  Myxococcus xanthus…………...............18

Yu.A. Gonchar, Å.V. Nadkernychnaja, I.V. Volkova
Formation of artificial symbiosis azospirillum with mulberry trees……...............27

A.G. Chinchlei, S.A. Tolochkina, I.O. Rastimeshina, I.P. Dragalin
New products of microbiological transformation of sclareol:
characteristical and biological activity....................................................................34

S.A. Burtseva,  T.F. Syrbu, V.A. Slanina, S.A. Tolochkina, S.N.  Kodryanu
Antagonistic  properties of new microorganisms strains
isolated from the soils of Moldova.........................................................................40

A.A. Desyatnyc, J.P. Tiurina, S.V. Labliuc, O.A. Bologa, A.G. Lazarescu
The peculiarities of lipases biosynthesis by Aspergillus niger CNMN FD 01L
strain on the media with optimal composition………………………..........................46

G.V. Yamborko, I.L. Solovyova
The effectiveness of different storage techniques of industrial
strains of genus Lactobacillus………………………………………………………………………...53

M.V. Stratan, A.A. Desyatnyc
Inoculum influence on amylolytic activity of the strain
Aspergillus niger 33-19 CNMN FD-02 …………………………………...............................60

E.P. Kopylov
Selection of effective strains of nitrogen-fixing bacteria for inoculation
of spring wheat………………………………………………………………...................................67

V.V. Chaykovska, J.V. Chabanjuk, O.V. Sherstoboeva
Multifunctional microbial complex for the agricultural integral systems.........75

GLIMPSE OF HISTORY
V.O. Kuznetsov, N.V. Kuznetsova

Life, scientific and pedagogical activity of academician
D.K. Zabolotny in Odesa  (28.12.1866—15.12.1929)............................................82

CHRONICLE OF SCIENTIFIC LIFE
II summer school “Molecular microbiology and biotechnology”,
Odesa, may 14-26, 2007…………………………………………………………..........................93

REVIEW
Glossary as training manual………………………………………………................................96

BOOK SHELF
Published works…………………………………………………………….......................................97

Information for the authors…………………………………………........................................98



Ç Ì ² Ñ Ò

ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍ² ÏÐÀÖ²

Ï.Â.Ðîêèòêî, Â.Î. Ðîìàíîâñüêà, Þ.Ð. Ìàëàøåíêî
Ñèíòàáîë³çì íåðîñòîâèõ ñóáñòðàò³â ìåòàíîòðîôíèìè áàêòåð³ÿìè……...…10
O. L. Rakhimova, V.O. Ivanytsya, S. McEldowney
Permanent attachment of myxobacteria Myxococcus xanthus………………...........18

Þ. À. Ãîí÷àð, Å.Â. Íàäêåðíè÷íàÿ,  È.Â. Âîëêîâà
Ôîðìèðîâàíèå èñêóññòâåííîãî ñèìáèîçà àçîñïèðèëë
ñ ðàñòåíèÿìè øåëêîâèöû……………………………………….……………………..................27

À.Ã. ×èí÷ëåé, Ñ.À. Òîëî÷êèíà, È.Î. Ðàñòèìåøèíà, È.Ï. Äðàãàëèí
Íîâûå ïðîäóêòû ìèêðîáíîé òðàíñôîðìàöèè ñêëàðåîëà: ïîëó÷åíèå,
ñâîéñòâà, îöåíêà……………………………………………….…………....................................34

Ñ.À. Áóðöåâà, Ò. Ô. Ñûðáó, Â.À. Ñëàíèíà, Ñ.À. Òîëî÷êèíà, Ñ.Í. Êîäðÿíó
Àíòàãîíèñòè÷åñêèå ñâîéñòâà íîâûõ øòàììîâ ìèêðîîðãàíèçìîâ,
âûäåëåííûõ èç ïî÷â Ìîëäîâû……………………......................................................40

À.À. Äåñÿòíèê, Æ.Ï. Òþðèíà, Ñ.Â. Ëàáëþê, Î.À. Áîëîãà, À.Ã. Ëàçàðåñêó
Îñîáåííîñòè áèîñèíòåçà ëèïàç øòàììîì Aspergillus niger CNMN FD 01L
íà ñðåäàõ îïòèìàëüíîãî ñîñòàâà………………………................................................46

Ã.Â. ßìáîðêî, ².Ë. Ñîëîâéîâà
Åôåêòèâí³ñòü ð³çíèõ ñïîñîá³â çáåð³ãàííÿ ïðîìèñëîâèõ øòàì³â
áàêòåð³é ðîäó Lactobacillus…………..........................................................................53

Ì.Â. Ñòðàòàí, À.À. Äåñÿòíèê
Âëèÿíèå ïîñåâíîãî ìàòåðèàëà íà àìèëîëèòè÷åñêóþ àêòèâíîñòü
øòàììà Aspergillus niger 33-19 CNMN FD-02 ………………………...........................60

Å.Ï. Êîïûëîâ
Ñåëåêöèÿ ýôôåêòèâíûõ øòàììîâ äèàçîòðîôîâ äëÿ èíîêóëÿöèè
ÿðîâîé ïøåíèöû………………………………………….......................................................67

Â.Â. ×àéêîâñüêà, ß.Â. ×àáàíþê, Î.Â. Øåðñòîáîºâà
Ïîë³ôóíêö³îíàëüíèé ì³êðîáíèé êîìïëåêñ äëÿ ³íòåãðîâàíèõ ñèñòåì
çåìëåðîáñòâà……………………………………………………………........................................75

ÑÒÎÐ²ÍÊÈ  ²ÑÒÎÐ²¯
Â.Î. Êóçíºöîâ, Í.Â. Êóçíºöîâà

Æèòòÿ òà íàóêîâî-ïåäàãîã³÷íà ä³ÿëüí³ñòü àêàäåì³êà
Ä.Ê. Çàáîëîòíîãî â Îäåñ³ (28.12.1866 – 15.12.1929) …………………………………….82

ÕÐÎÍ²ÊÀ ÍÀÓÊÎÂÎÃÎ ÆÈÒÒß
²² ë³òíÿ øêîëà «Ìîëåêóëÿðíà ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ»
Îäåñà, 14-26 òðàâíÿ, 2007ð ……………........................................................................93

ÐÅÖÅÍÇ²¯
Ñëîâíèê ÿê íàâ÷àëüíèé ïîñ³áíèê………………….....................................................96

ÊÍÈÆÊÎÂÀ ÏÎËÈÖß
Âèéøëè â ñâ³ò…………………………………………………………….........................................97

²íôîðìàö³éíå ïîâ³äîìëåííÿ äëÿ àâòîð³â……………………………............................98



8 Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007



9Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

Âåëüìèøàíîâí³ êîëåãè!

Âè òðèìàºòå â ðóêàõ ïåðøèé íîìåð íîâîãî æóð-
íàëó “Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ”, çàñíîâíèêîì
ÿêîãî º Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³
².². Ìå÷íèêîâà.

Âèõîäÿ÷è ç çàãàëüíîâèçíàíîãî âèçíà÷åííÿ òåðì³-
íó “ì³êðîîðãàí³çìè”, ìè âèð³øèëè çàïî÷àòêóâàòè ïå-
ð³îäè÷íå âèäàííÿ, ïðîãðàìíîþ ìåòîþ ÿêîãî º âèñâ³ò-
ëåííÿ ðåçóëüòàò³â íàóêîâèõ äîñë³äæåíü ó ñôåð³ ì³êðî-
á³îëîã³¿ ³ á³îòåõíîëîã³¿, îá’ºêòàìè ÿêèõ º ïðîêàð³îòí³
(åóáàêòåð³¿ ³ àðõåáàêòåð³¿) òà åóêàð³îòí³ (ì³êðîñ-
êîï³÷í³ ãðèáè, ì³êðîñêîï³÷í³ âîäîðîñò³, íàéïðîñò³ø³)
ì³êðîîðãàí³çìè ³ â³ðóñè.

Â æóðíàë³ ïóáë³êóâàòèìóòüñÿ ðåçóëüòàòè ôóíäà-
ìåíòàëüíèõ (åêîëîã³ÿ, ñèñòåìàòèêà, öèòîëîã³ÿ, á³î-
õ³ì³ÿ, ãåíåòèêà, ìîëåêóëÿðíà á³îëîã³ÿ, ãåíîì³êà ³ ïðî-
òåîì³êà ì³êðîîðãàí³çì³â òîùî) òà ïðèêëàäíèõ (ñòâî-
ðåííÿ òà ñåëåêö³ÿ íîâèõ øòàì³â ì³êðîîðãàí³çì³â,
ì³êðîáí³ ïðåïàðàòè, á³îñåíñîðè, ä³àãíîñòèêóìè,
ì³êðîáí³ òåõíîëîã³¿ â ñ³ëüñüêîìó ãîñïîäàðñòâ³, õàð-
÷îâ³é ïðîìèñëîâîñò³, ³íøèõ ãàëóçÿõ íàðîäíîãî ãîñïî-
äàðñòâà, çàõèñò òà îçäîðîâëåííÿ ïðèðîäíîãî ñåðå-
äîâèùà, îòðèìàííÿ á³îïàëèâà òà íîâèõ ìàòåð³àë³â
òîùî) äîñë³äæåíü.

Êð³ì åêñïåðèìåíòàëüíèõ ïðàöü, â æóðíàë³ áóäóòü
äðóêóâàòèñÿ îãëÿäîâ³, òåîðåòè÷í³ òà äèñêóñ³éí³
ñòàòò³, êîðîòê³ ïîâ³äîìëåííÿ, ñòàòò³ ç ³ñòîð³¿ ì³êðî-
á³îëîã³¿ ³ á³îòåõíîëîã³¿, ³íôîðìàö³ÿ ùîäî ïðîâåäåííÿ
êîíôåðåíö³é, ç’¿çä³â, øê³ë, âèõîäó ó ñâ³ò íîâèõ êíèã,
þâ³ëå¿ ³ äàòè, ðåöåíç³¿.

Æóðíàë çàðåºñòðîâàíî ÿê çàãàëüíîäåðæàâíå íàó-
êîâå âèäàííÿ. Ìàºìî íàä³þ, ùî â³í ïðèâåðíå äî ñåáå
óâàãó øèðîêîãî êîëà ôàõ³âö³â—ì³êðîá³îëîã³â ³ á³îòåõ-
íîëîã³â óí³âåðñèòåò³â ³ íàóêîâî-äîñë³äíèõ ³íñòèòóò³â.
Òî æ çàïðîøóºìî äî ñï³âïðàö³ íà ñòîð³íêàõ íîâîãî
æóðíàëó “Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ” óñ³õ, õòî ìîæå
ñêàçàòè ñâîº âàãîìå ñëîâî â ì³êðîá³îëîã³÷í³é íàóö³.

Ç ïîáàæàííÿì òâîð÷èõ óñï³õ³â
Âîëîäèìèð ²âàíèöÿ
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ÓÄÊ 579.22

Ï.Â. Ðîêèòêî, Â.Î. Ðîìàíîâñüêà, Þ.Ð. Ìàëàøåíêî

²íñòèòóò ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ³ìåí³ Ä.Ê. Çàáîëîòíîãî ÍÀÍ
Óêðà¿íè, âóë. Àêàäåì³êà Çàáîëîòíîãî,154, Êè¿â, ÌÑÏ, Ä03680,
Óêðà¿íà, rokitko@serv.imv.kiev.ua

Îáë³ãàòí³ ìåòàíîêèñíþâàëüí³ áàêòåð³¿ çäàòí³ ðîñòè ò³ëüêè
íà ìåòàí³. Îäíàê çà ïåâíèõ óìîâ (à ñàìå ó ïðèñóòíîñò³ ðîñòîâîãî
ñóáñòðàòó) ìåòàíîòðîôè çäàòí³ òðàíñôîðìóâàòè íåðîñòîâ³ äëÿ
öèõ áàêòåð³é ñóáñòðàòè. Òàêèé ïðîöåñ îäåðæàâ íàçâó êîìåòàáî-
ë³çìó. Íàìè ïîêàçàíî, ùî ìåòàíîòðîôè ñïðîìîæí³ äî ñï³ëüíî¿ àñè-
ì³ëÿö³¿ äâîõ íåðîñòîâèõ ñóáñòðàò³â, íàïðèêëàä, ìåòàíîëó òà ñóá-
ñòðàòíîãî àíàëîãà ìåòàíó (åòàíó àáî îêèñó âóãëåöþ), ðåçóëüòà-
òîì ÷îãî º ñèíòåç á³îìàñè. Âñòàíîâëåíî, ùî ìåòàíîòðîôè îêèñ-
íþþòü åòàí (àáî îêèñ âóãëåöþ) çàâäÿêè ñóáñòðàòí³é íåñïåöèô³÷-
íîñò³ ìåòàíìîíîîêñèãåíàçè (ÌÌÎ). Â³äíîâí³ åêâ³âàëåíòè äëÿ MMO
ìîæóòü áóòè îòðèìàí³ ïðè äåã³äðóâàíí³ ³íøîãî íåðîñòîâîãî ñóá-
ñòðàòó – ìåòàíîëó òà ³íòåðìåä³àò³â éîãî îêèñíþâàííÿ – ôîð-
ìàëüäåã³äó òà ôîðì³àòó. Öåé ïðîöåñ íàçâàíî ñèíòàáîë³çìîì.  Òà-
êèì ÷èíîì, ïîêàçàíî, ùî ñèíòàáîë³çì íåðîñòîâèõ ñóáñòðàò³â ó
ìåòàíîòðîô³â ðåàë³çóºòüñÿ âíàñë³äîê ñóáñòðàòíî¿ íåñïåöèô³÷íîñò³
ÌÌÎ òà ñïðÿæåíîñò³ ïðîöåñ³â îêèñíåííÿ äâîõ íåðîñòîâèõ ñóá-
ñòðàò³â, ÿê³ çàáåçïå÷óþòü ð³ñò ³ ðîçìíîæåííÿ êë³òèí.

Ê ë þ ÷ î â ³  ñ ë î â à: ìåòàíîòðîôè, ìåòàíìîíîîêñèãåíàçà,
íåðîñòîâèé ñóáñòðàò,  êîìåòàáîë³çì, ñèíòàáîë³çì.

Ìåòàíîòðîôí³ áàêòåð³¿ çäàòí³ êîìåòàáîë³çóâàòè àíàëîãè ìåòàíó, à òà-
êîæ äåÿê³ ³íø³ îðãàí³÷í³ ðå÷îâèíè. ×àñòî òàê³ ñïîëóêè (íàïðèêëàä, õëîðî-
âàí³ àë³ôàòè÷í³ âóãëåâîäí³, ó òîìó ÷èñë³ åòèëåí; 1,2-öèñ-äèõëîðåòèëåí; 1,2-
òðàíñ-äèõëîðåòèëåí; õëîðèä âèí³ëó; òîëóîë; ôåíîë ³ êðåçîë òîùî) º òîêñè÷-
íèìè òà äóæå âàæêî ðîçêëàäàþòüñÿ ³ âíàñë³äîê öüîãî çàáðóäíþþòü äîâê³ë-
ëÿ. Ï³ä êîìåòàáîë³çìîì ìàþòü íà óâàç³ ïðîöåñ òðàíñôîðìàö³¿ íåðîñòîâèõ
ñóáñòðàò³â ó ïðèñóòíîñò³ ðîñòîâîãî ñóáñòðàòó. Ôåðìåíòàòèâíèé ìåõàí³çì
êîìåòàáîë³çìó íåðîñòîâèõ ñóáñòðàò³â ó ìåòàíîòðîôíèõ áàêòåð³é ðåàë³çóºòüñÿ
çàâäÿêè ñïðÿæåíîñò³ ïðîöåñ³â îêèñíþâàííÿ ðîñòîâîãî ñóáñòðàòó (ìåòàíó) ³
ñóáñòðàòó, ùî êîìåòàáîë³çóºòüñÿ (íàïðèêëàä, åòàíó) [1]. Êîìåòàáîë³çì çàç-
âè÷àé çàâåðøóºòüñÿ âíàñë³äîê íàêîïè÷åííÿ òîêñè÷íèõ ïðîäóêò³â.

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ÷åííÿ êîìåòàáîë³çìó äâîõ íåðîñ-
òîâèõ ñóáñòðàò³â, ïðè ÿêîìó â³äáóâàºòüñÿ ñèíòåç á³îìàñè, ìåòèëîòðîôíèìè
áàêòåð³ÿìè.

©Ï.Â. Ðîêèòêî, Â.Î.Ðîìàíîâñüêà, Þ.Ð. Ìàëàøåíêî
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Ìàòåð³àëè ³ ìåòîäè

Îá’ºêòàìè äîñë³äæåííÿ áóëè øòàìè îáë³ãàòíèõ ìåòàíîêèñíþâàëüíèõ áàêòåð³é
Methylomonas rubra 15ø òà Methylococcus thermophilus 111ï [2].

Êóëüòèâóâàííÿ ìåòàíîêèñíþâàëüíèõ áàêòåð³é ïðîâîäèëè íà ð³äêîìó é
àãàðèçîâàíîìó ñåðåäîâèù³ Ê, (ã/ë): Ê

2
ÍÐÎ

4 
õ 3Í

2
Î – 0,4; ÊÍ

2
ÐÎ

4
 – 0,4;

NaCI – 0,3; MgSO
4  
õ 7H

2
O – 0,3; FeCI

3 
õ 6H

2
O – 0,001; (NH

4
)
2
SO

4 
– 0,5 (àáî

ÊNÎ
3
 – 1,0) ìåòîäàìè, ÿê³ áóëî îïèñàíî ðàí³øå [3].
ßê íåðîñòîâ³ ñóáñòðàòè, âèêîðèñòîâóâàëè ìåòàíîë, åòàí òà îêèñ âóãëåöþ â

ð³çíèõ êîíöåíòðàö³ÿõ ó çàëåæíîñò³ â³ä ìåòè îêðåìîãî äîñë³äó. Ó ð³äêå ñåðåäî-
âèùå âíîñèëè ìåòàíîë ó êîíöåíòðàö³¿ â³ä 0 äî 50 ìÌ. Êîíöåíòðàö³ÿ åòàíó â
ïîâ³òðÿíî-ãàçîâ³é ñóì³ø³ ñòàíîâèëà 5 - 20 îá.%, îêèñó âóãëåöþ 0 - 10 îá.%.

Ï³ñëÿ âíåñåííÿ ³íîêóëþìó ìåòàíîêèñíþâàëüíèõ áàêòåð³é êîëáè ñòàâè-
ëè íà êà÷àëêè ïðè òåìïåðàòóð³ 30 îÑ (äëÿ øòàìó Methylomonas rubra 15ø)
àáî ïðè 55 îÑ (äëÿ øòàìó Methylococcus thermophilus 111ï). Áàêòåð³¿ êóëüòè-
âóâàëè ïðîòÿãîì 48 - 72 ãîä.

Áàêòåð³îëîã³÷íó ÷èñòîòó âèðîùåíèõ êóëüòóð êîíòðîëþâàëè ìåòîäîì ïî-
ñ³âó íà àãàðèçîâàí³ ñåðåäîâèùà ç ³íøèìè äæåðåëàìè âóãëåöþ: ãëþêîçî-êàð-
òîïëÿíèé (ÃÊÀ) ³ ì’ÿñîïåïòîííèé àãàð (ÌÏÀ).

Øâèäê³ñòü îêèñíþâàííÿ ãàçîïîä³áíèõ ñóáñòðàò³â ³íòàêòíèìè (ó ñòàí³
ñïîêîþ) êë³òèíàìè âèçíà÷àëè çà çì³íîþ êîíöåíòðàö³¿ ñóáñòðàò³â ó ðåàêö³éí³é
ñóì³ø³: êèñíþ – ïîëÿðîãðàô³÷íî, âóãëåâîäí³â – ãàçîõðîìàòîãðàô³÷íî. Â
åêñïåðèìåíòàõ âèêîðèñòîâóâàëè õðîìàòîãðàô³÷íî ÷èñò³ ãàçè: CH

4  
³ C

2
H

6

(99,9%). Íåîáõ³äí³ êîíöåíòðàö³¿ ìåòàíó é åòàíó â ïîëÿðîãðàô³÷í³é êþâåò³
ñòâîðþâàëè ñïîñîáîì ââåäåííÿ â íå¿ ïåâíèõ îá’ºì³â áóôåðíîãî ðîç÷èíó,
ÿêèé áóâ ïîïåðåäíüî íàñè÷åíèé â³äïîâ³äíèì ãàçîì. Ïðîáè (5 ìêë) â³äáèðà-
ëè ç ïîëÿðîãðàô³÷íî¿ êþâåòè (ç ³íòåðâàëîì 1 õâ) ³ ââîäèëè â õðîìàòîãðàô
äëÿ âèçíà÷åííÿ êîíöåíòðàö³¿ ìåòàíó àáî åòàíó [3].

Øâèäê³ñòü óòâîðåííÿ ïðîäóêò³â ìîíîîêñèãåíóâàííÿ åòàíó àáî ìåòàíó
(åòàíîëó àáî ìåòàíîëó, â³äïîâ³äíî) âèçíà÷àëè ãàçîõðîìàòîãðàô³÷íî [3].

Øâèäê³ñòü ñïîæèâàííÿ åíåðãîãåíåðóþ÷èõ êîñóáñòðàò³â âèçíà÷àëè: ìå-
òàíîëó – ãàçîõðîìàòîãðàô³÷íî, çà çì³íîþ éîãî êîíöåíòðàö³¿ [3]; ôîðì³àòó
– çà âèòðàòàìè NaÎÍ, ÿê òèòðàíòó, ùî êîìïåíñóº ï³äâèùåííÿ ðÍ, ÿêèì
ñóïðîâîäæóºòüñÿ ñïîæèâàííÿ ôîðì³àòó.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Òèï êîìåòàáîë³çìó, â³äì³ííîþ ðèñîþ ÿêîãî º âèêîðèñòàííÿ äâîõ íåðî-
ñòîâèõ ñóáñòðàò³â ó åíåðãåòè÷íèõ ³ êîíñòðóêòèâíèõ ïðîöåñàõ, ùî ïðèâî-
äèòü äî ñèíòåçó á³îìàñè, íàçâàíî ñèíòàáîë³çìîì. Ñèíòàáîë³çì óïåðøå îïè-
ñàâ Þ.Ð. Ìàëàøåíêî [5, 6]. Îäíàê îñíîâí³ çàêîíîì³ðíîñò³, ùî õàðàêòåðèçó-
þòü öåé ïðîöåñ, íå áóëî îïóáë³êîâàíî. Òîìó ó ñòàòò³ ìè ðîçãëÿíåìî åêñïå-
ðèìåíòàëüí³ äàí³, ùî ï³äòâåðäæóþòü ñèíòàáîë³çì íåðîñòîâèõ ñóáñòðàò³â ó
ìåòàíîêèñíþâàëüíèõ áàêòåð³é. Ó ö³ëîìó, çà äàíèìè Þ.Ð. Ìàëàøåíêà, ôåð-
ìåíòàòèâíèé ìåõàí³çì ñèíòàáîë³çìó íåðîñòîâèõ ñóáñòðàò³â ó ìåòàíîòðîô³â
ðåàë³çóºòüñÿ çàâäÿêè ñóáñòðàòí³é íåñïåöèô³÷íîñò³ ìåòàíìîíîîêñèãåíàçè
(ÌÌÎ), òà ñïðÿæåíîñò³ ïðîöåñ³â îêèñíåííÿ äâîõ íåðîñòîâèõ ñóáñòðàò³â,
ÿê³ çàáåçïå÷óþòü ð³ñò ³ ðîçìíîæåííÿ êë³òèí (íàïðèêëàä ìåòàíîëó òà åòàíó,
àáî ìåòàíîëó òà ÑÎ). Òàêèé ìåõàí³çì ï³äòâåðäæóºòüñÿ íàñòóïíèìè ðåçóëü-
òàòàìè.

Âñòàíîâëåíî, ùî Methylomonas rubra 15ø ð³ñ íà ìåòàíîë³ ò³ëüêè çà íèçü-
êîãî éîãî âì³ñòó â ñåðåäîâèù³ (25 ìÌ). Ïðè öüîìó ð³ñò õàðàêòåðèçóâàâñÿ

ÑÈÍÒÀÁÎË²ÇÌ ÍÅÐÎÑÒÎÂÈÕ ÑÓÁÑÒÐÀÒ²Â ÌÅÒÀÍÎÒÐÎÔÍÈÌÈ ÁÀÊÒÅÐ²ßÌÈ
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íåçíà÷íîþ åôåêòèâí³ñòþ é ñóïðîâîäæóâàâñÿ íàêîïè÷åííÿì ôîðìàëüäåã³äó
â ñåðåäîâèù³ (òàáë. 1). ²ç çá³ëüøåííÿì êîíöåíòðàö³¿ ìåòàíîëó (75 ìÌ) ð³ñò
ïðàêòè÷íî ïðèïèíÿâñÿ ³ êîíöåíòðàö³ÿ ôîðìàëüäåã³äó çá³ëüøóâàëàñÿ. Â³äîìî,
ùî ìåòàíîë º ïåðøèì ïðîäóêòîì îêèñíþâàííÿ ìåòàíó, ÿêèé äàë³ äåã³äðóºòü-
ñÿ ìåòàíîëäåã³äðîãåíàçîþ (ÌÄÃ) äî ôîðìàëüäåã³äó. Íà ð³âí³ ôîðìàëüäåã³äó
â³äáóâàºòüñÿ ðîçãàëóæåííÿ ìåòàáîë³çìó. ×àñòèíà ôîðìàëüäåã³äó âèòðà÷àºòü-
ñÿ íà á³îñèíòåç êë³òèíè, ³íøà ÷àñòèíà îêèñíþºòüñÿ äî ÑÎ

2 
(åíåðãåòè÷íèé

ìåòàáîë³çì). Ñï³ââ³äíîøåííÿ öèõ ïðîöåñ³â, î÷åâèäíî, âèçíà÷àº çäàòí³ñòü áàê-
òåð³é çàëó÷àòè ìåòàíîë äî á³îñèíòåçó. ²íøèé äîñë³äæåíèé øòàì (Methylococcus
thermophilus 111ï) íå ð³ñ íà ìåòàíîë³, õî÷à áóëè ïåðåâ³ðåí³ ð³çí³ óìîâè êóëü-
òèâóâàííÿ: êîíöåíòðàö³ÿ ìåòàíîëó â ð³äêîìó ñåðåäîâèù³ â³ä 2,5 äî 50,0 ìÌ;
³íêóáàö³ÿ íà àãàðèçîâàíîìó ñåðåäîâèù³ â ïàðàõ ìåòàíîëó; ð³çí³ äæåðåëà àçîò-
íîãî æèâëåííÿ – (NH

4
)
2
SO

4
 àáî KNO

3
; êîíöåíòðàö³ÿ êèñíþ â ãàçîâ³é ôàç³

â³ä 5 äî 20 îá. %; êóëüòèâóâàííÿ â ïðèñóòíîñò³ âóãëåêèñëîãî ãàçó (5 % CO
2
 ó

ãàçîâ³é ôàç³ òà 0,5 ã/ë NaHCO
3
 ó ñåðåäîâèù³); òåìïåðàòóðà â³ä 42 °Ñ äî 55 °C.

Ï³ñëÿ 3 - 4 äí³â êóëüòèâóâàííÿ ôîðìàëüäåã³ä áóëî âèÿâëåíî (äî 1 ìÌ) ó
ñåðåäîâèù³ ç ìåòàíîëîì, ÿêå áóëî ³íîêóëüîâàíî Methylococcus thermophilus
111ï (òàáë. 1). Òîáòî, ìåòàíîë îêèñíþâàâñÿ âíåñåíèìè êë³òèíàìè, îäíàê á³îìà-
ñà íå çá³ëüøóâàëàñÿ. Ïðè÷èíà íàêîïè÷åííÿ ôîðìàëüäåã³äó ìîãëà áóòè îáóìîâ-
ëåíà ñïðîìîæí³ñòþ ìåòàíìîíîîêñèãåíàçè îêèñíþâàòè ìåòàíîë [7] (îäíî÷àñ-
íî ç îêèñíþâàííÿì ìåòàíîëó ìåòàíîëäåã³äðîãåíàçîþ). Î÷åâèäíî, àêòèâí³ñòü
óòâîðåííÿ ôîðìàëüäåã³äó ç ìåòàíîëó (äâà ôåðìåíòè — MMO ³ ÌÄÃ — ïðîäó-
êóþòü öåé ³íòåðìåä³àò), áóëà âèùîþ, í³æ àêòèâí³ñòü îêèñíþâàííÿ ôîðìàëüäå-
ã³äó äî CO

2
.

¥ðóíòóþ÷èñü íà âèùåíàâåäåíèõ ðåçóëüòàòàõ, ìåòàíîë âèêîðèñòîâóâà-
ëè â åêñïåðèìåíòàõ ÿê îäèí ç íåðîñòîâèõ ñóáñòðàò³â. ßê äðóãèé íåðîñòî-
âèé ñóáñòðàò âèêîðèñòîâóâàëè åòàí.

Ïîêàçàíî, ùî ìåòàíîòðîôè çäàòí³ îêèñíþâàòè åòàí çàâäÿêè ñóáñòðàòí³é
íåñïåöèô³÷íîñò³ MMO – ôåðìåíòó, ÿêèé îêèñíþº ìåòàí. Êð³ì òîãî, äëÿ
îêèñíþâàííÿ åòàíó ìåòàíîòðîôàì íåîáõ³äíèé êîñóáñòðàò, ÿêèé ãåíåðóº
â³äíîâí³ åêâ³âàëåíòè äëÿ êîìåòàáîë³çìó íåðîñòîâîãî ñóáñòðàòó [8, 9]. Â³äíîâí³
åêâ³âàëåíòè äëÿ MMO ìîæóòü áóòè îòðèìàí³ ïðè äåã³äðóâàíí³ ìåòàíîëó òà
³íòåðìåä³àò³â éîãî îêèñíþâàííÿ – ôîðìàëüäåã³äó òà ôîðì³àòó [1].

Ïîëÿðîãðàô³÷íî áóëî ïîêàçàíî, ùî Methylococcus thermophilus 111ï áåç
êîñóáñòðàò³â îêèñíþâàâ åòàí ³ç íèçüêîþ, çàãàñàþ÷îþ øâèäê³ñòþ, î÷åâèäíî,

Ï.Â. Ðîêèòêî, Â.Î.Ðîìàíîâñüêà, Þ.Ð. Ìàëàøåíêî

Òàáëèöÿ 1
Ïîêàçíèêè ñèíòåçó á³îìàñè ïðè ðîñò³ îáë³ãàòíèõ

ìåòàíîêèñíþâàëüíèõ áàêòåð³é íà ìåòàíîë³
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ò³ëüêè çà ðàõóíîê åíäîãåííèõ çàïàñ³â åíåðã³¿. Ãàçîõðîìàòîãðàô³÷íî ïðîäóêò³â
îêèñíþâàííÿ åòàíó ïðè öüîìó íå áóëî âèÿâëåíî. Îêèñíþâàííÿ åòàíó â ïðè-
ñóòíîñò³ êîñóáñòðàòó (íàïðèêëàä, ôîðì³àòó) â³äáóâàëîñÿ àêòèâí³øå. Ïðîöåñ
ñóïðîâîäæóâàâñÿ íàêîïè÷åííÿì ïðîäóêò³â îêèñíþâàííÿ åòàíó (åòàíîëó, àöå-
òàëüäå-ã³äó, àöåòàòó) ³ ïðîäóêòó îêèñíþâàííÿ ôîðì³àòó (âóãëåêèñëîòè). Âñòà-
íîâëåíî òàêîæ, ùî Methylococcus thermophilus 111ï, ÿêèé íå àñèì³ëþº ìåòàíîë
ÿê ºäèíå äæåðåëî âóãëåöþ é åíåðã³¿, áóâ çäàòíèé ðîñòè íà ìåòàíîë³ (20 ìÌ) ó
ïðèñóòíîñò³ åòàíó (20 îá.%). Ïðè öüîìó ôîðìàëüäåã³ä íå íàêîïè÷óâàâñÿ.

Á³ëüø äîêëàäíî ìè ðîçãëÿíåìî ïðîöåñ ïåðåòâîðåííÿ ìåòàíîëó íà á³î-
ìàñó â ³íøîãî ìåòàíîòðîôà Methylomonas rubra 15ø. ßê âèïëèâàº ç íàâåäå-
íèõ ðåçóëüòàò³â (òàáë. 1, ðèñ. 1), åôåêòèâí³ñòü ïåðåòâîðåííÿ ìåòàíîëó íà
á³îìàñó çá³ëüøóâàëàñÿ â ïðèñóòíîñò³ åòàíó. Ñï³ââ³äíîøåííÿ ïðîäóêò³â îêèñ-
íåííÿ åòàíó (åòàíîëó, àöåòàëüäåã³äó, àöåòàòó) çàëåæàëî â³ä êîíöåíòðàö³¿
ìåòàíîëó (ïðè ïîñò³éí³é êîíöåíòðàö³¿ åòàíó). Ìàêñèìàëüíèé âèõ³ä á³îìàñè
ñïîñòåð³ãàâñÿ ïðè êîíöåíòðàö³ÿõ ìåòàíîëó 20 ìÌ – áëèçüêî 0,3 ã/ë. Ïðè
öüîìó åòàí îêèñíþâàâñÿ äî îöòîâîãî àëüäåã³äó é àöåòàòó ïðîïîðö³éíî âè-
êîðèñòàíîìó ìåòàíîëó (ðèñ. 1).

Âèõ³ä á³îìàñè â³ä ìåòàíîëó (YCH3OH) ñâ³ä÷èâ, ùî âóãëåöü ìåòàíîëó, ÿêèé
áóëî âèêîðèñòàíî ³ âèòðà÷åíî íà ñèíòåç á³îìàñè ³, ìîæëèâî, äåÿêó ê³ëüê³ñòü
äîäàòêîâîãî âóãëåöþ áóëî îòðèìàíî ïðè îêèñíþâàíí³ åòàíó (â³äîìî, ùî àöå-
òàò ìîæå çàëó÷àòèñÿ äî ìåòàáîë³çìó ìåòàíîòðîô³â [10]). Îñê³ëüêè âóãëåêèñëî-
ãî ãàçó íå âèÿâëåíî, òî, î÷åâèäíî, âåñü ìåòàíîë áóëî òðàíñôîðìîâàíî ó á³îìà-

.Ðèñ. 1. Âïëèâ ïî÷àòêîâî¿ êîíöåíòðàö³¿ ìåòàíîëó â ñåðåäîâèù³ íà ð³ñò
Methylomonas rubra 15ø. (   ) á³îìàñà, (   ) CO

2, 
(   ) åòàíîë, (   ) àöåòàëüäåã³ä, (   )

àöåòàò, (    ) ñïîæèòèé ìåòàíîë. Êîíöåíòðàö³ÿ åòàíó â ãàçîâî-ïîâ³òðÿí³é ñóì³ø³
– 5 îá.%
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ñó. Òàêèì ÷èíîì, ºäèíîþ ðåàêö³ºþ ïåðåòâîðåííÿ ìåòàíîëó, ñïðÿæåíîþ ç ìî-
íîîêñèãåíóâàííÿì åòàíó, ìîãëî áóòè îêèñíþâàííÿ ìåòàíîëó ìåòàíîëäåã³äðîãå-
íàçîþ. Îêèñíþâàííÿ åòàíîëó (ïðîäóêòó ìîíîîêñèãåíóâàííÿ åòàíó) ÷åðåç îöòî-
âèé àëüäåã³ä äî àöåòàòó òàêîæ ìîæå äàâàòè äæåðåëî â³äíîâíèêà äëÿ MMO.

Ïðè âèñîêèõ êîíöåíòðàö³ÿõ ìåòàíîëó (ïîíàä 30,0 ìÌ), ìîæëèâî, âèíèêà-
ëà êîíêóðåíö³ÿ ïðîöåñ³â îêèñíþâàííÿ åòàíîëó é ìåòàíîëó çà ÌÄÃ, ó ðåçóëü-
òàò³ ÷îãî åòàíîë âèä³ëÿâñÿ â êóëüòóðàëüíå ñåðåäîâèùå (ðèñ. 1). Ó öüîìó âè-
ïàäêó ñïîñòåð³ãàëîñÿ ³íòåíñèâíå îêèñíþâàííÿ ìåòàíîëó äî âóãëåêèñëîãî ãàçó,
à åôåêòèâí³ñòü ñèíòåçó á³îìàñè áóëà íèçüêîþ. Ñï³âîêèñíåííÿ åòàíó áóëî
ïðîïîðö³éíèì ê³ëüêîñò³ òðàíñôîðìîâàíîãî â á³îìàñó ìåòàíîëó. Ðåçóëüòàòîì
ñï³ëüíî¿ òðàíñôîðìàö³¿ ìåòàíîëó é åòàíó êë³òèíàìè ìåòàíîòðîô³â áóâ ñèíòåç
êë³òèííî¿ á³îìàñè. Äàíèé ïðîöåñ îäåðæàâ íàçâó ñèíòàáîë³çì íåðîñòîâèõ ñóá-
ñòðàò³â, íà â³äì³íó â³ä ïðîöåñó êîìåòàáîë³çìó, ùî çàê³í÷óºòüñÿ îäåðæàííÿì
ïðîäóêò³â ìåòàáîë³çìó, àëå íå ðîñòîì êë³òèííî¿ ïîïóëÿö³¿.

Äëÿ äåìîíñòðàö³¿ ñèíòàáîë³çìó íåðîñòîâèõ ñóáñòðàò³â ó ìåòàíîòðîô³â
âèêîðèñòîâóâàëè òàêîæ ³íøèé ñóáñòðàò – îêèñ âóãëåöþ (ÑÎ). Â³äîìî, ùî
ìåòàíîòðîôè íå ðîñòóòü íà ÑÎ, ÿê ºäèíîìó äæåðåë³ âóãëåöþ. Âñòàíîâëåíî,
ùî ÑÎ ìàº âèñîêó ñïîð³äíåí³ñòü äî MMO, à ïðîäóêò éîãî ìîíîîêñèãåíóâàí-
íÿ (âóãëåêèñëèé ãàç) íå òîêñè÷íèé.

ßê âèäíî ç òàáëèö³ 2, ð³ñò äâîõ äîñë³äæåíèõ øòàì³â ìåòàíîòðîô³â çà
íèçüêèõ êîíöåíòðàö³é ìåòàíîëó (12,5 - 25,0 ìÌ) ó ïðèñóòíîñò³ ÑÎ õàðàêòå-
ðèçóâàâñÿ á³ëüø âèñîêèì âèõîäîì á³îìàñè, í³æ êîëè ìåòàíîë áóâ ºäèíèì
ñóáñòðàòîì. Ñòåõ³îìåòð³ÿ ïðîöåñó ðîñòó çàëåæàëà â³ä êîíöåíòðàö³¿ ìåòàíî-
ëó (òàáë. 2). Ïðè ðîñò³ Methylomonas rubra 15ø â³äíîøåííÿ âèòðà÷åíîãî ÑÎ

2

³ ìåòàíîëó çìåíøóâàëîñÿ â³ä 1,25 (ïðè 12,5 ìÌ ìåòàíîëó) äî 0,41 (ïðè 75,0
ìÌ ìåòàíîëó). Öå êîðåëþâàëî ç³ çìåíøåííÿì Y

C
.

Òàáëèöÿ 2
Ïîêàçíèêè ñèíòåçó á³îìàñè ïðè ðîñò³ ìåòàíîòðîô³â íà ñóì³ø³

ñóáñòðàò³â (ìåòàíîë + ÑÎ) àáî íà ìåòàíîë³

Ï ð è ì ³ ò ê à:
*Y

C
 = (32,0/25,5) YCH3OH, äå 32,0 – ìîëåêóëÿðíà âàãà ìåòàíîëó, 25,5 –

ìîëåêóëÿðíà âàãà ñïîëóêè
CH

2
O

0,5
N

0,25
, ùî â³äîáðàæàº ñêëàä á³îìàñè ìåòàíîòðîôíèõ áàêòåð³é

**Â öèõ âàð³àíòàõ CO íå äîäàâàëè

Ï.Â. Ðîêèòêî, Â.Î.Ðîìàíîâñüêà, Þ.Ð. Ìàëàøåíêî
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Îòæå, ñï³ëüíà òðàíñôîðìàö³ÿ ìåòàíîëó é ñóáñòðàòíîãî àíàëîãà ìåòàíó
(åòàíó àáî CO) ìåòàíîòðîôàìè ïðèâîäèòü äî ðîñòó êë³òèí. Êîæíèé ³ç öèõ
ñóáñòðàò³â îêðåìî íå º ðîñòîâèì äëÿ ìåòàíîòðîô³â. Òàêèì ÷èíîì, ñèíòà-
áîë³çì – öå òðàíñôîðìàö³ÿ äâîõ íåðîñòîâèõ ñóáñòðàò³â, ðåçóëüòàòîì ÿêî¿ º
ñèíòåç á³îìàñè (ðèñ. 2). Öåé ïðîöåñ ðåàë³çóºòüñÿ çàâäÿêè, ïî-ïåðøå, ñóá-
ñòðàòí³é íåñïåöèô³÷íîñò³ ìåòàíìîíîîêñèãåíàçè, ³, ïî-äðóãå, íàÿâíîñò³ òî÷îê
ñïðÿæåííÿ ñïîñîá³â ïåðåòâîðåííÿ äâîõ íåðîñòîâèõ ñóáñòðàò³â:

- äåã³äðóâàííÿ ìåòàíîëó;
- ìîíîîêñèãåíóâàííÿ äðóãîãî ñóáñòðàòó (åòàíó àáî CO).

Íà â³äì³íó â³ä ñèíòàáîë³çìó, ³íø³ âàð³àíòè êîìåòàáîë³çìó ÿâëÿþòü ñî-
áîþ òðàíñôîðìàö³þ íåðîñòîâîãî ñóáñòðàòó äî ïåâíîãî ïðîäóêòó ðàçîì ç
âèêîðèñòàííÿì ðîñòîâîãî ñóáñòðàòó (ïðè öüîìó ìîæëèâèé ð³ñò ì³êðîîð-
ãàí³çì³â) àáî ðàçîì ç âèêîðèñòàííÿì íåðîñòîâîãî åíåðãîãåíåðóþ÷îãî ñóá-
ñòðàòó (ð³ñò ì³êðîîðãàí³çì³â ïðè öüîìó íåìîæëèâèé).

Ó ö³ëîìó æ ñèíòàáîë³çì íåðîñòîâèõ ñóáñòðàò³â ó áàêòåð³é – öå ÿâèùå,
ùî ðîçøèðþº óÿâëåííÿ ì³êðîá³îëîã³â ñòîñîâíî:

- ä³àïàçîíó òðîô³÷íèõ âëàñòèâîñòåé áàêòåð³é ó ïðèðîä³;
- âèíÿòêîâîãî ïðèñòîñóâàííÿ áàêòåð³é äî åêñòðåìàëüíèõ óìîâ ¿õ ³ñíó-

âàííÿ, íàïðèêëàä, ó ðàç³ â³äñóòíîñò³ òðàäèö³éíèõ äæåðåë æèâëåííÿ;
- çäàòíîñò³ áàêòåð³é òðàíñôîðìóâàòè â ïðèðîäíèõ óìîâàõ íåðîñòîâ³

ñóáñòðàòè çà íàÿâíîñò³ äåê³ëüêîõ ñóáñòðàò³â, ùî îáóìîâëåíî, íàñàìïåðåä,
íåñïåöèô³÷í³ñòþ ïåâíèõ ôåðìåíò³â;

- ìîæëèâîñò³ áàêòåð³é âòÿãóâàòè â îáì³íí³ ïðîöåñè âàæêîäîñòóïí³, à
³íîä³ é òîêñè÷í³ ñïîëóêè é, òàêèì ÷èíîì, çàõèùàòè íàâêîëèøíº ñåðåäîâè-
ùå â³ä àíòðîïîãåííîãî çàáðóäíåííÿ.

Ðèñ. 2.  Ñõåìà ñèíòàáîë³çìó ìåòàíîëó òà îêèñó âóãëåöþ ìåòàíîòðîôíè-
ìè áàêòåð³ÿìè
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Ðåôåðàò

Îáëèãàòíûå ìåòàíîêèñëÿþùèå áàêòåðèè ñïîñîáíû ðàñòè òîëüêî
íà ìåòàíå. Îäíàêî, â îïðåäåëåííûõ óñëîâèÿõ (à èìåííî, â ïðèñóò-
ñòâèè ðîñòîâîãî ñóáñòðàòà) ìåòàíîòðîôû ìîãóò òðàíñôîðìèðîâàòü
íåðîñòîâûå äëÿ ýòèõ áàêòåðèé ñóáñòðàòû. Òàêîé ïðîöåññ ïîëó÷èë
îïðåäåëåíèå êîìåòàáîëèçì. Íàìè ïîêàçàíî, ÷òî ìåòàíîòðîôû ñïî-
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ñîáíû ê ñîâìåñòíîé àññèìèëÿöèè äâóõ íåðîñòîâûõ ñóáñòðàòîâ, íà-
ïðèìåð, ìåòàíîëà è ñóáñòðàòíîãî àíàëîãà ìåòàíà (ýòàíà èëè îêèñè
óãëåðîäà), â ðåçóëüòàòå ÷åãî ñèíòåçèðóåòñÿ áèîìàññà. Óñòàíîâëåíî,
÷òî ìåòàíîòðîôû îêèñëÿþò ýòàí (èëè îêèñü óãëåðîäà) áëàãîäàðÿ
ñóáñòðàòíîé íåñïåöèôè÷íîñòè ìåòàíìîíîîêñèãåíàçû (ÌÌÎ). Âîñ-
ñòàíîâèòåëüíûå ýêâèâàëåíòû äëÿ MMO ìîãóò áûòü ïîëó÷åíû ïðè
äåãèäðèðîâàíèè äðóãîãî íåðîñòîâîãî ñóáñòðàòà – ìåòàíîëà è èí-
òåðìåäèàòîâ åãî îêèñëåíèÿ – ôîðìàëüäåãèäà è ôîðìèàòà. Ýòîò
ïðîöåññ íàçâàí ñèíòàáîëèçìîì. Òàêèì îáðàçîì, ïîêàçàíî, ÷òî ñèí-
òàáîëèçì íåðîñòîâûõ ñóáñòðàòîâ ó ìåòàíîòðîôîâ ðåàëèçóåòñÿ âñëåä-
ñòâèå ñóáñòðàòíîé íåñïåöèôè÷íîñòè ÌÌÎ è ñîïðÿæåííîñòè ïðî-
öåññîâ îêèñëåíèÿ äâóõ íåðîñòîâûõ ñóáñòðàòîâ, êîòîðûå îáåñïå÷è-
âàþò ðîñò è ðàçìíîæåíèå êëåòîê.

Ê ë þ ÷ å â û å  ñ ë î â à: ìåòàíîòðîôû, ìåòàíìîíîîêñèãåíàçà,
íåðîñòîâîé ñóáñòðàò, êîìåòàáîëèçì, ñèíòàáîëèçì.

P.V. Rokytko, V.O. Romanovska, J.R. Malashenko

Zabolotny Institute of Ìicrobiology and Virology Nat. Acad. Sci. Ukraine,
Zabolotny str., 154, Kyiv, Ukraine

SINTABOLISM OF NON-GROWTH SUBSTRATES
BY METHANOTROPHIC BACTERIA

Summary

The obligate methane oxidizing bacteria are capable to grow only on
methane. However, under certain conditions (namely, in presence of
growth substrate) methanotrophs can transform non-growth substrates.
Such process has obtained the definition “cometabolism”. It was shown
by us, that methanotrophs are capable to joint assimilation of two non
growth substrates, for example, methanol and substrate analogue of
methane (ethane or carbon oxide). This process results in biomass
synthesis. It is established, that methanotrophs oxidize ethane (or
carbon oxide) owing to methane monooxygenase’s (MMO) non
specificity to substrate. The reducing equivalents for MMO can be
obtained at dehydrogenation of other non-growth substrate - methanol
and intermediates of its oxidation - formaldehyde and formiate. This
process is named “sintabolism”. Thus, it is shown, that the sintabolism
of non-growth substrates by methanotrophs is realized owing to
substrate non specificity of the MMO and interlinking of processes of
oxidation of two non-growth substrates which provide growth and
reproduction of the cells.

K e y  w o r d s: methanotrophs, methane monooxygenase, non-growth
substrate, cometabolism, sintabolism.
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The permanent attachment of Myxococcus xanthus V-25 and M.
xanthus 422 to the hydrophobic and hydrophilic surface was studied.
The strains attached mostly to the hydrophobic surface. Protease and
chloramphenicol did not promote the cells to detach from both surfaces,
but sodium periodate did. This suggests that exopolysaccharide may
play a role in their permanent attachment. The presence of Zn, Pb,
Cd and Cr induced the changes in the permanent attachment of the
strains to both types of the surfaces. It appeared to be reflected in the
changes to the charge and hydrophobic characteristics of the cell
surfaces measured by hydrophobic and electrostatic interaction
chromatography. There was a decline in attachment for death phase
cells compared exponential and stationary phase cells but there were
no major changes in the cell surface characteristics with growth phase.
This suggests that cell physiological activity may contribute to
irreversible adhesion for myxobacteria, however, ClCCP, a metabolic
inhibitor, did not affect the permanent attachment of the cells. The
attachment of both strains declined with increasing pH. Possible
mechanisms for the permanent attachment are discussed in the light
of these results.

K e y  w o r d s: myxobacteria, attachment, hydrophobic and hydrophilic
surface

Myxobacteria are gliding bacteria which have complex life cycles involving
extensive communication and co-operation between cells e.g. in fructuation [1].
The gliding habit of myxobacteria makes contact with solid surfaces crucial [2], but
although the mechanisms for their gliding motility have been much studied, little is
known about the other surface contact interactions e.g. the permanent attachment.

Gliding motility involves temporary attachment to a solid surface. Myxococcus
xanthus Beebe, 1941 shows two distinct forms of gliding motility. The first is
movement that involves co-operation between cells and cell-cell proximity termed
S-motility. S-motility appears based on the extension pili and their adhesion to a
matrix of fibrils, composed of proteins and carbohydrates, followed by the retraction
of the pili. The second type of movement, A-motility, allows individual cell
movement and is driven by the extrusion of slime. A-motility under some conditions
may contribute to group motility. S-motility appears to dominate the movement
of M. xanthus on soft surfaces while A-motility is more important on hard surfaces

© O. L. Rakhimova, V.O. Ivanytsya, S. McEldowney

PERMANENT ATTACHMENT OF MYXOBACTERIA
MYXOCOCCUS XANTHUS
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such as hard agar. The complex developmental life-cycle of myxobacteria requires
cell-cell signaling, motility and contact with solid surfaces. In low nutrient conditions
vegetative cells aggregate and differentiate into fruiting bodies. S-motility
contributes substantially to this process [2, 3]. Other gliding bacteria, such as
Flexibacter sp., are capable of both the temporary adhesion, allowing lateral
movement, to substrata that is  prerequisite of gliding motility and permanent
(irreversible) attachment. Permanent attachment is characterized by bacterial cells
being firmly attached to one site on the surface even when exposed to the
considerable sheer forces. There are two phases in permanent attachment of
bacterial cells, reversible and irreversible adhesion. The former is controlled by
long-range forces e.g. London-van der Waals forces, while the irreversible adhesion
is driven by short-range interactions e.g. hydrophobic and charge interactions
between the solid and cell surfaces. The extent of permanent attachment to the
surfaces is determined by a number of factors including the characteristics of the
bacterial cell surface, the nature of the solid surface and liquid phase [4].

The aim of this study was to investigate the permanent (irreversible) attachment of
two M. xanthus strains to the hydrophobic and  relatively hydrophilic polystyrene surface.

Materials and Methods

Myxococcus xanthus V-25, isolated from Ukrainian soil, and M. xanthus 422
(provided by Professor J. Ma Arias-Penalver, Granada University, Spain) were
used in this study.

CT broth (100 ml) containing 2 % (w/v) casitone (Difco) and 0.2% MgSO
4
  

H
2
O in 0.01M potassium phosphate buffer (pH 7.6) was inoculated with 1 ml

M. xanthus from CT starter cultures. The cultures were grown under 30 oC
before harvesting (11,000 av. g, 4 oC) and suspending in 10 ml 0.2 mM maleate
buffer (pH 7). The cells were washed once and resuspended in maleate buffer
(pH 7) to  cell density of 1-2 x 109 cells ml-1. Five ml of each cell suspension
were transferred to duplicate 5 cm polystyrene petri dishes (PD) (Sterilin), a
hydrophobic surface, and duplicate tissue culture treated polystyrene dishes
(TCD) (Costar), relatively hydrophilic surface. The attachment substrata were
incubated for 2 h at 30 îC and then washed gently three times with 0.2 mM
maleate buffer (pH 7) to remove loosely attached bacteria. The attached bacteria
were then fixed and stained with crystal violet. Bacterial attachment was estimated
by measuring the A

540
 of the stained attached bacteria. Four readings of randomly

selected areas were taken from each of the duplicate dishes. The results were
expressed as A

540
 (õ 103) of the attached cells with the 95 % confidence limits of

the mean (n=8).
The adhesion assays determined the effect of growth phase on

attachment, the effect of selected heavy metals on adhesion, the effect of
the inhibitor carbonil cyanide m-chlorophenyl-hydrazone (ClCCP), the effect
of pH on adhesion.

To determine the detachment assay the substrata with the attached cells
inoculated with 5-ml volumes of one of the following: (i) 0.2 mM maleate buffer
(pH 7) (control); (ii) 5 mg chloramphenicol ml-1 (Sigma) in maleate buffer; (iii) 1
unit per 5 ml bacterial protease (Sigma) in maleate buffer; (iv) 1% (w/v) sodium
periodate (Sigma). The duplicate plates were incubated at 30 oC for further 2 hrs
before washing, staining and determining the A

540
 of attached cells. The results

were expressed as the percentage of A
540
(õ 103) detached by the treatment in

comparison with the detachment control. If the 95% confidence limits of the
mean (n=8) for treatments and control overlapped then no additional detachment
was considered to have occurred.

Cell surface characteristics were investigated by adapting the method
previously described [16]. The strains were grown in CT medium at 30 oC to

PERMANENT ATTACHMENT OF MYXOBACTERIA   MYXOCOCCUS XANTHUS
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exponential, stationary, or death phase. The cells were harvested, washed once
and resuspended in maleate buffer (pH 7) or buffer containing 1.0 mM ClCCP.
The strains were also grown for 48 h in CT medium containing 0 mM (control)
or 0.1 mM Cr(NO

3
)
3
. 9H

2
O, ZnSO

4
. 7H

2
O, CdCl

2
. H

2
O or Pb(NO

3
)
2
. The cells were

harvested by centrifugation, washed once and resuspended in maleate buffer
(pH 7) to optical density of 1 – 2 x 109 cells ml-1.

The results were expressed as the percentage of A
540

 retained in the column:
the larger percentage, the more hydrophobic, anionic, or cationic the cells.
Discrepancy of < ± 5 % between duplicate columns was considered acceptable.

All experiments were repeated at least once.

Results and discussion

Attachment of both myxobacterial strains was far greater to the hydrophobic
surface than the relatively hydrophilic surface in all the growth phases (Table 1).
There was no significant difference in permanent attachment between the late
exponential phase cells and the stationary phase cells for both strains. There was,
however, a significant reduction in the attachment for death phase cells (Table 1).
The presence of ClCCP did not inhibit attachment in any growth phase for either
strain, in fact there was a slight rise in the attachment induced by ClCCP for death
phase cells. M. xanthus 422 showed higher attachment to the relatively hydrophilic
surface (TCD) than M. xanthus V-25, but the extent of the attachment to the
hydrophobic surface was similar for both strains (Table 1).

The effect of the heavy metals on the permanent attachment of the two
strains was broadly similar, but varied with the solid surface (Table 2). The
presence of each metal, in general, significantly increased the attachment of the
strains to the relatively hydrophilic surface. There was no rise in attachment to
this surface with increasing metal concentration (0,1 and 5,0 mM). The attachment

O. L. Rakhimova, V.O. Ivanytsya, S. McEldowney

Table 1
The effect of growth phase and ClCCP on the attachment of M. xanthus strains

to the hydrophobic surface (PD) and relatively hydrophilic surface  (TCD)

a  95 % confidence limits of mean (n=8)
b 1 mM carbonil cyanide m-chlorophenyl-hydrazone
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to the hydrophobic surface, however, increased significantly in the presence  of
0,1 mM concentrations of all three metals but showed the marked decline at 5,0 mM
concentrations of the metals (Table 2).

As pH increased so the levels of the permanent attachment to the hydrophobic
and the hydrophilic surface declined and looks similar for both strains (Fig. 1).

PERMANENT ATTACHMENT OF MYXOBACTERIA   MYXOCOCCUS XANTHUS

Table 2
The effect of selected heavy metals on the attachment of M. xanthus strains
to the relatively hydrophilic surface (TCD) and hydrophobic surface (PD)

a 95 % confidence limits of mean (n=8)

Fig. 1. Effect of pH on the permanent attachment of M. xanthus V-25 to the
hydrophobic (PD) surface (   ) and relatively hydrophilic (TCD) surface ( ). The
bars represent the 95% confidence limits of the mean (n=8)
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The attached cells of M. xanthus V-25 and 422 did not desorb in the
presence of either chloramphenicol, the inhibitor of protein synthesis, or protease.
The presence of sodium periodate, which denatures exopolysaccharide, resulted
in  30% and 10% detachment of M. xanthus V-25 from PD and TCD respectively.
In the case of M. xanthus 422 a 40% and 20% detachment occurred from PD and
TCD respectively after treatment with sodium periodate.

Cell surface hydrophobicity (measured by HIC) of the two myxobacterial
strains was similar and remained relatively constant with growth phase
(Table 3). There was more variation in the electrostatic interactions (measured
by EIC) for the two organisms. Both strains showed greater binding to the
EIC (A+C) exchange resin, which binds both negative and positive groups,
than to EIC (A), which binds negative groups, in all three growth phases.
This suggests that the cells of both strains tended to be electropositive. In
general, the presence of ClCCP, the metabolic inhibitor, had little effect on
the cell surface characteristics of either strains (Table 3).

The presence of Cr, Zn, Cd and Pb increased both the hydrophobic and
charge characteristics of the M. xanthus V-25 and M. xanthus 422 cell surfaces
(Table 4). The most substantial increasing was found for EIC (A) suggesting
the increase in the positive charge of the cells in the presence of the metals
(Table 4).

O. L. Rakhimova, V.O. Ivanytsya, S. McEldowney

Table 3
The effect of growth phase on the cell surface characteristics of M. xanthus

strains measured by electrostatic and hydrophobic interaction
chromatography

a Calculated as the percentage of A
540

 retained in the column.
b HIC, hydrophobic interaction chromatography column; EIC(A+C), mixed anion and cation
interation column; EIC(A), anion interaction column.
c 1 mM carbonil cyanide m-chlorophenyl-hydrazone
d SEM (n=3)
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This research demonstrates that M. xanthus strains not only exhibit the
temporary adhesion of gliding motility but are also capable of permanent
attachment to solid substrata. Our results suggest that the mechanism of
permanent attachment of these organisms may involve complex interactions
between several different cell characteristics.

M. xanthus 422 and M. xanthus V-25 both showed far greater permanent
adhesion to the hydrophobic surface than to the relatively hydrophilic surface
(Table 1 and Table 2, Fig. 1). Hydrophobic interactions are believed to be key
determinants of bacterial attachment [1], that is well known that cell surface
charge is only important at cell low surface hydrophobicity. The myxobacterial
strains studied both had high surface hydrophobicity and, we are sure cell
hydrophobicity might be considered largely responsible for their permanent
attachment. This is supported by the greater adhesion to the hydrophobic surface,
and by the fact that cells became more hydrophobic, as well as more highly
charged (Table 4), after accumulating all the heavy metals studied, when they
also tended to show increased adhesion (Table 2).

Hydrophobicity was not, however, the only determinant of permanent
attachment for the two M. xanthus strains. This was indicated by the findings
that death phase cells attached least (Table 1), despite these cells have similar
hydrophobicity to stationary and exponential phase cells (Table 3). Moreover,
exposure to 5 mM metal solutions resulted in reduced attachment to the
hydrophobic but not the relatively hydrophilic surface (Table 2), even though
the cell surface hydrophobicity increased after exposure to the metals (Table 3).
In their classic study Marshall et al [4] proposed  activly related adhesion process
specifically through the production of exopolymer. A role for bacterial activity
and exopolymer production in permanent attachment has subsequently been
supported by a number of studies [1, 5]. The reduced attachment of the

Table 4
The effect of heavy metal cations on the cell surface characteristics of M.xanthus
strains measured by electrostatic and hydrophobic interaction chromatography

a Calculated as the percentage of A
540

 retained in the column.
b HIC, hydrophobic interaction chromatography column; EIC(A+C), mixed anion and cation
interation column; EIC(A), anion interaction column.
c SEM (n=2)
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myxobacterial strains we observed in death phase may have been due to some
activity driven component in their permanent attachment. The metabolic inhibitor,
ClCCP, however, did not reduce their attachment (Table 1). The life-cycle of
myxobacteria requires sophisticated co-operation and aggregation of cells largely
controlled by cell-cell signaling [3]. Communication and co-operation between
cells has been suggested to be exceptionally important in the permanent
attachment of bacteria [6]. The apparent contradiction between the reduced
attachment for death phase cells but no similar reduction for ClCCP-treated
cells, may be due to different effects on the functioning of inter-cell
communication and co-operation mechanisms. The role of cell-cell communication
and co-operation in permanent attachment of these micro-organisms certainly
warrants further study.

The results of our investigation suggest that exopolymer contributes to the
irreversible attachment of M. xanthus and it is probable that a key effect of
metals on attachment was through an effect on exopolymer. Neither
chloramphenicol nor protease caused the detachment of the myxobacteria
permanently attached to the solid surfaces, but sodium periodate, which denatures
exopolysaccharide, did. Attachment of the strains to the hydrophobic surface
tended to decline with increasing pH (Fig. 1), as was found for Flexibacter sp,
another type of gliding bacterium [18]. The effects of pH are, of course,
multifaceted, but it is noteworthy that changes in pH can cause the alterations
in the viscosity of exopolymer. Similarly, binding of metal cations to exopolymer
might increase its viscosity. Cadmium bound to the exopolymer of Citrobacter
sp. changed the morphology of the exopolymer from diffuse and amorphous to
electron opaque and structured [7]. Viscosity has been suggested as one factor
that determines whether exopolymer acts as a temporary adhesive in gliding
motility or as a permanent adhesive [8]. Binding of metals to bacterial cell walls
also substantially changes the charge and hydrophobic characteristics of the
cell surface [5], which in turn may influence attachment. In the case of
myxobacteria we found that there was  increasing in both hydrophobicity and
charge interactions, particularly the positive charge interactions of the cells
(Table 4). Cadmium and zinc have previously been found to cause similar increases
in the charge and hydrophobic characteristics of the cell surface of Pseudomonas
fluorescens H2 [5]. In addition, the presence of the metals had a considerable
impact on the physiological activity of the strains, clearly demonstrated by the
reduction in respiration rate. Variations in the physiological status of bacteria
are known to induce changes in the cell surface characteristics [5]. Metal induced
changes in the cell surface characteristics of the Myxococcus strains are likely to
have impacts on the cell-surface interactions permanent adhesion influencing
the levels of attachment as observed in this study.

It is clear from our research that myxobacteria are capable permanent
attachment to solid surfaces and that a number of different cellular characteristics
contribute to this process. The life-style and gliding motility of these bacteria
makes the contact with the surfaces essential. Whether the ability to irreversibly
attach plays a role for M. xanthus in soil environments is unclear, but is worthy
of further study.
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ÄÎËÃÎÑÐÎ×ÍÎÅ ÏÐÈÊÐÅÏËÅÍÈÅ

ÌÈÊÑÎÁÀÊÒÅÐÈÉ MYXOCOCCUS XANTHUS

Ðåôåðàò

Èçó÷åíî äîëãîñðî÷íîå ïðèêðåïëåíèå áàêòåðèé Myxococcus xanthus
V-25 è M. xanthus 422  ê ãèäðîôîáíûì è ãèäðîôèëüíûì ïîâåðõíîñ-
òÿì. Ïîêàçàíî, ÷òî ìèêñîáàêòåðèè ëó÷øå ïðèêðåïëÿëèñü ê ãèäðî-
ôîáíûì ïîâåðõíîñòÿì. Ïåðèîäàò íàòðèÿ ñïîñîáñòâîâàë îòêðåïëåíèþ
îò îáîèõ òèïîâ ïîâåðõíîñòåé, â îòëè÷èå îò ïðîòåàçû è õëîðàìôåíè-
êîëà. Ïðèñóòñòâèå Zn, Pb, Cd è Cr ïðèâîäèëî ê èçìåíåíèÿì â ïðè-
êðåïëåíèè øòàììîâ ê îáîèì òèïàì ïîâåðõíîñòåé. Íàáëþäàëîñü ñíè-
æåíèå ïðèêðåïëåíèÿ â ôàçå ãèáåëè êëåòîê, ïî ñðàâíåíèþ ñ ýêñïî-
íåíöèàëüíîé è ñòàöèîíàðíîé ôàçàìè.  Ñóùåñòâåííûõ îòëè÷èé â
èçó÷åííûõ ñâîéñòâàõ êëåòî÷íîé ïîâåðõíîñòè íà ðàçëè÷íûõ ôàçàõ
ðîñòà íå âûÿâëåíî.  Ïðèêðåïëåíèå áàêòåðèé îáîèõ øòàììîâ ñíèæà-
ëîñü ñ ïîâûøåíèåì ðÍ. Â ñâåòå ïîëó÷åííûõ ðåçóëüòàòîâ îáñóæäåíû
âîçìîæíûå ìåõàíèçìû äîëãîñðî÷íîãî ïðèêðåïëåíèÿ ìèêñîáàêòåðèé.

Ê ë þ ÷ å â û å  ñ ë î â à: ìèêñîáàêòåðèè, ïðèêðåïëåíèå, ãèäðîôîá-
íûå è ãèäðîôèëüíûå ïîâåðõíîñòè.
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ÄÎÂÃÎÒÐÈÂÀËÅ ÏÐÈÊÐ²ÏËÅÍÍß

Ì²ÊÑÎÁÀÊÒÅÐÈÉ MYXOCOCCUS XANTHUS

Ðåôåðàò

Âèâ÷åíî  äîâãîòðèâàëå ïðèêð³ïëåííÿ áàêòåð³é Myxococcus xanthus V-25
³ M. xanthus 422  äî ã³äðîôîáíèõ ³ ã³äðîô³ëüíèõ ïîâåðõîíü. Ïîêàçàíî, ùî
ì³êñîáàêòåð³¿ êðàùå ïðèêð³ïëþâàëèñÿ äî ã³äðîôîáíèõ ïîâåðõîíü. Ïåð-
³îäàò íàòð³þ ñïðèÿâ â³äêð³ïëåííþ â³ä îáîõ òèï³â ïîâåðõîíü, íà â³äì³íó
â³ä  ïðîòåàçè òà õëîðàìôåí³êîëó. Ïðèñóòí³ñòü Zn, Pb, Cd ³ Cr ïðèçâîäè-
ëà äî çì³í â ïðèêð³ïëåíí³ áàêòåð³é äî îáîõ òèï³â ïîâåðõîíü. Ñïîñòåð³ãà-
ëîñü çíèæåííÿ ïðèêð³ïëåííÿ ó ôàç³ çàãèáåë³ êë³òèí, â ïîð³âíÿíí³ ç åêñ-
ïîíåíö³àëüíîþ òà ñòàö³îíàðíîþ ôàçàìè. Ñóòòºâèõ â³äì³í âèâ÷åíèõ âëà-
ñòèâîñòåé ïîâåðõí³ êë³òèí íà ð³çíèõ ôàçàõ ðîñòó íå âèÿâëåíî.  Ïðè-
êð³ïëåííÿ áàêòåð³é îáîõ øòàì³â çíèæóâàëîñü ç ï³äâèùåííÿì ðÍ. Â ñâ³òë³
îäåðæàíèõ ðåçóëüòàò³â îáãîâîðåíî ìîæëèâ³  ìåõàí³çìè  äîâãîòðèâàëî¿
àäãåç³¿  ì³êñîáàêòåð³é.

Ê ë þ ÷ î â ³  ñ ë î â à: ì³êñîáàêòåð³¿, ïðèêð³ïëåííÿ, ã³äðîôîáíà ³
ã³äðîô³ëüíà ïîâåðõí³.
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Èíñòèòóò ñåëüñêîõîçÿéñòâåííîé ìèêðîáèîëîãèè ÓÀÀÍ,
óë. Øåâ÷åíêî, 97, ã. ×åðíèãîâ, Óêðàèíà, 14027

Ñ èñïîëüçîâàíèåì àáèîãåííîãî ôàêòîðà íîäóëÿöèè (2,4-äèõëîðî-
ôåíîêñèàöåòàòà)  ïîëó÷åíû ïàðàêëóáåíüêè íà êîðíÿõ ðàñòåíèé
øåëêîâèöû. Äëÿ èçó÷åíèÿ ñïîñîáíîñòè áàêòåðèé ðîäà Azospirillum
çàñåëÿòü äàííûå íîâîîáðàçîâàíèÿ áûëà ïîëó÷åíà øòàììîñïåöè-
ôè÷íàÿ àíòèñûâîðîòêà ê øòàììó Azosp³r³llum bras³lense 54. Óñòà-
íîâëåíî, ÷òî àçîñïèðèëëû ñïîñîáíû ïðîíèêàòü â ïàðàêëóáåíüêè
ðàñòåíèé øåëêîâèöû, âûðàùåííûõ â ïðîáèðêàõ íà ñòåðèëüíîé ñðåäå
è â óñëîâèÿõ âåãåòàöèîííîãî îïûòà íà íåñòåðèëüíîé ïî÷âå.

Ê ë þ ÷ å â û å  ñ ë î â à: Azosp³r³llum bras³lense, øåëêîâèöà,
ïàðàêëóáåíüêè, àíòèñûâîðîòêà.

Êëóáåíüêè íà êîðíÿõ íåáîáîâûõ ðàñòåíèé îáðàçóþòñÿ ó ðÿäà êóëüòóð: îëü-
õè, îáëåïèõè, âîñêîâíèêà, êîðèàðèè, êóêóðóçû, âåéíèêà, îñîêè, ïîäìàðåííèêà
è ò.ä. ïîä âîçäåéñòâèåì áèîãåííûõ è àáèîãåííûõ ôàêòîðîâ íîäóëÿöèè [1-7].
Áàêòåðèè, êîòîðûå ñïîñîáíû ïðîíèêàòü â êîðíè ðàñòåíèé è èíäóöèðîâàòü îá-
ðàçîâàíèå êëóáåíüêîâ, àäñîðáèðóþòñÿ íà ïîâåðõíîñòè êîðíåé ðàñòåíèé, ñèíòå-
çèðóþò ãîðìîíîïîäîáíûå âåùåñòâà è ôåðìåíòû, ðàçðóøàþùèå êëåòî÷íóþ ñòåí-
êó ðàñòåíèé, à òàêæå ïðîíèêàþò âî âíóòðåííèå òêàíè êîðòèêàëüíîé ïàðåíõè-
ìû è ðàñïðîñòðàíÿþòñÿ ïî ñèñòåìå ìåæêëåòíèêîâ [8, 9]. Â êëóáåíüêîïîäîáíûå
ñòðóêòóðû ìîãóò ïðîíèêàòü ðàçëè÷íûå ìèêðîîðãàíèçìû, â òîì ÷èñëå è ïàòîãåí-
íûå [10]. Äëÿ óâåëè÷åíèÿ ïðîäóêòèâíîñòè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ïðåä-
ïðèíèìàþòñÿ ïîïûòêè èñêóññòâåííî èíäóöèðîâàòü îáðàçîâàíèå êëóáåíüêîâ,
îäíîâðåìåííî çàñåëÿÿ èõ àçîòôèêñèðóþùèìè áàêòåðèÿìè. Èññëåäîâàíî èñêóñ-
ñòâåííîå îáðàçîâàíèå ïñåâäîêëóáåíüêîâ íà êîðíÿõ êàïóñòû è ðàïñà ïîä âîç-
äåéñòâèåì ðàçíîîáðàçíûõ íîäóëèðóþùèõ àãåíòîâ ïðè îäíîâðåìåííîé èíîêó-
ëÿöèè àçîòôèêñèðóþùèìè ìèêðîîðãàíèçìàìè [11, 12].

Â Èíñòèòóòå øåëêîâîäñòâà îáíàðóæåí ôåíîìåí ãèãàíòèçìà ðàñòåíèÿ
øåëêîâèöû. Íà êîðíÿõ èññëåäóåìîãî ðàñòåíèÿ îáíàðóæèëè áîëüøîå êîëè-
÷åñòâî êëóáåíüêîïîäîáíûõ óòîëùåíèé [13]. Áûëî óñòàíîâëåíî, ÷òî äàííûå
ñòðóêòóðû õàðàêòåðèçóþòñÿ âûñîêîé àçîòôèêñèðóþùåé àêòèâíîñòüþ, ñðàâ-
íèìîé ñ íèòðîãåíàçíîé àêòèâíîñòüþ êëóáåíüêîâ áîáîâûõ. Èç êëóáåíüêîâ
íà êîðíÿõ øåëêîâèöû áûëè âûäåëåíû àçîòôèêñèðóþùèå áàêòåðèè:
Agrobacterium radiobacter è Azospirillum brasilense.

Áàêòåðèè ðîäà Azospirillum ïðèâëåêàþò âíèìàíèå ìíîãèõ èññëåäîâàòå-
ëåé âñëåäñòâèå èõ ñïîñîáíîñòè ðàçâèâàòüñÿ êàê â ðèçîïëàíå è ðèçîñôåðå,
òàê è ïðîíèêàòü â êîðêîâûå òêàíè êîðíåé [14, 15].

Öåëü ðàáîòû: èñêóññòâåííî èíäóöèðîâàòü îáðàçîâàíèå êëóáåíüêîâ íà êîð-
íÿõ ðàñòåíèé øåëêîâèöû è çàñåëèòü èõ àêòèâíûìè øòàììàìè äèàçîòðîôîâ.

© Þ. À. Ãîí÷àð, Å. Â. Íàäêåðíè÷íàÿ,  È. Â. Âîëêîâà,
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Ìàòåðèàëû è ìåòîäû

Äëÿ ïîëó÷åíèÿ àíòèñûâîðîòêè áûë âûáðàí íàèáîëåå ýôôåêòèâíûé øòàìì
àçîñïèðèëë - Azospirillum brasilense 54. Â óñëîâèÿõ ëàáîðàòîðíîãî îïûòà ñòå-
ðèëüíûå ïðîðîñòêè øåëêîâèöû, âûðàùåííûå â ïðîáèðêàõ íà ïîëóæèäêîé
ñðåäå, èíîêóëèðîâàëè èññëåäóåìûì øòàììîì ïðè îäíîâðåìåííîé îáðàáîò-
êå ñåÿíöåâ 2,4-äèõëîðîôåíîêñèàöåòàòîì â êîíöåíòðàöèè 5õ10-6 ã äåéñòâóþ-
ùåãî âåùåñòâà íà 1 ðàñòåíèå. ßâëåíèå ïàðàíîäóëÿöèè èçó÷àëè òàêæå â óñëî-
âèÿõ âåãåòàöèîííîãî îïûòà íà íåñòåðèëüíîé ïî÷âå. ×åðåç 30 äíåé äëÿ äàëü-
íåéøèõ èññëåäîâàíèé ïàðàêëóáåíüêè ñåÿíöåâ øåëêîâèöû ñòåðèëèçîâàëè
ðàñòâîðîì ñóëåìû è 96% ýòèëîâûì ñïèðòîì, ìíîãîêðàòíî ïðîìûâàëè ñòå-
ðèëüíîé âîäîé. Â ñòåðèëüíûõ óñëîâèÿõ ïàðàêëóáåíüêè ðàçäàâëèâàëè ñòåê-
ëÿííîé ïàëî÷êîé è ïðîèçâîäèëè ïîñåâ íà ÷àøêè ñ êàðòîôåëüíîé àãàðèçî-
âàííîé ñðåäîé è ñðåäîé Êàñåðàñà. Äëÿ äàëüíåéøèõ èññëåäîâàíèé îòáèðàëè
êîëîíèè àçîñïèðèëë ïî õàðàêòåðíûì êóëüòóðàëüíî-ìîðôîëîãè÷åñêèì ïðè-
çíàêàì.

Àíòèòåëà ïîëó÷àëè, èñïîëüçóÿ ìîäèôèöèðîâàííóþ ñõåìó èììóíèçàöèè
êðîëåé öåëûìè êëåòêàìè Azospirillum brasilense 54, ïîâåðõíîñòü êîòîðûõ
áûëà ïðåäâàðèòåëüíî îáðàáîòàíà ãëóòàðîâûì àëüäåãèäîì. Â êà÷åñòâå àäú-
þâàíòà èñïîëüçîâàëè ìàíòàíèä ISA 25. Èíúåêöèþ ïðîâîäèëè 2 ìë àíòèãåíà
ñ îïòè÷åñêîé ïëîòíîñòüþ D

660
=1,3 (ïðè äëèíå âîëíû ñâåòà 660 íì) â êþâåòå

òîëùèíîé 1 ñì, ÷òî ñîîòâåòñòâóåò êîíöåíòðàöèè ïðèìåðíî 3õ1010 êë/ìë.
Ñõåìà èììóíèçàöèè âêëþ÷àëà 6 èíúåêöèé, êîòîðûå ïðîâîäèëè ñ èíòåðâà-
ëîì â 3 äíÿ. Â íàøåé ìîäèôèêàöèè èíúåêöèè ïðîâîäèëè, ÷åðåäóÿ ïîäêîæ-
íîå ââåäåíèå àíòèãåíà â îáëàñòü øåè ñ âíóòðèêîæíîé èíúåêöèåé â 5 - 7
òî÷åê âäîëü ïîçâîíî÷íèêà. Òèòð àíòèòåë â ðåàêöèè äâîéíîé èììóíîäèôó-
çèè ñîñòàâèë 1:8 è 3õ103  â òâåðäîôàçíîì èììóíîôåðìåíòíîì àíàëèçå
(ÒÈÔÀ). ×åðåç 40 äíåé ïðîâîäèëè ðåèììóíèçàöèþ, êîòîðàÿ âêëþ÷àëà 3
èíúåêöèè ñ íåäåëüíûì èíòåðâàëîì: 1-ÿ – âíóòðèìûøå÷íàÿ, 2-ÿ è 3-ÿ –
âíóòðèâåííûå, âîçðàñòàþùèì êîëè÷åñòâîì àíòèãåíà (îò 3õ1010 äî 3õ1012

êë/ìë). Êðîâü îòáèðàëè  ÷åðåç 10 äíåé ïîñëå çàâåðøåíèÿ èììóíèçàöèè.
Êîíñåðâèðîâàíèå ñûâîðîòêè ïðîâîäèëè áîðíîé êèñëîòîé (2 ã íà 100 ìë
ñûâîðîòêè).

Äëÿ ïîñòàíîâêè ðåàêöèè ïðåöèïèòàöèè ïî Îóõòåðëîíè [16] èñïîëüçî-
âàëè 1 % àãàðîçó íà ôèçèîëîãè÷åñêîì ðàñòâîðå ñ äîáàâëåíèåì áîðíîé êèñ-
ëîòû (10 ìã/ìë) [17]. Ðàñïëàâëåííûé àãàð ðàçëèâàëè òîíêèì ñëîåì íà ïî-
êðîâíûå ñò¸êëà. Â í¸ì âûðåçàëè 2 ðÿäà ëóíîê äèàìåòðîì 3 ìì: 5 – ââåðõó
è 6 – âíèçó íà ðàññòîÿíèè 5 ìì îäíà îò äðóãîé. Äëÿ íàáëþäåíèÿ ðåàêöèè
ïðåöèïèòàöèè ìåæäó àíòèãåíîì è  ïîëó÷åííîé ñûâîðîòêîé ëóíêè íàïîëíÿ-
ëè ïàñòåðîâñêèìè ïèïåòêàìè ñ îòòÿíóòûìè êîíöàìè: âåðõíèé ðÿä – ðà-
ñòâîðîì àíòèãåíà, à íèæíèé – ðàñòâîðàìè àíòèòåë ñ òèòðîì 1:16 (3 ëåâûå
ëóíêè) è 1:32 (3 ïðàâûå ëóíêè). Ñò¸êëà ïîìåùàëè â ÷àøêè Ïåòðè è ñòàâèëè
â ýêñèêàòîð ñ íàëèòîé íà äíî âîäîé. Ðåàêöèþ ïðîâîäèëè â òåðìîñòàòå ïðè
òåìïåðàòóðå 37 ÎÑ. Ëèíèè ïðåöèïèòàöèè ó÷èòûâàëè ÷åðåç 2 äíÿ âèçóàëüíî.
Ïðåïàðàòû îêðàøèâàëè êðàñèòåëåì êóìàññè R-250.

Èììóíîôåðìåíòíûé àíàëèç (ÒÈÔÀ) ïðîâîäèëè íà ïîëèñòèðîëîâûõ ïëàí-
øåòàõ ôèðìû Sarstedt USA â íåïðÿìîì âàðèàíòå. Äëÿ ñåíñèáèëèçàöèè ëóíîê
ïëàíøåòû áàêòåðèàëüíûìè àíòèãåíàìè ïðîâîäèëè ñîðáöèþ áåëêîâ â 0,05 Ì
êàðáîíàò-áèêàðáîíàòíîì áóôåðå ïðè 4 0Ñ â òå÷åíèå 14-16 ÷àñîâ. Ñïåöèôè-
÷åñêóþ ñûâîðîòêó êðîëÿ (ðàçâåäåíèå 1:1000) è àíòèêðîëè÷èé ïåðîêñèäàç-
íûé êîíüþãàò èíêóáèðîâàëè 60 ìèíóò ïðè 37 0Ñ. Ñóáñòðàò/õðîìîãåííûì
ðàñòâîðîì â ÒÈÔÀ ñëóæèë Í

2
Î

2
/îðòîôåíèëåíäèàìèí. Îïòè÷åñêóþ ïëîòíîñòü

îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷åñêèì ìåòîäîì ïðè äëèíå âîëíû 492 íì. Ïðè
àíàëèçå îòîáðàííûõ îáðàçöîâ â êà÷åñòâå ïîëîæèòåëüíîãî êîíòðîëÿ èñïîëü-
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çîâàëè áàêòåðèàëüíûé àíòèãåí A. bras³lense 54, à â êà÷åñòâå îòðèöàòåëüíîãî
– áàêòåðèàëüíûé àíòèãåí A. bras³lense Sp7. Âñå îáðàçöû ñòàíäàðòèçèðîâàëè
ïî êîíöåíòðàöèè áåëêà – 25 ìêã/ìë.

Îïðåäåëÿëè îòíîøåíèå îïòè÷åñêîé ïëîòíîñòè (ÎÏ) ïîëîæèòåëüíîãî
êîíòðîëÿ ê ÎÏ îòðèöàòåëüíîãî êîíòðîëÿ. Â ñëó÷àå, åñëè åãî çíà÷åíèå ïðå-
âûøàëî 2, ïðèíàäëåæíîñòü èññëåäóåìûõ áàêòåðèàëüíûõ øòàììîâ ê ìàð-
êåðíîìó ñ÷èòàëàñü äîêàçàííîé.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà êîðíÿõ ñòåðèëüíûõ ïðîðîñòêîâ øåëêîâèöû, îáðàáîòàííûõ 2,4-äèõ-
ëîðîôåíîêñèàöåòàòîì ïðè îäíîâðåìåííîé èíòðîäóêöèè áàêòåðèé A.
bras³lense 54 â êîðíåâóþ çîíó ðàñòåíèé, íà 10-14 ñóòêè îáðàçîâûâàëèñü
ïàðàêëóáåíüêè îêðóãëîé ôîðìû (ðèñ. 1).

Íà êîðíÿõ ñåÿíöåâ øåëêîâèöû, âûðàùåííûõ â óñëîâèÿõ âåãåòàöèîííî-
ãî îïûòà íà íåñòåðèëüíîé ïî÷âå è îáðàáîòàííûõ 2,4-Ä ïðè èíîêóëÿöèè
àçîñïèðèëëàìè, êðóïíûå êëóáåíüêè îáðàçîâûâàëèñü íèæå êîðíåâîé øåé-
êè è âäîëü ãëàâíîãî êîðíÿ, áîëåå ìåëêèå – íà íèæíåé ÷àñòè òîíêèõ ìîëî-
äûõ êîðíåé (ðèñ. 2).
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Ðèñ. 1. Âëèÿíèå 2,4-Ä è èíîêóëÿöèè àçîñïèðèëëàìè íà ïðîðîñòêè øåëêî-
âèöû
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Èç ïàðàêëóáåíüêîâ áûëè âûäåëåíû  èçîëÿòû, íå îòëè÷àþùèåñÿ ïî êóëü-
òóðàëüíî-ìîðôîëîãè÷åñêèì ïðèçíàêàì ìåæäó ñîáîé è ñîîòâåòñòâóþùèå ïî
äàííûì ïðèçíàêàì øòàììó Azospirillum brasilense 54.

Ïðèìåíåíèå ìîäèôèöèðîâàííîé ñõåìû èììóíèçàöèè æèâîòíûõ è ðå-
èììóíèçàöèÿ ïîçâîëèëà ïîëó÷èòü àíòèñûâîðîòêó ê øòàììó Azospirillum
brasilense 54 ñ òèòðîì 1:32 â ðåàêöèè ïðåöèïèòàöèè è 4õ105 – â ðåàêöèè

Þ. À. Ãîí÷àð, Å. Â. Íàäêåðíè÷íàÿ,  È. Â. Âîëêîâà,

Òàáëèöà 1
Íèòðîãåíàçíàÿ àêòèâíîñòü ïàðàêëóáåíüêîâ íà êîðíÿõ ñåÿíöåâ

øåëêîâèöû â ðåçóëüòàòå îáðàáîòêè êîðíåâîé ñèñòåìû
2,4-äèõëîðîôåíîêñèàöåòàòîì è àçîñïèðèëëàìè

à                                            á
Ðèñ. 2. Ïàðàêëóáåíüêè íà êîðíÿõ ñåÿíöåâ øåëêîâèöû
à: çë³âà – êîíòðîëüíîå ðàñòåíèå, ñïðàâà – ðàñòåíèå øåëêîâèöû, êîð-

íåâàÿ ñèñòåìà êîòîðîãî áûëà îáðàáîòàíà 2,4-Ä ïðè îäíîâðåìåííîé èíîêó-
ëÿöèè áàêòåðèÿìè A. brasilense 54;

á:  óâåëè÷åííûé ôðàãìåíò êîðíÿ ñåÿíöà øåëêîâèöû ñ ïàðàêëóáåíüêàìè

Ïðè èíòðîäóêöèè äèàçîòðîôîâ â ïàðàêëóáåíüêè, ïîëó÷åííûå ñ ïîìî-
ùüþ àáèîãåííîãî ôàêòîðà íîäóëÿöèè, àçîòôèêñèðóþùàÿ àêòèâíîñòü áàê-
òåðèé â äàííûõ  ñòðóêòóðàõ ñîõðàíÿåòñÿ íå âñåãäà. Ðåçóëüòàòû îïðåäåëå-
íèÿ àçîòôèêñèðóþùåé àêòèâíîñòè ïàðàêëóáåíüêîâ øåëêîâèöû ñâèäåòåëü-
ñòâóþò â ïîëüçó òîãî, ÷òî íèòðîãåíàçíàÿ àêòèâíîñòü ïàðàêëóáåíüêîâ, ïîëó-
÷åííûõ ïðè èíîêóëÿöèè ðàñòåíèé øòàììàìè àçîñïèðèëë â 17,2 ðàçà ïðå-
âîñõîäèëà àêòèâíîñòü ïàðàêëóáåíüêîâ, êîòîðûå îáðàçîâûâàëèñü íà êîðíÿõ
ñåÿíöåâ âñëåäñòâèå îáðàáîòêè èõ òîëüêî 2,4-Ä (òàáë.1).
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Ðåçóëüòàòû äâóìåðíîé èììóíîäèôôóçèè â ãåëå è ÒÈÔÀ ñîãëàñóþòñÿ
ìåæäó ñîáîé è ñâèäåòåëüñòâóþò î òîì, ÷òî èç 3-õ èçîëÿòîâ, âûäåëåííûõ èç
ïàðàêëóáåíüêîâ øåëêîâèöû, âñå òðè îáåñïå÷èëè ïîëîæèòåëüíóþ ðåàêöèþ
â ÒÈÔÀ è îáðàçîâàíèå ëèíèé ïðåöèïèòàöèè ñî øòàììîñïåöèôè÷íîé àíòè-
ñûâîðîòêîé (òàáë. 2).

Ðèñ. 3. Ïîëîñû ïðåöèïèòàöèè ìåæäó ñûâîðîòêîé (ðàçâåäåíèÿ: 1:16 è
1:32) è àíòèãåíîì (èçîëÿò èç êëóáåíüêîâ øåëêîâèöû)

Òàáëèöà 2
Ðåçóëüòàòû èììóíîäèôôóçèè è èììóíîôåðìåíòíîãî àíàëèçà èçîëÿòîâ

áàêòåðèé, âûäåëåííûõ èç ïàðàêëóáåíüêîâ ñåÿíöåâ øåëêîâèöû

* Ñîîòíîøåíèå ÎÏ èññëåäóåìîãî îáðàçöà ê ÎÏ îòðèöàòåëüíîãî êîíòðîëÿ.

Ðåçóëüòàòû ïðîâåä¸ííûõ íàìè èññëåäîâàíèé ñâèäåòåëüñòâóþò, ÷òî èçó-
÷åíèå ñåðîëîãè÷åñêèõ ñâîéñòâ áàêòåðèé ìîæåò áûòü èñïîëüçîâàíî äëÿ âû-
ÿñíåíèÿ ìåõàíèçìà êîíòàêòíûõ âçàèìîäåéñòâèé ìèêðîîðãàíèçìîâ ñ ðàñòå-
íèÿìè, à òàêæå äëÿ íàä¸æíîé è áûñòðîé èäåíòèôèêàöèè øòàììîâ àçîñïè-
ðèëë, âûäåëåííûõ èç ïàðàêëóáåíüêîâ ðàñòåíèé.

Òàêèì îáðàçîì, íàìè ïîëó÷åíû ïàðàêëóáåíüêè ñ âûñîêîé íèòðîãåíàç-
íîé àêòèâíîñòüþ íà êîðíÿõ ñåÿíöåâ øåëêîâèöû â ðåçóëüòàòå îáðàáîòêè
àáèîãåííûì àãåíòîì íîäóëÿöèè – 2,4-äèõëîðîôåíîêñèàöåòàòîì ïðè îäíî-
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ÒÈÔÀ, äîñòàòî÷íîì äëÿ ðåøåíèÿ ïîñòàâëåííûõ çàäà÷.
Àíàëèçèðóÿ äàííûå äâîéíîé èììóíîäèôôóçèè â ãåëå, ìû óñòàíîâèëè,

÷òî âñå èçîëÿòû, âûäåëåííûå èç ïàðàêëóáåíüêîâ øåëêîâèöû, ñîîòâåòñòâó-
þò øòàììó Azospirillum brasilense 54 (ðèñ. 3).
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âðåìåííîé èíîêóëÿöèè àçîñïèðèëëàìè. Èñïîëüçóÿ ìîäèôèöèðîâàííóþ íàìè
ñõåìó èììóíèçàöèè êðîëåé, ìû ïîëó÷èëè øòàììîñïåöèôè÷íóþ àíòèñûâî-
ðîòêó ñ òèòðîì 1:32 â ðåàêöèè ïðåöèïèòàöèè, ÷òî ïîçâîëèëî èñïîëüçîâàòü
å¸ äëÿ äîêàçàòåëüñòâà ïðîíèêíîâåíèÿ áàêòåðèé Azosp³r³llum bras³lense 54 â
ïàðàêëóáåíüêè, èñêóññòâåííî èíäóöèðîâàííûå íà êîðíÿõ øåëêîâèöû.
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ÔÎÐÌÓÂÀÍÍß ØÒÓ×ÍÎÃÎ ÑÈÌÁ²ÎÇÓ ÀÇÎÑÏ²ÐÈË

Ç ÐÎÑËÈÍÀÌÈ ØÎÂÊÎÂÈÖ²

Ðåôåðàò

Ç âèêîðèñòàííÿì àá³îãåííîãî ÷èííèêà íîäóëÿö³¿ (2,4-äèõëîðôåíîê-
ñèàöåòàòó) îòðèìàí³ ïàðàáóëüáî÷êè íà êîðåíÿõ ðîñëèí øîâêîâèö³.
Äëÿ âèâ÷åííÿ çäàòíîñò³ áàêòåð³é ðîäó Azospirillum çàñåëÿòè äàí³
íîâîóòâîðåííÿ áóëà îòðèìàíà øòàìîñïåöèô³÷íà àíòèñèðîâàòêà äî
øòàìó Azospirillum brasilense 54. Óñòàíîâëåíî, ùî àçîñï³ðèëè çäàòí³
ïðîíèêàòè ó ïàðàáóëüáî÷êè ðîñëèí øîâêîâèö³, ÿê³ áóëè âèðîùåí³
ó ïðîá³ðêàõ íà ñòåðèëüíîìó ñåðåäîâèù³ ³ â óìîâàõ âåãåòàö³éíîãî
äîñë³äó íà íåñòåðèëüíîìó ãðóíò³.

Ê ë þ ÷ î â ³  ñ ë î â à: Azospirillum brasilense, øîâêîâèöÿ, ïàðàêëó-
áåíüêè, àíòèñèðîâàòêà

Yu.A. Gonchar, Å.V. Nadkernichnaya, I.V. Volkova,

Institute of agricultural microbiology, Shevchenko str., 97, Chernigov,
14027, Ukraine

FORMATION OF ARTIFICIAL SYMBIOSIS AZOSPIRILLUM

WITH MULBERRY TREES

Summary

Using the abiogenous  factor of modulation (2,4-dichlorophenocsyacetata)
there were received the tubercles on the roots of mulberry trees. For
investigation of the ability of bacteria of genus Àzospirillum to inhabit
the given new growth it has been received the strainspecific antiserum
to strain Azospirillum brasilense 54. It was revealed that azospirilles are
capable to penetrate into tubercles of the mulberry trees grown up in
the test tubes on the sterile medium and under the conditions of vegetative
experience on the nonsterile soil.

K e y  w o r d s: Azospirillum brasilense, a mulberry tree, the tubercles,
antiserum.
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Ñêëàðåîë (ëàáäàíîâûé äèòåðïåíîèä) ÿâëÿåòñÿ ïðèðîäíûì êîìïîíåí-
òîì ýôèðíîãî ìàñëà Salvia sclarea L. (Labiatae). Ýòî ãëàâíûé êîìïîíåíò
êîíêðåòà øàëôåÿ. Åãî ïîëó÷àþò òàêæå èç îòõîäîâ ýôèðîìàñëè÷íîãî ïðî-
èçâîäñòâà. Íà îñíîâå ñêëàðåîëà ïðîèçâîäÿò àðîìàòèçàòîðû äëÿ ïèùåâîé è
òàáà÷íîé ïðîìûøëåííîñòè, à òàêæå âåùåñòâà äëÿ ôàðìàöåâòèêè [1]. Ñêëà-
ðåîë èçâåñòåí êàê èíãèáèòîð ðîñòà ðàñòåíèé, ðåãóëÿòîð ðîñòà ãðèáîâ è
àíòèáàêòåðèàëüíûé àãåíò [1, 2].

Ìíîãîîáðàçèå ñôåð ïðèìåíåíèÿ ïðîèçâîäíûõ ñêëàðåîëà è ðàñòóùèå
ïîòðåáíîñòè ïðîèçâîäñòâà ñòàâÿò çàäà÷ó ðàçðàáîòêè áîëåå ýôôåêòèâíûõ
ñïîñîáîâ è ìåòîäîâ èõ ïîëó÷åíèÿ. Íàðÿäó ñ õèìè÷åñêèìè ìåòîäàìè, äëÿ
ìîäèôèêàöèè ìîëåêóëû ñêëàðåîëà èñïîëüçóþò ýíçèìíûå ñèñòåìû ìèêðî-
îðãàíèçìîâ, êîòîðûå äåéñòâóþò êàê áèîêàòàëèçàòîðû ïðè ïðîâåäåíèè âû-
ñîêîñåëåêòèâíîé ñòåðåîòðàíñôîðìàöèè ñêëàðåîëà â ñîåäèíåíèÿ, òðóäíî-
äîñòóïíûå äëÿ õèìè÷åñêîãî ñèíòåçà, è êîòîðûå ìîãóò èñïîëüçîâàòüñÿ êàê
îñíîâà ñèíòåçà â õèìèè ïðèðîäíûõ ñîåäèíåíèé. Ìåòîä ìèêðîáíîé òðàíñ-
ôîðìàöèè ìîæåò ïðèìåíÿòüñÿ äëÿ íàïðàâëåííîãî ïîëó÷åíèÿ íîâûõ ïðîèç-
âîäíûõ ñêëàðåîëà [3].
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Âïåðâûå èç ïî÷â Öåíòðàëüíîé çîíû Ìîëäîâû áûëè îòîáðàíû
àêòèâíûå øòàììû ìèêðîñêîïè÷åñêèõ ãðèáîâ, ñïîñîáíûå ê òðàíñ-
ôîðìàöèè ìîëåêóëû ñêëàðåîëà ïî îêèñëèòåëüíî-âîññòàíîâèòåëü-
íîìó ïóòè. Áûëà äåòàëüíî èññëåäîâàíà ñêîðîñòü ðàçëîæåíèÿ è
ïðîäóêòû ìèêðîáíîé òðàíñôîðìàöèè ëàáäàíîâîãî äèòåðïåíîè-
äà ñêëàðåîëà, ïîäîáðàíû ñðåäà è îïòèìàëüíûå óñëîâèÿ äëÿ íà-
êîïëåíèÿ öåííûõ ìåòàáîëèòîâ ñêëàðåîëà ãðèáàìè ðîäîâ
Aspergillus è Penicillium. Ïîëó÷åííûå íîâûå ïðîäóêòû áèîòðàí-
ñôîðìàöèè ñêëàðåîëà àêòèâíû ïðîòèâ ðÿäà ôèòîïàòîãåíîâ.

Ê ë þ ÷ å â û å  ñ ë î â à:  áèîòðàíñôîðìàöèÿ, äèòåðïåíîèä
ñêëàðåîë, ìèêðîìèöåòû, Penicillium sp., Aspergillus sp.
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Ñêëàðåîë âíîñèëè èç ðàñ÷åòà 50 ìã/ë. Äëÿ ó÷åòà àáèîòè÷åñêèõ ýôôåêòîâ
(ôîòîäåãðàäàöèè è äð.) è âîçìîæíûõ àðòåôàêòîâ, â êàæäîì îïûòå ñòàâèëè ïî
äâà êîíòðîëÿ: õèìè÷åñêèé - «ñðåäà + ñêëàðåîë», è áèîëîãè÷åñêèé - «ñðåäà +
êóëüòóðà». Ðåàëèçàöèþ ïðîöåññà áèîòðàíñôîðìàöèè ñêëàðåîëà ïðîâåðÿëè â
òå÷åíèå 30 äíåé, ÷åðåç êàæäûå 24 ÷àñà. Ýêñòðàêöèþ ïðîäóêòîâ òðàíñôîðìàöèè
ñêëàðåîëà èç êóëüòóðàëüíîé æèäêîñòè (ÊÆ) ïðîâîäèëè ýòèëàöåòàòîì èëè õëî-
ðîôîðìîì [1]. Äëÿ êà÷åñòâåííîãî îïðåäåëåíèÿ ñêëàðåîëà è åãî ìåòàáîëèòîâ
èñïîëüçîâàëè ìåòîä òîíêîñëîéíîé õðîìàòîãðàôèè (ÒÑÕ) íà ïëàñòèíàõ “Silufol
UV 254” â ñèñòåìå ðàñòâîðèòåëåé ýòèëàöåòàò-ãåêñàí (9:1). Âåùåñòâà íà ïëàñòè-
íàõ ïðîÿâëÿëè èîäîì è àíèñîâûì àëüäåãèäîì â ñåðíîé êèñëîòå [5]. Áîëåå ïîë-
íàÿ õàðàêòåðèñòèêà ïîëó÷åííûõ ìåòàáîëèòîâ áûëà äàíà ñ ïðèìåíåíèåì ìåòî-
äîâ ÓÔ-, ÈÊ-, ìàññ-ñïåêòðîñêîïèè, à òàêæå 1H è 13C ßÌÐ-ñïåêòðîìåòðèè.

Äëÿ èçó÷åíèÿ àíòèáèîòè÷åñêîé àêòèâíîñòè ñêëàðåîëà èñïîëüçîâà-
ëè ìåòîä äèôôóçèè â àãàð [6]. Íà ïîâåðõíîñòè àãàðîâîé ïëàñòèíêè,
çàñåÿííîé òåñò-êóëüòóðîé, ðàñêëàäûâàëè áóìàæíûå äèñêè ñ âåùåñòâà-
ìè ñîãëàñíî ñõåìå:

1. Êóëüòóðàëüíàÿ æèäêîñòü Penicillium sp. 176;
2. Ñêëàðåîë – «õèìè÷åñêèé êîíòðîëü»;
3. Ìåòàáîëèò À-5 – äèìåðèçîâàííûé ïðîäóêò òðàíñôîðìàöèè ñêëàðåîëà.
Ó÷åò ðîñòà ìèêðîîðãàíèçìîâ è èçìåðåíèå äèàìåòðà çîí ëèçèñà ïðîâî-

äèëñÿ: äëÿ áàêòåðèé – íà 1, 3, 5 ñóòêè, äëÿ ãðèáîâ – ñïóñòÿ 3, 5, 7 ñóòîê.

Ðåçóëüòàòû  è èõ  îáñóæäåíèå

Íà ñïîñîáíîñòü ê áèîòðàíñôîðìàöèè ñêëàðåîëà áûëè èçó÷åíû 14 øòàì-
ìîâ áàêòåðèé è ãðèáîâ. Â ðåçóëüòàòå ñêðèíèíãà âûäåëåíî òðè øòàììà ìèê-
ðîñêîïè÷åñêèõ ãðèáîâ, àêòèâíî óòèëèçèðóþùèõ ñêëàðåîë â êà÷åñòâå åäèí-
ñòâåííîãî èñòî÷íèêà óãëåðîäà. Ýòî ïðåäñòàâèòåëè ðîäîâ Fusarium, Aspergillus,
Penicillium [7-10]. Óñòàíîâëåíî, ÷òî îòîáðàííûå ìèêðîìèöåòû ðàçëè÷àþòñÿ
êàê ïî ñêîðîñòè è ñòåïåíè ðàçëîæåíèÿ ñêëàðåîëà, òàê è ïî ñïåêòðó åãî
ìåòàáîëèòîâ.

Â öåëîì ïðîöåññ òðàíñôîðìàöèè ñêëàðåîëà ïðîòåêàåò íàèáîëåå èíòåí-
ñèâíî ïåðâûå 7 ñóòîê, êîãäà ñòåïåíü óòèëèçàöèè ïðåïàðàòà äîñòèãàåò 60 %
îò âíåñåííîãî êîëè÷åñòâà. Äàëåå ïðîöåññ çàìåäëÿåòñÿ, è â ïåðèîä ñ 22-õ äî
30-õ ñóòîê ôåðìåíòàöèè ãðèáû èñïîëüçóþò âñåãî 6 % ñóáñòðàòà (òàáë. 1).

Óáûëü ñêëàðåîëà â êóëüòóðàëüíîé æèäêîñòè ñîïðîâîæäàåòñÿ ðîñòîì
ìèöåëèÿ àêòèâíûõ êóëüòóð.

Ìàòåðèàëû è ìåòîäû

Îòáîð àêòèâíûõ êóëüòóð ïðîâîäèëè èç ëàáîðàòîðíîé êîëëåêöèè ìèêðî-
îðãàíèçìîâ-äåñòðóêòîðîâ ðàçëè÷íûõ àðîìàòè÷åñêèõ è ãåòåðîöèêëè÷åñêèõ ñî-
åäèíåíèé, âûäåëåííûõ èç ïî÷â Öåíòðàëüíîé çîíû Ìîëäîâû. Ñêðèíèíã è
ìèêðîáíóþ òðàíñôîðìàöèþ âåùåñòâ îñóùåñòâëÿëè íà æèäêîé áåçóãëåðîä-
íîé ìèíåðàëüíîé ñðåäå Å-8 [4] ïðè 28 °C íà òåðìîñòàòèðóåìîé êà÷àëêå
(180 îá/ìèí). Êðîìå òîãî, èñïîëüçóÿ ôèçèîëîãè÷åñêè àïðîáèðîâàííûå ïàðà-
ìåòðû ñîäåðæàíèÿ îðãàíè÷åñêîãî óãëåðîäà, ýêñïåðèìåíòû ïî ìèêðîáíîé
òðàíñôîðìàöèè ñêëàðåîëà ïðîâîäèëè íà ñðåäå E-8 â ãðàäèåíòå óãëåðîäà (ãëþêîçû):

ÍÎÂÛÅ ÏÐÎÄÓÊÒÛ ÌÈÊÐÎÁÍÎÉ ÒÐÀÍÑÔÎÐÌÀÖÈÈ ÑÊËÀÐÅÎËÀ: ÏÎËÓ×ÅÍÈÅ, ÑÂÎÉÑÒÂÀ, ÎÖÅÍÊÀ

ãëþêîçà, (ã/ë): 1,0 2,5 5,0 7,5 10,0 12,5 15,0 17,5 20,0

óãëåðîä, (ã/ë): 0,41 1,03 2,07 3,10 4,41 5,17 6,21 7,24 8,28
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Óñòàíîâëåíî, ÷òî íà ïðîöåññ òðàíñôîðìàöèè ñêëàðåîëà ìèêðîìèöåòà-
ìè Penicillium sp. 176 âëèÿþò äîñòóïíîñòü è êîëè÷åñòâî óãëåðîäà â ñðåäå.
Íà áåçóãëåðîäíîé ñðåäå Å-8, ãäå ñêëàðåîë ñëóæèò åäèíñòâåííûì èñòî÷íè-
êîì óãëåðîäà, ãðèáû ïðîâîäÿò ãëóáîêîå ôåðìåíòàòèâíîå ðàñùåïëåíèå ñóá-
ñòðàòà è îáðàçóþò 7 - 8 ñòàáèëüíûõ ìåòàáîëèòîâ. Ýòî ñâèäåòåëüñòâóåò î
âûñîêèõ ïîòåíöèàëüíûõ âîçìîæíîñòÿõ ôåðìåíòàòèâíûõ ñèñòåì èññëåäóå-
ìûõ ìèêðîìèöåòîâ. Îäíàêî îáðàçîâàíèå áîëüøîãî ÷èñëà ìåòàáîëèòîâ ñó-
ùåñòâåííî óñëîæíÿåò èõ ðàçäåëåíèå è î÷èñòêó äî èíäèâèäóàëüíûõ âåùåñòâ.
Íà ñðåäå Å-8 â ïðèñóòñòâèè ãëþêîçû êàê äîïîëíèòåëüíîãî èñòî÷íèêà óãëå-
ðîäà îáðàçóåòñÿ òîëüêî 3 ñòàáèëüíûõ ïðîäóêòà òðàíñôîðìàöèè ñêëàðåîëà.

Íà îñíîâàíèè ÒÑÕ àíàëèçîâ, äëÿ ïðåïàðàòèâíîé ôåðìåíòàöèè è íàðà-
áîòêè ìåòàáîëèòîâ áûëè îòîáðàíû øòàììû Penicillium sp. 176 è Aspergillus
sp. 120, êîòîðûå àêòèâíî òðàíñôîðìèðóþò ñêëàðåîë ñ îáðàçîâàíèåì 5-òè
ìåòàáîëèòîâ. Áûëè èçó÷åíû è ñôîðìóëèðîâàíû ôèçèîëîãè÷åñêèå è áèîõè-
ìè÷åñêèå õàðàêòåðèñòèêè àêòèâíûõ êóëüòóð Penicillium sp.176 è Aspergillus
sp.120, ñ èäåíòèôèêàöèåé èõ êàê øòàììû Penicillium camemberti CNM-FP-03
è Aspergillus alliaceus CNM-FA-01 è äåïîíèðîâàíèåì â Íàöèîíàëüíóþ êîë-
ëåêöèþ íåïàòîãåííûõ ìèêðîîðãàíèçìîâ êàê êóëüòóðû ìèêðîîðãàíèçìîâ,
ñïîñîáíûå ê òðàíñôîðìàöèè ñêëàðåîëà.

Ïðåäâàðèòåëüíûå èññëåäîâàíèÿ õèìè÷åñêîé ñòðóêòóðû ïîëó÷åííûõ ñî-
åäèíåíèé ïîçâîëèëè ïðåäïîëîæèòü, ÷òî òðàíñôîðìàöèÿ ñêëàðåîëà àêòèâ-
íûì øòàììîì Penicillium camemberti CNM-FP-03 ïðîòåêàåò ïî îêèñëèòåëü-
íîìó ïóòè, ñ ôîðìèðîâàíèåì ñìåñè èç 7 èíäèâèäóàëüíûõ ïðîäóêòîâ –
ãîìîäðèìàíîâûå C(16) ïîëèôóíêöèîíàëüíûå ñîåäèíåíèÿ
(-CHO; -COOH; -OH è ,  -íåíàñûùåííûé êåòîí).

Íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿåò äèìåðèçîâàííûé ïðîäóêò òðàíñôîð-
ìàöèè À-5 (õèìè÷åñêàÿ ôîðìóëà C

20
H

22
O

7
), âûäåëåííûé íàìè èç êèñëîé

÷àñòè íåïîëÿðíîé ôðàêöèè ãèäðîêñèëèðîâàííûõ ìåòàáîëèòîâ. Ýòî àìîðô-
íîå ñîåäèíåíèå À-5 âïåðâûå ïîëó÷åíî è îïèñàíî íàìè â ïðîöåññàõ òðàíñ-
ôîðìàöèè ñêëàðåîëà ìèêðîîðãàíèçìàìè (Ò

ïë
 183-185 0Ñ, [ ]

D
25=-1258

(Ñ=0,055%, ÌåÎÍ, l=100 ìì). Âûÿâëåííàÿ áèîëîãè÷åñêàÿ è îïòè÷åñêàÿ
àêòèâíîñòü íîâîãî äèìåðíîãî ñîåäèíåíèÿ ìîæåò áûòü îáóñëîâëåíà åãî õè-
ìè÷åñêîé ñòðóêòóðîé ñ õèðàëüíûìè óãëåðîäíûìè àòîìàìè è âíóòðèìîëå-
êóëÿðíûìè âîäîðîäíûìè ñâÿçÿìè, êîòîðàÿ â ðàñòâîðå, áëàãîäàðÿ êåòî-åíîëü-
íîé òàóòîìåðèè, ïðîÿâëÿåòñÿ è â âèäå ôåíîëüíîé ôîðìû ìîëåêóëû.

Ïîëó÷åíèå è î÷èñòêà íåîáõîäèìîãî êîëè÷åñòâà ìåòàáîëèòîâ ñêëàðåîëà
ïîçâîëèëî íàì âûÿâèòü èõ áèîëîãè÷åñêóþ àêòèâíîñòü ïî îòíîøåíèþ ê ôè-
òîïàòîãåííûì òåñò-êóëüòóðàì (òàáë. 2).

À.Ã. ×èí÷ëåé, Ñ.À. Òîëî÷êèíà, È.Î.Ðàñòèìåøèíà, È.Ï. Äðàãàëèí

Òàáëèöà 1
Äèíàìèêà ìèêðîáíîé òðàíñôîðìàöèè ñêëàðåîëà
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Òàáëèöà 2
Àíòèáèîòè÷åñêîå äåéñòâèå ñêëàðåîëà è åãî ïðîèçâîäíûõ

(äèàìåòð çîí ëèçèñà, ìì)

Ï ð è ì å ÷ à í è å:
1. Êóëüòóðàëüíàÿ æèäêîñòü Penicillium camemberti CNM-FP-03;
2. Ñêëàðåîë – «õèìè÷åñêèé êîíòðîëü»;
3. Ìåòàáîëèò À-5 – äèìåðèçîâàííûé ïðîäóêò òðàíñôîðìàöèè ñêëàðåîëà.

Ñîãëàñíî äàííûì, ïðåäñòàâëåííûì â òàáëèöå 2, èññëåäóåìûå òåñò-êóëü-
òóðû áûëè óñòîé÷èâû ê äåéñòâèþ ýêñòðàêòà ÊÆ Penicillium camemberti +
ñêëàðåîë. Ðàçìåð çîí ëèçèñà èçó÷àåìûõ ôèòîïàòîãåíîâ ïîä äåéñòâèåì ñêëà-
ðåîëà âàðüèðóåò îò 11,0 äî 18,0 ìì. Áàêòåðèè Pseudomonas syringae (äèà-
ìåòð çîíû ëèçèñà – 16,5 ìì), Corynebacterium citri (16,7 ìì), Agrobacterium
tumefaciens (18,2 ìì) ìîãóò áûòü îõàðàêòåðèçîâàíû êàê ÷óâñòâèòåëüíûå ê
äåéñòâèþ ñêëàðåîëà.

Óñòàíîâëåíî àíòèáèîòè÷åñêîå äåéñòâèå ñêëàðåîëà íà ãðèáû Aspergillus
niger. Â çîíå ëèçèñà äèàìåòðîì 16,7 ìì íàáëþäàëîñü óìåíüøåíèå ïëîòíîñ-
òè ãàçîíà áîëåå ÷åì íà 50 %.

Äèàïàçîí íåãàòèâíîãî äåéñòâèÿ ìåòàáîëèòà À-5 ïî îòíîøåíèþ ê èñïû-
òóåìûì òåñò-êóëüòóðàì âàðüèðóåò â ïðåäåëàõ 13,0 - 15,2 ìì – «ñðåäíÿÿ
÷óâñòâèòåëüíîñòü» ïî øêàëå Áèðãåð [6]. Â òî æå âðåìÿ, óãíåòåíèå ðîñòà
ôèòîïàòîãåíîâ ïîä äåéñòâèåì ìåòàáîëèòà À-5 áûëî ñàìûì ïðîäîëæèòåëü-
íûì (áîëåå 40 ñóòîê), â îòëè÷èå îò âàðèàíòà «÷èñòûé ñêëàðåîë».

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ ïîäòâåðäèëè íàëè÷èå áèî-
ëîãè÷åñêîé àêòèâíîñòè ìèêðîáíûõ ìåòàáîëèòîâ ñêëàðåîëà. Íà îñíîâàíèè
ïîëó÷åííûõ ðåçóëüòàòîâ áûë ïîëó÷åí ïàòåíò íà øòàìì Aspergillus alliaceus
CNMN FA 01 [11]. Â äàëüíåéøåì áûë ðàçðàáîòàí ëàáîðàòîðíûé ðåãëàìåíò
äëÿ ïîëó÷åíèÿ ñîåäèíåíèé ñ àíòèìèêðîáíîé àêòèâíîñòüþ â ïðîöåññå ãëó-
áèííîãî êóëüòèâèðîâàíèÿ ìèêðîñêîïè÷åñêîãî ãðèáà Penicillium camemberti
CNMN FP-03.

Èññëåäîâàíèÿ õèìè÷åñêèõ ñòðóêòóð ïîëó÷åííûõ âåùåñòâ ïîçâîëÿþò
ïðåäïîëîæèòü îêèñëèòåëüíûé ïóòü ìåòàáîëèçìà ñêëàðåîëà ìèêðîìèöåòà-
ìè ðîäîâ Penicillium è Aspergillus, âîçìîæíîñòü ïîëó÷åíèÿ ðàíåå íå èçâåñ-
òíûõ ïðîäóêòîâ åãî òðàíñôîðìàöèè. Ýòîò ìåõàíèçì âåäåò ê îêèñëèòåëüíîé
äåãðàäàöèè íå òîëüêî áîêîâîé öåïè, íî è öèêëà À äåêàëèíîâîé ñèñòåìû
ëàáäàíîâîé ñòðóêòóðû, à òàêæå ê ïîëèôóíêöèîíàëèçàöèè öèêëà Â ìîëåêó-
ëû ñêëàðåîëà. Ïîä äåéñòâèåì àêòèâíûõ êóëüòóð-òðàíñôîðìàòîðîâ ïðîèñ-
õîäèò äèìåðèçàöèÿ êàê èñõîäíûõ ñîåäèíåíèé, òàê è èõ ïðîèçâîäíûõ, ñ

ÍÎÂÛÅ ÏÐÎÄÓÊÒÛ ÌÈÊÐÎÁÍÎÉ ÒÐÀÍÑÔÎÐÌÀÖÈÈ ÑÊËÀÐÅÎËÀ: ÏÎËÓ×ÅÍÈÅ, ÑÂÎÉÑÒÂÀ, ÎÖÅÍÊÀ
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îáðàçîâàíèåì êèñëîðîäíûõ ìîñòèêîâ ó äèìåðîâ.
Ïîëó÷åííûå äàííûå ïðåäñòàâëÿþò áîëüøîé èíòåðåñ â ýêîëîãè÷åñêîì

ïëàíå (óòèëèçàöèÿ îòõîäîâ ìåñòíîé ýôèðî-ìàñëè÷íîé ïðîìûøëåííîñòè) è
äëÿ ðàñøèðåíèÿ àðñåíàëà õèìèè ïðèðîäíûõ ñîåäèíåíèé.
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Ðåôåðàò

Âïåðøå, ñåðåä ì³ñöåâèõ ì³êðîñêîï³÷íèõ ãðèá³â, áóëè â³ä³áðàí³ àê-
òèâí³ øòàìè, çäàòí³ äî òðàíñôîðìàö³¿ ìîëåêóëè ñêëàðåîëó íà ð³âí³
ïåðèôåðè÷íèõ îêèñíþâàëüíî-â³äíîâíèõ ðåàêö³é. Áóëà äåòàëüíî äîñ-
ë³äæåíà øâèäê³ñòü ðîçêëàäàííÿ òà ïðîäóêòè ì³êðîáíî¿ òðàíñôîð-
ìàö³¿ ñêëàðåîëó, çä³éñíåíî äîá³ð ñåðåäîâèù òà îïòèìàëüíèõ óìîâ

À.Ã. ×èí÷ëåé, Ñ.À. Òîëî÷êèíà, È.Î.Ðàñòèìåøèíà, È.Ï. Äðàãàëèí
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äëÿ àêóìóëÿö³¿ ö³ííèõ ìåòàáîë³ò³â ñêëàðåîëó àêòèâíèìè øòàìàìè
ãðèá³â ðîä³â Aspergillus òà  Penicillium. Îòðèìàí³ íîâ³ ïðîäóêòè á³îò-
ðàíñôîðìàö³¿ ñêëàðåîëó, àêòèâí³ ùîäî äåÿêèõ ô³òîïàòîãåí³â. Øòà-
ìè Penicillium camenberti CNM-FP-03 ³ Aspergillus alcalliaceaus CNM-
FA-01 áóëè ³äåíòèô³êîâàí³ òà äåïîíîâàí³ â Íàö³îíàëüíó êîëåêö³þ
íåïàòîãåííèõ ì³êðîîðãàí³çì³â ÿê êóëüòóðè ì³êðîîðãàí³çì³â, ùî
çäàòí³ äî òðàíñôîðìàö³¿ ñêëàðåîëó.

Ê ë þ ÷ î â ³  ñ ë î â à: á³îòðàíñôîðìàö³ÿ, ëàáäàíîâèé äèòåðïåíî¿ä,
ñêëàðåîë, ì³êðîì³öåòè, Penicillium sp., Aspergillus sp.
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1 Institute of Microbiology and Biotechnology of ASM, Academicheskaya str., 1,
Chisinau, Moldova;
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NEW PRODUCTS OF MICROBIOLOGICAL
TRANSFORMATION  OF SCLAREOL:
CHARACTERISTICAL AND BIOLOGICAL ACTIVITY

Summary

For the first time, the active strains of local micro fungus were selected, responsible
for the transformation of sclareol molecule at the peripheral level of oxidation-
reduction reactions have been selected. The speed of biodegradation of sclareol and
the optimal conditions for preparative gathering of the precious metabolites of
sclareol by the active fungus of gg.Aspergillus and Penicillium have been thorough-
ly investigated. There were obtained new products of the sclareol biotransformation,
with activity against some phytopathogens. The physiological and biochemical
characteristics of active strains of Penicillium sp.176, Aspergillus sp. 120 were
formulated, with their further identification; the strains Penicillium camemberti
CNM-FP-03 and Aspergillus alliaceus CNM-FA-01 were identified and deposited
in the NCNM as the strains of microorganisms capable to the transformation of
sclareol.

K e y   w o r d s: biotransformation, diterpenoid sclareol, micromycetes,
Penicillium sp., Aspergillus sp.
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Øèðîêîå èñïîëüçîâàíèå ìèêðîîðãàíèçìîâ â áèîòåõíîëîãèè îñíîâàíî
íà èõ ðàçíîîáðàçèè. Â ëèòåðàòóðå ïîñëåäíèõ ëåò ïðèâîäÿòñÿ ìíîãî÷èñëåí-
íûå ïðèìåðû èñïîëüçîâàíèÿ ìèêðîîðãàíèçìîâ â ïðîìûøëåííîñòè: ïîëó-
÷åíèå òðàäèöèîííûõ ïèùåâûõ ïðîäóêòîâ, àìèíîêèñëîò, íóêëåîòèäîâ, àí-
òèáèîòèêîâ, ôåðìåíòîâ, áèîäåãðàäèðóåìûõ ïëàñòìàññ, ïðèìåíåíèå êîòî-
ðûõ èãðàåò âàæíóþ ðîëü â ðåøåíèè ýêîíîìè÷åñêèõ âîïðîñîâ è ïðîáëåìû
çàãðÿçíåíèÿ îêðóæàþùåé ñðåäû [1-5].

Ïðè ïîëó÷åíèè íîâûõ ëåêàðñòâåííûõ âåùåñòâ áîëåå ýôôåêòèâåí, â
ñðàâíåíèè ñ õèìè÷åñêèì ñèíòåçîì, ïîèñê ïðèðîäíûõ ñîåäèíåíèé, ñïåöè-
ôè÷åñêè äåéñòâóþùèõ íà îïðåäåëåííûå áèîõèìè÷åñêèå ïðîöåññû. Òàê,
ïîèñê èíãèáèòîðà ðîñòà êëåòî÷íûõ ñòåíîê ïðèâåë ê îáíàðóæåíèþ öåôà-
ìèöèíîâ è íîêàðäèîöèíîâ, à èçó÷åíèå òàêèõ ìàëî èññëåäîâàííûõ ðàíåå
ðîäîâ àêòèíîìèöåòîâ êàê Micromonospora, Actinoplanes è Chromobacterium
ïîçâîëèëè âûÿâèòü àìèíîãëèêîçèäû, ãëèêîïåïòèäû.Óñïåøíûì îêàçàëñÿ è
íàïðàâëåííûé ïîèñê âåùåñòâ ñ èíûìè òèïàìè ôàðìàêîëîãè÷åñêîé àêòèâ-
íîñòè – àíòèãåëüìèíòíûõ ñîåäèíåíèé, èììóíîìîäóëÿòîðîâ, èíãèáèòîðîâ
ôåðìåíòîâ è âåùåñòâ ñ ïðîòèâîîïóõîëåâîé àêòèâíîñòüþ [6-8].

Â íàñòîÿùåå âðåìÿ â àðñåíàëå ñåëüñêîõîçÿéñòâåííîé ìèêðîáèîëîãèè
èìååòñÿ çíà÷èòåëüíîå êîëè÷åñòâî ïðåïàðàòîâ è íàó÷íûõ ðåêîìåíäàöèé, öå-
ëüþ èñïîëüçîâàíèÿ êîòîðûõ ÿâëÿþòñÿ ýêîëîãèçàöèÿ ñåëüñêîãî õîçÿéñòâà è
ïîëó÷åíèå ýêîëîãè÷åñêè áåçîïàñíûõ âèäîâ ìèêðîîðãàíèçìîâ, èìåþùèõ
ïðàêòè÷åñêîå çíà÷åíèå äëÿ ðàñòåíèåâîäñòâà, æèâîòíîâîäñòâà, çàùèòû ðàñ-
òåíèé, õðàíåíèÿ è ïåðåðàáîòêè ñåëüõîçïðîäóêöèè [9].

ÓÄÊ 579.646 31.46, 573.6.086.8/35
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Ó âûäåëåííûõ èç ïî÷â Ìîëäîâû íîâûõ 7 øòàììîâ ãðèáîâ ðîäà
Penicillium, 6 øòàììîâ áàêòåðèé ðîäà Bacillus, 2 — ðîäà
Pseudomonas, 6 — àêòèíîìèöåòîâ ðîäà Streptomyces èçó÷åíû àí-
òàãîíèñòè÷åñêèå ñâîéñòâà â îòíîøåíèè ðÿäà ôèòîïàòîãåííûõ
áàêòåðèé è ãðèáîâ, à òàêæå âîçáóäèòåëåé ìèêîçîâ ï÷åë. Âûÿâ-
ëåíû øòàììû áàêòåðèé ðîäîâ Bacillus è Streptomyces, àêòèâíî
çàäåðæèâàþùèõ èëè ïîëíîñòüþ ïîäàâëÿþùèõ ðîñò ãðèáîâ
Alternaria alternata, Botrytis cinerea è Fusarium graminearum.

Ê ë þ ÷ å â û å  ñ ë î â à: ïî÷âåííûå ãðèáû, áàêòåðèè, àêòèíî-
ìèöåòû, àíòàãîíèñòè÷åñêèå ñâîéñòâà.
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Íàõîäÿò äàëüíåéøåå ïðîäîëæåíèå è èññëåäîâàíèÿ áèîëîãè÷åñêîãî ìå-
òîäà áîðüáû ñ ïàòîãåííûìè ãðèáàìè è áàêòåðèÿìè ñ ïîìîùüþ àêòèíîìè-
öåòîâ è áàêòåðèé [10-14]. Èçâåñòíû ìíîãî÷èñëåííûå ñîîáùåíèÿ îá àíòàãî-
íèñòè÷åñêîì äåéñòâèè àêòèíîìèöåòîâ, áàêòåðèé ðîäà Bacillus è ðîäà
Pseudomonas íà ôèòîïàòîãåííûå ãðèáû è áàêòåðèè [10, 11, 14-18].

Öåëüþ íàøåãî èññëåäîâàíèÿ ÿâëÿëîñü èçó÷åíèå àíòàãîíèñòè÷åñêèõ
ñâîéñòâ íîâûõ øòàììîâ ìèêðîîðãàíèçìîâ, âûäåëåííûõ èç ïî÷â Ìîëäîâû,
è âûÿâëåíèå ïîòåíöèàëüíûõ øòàììîâ äëÿ áîðüáû ñ ôèòîïàòîãåííûìè ìèê-
ðîîðãàíèçìàìè  è âîçáóäèòåëÿìè  ìèêîçîâ ó ï÷åë.

Ìàòåðèàëû è ìåòîäû

Îáúåêòàìè èññëåäîâàíèé ñëóæèëè 7 øòàììîâ ãðèáîâ ðîäà Penicillium,
6 øòàììîâ áàêòåðèé ðîäà Bacillus, 2 — áàêòåðèè ðîäà Pseudomonas, 6 —
àêòèíîìèöåòîâ ðîäà Streptomyces, êîòîðûå áûëè âûäåëåíû èç ïî÷âåííûõ
îáðàçöîâ ÷åðíîçåìà êàðáîíàòíîãî, ñëàáîãóìóñíîãî (ãóìóñ 2,4 - 2,5 %) ïîä
êóêóðóçîé (áåç óäîáðåíèé).

Èçó÷åíèå àíòèìèêðîáíûõ ñâîéñòâ ïî÷âåííûõ èçîëÿòîâ ïðîâîäèëè ñ
ïîìîùüþ ìåòîäà àãàðîâûõ áëîêîâ [20].

Èññëåäóåìûå øòàììû âûðàùèâàëè íà ñðåäàõ, ñîîòâåòñòâóþùèõ èõ ôè-
çèîëîãè÷åñêèì ïîòðåáíîñòÿì: ãðèáû — íà àãàðèçîâàííîì ïèâíîì ñóñëå,
áàêòåðèè ðîäà Bacillus è Pseudomonas  — íà ïèòàòåëüíîì àãàðå, àêòèíîìè-
öåòû ðîäà Streptomyces — íà ñðåäå ×àïåêà ñ ãëþêîçîé.

Òåñò-îðãàíèçìàìè ñëóæèëè ôèòîïàòîãåííûå áàêòåðèè Xanthîmonas
campestris 8003, Corynebacterium michiganense 13a, Pseudomonas fluorescens
B–970; ãðèáû ôèòîïàòîãåííûå è ãðèáû, âûçûâàþùèå ìèêîçû ó ï÷åë:
Aspergillus niger, Alternaria alternata, Botrytis cinerea, Fusarium solani, Fusarium
graminearum; äðîææè Saccharomyces cerevisiae, Rhodotorula gracilis è ãðà-
ìîòðèöàòåëüíûå  áàêòåðèè Escherichia coli Â-60.

Ïîñëå èíêóáèðîâàíèÿ òåñò-ìèêðîîðãàíèçìîâ â òåðìîñòàòå ïðè 28 îÑ
(áàêòåðèè — 24 ÷àñà, ãðèáû — 48 - 72 è äðîææè — 24 - 48 ÷àñîâ) èçìåðÿëè
äèàìåòð çîí çàäåðæêè ðîñòà ïîä äåéñòâèåì èññëåäóåìûõ ïî÷âåííûõ èçîëÿ-
òîâ. Ïîâòîðíîñòü îïûòà 6-êðàòíàÿ (ïî 2 áëîêà êàæäîãî èç èçîëÿòîâ â 3-õ
÷àøêàõ Ïåòðè ñ ñîîòâåòñòâóþùèì òåñò-îðãàíèçìîì).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ñðàâíèâàÿ ñïîñîáíîñòü ïî÷âåííûõ èçîëÿòîâ çàäåðæèâàòü ðîñò Å.ñîli Â-
60 â íàøèõ èññëåäîâàíèÿõ, ñëåäóåò îòìåòèòü, ÷òî ó 7 èçîëÿòîâ ãðèáîâ ðîäà
Penicillium, 2 øòàììîâ áàêòåðèé ðîäà Bacillus,  øòàììà áàêòåðèé ðîäà
Pseudomonas è  øòàììà àêòèíîìèöåòîâ ðîäà Streptomyces sp.37  îíà îòñóò-
ñòâîâàëà, òîãäà êàê  3 øòàììà áàêòåðèé ðîäà Bacillus (Bacillus sp.12Ê, Bacillus
sp.15Ê è Bacillus sp.33Ê),  øòàìì áàêòåðèé ðoäà Pseudomonas  (Pseudomonas
sp. 107) è 3 øòàììà àêòèíîìèöåòîâ (Streptomyces sp.10, Streptomyces sp.14 è
Streptomyces sp.17) çàäåðæèâàëè ðîñò ýòîãî òåñò-îðãàíèçìà (äèàìåòð çîí
çàäåðæêè ðîñòà 15,0 — 20,0 ìì), è òîëüêî ó øòàììà áàêòåðèé ðîäà Bacillus
(Bacillus 64Ê)  è 2 øòàììîâ ñòðåïòîìèöåòîâ (Streptomyces sp.23, Streptomyces
sp.33) àêòèâíîñòü áûëà áîëüøå (22,5 — 30,0 ìì).

ÀÍÒÀÃÎÍÈÑÒÈ×ÅÑÊÈÅ ÑÂÎÉÑÒÂÀ ÍÎÂÛÕ ØÒÀÌÌÎÂ ÌÈÊÐÎÎÐÃÀÍÈÇÌÎÂ...
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Òàáëèöà 1
Àíòèìèêðîáíàÿ àêòèâíîñòü ìèêðîîðãàíèçìîâ, âûäåëåííûõ èç ïî÷â Ìîëäîâû

(äèàìåòð çîíû èíãèáèðîâàíèÿ ðîñòà, ìì)

Ïðîÿâëåíèå àíòèìèêðîáíûõ ñâîéñòâ â îòíîøåíèè Pseudomonas
fluorescens B–970 çàìå÷åíî ó âûäåëåííûõ íàìè ãðèáîâ è àêòèíîìèöåòîâ. Ó
áàêòåðèé ðîäà Bacillus àíòèìèêðîáíàÿ àêòèâíîñòü ê ýòîìó òåñò-îðãàíèçìó
âàðüèðîâàëà â øèðîêèõ ïðåäåëàõ (äèàìåòð çîí çàäåðæêè ðîñòà  îò 12,5 äî
38,0 ìì). Òàê, íàïðèìåð, ñëàáàÿ àíòèìèêðîáíàÿ àêòèâíîñòü áûëà ó øòàì-
ìîâ Bacillus sp. 38Ê, Bacillus sp. 33Ê è Bacillus sp. 15Ê (12,5 – 14,5 ìì),
ñðåäíÿÿ – ó øòàììà Bacillus sp. 64Ê (äî 21,0 ìì) è ñàìàÿ âûñîêàÿ - ó øòàì-
ìà Bacillus sp. 12Ê (äî 38,0 ìì).

Ðîñò ïðåäñòàâèòåëåé ôèòîïàòîãåííûõ áàêòåðèé Xanthomonas campestris,
âûçûâàþùèõ ñîñóäèñòûé áàêòåðèîç êàïóñòû, ñëàáî çàäåðæèâàëè ãðèáû ðîäà
Penicillium, àêòèíîìèöåòû ðîäà Streptomyces è áàêòåðèè ðîäà Pseudomonas
(äèàìåòð çîí èíãèáèðîâàíèÿ — îò 12,0 äî 16,0 ìì). Èç áàêòåðèé ðîäà Bacillus
4 øòàììà (Bacillus sp. 12Ê, Bacillus sp. 15Ê, Bacillus sp. 33Ê è Bacillus sp. 64Ê)
îáëàäàëè ñðåäíåé àêòèâíîñòüþ (17,0 — 20,0 ìì).

Ñïîñîáíîñòü çàäåðæèâàòü ðîñò äðóãîãî ïðåäñòàâèòåëÿ ôèòîïàòîãåííûõ
áàêòåðèé  Corynebacterium michiganense 13a, êîòîðûé âûçûâàåò áàêòåðè-
àëüíûé ðàê òîìàòîâ, íå îáíàðóæåíà ó 5 øòàììîâ ãðèáîâ,  øòàììà àêòèíî-
ìèöåòîâ (Streptomyces sp. 37), òîãäà êàê ó áàêòåðèé ðîäà Bacillus àíòàãîíèñ-
òè÷åñêèå ñâîéñòâà ïðîÿâëÿëèñü â ðàçíîé ñòåïåíè (çîíû çàäåðæêè ðîñòà—
îò 11,0 äî 24,0 ìì). Íàèáîëåå àêòèâíûì àíòàãîíèñòîì îêàçàëñÿ øòàìì Bacillus
sp. 64Ê (22,0 — 24,0 ìì).
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Íå âûÿâëåíà àíòèìèêðîáíàÿ àêòèâíîñòü ïî îòíîøåíèþ ê äðîææàì ó ãðè-
áîâ è áàêòåðèé ðîäà Pseudomonas. Ïî-ðàçíîìó ïðîÿâëÿëèñü àíòèìèêðîáíûå
ñâîéñòâà ïî îòíîøåíèþ ê äðîææàì ó áàêòåðèé ðîäà Bacillus è àêòèíîìèöåòîâ.
Òàê, íàïðèìåð, áàêòåðèè àêòèâíåå, ÷åì àêòèíîìèöåòû, çàäåðæèâàëè ðîñò
Saññharomyces cerevisiae: ó 2-õ øòàììîâ (Bacillus sp. 12Ê è Bacillus sp. 33Ê)
÷óâñòâèòåëüíîñòü áûëà ñðåäíåé (25,5 è 25,0 ìì ñîîòâåòñòâåííî). Â îòíîøåíèè
Rhodotorula gracilis àíòèìèêðîáíàÿ àêòèâíîñòü áàêòåðèé ðîäà Bacillus ïðîÿâ-
ëÿëàñü â ìåíüøåé ñòåïåíè (ó 4-õ øòàììîâ îíà ñîñòàâëÿëà 14,5 – 20,0 ìì).

Ñðåäè àêòèíîìèöåòîâ øòàìì Streptomyces sp.17 íå ïðîÿâëÿë àíòàãîíè-
ñòè÷åñêèõ ñâîéñòâ ïî îòíîøåíèþ ê äðîææàì, ñòðåïòîìèöåòû Streptomyces
sp.14 è Streptomyces sp. 37 çàäåðæèâàëè ðîñò òîëüêî 1 øòàììà äðîææåé,
òîãäà êàê øòàìì Streptomyces sp. 10 îáëàäàë ñïîñîáíîñòüþ çàäåðæèâàòü
ðîñò îáåèõ äðîææåâûõ òåñò-êóëüòóð, õîòÿ äèàìåòð çîí çàäåðæêè ðîñòà áûë
íåáîëüøèì (13,0 - 14,0 ìì). Ó 2 äðóãèõ øòàììîâ ñòðåïòîìèöåòîâ (Streptomyces
sp. 23 è Streptomyces sp. 33) àíòàãîíèñòè÷åñêèå ñâîéñòâà ïðîÿâèëèñü â áîëü-
øåé ñòåïåíè ïî îòíîøåíèþ ê Rhodotorula gracilis (27,0 è 25,0 ìì ñîîòâåò-
ñòâåííî), ÷åì ê Saññharomyces cerevisiae (13,0 ìì).

Ê âûáðàííûì â êà÷åñòâå òåñò-îðãàíèçìîâ ãðèáàì ó èññëåäóåìûõ ïî÷âåí-
íûõ èçîëÿòîâ, àíòàãîíèñòè÷åñêèå ñâîéñòâà îòëè÷àëèñü áîëüøîé âàðèàáåëü-
íîñòüþ. Òàê, íàïðèìåð, ó áàêòåðèé  ðîäà Pseudomonas øòàìì S-11 íå îáëà-
äàë ñïîñîáíîñòüþ çàäåðæèâàòü ðîñò ãðèáîâ ðîäà Fusarium, òîãäà êàê øòàìì
Pseudomonas sp.107 îáëàäàë ýòîé ñïîñîáíîñòüþ. Äèàìåòð çîí èíãèáèðîâàíèÿ
âàðüèðîâàë îò 12,0 äî 17,0 ìì. Ó Fusarium solani çîíû áûëè 15,0 – 17,0 ìì.

Ïîä âîçäåéñòâèåì áàêòåðèé ðîäà Bacillus, ó òåñò-øòàììîâ ãðèáîâ ðîäà
Fusarium çîíû çàäåðæêè ðîñòà âàðüèðîâàëè îò 12,0 äî 23,5 ìì, ïðè÷åì çîíû
áîëüøå áûëè ó  Fusarium solani (19,0 — 23,5 ìì).

Ó 6 øòàììîâ ãðèáîâ ðîäà Penicillium ïðîÿâëÿëàñü ñïîñîáíîñòü çàäåð-
æèâàòü ðîñò ãðèáîâ ðîäà Fusarium.  Äèàìåòð çîí âàðüèðîâàë îò 15,0 äî 25,0
ìì. Áîëüøèå çîíû èíãèáèðîâàíèÿ íàáëþäàëèñü ó Fusarium graminearum
(20,0 — 25,0 ìì).

Çíà÷èòåëüíîå ðàçíîîáðàçèå â ïðîÿâëåíèè àíòàãîíèñòè÷åñêèõ ñâîéñòâ
ê ïðåäñòàâèòåëÿì ðîäà Fusarium çàìå÷åíî ó ïî÷âåííûõ èçîëÿòîâ, îòíîñÿ-
ùèõñÿ ê ðàçíûì âèäàì ðîäà Streptomyces. Òàê, íàïðèìåð, ó 2 øòàììîâ îíè
ïðàêòè÷åñêè îòñóòñòâóþò, 4 øòàììà ñòðåïòîìèöåòîâ ñëàáî çàäåðæèâàþò
ðîñò ýòèõ òåñò-îðãàíèçìîâ (11,0 — 15,0 ìì). Ïîä äåéñòâèåì ìåòàáîëèòîâ 3
øòàììîâ ñòðåïòîìèöåòîâ çîíû çàäåðæêè ðîñòà Fusarium graminearum äîñ-
òèãàëè  äèàìåòðà 25,0 — 30,0 ìì. Ñðåäè ñòðåïòîìèöåòîâ âûÿâëåí àêòèâíûé
àíòàãîíèñò, âûçûâàþùèé â óñëîâèÿõ íàøèõ îïûòîâ ïîëíîå ïîäàâëåíèå ðîñòà
óêàçàííîé òåñò-êóëüòóðû (Streptomyces sp. 10). Äàííûå, ïðåäñòàâëåííûå â
òàáëèöå 1, ïîêàçûâàþò, ÷òî ó èçó÷àåìûõ øòàììîâ ðîäà Pseudomonas àíòè-
ìèêðîáíàÿ àêòèâíîñòü â îòíîøåíèè òàêîãî ôèòîïàòîãåííîãî ãðèáà êàê
Alternaria alternata î÷åíü ñëàáàÿ, òîãäà êàê ñðåäè èçó÷àåìûõ áàêòåðèé ðîäà
Bacillus  âûÿâëåíî 4 àêòèâíûõ àíòàãîíèñòà. Èç ãðèáîâ ðîäà Penicillium íå
óäàëîñü âûÿâèòü øòàììû ñ àíòèìèêðîáíîé àêòèâíîñòüþ ïî îòíîøåíèþ ê
ýòîìó òåñò-îðãàíèçìó. Ñîãëàñíî ïðîâåäåííûì èññëåäîâàíèÿì, ñàìûìè àê-
òèâíûìè àíòàãîíèñòàìè ñðåäè èçó÷àåìûõ ïî÷âåííûõ èçîëÿòîâ, îêàçàëèñü 4
øòàììà àêòèíîìèöåòîâ, êîòîðûå ïîëíîñòüþ ïîäàâëÿëè ðîñò ýòîãî øòàììà.

Èç âñåõ èçó÷åííûõ ïî÷âåííûõ èçîëÿòîâ òîëüêî ó áàêòåðèé ðîäà
Bacillus áûëè îáíàðóæåíû àíòàãîíèñòè÷åñêèå ñâîéñòâà ïî îòíîøåíèþ ê
Pseudomonas fluorescens  B–970. Èç íèõ 3 øòàììà áûëè ñ íèçêîé àíòàãî-
íèñòè÷åñêîé àêòèâíîñòüþ (çîíû îò 12,5 äî 14,5 ìì), 2 øòàììà ñî ñðåä-
íåé àêòèâíîñòüþ (19,5 – 21,0 ìì) è 1 øòàìì (Bacillus sp. 12Ê) — ñ âûñî-
êîé àêòèâíîñòüþ (38,0 ìì).
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Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïî÷âåííûå
èçîëÿòû (áàêòåðèè ðîäà Bacillus è Pseudomonas, ãðèáû ðîäà Penicillium, àê-
òèíîìèöåòû ðîäà Streptomyces) â òîé èëè èíîé ñòåïåíè ñïîñîáíû ïîäàâëÿòü
ðîñò êóëüòóð, èñïîëüçóåìûõ â êà÷åñòâå òåñò-îðãàíèçìîâ, â ò.÷. ïðåäñòàâè-
òåëåé ôèòîïàòîãåííûõ áàêòåðèé è ãðèáîâ, à òàêæå äðîææåé. Íàèáîëüøóþ
÷óâñòâèòåëüíîñòü ôèòîïàòîãåííûå áàêòåðèè ïðîÿâèëè ê ïî÷âåííûì èçîëÿ-
òàì – ïðåäñòàâèòåëÿì ðîäà Bacillus è àêòèíîìèöåòàì ðîäà Streptomyces.

Âûÿâëåíû øòàììû áàêòåðèé ðîäà  Bacillus (Bacillus sp. 15Ê è Bacillus sp.
64Ê), à òàêæå 2 øòàììà ñòðåïòîìèöåòîâ (Streptomyces sp. 23 è Streptomyces
sp. 33), êîòîðûå àêòèâíî ïîäàâëÿëè ðîñò E.coli.  Óñòàíîâëåíà ñïîñîáíîñòü
áàêòåðèé ðîäà Bacillus çàäåðæèâàòü ðîñò äðîææåé  Sañcharomyces cerevisiae,
à ðîñò Rhodotorula gracilis — ó 2 øòàììîâ  ñòðåïòîìèöåòîâ.
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Ì²ÊÐÎÎÐÃÀÍ²ÇÌ²Â, ²ÇÎËÜÎÂÀÍÈÕ ²Ç ÃÐÓÍÒ²Â ÌÎËÄÎÂÈ

Ðåôåðàò

Âñòàíîâëåíî, ùî àêòèâíèìè àíòàãîí³ñòàìè ô³òîïàòîãåííèõ ãðèá³â
Alternaria alternata, Botrytis cinerea òà Fusarium graminearum º âèëó-
÷åí³ ç ãðóíòó Ìîëäîâè ïðåäñòàâíèêè ðîäó Streptomyces òà áàêòåð³¿
ðîäó Bacillus. Çíà÷íî ìåíøå àíòèì³êðîáí³ âëàñòèâîñò³ âèÿâëÿëè
ãðèáè ðîäó Penicillium òà áàêòåð³¿ ðîäó Pseudomonas. Ð³ñò äð³æäæ³â
ö³ øòàìè çàòðèìóâàëè àêòèâí³øå çà ³íøèõ.

Ê ë þ ÷ î â ³  ñ ë î â à: ãðóíòîâ³ ãðèáè, áàêòåð³¿, àêòèíîì³öåòè,
àíòàãîí³ñòè÷í³ âëàñòèâîñò³.

S.A. Burtseva,  T.F. Syrbu, V.A. Slanina, S.A. Tolochkina, S.N.  Kodryanu

Institute of Microbiology and Biotechnology of ASM
Akademicheskaya str., 1, MD-2028, Chisinau, Moldova, tel: (373 22)725754,
e-mail: cnmnmoldova@yahoo.com

ANTAGONISTIC  PROPERTIES OF NEW MICROORGANISMS STRAINS
ISOLATED FROM THE SOILS OF MOLDOVA

Summary

There was established that active antagonists against phytopathogenic
fungi Alternaria alternata, Botrytis cinerea and Fusarium graminearum
were representatives of Streptomyces spp. and Bacillus spp., isolated from
Moldova soil. The fungi of Penicillium spp. and Pseudomonas spp. bacteria
have possessed antimicrobial qualities to a smaller extent. These strains
have more actively inhibited the growth of yeast than others.

K e y   w o r d s: fungi, bacteria, aktinomycetes, antagonistic  properties.
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À.À. Äåñÿòíèê1, Æ.Ï.Òþðèíà1, Ñ.Â. Ëàáëþê1,
Î.À. Áîëîãà2, À.Ã. Ëàçàðåñêó2

1 Èíñòèòóò ìèêðîáèîëîãèè è áèîòåõíîëîãèè ÀÍÌ, óë. Àêàäåìè÷åñ-
êàÿ 1,   ÌÄ-2028, Êèøèíåâ, Ìîëäîâà, òåë: (373 22)725754,
e-mail: cnmnmoldova@yahoo.com
2 Èíñòèòóò õèìèè ÀÍÌ, Àêàäåìè÷åñêàÿ, 1, Êèøèíåâ, Ìîëäîâà

Ïðèâåäåíû ñâåäåíèÿ ïî èñïîëüçîâàíèþ êîìïëåêñíûõ ñîåäèíåíèé
(ÊÑ) ìèêðîýëåìåíòîâ äëÿ ðåãóëÿöèè áèîñèíòåçà ìèêðîáíûõ ëè-
ïàç. Øòàìì Aspergillus niger CNMN FD 01L, îòîáðàííûé êàê
ïåðñïåêòèâíûé ïðîäóöåíò âíåêëåòî÷íûõ ôåðìåíòîâ ëèïîëèòè-
÷åñêîãî äåéñòâèÿ, ñèíòåòèçèðóåò íåñïåöèôè÷åñêèå ëèïàçû, ãèä-
ðîëèçóþùèå âñå ýôèðíûå ñâÿçè òðèãëèöåðèäîâ íåçàâèñèìî îò
èõ ïîëîæåíèÿ. Óñòàíîâëåíî, ÷òî èñïîëüçîâàíèå êîìïëåêñíîãî
ñîåäèíåíèÿ íå âëèÿåò íà ïðîÿâëåíèå ìàêñèìóìà íàêîïëåíèÿ ëè-
ïîëèòè÷åñêîé àêòèâíîñòè, êîòîðûé íàáëþäàåòñÿ íà 5 ñóòêè
êóëüòèâèðîâàíèÿ ïðîäóöåíòà êàê â êîíòðîëüíîé, òàê è â îï-
òèìèçèðîâàííîé âàðèàíòàõ ñðåä è ñîñòàâëÿåò 12558 åä/ìë è
17731 åä/ìë, ñîîòâåòñòâåííî.

Ê ë þ ÷ å â û å  ñ ë î â à: ëèïàçû, Aspergillus niger, êîìïëåêñíûå
ñîåäèíåíèÿ êîáàëüòà è æåëåçà, ñòèìóëÿòîðû áèîñèíòåçà.

Ëèïàçû (Ê.Ô.3.1.1.3–òðèàöèë-ãëèöåðîë-ãèäðîëàçû) èãðàþò âàæíóþ ðîëü
â ìåòàáîëèçìå ëèïèäîâ è ðåãóëÿöèè ëèïèäçàâèñèìûõ ôóíêöèé â æèâûõ
îðãàíèçìàõ è ÿâëÿþòñÿ óíèêàëüíîé ãðóïïîé ôåðìåíòîâ, ïîñêîëüêó êàòàëè-
çèðóåìûå èìè ðåàêöèè ïðîòåêàþò íà ãðàíèöå ðàçäåëà ôàç â ãåòåðîãåííîé
ñèñòåìå: ìàñëî — âîäà èëè ìèöåëëà — âîäà [1]. Ýòî çíà÷èòåëüíî ïîâûøàåò
òåîðåòè÷åñêèé èíòåðåñ ê èõ èçó÷åíèþ è ðàñøèðÿåò ãðàíèöû èõ ïðàêòè÷åñ-
êîãî èñïîëüçîâàíèÿ.

Áëàãîäàðÿ ñâîèì ãèäðîëèòè÷åñêèì ñïîñîáíîñòÿì, îíè øèðîêî èñïîëü-
çóþòñÿ â êîæåâåííîé, ìàñëîæèðîâîé ïðîìûøëåííîñòè, â ñûðîäåëèè, â ïðî-
èçâîäñòâå ìîþùèõ ñðåäñòâ, ëåêàðñòâåííûõ ïðåïàðàòîâ. Èçâåñòíû òàêèå
ëå÷åáíûå ïðåïàðàòû, êàê ôåñòàë, ìåçèì-ôîðòå è äð., êîòîðûå â êà÷åñòâå
îñíîâíîãî äåéñòâóþùåãî íà÷àëà ñîäåðæàò ìèêðîáíóþ ëèïàçó. Êðîìå òîãî,
â ïîñëåäíèå ãîäû âûÿâëåíî, ÷òî îíè îáëàäàþò ðÿäîì åùå è äðóãèõ óíèêàëü-
íûõ îñîáåííîñòåé – êàòàëèçèðîâàòü ðåàêöèè ýòåðèôèêàöèè è ïåðåýòåðè-
ôèêàöèè, àöèëèðîâàíèÿ è àëêèëèðîâàíèÿ, îñóùåñòâëÿòü ðåàêöèè ñèíòåçà
ãëèöåðèäîâ è ò.ä. [2,3,4].

© À.À. Äåñÿòíèê, Æ.Ï.Òþðèíà, Ñ.Â. Ëàáëþê, Î.À. Áîëîãà, À.Ã. Ëàçàðåñêó
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ØÒÀÌÌÎÌ ASPERGILLUS NIGER CNMN FD 01L ÍÀ
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Â íàñòîÿùåå âðåìÿ äëÿ ïîëó÷åíèÿ ëèïàç, êàê è ìíîãèõ äðóãèõ ôåðìåí-
òîâ, èñïîëüçóþò, â îñíîâíîì, ìèêðîîðãàíèçìû, êîòîðûå îñóùåñòâëÿþò ñèí-
òåç ýòèõ âåùåñòâ çà êîðîòêèé öèêë ðàçâèòèÿ è íà äîñòóïíûõ ïèòàòåëüíûõ
ñðåäàõ [5,6]. Êðîìå òîãî, áîëüøèíñòâî ìèêðîîðãàíèçìîâ îáëàäàþò ñïîñîá-
íîñòüþ ïðîäóöèðîâàòü âíåêëåòî÷íûå ôåðìåíòû, àêòèâíîñòü êîòîðûõ âî
ìíîãî ðàç ïðåâûøàåò àêòèâíîñòü âíóòðèêëåòî÷íûõ [7].

Ó÷èòûâàÿ âûñîêóþ ïîòðåáíîñòü â ìèêðîáíûõ ëèïàçàõ â âûøåíàçâàí-
íûõ îòðàñëÿõ íàðîäíîãî õîçÿéñòâà è òåîðåòè÷åñêèé èíòåðåñ ê èçó÷åíèþ è
àêòèâàöèè ìåòàáîëè÷åñêèõ ïðîöåññîâ èõ ïðîäóöåíòîâ, ïåðñïåêòèâíûìè ÿâ-
ëÿþòñÿ èññëåäîâàíèÿ ïî âûÿâëåíèþ âîçìîæíîñòè ðåãóëÿöèè è íàïðàâëåí-
íîãî ñèíòåçà ëèïîëèòè÷åñêèõ ôåðìåíòîâ ìèêðîìèöåòîâ ñ ïîìîùüþ êîìï-
ëåêñíûõ ñîåäèíåíèé ìèêðîýëåìåíòîâ.

Ìèêðîýëåìåíòû â ñîñòàâå ìèíåðàëüíûõ ñîëåé íå íàøëè øèðîêîãî ïðè-
ìåíåíèÿ íè â ìåäèöèíå, íè â ñåëüñêîì õîçÿéñòâå ââèäó èõ âûñîêîé òîêñè÷-
íîñòè è ìàëîé ýôôåêòèâíîñòè. Îäíàêî êîîðäèíàöèîííî-ñâÿçàííûå ìèêðî-
ýëåìåíòû, ïî ñâîåé ñòðóêòóðå áëèçêèå ê áèîëîãè÷åñêèì ìàêðîìîëåêóëàì
(ãåìîãëîáèí, õëîðîôèëë, ìèîãëîáèí è äð.), ìåíåå òîêñè÷íû è áîëåå ðåàê-
öèîíîñïîñîáíû [8] è ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå ñòèìóëÿòîðîâ
ñèíòåçà áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ, ÷òî ïîäòâåðæäåíî èññëåäîâàíèÿ-
ìè, ïðîâåäåííûìè íà ìèêðîâîäîðîñëÿõ è öèàíîáàêòåðèÿõ [9].

Îäíàêî ñâåäåíèé ïî èñïîëüçîâàíèþ êîìïëåêñíûõ ñîåäèíåíèé ìèêðî-
ýëåìåíòîâ äëÿ ðåãóëÿöèè áèîñèíòåçà ìèêðîáíûõ ëèïàç î÷åíü ìàëî, ÷òî äå-
ëàåò àêòóàëüíûì ïðîâåäåíèå ïîäîáíûõ èññëåäîâàíèé [10].

Ìàòåðèàëû è ìåòîäû

Îáúåêòîì áèîëîãè÷åñêèõ èññëåäîâàíèé ñëóæèë øòàìì ìèêðîìèöåòà
Aspergillus niger CNMN FD 01L, îòîáðàííûé êàê ïåðñïåêòèâíûé ïðîäóöåíò
âíåêëåòî÷íûõ ôåðìåíòîâ ëèïîëèòè÷åñêîãî äåéñòâèÿ. Øòàìì õðàíèòñÿ â
Íàöèîíàëüíîé êîëëåêöèè íåïàòîãåííûõ ìèêðîîðãàíèçìîâ Ðåñïóáëèêè Ìîë-
äîâà ïðè Èíñòèòóòå ìèêðîáèîëîãèè è áèîòåõíîëîãèè ÀÍÌ.

Êóëüòèâèðîâàíèå øòàììà îñóùåñòâëÿëîñü ïðè òåìïåðàòóðå 28 °Ñ â êîíè-
÷åñêèõ êîëáàõ Ýðëåíìåéåðà îáúåìîì  750 ìë, íà êà÷àëêå (180 — 200 îá/ìèí),
íà ñðåäå ïîäîáðàííîãî ñîñòàâà (ã/ë): ñîåâàÿ ìóêà — 35,0; (NH

4
)
2
SO

4
—1,0;

KH
2
PO

4 
— 5,0; pH 7,0-7,2; îáúåì ïèòàòåëüíîé ñðåäû — 100 ìë. Â êà÷åñòâå

ïîñåâíîãî ìàòåðèàëà èñïîëüçîâàëàñü âîäíàÿ ñóñïåíçèÿ ñïîð 14-äíåâíîé êóëü-
òóðû, âûðàùåííîé íà ñêîøåííîé ñóñëî-àãàðîâîé ñðåäå, â êîëè÷åñòâå 10 %
îò èíîêóëèðîâàííîãî îáúåìà â êîíöåíòðàöèè 106ñïîð/ìë. Ïðîäîëæèòåëü-
íîñòü êóëüòèâèðîâàíèÿ ïðîäóöåíòà ñîñòàâèëà 5 ñóòîê.

Äëÿ óñèëåíèÿ áèîñèíòåòè÷åñêèõ ñïîñîáíîñòåé øòàììà èñïîëüçîâàëèñü
êîìïëåêñíûå ñîåäèíåíèÿ êîáàëüòà è æåëåçà: [Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O,

Co.Digsemi.Cl
2
.4H

2
O, FeO

3
.Måt.

Â îïòèìèçèðîâàííûå âàðèàíòû ñðåä êîìïëåêñíûå ñîåäèíåíèÿ âíîñè-
ëèñü â ðàñøèðåííîì äèàïàçîíå êîíöåíòðàöèé: 5, 10, 15, 20, 30 ìã/ë. Ñðåäà
áåç äîáàâëåíèÿ êîìïëåêñíûõ ñîåäèíåíèé ñëóæèëà êîíòðîëåì.

Äëÿ âûÿâëåíèÿ îïòèìàëüíîé ïðîäîëæèòåëüíîñòè êóëüòèâèðîâàíèÿ ïðî-
äóöåíò âûðàùèâàëñÿ â òå÷åíèå 2, 3, 4, 5, 6 ñóòîê íà ñðåäå, ñîäåðæàùåé
âûÿâëåííóþ îïòèìàëüíóþ êîíöåíòðàöèþ (15 ìã/ë) îòîáðàííîãî êîìïëåêñ-
íîãî ñîåäèíåíèÿ.

Ëèïîëèòè÷åñêóþ àêòèâíîñòü îïðåäåëÿëè ïî ðàñùåïëåíèþ îëèâêîâîãî
ìàñëà äî îëåèíîâîé êèñëîòû, èñïîëüçóÿ ìîäèôèöèðîâàííûé ìåòîä Îòà-
ßìàäà [11, 12].

Çà åäèíèöó àêòèâíîñòè ëèïàçû ïðèíèìàëè òàêîå êîëè÷åñòâî ôåðìåíòà

ÎÑÎÁÅÍÍÎÑÒÈ ÁÈÎÑÈÍÒÅÇÀ ËÈÏÀÇ ØÒÀÌÌÎÌ ASPERGILLUS NIGER CNMN FD 01L...
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(êóëüòóðàëüíîé æèäêîñòè), êîòîðîå îñâîáîæäàåò 1 ìêìîëü îëåèíîâîé êèñëî-
òû èç 40 % ýìóëüñèè îëèâêîâîãî ìàñëà â ïîëèâèíèëîâîì ñïèðòå ïðè pH 7,2
è òåìïåðàòóðå 37 °Ñ â òå÷åíèå 1 ÷àñà.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ìèêðîîðãàíèçìû, íàõîäÿñü â ïîñòîÿííîì êîíòàêòå ñ âíåøíåé ñðåäîé,
ïðèñïîñîáèëèñü áûñòðî è òî÷íî ðåàãèðîâàòü íà ïðîèñõîäÿùèå â íåé èçìå-
íåíèÿ, ïåðåñòðàèâàÿ ñâîè ôåðìåíòíûå ñèñòåìû. Ýòà ôèçèîëîãè÷åñêàÿ èç-
ìåí÷èâîñòü ìèêðîîðãàíèçìîâ ïîçâîëÿåò èñïîëüçîâàòü èõ äëÿ ïîëó÷åíèÿ àê-
òèâíûõ ôåðìåíòîâ ñî ñïåöèàëüíûìè è çàðàíåå çàäàííûìè ñâîéñòâàìè, èñ-
ïîëüçóÿ äëÿ ýòîãî ðàçëè÷íûå ôàêòîðû. Îäíèì èç òàêèõ ôàêòîðîâ ÿâëÿåòñÿ
ïðèìåíåíèå êîìïëåêñíûõ ñîåäèíåíèé ìèêðîýëåìåíòîâ â êà÷åñòâå ñòèìó-
ëÿòîðîâ áèîñèíòåçà è ñòàáèëèçàòîðîâ àêòèâíîñòè ôåðìåíòîâ. Ìèêðîìèöåò
Aspergillus niger CNMN FD 01L â ëàáîðàòîðèè ýíçèìîëîãèè Èíñòèòóòà ìèê-
ðîáèîëîãèè è áèîòåõíîëîãèè ÀÍÌ áûë îòîáðàí êàê ïåðñïåêòèâíûé ïðîäó-
öåíò ëèïîëèòè÷åñêèõ ôåðìåíòîâ. Èçó÷åíû åãî ôèçèîëîãî-áèîõèìè÷åñêèå
îñîáåííîñòè è ïîäîáðàíû îïòèìàëüíûå óñëîâèÿ êóëüòèâèðîâàíèÿ [13].

Äëÿ ïîâûøåíèÿ ýíçèìàòè÷åñêîé àêòèâíîñòè øòàììà áûëà èññëåäîâàíà
áîëüøàÿ ãðóïïà êîìïëåêñíûõ ñîåäèíåíèé Co, Fe, Ni, Cu, Zn è äð. (îêîëî
55), ñîäåðæàùèõ â ñîñòàâå ëèãàíäîâ ïèðèäèí, àíèëèí, òèîêàðáàìèä, ìåòèë-
è äèìåòèëãëèîêñèì, àìèíîêèñëîòû (ìåòèîíèí, ãëèöèí, âàëèí) è ò.ä.

Ïîëó÷åííûå ðåçóëüòàòû ïîêàçàëè, ÷òî èñïîëüçîâàííûå êîìïëåêñíûå
ñîåäèíåíèÿ ìîãóò îêàçûâàòü íà ïðîöåññ ëèïîëèçà êàê èíãèáèðóþùåå, òàê
è ñòèìóëèðóþùåå âîçäåéñòâèå. Ïðè ýòîì ïîëó÷àåìûé ýôôåêò îïðåäåëÿåò-
ñÿ âëèÿíèåì êàê àòîìà êîìïëåêñîîáðàçîâàòåëÿ, òàê è âõîäÿùåãî â èõ ñî-
ñòàâ ëèãàíäà, ÷òî íàãëÿäíî áûëî ïîêàçàíî ïðè èçó÷åíèè íîâûõ äèîêñèìà-
òîâ Co(Ø) [10]. Ýòîò ôàêò ñâèäåòåëüñòâóåò î òîì, ÷òî êîìïëåêñíûå ñîåäè-
íåíèÿ íåëüçÿ ðàññìàòðèâàòü òîëüêî êàê îáû÷íûå êîìïîíåíòû ïèòàòåëüíîé
ñðåäû, êîòîðûå ïîñòàâëÿþò ïðîäóöåíòó óãëåðîä, âîäîðîä, àçîò è íåîáõîäè-
ìûå åìó ìèêðîýëåìåíòû. Î÷åâèäíî, ìåõàíèçì èõ âîçäåéñòâèÿ çíà÷èòåëüíî
ñëîæíåå è îïðåäåëÿåòñÿ îñîáåííîñòÿìè èõ ìîëåêóëÿðíîãî ñòðîåíèÿ.

Èçâåñòíî, ÷òî ôåðìåíòíûå áåëêè, ñåêðåòèðóåìûå â êóëüòóðàëüíóþ æèä-
êîñòü, ïðèíèìàþò ñâîéñòâåííóþ èì êîíôèãóðàöèþ óæå ïîñëå çàâåðøåíèÿ ñåê-
ðåöèè, íàõîäÿñü íà íàðóæíîé ïîâåðõíîñòè öèòîïëàçìàòè÷åñêîé ìåìáðàíû [14].

Ó÷èòûâàÿ ñëîæíîñòü ñòðîåíèÿ êîìïëåêñíûõ ñîåäèíåíèé, à òàêæå âû-
ñîêóþ èçáèðàòåëüíîñòü êëåòî÷íûõ ìåìáðàí, çàòðóäíÿþùóþ èõ ïðîíèêíî-
âåíèå âíóòðü êëåòêè, âåðîÿòíî, èìåííî çäåñü ïðîèñõîäèò âçàèìîäåéñòâèå
êîìïëåêñíûõ ñîåäèíåíèé ñ ôåðìåíòíûìè áåëêàìè. Â çàâèñèìîñòè îò ñî-
ñòàâà è ñòðóêòóðû êîìïëåêñíûå ñîåäèíåíèÿ ìîãóò èëè ñîäåéñòâîâàòü â ôîð-
ìèðîâàíèè ôóíêöèîíàëüíî àêòèâíûõ ìîëåêóë ôåðìåíòà, èëè íàðóøàòü ýòîò
ïðîöåññ, îêàçûâàÿ èíãèáèðóþùèé ýôôåêò.

Ïî ðåçóëüòàòàì ïåðâè÷íîãî ñêðèíèíãà â êà÷åñòâå âîçìîæíûõ ñòèìóëÿ-
òîðîâ áèîñèíòåçà ëèïàç øòàììîì Aspergillus niger CNMN FD 01L áûëè îòî-
áðàíû òðè âåùåñòâà: [Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O, Co.Digsemi.Cl

2
.4H

2
O, FeO

3
.Måt.

Ïîñêîëüêó âîçíèêíîâåíèå ñòèìóëèðóþùåãî ýôôåêòà îïðåäåëÿåòñÿ íå
òîëüêî ñîñòàâîì êîìïëåêñíîãî ñîåäèíåíèÿ, íî è åãî êîíöåíòðàöèåé, âåùå-
ñòâà âíîñèëèñü â ïèòàòåëüíóþ ñðåäó â ðàñøèðåííîì äèàïàçîíå êîíöåíòðà-
öèé (îò 5 äî 30 ìã/ë) äëÿ âûÿâëåíèÿ íàèáîëåå îïòèìàëüíîé.

Ñîãëàñíî ïîëó÷åííûì ðåçóëüòàòàì (òàáë.1), êîìïëåêñíîå ñîåäèíåíèå
[Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O ïîäòâåðäèëî ñâîé ñòèìóëèðóþùèé ýôôåêò, â îòëè-

÷èå îò äâóõ äðóãèõ (Co.Digsemi.Cl
2
.4H

2
O, FeO

3
.Måt), êîòîðûå íå äàëè ïîëî-

æèòåëüíûõ ðåçóëüòàòîâ.
Îïòèìàëüíîå âîçäåéñòâèå êîìïëåêñíîãî ñîåäèíåíèÿ [Co(Mg)

2
.Py

2
].BF

4
.H

2
O

íàáëþäàåòñÿ ïðè êîíöåíòðàöèè 15 ìã/ë.

À. À. Äåñÿòíèê, Æ.Ï.Òþðèíà, Ñ.Â. Ëàáëþê, Î.À. Áîëîãà, À.Ã. Ëàçàðåñêó



49Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

Òàáëèöà 1
Èçìåíåíèå ëèïîëèòè÷åñêîé àêòèâíîñòè ìèêðîìèöåòà

Aspergillus niger CNMN FD 01L ïîä âëèÿíèåì
êîìïëåêñíûõ ñîåäèíåíèé êîáàëüòà è æåëåçà

Ëèïîëèòè÷åñêàÿ àêòèâíîñòü øòàììà ïðè èñïîëüçîâàíèè ýòîé êîíöåíò-
ðàöèè ñîñòàâèëà 15750 åä/ìë, à â êîíòðîëüíîì âàðèàíòå (áåç èñïîëüçîâà-
íèÿ êîìïëåêñíîãî ñîåäèíåíèÿ) – 12124 åä/ìë, ÷òî ñâèäåòåëüñòâóåò î ïîâû-
øåíèè ëèïîëèòè÷åñêîé àêòèâíîñòè íà 29,9 %.

Â äàëüíåéøåì áûëî èçó÷åíî èçìåíåíèå ëèïîëèòè÷åñêîé àêòèâíîñòè
ìèêðîìèöåòà ïðè ãëóáèííîì âûðàùèâàíèè íà êîíòðîëüíûõ è îïòèìèçèðî-
âàííûõ âàðèàíòàõ ñðåä â çàâèñèìîñòè îò ïðîäîëæèòåëüíîñòè êóëüòèâèðî-
âàíèÿ. Â îïòèìèçèðîâàííûå âàðèàíòû ñðåä, êðîìå îñíîâíûõ êîìïîíåíòîâ
– KH

2
PO

4
, (NH

4
)
2
SO

4
 è ñîåâîé ìóêè, âíîñèëîñü êîìïëåêñíîå ñîåäèíåíèå

[Co(MgÍ)
2
.Py

2
].BF

4
.H

2
O â ïîäîáðàííîé îïòèìàëüíîé êîíöåíòðàöèè – 15 ìã/ë.

Äèíàìèêà ëèïîëèòè÷åñêîé àêòèâíîñòè â êóëüòóðàëüíîé æèäêîñòè ïðîäóöåí-
òà îïðåäåëÿëàñü â òå÷åíèå 6 ñóòîê.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ (òàáëèöà 2) ïîêàçûâàåò, ÷òî ñòèìóëè-
ðóþùèé ýôôåêò ïðîÿâëÿåòñÿ óæå íà âòîðûå ñóòêè êóëüòèâèðîâàíèÿ ïðî-
äóöåíòà è èìåííî â ýòîò ïåðèîä äîñòèãàåòñÿ åãî ìàêñèìóì – 49,9 %. Ìîæ-
íî ïðåäïîëîæèòü, ÷òî âíåñåíèå â ñðåäó êîìïëåêñíîãî ñîåäèíåíèÿ êàê áû
óñêîðÿåò ïðîöåññ îáðàçîâàíèÿ ôóíêöèîíàëüíî àêòèâíûõ ìîëåêóë ëèïîëè-
òè÷åñêîãî ôåðìåíòà.

ÎÑÎÁÅÍÍÎÑÒÈ ÁÈÎÑÈÍÒÅÇÀ ËÈÏÀÇ ØÒÀÌÌÎÌ ASPERGILLUS NIGER CNMN FD 01L...

Òàáëèöà 2
Äèíàìèêà ëèïîëèòè÷åñêîé àêòèâíîñòè ïðîäóöåíòà Aspergillus niger

CNMN FD 01L ïðè êóëüòèâèðîâàíèè åãî íà èñõîäíîé ñðåäå (êîíòðîëü) è
íà ñðåäå ñ 15 ìã/ë [Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O (îïòèìèçèðîâàííûé âàðèàíò)



50 Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

Óñòàíîâëåíî òàêæå, ÷òî êîìïëåêñíîå ñîåäèíåíèå íå âëèÿåò  íà ïðîÿâ-
ëåíèå ìàêñèìóìà íàêîïëåíèÿ ëèïîëèòè÷åñêîé àêòèâíîñòè, êîòîðûé íàáëþ-
äàåòñÿ íà 5 ñóòêè êóëüòèâèðîâàíèÿ ïðîäóöåíòà, êàê â êîíòðîëüíûõ, òàê è â
îïòèìèçèðîâàííûõ âàðèàíòàõ ñðåä è ñîñòàâëÿåò 12558 åä/ìë è 17731 åä/ìë,
ñîîòâåòñòâåííî (ðèñ. 1).

Ðèñ. 1. Äèíàìèêà ëèïîëèòè÷åñêîé àêòèâíîñòè ïðîäóöåíòà Aspergillus
niger CNMN FD 01L ïðè êóëüòèâèðîâàíèè åãî íà èñõîäíîé ñðåäå (êîíò-
ðîëü) è íà ñðåäå ñ 15 ìã/ë [Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O (îïòèìèçèðîâàííûé âà-

ðèàíò)

Àíàëèçèðóÿ äèíàìèêó íàêîïëåíèÿ ëèïàç â êóëüòóðàëüíûõ æèäêîñòÿõ,
ìîæíî îòìåòèòü ñíèæåíèå âåëè÷èíû ñòèìóëèðóþùåãî ýôôåêòà â ñòàöèî-
íàðíîé ôàçå (4 — 5 ñóòêè) ñ 49,9 % (2-å ñóòêè) äî 36,9 — 35,7 %%. Ýòîò ôàêò
ìîæíî îáúÿñíèòü òåì, ÷òî ñòàöèîíàðíàÿ ôàçà è áåç èñïîëüçîâàíèÿ êîìï-
ëåêñíûõ ñîåäèíåíèé õàðàêòåðèçóåòñÿ èíòåíñèâíûì íàêîïëåíèåì öåëåâûõ
ïðîäóêòîâ ñ âûñîêèì óðîâíåì àêòèâíîñòè.

Â ïîäîáðàííûõ óñëîâèÿõ ïîëó÷åí ôåðìåíòíûé ïðåïàðàò ñ ëèïîëèòè-
÷åñêîé àêòèâíîñòüþ 700000-800000 åä/ã, îïòèìóì àêòèâíîñòè ïðè òåìïåðà-
òóðå 40 °Ñ è pH 7,0.

Äëÿ ðàöèîíàëüíîãî èñïîëüçîâàíèÿ ìèêðîáíûõ ëèïàç íåîáõîäèìî ó÷è-
òûâàòü ñïåöèôè÷íîñòü ôåðìåíòà ê òèïó ãèäðîëèçóåìûõ ñâÿçåé [15]. Øòàìì
Aspergillus niger CNMN FD 01L ñèíòåòèçèðóåò íåñïåöèôè÷åñêèå ëèïàçû,
ãèäðîëèçóþùèå âñå ýôèðíûå ñâÿçè òðèãëèöåðèäîâ íåçàâèñèìî îò èõ ïîëî-
æåíèÿ. Òàêèå ëèïàçû ýôôåêòèâíû äëÿ èñïîëüçîâàíèÿ â áèîòåõíîëîãè÷åñ-
êèõ ïðîöåññàõ, ñâÿçàííûõ ñ ïîëó÷åíèåì ÷èñòîãî ãëèöåðèíà è æèðíûõ êèñ-
ëîò.
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ÎÑÎÁËÈÂÎÑÒ² Á²ÎÑÈÍÒÅÇÓ Ë²ÏÀÇ ØÒÀÌÎÌ ASPERGILLUS NIGER
ÑNMN FD 01L ÍÀ ÑÅÐÅÄÎÂÈÙÀÕ ÎÏÒÈÌÀËÜÍÎÃÎ ÑÊËÀÄÓ

Ðåôåðàò

Íàâåäåí³ â³äîìîñò³ ïî âèêîðèñòàííþ êîìïëåêñíèõ ñïîëóê (ÊÑ)
ì³êðîåëåìåíò³â äëÿ ðåãóëÿö³¿ á³îñèíòåçó ì³êðîáíèõ ë³ïàç. Îá’ºêòîì
á³îëîã³÷íèõ äîñë³äæåíü ñëóãóâàâ ì³êðîì³öåò Àspergillus niger ÑNMN
FD 01L, â³ä³áðàíèé ÿê ïåðñïåêòèâíèé ïðîäóöåíò ïîçàêë³òèííèõ ôåð-
ìåíò³â,  ùî ìàþòü ë³ïîë³òè÷íó ä³þ. Øòàì Àspergillus niger ÑNMN
FD 01L ñèíòåçóº íåñïåöèô³÷í³ ë³ïàçè,  ùî ã³äðîë³çóþòü óñ³ åô³ðí³
çâ’ÿçêè òðèãë³öåðèíó íåçàëåæíî â³ä ¿õíüîãî ïîëîæåííÿ.
Ùîäî ï³äâèùåííÿ åíçèìàòè÷íî¿ àêòèâíîñò³ øòàìó, áóëî ïðîòåñòî-
âàíî áëèçüêî 60-òè êîìïëåêñíèõ ñïîëóê Co, Fe, Ni, Cu, Zn, ÿê³ ì³ñòÿòü

ÎÑÎÁÅÍÍÎÑÒÈ ÁÈÎÑÈÍÒÅÇÀ ËÈÏÀÇ ØÒÀÌÌÎÌ ASPERGILLUS NIGER CNMN FD 01L...
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ó ñêëàä³ ë³ãàíä³â ï³ðèäèí, àíàëàí, ò³îêàðáàì³ä, ìåòèë-òà äèìåòèëãë³-
îêñèì, àì³íîêèñëîòè (ìåò³îí³í, ãë³öèí, âàë³í).
Çà ðåçóëüòàòàìè ïåðâèííîãî ñêðèí³íãó òðè ðå÷îâèíè: [Co(MgH)

2
.Py

2
] .

BF
4
 . H

2
O, Co . Digsemi . Cl . 4H

2
O, FeO

3
 . Met áóëî â³ä³áðàíî ÿê

ñòèìóëÿòîðè á³îñèíòåçó ë³ïàç ó øòàìó Àspergillus niger ÑNMN FD 01L.
Ìàêñèìàëüíèé åôåêò çàðåºñòðîâàíî ó âàð³àíò³ ç âèêîðèñòàííÿì êîì-
ïëåêñíî¿ ñïîëóêè [Co(MgH)

2
.Py

2
] . BF

4
 . H

2
O ó êîíöåíòðàö³¿ 15 ìã/ë.

Âñòàíîâëåíî, ùî âèêîðèñòàííÿ êîìïëåêñíî¿ ñïîëóêè íå âïëèâàº íà
âèÿâëåííÿ ìàêñèìóìó íàêîïè÷åííÿ ë³ïîë³òè÷íî¿ àêòèâíîñò³, ÿêèé
ñïîñòåð³ãàºòüñÿ íà 5-ó äîáó êóëüòèâóâàííÿ ïðîäóöåíòà,  ÿê ó êîíò-
ðîëüíîìó,  òàê ³ â îïòèì³çîâàíîìó âàð³àíòàõ ñåðåäîâèù ³ ñêëàäàº
1258 îä/ìë òà 17731 îä/ìë, â³äïîâ³äíî.

Ê ë þ ÷ î â ³  ñ ë î â à: ë³ïàçè, Àspergillus niger, êîìïëåêñí³ ñïîëóêè
êîáàëüòà ³ çàë³çà, ñòèìóëÿòîðè á³îñèíòåçó.
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THE PECULIARITIES OF THE LIPASES BIOSYNTHESIS BY
ASPERGILLUS NIGER CNMN FD 01L STRAIN ON THE MEDIA WITH
OPTIMAL COMPOSITION

Summary

The article contains date referring to the using of coordinative compounds
of microelements for the regulation of the biosynthesis of microbial lipases.
As the object of biological investigations  Aspergillus niger CNMN FD
01L strain, selected as perspective producer of exocellular enzymes
with lipolytic action was used. Aspergillus niger CNMN FD 01L strain
synthesize unspecific lipases, which hydrolyse all the ester binding of
triglyceride independent of their location.
For increasing of enzymatic activity of the strain there were studied
about 60 coordinative compounds of Co, Fe, Ni, Cu, Zn and other,
containing in ligands composition pyridine, aniline, thiocarbamid, metil-
and dimetilglioxime, amino acids (methionin, glicin, valin) etc.
In the result on the first screening three substances:
[Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O, Co.Digsemi.Cl

2
.4H

2
O, FeO

3
.Måt have been

selected as possible stimulators of the lipases biosynthesis by Aspergillus
niger CNMN FD 01L strain.
Maximum effect was registered in the variant with the coordinative
compound: [Co(MgÍ)

2
.Py

2
].BF

4
.H

2
O in concentration 15 mg/l.

Also, it was established the using of coordinative compounds has not
influenced the maximum of lipases accumulation, which is shown at
the 5th day of producer cultivation on the control medium (without
coordinative compound) as well as on the optimized medium, being
12558 u/ml and 17731 u/ml, respectively.

K e y   w o r d s: lypazes, Aspergillus niger, combinations of cobalt and
iron, stimulators of biosynthesis.
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ÓÄÊ 579.864.1:616.331

Ã.Â. ßìáîðêî, ².Ë. Ñîëîâéîâà

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà, âóë. Äâî-
ðÿíñüêà, 2, Îäåñà, 65082, Óêðà¿íà, yamborko@sky.od.ua

Ïðîâåäåíî âèâ÷åííÿ åôåêòèâíîñò³ ð³çíèõ ñïîñîá³â çáåð³ãàííÿ
(ë³îô³ë³çàö³ÿ,  âèñóøóâàííÿ ó çàâèñëîìó (êèïëÿ÷îìó) øàð³ ³íåð-
òíîãî ìàòåð³àëó òà ï³ä ñòåðèëüíîþ âàçåë³íîâîþ îëèâîþ) 4
øòàì³â áàêòåð³é ðîäó Lactobacillus ç êîëåêö³¿ êóëüòóð êàôåäðè
ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿ ÎÍÓ: L. plantarum 8P-A3, L. delbrueckii
subsp. bulgaricus N2, L. acidophilus 317/402, L. acidophilus OL4.
Ñïîñ³á âèñóøóâàííÿ êóëüòóð ó êèïëÿ÷îìó øàð³ ³íåðòíîãî ìà-
òåð³àëó çàáåçïå÷óâàâ ìàêñèìàëüíèé ð³âåíü âèæèâàííÿ äîñë³ä-
æóâàíèõ øòàì³â ëàêòîáàöèë  òà çáåðåæåííÿ ¿õ àíòàãîí³ñòè÷-
íèõ âëàñòèâîñòåé ïðîòÿãîì 36 ì³ñÿö³â.

Ê ë þ ÷ î â ³  ñ ë î â à:  ëàêòîáàöèëè, ñïîñîáè çáåð³ãàííÿ,
æèòòºçäàòí³ñòü, àíòàãîí³ñòè÷í³ âëàñòèâîñò³.

Àêòóàëüíîþ ïðîáëåìîþ º ïîøóê ñïîñîá³â òðèâàëîãî çáåð³ãàííÿ ïðî-
ìèñëîâèõ øòàì³â áàêòåð³é ðîäó Lactobacillus, îñíîâíèì çàâäàííÿì ÿêîãî º
ï³äòðèìêà ¿õ æèòòºçäàòíîñò³, òàêñîíîì³÷íî âàæëèâèõ òà á³îòåõíîëîã³÷íèõ
îçíàê. Âèð³øåííÿ ïðîáëåìè äîâãîòðèâàëîãî çáåð³ãàííÿ ì³êðîîðãàí³çì³â ïî-
ëÿãàº â çàáåçïå÷åíí³ óìîâ àíàá³îçó, òîáòî â ãàëüìóâàíí³ ïðîöåñ³â îáì³íó
ðå÷îâèí. Â êîëåêö³ÿõ êóëüòóð æèòòºçäàòí³ñòü ì³êðîîðãàí³çì³â ï³äòðèìóºòü-
ñÿ ïåðåâàæíî øëÿõîì ñóáêóëüòèâóâàííÿ, çáåð³ãàííÿ ï³ä øàðîì âàçåë³íîâî¿
îëèâè, çà íèçüêèõ òà óëüòðàíèçüêèõ òåìïåðàòóð, ó âèñóøåíîìó ñòàí³ íà
ô³ëüòðóâàëüíîìó ïàïåð³ òà ó ë³îô³ëüíî âèñóøåíîìó ñòàí³ [1]. Îäí³ºþ ç ïðè-
÷èí çíèæåííÿ æèòòºçäàòíîñò³ êóëüòóð áàêòåð³é òà ¿õ ô³ç³îëîã³÷íî¿ àêòèâ-
íîñò³ â ïðîöåñ³ çáåð³ãàííÿ ð³çíèìè ìåòîäàìè º çì³íà ñêëàäó ì³êðîáíî¿ ïî-
ïóëÿö³¿ ï³ä ä³ºþ ðÿäó ô³çèêî-õ³ì³÷íèõ ôàêòîð³â çîâí³øíüîãî ñåðåäîâèùà, à
òàêîæ íàêîïè÷åííÿ ó êóëüòóð³ á³îõ³ì³÷íî íåàêòèâíèõ äèñîö³àíò³â [2].

Ìåòîþ äàíî¿ ðîáîòè áóëî ïîð³âíÿííÿ åôåêòèâíîñò³ ð³çíèõ ñïîñîá³â çáå-
ð³ãàííÿ ïðîìèñëîâèõ øòàì³â áàêòåð³é ðîäó Lactobacillus ç êîëåêö³¿ êóëüòóð
êàôåäðè ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿ ÎÍÓ. Çàäà÷³ ðîáîòè âêëþ÷àëè äîñë³ä-
æåííÿ æèòòºçäàòíîñò³ ëàêòîáàöèë çà ð³çíèõ óìîâ äîâãîñòðîêîâîãî çáåð³-
ãàííÿ òà âèâ÷åííÿ ¿õ àíòàãîí³ñòè÷íî¿ àêòèâíîñò³ ùîäî ïàòîãåííèõ ³ óìîâíî-
ïàòîãåííèõ ì³êðîîðãàí³çì³â.

Ìàòåð³àëè ³ ìåòîäè

Îá`ºêòîì äîñë³äæåííÿ áóëè øòàìè áàêòåð³é ðîäó Lactobacillus, ùî çàñòî-
ñîâóþòüñÿ ÿê ñòàðòåðí³ êóëüòóðè ïðè âèðîáíèöòâ³ êîìåðö³éíèõ ïðåïàðàò³â ³

© Ã.Â. ßìáîðêî, ².Ë. Ñîëîâéîâà
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ïðîäóêò³â ë³êóâàëüíî-ïðîô³ëàêòè÷íîãî ïðèçíà÷åííÿ: L. plantarum 8P-A3, L.
delbrueckii subsp. bulgaricus N2, ³ øòàì L. acidophilus OL4, ³çîëüîâàíèé ç íåêî-
ìåðö³éíîãî êèñëîìîëî÷íîãî ïðîäóêòó, âèãîòîâëåíîãî â Îäåñüêîìó ðåã³îí³.
Øòàì L. acidophilus 317/402 (êèñëîìîëî÷íèé ïðîäóêò «Íàð³íå», Óêðà¿íà)
âèêîðèñòîâóâàëè ÿê êîíòðîëü. Âèðîùóâàííÿ ëàêòîáàêòåð³é ïðîâîäèëè ó ð³äêî-
ìó ñåðåäîâèù³ MRS [3]  çà óìîâ ïåð³îäè÷íîãî êóëüòèâóâàííÿ ïðîòÿãîì 10
ãîäèí. Á³îìàñó äîñë³äæóâàíèõ øòàì³â ëàêòîáàöèë êîíöåíòðóâàëè ìåòîäîì
óëüòðàô³ëüòðàö³¿ â ê³íö³ ëîãàðèôì³÷íî¿ ôàçè ðîñòó; çàãàëüíà ê³ëüê³ñòü êë³òèí
ëàêòîáàêòåð³é ó 1 ñì3 ð³äêîãî êîíöåíòðàòó äîð³âíþâàëà 1 - 2 õ 1010. Äëÿ äîâ-
ãîñòðîêîâîãî  çáåð³ãàííÿ áàêòåð³é ðîäó Lactobacillus áóëè âèêîðèñòàí³ òàê³
ìåòîäè çíåâîäíþâàííÿ ÿê ë³îô³ë³çàö³ÿ òà âèñóøóâàííÿ â çàâèñëîìó (êèïëÿ-
÷îìó) øàð³ ³íåðòíîãî ìàòåð³àëó (ôòîðîïëàñòó). Ñóñïåíç³þ êë³òèí ëàêòîáàê-
òåð³é ë³îô³ë³çóâàëè íà ñóáë³ìàö³éí³é ñóøàðö³ TG15 (ïî÷àòêîâà òåìïåðàòóðà
— 30+2 0Ñ, ê³íöåâà +20+2 0Ñ, çàëèøêîâèé òèñê ñòàíîâèâ íå á³ëüøå 13,3 õ
103 Ïà; òðèâàë³ñòü âèñóøóâàííÿ 24 - 28 ãîäèí. Îòðèìàíèé áàêòåð³àëüíèé êîí-
öåíòðàò ³ç çàõèñíèì ñåðåäîâèùåì [4]  âèñóøóâàëè íà óñòàíîâö³ çàâèñëîãî
øàðó íà ³íåðòíèõ íîñ³ÿõ ïðè òåìïåðàòóð³ ñóøèëüíîãî àãåíòó 76 0Ñ. Ñóõ³
êîíöåíòðàòè äîñë³äæóâàíèõ øòàì³â áàêòåð³é ðîäó Lactobacillus áóëè çàêëà-
äåí³ íà çáåð³ãàííÿ ïðè òåìïåðàòóð³ 4 îÑ. Óñ³ êóëüòóðè â³äíîâëþâàëè ó ô³ç³î-
ëîã³÷íîìó ðîç÷èí³ ÷åðåç 6, 12, 24 òà 36 ì³ñÿö³â çáåð³ãàííÿ.

Îäíî÷àñíî äîñë³äæóâàí³ øòàìè ëàêòîáàêòåð³é çáåð³ãàëè ï³ä ñòåðèëüíîþ âà-
çåë³íîâîþ îëèâîþ ó íàï³âð³äêîìó ñåðåäîâèù³ MRS. Çàãàëüíà ê³ëüê³ñòü êë³òèí ëàê-
òîáàêòåð³é ó 1 ñì3 áàêòåð³àëüíî¿ ñóñïåíç³¿ äîð³âíþâàëà 107 - 108. Òðèâàë³ñòü çáåðå-
æåííÿ êóëüòóð ï³ä øàðîì âàçåë³íó ñêëàäàëà 12 ì³ñÿö³â ïðè òåìïåðàòóð³ +5 0Ñ.

Æèòòºçäàòí³ñòü ëàêòîáàêòåð³é  âèçíà÷àëè ìåòîäîì  äîçîâàíîãî âèñ³âó
íà MRS-àãàð ³ ï³äðàõóíêó êîëîí³é, ùî âèðîñëè ÷åðåç 18 - 24 ãîäèíè. Àíòàãî-
í³ñòè÷íó àêòèâí³ñòü ëàêòîáàêòåð³é ñòîñîâíî ð³çíèõ ì³êðîîðãàí³çì³â  âèâ÷à-
ëè ëóíêîâî-äèôóç³éíèì ìåòîäîì [5]. ßê ³íäèêàòîðí³ ì³êðîîðãàí³çìè âèêî-
ðèñòîâóâàëè êîëåêö³éí³ øòàìè áàêòåð³é Escherichia coli ÎÍÓ 165, Pseudomonas
aeruginosa ATCC 10145, Proteus vulgaris ÎÍÓ 209, Bacillus subtilis ÎÍÓ 24,
Micrococcus luteus ÀÒÑÑ 9341, Staphylococcus aureus ATCC 12600, Candida
albicans ÓÊÌ Ó-2501 òà Saccharomyces cerevisiae Â4.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ïåðøèì åòàïîì íàøî¿ ðîáîòè áóëî âèâ÷åííÿ æèòòºçäàòíîñò³ äîñë³äæó-
âàíèõ øòàì³â áàêòåð³é ðîäó Lactobacillus  ï³ñëÿ 6, 12, 24 òà 36 ì³ñÿö³â ¿õ
çáåð³ãàííÿ ó âèñóøåíîìó òà ë³îô³ëüíîìó ñòàí³. Ó òàáëèö³ 1 íàâåäåíî ðå-
çóëüòàòè äîñë³äæåíü ùîäî âïëèâó ë³îô³ë³çàö³¿ íà âèæèâàííÿ ëàêòîáàöèë.
ßê âèäíî ç ïðåäñòàâëåíèõ äàíèõ, îäðàçó ï³ñëÿ ë³îô³ë³çàö³¿ ê³ëüê³ñòü æèòòº-
çäàòíèõ êë³òèí çì³íèëàñÿ íåçíà÷íî: ÷àñòêà áàêòåð³é, ùî âèæèëà, ñòàíîâèëà
â³ä 82 äî 93 %. Ï³ñëÿ 6 ì³ñÿö³â çáåð³ãàííÿ äëÿ óñ³õ äîñë³äæóâàíèõ øòàì³â
ëàêòîáàöèë ñïîñòåð³ãàëè îäíàêîâó òåíäåíö³þ: ê³ëüê³ñòü æèòòºçäàòíèõ áàê-
òåð³é çíèçèëàñÿ ëèøå íà ïîðÿäîê. Ï³ñëÿ 36 ì³ñÿö³â çáåð³ãàííÿ ëàêòîáàöèë ó
ë³îô³ëüíîìó ñòàí³ ê³ëüê³ñòü æèòòºçäàòíèõ êë³òèí çìåíøèëàñÿ íà ø³ñòü ïî-
ðÿäê³â äëÿ øòàì³â L. plantarum 8P-A3 òà L. acidophilus OL4. Ìàêñèìàëüíó
ê³ëüê³ñòü  æèòòºçäàòíèõ êë³òèí ï³ñëÿ 2,5 ðîê³â çáåð³ãàííÿ ó ë³îô³ëüíîìó
ñòàí³ (4,2 õ 106 ) áóëî â³äçíà÷åíî äëÿ øòàìó L. acidophilus 317/402.

Ã.Â. ßìáîðêî, ².Ë. Ñîëîâéîâà
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Â³äîìî, ùî íàéá³ëüø ïðèéíÿòíèì ³ ÿê³ñíèì ñïîñîáîì çíåâîäíþâàííÿ,
ÿêèé çàáåçïå÷óº çáåðåæåííÿ ³ ñòàá³ë³çàö³þ âëàñòèâîñòåé áàêòåð³é, º ñóá-
ë³ìàö³éíå âèñóøóâàííÿ, ïðè ÿêîìó â³äñóòí³ âèñîê³ òåìïåðàòóðè íàãð³âàí-
íÿ. Îäíàê, ó äåÿêèõ ðîáîòàõ óêàçóºòüñÿ íà òå, ùî íåçâàæàþ÷è íà âèñîêó
ÿê³ñòü ïðîäóêò³â, îäåðæóâàíèõ ìåòîäîì ñóáë³ìàö³¿, ðåçåðâè öüîãî ñïîñîáó
çíåâîäíþâàííÿ íå ïîâí³ñòþ âèêîðèñòîâóþòüñÿ ÷åðåç íèçêó íåäîë³ê³â, îñ-
íîâí³ ç ÿêèõ – âåëèêà òðèâàë³ñòü ³ òðóäîì³ñòê³ñòü ïðîöåñó [6,7]. Ðÿä äîñë³-
äíèê³â  [8, 9] ââàæàº, ùî â ïðîöåñ³ ñóáë³ìàö³éíîãî âèñóøóâàííÿ ñïîñòåð³ãà-
þòüñÿ çíà÷í³ âòðàòè æèòòºçäàòíîñò³ ì³êðîáíèõ êë³òèí.

Çà îñòàíí³ ðîêè äëÿ çíåâîäíþâàííÿ ðîç÷èí³â ³ ñóñïåíç³é øèðîêî çàñòî-
ñîâóþòü âèñóøóâàííÿ â êèïëÿ÷îìó øàð³ ³íåðòíîãî ìàòåð³àëó. Äàíèé ñïîñ³á
çíåâîäíþâàííÿ, óïåðøå  çàïðîïîíîâàíèé ³ âèêîðèñòàíèé ó 1959 ðîö³ [10],
âèã³äíî â³äð³çíÿºòüñÿ â³ä ³íøèõ òèì, ùî â³í çá³ëüøóº ïîâåðõíþ òåïëî- ³
ìàñîîáì³íó (ïðàêòè÷íî âñÿ ïîâåðõíÿ ³íåðòíèõ ãðàíóë). Àêòèâíà ã³äðîäèíà-
ì³êà (îñîáëèâî â àïàðàòàõ êèïëÿ÷îãî øàðó) ñïðèÿº êîìïàêòíîìó àïàðàòíî-
ìó îôîðìëåííþ ïðîöåñó [7]. Òîìó ñàìå öåé ñïîñ³á çíåâîäíþâàííÿ îáðàíèé
äëÿ çáåð³ãàííÿ ïðîìèñëîâèõ øòàì³â ëàêòîáàöèë.

Òàáëèöÿ 2
Æèòòºçäàòí³ñòü ëàêòîáàêòåð³é ï³ñëÿ âèñóøóâàííÿ

ó êèïëÿ÷îìó øàð³ ³íåðòíîãî ìàòåð³àëó

ÅÔÅÊÒÈÂÍ²ÑÒÜ Ð²ÇÍÈÕ ÑÏÎÑÎÁ²Â ÇÁÅÐ²ÃÀÍÍß  ÏÐÎÌÈÑËÎÂÈÕ ØÒÀÌ²Â...

Òàáëèöÿ 1
Æèòòºçäàòí³ñòü ëàêòîáàêòåð³é ï³ñëÿ ë³îô³ë³çàö³¿
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Òàáëèöÿ 3
Æèòòºçäàòí³ñòü ëàêòîáàêòåð³é ï³ñëÿ çáåð³ãàííÿ ¿õ

ï³ä âàçåë³íîâîþ îëèâîþ

Âàæëèâîþ  õàðàêòåðèñòèêîþ  çàêâàøóâàëüíèõ  êóëüòóð  äëÿ ïðîäóêò³â
ë³êóâàëüíî-ïðîô³ëàêòè÷íîãî ïðèçíà÷åííÿ º ¿õ çäàòí³ñòü ïðèãí³÷óâàòè ðîçâè-
òîê ïàòîãåííèõ ³ óìîâíî-ïàòîãåííèõ ì³êðîîðãàí³çì³â. Áóëî äîñë³äæåíî ñïåê-
òðè àíòàãîí³ñòè÷íî¿ ä³¿ ÷îòèðüîõ øòàì³â áàêòåð³é ðîäó Lactobacillus ï³ñëÿ
ìàêñèìàëüíîãî òåðì³íó çáåð³ãàííÿ çà ð³çíèõ óìîâ. Àíòàãîí³ñòè÷íà àêòèâí³ñòü
ìîëî÷íîêèñëèõ áàêòåð³é ñêëàäàºòüñÿ ç ä³¿ áàêòåð³îöèí³â, à òàêîæ êèñëîò,
ñïèðò³â, ïåðåêèñ³â ³ ³íøèõ ìåòàáîë³ò³â, ùî íàêîïè÷óþòüñÿ â ïðîöåñ³ ðîñòó
áàêòåð³é [5]. Äîñë³äæóâàí³ øòàìè áàêòåð³é ðîäó Lactobacillus âèð³çíÿëèñÿ
øèðîêèì ñïåêòðîì àíòèá³îòè÷íî¿ àêòèâíîñò³. Âîíè àêòèâíî ïðèãí³÷óâàëè
ð³ñò ÿê ãðàìïîçèòèâíèõ áàêòåð³é (Micrococcus luteus,  Staphylococcus aureus,
Bacillus subtilis), òàê ³ ãðàìíåãàòèâíèõ áàêòåð³é (Escherichia coli, Pseudomonas
aeruginosa), ³ íåçíà÷íî ïðèãí³÷óâàëè ð³ñò Proteus vulgaris. Ó äàíèõ äîñë³äæåí-
íÿõ ëàêòîáàöèëè, äîñèòü àêòèâí³ ñòîñîâíî ð³çíèõ ì³êðîîðãàí³çì³â, ñëàáêî
ïðèãí³÷óâàëè ð³ñò äð³æäæ³â Candida albicans òà Saccharomyces cerevisiae. Éìî-
â³ðíî, öå ïîâ’ÿçàíî ç³ ñò³éê³ñòþ äð³æäæ³â äî ïðèãí³÷óâàëüíî¿ ä³¿ ìåòàáîë³ò³â
ëàêòîáàöèë ïîð³âíÿíî ç ³íøèìè ³íäèêàòîðíèìè ì³êðîîðãàí³çìàìè. Ó ðÿä³
âèïàäê³â ñïîñòåð³ãàëàñÿ íàâ³òü ñòèìóëÿö³ÿ ëàêòîáàöèëàìè ðîñòó äð³æäæåïî-
ä³áíèõ ãðèáê³â [11].

Ã.Â. ßìáîðêî, ².Ë. Ñîëîâéîâà

Âèÿâëåíî, ùî îäðàçó ï³ñëÿ âèñóøóâàííÿ áàêòåð³àëüíèõ êîíöåíòðàò³â
ëàêòîáàöèë ó êèïëÿ÷îìó øàð³ íà ³íåðòíèõ íîñ³ÿõ ÷àñòêà æèòòºçäàòíèõ êë³òèí
ñêëàäàëà â³ä 70 äî 86 %, ùî çíà÷íî ìåíøå, í³æ âèæèâàííÿ êë³òèí îäðàçó
ï³ñëÿ ë³îô³ë³çàö³¿ (òàáë. 1). Ï³ñëÿ 6 ì³ñÿö³â çáåð³ãàííÿ ñïîñòåð³ãàëè ïîñòóïî-
âå çíèæåííÿ ê³ëüêîñò³ æèòòºçäàòíèõ êë³òèí, à ï³ñëÿ ïåðøîãî ðîêó çáåð³ãàí-
íÿ ³ äî ê³íöÿ òåðì³íó äîñë³äæåííÿ ê³ëüê³ñòü æèòòºçäàòíèõ êë³òèí óñ³õ øòàì³â
ëàêòîáàöèë çàëèøàëàñÿ ïðàêòè÷íî ñòàá³ëüíîþ; âèêëþ÷åííÿì áóâ øòàì
L. plantarum 8P-A3, ÿêèé õàðàêòåðèçóâàâñÿ ì³í³ìàëüíîþ ê³ëüê³ñòþ æèòòº-
çäàòíèõ êë³òèí ï³ñëÿ 2,5 ðîê³â çáåð³ãàííÿ ó âèñóøåíîìó ñòàí³ (4,1õ106).

Ï³ñëÿ çáåð³ãàííÿ êîìåðö³éíèõ øòàì³â áàêòåð³é ðîäó Lactobacillus íà
æèâèëüíîìó MRS ñåðåäîâèù³ ï³ä âàçåë³íîâîþ îëèâîþ (òàáë. 3) áóëî âèÿâ-
ëåíî, ùî æèòòºçäàòí³ñòü áàêòåð³é øòàìó L. plantarum 8P - A3  çíèçèëàñÿ íà
ø³ñòü ïîðÿäê³â  ï³ñëÿ çáåð³ãàííÿ ïðîòÿãîì 12 ì³ñÿö³â, à øòàì³â L. delbrueckii
subsp. bulgaricus N2 òà  L. acidophilus 317/402 – íà ï’ÿòü ïîðÿäê³â. Íàéê-
ðàù³ ðåçóëüòàòè áóëè îòðèìàí³ ï³ñëÿ çáåð³ãàííÿ øòàìó L. acidophilus OL4:
ê³ëüê³ñòü æèòòºçäàòíèõ êë³òèí ï³ñëÿ ïåðøîãî ðîêó çáåð³ãàííÿ çíèçèëàñÿ íà
÷îòèðè ïîðÿäêè ³ äîð³âíþâàëà 5,1 x 104.
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Àíàë³ç îòðèìàíèõ äàíèõ ïîêàçàâ, ùî ñïîñ³á çáåð³ãàííÿ ëàêòîáàöèë ï³ä
âàçåë³íîâîþ îëèâîþ çàáåçïå÷óâàâ âèñîêèé ð³âåíü àíòàãîí³ñòè÷íî¿ àêòèâ-
íîñò³ äî âñ³õ ³íäèêàòîðíèõ ïðîêàð³îòíèõ ì³êðîîðãàí³çì³â, îäíàê ÷èñëî æèò-
òºçäàòíèõ êë³òèí ïðè öüîìó çìåíøèëîñÿ íà òðè - ï’ÿòü ïîðÿäê³â (òàáë.3).
Äî-ñë³äæåííÿ àíòàãîí³ñòè÷íî¿ àêòèâíîñò³ øòàì³â áàêòåð³é ðîäó Lactobacillus
ï³ñëÿ äîâãîñòðîêîâîãî çáåð³ãàííÿ (ðèñ. 2) ïîêàçàëî, ùî ï³ñëÿ ë³îô³ë³çàö³¿ òà
âèñóøóâàííÿ ó êèïëÿ÷îìó øàð³ ³íåðòíîãî ìàòåð³àëó äîñë³äæóâàíèé øòàì
íå ïðèãí³÷óâàâ ð³ñò M. luteus ³ C. albicans. Â öüîìó âèïàäêó ñïîñòåð³ãàëè
ñòèìóëÿö³þ ðîñòó ³íäèêàòîðíèõ ì³êðîîðãàí³çì³â. Äî ðåøòè ³íäèêàòîðíèõ
ì³êðîîðãàí³çì³â ëàêòîáàêòåð³¿ âèÿâëÿëè âèðàæåíèé àíòàãîí³ñòè÷íèé åôåêò,
ïðîòå ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî çíèæåííÿ àíòèá³îòè÷íî¿ àêòèâíîñò³ â³äíîâ-
ëåíèõ ï³ñëÿ ë³îô³ë³çàö³¿ êóëüòóð.

Ðèñ.2. Àíòàãîí³ñòè÷íà àêòèâí³ñòü L. acidophilus OL4 çà óìîâ çáåð³ãàííÿ
ïðîòÿãîì 36 ì³ñÿö³â ó ë³îô³ëüíîìó òà âèñóøåíîìó ñòàí³.

Ðèñ.1 Àíòàãîí³ñòè÷íà àêòèâí³ñòü L. acidophilus OL4 çà óìîâ çáåð³ãàííÿ
ï³ä âàçåë³íîâîþ îëèâîþ ïðîòÿãîì 12 ì³ñÿö³â

Íàéá³ëüø âèðàæåíó àíòàãîí³ñòè÷íó àêòèâí³ñòü ñòîñîâíî ³íäèêàòîðíèõ
êóëüòóð âèÿâèâ øòàì L. acidophilus OL4, ³çîëüîâàíèé ç íåêîìåðö³éíîãî êèñ-
ëîìîëî÷íîãî ïðîäóêòó.  Ðåçóëüòàòè åêñïåðèìåíòó ùîäî çáåðåæåííÿ àíòà-
ãîí³ñòè÷íèõ âëàñòèâîñòåé äîñë³äæóâàíèõ ïðîìèñëîâèõ øòàì³â ëàêòîáàöèë
ïðîäåìîíñòðîâàíî íà ðèñ. 1 òà 2 íà ïðèêëàä³ øòàìó L. acidophilus OL4.

ÅÔÅÊÒÈÂÍ²ÑÒÜ Ð²ÇÍÈÕ ÑÏÎÑÎÁ²Â ÇÁÅÐ²ÃÀÍÍß  ÏÐÎÌÈÑËÎÂÈÕ ØÒÀÌ²Â...
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Îäíàê äîâåäåíî, ùî ïåð³îäè÷í³ ïàñàæ³ ë³îô³ë³çîâàíèõ êóëüòóð ìîëî÷-
íîêèñëèõ áàêòåð³é ³ ï³äòðèìóâàëüíà ñåëåêö³ÿ â³äíîâëþâàëè ¿õ ô³ç³îëîã³÷íó
àêòèâí³ñòü. Óñ³ äîñë³äæóâàí³ øòàìè ëàêòîáàöèë, âèñóøåí³ â êèïëÿ÷îìó øàð³
íà ³íåðòíèõ íîñ³ÿõ, çáåð³ãàëè âèñîêèé ñòóï³íü àíòàãîí³ñòè÷íî¿ àêòèâíîñò³
ñòîñîâíî Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, àëå
ñëàáêî ³íã³áóâàëè ð³ñò  Proteus vulgaris òà Bacillus subtilis.

Òàêèì ÷èíîì, ë³îô³ë³çàö³ÿ çàáåçïå÷óº òðèâàëå çáåðåæåííÿ æèòòºçäàò-
íîñò³ ëàêòîáàöèë, îäíàê áóëà â³äçíà÷åíà äåÿêà òåíäåíö³ÿ äî çíèæåííÿ àí-
òèá³îòè÷íî¿ àêòèâíîñò³ ë³îô³ë³çîâàíèõ êóëüòóð. Âèñóøóâàííÿ áàêòåð³é ó êèï-
ëÿ÷îìó øàð³ ³íåðòíîãî ìàòåð³àëó çàáåçïå÷óº â³äíîñíî âèñîêèé ð³âåíü âè-
æèâàííÿ ëàêòîáàöèë òà çáåðåæåííÿ ¿õ àíòàãîí³ñòè÷íèõ âëàñòèâîñòåé. Ñïîñ³á
çáåð³ãàííÿ ëàêòîáàöèë ï³ä âàçåë³íîâîþ îëèâîþ çàáåçïå÷óº âèñîêèé ð³âåíü
àíòàãîí³ñòè÷íî¿ àêòèâíîñò³, àëå ÷èñëî æèòòºçäàòíèõ êë³òèí ïðè öüîìó çíè-
æóºòüñÿ íà ÷îòèðè - ø³ñòü ïîðÿäê³â ïðîòÿãîì 12 ì³ñÿö³â.
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ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÐÀÇÍÛÕ ÑÏÎÑÎÁÎÂ ÕÐÀÍÅÍÈß
ÏÐÎÌÛØËÅÍÍÛÕ ØÒÀÌÌÎÂ ÁÀÊÒÅÐÈÉ ÐÎÄÀ
LACTOBACILLUS

Ðåôåðàò

Ïðîâåäåíî ñðàâíåíèå ýôôåêòèâíîñòè ðàçëè÷íûõ ñïîñîáîâ õðàíå-
íèÿ  (ëèîôèëèçàöèÿ,  âûñóøèâàíèå âî âçâåøåííîì (êèïÿùåì) ñëîå
èíåðòíîãî ìàòåðèàëà è ïîä ñòåðèëüíûì âàçåëèíîâûì ìàñëîì) 4
øòàììîâ áàêòåðèé ðîäà Lactobacillus èç êîëëåêöèè êóëüòóð êàôåä-
ðû ìèêðîáèîëîãèè è âèðóñîëîãèè ÎÍÓ: L. plantarum 8P-A3,
L. delbrueckii subsp. bulgaricus N2, L. acidophilus 317/402, L. acidophilus
OL4.  Ñïîñîá âûñóøèâàíèÿ êóëüòóð â êèïÿùåì ñëîå èíåðòíîãî
ìàòåðèàëà îáåñïå÷èâàë ìàêñèìàëüíûé óðîâåíü âûæèâàíèÿ èññëå-
äóåìûõ øòàììîâ ëàêòîáàöèëë  è ñîõðàíåíèå èõ àíòàãîíèñòè÷åñ-
êèõ ñâîéñòâ íà ïðîòÿæåíèè 36 ìåñÿöåâ.

Ê ë þ ÷ å â û å  ñ ë î â à: ëàêòîáàöèëëû, ñïîñîáû õðàíåíèÿ, æèçíå-
ñïîñîáíîñòü, àíòàãîíèñòè÷åñêèå ñâîéñòâà.

 G.V. Yamborko, I.L. Solovyova

Odesa National Mechnykov University, Dvoryanska str., 2, Odesa, 65082,
Ukraine, tel.: 8 (0482) 687964, yamborko@sky.od.ua

THE EFFECTIVENESS OF DIFFERENT STORAGE TECHNIQUES OF
INDUSTRIAL STRAINS OF GENUS LACTOBACILLUS

Summary

The different storage techniques (liofilization, drying method and a
method of keeping under mineral oil) of 4 lactobacilli strains: L.
plantarum 8P-A3, L. delbrueckii subsp. bulgaricus N2, L. acidophilus
317/402 and L. acidophilus OL4 from Odesa National University
collection of the sea and useful for ecological biotechnology
microorganisms were compared. Drying of bacterial cultures in the
layer of an inert material was the method which provided the highest
level of viability of the investigated lactobacilli strains and kept their
antagonistic properties during 36 months.

K e y   w o r d s: lactobacilli, the storage techniques, viability, antagonistic
properties.
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ÓÄÊ 577. 154. 3

Ì.Â. Ñòðàòàí, À.À. Äåñÿòíèê

Èíñòèòóò ìèêðîáèîëîãèè è áèîòåõíîëîãèè ÀÍÌ, óë. Àêàäåìè÷åñ-
êàÿ, 1, ÌÄ-2028, Êèøèíåâ, Ìîëäîâà, òåë: (373 22)739824,
e-mail: cnmnmoldova@yahoo.com

Èçó÷åíî âëèÿíèå òèïà, âîçðàñòà è êîëè÷åñòâà ïîñåâíîãî ìàòå-
ðèàëà íà áèîñèíòåç àìèëàç øòàììîì ìèöåëèàëüíîãî ãðèáà
Aspergillus niger 33-19 CNMN FD-02 A. Óñòàíîâëåíî, ÷òî àêòèâ-
íîñòü êàê ñòàíäàðòíûõ, òàê è êèñëîòîñòàáèëüíûõ àìèëàç âûøå
ïðè èñïîëüçîâàíèè â êà÷åñòâå ïîñåâíîãî ìàòåðèàëà 10 ìë (íà
200 ìë ïèòàòåëüíîé ñðåäû) âîäíîé ñóñïåíçèè (1õ106 ñïîð/ìë)
ñïîð 12 - 14-äíåâíîé êóëüòóðû, âûðàùåííîé íà ñêîøåííîé ñðåäå
ñóñëî-àãàð ïðè òåìïåðàòóðå 28 - 30 °Ñ. Ïðè ýòîì ìàêñèìóì íà-
êîïëåíèÿ àìèëîëèòè÷åñêèõ ôåðìåíòîâ â êóëüòóðàëüíîé æèäêî-
ñòè çàðåãèñòðèðîâàí íà 6-é äåíü êóëüòèâèðîâàíèÿ è ñîñòàâëÿ-
åò 172,2 åä/ìë äëÿ ñòàíäàðòíûõ àìèëàç (pH 4,7) è 274,0 åä/ìë
äëÿ êèñëîòîñòàáèëüíûõ (pH 2,5). Äëÿ âåãåòàòèâíîãî èíîêóëþìà
îïòèìàëüíîé ÿâëÿåòñÿ 24-÷àñîâàÿ ðàñïëîäêà â êîëè÷åñòâå
15 ìë, ÷òî îáåñïå÷èâàåò àêòèâíîñòü ñòàíäàðòíûõ è êèñëîòî-
ñòàáèëüíûõ àìèëàç, ðàâíóþ 145,2 è 143,6 åä/ìë,  ñîîòâåòñòâåííî.

Ê ë þ ÷ å â û å  ñ ë î â à: áèîñèíòåç àìèëàç, Aspergillus niger,
àìèëîëèòè÷åñêèå ôåðìåíòû, ãëóáèííîå êóëüòèâèðîâàíèå.

Ïðè ñîâåðøåíñòâîâàíèè ìíîãèõ òåõíîëîãè÷åñêèõ ïðîöåññîâ øèðîêî
èñïîëüçóþòñÿ àìèëàçû ìèêðîîðãàíèçìîâ, êîòîðûå çàìåíÿþò è âûòåñíÿþò
àìèëàçû ðàñòèòåëüíîãî è æèâîòíîãî ïðîèñõîæäåíèÿ. Îáúÿñíÿåòñÿ ýòî, ïðåæ-
äå âñåãî, â ñîòíè ðàç áîëüøåé ïðîäóêòèâíîñòüþ ìèêðîîðãàíèçìîâ ïî ñðàâ-
íåíèþ ñ ðàñòåíèÿìè è æèâîòíûìè, äåøåâèçíîé è äîñòóïíîñòüþ ìèêðîáè-
îëîãè÷åñêîãî ñûðüÿ.

Íàèáîëåå ÷àñòî êàê ïðîäóöåíòû ôåðìåíòîâ àìèëàç èñïîëüçóþòñÿ ïëåñíå-
âûå ãðèáû ðîäîâ Aspergillus, Penicillium, Rhizopus, àêòèíîìèöåòû, áàêòåðèè
ðîäà Bacillus, a òàêæå äðîææåïîäîáíûå ìèêðîîðãàíèçìû Endomycopsis
[3,8,12,14].

Ñðåäè ìèêðîñêîïè÷åñêèõ ãðèáîâ ñïîñîáíîñòü ê áèîñèíòåçó àìèëàç â
áîëüøåé ñòåïåíè óñòàíîâëåíà ó ïðåäñòàâèòåëåé ðîäà Aspergillus. Êðîìå òîãî,
íåêîòîðûå èç íèõ îáëàäàþò ñâîéñòâîì ïðîäóöèðîâàòü êèñëîòîóñòîé÷èâûå

-àìèëàçû. Ïîñëåäíèå ïðàêòè÷åñêè ïîëíîñòüþ, íà 90 %, ñîõðàíÿþò àêòèâ-
íîñòü â êèñëîé ñðåäå â òå÷åíèå 30-ìèíóòíîé èíêóáàöèè ïðè òåìïåðàòóðå
37 îÑ. Â ýòèõ óñëîâèÿõ îáû÷íûå -àìèëàçû æåëòî-çåëåíûõ àñïåðãèëëîâ

© Ì.Â. Ñòðàòàí, À.À. Äåñÿòíèê
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íåîáðàòèìî òåðÿþò êàòàëèòè÷åñêèå ñâîéñòâà [4,14,15]. Ôåðìåíòû àìèëîëè-
òè÷åñêîãî êîìïëåêñà, ïðîäóöèðóåìûå ìèêðîìèöåòàìè ðîäà Aspergillus, íà-
øëè íàèáîëåå øèðîêîå ïðèìåíåíèå.

Áèîñèíòåç ôåðìåíòîâ çàâèñèò îò ôèçèîëîãè÷åñêîãî ñîñòîÿíèÿ ìèêðî-
îðãàíèçìîâ–ïðîäóöåíòîâ è ðÿäà ôèçè÷åñêèõ è õèìè÷åñêèõ ôàêòîðîâ êóëü-
òèâèðîâàíèÿ: ñîñòàâ ïèòàòåëüíîé ñðåäû, íàëè÷èå áèîñòèìóëÿòîðîâ è èí-
äóêòîðîâ äëÿ èíäóöèðîâàííûõ ôåðìåíòîâ, ðåæèì àýðàöèè, pH è òåìïåðà-
òóðà êóëüòèâèðîâàíèÿ. Ýòè ôàêòîðû îïðåäåëÿþò ñêîðîñòü ðàçâèòèÿ è ðàç-
ìíîæåíèÿ ìèêðîîðãàíèçìîâ, îáðàçîâàíèÿ ôåðìåíòîâ, îáóñëîâëèâàÿ ìîäè-
ôèöèðîâàíèå áèîñèíòåòè÷åñêîé ñïîñîáíîñòè øòàììà-ïðîäóöåíòà. Âîçðàñò,
êîëè÷åñòâî è òèï ïîñåâíîãî ìàòåðèàëà èãðàþò âàæíóþ ðîëü äëÿ áèîñèíòå-
çà è íàêîïëåíèÿ ôåðìåíòîâ â ìàêñèìàëüíûõ êîëè÷åñòâàõ, îáåñïå÷åíèÿ âîñ-
ïðîèçâîäñòâà òåõíîëîãè÷åñêîãî ïðîöåññà, à òàêæå äëÿ ïîëó÷åíèÿ íåêîòî-
ðûõ ìåòàáîëèòîâ ñ âûñîêîé ñêîðîñòüþ áèîñèíòåçà [1, 2, 4, 5, 8,10].

Öåëü íàñòîÿùåé ðàáîòû — èçó÷åíèå âëèÿíèÿ òèïà, âîçðàñòà è êîëè÷å-
ñòâà ïîñåâíîãî ìàòåðèàëà íà áèîñèíòåç àìèëàç íîâûì ïåðñïåêòèâíûì ïðî-
äóöåíòîì Aspergillus niger 33-19 CNMN FD-02 A.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé

Îáúåêòîì èññëåäîâàíèé ñëóæèë øòàìì-ìóòàíò Aspergillus niger 33-19
CNMN FD-02 A, ïîëó÷åííûé ïðè ãàììà-îáëó÷åíèè. Êóëüòèâèðîâàíèå ïðî-
äóöåíòà îñóùåñòâëÿëîñü ãëóáèííûì ìåòîäîì â êîëáàõ Ýðëåíìåéåðà åìêîñ-
òüþ 1 ëèòð ñ 200 ìë ñðåäû, â óñëîâèÿõ ïîñòîÿííîãî ïåðåìåøèâàíèÿ (180 -
200 îá/ìèí), ïðè òåìïåðàòóðå 28 - 30 °Ñ, íà ñðåäå ïîäîáðàííîãî îïòèìàëü-
íîãî ñîñòàâà, ñîäåðæàùåé (ã/ë): êðàõìàë — 3,0, ôàñîëåâóþ ìóêó — 9,0,
ïøåíè÷íûå îòðóáè — 18,0, KH

2
PO

4
 — 2.0, KCl — 0.5, MgSO

4
 — 0.5, âîäà, pH

5,0.
Â êà÷åñòâå ïîñåâíîãî ìàòåðèàëà èñïîëüçîâàëè âîäíóþ ñóñïåíçèþ ñïîð

(106 ñïîð /ìë)  12 - 14-äíåâíîé êóëüòóðû, âûðàùåííîé íà ñðåäå ñóñëî-àãàð
ïðè òåìïåðàòóðå 28 - 30 °Ñ, è âåãåòàòèâíûé èíîêóëþì, ïîëó÷åííûé ïðè
ãëóáèííîì êóëüòèâèðîâàíèè 12 - 14-äíåâíîé êóëüòóðû íà âûøåíàçâàííîé
ñðåäå.

Äëÿ îïðåäåëåíèÿ îïòèìàëüíîãî âîçðàñòà ñïîðîâîãî ïîñåâíîãî ìàòåðè-
àëà áûëè òåñòèðîâàíû ñóñïåíçèè ñïîð, ïîëó÷åííûå èç êóëüòóð ðàçëè÷íîãî
âîçðàñòà – 5, 10, 15, 20, 25 è 30 äíåé, âûðàùåííûõ íà ñêîøåííîì ñóñëî-
àãàðå. Àìèëîëèòè÷åñêóþ àêòèâíîñòü îïðåäåëÿëè â ôèëüòðàòàõ êóëüòóðàëü-
íîé æèäêîñòè íà 4-é, 5-é è 6-é äåíü êóëüòèâèðîâàíèÿ.

Àìèëîëèòè÷åñêóþ àêòèâíîñòü îïðåäåëÿëè  êîëîðèìåòðè÷åñêèì ìåòî-
äîì ñ éîäîì, èñïîëüçóÿ â êà÷åñòâå ñóáñòðàòà ðàñòâîð 1 %-íîãî ðàñòâîðèìî-
ãî êðàõìàëà, â ñòàíäàðòíûõ óñëîâèÿõ ãèäðîëèçà ïðè pH  4,7 äëÿ îáû÷íûõ
àìèëàç è â ýêñòðåìàëüíûõ óñëîâèÿõ ãèäðîëèçà ïðè pH  2,5 äëÿ êèñëîòîñòà-
áèëüíûõ àìèëàç [11,13].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Øòàìì Aspergillus niger 33-19 CNMN FD-02 A ïîëó÷åí ïðè ãàììà-îáëó-
÷åíèè øòàììà  Aspergillus niger 33 CNMN FD-06 A  ïðîäóöåíòà àìèëàç.
Ìóòàíòíûé âàðèàíò õàðàêòåðèçóåòñÿ  âûñîêîé âíåêëåòî÷íîé àìèëîëèòè-
÷åñêîé àêòèâíîñòüþ, çàðåãèñòðèðîâàííîé íà 6-é äåíü êóëüòèâèðîâàíèÿ. Îï-
òèìàëüíàÿ òåìïåðàòóðà êóëüòèâèðîâàíèÿ è áèîñèíòåçà 28 - 30 °Ñ, îïòè-

ÂËÈßÍÈÅ ÏÎÑÅÂÍÎÃÎ ÌÀÒÅÐÈÀËÀ ÍÀ ÀÌÈËÎËÈÒÈ×ÅÑÊÓÞ ÀÊÒÈÂÍÎÑÒÜ...
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ìàëüíûé pH äëÿ îáðàçîâàíèÿ àìèëàç 5,0 - 5,2. Êóëüòóðà õðàíèòñÿ íà ñêî-
øåííîé ñóñëî-àãàðîâîé ñðåäå ïðè òåìïåðàòóðå 3 - 7 °Ñ. ×àñòîòà ïåðåñåâà
— 1 ðàç â 2 - 3 ìåñÿöà. Øòàìì Aspergillus niger 33-19 CNMN FD-02 A äåïî-
íèðîâàí â Íàöèîíàëüíîé êîëëåêöèè íåïàòîãåííûõ ìèêðîîðãàíèçìîâ ïðè
Èíñòèòóòå ìèêðîáèîëîãèè è áèîòåõíîëîãèè Àêàäåìèè Íàóê Ìîëäîâû êàê
àêòèâíûé ïðîäóöåíò àìèëàç [16].

Ïðè ãëóáèííîì êóëüòèâèðîâàíèè ïëåñíåâûõ ãðèáîâ â êà÷åñòâå ïîñåâíîãî
ìàòåðèàëà èñïîëüçóþò ìèöåëèé èëè âîäíóþ ñóñïåíçèþ ñïîð. Ïîëó÷åíèå è
ñòàíäàðòèçàöèÿ ïîñåâíîãî ìàòåðèàëà îñóùåñòâëÿåòñÿ äèôôåðåíöèðîâàííî â
çàâèñèìîñòè îò âèäà ìàòåðèàëà. Äëÿ êàæäîãî ïðîäóöåíòà è êàæäîãî îòäåëüíî-
ãî òåõíîëîãè÷åñêîãî ïðîöåññà îïòèìàëüíûå ïîêàçàòåëè èíîêóëþìà, êàê è îï-
òèìàëüíàÿ ôàçà ýâîëþöèè ìèêðîîðãàíèçìà äëÿ ïîëó÷åíèÿ ìàêñèìàëüíîãî êî-
ëè÷åñòâà ìåòàáîëèòîâ, óñòàíàâëèâàþòñÿ èëè êîððåêòèðóþòñÿ èíäèâèäóàëüíî.

Â ðàáîòå òåñòèðîâàíû äâà òèïà ïîñåâíîãî ìàòåðèàëà: ñóñïåíçèÿ ñïîð è
âåãåòàòèâíûé ìèöåëèé. Òàê êàê ôèçèîëîãè÷åñêîå ñîñòîÿíèå ìèêðîîðãàíèçìà
â ìîìåíò ïîñåâà âëèÿåò íà ïîñëåäîâàòåëüíûå ôàçû åãî ðàçâèòèÿ, âëèÿíèå
âîçðàñòà èíîêóëþìà íà ýíçèìàòè÷åñêóþ àêòèâíîñòü øòàììà Aspergillus niger
33-19 CNMN FD-02 A èññëåäîâàëîñü â äèíàìèêå íà 4-é, 5-é è 6-é äåíü êóëü-
òèâèðîâàíèÿ ìèêðîîðãàíèçìà. Ýòî äàëî âîçìîæíîñòü îïðåäåëèòü â îäíîì
îïûòå âðåìÿ ïðîÿâëåíèÿ ìàêñèìóìà áèîñèíòåçà àìèëàç è ïðîäîëæèòåëü-
íîñòè êóëüòèâèðîâàíèÿ. Ðåçóëüòàòû äàííûõ èññëåäîâàíèé ïðåäñòàâëåíû íà
ðèñóíêå 1(à, á). Êàê ñëåäóåò èç ðèñ.1, îïòèìàëüíûì âîçðàñòîì ñïîðîâîãî
ïîñåâíîãî ìàòåðèàëà, êîòîðûé îáåñïå÷èâàåò íàèáîëåå âûñîêóþ ýíçèìàòè-
÷åñêóþ àêòèâíîñòü êàê ñòàíäàðòíûõ, òàê è êèñëîòîñòàáèëüíûõ àìèëàç, ÿâ-
ëÿåòñÿ 15-äíåâíàÿ êóëüòóðà. Ìàêñèìóì íàêîïëåíèÿ àìèëîëèòè÷åñêèõ ôåð-
ìåíòîâ â êóëüòóðàëüíîé æèäêîñòè çàðåãèñòðèðîâàí íà 6-é äåíü êóëüòèâè-
ðîâàíèÿ è ñîñòàâëÿåò 172,2 åä/ìë äëÿ ñòàíäàðòíûõ àìèëàç (pH 4,7) è 274,0
åä/ìë äëÿ êèñëîòîñòàáèëüíûõ (pH 2,5).

Äëÿ âûÿâëåíèÿ âëèÿíèÿ êîëè÷åñòâà çàñåÿííûõ ñïîð íà áèîñèíòåç àìè-

Ðèñ.1. Äèíàìèêà íàêîïëåíèÿ àìèëîëèòè÷åñêèõ ôåðìåíòîâ ïðè ãëó-
áèííîì êóëüòèâèðîâàíèè øòàììà Aspergillus niger 33-19 CNMN FD-02 A
â çàâèñèìîñòè îò âîçðàñòà ñïîðîâîãî ïîñåâíîãî ìàòåðèàëà

a) ôåðìåíòàòèâíàÿ àêòèâíîñòü â ñòàíäàðòíûõ óñëîâèÿõ ãèäðîëèçà,
pH 4,7

á) ôåðìåíòàòèâíàÿ àêòèâíîñòü â ýêñòðåìàëüíî-êèñëûõ óñëîâèÿõ ãèä-
ðîëèçà, pH 2,5
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Ðèñ. 2. Âëèÿíèå êîëè÷åñòâà ñïîðîâîãî èíîêóëþìà íà íàêîïëåíèå àìè-
ëîëèòè÷åñêèõ ôåðìåíòîâ ïðè ãëóáèííîì êóëüòèâèðîâàíèè øòàììà
Aspergillius niger 33-19 CNMN FD-02 À

ÂËÈßÍÈÅ ÏÎÑÅÂÍÎÃÎ ÌÀÒÅÐÈÀËÀ ÍÀ ÀÌÈËÎËÈÒÈ×ÅÑÊÓÞ ÀÊÒÈÂÍÎÑÒÜ...

ëàç èçó÷àåìûì øòàììîì, â êîëáû ñ 200 ìë ïèòàòåëüíîé ñðåäû âíîñèëè ïî
5, 10, 15, 20 ìë ñóñïåíçèè ñïîð, ïîëó÷åííûõ ñ 14 — 15-äíåâíîé ïîâåðõíîñ-
òíîé êóëüòóðû. Ìàêñèìàëüíàÿ àêòèâíîñòü ñòàíäàðòíûõ è êèñëîòîñòàáèëü-
íûõ àìèëàç â çàâèñèìîñòè  îò êîëè÷åñòâà è âîçðàñòà âåãåòàòèâíîãî ïîñåâ-
íîãî ìàòåðèàëà îòìå÷àëàñü â âàðèàíòàõ çàñåÿííûõ 10 ìë ñóñïåíçèè ñïîð,
äîñòèãàÿ óðîâíÿ 171,3 åä/ìë ïðè pH  4,7 è 253,5 åä/ìë ïðè pH  2,5 (ðèñ. 2).

Äëÿ êóëüòóð ãðèáîâ, êîòîðûå íå îáðàçóþò îáèëèÿ êîíèäèé, ïîñåâíûì
ìàòåðèàëîì ñëóæèò âåãåòàòèâíûé ìèöåëèé. Ýòî ÿâëÿåòñÿ  åù¸ îäíèì ôàê-
òîðîì óñëîæíåíèÿ ñòàíäàðòèçàöèè ïîñåâíîãî ìàòåðèàëà, òàê êàê ôàçà ðàç-

âèòèÿ ìèöåëèÿ, èñïîëüçóåìîãî êàê ïîñåâíîé ìàòåðèàë, âëèÿåò íà ñëåäóþ-
ùèå ýòàïû ðàçâèòèÿ ìèêðîîðãàíèçìà.

Êîëè÷åñòâî èíîêóëþìà çíà÷èòåëüíî âëèÿåò íà âåëè÷èíó è ôîðìó àãëî-
ìåðàòîâ, ïðîÿâëåíèå äèìîðôèçìà è âûõîä ìåòàáîëèòîâ. Â ñëó÷àå àñêîìè-
öåòà Aspergillus oryzae, êóëüòóðû, çàñåÿííûå ìàëåíüêèì êîëè÷åñòâîì èíî-
êóëþìà, õàðàêòåðèçóþòñÿ îáðàçîâàíèåì áîëüøîãî êîëè÷åñòâà áèîìàññû,
íî íèçêèì âûõîäîì àìèëàç, òàê êàê â îñíîâíîì ïðîèñõîäèò ìåòàáîëèçì
áîëüøîãî êîëè÷åñòâà óãëåâîäîâ äëÿ îáðàçîâàíèÿ áèîìàññû [5].

Â äàëüíåéøèõ îïûòàõ áûëî èçó÷åíî âëèÿíèå âîçðàñòà è êîëè÷åñòâà
èíîêóëþìà âåãåòàòèâíîãî ïîñåâíîãî ìàòåðèàëà íà àìèëîëèòè÷åñêóþ àê-
òèâíîñòü øòàììà Aspergillus niger 33-19 CNMN FD-02 À. Â èññëåäîâàíèÿõ
èñïîëüçîâàëñÿ ìèöåëèé 24, 48, 72 - ÷àñîâîãî âîçðàñòà â êîëè÷åñòâå 10 è 15
ìë îäíîðîäíîãî ïîñåâíîãî ìàòåðèàëà.  Èçìåíåíèå àìèëîëèòè÷åñêîé àêòèâ-
íîñòè â çàâèñèìîñòè îò êîëè÷åñòâà è âîçðàñòà âåãåòàòèâíîãî ïîñåâíîãî
ìàòåðèàëà ïðåäñòàâëåíî íà ðèñóíêå 3 (à, á).
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Ïîêàçàíî, ÷òî îïòèìàëüíûì ïîñåâíûì ìàòåðèàëîì ÿâëÿåòñÿ 24-÷àñîâàÿ
êóëüòóðà, êîòîðàÿ íàõîäèòñÿ â ëîãàðèôìè÷åñêîé ôàçå ðàçâèòèÿ.

Èñïîëüçîâàíèå â êà÷åñòâå èíîêóëþìà 15 ìë 24-÷àñîâîé ðàñïëîäêè âå-
ãåòàòèâíîãî ìèöåëèÿ îáåñïå÷èâàåò àêòèâíîñòü ñòàíäàðòíûõ è êèñëîòîñòà-
áèëüíûõ àìèëàç, ðàâíóþ 145,2 è 143,6 åä/ìë, ñîîòâåòñòâåííî. Â âàðèàíòå,
ãäå èñïîëüçîâàëè 10 ìë òîãî æå èíîêóëþìà, àêòèâíîñòü àìèëàç íèæå è
ñîñòàâëÿåò 134,5 è 132,3 åä/ìë, ñîîòâåòñòâåííî, äëÿ ñòàíäàðòíûõ è êèñëîòî-
ñòàáèëüíûõ àìèëàç.

Ïðè ñðàâíåíèè ïîëó÷åííûõ ðåçóëüòàòîâ óñòàíîâëåíî, ÷òî â çàâèñèìîñ-
òè îò òèïà ïîñåâíîãî ìàòåðèàëà àêòèâíîñòü îáîèõ âèäîâ àìèëàç âûøå ïðè
èñïîëüçîâàíèè ñïîðîâîãî ïîñåâíîãî ìàòåðèàëà — 172,2 åä/ìë è 274,0 åä/ìë
ïî ñðàâíåíèþ ñ 145,2 åä/ìë è 143,6 åä/ìë â âàðèàíòàõ ñ âåãåòàòèâíûì ïî-
ñåâíûì ìàòåðèàëîì.
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Ðèñ. 3. Áèîñèíòåç àìèëàç øòàììà Aspergillus niger 33-19 CNMN FD-02 A
â çàâèñèìîñòè îò âîçðàñòà è êîëè÷åñòâà âåãåòàòèâíîãî èíîêóëþìà

a) â êîëè÷åñòâå 10 ìë;
á) â êîëè÷åñòâå 15 ìë.
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ØÒÀÌÓ ASPERGILLUS NIGER 33-19 ÑNMN FD-02

Ðåôåðàò

Âèâ÷åíî âïëèâ òèïó, â³êó òà ê³ëüêîñò³ ïîñ³âíîãî ìàòåð³àëó íà á³îñèí-
òåç àì³ëàç øòàìîì ì³öåë³àëüíîãî ãðèáà Aspergillus niger 33-19 ÑNMN
FD-02 À.
Âñòàíîâëåíî, ùî àêòèâí³ñòü ÿê ñòàíäàðòíèõ, òàê ³ êèñëîòîñòàá³ëüíèõ
àì³ëàç âèùà ïðè âèêîðèñòàíí³ 10 ìë (íà 200 ìë æèâèëüíîãî ñåðåäî-
âèùà) âîäíî¿ ñóñïåíç³¿ (1 õ  106 ñïîð/ìë) ñïîð 12 - 14-äåííî¿ êóëüòó-
ðè, ÿêà âèðîñëà íà ñêîøåíîìó ñåðåäîâèù³ ñóñëî-àãàð ïðè òåìïåðà-
òóð³ 28-30 îÑ. Ïðè öüîìó ìàêñèìóì íàêîïè÷åííÿ àì³ëîë³òè÷íèõ ôåð-
ìåíò³â òà êóëüòóðàëüíî¿ ð³äèíè çàðåºñòðîâàíî íà 6-èé äåíü êóëüòè-
âóâàííÿ ³ ñêëàäàº 172,2  îä/ìë äëÿ ñòàíäàðòíèõ àì³ëàç (ðÍ 4,7) òà
274,0 îä/ìë äëÿ êèñëîòîñòàá³ëüíèõ (ðÍ 2,5).
Äëÿ âåãåòàòèâíîãî ³íîêóëþìó îïòèìàëüíèì º 24-ãîäèííèé ðîçïëî-
äîê ó ê³ëüêîñò³ 15 ìë, ùî çàáåçïå÷óº àêòèâí³ñòü ñòàíäàðòíèõ êèñëî-
òîñòàá³ëüíèõ àì³ëàç, ÿêà äîð³âíþº 145,2 ³ 143,6 îä/ìë, â³äïîâ³äíî.

Ê ë þ ÷ î â ³  ñ ë î â à: á³îñèíòåç àì³ëàç, Aspergillus niger, ãëèáèííå
êóëüòèâóâàííÿ, àì³ëîë³òè÷í³ ôåðìåíòè.
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INOCULUM INFLUENCE ON AMYLOLYTIC ACTIVITY OF THE STRAIN
ASPERGILLUS NIGER 33-19 CNMN FD-02

Summary

Inoculum influence of the type, age and quantity on the producing of
amylases of Aspergillus niger 33-19 CNMN FD-02 A strain was studied. It
was noticed that enzymatic activity of ordinary as well as of acid stable
amylases is higher at using of inoculum 10 ml (into 200ml growing
medium) spores suspension (1 x 106 spores/ml) of the 12 — 14 days age
culture, cultivated on the splay wort-agar medium, at t 28 — 30 °C. Maximum
of the amylolytic enzymes accumulation in the culture filtrate was
established at the sixth day of cultivation, being 172.2 u/ml for ordinary
amylases (pH 4.7) and 274.0 u/ml for acid stable (pH 2.5).
Using vegetative inoculum as inoculation material, the optimal effect
was obtained. That is a 24-hours age culture in quantity of 15 ml, ensured
the activity for ordinary as well as acid stable amylases  equal to 145.2 u/ml
and 143.6 u/ml, respectively.

K e y   w o r d s: biosythesis of amilazes, Aspergillus niger, deep cultivation,
amylolytic enzymes

Ì.Â. Ñòðàòàí, À.À. Äåñÿòíèê



67Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

ÓÄÊ 631.461.5:576.851:155

Å.Ï. Êîïûëîâ

Èíñòèòóò ñåëüñêîõîçÿéñòâåííîé ìèêðîáèîëîãèè ÓÀÀÍ,
óë. Øåâ÷åíêî, 97, ×åðíèãîâ, Óêðàèíà, 14027

Ìåòîäàìè àíàëèòè÷åñêîé ñåëåêöèè ïîëó÷åí ýôôåêòèâíûé øòàìì
áàêòåðèé ðîäà Azospirillum, êîòîðûé ñïîñîáåí ïðèæèâàòüñÿ è
àêòèâèçèðîâàòü ïðîöåññ àññîöèàòèâíîé àçîòôèêñàöèè â êîðíå-
âîé çîíå ÿðîâîé ïøåíèöû, ïîëîæèòåëüíî âëèÿòü íà ôîòîñèíòå-
òè÷åñêèé àïïàðàò ðàñòåíèé. Ïðè ýòîì óëó÷øàåòñÿ ðîñò è ðàç-
âèòèå ðàñòåíèé, ïîâûøàåòñÿ èõ ñòîéêîñòü ê âîçáóäèòåëÿì êîð-
íåâûõ ãíèëåé, óâåëè÷èâàåòñÿ óðîæàéíîñòü ÿðîâîé ïøåíèöû.

Ê ë þ ÷ å â û å  ñ ë î â à:  Azospirillum, ÿðîâàÿ ïøåíèöà, ñåëåêöèÿ,
àññîöèàòèâíàÿ àçîòôèêñàöèÿ, êîðíåâûå ãíèëè, õëîðîôèëëû a è b.

Äëÿ ðèçîñôåðû è ðèçîïëàíû ñåëüñêîõîçÿéñòâåííûõ êóëüòóð õàðàêòåð-
íî áîëüøîå ðàçíîîáðàçèå äèàçîòðîôîâ, êîòîðûå ó÷àñòâóþò â îáðàçîâàíèè
ìèêðîáíî-ðàñòèòåëüíûõ àññîöèàöèé. Ôóíêöèè àññîöèàòèâíûõ àçîòôèêñè-
ðóþùèõ áàêòåðèé ïðè èõ âçàèìîäåéñòâèè ñ ðàñòåíèÿìè ðàçíîîáðàçíû, ýòî
ôèêñàöèÿ àòìîñôåðíîãî àçîòà, ñèíòåç áèîëîãè÷åñêè àêòèâíûõ ñîåäèíåíèé,
êîòîðûå ñòèìóëèðóþò ðîñò è ðàçâèòèå ðàñòåíèé, ïîâûøåíèå óñòîé÷èâîñòè
ðàñòåíèé ê äåéñòâèþ ôèòîïàòîãåííûõ îðãàíèçìîâ.

Èç ëèòåðàòóðû èçâåñòíî, ÷òî â ìèðå ìåòîäàìè àíàëèòè÷åñêîé ñåëåêöèè
ïîëó÷åíî áîëüøîå êîëè÷åñòâî äèàçîòðîôîâ, øòàììû êîòîðûõ áîëåå ÷åì â 50
ðàç îòëè÷àþòñÿ ìåæäó ñîáîé ïî ýôôåêòèâíîñòè è àêòèâíîñòè àçîòôèêñàöèè
[1]. Ýòî ñâèäåòåëüñòâóåò î ïåðñïåêòèâíîñòè ïîèñêà ïðèðîäíûõ àçîòôèêñèðóþ-
ùèõ áàêòåðèé, êîòîðûå ìîæíî èñïîëüçîâàòü äëÿ ïîâûøåíèÿ óðîæàéíîñòè ñåëü-
ñêîõîçÿéñòâåííûõ êóëüòóð, óëó÷øåíèÿ êà÷åñòâà ïîëó÷àåìîé ïðîäóêöèè, ïðè
ñîõðàíåíèè îêðóæàþùåé ñðåäû îò çàãðÿçíåíèÿ õèìè÷åñêèìè ñîåäèíåíèÿìè.

Öåëüþ äàííîé ðàáîòû áûëî ïîëó÷èòü ñ ïîìîùüþ ìåòîäîâ àíàëèòè÷åñ-
êîé ñåëåêöèè ýôôåêòèâíûå øòàììû äèàçîòðîôîâ, êîòîðûå áû õàðàêòåðè-
çîâàëèñü âûñîêîé àêòèâíîñòüþ ôèêñàöèè àçîòà â ÷èñòîé êóëüòóðå, ïðèæè-
âàëèñü è àêòèâèçèðîâàëè ïðîöåññ àññîöèàòèâíîé àçîòôèêñàöèè â êîðíå-
âîé çîíå ÿðîâîé ïøåíèöû, ïðîäóöèðîâàëè áèîëîãè÷åñêè àêòèâíûå âåùå-
ñòâà, ïîâûøàëè óñòîé÷èâîñòü  ðàñòåíèé ê âîçáóäèòåëÿì áîëåçíåé è ñïîñîá-
ñòâîâàëè óâåëè÷åíèþ óðîæàéíîñòè ÿðîâîé ïøåíèöû.

Ìàòåðèàëû è ìåòîäû

Ó÷åò ÷èñëåííîñòè äèàçîòðîôîâ îñóùåñòâëÿëè ìåòîäîì ïðåäåëüíûõ ðàç-
âåäåíèé ñ èñïîëüçîâàíèåì àöåòèëåíîâîãî òåñòà â ðèçîñôåðíîé ïî÷âå, íà
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îòìûòûõ êîðíÿõ ÿðîâîé ïøåíèöû è â êîðíÿõ ïîñëå èõ ñòåðèëèçàöèè. Âû-
äåëåíèå àêòèâíûõ äèàçîòðîôîâ îñóùåñòâëÿëè èç íàêîïèòåëüíûõ êóëüòóð
ïîñëå îïðåäåëåíèÿ èõ íèòðîãåíàçíîé àêòèâíîñòè [2]. Ñ ýòîé öåëüþ èñïîëü-
çîâàëè ñëàáîàãàðèçîâàííûå ñðåäû Äîáåðåéíåð, Ýøáè, Ôåäîðîâà-Êàëèíèí-
ñêîé, ïîëóæèäêàÿ êîíñèñòåíöèÿ êîòîðûõ äàåò âîçìîæíîñòü ìèêðîîðãàíèç-
ìàì ðàçâèâàòüñÿ â îïòèìàëüíîì äëÿ íèõ ðåæèìå ïàðöèàëüíîãî äàâëåíèÿ
êèñëîðîäà. Àýðîáû ïðè ýòîì îáðàçóþò ïëåíêó íà ïîâåðõíîñòè ñðåäû, ìèê-
ðîàýðîôèëû — ïîãðóæåííóþ â ñðåäó ïëåíêó, àíàýðîáû ìîãóò ðàçâèâàòüñÿ
íà äíå. Íàêîïèòåëüíûå êóëüòóðû ðàññåâàëè íà òâåðäûå ïèòàòåëüíûå ñðå-
äû: êàðòîôåëüíûé àãàð ñ ñàõàðîçîé, ñðåäó Êàññåðîñà, àãàðèçîâàííóþ ñðå-
äó ñ ãëèöåðèíîì.

Ýôôåêòèâíûì îêàçàëîñü èñïîëüçîâàíèå ïëàñòèí ñ SiO
2
, ïðîïèòàííûõ

ñðåäîé Âèíîãðàäñêîãî áåç ãëþêîçû [3]. Íà ïëàñòèíû ñ SiO
2 
ðàñêëàäûâàëè

êîðíè ðàñòåíèé èëè ðèçîñôåðíóþ ïî÷âó. Èñïîëüçîâàíèå â ýòîì ñëó÷àå áåçà-
çîòíîé ñðåäû Âèíîãðàäñêîãî îáåñïå÷èâàåò óñëîâèÿ äëÿ ðàçâèòèÿ ãðóïïû áàê-
òåðèé, êîòîðûå ñïîñîáíû ïîêðûâàòü ñâîè ïîòðåáíîñòè â àçîòå çà ñ÷åò ôèê-
ñàöèè àòìîñôåðíîãî àçîòà. Â äàëüíåéøåì ïðîâîäèëè âûäåëåíèå ìèêðîîðãà-
íèçìîâ èç êîëîíèé, êîòîðûå îáðàçîâàëèñü íà êîðíÿõ èëè êîìî÷êàõ ïî÷âû.

Àçîòôèêñèðóþùóþ àêòèâíîñòü ìèêðîîðãàíèçìîâ â ÷èñòîé êóëüòóðå è
â àññîöèàöèè ñ ðàñòåíèÿìè îïðåäåëÿëè àöåòèëåí-ýòèëåíîâèì ìåòîäîì íà
ãàçîâîì õðîìàòîãðàôå «Chrom-4» ñ ïëàìåííîèîíèçàöèîííûì äåòåêòîðîì.
Êîëîíêà äëèíîé 370 ñì áûëà çàïîëíåíà õðîìîñîðáîì ç â-â’-îêñèäèïðîïèî-
íèòðèëîì. Òåìïåðàòóðà òåðìîñòàòà 50 °Ñ, ãàç-íîñèòåëü — àçîò, ðàñõîä ãà-
çîâ (â ìë/ìèí): âîäîðîäà — 30, àçîòà — 100, âîçäóõà — 500.

Ïðèæèâàåìîñòü àçîñïèðèëë â êîðíåâîé çîíå ðàñòåíèé ÿðîâîé ïøåíè-
öû èçó÷àëè â óñëîâèÿõ âåãåòàöèîííîãî îïûòà ðåçèñòåíòíûì ìåòîäîì ñ èñ-
ïîëüçîâàíèåì ìóòàíòîâ, óñòîé÷èâûõ ê âûñîêèì äîçàì ñòðåïòîìèöèíà (1000
ìêã/ìë) [4].

Åôôåêòèâíîñòü ïîëó÷åííûõ øòàììîâ äèàçîòðîôîâ ïðîâåðÿëàñü â ïî-
ëåâûõ îïûòàõ ñ ÿðîâîé ïøåíèöåé ñîðòà Ðàííÿÿ 93 â òå÷åíèå 2002 - 2004 ãã.
íà ÷åðíîçåìå âûùåëî÷åííîì ëåãêîñóãëèíèñòîì, êîòîðûé õàðàêòåðèçîâàë-
ñÿ ñëåäóþùèìè àãðîõèìè÷åñêèìè ïîêàçàòåëÿìè: ñîäåðæàíèå ãóìóñà â ïà-
õîòíîì ãîðèçîíòå — 3,6 %, ïîäâèæíûõ ôîðì ôîñôîðà (ïî Êèðñàíîâó) —
210 - 240 ìã Ð

2
Î

5
, îáìåííîãî êàëèÿ (ïî Êèðñàíîâó) — 160 - 170 ìã Ê

2
Î íà 1

êã ïî÷âû, ðÍ  6,5. Ïëîùàäü ó÷åòíîé äåëÿíêè — 10 ì2, ïîâòîðíîñòü îïûòîâ  —
4-õ êðàòíàÿ. Íîðìà âûñåâà ñåìÿí ñîñòàâëÿëà 5 ìëí. çåðåí íà 1 ãà. Ñõåìà
îïûòîâ: 1 — áåç èíîêóëÿöèè (êîíòðîëü), 2 — èíîêóëÿöèÿ ñåìÿí Agrobacterium
radiobacter 204 (ïîëîæèòåëüíûé êîíòðîëü), 3 — èíîêóëÿöèÿ ñåìÿí èñïûòó-
åìûì øòàììîì. ßðîâóþ ïøåíèöó âûðàùèâàëè áåç âíåñåíèÿ óäîáðåíèé.

Ñîäåðæàíèå õëîðîôèëëîâ â ëèñòüÿõ ðàñòåíèé îïðåäåëÿëè ñïåêòðîôî-
òîìåòðè÷åñêèì ìåòîäîì [5].

Ðàñïðîñòðàíåíèå è ðàçâèòèå êîðíåâûõ ãíèëåé ÿðîâîé ïøåíèöû îïðå-
äåëÿëè, èñïîëüçóÿ áàëëîâóþ îöåíêó ïî øêàëå è ñîîòâåòñòâóþùóþ ôîðìó-
ëó [6,7]. Êîëè÷åñòâî ïîðàæåííûõ ðàñòåíèé, âûðàæåííîå â ïðîöåíòàõ, õà-
ðàêòåðèçîâàëî ðàñïðîñòðàíåíèå áîëåçíè, à èíòåíñèâíîñòü ïîðàæåíèÿ —
å¸ ðàçâèòèå.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Âñåãî èç êîðíåâîé çîíû ÿðîâîé ïøåíèöû áûëî âûäåëåíî 288 ÷èñòûõ
êóëüòóð äèàçîòðîôîâ, èç íèõ 60 êóëüòóð (20,8 %) îáëàäàëè àêòèâíîñòüþ
àçîòôèêñàöèè, êîòîðàÿ ïðåâûøàëà 0,3 ìêã àçîòà íà 1 ìë ïèòàòåëüíîé ñðå-
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äû. Âûäåëåííûå àêòèâíûå êóëüòóðû äèàçîòðîôîâ îòíîñèëèñü ê ðîäàì
Azotobacter, Azospirillum, Bacillus, Enterobacter, Pseudomonas è ïðåäñòàâëÿëè
èíòåðåñ êàê ïîòåíöèàëüíûå èíîêóëÿíòû ÿðîâîé ïøåíèöû. Íàèáîëåå âûñî-
êîé ñïîñîáíîñòüþ ôèêñèðîâàòü àòìîñôåðíûé àçîò õàðàêòåðèçîâàëèñü áàê-
òåðèè ðîäà Azospirillum. Èõ íèòðîãåíàçíàÿ àêòèâíîñòü ñîñòàâëÿëà îò 3,5 äî
12,6 ìêã àçîòà íà 1 ìë ïèòàòåëüíîé ñðåäû. Âñå âûäåëåííûå øòàììû àçîñïè-
ðèëë ïðîâåðÿëèñü â ñåðèè âåãåòàöèîííûõ îïûòîâ ñ ÿðîâîé ïøåíèöåé, ãäå
èçó÷àëàñü èõ ïðèæèâàåìîñòü è ñïîñîáíîñòü âñòóïàòü â àññîöèàöèè ñ ðàñòå-
íèÿìè, ïîâûøàÿ àêòèâíîñòü ïðîöåññà ôèêñàöèè àòìîñôåðíîãî àçîòà â êîð-
íåâîé çîíå. Â ðåçóëüòàòå ïðîâåäåííîé ðàáîòû áûë îòîáðàí íàèáîëåå ýô-
ôåêòèâíûé øòàìì Azospirillum sp.

Äëÿ èçó÷åíèÿ ñïîñîáíîñòè îòîáðàííîãî øòàììà ïðèæèâàòüñÿ â ðèçîñ-
ôåðíîé ïî÷âå, ðèçîïëàíå è ãèñòîñôåðå ÿðîâîé ïøåíèöû áûë ïîëó÷åí ñòðåï-
òîìèöèíóñòîé÷èâûé ìóòàíò, êîòîðûé íå îòëè÷àëñÿ îò èñõîäíîãî øòàììà
ïî êóëüòóðàëüíî-ìîðôîëîãè÷åñêèì è ôèçèîëîãè÷åñêèì ïðèçíàêàì. Íå èç-
ìåíèëàñü òàêæå íèòðîãåíàçíàÿ àêòèâíîñòü ìóòàíòà è ñïîñîáíîñòü ïîëîæè-
òåëüíî âëèÿòü íà ðîñò è ðàçâèòèå ðàñòåíèé.

Äèíàìèêó ÷èñëåííîñòè ìóòàíòà, èíòðîäóöèðîâàííîãî â êîðíåâóþ çîíó
ÿðîâîé ïøåíèöû, èçó÷àëè â ðèçîñôåðíîé ïî÷âå, íà îòìûòûõ êîðíÿõ è â
ãèñòîñôåðå ðàñòåíèé â óñëîâèÿõ âåãåòàöèîííîãî îïûòà (ðèñ. 1). Ïîëó÷åí-
íûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî èíòðîäóöèðîâàííûå àçîñïè-
ðèëëû ñïîñîáíû ïðèæèâàòüñÿ íå òîëüêî â ðèçîñôåðíîé ïî÷âå è íà êîðíÿõ,
à è ïðîíèêàþò âî âíóòðåííèå òêàíè ðàñòåíèé ÿðîâîé ïøåíèöû. Â ðèçîñ-
ôåðíîé ïî÷âå íàáëþäàëîñü íåçíà÷èòåëüíîå ñíèæåíèå è äàëüíåéøàÿ ñòàáè-
ëèçàöèÿ ÷èñëåííîñòè âíåñåííîãî ìóòàíòà. Áîëåå àêòèâíî àçîñïèðèëëû ïðè-
æèâàëèñü íà êîðíÿõ ÿðîâîé ïøåíèöû. ×èñëåííîñòü ìóòàíòà âî âíóòðåííèõ
òêàíÿõ êîðíåé êóëüòóðû áûëà çíà÷èòåëüíî ìåíüøå, è ñîñòàâëÿëà 102 áàêòå-
ðèàëüíûõ êëåòîê â 1 ã êîðíåé. Òåì íå ìåíåå òàêàÿ ëîêàëèçàöèÿ àçîñïèðèëë
äàåò èì îïðåäåëåííûå ïðåèìóùåñòâà ïî ñðàâíåíèþ ñ ðèçîñôåðíûìè ìèê-
ðîîðãàíèçìàìè â ïëàíå äîñòóïà ê ïèòàòåëüíûì âåùåñòâàì è îòñóòñòâèÿ
êîíêóðåíöèè ñ àáîðèãåííîé ìèêðîôëîðîé. Êðîìå òîãî, ëîêàëèçàöèÿ àçîñ-
ïèðèëë âíóòðè ðàñòèòåëüíûõ òêàíåé ïîçâîëÿåò èì ñîõðàíÿòüñÿ è ïîñòîÿí-
íî ïîïîëíÿòü ðèçîñôåðíóþ ïîïóëÿöèþ.

Ðèñ. 1. Êîëîíèçàöèÿ êîðíåâîé ñôåðû ÿðîâîé ïøåíèöû Azospirillum sp.str

Àíàëîãè÷íûå ðåçóëüòàòû áûëè ïîëó÷åíû è â ïîëåâîì îïûòå. Êîëè÷å-
ñòâî áàêòåðèàëüíûõ êëåòîê ñòðåïòîìèöèíóñòîé÷èâîãî ìóòàíòà â ðèçîïëà-
íå ÿðîâîé ïøåíèöû â ôàçó öâåòåíèÿ íà ïîðÿäîê ïðåâîñõîäèëî àíàëîãè÷-

ÑÅËÅÊÖÈß ÝÔÔÅÊÒÈÂÍÈÕ ØÒÀÌÌÎÂ ÄÈÀÇÎÒÐÎÔÎÂ...



70 Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

íûé ïîêàçàòåëü â ðèçîñôåðå è ñîñòàâëÿëî 36õ106. Â ãèñòîñôåðå íàñ÷èòûâà-
ëîñü 102 êëåòîê àçîñïèðèëë â 1 ã êîðíåé (òàáë. 1).

Òàáëèöà 1
Êîëîíèçàöèÿ ðàçëè÷íûõ êîðíåâûõ ñôåð ÿðîâîé ïøåíèöû øòàììîì
Azospirillum sp.str (ïîëåâîé îïûò, ôàçà ðàçâèòèÿ ðàñòåíèé - öâåòåíèå)

Õàðàêòåð äåéñòâèÿ îòîáðàííîãî øòàììà íà ðàñòåíèÿ ÿðîâîé ïøåíèöû
ñîðòà Ðàííÿÿ 93 ïðîâåðÿëñÿ â óñëîâèÿõ ïîëåâîãî îïûòà íà ÷åðíîçåìå âû-
ùåëî÷åííîì. Â êà÷åñòâå ïîçèòèâíîãî êîíòðîëÿ èñïîëüçîâàëè Agrobacterium
radiobacter 204 — áèîàãåíò ïðåïàðàòà äèàçîôèòà, ðåêîìåíäîâàííîãî äëÿ
èíîêóëÿöèè ÿðîâîé è îçèìîé ïøåíèöû, êîòîðûé áûë ïîëó÷åí íàìè èç êîë-
ëåêöèè ïîëåçíûõ ïî÷âåííûõ ìèêðîîðãàíèçìîâ Èíñòèòóòà ñåëüñêîõîçÿé-
ñòâåííîé ìèêðîáèîëîãèè. Ðåçóëüòàòû ïðîâåäåííûõ èññëåäîâàíèé ïîêàçà-
ëè, ÷òî èíîêóëÿöèÿ ñåìÿí ÿðîâîé ïøåíèöû àçîñïèðèëëàìè ñïîñîáñòâóåò
àêòèâèçàöèè ïðîöåññà àçîòôèêñàöèè â êîðíåâîé çîíå êóëüòóðû è óâåëè÷å-
íèþ ñîäåðæàíèÿ õëîðîôèëëîâ a è b â ëèñòüÿõ ðàñòåíèé. Èçâåñòíî, ÷òî
ìåæäó èíòåíñèâíîñòüþ ïðîöåññà ôîòîñèíòåçà è àêòèâíîñòüþ àçîòôèêñà-
öèè â êîðíåâîé çîíå ðàñòåíèé èìåþò ìåñòî êîððåëÿöèîííûå ñâÿçè [8].
Ïîëó÷åííûå íàìè äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî èíòðîäóêöèÿ àçîñïè-
ðèëë â êîðíåâóþ çîíó ÿðîâîé ïøåíèöû îáåñïå÷èëà óâåëè÷åíèå êîíöåíòðà-
öèè õëîðîôèëëîâ a è b â ëèñòêàõ íà 86,5 %, íèòðîãåíàçíàÿ àêòèâíîñòü â
êîðíåâîé çîíå ðàñòåíèé óâåëè÷èëàñü â 2,2 ðàçà ïî ñðàâíåíèþ ñ âàðèàíòîì
áåç èíîêóëÿöèè. Ñðàâíèâàÿ âàðèàíòû ñ èñïîëüçîâàíèåì àçîñïèðèëë è àã-
ðîáàêòåðèé ïðèõîäèì ê âûâîäó, ÷òî èçìåíåíèÿ â êîíöåíòðàöèè õëîðîôèë-
ëîâ áûëè íåñóùåñòâåííûìè, â òî âðåìÿ êàê íèòðîãåíàçíàÿ àêòèâíîñòü â
êîðíåâîé çîíå ðàñòåíèé ïðè èíòðîäóêöèè àçîñïèðèëë çíà÷èòåëüíî ïðåâû-
øàëà àíàëîãè÷íûé ïîêàçàòåëü â âàðèàíòå ñ àãðîáàêòåðèÿìè (òàáë. 2).

Òàáëèöà 2
Âëèÿíèå èíîêóëÿöèè àêòèâíûìè øòàììàìè äèàçîòðîôîâ íà

ñîäåðæàíèå õëîðîôèëëîâ a è b  â ëèñòêàõ ðàñòåíèé ÿðîâîé ïøåíèöû
ñîðòà Ðàííÿÿ 93 è àêòèâíîñòü àçîòôèêñàöèè â êîðíåâîé çîíå êóëüòóðû

Å. Ï. Êîïûëîâ
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Ñëåäóþùèì ïîêàçàòåëåì, êîòîðûé ìû îïðåäåëÿëè â âàðèàíòàõ îïûòà
áûëà ïîðàæàåìîñòü ðàñòåíèé ÿðîâîé ïøåíèöû ïî ôàçàì ðàçâèòèÿ êîðíå-
âûìè ãíèëÿìè. Ðåçóëüòàòû èçó÷åíèÿ âèäîâîãî ñîñòàâà ìèêðîìèöåòîâ, âû-
äåëåííûõ èç ïîðàæåííûõ êîðíåâûìè ãíèëÿìè ðàñòåíèé ÿðîâîé ïøåíèöû,
ñâèäåòåëüñòâóþò î òîì, ÷òî äîìèíèðóþùèìè â ïàòîãåííîì êîìïëåêñå áûëè
ïðåäñòàâèòåëè ðîäà Fusarium, à èìåííî: Fusarium culmorum (Sm.) Sacc., F.
avenaceum (Fr.) Sacc., F. oxysporum Schlecht. Snyd et Hans, F. oxysporum var.
orthoceras (App. et Wr.) Bilai, F. solani (Mart.) App. et Wr., F. heterosporum
Nees, F. sambucinum var. minus Wr. Âñòðå÷àëèñü òàêæå Bipolaris sorokiniana
(Sacc.) Shoem. (Syn. Drechslera sorokiniana Subram., Helminthosporium sativum
P.K. et B.), Pseudocercosporella herpotrichoides (Fron.) Deighton.

Èç äàííûõ, ïðèâåäåííûõ íà ðèñ. 2, 3, 4 âèäíî, ÷òî ïðè èñïîëüçîâàíèè
àçîñïèðèëë ïîâûñèëàñü óñòîé÷èâîñòü ðàñòåíèé ÿðîâîé ïøåíèöû ê êîðíå-
âûì ãíèëÿì. Òàê, ðàñïðîñòðàíåíèå áîëåçíè ñíèçèëîñü â 1,7 - 1,8 ðàçà, ðàç-
âèòèå áîëåçíè — â 2,3 - 3,7 ïî ñðàâíåíèþ ñ âàðèàíòîì áåç èíîêóëÿöèè. Â
äàííîì ñëó÷àå èñïîëüçîâàíèå àçîñïèðèëë áûëî çíà÷èòåëüíî ýôôåêòèâíåå,
÷åì àãðîáàêòåðèé.

Ðèñ. 2. Ïîðàæàåìîñòü ðàñòåíèé ÿðîâîé ïøåíèöû êîðíåâûìè ãíèëÿìè ïðè
èñïîëüçîâàíèè àêòèâíûõ øòàììîâ äèàçîòðîôîâ (ðàñïðîñòðàíåíèå áîëåçíè)

Ðèñ. 3. Ïîðàæàåìîñòü ðàñòåíèé ÿðîâîé ïøåíèöû êîðíåâûìè ãíèëÿìè
ïðè èñïîëüçîâàíèè àêòèâíûõ øòàììîâ äèàçîòðîôîâ (ðàçâèòèå áîëåçíè)
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Ðèñ. 4. Áèîëîãè÷åñêàÿ ýôôåêòèâíîñòü ïðè èñïîëüçîâàíèè àêòèâíûõ
øòàììîâ äèàçîòðîôîâ

Ýôôåêò çàùèòû ÿðîâîé ïøåíèöû îò âîçáóäèòåëåé êîðíåâûõ ãíèëåé
ïîä âëèÿíèåì äèàçîòðîôîâ ìîæíî îáúÿñíèòü êàê òåì, ÷òî àçîòôèêñèðóþ-
ùèå áàêòåðèè ñïîñîáíû ïðîÿâëÿòü àíòàãîíèñòè÷åñêóþ àêòèâíîñòü ïî îòíî-
øåíèþ ê ôèòîïàòîãåííûì ãðèáàì - âîçáóäèòåëÿì êîðíåâûõ ãíèëåé, òàê è
òåì, ÷òî ïîä âëèÿíèåì äèàçîòðîôîâ ïîâûøàåòñÿ íåñïåöèôè÷åñêàÿ óñòîé-
÷èâîñòü ðàñòåíèé ê ôèòîïàòîãåíàì.

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî èíòðîäóêöèÿ äèàçîòðîôîâ â êîðíåâóþ çîíó
ðàñòåíèé ÿðîâîé ïøåíèöû íå îãðàíè÷èâàëà ðàçâèòèå àáîðèãåííîé ìèêðî-
ôëîðû ïî÷âû (òàáë.3).

Òàáëèöà 3
×èñëåííîñòü ìèêðîìèöåòîâ â ðèçîñôåðå ÿðîâîé ïøåíèöû

(ïîëåâîé îïûò, ôàçà ðàçâèòèÿ ðàñòåíèé- öâåòåíèå)

Òàêèì îáðàçîì, èñïîëüçîâàííûå øòàììû àçîñïèðèëë è àãðîáàêòåðèé
íå âûÿâëÿëè àíòàãîíèñòè÷åñêîãî äåéñòâèÿ â îòíîøåíèè ôèòîïàòîãåííûõ
ãðèáîâ — âîçáóäèòåëåé êîðíåâûõ ãíèëåé. Ïîýòîìó ñíèæåíèå ïîðàæåííî-
ñòè ÿðîâîé ïøåíèöû êîðíåâûìè ãíèëÿìè ïðè èñïîëüçîâàíèè èçó÷àåìûõ
äèàçîòðîôîâ ìîæíî îáúÿñíèòü ïîâûøåíèåì óñòîé÷èâîñòè ðàñòåíèé ê ôè-
òîïàòîãåíàì. Âàæíóþ ðîëü â ýòîì ïðîöåññå, íà íàø âçãëÿä, èãðàåò ñïîñîá-
íîñòü àçîñïèðèëë ê ýíäîôèòèè. Êàê èçâåñòíî, áàêòåðèè-ýíäîôèòû ñòèìó-
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73Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

ëèðóþò ðîñò ðàñòåíèé è èõ óñòîé÷èâîñòü ê ôèòîïàòîãåíàì. Ýòî ìîæåò áûòü
îáóñëîâëåíî êàê ìåòàáîëè÷åñêîé äåÿòåëüíîñòüþ ýíäîôèòà, òàê è âîçìîæ-
íîñòüþ çàíèìàòü ýêîëîãè÷åñêóþ íèøó, âðåìåííî íåäîñòóïíóþ ïàòîãåíàì.

Çíà÷èòåëüíîå óìåíüøåíèå ïîðàæåííîñòè ðàñòåíèé ÿðîâîé ïøåíèöû
êîðíåâûìè ãíèëÿìè, óëó÷øåíèå àçîòíîãî ïèòàíèÿ ðàñòåíèé, àêòèâèçàöèÿ
ïðîöåññà ôîòîñèíòåçà, íàáëþäàåìîå ïðè èíòðîäóêöèè äèàçîòðîôîâ, ïðè-
âåëî ê óâåëè÷åíèþ óðîæàéíîñòè êóëüòóðû (òàáë.4).

Òàáëèöà 4
Âëèÿíèå àêòèâíûõ øòàììîâ äèàçîòðîôîâ íà óðîæàé çåðíà ÿðîâîé

 ïøåíèöû è åãî ñòðóêòóðó (ñðåäíåå çà 2002-2004 ãã.)

Òàêèì îáðàçîì, ñ èñïîëüçîâàíèåì ìåòîäîâ àíàëèòè÷åñêîé ñåëåêöèè áûëè
ïîëó÷åíû íîâûå øòàììû àçîñïèðèëë, êîòîðûå õàðàêòåðèçîâàëèñü âûñîêîé
íèòðîãåíàçíîé àêòèâíîñòüþ â ÷èñòîé êóëüòóðå: îò 3,5 äî 12,6 ìêã àçîòà
íà 1 ìë ïèòàòåëüíîé ñðåäû. Ïðîâåäåíèå ñåðèè âåãåòàöèîííûõ îïûòîâ äàëî
âîçìîæíîñòü îòîáðàòü íàèáîëåå ýôôåêòèâíûé øòàìì, êîòîðûé ñïîñîáåí
íå òîëüêî ïðèæèâàòüñÿ â ðèçîñôåðíîé ïî÷âå, íî è ïðîíèêàòü âî âíóòðåí-
íèå òêàíè ðàñòåíèé ÿðîâîé ïøåíèöû. Èñïîëüçîâàíèå îòîáðàííîãî øòàììà
àçîñïèðèëë äëÿ èíîêóëÿöèè ÿðîâîé ïøåíèöû ñïîñîáñòâóåò àêòèâèçàöèè
ïðîöåññà àññîöèàòèâíîé àçîòôèêñàöèè â êîðíåâîé çîíå êóëüòóðû, ïîëî-
æèòåëüíî âëèÿåò íà ôîòîñèíòåòè÷åñêèé àïïàðàò, óëó÷øàåò ðîñò è ðàçâèòèå
ðàñòåíèé, ïîâûøàåò èõ ñòîéêîñòü ê âîçáóäèòåëÿì êîðíåâûõ ãíèëåé.
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²íñòèòóò ñ³ëüñüêîãîñïîäàðñüêî¿ ì³êðîá³îëîã³¿ ÓÀÀÍ, âóë. Øåâ÷åí-
êà, 97, ×åðíèã³â, Óêðà¿íà, 14027

ÑÅËÅÊÖ²ß ÅÔÅÊÒÈÂÍÈÕ ØÒÀÌ²Â Ä²ÀÇÎÒÐÎÔ²Â
ÄËß ²ÍÎÊÓËßÖ²¯ ßÐÎ¯ ÏØÅÍÈÖ²

Ðåôåðàò

Ìåòîäàìè àíàë³òè÷íî¿ ñåëåêö³¿ îäåðæàíî åôåêòèâí³ øòàìè áàêòåð³é
ðîäó Azospirillum, ÿê³ çäàòí³ ïðèæèâàòèñÿ ³ àêòèâ³çóâàòè ïðîöåñ àñî-
ö³àòèâíî¿ àçîòô³êñàö³¿ â êîðåíåâ³é çîí³ ÿðî¿ ïøåíèö³, ïîçèòèâíî
âïëèâàòè íà ôîòîñèíòåòè÷íèé àïàðàò ðîñëèí. Ïðè öüîìó ïîë-
³ïøóºòüñÿ ð³ñò ³ ðîçâèòîê ðîñëèí, ï³äâèùóºòüñÿ ¿õ ñò³éê³ñòü äî çáóä-
íèê³â êîðåíåâèõ ãíèëåé, çá³ëüøóºòüñÿ óðîæàé ÿðî¿ ïøåíèö³.

Ê ë þ ÷ î â ³   ñ ë î â à: Azospirillum, ÿðà ïøåíèöÿ, ñåëåêö³ÿ, àñîö³à-
òèâíà àçîòô³êñàö³ÿ, êîðåíåâ³ ãíèë³, õëîðîô³ëè a ³ b.

E.P. Kopylov

Institute of agricultural microbiology, Shevchenko str., 97, Chernigiv,
Ukraine, 14027

SELECTION OF EFFECTIVE STRAINS OF NITROGEN-FIXING
BACTERIA FOR INOCULATION OF SPRING WHEAT

Summary

The effective bacteria strains of Azospirillum genus which are able to
settle down and activate the process of associative nitrogen fixation in
root zone of spring wheat and have positive influence on photosynthetic
system of plants have been obtained with help of analytical selection.
For all this it is going to improve the growth and development of plants,
advances their resistance to agents of root rots, extends the harvest of
the spring wheat.

K e y  w o r d s: Azospirillum, spring wheat, selection, associative nitrogen
fixation, root rots, chlorophylls a and b.
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ÓÄÊ  579.26:631.461

Â.Â. ×àéêîâñüêà, ß.Â. ×àáàíþê, Î.Â. Øåðñòîáîºâà

²íñòèòóò àãðîåêîëîã³¿ Óêðà¿íñüêî¿ àêàäåì³¿ àãðàðíèõ íàóê, âóë. Ìåò-
ðîëîã³÷íà, 12, ì. Êè¿â, 03143, Óêðà¿íà.

Ï³ä³áðàíî ñêëàä ïîë³ôóíêö³îíàëüíîãî êîìïëåêñó ì³êðîîðãàí³çì³â,
ùî ï³äâèùóº á³îëîã³÷íó àêòèâí³ñòü ãðóíòó ðèçîñôåðè îçèìî¿
ïøåíèö³, çîêðåìà ³íòåíñèâí³ñòü ðåñï³ðàö³¿, àêòèâí³ñòü äåñò-
ðóêö³¿ öåëþëîçè, àíòèôóíãàëüíó àêòèâí³ñòü, çíèæóº ô³òîòîê-
ñè÷í³ñòü ãðóíòó, ùî âèíèêàº ïðè ðîçêëàäàíí³ ñîëîìè.

Ê ë þ ÷ î â ³  ñ ë î â à: ïîë³ôóíêö³îíàëüíèé ì³êðîáíèé êîìïëåêñ,
á³îëîã³÷íà àêòèâí³ñòü ´ðóíòó.

Ãîëîâíèì çàâäàííÿì ñ³ëüñüêîãîñïîäàðñüêîãî âèðîáíèöòâà ñüîãîäí³ º
íåîáõ³äí³ñòü ïîäâîºííÿ âàëîâîãî âèðîáíèöòâà çåðíà çã³äíî ç ïðîãíîçàìè
äåìîãðàô³â, àëå ïðè çíèæåíí³ õ³ì³÷íîãî íàâàíòàæåííÿ íà åêîñôåðó [1].
Â³äîìî, ùî ïðîáëåìè åêîíîì³êè íåâ³äðèâíî ïîâ’ÿçàí³ ç ïðîáëåìàìè åêî-
ëîã³¿, ³ åêîíîì³÷í³ âèãîäè â³ä çàñòîñóâàííÿ ïåâíèõ àãðîçàõîä³â íå çàâæäè
óçãîäæóþòüñÿ ç åêîëîã³÷íèìè íàñë³äêàìè, áî ïðèð³ñò âðîæàþ ìîæå ñóïðî-
âîäæóâàòèñü ïîã³ðøåííÿì ÿêîñò³ ïðîäóêö³¿ òà ñòðåñîâèìè íàâàíòàæåííÿìè
íà äîâê³ëëÿ [2].

²íôîðìàòèâíèìè ïîêàçíèêàìè åêîëîã³÷íîãî ñòàíó àãðîåêîñèñòåìè º
ð³âåíü ô³òîïàòîãåíåçó ³ á³îëîã³÷íà àêòèâí³ñòü ´ðóíòó. Òîìó ðåòåëüíå ³ ïëà-
íîì³ðíå âèâ÷åííÿ ïðîöåñ³â, ÿê³ â³äáóâàþòüñÿ ó ´ðóíò³ êîðåíåâî¿ çîíè
ñ³ëüñüêîãîñïîäàðñüêèõ ðîñëèí, ìîæå äîçâîëèòè ö³ëåñïðÿìîâàíî âïëèâàòè
íà íèõ ç ìåòîþ ðåãóëþâàííÿ ðîñëèííî-ì³êðîáíèõ âçàºìîä³é, çîêðåìà çà
äîïîìîãîþ ³íòðîäóêö³¿ øòàì³â ì³êðîîðãàí³çì³â ç á³ëüøîþ çà ¿õ ì³ñöåâ³ ïî-
ïóëÿö³¿ ôóíêö³îíàëüíîþ àêòèâí³ñòþ àãðîíîì³÷íî ö³ííèõ âëàñòèâîñòåé, òà-
êèõ ÿê àçîòô³êñàö³ÿ, ôîñôàòìîá³ë³çàö³ÿ, ð³ñòðåãóëÿö³ÿ, àíòàãîí³çì ùîäî
ô³òîïàòîãåí³â òîùî [3].

Ó çâ’ÿçêó ç öèì ìåòîþ ðîáîòè áóëî âèâ÷åííÿ âïëèâó ³íîêóëÿö³¿ íàñ³ííÿ
îçèìî¿ ïøåíèö³ ïîë³ôóíêö³îíàëüíèì êîìïëåêñîì ì³êðîîðãàí³çì³â íà á³î-
ëî-ã³÷íó àêòèâí³ñòü ́ ðóíòó ³ óðàæåí³ñòü ðîñëèí êîðåíåâèìè ãíèëÿìè çà óìîâ
âèðîùóâàííÿ ¿õ ³ç çàñòîñóâàííÿì îðãàí³÷íèõ ³ ì³íåðàëüíèõ äîáðèâ.

Ìàòåð³àëè ³ ìåòîäè

Äîñë³äæóâàëè çðàçêè ́ ðóíòó êîðåíåâî¿ çîíè ïøåíèö³ îçèìî¿ â ïîëüîâî-
ìó äîñë³ä³ Ìèðîí³âñüêîãî ³íñòèòóòó ïøåíèöü ³ìåí³ Â.Ì. Ðåìåñëà ÓÀÀÍ (Ì²Ï
ÓÀÀÍ), äå âïðîäîâæ 2002 - 2006 ðîê³â âèâ÷àºòüñÿ âïëèâ çàñòîñóâàííÿ á³î-

ÏÎË²ÔÓÍÊÖ²ÎÍÀËÜÍÈÉ Ì²ÊÐÎÁÍÈÉ
ÊÎÌÏËÅÊÑ ÄËß ²ÍÒÅÃÐÎÂÀÍÈÕ ÑÈÑÒÅÌ

ÇÅÌËÅÐÎÁÑÒÂÀ
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îðãàíî-ì³íåðàëüíî¿ ñèñòåìè óäîáðåííÿ òà çàõèñòó ðîñëèí â³ä õâîðîá íà
ïðîäóêòèâí³ñòü çëàêîâèõ ðîñëèí.

¥ðóíò äîñë³äíèõ ä³ëÿíîê – ÷îðíîçåì òèïîâèé, ãóìóñîâèé øàð 38 - 42
ñì, êàðáîíàòè çíàõîäÿòüñÿ íà ãëèáèí³ 45 - 65 ñì. Âì³ñò ó îðíîìó øàð³ ãóìó-
ñó 3,6 - 4,1 %, ðóõîìîãî ôîñôîðó (çà Òðóîãîì) 12,8 - 18,9 ìã, à îáì³ííîãî
êàë³þ (çà Ìàñëîâîþ) 9,5 - 12,7 ìã/100 ã ´ðóíòó. Ã³äðîë³òè÷íà êèñëîòí³ñòü ó
ìåæàõ 1,7 - 2,2 ìã -åêâ./100 ã ´ðóíòó; ðÍ

ñîë.
  6,0. Ïëîùà äîñë³äíèõ ä³ëÿíîê 25

ì2. Ïîâòîðåííÿ äîñë³äó òðèðàçîâå.
Íàñ³ííÿ äî ïîñ³âó îáðîáëÿëè ïîë³ôóíêö³îíàëüíèì êîìïëåêñîì ì³êðî-

îðãàí³çì³â (ÏÊÌ), ÿêèé ñêëàäàâñÿ ³ç âèðîáíè÷èõ øòàì³â ì³êðîîðãàí³çì³â:
Agrobacterium radiobacter 204 (àçîòô³êñàö³ÿ), Enterobañter nimipressuralis 32-
3 (ôîñôàòìîá³ë³çàö³ÿ ³ ð³ñòñòèìóëÿö³ÿ), Chaetomium cochliodes 3250 (äåñò-
ðóêö³ÿ öåëþëîçè ³ àíòàãîí³çì ùîäî ô³òîïàòîãåííèõ ì³êðîì³öåò³â). ²íîêóëÿ-
ö³éíå íàâàíòàæåííÿ ñòàíîâèëî 104 - 105 êë³òèí íà îäíó íàñ³íèíó.

Ó ´ðóíò âíîñèëè äîáðèâà â äîçàõ: N
40
P

40
K

40 
, 3 ò/ãà ñîëîìè (ð³çêà), 30 ò/ãà

ãíîþ, ñèäåðàòó (ãîðîõ) 3 ò/ãà, ïðåì³êñó 0,01 ã/ë. Íàñ³ííÿ îáðîáëÿëè ô³ç³î-
ëîã³÷íî àêòèâíîþ ðå÷îâèíîþ åíäîô³òó-Ë-1 (ÔÀÐ) ç ðîçðàõóíêó 5 ìë/ò íà-
ñ³ííÿ.

Ñõåìà ïîëüîâîãî äîñë³äó: 1. êîíòðîëü áåç äîáðèâ ³ ³íîêóëÿö³¿; 2. NÐÊ;
3. NPK+ÏÊÌ; 4. NPK+ÏÊÌ+ÔÀÐ; 5. ñîëîìà; 6. ñîëîìà+NÐÊ; 7.
ñîëîìà+NPK+ ÏÊÌ; 8. ñîëîìà+NPK+ÏÊÌ+ÔÀÐ; 9. ãí³é;  10. ãí³é +NÐÊ;
11. ãí³é+NPK+ ÏÊÌ;  12. ãí³é+NPK+ÏÊÌ +ÔÀÐ; 13. ñèäåðàò; 14.
ñèäåðàò+NÐÊ; 15. ñèäåðàò +NPK+ÏÊÌ; 16. ñèäåðàò+NPK+ ÏÊÌ+ÔÀÐ.

Ì³êðîá³îëîã³÷í³ àíàë³çè çä³éñíþâàëè òðàäèö³éíèìè ìåòîäàìè, íàâåäå-
íèìè ó ïîñ³áíèêó Ä.Ã. Çâÿã³íöåâà [4]. Öåëþëîçîë³òè÷íó àêòèâí³ñòü ´ðóíòó
âèçíà÷àëè ëàáîðàòîðíèì ìåòîäîì  Êð³ñòåíñåíà [5]. Àíòèôóíãàëüíó àê-
òèâí³ñòü ´ðóíòó âèçíà÷àëè, ðîçêëàäàþ÷è íàâàæêè ´ðóíòó 0,5 ã íà âîëîã³
äèñêè ô³ëüòðóâàëüíîãî ïàïåðó ä³àìåòðîì 2 ñì, ÿê³ êëàëè ó öåíòð ÷àøêè
Ïåòð³ íà ïîñ³â ãàçîíîì ñóñïåíç³¿ ´ðóíòó êîíòðîëüíîãî âàð³àíòó íà ñåðåäî-
âèù³ ×àïåêà. Âèì³-ðþâàëè ïðîçîð³ çîíè â³äñóòíîñò³ ðîñòó ãðèá³â íàâêîëî
ïàïåðó ÷åðåç 5 ä³á. Òîêñè÷í³ñòü ´ðóíòó âèçíà÷àëè çà çíèæåííÿì ïðîðîñ-
òàííÿ íàñ³ííÿ íà ïëàñòèíêàõ  ´ðóíòó [6], ³íòåíñèâí³ñòü ðåñï³ðàö³¿ – ìåòî-
äîì Øòàòíîâà [7].

Ìàòåìàòè÷íó îáðîáêó îäåðæàíèõ ðåçóëüòàò³â ïðîâîäèëè çà äîïîìîãîþ
ñòàíäàðòíî¿ êîìï’þòåðíî¿ ïðîãðàìè “Ñòàòèñòèêà”.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ðåçóëüòàòè áàãàòîð³÷íèõ ïîëüîâèõ äîñë³ä³â Ì²Ï ÓÀÀÍ ïîêàçàëè, ùî
³íîêóëÿö³ÿ íàñ³ííÿ îçèìî¿ ïøåíèö³ á³îïðåïàðàòàìè, á³îàãåíòàìè ÿêèõ º
ì³êðîîðãàí³çìè àçîòô³êñàòîðè, ôîñôàòìîá³ë³çàòîðè, ïðîäóöåíòè ðå÷îâèí
ô³òîãîðìîíàëüíî¿ ³ àíòèá³îòè÷íî¿ ä³¿ ï³äâèùóþòü ïðîäóêòèâí³ñòü ðîñëèí ³
ÿê³ñòü îäåðæàíîãî çåðíà [8]. Òàê, âíåñåííÿ ì³íåðàëüíèõ äîáðèâ àêòèâ³çóº
ðåñï³ðàö³þ â ðèçîñôåðíîìó ´ðóíò³ îçèìî¿ ïøåíèö³ â ñåðåäíüîìó íà 17 %,
ãíîþ – íà 75 %, ñîëîìè – íà 88 %, ñèäåðàò³â – íà 108 % (òàáë. 1). Çàñòîñó-
âàííÿ êîìïëåêñó ì³êðîîðãàí³çì³â òà ïîì³ðíî¿ äîçè ì³íåðàëüíèõ äîáðèâ ÿê
îêðåìî, òàê ³ ó ñïîëó÷åíí³, ìàº òåíäåíö³þ äî àêòèâ³çàö³¿ ïðîöåñó ùå íà 9, 4,
6,  ³ 13 %%, â³äïîâ³äíî.

Íà öåëþëîçîë³òè÷íó àêòèâí³ñòü ´ðóíòó çíà÷íèé âïëèâ ìàº ñêëàä îðãàí³÷íî¿
ðå÷îâèíè, à ñàìå ñï³ââ³äíîøåííÿ âì³ñòó Ñ:N ó í³é. Òîìó â ñîëîì³, ÿêà ìàº âèñî-
êèé âì³ñò âóãëåöþ ³ íèçüêèé — àçîòó, äåñòðóêö³ÿ êë³òêîâèíè  ïðîõîäèëà ïî-
â³ëüíî, ³ öåëþëîçîë³òè÷íà àêòèâí³ñòü ó äàíîìó âàð³àíò³ ñòàíîâèëà 12 %. Á³ëüø

Â.Â. ×àéêîâñüêà, ß.Â. ×àáàíþê, Î.Â. Øåðñòîáîºâà



77Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

çáàëàíñîâàíèìè ñòîñîâíî âóãëåöþ é àçîòó º ñèäåðàòè áîáîâèõ êóëüòóð, äåñò-
ðóêö³ÿ ¿õ ìàñè ïðîò³êàº øâèäøå çà äåñòðóêö³þ ñîëîìè, ³ öåëþëîçîðóéí³âíà
àêòèâí³ñòü ó 2,3 ðàçè áóëà âèùîþ (ðèñ. 1). Çàñòîñóâàííÿ êîìïëåêñó ì³êðîîð-
ãàí³çì³â äîñòîâ³ðíî çá³ëüøóâàëî öåëþëîçîðóéí³âíó àêòèâí³ñòü ́ ðóíòó, àäæå â³í

ì³ñòèòü, êð³ì âèñîêîàêòèâíèõ öåëþëîçîðóéí³âíèõ, ùå é àçîòîô³êñóâàëüí³ é ôîñ-
ôàòìîá³ë³ç³âí³, ì³êðîîðãàí³çìè, ÿê³ çàáåçïå÷óþòü äîñòóïíèìè ôîðìàìè àçîòó ³
ôîñôîðó öåëþëîçîðóéí³âíó ì³êðîá³îòó. Ìàéæå ó 4 ðàçè àêòèâ³çóâàâñÿ ïðîöåñ

Ðèñ. 1. Öåëþëîçîðóéí³âíà àêòèâí³ñòü ðèçîñôåðè ïøåíèö³
îçèìî¿ ñîðòó Ìèðîí³âñüêà 61 çà âàð³àíòàìè äîñë³äó

Òàáëèöÿ 1
Âïëèâ êîìïëåêñíî¿ ³íîêóëÿö³¿ íàñ³ííÿ ïøåíèö³ îçèìî¿ ñîðòó

Ìèðîí³âñüêà 61 íà ³íòåíñèâí³ñòü ðåñï³ðàö³¿ ãðóíòó
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ðîçêëàäó öåëþëîçè ó ðèçîñôåð³ ³íîêóëüîâàíî¿ îçèìî¿ ïøåíèö³ ïðè ¿¿ âèðîùó-
âàíí³ ç âíåñåííÿì ó ´ðóíò ñîëîìè. Ïîä³áíîìó çá³ëüøåííþ  öåëþëîçîðóéí³âíî¿
àêòèâíîñò³ ñïðèÿëî é âíåñåííÿ ì³íåðàëüíèõ äîáðèâ, ÿê³ ìîæëèâî çàì³íèòè á³î-
ëîã³÷íèìè.

Ì³êðîá³îò³ íàëåæèòü òàêîæ âàæëèâà ôóíêö³ÿ ôîðìóâàííÿ ôóíã³ñòàòè÷-
íîãî ñòàòóñó ´ðóíòó, ÿêèé ìàº âåëèêå çíà÷åííÿ äëÿ ïðîÿâ³â ô³òîïàòîãåíåçó,
àäæå ï³äâèùåíà çàãàëüíà ÷èñåëüí³ñòü ì³êðîñêîï³÷íèõ ãðèá³â ó ðèçîñôåðíî-
ìó ´ðóíò³ º ïîòåíö³éíîþ çàãðîçîþ ðîçâèòêó õâîðîá ðîñëèí [9]. Ó íàøèõ
äîñë³äàõ ïðè âèêîðèñòàíí³ á³îàãåíòó ïðåïàðàòó õåòîì³ê ì³êðîì³öåòà Ñ.
cochliodes 3250, ÿê àíòèôóíãàëüíîãî êîìïîíåíòó ì³êðîáíîãî êîìïëåêñó, ÷è-
ñåëüí³ñòü ì³êðîñêîï³÷íèõ ãðèá³â ó ðèçîñôåð³ ³íîêóëüîâàíèõ ðîñëèí çðîñòàëà
(ðèñ. 2).

Âèâ÷åííÿ òàêñîíîì³÷íî¿ ð³çíîìàí³òíîñò³ ì³êðîì³öåò³â ó ðèçîñôåð³ ðîñ-
ëèí ïîêàçàëî, ùî ì³êîòðîôí³ñòü ïðèêîðåíåâî¿ çîíè ôîðìóºòüñÿ çà äîïîìî-
ãîþ ðîçâèòêó êîíêóðåíòîñïðîìîæíîãî ³íòðîäóöåíòà Ñ. cochliodes, àäæå ó
2,5-3,0 ðàçè çíèæóºòüñÿ ð³çíîìàí³òí³ñòü ³íøèõ ì³êðîì³öåò³â (ðèñ. 3).

Îðãàí³÷í³ äîáðèâà âïëèâàëè íà àíòèôóíãàëüíó àêòèâí³ñòü ´ðóíòó â íà-

øîìó äîñë³ä³, àëå äîñòîâ³ðíå ¿¿ çá³ëüøåííÿ çàáåçïå÷óâàëî ò³ëüêè âíåñåííÿ ó
´ðóíò ãíîþ, ùî ìîæíà ïîÿñíèòè âèñîêèì âì³ñòîì ó ãíî¿ ð³çíèõ âèä³â êîí-
êóðåíòîñïðîìîæíèõ ì³êðîîðãàí³çì³â ç àãðîíîì³÷íî ö³ííèìè âëàñòèâîñòÿ-
ìè, çîêðåìà àíòàãîí³ñò³â ô³òîïàòîãåííèõ ì³êðîîðãàí³çì³â. Ïðîòå, øòó÷íà

Ðèñ. 2. ×èñåëüí³ñòü ì³êðîì³öåò³â ó ðèçîñôåð³ îçèìî¿ ïøåíèö³ ñîðòó
Ìèðîí³âñüêà 61 çà âàð³àíòàìè äîñë³äó

Ðèñ. 3. Çðîñòàííÿ ÷àñòêè ì³êðîì³öåò³â ðîäó Chaetomium
ó ðèçîñôåð³ îçèìî¿ ïøåíèö³ ñîðòó Ìèðîí³âñüêà 61, ³íîêóëüîâàíî¿

ïîë³ôóíêö³îíàëüíèì êîìïëåêñîì ì³êðîîðãàí³çì³â
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³íîêóëÿö³ÿ íàñ³ííÿ êîìïëåêñîì ì³êðîîðãàí³çì³â, ÿêèé ñêëàäàºòüñÿ ç âèñîêî
êîíêóðåíòîñïðîìîæíèõ ì³êðîîðãàí³çì³â – àíòàãîí³ñò³â ô³òîïàòîãåííèõ
ãðèá³â, ³ ïîäàëüøå âèðîùóâàííÿ ðîñëèí íà ôîí³ îðãàíî-ì³íåðàëüíèõ äîá-
ðèâ ó âñ³õ âàð³àíòàõ ïîçèòèâíî âïëèâàëè íà àíòèôóíãàëüíó àêòèâí³ñòü ́ ðóíòó
(ðèñ. 4).

Ï³äâèùåííÿ àíòèôóíãàëüíîãî ñòàòóñó ´ðóíòó êîðåíåâî¿ çîíè îçèìî¿
ïøåíèö³ çàñòîñóâàííÿì á³îîðãàíî-ì³íåðàëüíîãî êîìïëåêñó àãðîçàõîä³â ñïðè-
÷èíèëî çíèæåííÿ óðàæåíîñò³ ïîñ³â³â êîðåíåâèìè ãíèëÿìè. Îáðîáêà íà-
ñ³ííÿ äî ïîñ³âó êîìïëåêñîì ì³êðîîðãàí³çì³â ïîêðàùèëà ñàí³òàðíèé ñòàí

ïîñ³â³â çà ðîçâèòêîì êîðåíåâèõ ãíèëåé íà 14,5 %, òà çà ïîøèðåííÿì õâîðîá
– íà 33,9 % (òàáë.2). Âèðîùóâàííÿ ³íîêóëüîâàíèõ ðîñëèí íà ä³ëÿíêàõ, óäîá-
ðåíèõ ì³íåðàëüíèìè àáî îðãàí³÷íèìè äîáðèâàìè ùå íà 10 – 24 % çíèæóº
óðàæåí³ñòü ðîñëèí. Äîäàòêîâå ïðèïèíåííÿ ïîøèðåííÿ êîðåíåâèõ ãíèëåé ó
ïîñ³â³ íà 27,9 % òà 20,5 % ñïîñòåð³ãàëè ëèøå ïðè âèðîùóâàíí³ ðîñëèí íà
ä³ëÿíêàõ óäîáðåíèõ, â³äïîâ³äíî, ãíîºì àáî ñîëîìîþ.

Ðèñ. 4. Àíòèôóíãàëüíà àêòèâí³ñòü ðèçîñôåðè îçèìî¿
ïøåíèö³ ñîðòó Ìèðîí³âñüêà 61 çà âàð³àíòàìè äîñë³äó

Òàáëèöÿ 2
Âïëèâ ïîë³ôóíêö³îíàëüíîãî êîìïëåêñó ì³êðîîðãàí³çì³â (ÏÊÌ)

íà óðàæåííÿ ïîñ³â³â îçèìî¿ ïøåíèö³ ñîðòó
Ìèðîí³âñüêà 61 êîðåíåâèìè ãíèëÿìè
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Ð³âåíü ô³òîòîêñè÷íîñò³ ´ðóíòó äîñë³äíîãî ïîëÿ ï³ä îçèìîþ ïøåíèöåþ
áóâ íåâèñîêèì, àëå â³í ùå çíèæóâàâñÿ ó âàð³àíòàõ, äå âíîñèëè îðãàí³÷í³
äîáðèâà (îêð³ì ñîëîìè). Íàø³ äîñë³äæåííÿ ï³äòâåðäæóþòü â³äîìèé ôàêò
çðîñòàííÿ òîêñè÷íîñò³ ´ðóíòó ï³ä âïëèâîì ïðîäóêò³â ðîçêëàäàííÿ ñîëîìè,
òîáòî çàîðþâàííÿ ñîëîì’ÿíî¿ ð³çêè äîñòîâ³ðíî ï³äâèùóº öåé ïîêàçíèê äî
39,3 % ïðîòè 21,2 % ó êîíòðîëüíîìó âàð³àíò³ (ðèñ. 5). Àëå òå, ùî ³íòðîäóêö³ÿ
â ðèçîñôåðó ðîñëèí êîìïëåêñó äîñë³äæåíèõ ì³êðîîðãàí³çì³â í³âåëþâàëà
ä³þ öüîãî íåãàòèâíîãî ôàêòîðó ³ â 4 ðàçè çíèæóâàëà ô³òîòîêñè÷í³ñòü ´ðóí-
òó, º âàæëèâèì ïîçèòèâíèì íàñë³äêîì äëÿ àãðîåêîñèñòåìè. ¥ðóíò êîðåíåâî¿
çîíè ðîñëèí, ÿê³ âèðîùóþòüñÿ íà ä³ëÿíêàõ, óäîáðåíèõ ãíîºì, õàðàêòåðè-

çóºòüñÿ â³äñóòí³ñòþ òîêñè÷íîñò³ é, íàâ³òü, íàáóâàº ñòèìóëþâàëüíèõ âëàñòè-
âîñòåé, îñîáëèâî ïðè ïîºäíàíí³ ç ô³ç³îëîã³÷íî àêòèâíîþ ðå÷îâèíîþ åíäîô³ò-
Ë-1.

Òàêèì ÷èíîì, îáðîáêà íàñ³ííÿ ïîë³ôóíêö³îíàëüíèì êîìïëåêñîì ì³êðî-
îðãàí³çì³â ïðè âèðîùóâàíí³ ïøåíèö³ îçèìî¿ ñîðòó Ìèðîí³âñüêà 61 ç óäîá-
ðåííÿì ´ðóíòó ñîëîìîþ, ãíîºì àáî ñèäåðàòàìè ïîçèòèâíî âïëèâàº íà ïî-
êàçíèêè á³îëîã³÷íî¿ àêòèâíîñò³ ´ðóíòó ðèçîñôåðè. Ï³äâèùóºòüñÿ ³íòåí-
ñèâí³ñòü ðåñï³ðàö³¿, öåëþëîçîðóéí³âíà òà àíòèôóíãàëüíà àêòèâí³ñòü, çíè-
æóºòüñÿ ô³òîòîêñè÷í³ñòü ´ðóíòó ³ óðàæåí³ñòü ðîñëèí êîðåíåâèìè ãíèëÿìè.
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Ðèñ. 5. Ô³òîòîêñè÷í³ñòü ´ðóíòó ðèçîñôåðè îçèìî¿ ïøåíèö³ ñîðòó
Ìèðîí³âñüêà 61 çà âàð³àíòàìè äîñë³äó
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ñòðóêòóðà ìèêðîáíûõ êîìïëåêñîâ êîðíåâûõ ñèñòåì òåïëè÷íûõ ðîç // Ìèê-
ðîáèîëîãèÿ. – 2003. – Ò. 72, ¹ 4. – Ñ. 554-562.

Â.Â. ×àéêîâñêàÿ, ß.Â. ×àáàíþê, Å.Â. Øåðñòîáîåâà

Èíñòèòóò àãðîýêîëîãèè Óêðàèíñêîé àêàäåìèè àãðàðíûõ íàóê,
óë. Ìåòðîëîãè÷åñêàÿ, 12, ã. Êèåâ, 03143, Óêðàèíà.

ÏÎËÈÔÓÍÊÖÈÎÍÀËÜÍÛÉ ÌÈÊÐÎÁÍÛÉ ÊÎÌÏËÅÊÑ
ÄËß ÈÍÒÅÃÐÈÐÎÂÀÍÍÛÕ ÑÈÑÒÅÌ ÇÅÌËÅÄÅËÈß

Ðåôåðàò

Ïîäîáðàí ñîñòàâ ïîëèôóíêöèîíàëüíîãî êîìïëåêñà ìèêðîîðãàíèç-
ìîâ, êîòîðûé ïîâûøàåò áèîëîãè÷åñêóþ àêòèâíîñòü ïî÷âû ðèçîñôå-
ðû îçèìîé ïøåíèöû, â ÷àñòíîñòè èíòåíñèâíîñòü ðåñïèðàöèè, àêòèâ-
íîñòü äåñòðóêöèè öåëëþëîçû, àíòèôóíãàëüíóþ àêòèâíîñòü, ñíèæàåò
ôèòîòîêñè÷íîñòü ïî÷âû, âîçíèêàþùóþ ïðè ðàçëîæåíèè ñîëîìû.

Ê ë þ ÷ å â û å  ñ ë î â à: ïîëèôóíêöèîíàëüíûé êîìïëåêñ ìèêðîîðãà-
íèçìîâ, áèîëîãè÷åñêàÿ àêòèâíîñòü ïî÷âû.

V.V. Chaykovska, J.V. Chabaniuk, O.V. Sherstoboeva
Institute of agroecology of Ukrainian Academy of Agrarian Sciences,
Metrologichna str.12. Kyiv, Ukraine

MULTIFUNCTIONAL MICROBIAL COMPLEX
FOR THE AGRICULTURAL INTEGRAL SYSTEMS

Summary

It has been established the positive effect of introduction of the multifunctional
complex of microorganisms of rhizosphere winter wheat. High activity  of different
strains can increase  general biological activity, activate destruction of cellulose
the amounts in the soils, establishing antifungal capacity of the soil.

K e y   w o r d s: multifunctional complex of microorganisms, biological
activity of soil.

ÏÎË²ÔÓÍÊÖ²ÎÍÀËÜÍÈÉ Ì²ÊÐÎÁÍÈÉ ÊÎÌÏËÅÊÑ...
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ÓÄÊ: 579:923 Çàáîëîòíèé (477.74)

Â.Î. Êóçíºöîâ, Í.Â. Êóçíºöîâà

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ². ². Ìå÷íèêîâà,
âóë. Äâîðÿíñüêà, 2, Îäåñà, 65082, Óêðà¿íà, cuznetsov@meta.ua

ÆÈÒÒß ÒÀ ÍÀÓÊÎÂÎ-ÏÅÄÀÃÎÃ²×ÍÀ
Ä²ßËÜÍ²ÑÒÜ ÀÊÀÄÅÌ²ÊÀ

Ä.Ê. ÇÀÁÎËÎÒÍÎÃÎ Â ÎÄÅÑ²
(28.12.1866 – 15.12.1929)

Íà ï³äñòàâ³ âèâ÷åííÿ àðõ³âíèõ ìàòåð³àë³â ²íñòèòóòó àðõ³âîçíàâ-
ñòâà ÍÁÓ ³ìåí³ Â.². Âåðíàäñüêîãî ÀÍ Óêðà¿íè, Äåðæàâíîãî àðõ³âó
Îäåñüêî¿ îáëàñò³,  îñîáèñòèõ àðõ³â³â âèêëàäà÷³â Îäåñüêîãî óí³âåð-
ñèòåòó òà ë³òåðàòóðíèõ äæåðåë ðîçãëÿíóòî îñíîâí³ ïîä³¿  íàóêî-
âî-ïåäàãîã³÷íî¿ ä³ÿëüíîñò³ Ä.Ê. Çàáîëîòíîãî, ùî ïîâ’ÿçàí³ ç éîãî
ïåðåáóâàííÿì ó ì. Îäåñ³ ó ð³çí³ ðîêè.

Ê ë þ ÷ î â ³   ñ ë î â à: ³ñòîð³ÿ, ì³êðîá³îëîã³ÿ, Ä.Ê. Çàáîëîòíèé,
Îäåñüêèé óí³âåðñèòåò.

Äàíèëî Êèðèëîâè÷ Çàáîëîòíèé  — óêðà¿íñüêèé ì³êðîá³îëîã ³ åï³äåì³î-
ëîã, àêàäåì³ê ÀÍ ÑÐÑÐ (ç 1929), àêàäåì³ê ÀÍ ÓÐÑÐ (ç 1922), ¿¿ ïðåçèäåíò ó
1928-1929 ðð., âèïóñêíèê Íîâîðîñ³éñüêîãî óí³âåðñèòåòó (1891), íèí³ Îäåñü-
êèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà  [1, 7].

© Â.Î. Êóçíºöîâ, Í.Â. Êóçíºöîâà

ÑÒÎÐ²ÍÊÈ ²ÑÒÎÐ²¯
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Âñå æèòòÿ Ä. Ê. Çàáîëîòíîãî ò³ñíî ïîâ’ÿçàíå ç Îäåñîþ. Ïåðøèé îäåñü-
êèé ïåð³îä ó æèòò³ Ä.Ê. Çàáîëîòíîãî íàë³÷óº 11 ðîê³â: ç 1880 ðîêó, êîëè â³í
âñòóïèâ äî ï’ÿòîãî êëàñó Ð³øåëüºâñüêî¿ êëàñè÷íî¿ ã³ìíàç³¿, ³ äî çàê³í÷åííÿ
íàâ÷àííÿ â ²ìïåðàòîðñüêîìó Íîâîðîñ³éñüêîìó óí³âåðñèòåò³. Äî óí³âåðñè-
òåòó Ä.Ê. Çàáîëîòíîãî çàðàõîâàíî ó ñåðïí³ 1885 ð. Ó ñïèñêàõ ñòóäåíò³â ³
ñòîðîíí³õ ñëóõà÷³â ²ìïåðàòîðñüêîãî Íîâîðîñ³éñüêîãî óí³âåðñèòåòó â ïåð-
øîìó ï³âð³÷÷³ 1885-1886 íàâ÷àëüíîãî ðîêó íà Ïðèðîäíè÷îìó â³ää³ëåíí³ ô³çè-
êî-ìàòåìàòè÷íîãî ôàêóëüòåòó ñåðåä ³íøèõ ñòóäåíò³â ï³ä ¹ 9 çíàõîäèìî –
«Çàáîëîòíèé Äàíèëî». Â àíàëîã³÷íèõ ñïèñêàõ çà 1886 - 1887 í.ð. ³íôîðìàö³ÿ
á³ëüø ïîâíà: «¹8 - Çàáîëîòíèé Äàíèëî Êèðèëîâè÷, ñåëÿíèí, ïðàâîñëàâíèé,
äàòà íàðîäæåííÿ – 2 ñ³÷íÿ 1867 ð., ì³ñöå íàðîäæåííÿ – Ïîä³ëüñüêà ãóáåð-
í³ÿ» [32, ñ. 28; 33, ñ. 40]. ßê âèäíî ç öüîãî äîêóìåíòà (ðèñ. 1), äàòà íàðîäæåí-
íÿ, ùî íàâåäåíà ó íüîìó, íå óçãîäæóºòüñÿ ç ³íøèìè äæåðåëàìè, î÷åâèäíî ó
Ñïèñêàõ äîïóùåíà ïîìèëêà.

Íà òîé ÷àñ íà Ïðèðîäíè÷îìó â³ää³ëåíí³ Ô³çèêî-ìàòåìàòè÷íîãî ôàêóëü-
òåòó ÷èòàëè ëåêö³¿ òàê³ âèäàòí³ â÷åí³ ÿê Ï.Ì. Áó÷èíñüêèé, Î.À. Âåð³ãî, Â.Â.
Çàëåíñüêèé, Ô.Ì. Êàìåíñüêèé, Î.Î. Êîâàëåâñüêèé, Ï.À. Ñï³ðî, Ì.Î. Óìîâ
òà ³í. Äåÿê³ äîñë³äíèêè, íåâ³ðíî òðàêòóþ÷è âèñë³â  Ä.Ê. Çàáîëîòíîãî â «Æèò-
òºïèñ³» [12], äîõîäÿòü âèñíîâêó, ùî â³í ñëóõàâ ëåêö³¿ ².². Ìå÷íèêîâà ³ Ë.Ñ.
Öåíêîâñüêîãî. Íà ïðåâåëèêèé æàëü, ó ïåð³îä éîãî íàâ÷àííÿ âîíè âæå íå
ïðàöþâàëè â óí³âåðñèòåò³.

Ðèñ. 1. «Ñïèñîê ñòóäåíòîâ è ïîñòîðîííèõ ñëóøàòåëåé Èìïåðàòîðñêîãî
Íîâîðîññèéñêîãî óíèâåðñèòåòà âî âòîðîì ïîëóãîäèè 1886 - 1887 ó÷åáíîãî
ãîäà» (ôðàãìåíò ñòîð³íêè)

Ë.Ñ. Öåíêîâñüêèé çàëèøèâ Îäåñó ùå ó 1871 ð., à ùî äî ².². Ìå÷íèêîâà,
Ä.Ê. Çàáîëîòíèé ïðèãàäóâàâ: «Êîëè ÿ áóâ ó÷íåì ã³ìíàç³¿, òî ïàì’ÿòàþ, ÿê
ó÷èòåëü ïðèðîäîçíàâñòâà ðåàëüíîãî ó÷èëèùà (äå ïðèðîäîçíàâñòâî âèêëà-
äàëîñÿ êðàùå) ãîâîðèâ, ùî â óí³âåðñèòåò³ íàì áóäå âèêëàäàòè  ².². Ìå÷íè-
êîâ (…). Íà æàëü, ².². Ìå÷íèêîâà  â Óí³âåðñèòåò³ ÿ âæå íå çàñòàâ, — â³í áóâ
çàéíÿòèé íà Áàêòåð³îëîã³÷í³é Ñòàíö³¿» [16, ñ. 20]. Äî ðå÷³, ¿õ ïåðøå îñîáèñ-
òå  çíàéîìñòâî â³äáóëîñÿ ò³ëüêè ó 1898 ðîö³, êîëè  Ä.Ê. Çàáîëîòíîãî, âæå
â³äîìîãî â÷åíîãî, çàïðîñèëè äî Ïàñòåð³âñüêîãî ³íñòèòóòó â ëàáîðàòîð³þ

ÆÈÒÒß ÒÀ ÍÀÓÊÎÂÎ-ÏÅÄÀÃÎÃ²×ÍÀ  Ä²ßËÜÍ²ÑÒÜ ÀÊÀÄÅÌ²ÊÀ  Ä.Ê. ÇÀÁÎËÎÒÍÎÃÎ...



84 Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2007

Â.Î. Êóçíºöîâ, Í.Â. Êóçíºöîâà

².². Ìå÷íèêîâà. Ó ëàáîðàòîð³ÿõ Ïàñòåð³âñüêîãî ³íñòèòóòó â³í ïðîâîäèâ åêñ-
ïåðèìåíòè ç ÷óìè ³ ïðîñëóõàâ êóðñ ëåêö³é ç ì³êðîá³îëîã³÷íî¿ òåõí³êè [3].

 Ä.Ê. Çàáîëîòíèé ïî÷èíàº íàâ÷àííÿ â óí³âåðñèòåò³ ó äóæå ñêëàäí³ ÷àñè.
Â³í ïðèãàäóº: «Ïî÷èíàþ÷è ç 1885 ðîêó, â óí³âåðñèòåòàõ áóëî ââåäåíî íîâèé
ñòàòóò 1883 ðîêó, ³ ñêàñîâàíà ¿õ àâòîíîì³ÿ. Ìîëîäü õâèëþâàëàñÿ, çáèðàëèñÿ
íà ñõîäêè, ïåðåðèâàëàñÿ çâè÷àéíà ðîáîòà»[13, ñ. 6].  Ä.Ê. Çàáîëîòíèé íå
çàëèøàâñÿ îñòîðîíü öèõ ïîä³é. Éîãî ìîëîäèé äîïèòëèâèé ðîçóì øóêàâ ³íòå-
ëåêòóàëüíîãî ðîçâèòêó ³ ñòóäåíò ïðèä³ëÿâ íàóêîâ³é ðîáîò³ áàãàòî ÷àñó. Íà
ôîðìóâàííÿ  îñîáèñòîñò³ Ä.Ê. Çàáîëîòíîãî ÿê äîñë³äíèêà íàéá³ëüøèé âïëèâ
ñïðàâèëè òðè íàóêîâ³ øêîëè, ÿê³ íà òîé ÷àñ àêòèâíî ðîçâèâàëèñÿ â Íîâîðî-
ñ³éñüêîìó óí³âåðñèòåò³: ².². Ìå÷íèêîâà, ÷åðåç éîãî ó÷íÿ ³ ïîñë³äîâíèêà ß.Þ.
Áàðäàõà; Î.Î. Êîâàëåâñüêîãî  ³ Î.À. Âåð³ãî.

Äàíèëî Çàáîëîòíèé áàãàòî ÷àñó ïðèä³ëÿº ïîçààóäèòîðíèì çàíÿòòÿì
ó ëàáîðàòîð³ÿõ    Î.Î. Êîâàëåâñüêîãî òà Î.À. Âåð³ãî. Â³ðîã³äíî, ùî ñàìå
ö³ äâ³ îñîáèñòîñò³ íàéá³ëüøå âïëèíóëè íà ìîëîäîãî Ä.Ê. Çàáîëîòíîãî ³
çàëó÷èëè éîãî äî íàóêîâî¿ ðîáîòè, ÿê³é â³í çàëèøèâñÿ â³ääàíèì äî îñ-
òàííüîãî ïîäèõó.

Ä.Ê. Çàáîëîòíèé ïðèãàäóâàâ, ùî «…í³äå íå ïî÷óâàâñÿ òàê äîáðå, ÿê â
àóäèòîð³¿ Î.Î. Êîâàëåâñüêîãî» [11, ñ. 22]. Â³í çàõîïèâñÿ äîñë³äæåííÿìè íàä
ô³ëîêñåðîþ, ÿêèì ïðèñâÿ÷óâàâ íàâ³òü ñâî¿ êàí³êóëè [31]. Ñïîãàäè Ä.Ê. Çà-
áîëîòíîãî íàäàþòü ìîæëèâîñò³ â³ä÷óòè òâîð÷ó àòìîñôåðó, ÿêó ñòâîðþâàâ
Î.Î. Êîâàëåâñüêèé íàâêîëî ñåáå: «Äëÿ ñâî¿õ íàóêîâèõ äîñë³äæåíü Î.Î.
ùîäåííî ïðèõîäèâ äî ñâîº¿ óí³âåðñèòåòñüêî¿ ëàáîðàòîð³¿ (…)». Òóò ï³ä éîãî
êåð³âíèöòâîì ïðàöþâàëè [Ï.Ì.] Áó÷èíñüêèé, [ß.Ì.] Ëåáåäèíñüêèé, [Ì.Ì.]
Øóëüã³í, [².Ì.] Â³äãàëüì, [Ñ.Ì.] Ìîð³í ³ â³äîìèé ó ïîäàëüøîìó áàêòåð³îëîã
[Â.À.] Õàâê³í, ÿêèé âèâ÷àâ ó ò³ ÷àñè ìåõàí³çì ðóõó ó ³íôóçîð³é.

 Ç òèìè,  õòî ïðàöþâàâ ó ëàáîðàòîð³¿, Î.Î. Êîâàëåâñüêèé ùîäåííî îá-
ãîâîðþâàâ óäà÷³ òà íåâäà÷³, ïëàíóâàâ ïîäàëüøèé õ³ä ðîáîòè ³ ÷àñòî öèòóâàâ
íà ëåêö³ÿõ ðåçóëüòàòè ¿õ äîñë³äæåíü.

Îñîáëèâî ö³êàâî áóëî ç íèì íà åêñêóðñ³ÿõ. Òàê³ åêñêóðñ³¿ áóâàëè ÿê â
îêîëèöÿõ ì³ñòà, íà ëèìàíè, òàê ³ ó á³ëüø â³ääàëåí³ ì³ñöåâîñò³, äî Êðèìó äëÿ
îçíàéîìëåííÿ ç ôàóíîþ Ñåâàñòîïîëüñüêî¿ áóõòè» [11, ñ. 22].

Áàãàòî óâàãè ïðèä³ëÿâ ðîáîò³ ç³ ñòóäåíòàìè òàëàíîâèòèé ó÷åíü ïðîôå-
ñîðà Î.Î. Êîâàëåâñüêîãî — äîöåíò êàôåäðè çîîëîã³¿ Â.Ì. Ðåï’ÿõîâ. Ãîäè-
íàìè ïðîñèäæóâàâ â³í ç íèìè íàä ì³êðîñêîïàìè, âèâ÷àþ÷è çàãàäêîâèé ñâ³ò
Íàéïðîñò³øèõ. Âàñèëü Ìèõàéëîâè÷ ùèðî çóñòð³÷àâ ñòóäåíò³â, ñòâîðþâàâ
âñ³ óìîâè äëÿ ¿õ ðîáîòè ³ çíàéîìèâ ç äèâîâèæíèì ñâ³òîì ì³êðîñêîï³÷íèõ
òâàðèí. Ç öüîãî þíàöüêîãî çàõîïëåííÿ ³ âèðîñëà ó ïîäàëüøîìó ïåðøà íàó-
êîâà ðîáîòà Ä.Ê. Çàáîëîòíîãî «Î ñâå÷åíèè æèâûõ îðãàíèçìîâ» [30].

Ïðîáëåìó ñâ³ò³ííÿ âîäè ìîðÿ ³ ëèìàí³â íå îáõîäèâ óâàãîþ æîäåí ç
âåëèêèõ îäåñüêèõ çîîëîã³â. Ïåðø³ äîñë³äæåííÿ öüîãî ÿñêðàâîãî ÿâèùà
ïðîâ³â ïðîôåñîð Ð³øåëüºâñüêîãî ë³öåþ Î.Ä. Íîðäìàí [26]. Ç’ÿñóâàííÿì
ïðè÷èí ñâ³ò³ííÿ âîäè ó ×îðíîìó ìîð³ çàéìàâñÿ òàêîæ ïðîôåñîð Ë.Ñ. Öåí-
êîâñüêèé, ÿêèé îïèñàâ íîâèé âèä — Noctiluca meleagris Cenc. Çàâåðøàëü-
íó êðàïêó ó ðîçâ’ÿçàíí³ öüîãî ïèòàííÿ ïîñòàâèâ Ä.Ê. Çàáîëîòíèé, ÿêèé
óçàãàëüíèâ äàí³ ïîïåðåäíèê³â ³ äîâ³â, ùî ïðè÷èíè ñâ³ò³ííÿ ëèìàí³â ³ ìîðÿ
ìàþòü ð³çíå ïîõîäæåííÿ. Ïðî öå Ä.Ê. Çàáîëîòíèé çðîáèâ íàóêîâó äî-
ïîâ³äü «Î ñâåòÿùèõñÿ îðãàíèçìàõ»  íà çàñ³äàíí³ Íîâîðîñ³éñüêîãî òîâàðè-
ñòâà ïðèðîäîçíàâö³â [29, ñ. 5].

Ï³ñëÿ â³ä’¿çäó ç Îäåñè  Ë.Ñ. Öåíêîâñüêîãî äóõîâíèì ë³äåðîì òà íàóêî-
âèì åòàëîíîì äëÿ ñòóäåíò³â-ïðèðîäíè÷íèê³â Íîâîðîñ³éñüêîãî óí³âåðñèòåòó
ñòàâ À.Î. Âåð³ãî, ÿêèé ïðèä³ëÿâ âåëèêó óâàãó äîñë³äæåííÿì ïðèêëàäíîãî
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õàðàêòåðó. Â³í áóâ îäíèì ç íàéàêòèâí³øèõ ÷ëåí³â Îäåñüêîãî áàëüíåîëîã³÷-
íîãî òîâàðèñòâà. Äîñë³äæóþ÷è ïðîöåñ ãðÿçåóòâîðåííÿ â ëèìàíàõ ç òî÷êè
çîðó ô³çè÷íî¿ õ³ì³¿, â³í ðîáèòü âèñíîâîê ïðî íåìîæëèâ³ñòü éîãî ïðîò³êàííÿ
áåç ó÷àñò³ ì³êðîîðãàí³çì³â [6]. Äëÿ ïåðåâ³ðêè öüîãî ïðèïóùåííÿ â³í âïåð-
øå â Íîâîðîñ³éñüêîìó óí³âåðñèòåò³ ïðîâîäèòü ì³êðîá³îëîã³÷í³ åêñïåðèìåí-
òè, äî ÿêèõ çàëó÷àº óñ³õ áàæàþ÷èõ ñòóäåíò³â [25]. Ñàìå ç éîãî ëàáîðàòîð³¿
ïî÷àâñÿ íàóêîâèé øëÿõ òàêèõ âèäàòíèõ ó÷åíèõ-ì³êðîá³îëîã³â ÿê  ß.Þ. Áàð-
äàõ, Î.Ì. Áåçðåäêà, Ì. Âåéíáåðã, Ì.Ô. Ãàìàëåÿ, Â.À. Õàâê³í.

   ª.Ì. Áðóñèëîâñüêèé ïðèãàäóâàâ: “Ñïîñòåðåæåííÿ éîãî [Î.À. Âåð³ãî]
áóëî íàñò³ëüêè çàïåâíÿþ÷èì, ùî óñë³ä çà ïîâ³äîìëåííÿì ó çàñ³äàíí³ Îäåñü-
êîãî Áàëüíåîëîã³÷íîãî Òîâàðèñòâà 18 æîâòíÿ 1885 ðîêó îäíî÷àñíî äåê³ëüêà
îñ³á, ó òîìó ÷èñë³ ³ àâòîð öüîãî ïîâ³äîìëåííÿ, ðîçïî÷àëè â³äøóêîâóâàòè ó
ãðÿç³ éìîâ³ðíèõ áàêòåð³é…” [4, ñ. 37]. Çà áåçïîñåðåäíüîþ ó÷àñòþ Î.À. Âåð-
³ãî, éîãî ó÷íÿìè Ì.Ä. Çåë³íñüêèì ³ ª. Ì. Áðóñèëîâñüêèì áóëè òàêîæ ïðîâå-
äåí³ äîñë³äæåííÿ, ÿê³ äîâåëè áàêòåð³îëîã³÷íå ïîõîäæåííÿ ñ³ðêîâîäíþ ó
ãëèáèíàõ ×îðíîãî ìîðÿ [19].

Ïðîòå ïë³äíà íàâ÷àëüíà ³  íàóêîâà ðîáîòà Ä.Ê. Çàáîëîòíîãî áóëà ïåðå-
ðâàíà àðåøòîì ³ â³äðàõóâàííÿì éîãî ç óí³âåðñèòåòó 21 ëèñòîïàäà 1889 ð. ÿê
«ïðèçâ³äíèêà áåçëàä³â». Çà ó÷àñòü ó çáîðàõ ñòóäåíò³â ³ ðîáîò³ â ãóðòêàõ
ðîá³òíèê³â ïîðòó ³ çàë³çíèö³ ñòóäåíòà ÷åòâåðòîãî êóðñó Ä.Ê. Çàáîëîòíîãî
áóëî óâ’ÿçíåíî. Ìàéæå òðè ì³ñÿö³ ïðîñèä³â â³í ó êàìåð³-îäèíî÷ö³ ¹ 35
Îäåñüêî¿ â’ÿçíèö³. Éîìó çàãðîæóâàëî çàñëàííÿ, ³ ò³ëüêè âèÿâëåíèé â íüîãî
ãîñòðèé ïîë³àðòðèò âðÿòóâàâ éîãî â³ä Ñèá³ðó [9].

Ó ñâî¿é àâòîá³îãðàô³¿ Ä.Ê. Çàáîëîòíèé ïèøå: «Â óí³âåðñèòåòñüêîìó æèòò³
íå âñå éøëî ãëàäêî. Ï³ñëÿ îäí³º¿ ç³ ñòóäåíòñüêèõ ñõîäîê, ùî âèðàæàëà ïðî-
òåñò ïðîòè ìàñîâîãî çâ³ëüíåííÿ íàéá³ëüø àêòèâíèõ ñòóäåíò³â, äîâåëîñÿ ³
ìåí³ ïîðâàòè ç óí³âåðñèòåòîì. Âòðàòèâøè ìîæëèâ³ñòü íàóêîâî¿ ðîáîòè, ÿ
çíàéøîâ ïðèòóëîê ó çàñíîâàí³é íåâäîâç³ ïåðåä öèì ².². Ìå÷íèêîâèì Áàêòå-
ð³îëîã³÷í³é ñòàíö³¿. Òóò ðîçïî÷àëàñü ìîÿ íàóêîâà ðîáîòà ó ãàëóç³ âèâ÷åííÿ
ì³êðîîðãàí³çì³â ñí³ãó, ëèìàííî¿ âîäè (îïèñàíî íîâèé âèä ³íôóçîð³é, ÿê³
ñâ³òÿòüñÿ), ó ïîäàëüøîìó õîëåðè» [13, ñ. 6].

Íà ñòàíö³¿ ïàíóâàëà òâîð÷à íàóêîâà àòìîñôåðà. Ìàëåíüêèé êîëåêòèâ
ïðàöþâàâ â óñ³õ ãàëóçÿõ ì³êðîá³îëîã³÷íî¿ íàóêè, ÿêà ò³ëüêè íàðîäæóâàëàñÿ.
«Ïåðøèé ïåðñîíàë òîä³øíüî¿ ñòàíö³¿ ñêëàäàâñÿ ç ².². Ìå÷íèêîâà, éîãî ïî-
ì³÷íèê³â Ì.Ô. Ãàìàë³¿ ³ ß.Þ. Áàðäàõà, ôåëüäøåð³â  Ðÿáîâà òà Òóð÷àíîâñüêî¿
ïðè 4 ñàí³òàðàõ» [34, ñ. 7]. Ñòàíö³ÿ çíàõîäèëàñÿ ó ñïåö³àëüíî íàéíÿòîìó
ïðèì³ùåíí³ ïî âóë. Ãóëüîâ³é, 4 (íèí³ âóë. Ëüâà Òîëñòîãî, 4). Ðàçîì ç Ïàñòå-
ð³âñüêèìè ùåïëåííÿìè òóò äîñë³äæóâàëèñü ÷óìà ³ ñèá³ðêà ðîãàòî¿ õóäîáè.
Ïðîâîäèëèñü  äîñë³äæåííÿ ç äèôòåð³¿, òèôó, õîëåðè, ñóõîòè, ìàëÿð³¿, âèâ÷à-
ëèñÿ ïðè÷èíè åï³çîîò³é ñåðåä ïòàõ³â. Ó öåé ÷àñ ².². Ìå÷íèêîâ ðîçïî÷àâ
äîñë³äè ç ³ìóíîëîã³¿ ³ á³îëîã³÷íèõ ìåòîä³â áîðîòüáè ç õîâðàõàìè çà äîïîìî-
ãîþ áàêòåð³é êóðÿ÷î¿ õîëåðè [10]. Ñòàíö³ÿ âåëà âåëèêó ïðîñâ³òíèöüêó
ä³ÿëüí³ñòü, âëàøòóâàëà êóðñè ëåêö³é äëÿ çåìñüêèõ ë³êàð³â ³ âïåðøå ó Ðîñ³¿
îðãàí³çóâàëà ïðàêòè÷í³ çàíÿòòÿ ç áàêòåð³îëîã³¿, ÿê³ ïðîâîäèâ  ß.Þ. Áàðäàõ.

Çíàéîìñòâî ç ðîäèíîþ Áàðäàõ³â ðîçïî÷àëîñÿ ó Ä.Ê. Çàáîëîòíîãî ùå ç
äèòèíñòâà ³ òðèâàëî âñå æèòòÿ. Í.ª. Ï³öèê [31] ïèøå, ùî ùå ó÷íåì ã³ìíàç³¿
Ä.Ê. Çàáîëîòíèé îòðèìóâàâ â³ä ó÷èòåëÿ  Þ. Áàðäàõà ïðèðîäíè÷ó ë³òåðàòó-
ðó. Ñàìå çà äîïîìîãîþ éîãî ñèíà — ë³êàðÿ ß.Þ. Áàðäàõà, ñòóäåíòó Çàáî-
ëîòíîìó ïîùàñòèëî óíèêíóòè çàñëàííÿ äî Ñèá³ðó ³ çíàéòè ñîá³ ïðèòóëîê íà
Áàêòåð³îëîã³÷í³é ñòàíö³¿, äå â³í îòðèìàâ òåîðåòè÷í³ çíàííÿ ³ ïðàêòè÷í³ óì-
³ííÿ òà íàâè÷êè ç áàêòåð³îëîã³¿, âèêîíàâ ñâî¿ ïåðø³ íàóêîâ³ äîñë³äè ³ íàïè-
ñàâ ìàã³ñòåðñüêó ðîáîòó “Î ìèêðîáàõ ñíåãà” [8]. Ïðîòÿãîì âñüîãî æèòòÿ â³í

ÆÈÒÒß ÒÀ ÍÀÓÊÎÂÎ-ÏÅÄÀÃÎÃ²×ÍÀ  Ä²ßËÜÍ²ÑÒÜ ÀÊÀÄÅÌ²ÊÀ  Ä.Ê. ÇÀÁÎËÎÒÍÎÃÎ...
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Â.Î. Êóçíºöîâ, Í.Â. Êóçíºöîâà

çàâæäè çíàõîäèâ ñîá³ ïðèòóëîê ó äîì³ ß.Þ. Áàðäàõà.
Íå ïåðåðèâàëèñü çâ’ÿçêè Ä.Ê. Çàáîëîòíîãî ³ ç óí³âåðñèòåòñüêèì ïðîôå-

ñîðîì Î.À. Âåð³ãî. Áàêòåð³îëîã³÷íà ñòàíö³ÿ ñóì³ñíî ç éîãî ëàáîðàòîð³ºþ
ïðîâîäèëà äîñë³äæåííÿ ç ïðîáëåì ì³êðîá³îëîã³¿ ×îðíîãî ìîðÿ ³ ëèìàí³â. Ö³
ïèòàííÿ ðîçãëÿäàëèñÿ íà çàñ³äàííÿõ Áàëüíåîëîã³÷íîãî òîâàðèñòâà. Íà îäíî-
ìó ç íèõ çðîáèâ äîïîâ³äü Ä.Ê. Çàáîëîòíèé.

“125 çàñ³äàííÿ (23 áåðåçíÿ 1891 ð.)
(…). Âñå çàñ³äàííÿ ï³ñëÿ òîãî áóëî ïðèñâÿ÷åíî äîïîâ³ä³  ã. Çàáîëîòíîãî

“Î ôîñôîðèñöåíöèè ñîëÿíûõ ëèìàíîâ” (Ïîâ³äîìëåííÿ íå íàäàíî äî äðó-
êó)” [30]. Öÿ ðîáîòà áóëà íàäðóêîâàíà ï³çí³øå íà ñòîð³íêàõ “Þæíîðóññêîé
ìåäèöèíñêîé ãàçåòû” [14].

Ñï³âðîá³òíèêè ëàáîðàòîð³¿ Î.À. Âåð³ãî ³  Áàêòåð³îëîã³÷íî¿ ñòàíö³¿ äîñë-
³äæóâàëè ïðè÷èíè âèíèêíåííÿ ³ íàêîïè÷åííÿ ñ³ðêîâîäíþ ó ìîðñüê³é âîä³
íà çíà÷íèõ ãëèáèíàõ. Íà çàñ³äàíí³ Ðîñ³éñüêîãî ô³çèêî-õ³ì³÷íîãî òîâàðè-
ñòâà Ì.Ä. Çåë³íñüêèé â³äçíà÷àº: «Çðàçêè ìîðñüêîãî ´ðóíòó áóëè óçÿò³ ìíîþ
íà êàíîí³ðñüêîìó ÷îâí³ “Çàïîðîæåöü” ó ï’ÿòè ð³çíèõ ïóíêòàõ. (…). Ç³áðà-
íèé ìíîþ ó ñåðïí³ 1891 ð. ìàòåð³àë  áóâ ïðèâåçåíèé äî Îäåñè, ³ òóò íà
áàêòåð³îëîã³÷í³é ñòàíö³¿ ³ ó õ³ì³÷í³é ëàáîðàòîð³¿ óí³âåðñèòåòó, ðàçîì ç äîê-
òîðîì [ª.Ì.] Áðóñèëîâñüêèì ìè ïî÷àëè äîñë³äæåííÿ» [18, ñ. 238]. Â ³ñòîð³¿
óí³âåðñèòåòó öå áóëè ïåðø³ äîñë³äè ó ãàëóç³ ìîðñüêî¿ ì³êðîá³îëîã³¿, ÿê³ ó
ïîäàëüøîìó áóëè ïðîäîâæåí³ ³ ðîçâèíóò³ áàãàòüìà ïîêîë³ííÿìè îäåñüêèõ
ì³êðîá³îëîã³â. Ä.Ê. Çàáîëîòíèé òàêîæ ï³äêëþ÷èâñÿ äî âèâ÷åííÿ ö³º¿ ïðî-
áëåìè, óçàãàëüíèâ âåñü ôàêòè÷íèé ìàòåð³àë ùîäî ñ³ðêîâîäíåâèõ ³ ñ³ð÷àíèõ
áàêòåð³é ³ âèçíà÷èâ ¿õíþ ðîëü ó êðóãîîá³ãó ñ³ðêè â ïðèðîä³ [15].

Ç âåëèêîþ ïîâàãîþ ³ âäÿ÷í³ñòþ â³í çàâæäè ïðèãàäóâàâ ðîêè, ÿê³ ïðîâ³â
íà ñòàíö³¿: «Ñòàíö³ÿ áóëà òîä³ ºäèíèì æèâèì öåíòðîì, äå áèâñÿ ïóëüñ ³ñòèí-
íî¿ äîñë³äíèöüêî¿ íàóêîâî¿ äóìêè, ³ ñåðåä íàñ, ñòóäåíòñüêî¿ ìîëîä³, áóëî
äóæå áàãàòî áàæàþ÷èõ òóäè ïîïàñòè ïðàöþâàòè. (…) Ñòàíö³ÿ ïðèâàáëþâàëà
óâàãó ñòóäåíòñòâà, ³ íàì áóëî ïðèºìíî òàì áóâàòè» [16, ñ. 20].

Â³í âèïðîáóâàâ ñâî¿ ñèëè ó ð³çíèõ ãàëóçÿõ íàóêîâèõ äîñë³äæåíü, àëå
çóïèíèâ ñâîþ óâàãó íà ìåäè÷í³é ì³êðîá³îëîã³¿, òîìó ïåðåä íèì ïîñòàëà
íåîáõ³äí³ñòü íàáóòòÿ ìåäè÷íî¿ îñâ³òè. Ó Íîâîðîñ³éñüêîìó óí³âåðñèòåò³ çà
òèõ ÷àñ³â ìåäè÷íîãî ôàêóëüòåòó ùå íå áóëî. Ï³ñëÿ áàãàòüîõ ïîíåâ³ðÿíü òà
ïðîõàíü ó 1891 ð. Ä.Ê. Çàáîëîòíèé îòðèìàâ äîçâ³ë ñêëàñòè åêñòåðíîì äåð-
æàâí³ ³ñïèòè çà óí³âåðñèòåòñüêèé êóðñ. Â³í îäåðæóº äèïëîì I ñòóïåíþ ³
âèðóøàº äî Êèºâà äëÿ ïðîäîâæåííÿ îñâ³òè, äå âñòóïàº íà òðåò³é êóðñ ìå-
äè÷íîãî ôàêóëüòåòó.

Äî ðå÷³, íàìè âèÿâëåíà íåóçãîäæåí³ñòü  ôàêò³â ùîäî äàòè çàê³í÷åííÿ
óí³âåðñèòåòó Ä.Ê. Çàáîëîòíèì. Ó ïðàö³ Î.². Ìàðêåâè÷à «Äâàäöàòèïÿòèëåòèå
Èìïåðàòîðñêîãî Íîâîðîññèéñêîãî Óíèâåðñèòåòà», ó ðîçä³ë³ «Ñïèñîê ëèö,
îêîí÷èâøèõ êóðñ â Èìïåðàòîðñêîì Íîâîðîññèéñêîì Óíèâåðñèòåòå çà ïåð-
âîå 25-ëåòèå ñóùåñòâîâàíèÿ óíèâåðñèòåòà (1865-1890 ãã.)», ïð³çâèùå
Ä.Ê. Çàáîëîòíîãî çíàõîäèòüñÿ ñåðåä âèïóñêíèê³â 1889 ð. çà ¹ 1671 [23]. Öå
áóâ ð³ê âèïóñêó êóðñó ç ïðèðîäíè÷îãî â³ää³ëåííÿ, íà ÿêîìó â³í íàâ÷àâñÿ.
(Ìàáóòü, òîìó ³ âèíèêëà öÿ ïîìèëêà).

Ç â³ä’¿çäîì äî Êèºâà çàâåðøèâñÿ ïåðøèé ïåð³îä ïåðåáóâàííÿ Ä.Ê. Çà-
áîëîòíîãî â Îäåñ³.

Íà äåÿêèé ÷àñ Ä.Ê. Çàáîëîòíèé ïðè¿çäèâ äî Îäåñè ï³ä ÷àñ áîðîòüáè ç
åï³äåì³ºþ áóáîííî¿ ÷óìè ó 1910 ð., êîëè çàâäÿêè éîãî àêòèâí³é òà ö³ëåñïðÿ-
ìîâàí³é îðãàí³çàö³éí³é ä³ÿëüíîñò³ âäàëîñÿ óíèêíóòè ñåðéîçíèõ íàñë³äê³â ó
æèòò³ âåëèêîãî ïîðòîâîãî ì³ñòà.

Äðóãèé íåäîâãîòðèâàëèé ïåð³îä, êîëè Ä.Ê. Çàáîëîòíèé æèâ ³ ïðàöþâàâ
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ó ì. Îäåñ³, íàðàõîâóº òðè ðîêè — 1920 -1923.
Ó 20-õ ðîêàõ Îäåñà áóëà îõîïëåíà âèñèïíîòèôîçíîþ åï³äåì³ºþ. Ç æîâ-

òíÿ 1919 ïî ëèïåíü 1920 ðîêó áóëî çàðåºñòðîâàíî 22810 çàõâîðþâàíü. Ó
çâ’ÿçêó ç öèì âëàäà óòâîðèëà íàäçâè÷àéíó êîì³ñ³þ - «×ðåçñûïòèô», ïåðåä
ÿêîþ áóëî ïîñòàâëåíî íåâ³äêëàäíå  çàâäàííÿ: ë³êâ³äóâàòè çàõâîðþâàííÿ.
Îäåñüêèé ë³êàð Ã.Ñ. Ìàòóëüñüêèé  ïèñàâ, ùî â ïåðøó ÷åðãó «×ðåçñûïòèô»
«…âèìóøåíèé áóâ ñòâîðèòè ñïåö³àëüíèé òðàíñïîðòíèé àïàðàò ç âèâîçó
òðóï³â, ³ çà êîðîòêèé ÷àñ â³í âèëó÷èâ ³ç çàêëàä³â ³ äåÿêèõ ìåäè÷íèõ óñòàíîâ
ïîíàä 1500 òðóï³â» [24, ñ. 5]. Ùîá îïàíóâàòè ñèòóàö³ºþ áóëî âèð³øåíî çàï-
ðîñèòè íà äîïîìîãó ì³ñöåâèì ë³êàðÿì Ä.Ê. Çàáîëîòíîãî. ²  õâîðèé Äàíèëî
Êèðèëîâè÷ òåðì³íîâî âèðóøèâ äî Îäåñè, êóäè ïðèáóâ 15 ëþòîãî 1920 ð.
Çóïèíèâñÿ â³í, ÿê çàâæäè, ó ß.Þ. Áàðäàõà, ñèí ÿêîãî Î.ß. Áàðäàõ  ïèñàâ: «Ó
äâàäöÿò³ ðîêè ó íàñ äåê³ëüêà ðîê³â æèâ Ä.Ê. Çàáîëîòíèé. Êâàðòèðà ïåðå-
òâîðèëàñÿ íà öåíòð áîðîòüáè ç åï³äåì³ºþ. Òóò ÷àñòî áóâàëè [Â. Ê.] Ñòå-
ôàíñüêèé, [Ë.Â.] Ãðîìàøåâñüêèé òà ³í.

Ó ò³ ðîêè æèòòÿ â ì³ñò³ çàâìèðàëî ðàíî. Âå÷îðè áàòüêî ³ Ä.Ê. Çàáîëîò-
íèé ïðîâîäèëè â ñóì³ñíèõ ñï³âáåñ³äàõ. Âîíè îáãîâîðþâàëè ïèòàííÿ áîðîòüáè
ç åï³äåì³ºþ, íàóêîâ³ ïðîáëåìè, íàóêîâ³ íîâèíè, ÿê³ óðèâêàìè äîõîäèëè äî
ì³ñòà. Ïðèãàäóâàëè äàâíèíó» [2, ñ. 11] (ðèñ. 2).

Ë³êàð Ë.Î. Ñåâàñòüÿíîâ çãàäóâàâ: «Äàíèëî Êèðèëîâè÷ çàïàì’ÿòàâñÿ ìåí³
ó çèìîâ³é Îäåñ³ 1920 ð. ñåðåä ñí³ãîâèõ çàìåò³â. Õóäèé, ç³ âïàëèìè ùîêàìè,
áëèñêó÷èìè î÷èìà, Äàíèëî Êèðèëîâè÷ áóâ ó äîâã³é ñòàð³é øèíåë³ ç âèòåð-
òèì êîì³ðîì è òðèìàâ òóãî íàáèòèé ÷èìîñü ïîðòôåëü» [31, ñ. 198].

Ó íàéñêëàäí³øèõ óìîâàõ, ðàçîì ç ïîñò³éíîþ ä³àãíîñòè÷íîþ ðîáîòîþ,
Ä.Ê. Çàáîëîòíèé ïðîäîâæóº íàóêîâó ðîáîòó ç âèâ÷åííÿ íîñ³¿â ³íôåêö³¿. Ðà-
çîì ç êîëåãàìè âîíè øóêàþòü çáóäíèêà, âèâ÷àþòü åò³îëîã³þ é ³ìóíîëîã³þ
âèñèïíîãî òèôó.  Ïðîôåñîð Ñ.Ì. Ùàñíèé ïèñàâ: «Âàæê³ ðîêè ãîëîäó, ðîç-
ðóõè, íàðîäíîãî ìîðó, êîëè ïîðÿä ç õ³ì³êàë³ÿìè, âàòîþ, ñêëîì ³ ôóðàæåì

Ðèñ.  2. Ñòîð³íêà ç ðóêîïèñó Î.ß. Áàðäàõà «Âîñïîìèíàíèÿ». Îðèã³íàë.
(äðóêóºòüñÿ âïåðøå)
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äëÿ êîíåé, êðîëèê³â ³ ñâèíîê òðåáà áóëî âèøóêóâàòè, ó áóêâàëüíîìó ðî-
çóì³íí³ ñëîâà, õë³á äëÿ ñï³âðîá³òíèê³â, ïðîòå í³ íà îäèí äåíü íå çóïèíèëè í³
â îäíîìó ç â³ää³ëåíü ðîáîòó Ñòàíö³¿» [34, ñ. 13].

Çà öèõ íåéìîâ³ðíî âàæêèõ îáñòàâèí Ä.Ê Çàáîëîòíèé çà äîïîìîãîþ
ß.Þ. Áàðäàõà ³ Â.Â. Âîðîí³íà ïî÷èíàþòü âèäàâàòè «Ïðàö³ íàóêîâî¿ êîì³ñ³¿ ç
âèñèïíîãî òèôó», ³ â 1920 - 1921 ðð. âèõîäèòü äâà âèïóñêè «Îäåññêîãî ñáîð-
íèêà ïî ñûïíîìó òèôó».

Óñâ³äîìëþþ÷è ðîëü ñàí³òàðíî¿ îñâ³òè ó áîðîòüá³ ç ³íôåêö³éíèìè õâî-
ðîáàìè, Ä.Ê. Çàáîëîòíèé çàâæäè ïðèä³ëÿâ ö³é ñïðàâ³ áàãàòî óâàãè. Âèêîíó-
þ÷è âêðàé ñêëàäíó ðîáîòó ç ë³êâ³äàö³¿ åï³äåì³¿, â³í ïðàöþº ³ íàä ñòâîðåí-
íÿì â Îäåñ³ ïåðøîãî â êðà¿í³ Áóäèíêó ñàí³òàðíî¿ ïðîñâ³òè, ÿêèé áóëî â³äêðèòî
ó 1921 ðîö³. Ï³çí³øå Äàíèëî Êèðèëîâè÷ ïðèãàäóâàâ: «Íàï³âãîëîäíèé õó-
äîæíèê íàìàëþâàâ ïîðòðåò Ïàñòåðà, ñò³íè ìè ðîçïèñàëè ïëàêàòàìè, ëîçóí-
ãàìè, ïðèêðàñèëè ðîçìàøèñòî âèãîòîâëåíèìè òàáëèöÿìè…» [17, ñ. 4].

Ó êâ³òí³ 1920 ðîêó Îäåñüêèé íàðîäíèé óí³âåðñèòåò (òàêó íàçâó ìàâ
óí³âåðñèòåò ç 1919 ð.) áóëî ðîçôîðìîâàíî. Ìåäè÷íèé ôàêóëüòåò îá’ºäíóºòüñÿ
ç Âèùèìè æ³íî÷èìè ìåäè÷íèìè êóðñàìè, ³ çàñíîâóºòüñÿ Ìåäè÷íèé ³íñòè-
òóò Âèùî¿ øêîëè Îäåñè. Ó ñ³÷í³ 1921 ð. éîìó íàäàíî íàçâó Ìåäè÷íî¿ àêà-
äåì³¿, à ó ëèñòîïàä³ òîãî ñàìîãî ðîêó ïåðåéìåíîâàíî â Îäåñüêèé ìåäè÷íèé
³íñòèòóò [28]. 18 ëþòîãî 1921 ð. íàêàçîì ¹ 5 ïî Â³ää³ëó ðåôîðì âèùî¿
øêîëè Îäåñüêîãî ãóáïðîôîáðà ïðîôåñîð Ä.Ê. Çàáîëîòíèé ïðèçíà÷àºòüñÿ
ðåêòîðîì öüîãî íàâ÷àëüíîãî çàêëàäó [9]. Â³í îäðàçó æ çâåðíóâñÿ äî Íàð-
êîìïðîñó Óêðà¿íè ç ïðîïîçèö³ºþ çàñíóâàòè ïðè ³íñòèòóò³ ñàìîñò³éíó êà-
ôåäðó åï³äåì³îëîã³¿. Âîñåíè òîãî ñàìîãî ðîêó âîíà áóëà â³äêðèòà. Ó ñêëàä³
íîâîóòâîðåíî¿ êàôåäðè ïåðåáóâàëî ëèøå òðè øòàòí³ îäèíèö³ – çàâ³äóâà÷
ïðîôåñîð Ä.Ê. Çàáîëîòíèé òà äâîº ñòàðøèõ àñèñòåíò³â, Ë.Â. Ãðîìàøåâñü-
êèé ³ Ì.Ì. Ñîëîâéîâ. Äëÿ ðîçì³ùåííÿ êàôåäðè åï³äåì³îëîã³¿ áóëî íàäàíî
ïðèì³ùåííÿ êîëèøí³õ Âèùèõ æ³íî÷èõ ìåäè÷íèõ êóðñ³â.  Ä.Ê. Çàáîëîòíèé
ñêëàâ äëÿ êàôåäðè íàâ÷àëüíèé ïëàí ³ ïðîãðàìè ç íîâèõ êóðñ³â, íàïèñàâ
ïåðøèé â³ò÷èçíÿíèé ïîñ³áíèê ç åï³äåì³îëîã³¿, ÿêèé íå âòðàòèâ ñâîãî çíà-
÷åííÿ ³ ì³ñòèòü ö³ííèé, ïðîñòî ³ ÿñíî âèêëàäåíèé ìàòåð³àë. [5].

Çà ïåð³îä ðîáîòè â Îäåñüêîìó ìåäè÷íîìó ³íñòèòóò³ Ä.Ê. Çàáîëîòíèé
ñòâîðèâ íàóêîâó åï³äåì³îëîã³÷íó øêîëó, ïðåäñòàâíèêè ÿêî¿ (Ë.Â. Ãðîìà-
øåâñüêèé, Ì.Ì. Ñîëîâéîâ òà ³í.) ñôîðìóëþâàëè îñíîâí³ ïðèíöèïîâ³ ïîëî-
æåííÿ, ùî ñòàëè òåîðåòè÷íèì ï³ä´ðóíòÿì åï³äåì³îëîã³¿ [27].

Äî îñòàíí³õ äí³â æèòòÿ Ä.Ê. Çàáîëîòíèé ï³äòðèìóâàâ çâ’ÿçîê ç Îäåñü-
êèì óí³âåðñèòåòîì ³ âáîë³âàâ çà ñòàí ðîçâèòêó òóò çàãàëüíî¿ ì³êðîá³îëîã³¿ ³
ïðîäîâæåííÿ ñëàâåòíèõ òðàäèö³é ñâî¿õ ó÷èòåë³â ².². Ìå÷íèêîâà òà ß.Þ. Áàð-
äàõà. Â àðõ³â³ ²íñòèòóòó àðõ³âîçíàâñòâà ÀÍ Óêðà¿íè íàìè çíàéäåíî ëèñò
Ä.Ê. Çàáîëîòíîãî äî ðåêòîðà Îäåñüêîãî ³íñòèòóòó íàðîäíî¿ îñâ³òè Ò.Ì. Âíó-
êîâà, ÿêèé äàòîâàíî 24 ÷åðâíÿ 1929 ð. (ðèñ. 3).

«Äîðîãèé Ò. Ì. [Âíóêîâ]!
Ðîçâèòîê ñåêö³¿ ³ êàòåäðè ì³êðîá³îëîã³¿, çâ’ÿçàíèé ç ïàì’ÿòòþ ².². Ìå÷-

íèêîâà  ³  ß.Þ. Áàðäàõà, îñíîâîïîëîæíèê³â ö³º¿ äîêòðèíè â Ñîþç³, – íàé-
êðàùå ìîæíà çàáåçïå÷èòè, ïðèçíà÷èâøè êåð³âíèêîì îäíîãî ç íàéâèäàòí³-
øèõ ìîëîäèõ ñï³âðîá³òíèê³â êàòåäðè òîâ. [Ë.É.] Ðóáåí÷èêà, íàóêîâ³ ïðàö³
ÿêîãî äàþòü éîìó ïðàâî ïðîâîäèòè ³ âèêîíóâàòè ç óñï³õîì ñó÷àñí³ çàâäàí-
íÿ» [21].

Öåé ëèñò íå çàëèøèâñÿ ïîçà óâàãîþ òîä³øí³õ êåð³âíèê³â îñâ³òè. Ë.É.
Ðóáåí÷èêà áóëî ïðèçíà÷åíî çàâ³äóâà÷åì  ì³êðîá³îëîã³÷íîãî ñåêòîðó Îäåñü-
êîãî íàóêîâî-äîñë³äíîãî çîîëîãî-á³îëîã³÷íîãî ³íñòèòóòó ³ ïðîôåñîðîì êà-
ôåäðè òåõíîëîã³¿ â Îäåñüêîìó ³íñòèòóò³ çåðíà ³ áîðîøíà. Ï³ñëÿ â³äíîâëåí-
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íÿ  ó 1933 ðîö³ Îäåñüêîãî äåðæàâíîãî óí³âåðñèòåòó Ë.É. Ðóáåí÷èê î÷îëèâ
êàôåäðó ì³êðîá³îëîã³¿, ÿêîþ êåðóâàâ äî 19 ëèïíÿ 1941 ð. [22].

Çíà÷íó äîïîìîãó, ÿê âèäàòíèé îðãàí³çàòîð íàóêè òà òàëàíîâèòèé ïåäà-
ãîã, àêàäåì³ê Ä.Ê. Çàáîëîòíèé íàäàâàâ êåð³âíèöòâó ãóáåðíñüêîãî â³ää³ëó
íàðîäíî¿ îñâ³òè Îäåñüêîãî ãóáâèêîíêîìó. Äàíèëî Êèðèëîâè÷ íàïîëåãëèâî
ïðàöþâàâ ó äðóãîìó êîì³òåò³ Ãóáíàðîáðàçó, ÿêèé îõîïëþâàâ ä³ÿëüí³ñòü âè-
ùèõ íàâ÷àëüíèõ çàêëàä³â òà íàóêîâèõ óñòàíîâ. Àêàäåì³ê Ä.Ê. Çàáîëîòíèé
ïðèä³ëÿâ ìàêñèìóì óâàãè ïåðåîñíàùåííþ òà ïåðåîáëàäíàííþ ¿õíüî¿ ïðî-
ôåñ³éíî¿ ä³ÿëüíîñò³ íà ñó÷àñíîìó ð³âí³  [20].

Ó òðàâí³ 1923 ð. Ä.Ê. Çàáîëîòíèé âè¿æäæàº äî Ñòðàñáóðãó òà Ïàðèæó
íà ñâÿòêóâàííÿ ñòîð³÷÷ÿ ç äíÿ íàðîäæåííÿ Ë. Ïàñòåðà. Ï³ñëÿ ïîâåðíåííÿ
äî Îäåñè ó ïåðøèõ ÷èñëàõ âåðåñíÿ ðîçïî÷èíàº ÷èòàòè ëåêö³¿, àëå âæå 15
âåðåñíÿ ïåðåäàº êàôåäðó åï³äåì³îëîã³¿ – àñèñòåíòó Ë.Â. Ãðîìàøåâñüêîìó.
Êàôåäðîþ áàêòåð³îëîã³¿ â³í ïðîäîâæóº êåðóâàòè äî ïîâ³äîìëåííÿ, ùî éîìó
äîðó÷åíî çàñíóâàííÿ ùå îäí³º¿ – òðåòüî¿ â éîãî ïåäàãîã³÷í³é ïðàêòèö³ –
êàôåäðè ì³êðîá³îëîã³¿, åï³äåì³îëîã³¿ òà â÷åííÿ ïðî äåç³íôåêö³þ ó Â³éñüêî-
âî-ìåäè÷í³é àêàäåì³¿ â Ïåòðîãðàä³, ÿêó â³í î÷îëèâ 12 òðàâíÿ 1924 ð.

Òàêèì ÷èíîì, ìàéæå 20 ðîê³â æèòòÿ òà íàóêîâî-ïåäàãîã³÷íî¿ ä³ÿëüíîñò³
Ä.Ê. Çàáîëîòíîãî ò³ñíî ïîâ’ÿçàí³ ç ì. Îäåñîþ. Âåëèêèé âïëèâ íà ôîðìóâàí-
íÿ íàóêîâî-ì³êðîá³îëîã³÷íèõ ïîãëÿä³â Ä.Ê. Çàáîëîòíîãî ñïðàâèëè âèäàòí³
â÷åí³ Îäåñüêîãî (Íîâîðîñ³éñüêîãî) óí³âåðñèòåòó Î.À. Âåð³ãî, Î.Î. Êîâà-
ëåâñüêèé, ².². Ìå÷íèêîâ, ß.Þ. Áàðäàõ.

Ä.Ê. Çàáîëîòíèé äî ê³íöÿ ñâîãî æèòòÿ íå ïîðèâàâ çâ’ÿçê³â ç Alma Mater
³ ï³êëóâàâñÿ ïðî ïðîäîâæåííÿ ñëàâåòíèõ ì³êðîá³îëîã³÷íèõ òðàäèö³é â Îäåñü-
êîìó óí³âåðñèòåò³, ÿê³  çàïî÷àòêóâàëè éîãî âèäàòí³ â÷èòåë³.

Ðèñ. 3. Ëèñò Ä.Ê. Çàáîëîòíîãî äî ðåêòîðà Îäåñüêîãî ²ÍÎ Ò.Ì. Âíóêîâà.
Îðèã³íàë (äðóêóºòüñÿ âïåðøå)
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ÆÈÇÍÜ È ÍÀÓ×ÍÎ-ÏÅÄÀÃÎÃÈ×ÅÑÊÀß ÄÅßÒÅËÜÍÎÑÒÜ

ÀÊÀÄÅÌÈÊÀ Ä.Ê. ÇÀÁÎËÎÒÍÎÃÎ Â ÎÄÅÑÑÅ  (28.12.1866 –
15.12.1929)

Ðåôåðàò

Íà îñíîâå èçó÷åíèÿ àðõèâíûõ ìàòåðèàëîâ Èíñòèòóòà àðõèâîâåäåíèÿ
ÍÁÓ èìåíè Â.È. Âåðíàäñêîãî ÀÍ Óêðàèíû, Ãîñóäàðñòâåííîãî àðõèâà
Îäåññêîé îáëàñòè,  ëè÷íûõ àðõèâîâ ïðåïîäàâàòåëåé Îäåññêîãî óíè-
âåðñèòåòà è ëèòåðàòóðíûõ èñòî÷íèêîâ, ðàññìîòðåíû îñíîâíûå ñîáû-
òèÿ â íàó÷íî-ïåäàãîãè÷åñêîé äåÿòåëüíîñòè Ä.Ê. Çàáîëîòíîãî, êîòî-
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ðûå ñâÿçàíû ñ åãî ïðåáûâàíèåì â ã. Îäåññå â ðàçíûå ãîäû.

Ê ë þ ÷ å â û å  ñ ë î â à:  èñòîðèÿ, ìèêðîáèîëîãèÿ, Çàáîëîòíûé,
Îäåññêèé óíèâåðñèòåò.

V.Î. Kuznetsov, N.V. Kuznetsova

1Odesa National Mechnyckov University
Dvoryanska Str., Odesa, 65082, Ukrane, cuznetsov@meta.ua

LIFE, SCIENTIFIC AND PEDAGOGICAL ACTIVITY OF ACADEMICIAN

D.K. ZABOLOTNY IN ODESA (28.12.1866—15.12.1929)

 Summary

On the basis of studying the archives materials of Institute of
Archivestudying NLU named after V.I. Vernadskiy AN Ukraine, National
Archive Odesa region, private archives of Odessa University teachers
and literature sources the main events of the scientific and pedagogical
(activity) of D.K. Zabolotny, connected with the years, spent in Odesa
in different time have beene investigated.

K e y  w o r d s: history, Microbiology, Zabolotny, Odesa University.

Â.Î. Êóçíºöîâ, Í.Â. Êóçíºöîâà
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Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà ÌÎÍ
Óêðà¿íè, ²íñòèòóò ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ³ìåí³ Ä.Ê. Çàáî-
ëîòíîãî ÍÀÍ Óêðà¿íè, Òîâàðèñòâî ì³êðîá³îëîã³â Óêðà¿íè ³ìåí³
Ñ.Ì. Âèíîãðàäñüêîãî ç 14 ïî 26 òðàâíÿ 2007 ðîêó îðãàí³çóâàëè
òà ïðîâåëè ²² Ë³òíþ øêîëó ç ìîëåêóëÿðíî¿ ì³êðîá³îëîã³¿ ³ á³î-
òåõíîëîã³¿. Ïåðøà Ë³òíÿ øêîëà ïðîõîäèëà ç 15 ïî 31 òðàâíÿ
2006 ðîêó.

Íà áàç³ êàôåäðè ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÎÍÓ ïðîõîäèëè ² ³ ²² Ë³òí³
øêîëè ç ìîëåêóëÿðíî¿ ì³êðîá³îëîã³¿ ³ á³îòåõíîëîã³¿. Ìàòåð³àëüíî-òåõí³÷íå
çàáåçïå÷åííÿ òà âèòðàòè íà ïðîâåäåííÿ çàíÿòü ó øêîëè âçÿâ íà ñåáå
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà. Çàíÿòòÿ ïðî-
âîäèëè ñï³âðîá³òíèêè ²íñòèòóòó ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÍÀÍ Óêðà¿íè íà
÷îë³ ç çàâ³äóâà÷åì â³ää³ëó ìîëåêóëÿðíî¿ â³ðóñîëîã³¿ ä.á.í. Ô.².Òîâêà÷åì òà
êàôåäðè ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ ÎÍÓ. Íàâ÷àííÿ â ²² Ë³òí³é øêîë³ ïðîéø-
ëè 24 ìîëîä³ âèêëàäà÷³, íàóêîâ³ ñï³âðîá³òíèêè, àñï³ðàíòè, ñòóäåíòè Îäåñü-
êîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà, Ëüâ³âñüêîãî íàö³î-
íàëüíîãî óí³âåðñèòåòó ³ìåí³ ²âàíà Ôðàíêà, Êè¿âñüêîãî íàö³îíàëüíîãî óí³-
âåðñèòåòó ³ìåí³ Òàðàñà Øåâ÷åíêà.

Ïðîãðàìà òåîðåòè÷íîãî êóðñó «Àâòîíîìí³ ãåíåòè÷í³ åëåìåíòè áàêòåð³é:
áàêòåð³îôàãè, ïëàçì³äè ³ òðàíñïîçîíè», îáñÿãîì 20 ãîäèí, ïðî÷èòàíîãî
Ô.².Òîâêà÷åì, âêëþ÷àëà òàê³ ïèòàííÿ:

Ìîëåêóëÿðíà ãåíåòèêà ³ ìîëåêóëÿðíà ì³êðîá³îëîã³ÿ. Ñó÷àñí³ íàóêîâ³
êîíöåïö³¿ â ìîëåêóëÿðí³é ì³êðîá³îëîã³¿. Á³îëîã³÷íèé ìåòðîíîì. Òåîð³ÿ íåé-
òðàëüíî¿ åâîëþö³¿. Àäàïòèâí³ ìóòàö³¿. Ïðîêàð³îòíî-åóêàð³îòíà äèõîòîì³ÿ.
Ñó÷àñí³ ñõåìè êëàñèô³êàö³¿ ïðîêàð³îòíèõ ³ åóêàð³îòíèõ ì³êðîîðãàí³çì³â òà
â³ðóñ³â. Äîìåíè æèòòÿ.

Ïåðâèííà ïîñë³äîâí³ñòü ãåíîì³â. Ìåòîäè âñòàíîâëåííÿ ïåðâèííî¿ ïî-
ñë³äîâíîñò³ — ñ³êâåíñ. Áàêòåð³àëüíà ãåíîì³êà. Òîïîëîã³ÿ ö³ë³ñíèõ áàêòåð³-
àëüíèõ ãåíîì³â. Îðòîëîãè ³ ïàðàëîãè. Êëàñòåðè îðòîëîã³÷íèõ ãåí³â (ÑÎG).
Êîíöåïö³ÿ «íàéìåíøîãî» ãåíîìó.

Àâòîíîìí³ ãåíåòè÷í³ åëåìåíòè áàêòåð³é. ²íñåðö³éí³ ïîñë³äîâíîñò³, òðàíñ-
ïîçîíè, ñèñòåìè ðåñòð³êö³¿-ìîäèô³êàö³¿, ïëàçì³äè, áàêòåð³îôàãè, îñòð³âêè ³
îñòðîâè ïàòîãåííîñò³. ²ºðàðõ³ÿ ³ ìîá³ëüí³ñòü àâòîíîìíèõ ãåíåòè÷íèõ åëåìåíò³â.
Àâòîíîìí³ ãåíåòè÷í³ åëåìåíòè ³ âèíèêíåííÿ íîâèõ ïàòîãåííèõ áàêòåð³é.

Áàêòåð³àëüí³ â³ðóñè. Ñó÷àñíà êëàñèô³êàö³ÿ áàêòåð³îôàã³â. Ôàãè ç õâîñ-
òîâèìè â³äðîñòêàìè – ïîðÿäîê Caudovirales. Ïîì³ðí³ ³ â³ðóëåíòí³ áàêòåð³î-
ôàãè. Ñòðàòåã³ÿ ðîçâèòêó êàóäîâ³ðóñ³â. Â³ðóñè åóáàêòåð³é ³ àðõåáàêòåð³é.

²² Ë²ÒÍß ØÊÎËÀ  “ÌÎËÅÊÓËßÐÍÀ
Ì²ÊÐÎÁ²ÎËÎÃ²ß ² Á²ÎÒÅÕÍÎËÎÃ²ß”,

ÎÄÅÑÀ, 14-26 ÒÐÀÂÍß, 2007ð.

II SUMMER SCHOOL “MOLECULAR MICROBIOLOGY
AND BIOTECHNOLOGY”,
ODESA, MAY 14-26, 2007

ÕÐÎÍ²ÊÀ ÍÀÓÊÎÂÎÃÎ ÆÈÒÒß

CHRONICLE OF SCIENTIFIC LIFE
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²² Ë²ÒÍß ØÊÎËÀ  “ÌÎËÅÊÓËßÐÍÀ Ì²ÊÐÎÁ²ÎËÎÃ²ß ² Á²ÎÒÅÕÍÎËÎÃ²ß”

Ôàãè åíòåðîáàêòåð³é ³ ìîëî÷íîêèñëèõ áàêòåð³é. Ôàãîòåðàï³ÿ.
Ãåíîì³êà ïðîôàã³â ³ îñòðîâ³â ïàòîãåííîñò³. Ôàãîâà ë³çîãåííà êîíâåðñ³ÿ.

Ôàãîâ³ òîêñèíè. Êîíöåïö³ÿ «ìîðîí³â». Îñòðîâè ïàòîãåííîñò³ ³ ñèñòåìà ñåê-
ðåö³¿ III òèïó.

Äåôåêòí³ áàêòåð³îôàãè ³ áàêòåð³îöèíè. Ðîëü â ì³æáàêòåð³àëüíîìó àí-
òàãîí³çì³. Ïåðñïåêòèâè âèêîðèñòàííÿ áàêòåð³îöèí³â – òèïóâàííÿ áàêòåð³é,
á³îêîíòðîëü áàêòåð³àëüíèõ ïîïóëÿö³é ³ òåðàï³ÿ ðàêó.

Ãåíîì³êà ïëàçì³ä. Ïëàçì³äí³ äåòåðì³íàíòè ïàòîãåííîñò³. Âåêòîðè íà îñ-
íîâ³ ïëàçì³ä. Ìîëåêóëÿðíà ãåíåòèêà ïëàçì³äè pTi – Ñ58 Agrobacterium
tumifaciens. Òðàíñãåíí³ ðîñëèíè.

Áàêòåð³àëüí³ òðàíñïîçîíè, ²S-åëåìåíòè, ³íòåãðîíè ³ ãåíí³ êàñåòè. Ôîð-
ìóâàííÿ ìíîæèííî¿ àíòèá³îòèêîñò³éêîñò³ ó áàêòåð³é. Êîíöåïö³ÿ âíóòð³ø-
íüîãåíîìíèõ ïåðåáóäîâ – ãåíîìíèé ³íæåí³ð³íã.

Åêîëîã³ÿ áàêòåð³àëüíèõ â³ðóñ³â. Ïîøèðåííÿ ³ ðîëü â ãëîáàëüíèõ îáì³íàõ
ðå÷îâèíè. Íîâ³ ìåòîäè â åêîëîã³¿ áàêòåð³îôàã³â. Ñâ³òîâèé îêåàí ³ â³ð³î-
ïëàíêòîí.

Ó÷àñíèêè ²² Ë³òíüî¿ øêîëè ïðîéøëè ïðàêòè÷íèé êóðñ íàâ÷àííÿ îáñÿ-
ãîì 60 ãîäèí, ÿêèé âêëþ÷àâ 5 ëàáîðàòîðíèõ çàíÿòü.

Ëàáîðàòîðíå çàíÿòòÿ 1. Ôàãè ïîðÿäêó Caudovirales. Áàêòåð³îôàãè
Escherichia coli: Ò7 (ðîäèíà Podoviridae), ëÿìáäà (Syphoviridae), Ð1 ³ Ò4
(Myoviridae). Êëàñèô³êàö³ÿ. Ìîðôîòèïè, îðãàí³çàö³ÿ â³ð³îí³â. Â³ð³îííà ÄÍÊ.

Òèòðóâàííÿ ôàã³â. Ôàãîâ³ áëÿøêè (ïëàêè), ¿õ çâ`ÿçîê ç ìîðôîòèïîì,
ðîçì³ðîì â³ð³îí³â òà ïðèðîäîþ â³ðóñ³â.

Ïðåïàðàòèâíå îäåðæàííÿ ôàãîâèõ ÷àñòîê. Ìåòîä çëèòíîãî ë³çèñó ÷óò-
ëèâî¿ êóëüòóðè. Êîíöåíòðóâàííÿ ôàãîâèõ ÷àñòîê ìåòîäîì ÏÅÃ-ïðåöèï³òàö³¿
(ïðîöåäóðà ßìàìîòî).

Âèä³ëåííÿ â³ð³îííî¿ ÄÍÊ. Ïðàâèëà ðîáîòè ç ÄÍÊ.
Ðåñòðèêö³éíèé àíàë³ç. ²äåíòèô³êàö³ÿ áàêòåð³àëüíèõ â³ðóñ³â çà ðåñòðèê-

ö³éíèìè ïàòåðíàìè ¿õ ãåíîì³â.
Ëàáîðàòîðíå çàíÿòòÿ 2. Ìîëåêóëÿðíà ãåíåòèêà ïîì³ðíîãî êîë³ôàãà

Ð1. Çàãàëüíà ³ ñïåö³àë³çîâàíà Ð1-òðàíñäóêö³ÿ ãåíåòè÷íèõ ìàðêåð³â. Ïëàçì³ä-
íèé ïðîôàã. Ôàãîâà ñèñòåìà ðåñòðèêö³¿-ìîäèô³êàö³¿ ÅñîÐ.

Òåìïåðàòóðíà ³íäóêö³ÿ ë³çîãåíà E. coli Ñ600 [P1::Tn9 (Cmñts 100)].
Îäåðæàííÿ òà òåñòóâàííÿ Ð1-ë³çîãåí³â.
Ïëàçì³äí³ ïðîô³ë³ ë³çîãåí³â.
Îáìåæåííÿ ïðîäóêòèâíîãî ðîçâèòêó áàêòåð³îôàãà ëÿìáäà â êë³òèíàõ

E. coli (Ð1) çà ðàõóíîê R/Ì ñèñòåìè ÅñîÐ1.
Ë³çîãåí³çàö³ÿ ôàãîì P1::Tn 9 êë³òèí Erwinia carotovora.
²íêîðïîðàö³ÿ òðàíñïîçîíà Tn9 â êðèïòè÷íó ïëàçì³äó ðÑÀ25 E.carotovora.
Ëàáîðàòîðíå çàíÿòòÿ 3. Ïëàçì³äí³ ïðîô³ë³ áàêòåð³é. Ôîðìà ³ ðîçì³ð

ïîçàõðîìîñîìíèõ ê³ëüöåâèõ ÄÍÊ.
Îñîáëèâîñò³ âèä³ëåííÿ ïëàçì³ä ó ãðàìíåãàòèâíèõ áàêòåð³é ³ç ïðèðîä-

íèõ åêîëîã³÷íèõ í³ø. Ëóæíèé ìåòîä Kado ³ Liu.
²çîëÿö³ÿ ïëàçì³äíîãî ïðîôàãà Ð1 òà ïëàçì³ä åíòåðîáàêòåð³é F, RP4, pCA25,

ðÑÀ25::Tn9. Åëåêòðîôîðåòè÷íå ðîçä³ëåííÿ ïëàçì³äíî¿ ÄÍÊ. Çàëåæí³ñòü åëåê-
òðîôîðåòè÷íî¿ ðóõëèâîñò³ ÄÍÊ â³ä ¿¿ ðîçì³ðó.

Ëàáîðàòîðíå çàíÿòòÿ 4. Òðàíñêîí`þãàö³ÿ ³ òðàíñôîðìàö³ÿ. Ñòâîðåííÿ
óìîâ äëÿ ãîðèçîíòàëüíîãî ïåðåíåñåííÿ ïëàçì³ä â áàêòåð³àëüí³ êë³òèíè.
Ìîá³ëüí³ñòü ïëàçì³ä. Ïëàçì³äí³ âåêòîðè.

Òðàíñêîí`þãàòèâí³ ïëàçì³äè. Ïåðåíåñåííÿ ïëàçì³äè R68.45 ³ç E. coli â
E.carotovora. Ñåëåêö³ÿ ðåöèï³ºíòà ³ êîíòðñåëåêö³ÿ äîíîðà. ×àñòîòà òðàíñ-
êîí`þãàö³¿.
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Îäåðæàííÿ êàëüö³é-êîìïåòåíòíèõ êë³òèí òà ïëàçì³äíî¿ ÄÍÊ.
Òðàíñôîðìàö³ÿ E. coli DH ³ JM109 ãîëóáèìè ïëàçì³äàìè pUC 18 ³

pBluescript. ×àñòîòà òðàíñôîðìàö³¿. Ïëàçì³äí³ ïðîô³ë³ òðàíñêîí`þãàíò³â òà
òðàíñôîðìàíò³â.

Ëàáîðàòîðíå çàíÿòòÿ 5. Ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ (ÏËÐ) – ñèíòåç
ïåâíîãî ôðàãìåíòó ÄÍÊ in vitro. Ð³çíîâèäè ÏËÐ. ÏËÐ-ä³àãíîñòèêà áàêòåð³-
àëüíîãî ðàêó âèíîãðàäó: âèÿâëåííÿ ïîñë³äîâíîñòåé Ò³-ïëàçì³äè ïàòîãåííèõ
øòàì³â Agrobacterium tumefaciens ³ Agrobacterium vitis. Ìåòîä “á³î-ÏËÐ” ó
ä³àãíîñòèö³ õâîðîá ðîñëèí. Ïðàâèëà ðîáîòè ó ÏËÐ-ëàáîðàòîð³¿.

Âèä³ëåííÿ ïëàçì³äíî¿ ÄÍÊ ìåòîäîì òåïëîâîãî ë³çèñó áàêòåð³àëüíèõ
êë³òèí. Ðåàêö³éí³ ñóì³ø³ äëÿ ïðîâåäåííÿ ÏËÐ.

Àìïë³ô³êàö³ÿ ïîñë³äîâíîñòåé Ò³-ïëàçì³äè øòàì³â Agrobacterium
tumefaciens ³ Agrobacterium vitis.  Åëåêòðîôîðåç ïðîäóêò³â ÏËÐ.

Ïî çàâåðøåíí³ ó÷àñíèêè îòðèìàëè ïîñâ³ä÷åííÿ ïðî òå, ùî âîíè ïðîéø-
ëè êóðñ íàâ÷àííÿ â ²² Ë³òí³é øêîë³ ç ìîëåêóëÿðíî¿ ì³êðîá³îëîã³¿ ³ á³îòåõíî-
ëîã³¿.

Â.Î. ²âàíèöÿ

²² Ë²ÒÍß ØÊÎËÀ  “ÌÎËÅÊÓËßÐÍÀ Ì²ÊÐÎÁ²ÎËÎÃ²ß ² Á²ÎÒÅÕÍÎËÎÃ²ß”
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ÑËÎÂÍÈÊ ßÊ ÍÀÂ×ÀËÜÍÈÉ ÏÎÑ²ÁÍÈÊ
GLOSSARY AS TRAINING MANUAL

Àâòîðè ñëîâíèêà: Â.Î. ²âàíèöÿ, Â.Ñ. Ï³äãîðñüêèé, Í.Ã. Þðãåëàéò³ñ,
Ò.Â. Áóðëàêà, Á.Ï. Ìàöåëþõ, ².Ã. Ñêðèïàëü — â÷åí³-ì³êðîá³îëîãè, ÿê³ ïðåä-
ñòàâëÿþòü Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ².². Ìå÷íèêîâà òà
²íñòèòóò ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿ ³ìåí³ Ä.Ê. Çàáîëîòíîãî Íàö³îíàëü-
íî¿ àêàäåì³¿ íàóê Óêðà¿íè.

Àâòîðè ïðèñâÿòèëè ñâîþ ïðàöþ ïàì’ÿò³ çàñëóæåíîãî ä³ÿ÷à íàóêè Óê-
ðà¿íè, äâ³÷³ ëàóðåàòà Äåðæàâíî¿ ïðåì³¿ Óêðà¿íè â ãàëóç³ íàóêè ³ òåõí³êè,
ëàóðåàòà ïðåì³é ³ìåí³ Ä.Ê. Çàáîëîòíîãî òà Î.Â. Ïàëàä³íà, àêàäåì³êà Âàëåð³ÿ
Âåí³àì³íîâè÷à Ñì³ðíîâà.

Ó ñëîâíèêó ïîäàíî áëèçüêî 3000 òåðì³í³â òà ñëîâîñïîëó÷åíü. Ì³êðîá³î-
ëîã³ÿ, ÿê ³ óñ³ ñó÷àñí³ íàóêè, ðîçâèâàºòüñÿ ó ò³ñíîìó êîíòàêò³ ç ñóì³æíèìè
äèñöèïë³íàìè, òîìó ñëîâíèê îá³éìàº, êð³ì òåðì³í³â ì³êðîá³îëîã³¿ òà â³ðóñî-
ëîã³¿, òåðì³íè ç ³ìóíîëîã³¿, á³îõ³ì³¿, ãåíåòèêè, á³îòåõíîëîã³¿, ÿê³ òàêîæ º øè-
ðîêî âæèâàíèìè ó ñó÷àñí³é íàâ÷àëüí³é òà íàóêîâ³é çàãàëüíîá³îëîã³÷í³é òåð-
ì³íîëîã³¿. Ñëîâíèê óêëàäåíî íà â³äïîâ³äíîìó íàóêîâîìó ð³âí³.

Æèòòÿ ñëîâíèê³â äîâãå. Öüîìó ÷èìàëî ïðèêëàä³â ìàº íàóêà. Äî ñëîâ-
íèê³â, çàçâè÷àé, çâåðòàºòüñÿ íå îäíå ïîêîë³ííÿ êîðèñòóâà÷³â. Îäíàê íàâ³òü
ôàõîâ³ ñëîâíèêè, ÿê³ â³äîáðàæóþòü òåðì³íîëîã³þ îäí³º¿ íàóêè àáî ñï³ëüíî¿
ç íåþ ãàëóç³, ïîâèíí³ çáàãà÷óâàòèñÿ íîâèìè ïîíÿòòÿìè òà òåðì³íàìè, çàâ-
äÿêè íîâèì íàóêîâèì â³äêðèòòÿì òà òåõíîëîã³ÿì. Ñàìå äî òàêèõ íàóê, ÿê³
ñüîãîäí³ ðîçâèâàþòüñÿ øâèäêèìè òåìïàìè ³ ñïèðàþòüñÿ íà êëàñè÷íó íà-
óêó, íàëåæèòü ì³êðîá³îëîã³ÿ.

Áàæàíî â³äçíà÷èòè äâà ìîìåíòè: ïðîñòîòó ñèñòåìè ïîçíà÷îê ó ñëîâíè-
êó, ùî ðîáèòü éîãî çðó÷íèì ïðè âèêîðèñòàíí³, òà ïîºäíàííÿ ïåðåêëàäíîãî
³ åòèìîëîã³÷íîãî ïðèíöèï³â. Òàê, ó ñëîâíèêó íàâîäèòüñÿ ïîõîæäåííÿ òåðì³í³â,
çîêðåìà, ç ëàòèíñüêî¿ òà ãðåöüêî¿ ìîâ, ÿê³ ñâîãî ÷àñó øèðîêî âèêîðèñòîâó-
âàëèñÿ íàóêîþ òà çãîäîì ñòàëè îñíîâîþ  êëàñè÷íî¿ òåðì³íîëîã³¿.

Åòèìîëîã³÷íèé ïðèíöèï, áåçóìîâíî, ïîøèðþº çàãàëüíèé ôàõîâèé ñâ³òîã-
ëÿä êîðèñòóâà÷³â, íàóêîâö³â ³ íàâ³òü øêîëÿð³â, òà ñïðèÿº ï³äâèùåííþ ³íôîð-
ìàö³éíî-ï³çíàâàëüíî¿ ðîë³ öüîãî âèäàííÿ.

Íåîáõ³äí³ñòü ïîÿâè òàêîãî ñëîâíèêà âèêëèêàíà íàãàëüíîþ ïîòðåáîþ
ñó÷àñíîãî íàóêîâîãî æèòòÿ. ² áàçóºòüñÿ íà ïîøèðåíí³ óêðà¿íñüêî¿ ìîâè ÿê
äåðæàâíî¿, çîêðåìà ó íàóêîâèõ êîëàõ, íà íåîáõ³äíîñò³ äîíåñåííÿ ì³êðîá³î-
ëîã³÷íî¿ òåðì³íîëîã³¿ äî ¿¿ ïîòåíö³éíèõ êîðèñòóâà÷³â.

Ë.Â. Êàïðåëüÿíö

ÐÅÖÅÍÇ²¯

REVIEW
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INFORMATION FOR THE AUTHORS

Íàóêîâèé æóðíàë “Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ” çàïðîøóº Âàñ
äî ñï³âïðàö³ ç ïèòàíü âèñâ³òëåííÿ ðåçóëüòàò³â íàóêîâèõ äîñë³-
äæåíü ó ãàëóç³ ì³êðîá³îëîã³¿ ³ á³îòåõíîëîã³¿.

Ïðîãðàìí³ ö³ë³ âèäàííÿ: âèñâ³òëåííÿ ðåçóëüòàò³â íàóêîâèõ äîñë³äæåíü
ó ãàëóç³ ì³êðîá³îëîã³¿ òà á³îòåõíîëîã³¿, îá`ºêòàìè ÿêèõ º ïðîêàð³îòí³ (áàê-
òåð³¿, àðõåáàêòåð³¿) òà åóêàð³îòí³  (ì³êðîñêîï³÷í³ ãðèáè, ì³êðîñêîï³÷í³ âîäî-
ðîñò³, íàéïðîñò³ø³) ì³êðîîðãàí³çìè, â³ðóñè.

Òåìàòè÷íà ñïðÿìîâàí³ñòü: ì³êðîá³îëîã³ÿ, â³ðóñîëîã³ÿ, ³ìóíîëîã³ÿ, ìîëå-
êóëÿðíà á³îòåõíîëîã³ÿ, ñòâîðåííÿ òà ñåëåêö³ÿ íîâèõ øòàì³â ì³êðîîðãàí³çì³â,
ì³êðîáí³ ïðåïàðàòè, àíòèì³êðîáí³ çàñîáè, á³îñåíñîðè, ä³àãíîñòèêóìè,
ì³êðîáí³ òåõíîëîã³¿ â ñ³ëüñüêîìó ãîñïîäàðñòâ³, ì³êðîáí³ òåõíîëîã³¿ ó õàð-
÷îâ³é ïðîìèñëîâîñò³; çàõèñò òà îçäîðîâëåííÿ íàâêîëèøíüîãî ñåðåäîâèùà;
îòðèìàííÿ åíåðãîíîñ³¿â òà íîâèõ ìàòåð³àë³â òîùî.

Ìîâà (ìîâè) âèäàííÿ: óêðà¿íñüêà, ðîñ³éñüêà, àíãë³éñüêà.

Ðóáðèêè æóðíàëó: “Îãëÿäîâ³ òà òåîðåòè÷í³ ñòàòò³”, “Åêñïåðèìåíòàëüí³
ïðàö³”, “Äèñêóñ³¿”, “Êîðîòê³ ïîâ³äîìëåííÿ”, “Õðîí³êà íàóêîâîãî æèòòÿ”,
“Ñòîð³íêè ³ñòîð³¿”, “Þâ³ëå¿ ³ äàòè”, “Ðåöåíç³¿”, “Êíèæêîâà ïîëèöÿ”.

Äî ñòàòò³ äîäàºòüñÿ âèñíîâîê åêñïåðòíî¿ êîì³ñ³¿ óñòàíîâè ïðî ìîæëèâ³ñòü
îïóáë³êóâàííÿ ðîáîòè ó â³äêðèòèõ çàñîáàõ ìàñîâî¿ ³íôîðìàö³¿, ðåêîìåíäà-
ö³ÿ óñòàíîâ, îðãàí³çàö³é, ó ÿêèõ âèêîíóâàëàñÿ ðîáîòà, çà ï³äïèñîì êåð³âíè-
êà òà ïèñüìîâà çãîäà êåð³âíèê³â óñòàíîâ, îðãàí³çàö³é, äå ïðàöþþòü ñï³âàâ-
òîðè.

Âèìîãè äî îôîðìëåííÿ ñòàòåé, ÿê³ ïîäàþòüñÿ äî ðåäàêö³¿ æóðíàëó:
Ñòàòòÿ ìàº â³äïîâ³äàòè òåìàòè÷íîìó ñïðÿìóâàííþ æóðíàëó ³, â³äïîâ³ä-

íî äî ï. 3 Ïîñòàíîâè ÂÀÊ Óêðà¿íè â³ä 15.01.2003 ð. ¹7-05/1, âêëþ÷àòè òàê³
ñòðóêòóðí³ åëåìåíòè: ïîñòàíîâêà ïðîáëåìè ó çàãàëüíîìó âèãëÿä³ òà ¿¿ çâ’ÿ-
çîê ³ç âàæëèâèìè íàóêîâèìè ÷è ïðàêòè÷íèìè çàâäàííÿìè; àíàë³ç îñòàíí³õ
äîñë³äæåíü ³ ïóáë³êàö³é, â ÿêèõ çàïî÷àòêîâàíî âèð³øåííÿ äàíî¿ ïðîáëåìè ³
íà ÿê³ îïèðàºòüñÿ àâòîð; âèîêðåìëåííÿ ðàí³øå íå âèð³øåíèõ ÷àñòèí çà-
ãàëüíî¿ ïðîáëåìè, êîòðèì ïðèñâÿ÷óºòüñÿ ñòàòòÿ; ôîðìóëþâàííÿ ö³ëåé ñòàòò³
(ïîñòàíîâêà çàâäàííÿ); âèêëàä îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ ç ïîâíèì
îá´ðóíòóâàííÿì íàóêîâèõ ðåçóëüòàò³â; âèñíîâêè ç äàíîãî äîñë³äæåííÿ ³ ïåð-
ñïåêòèâè ïîäàëüøèõ ïîøóê³â ó äàíîìó íàïðÿì³.

Äî äðóêó ïðèéìàþòüñÿ ñòàòò³ (2 ïðèì³ðíèêè) îáñÿãîì íå á³ëüøå 8 ñòî-
ð³íîê (ç óðàõóâàííÿì ðèñóíê³â,  òàáëèöü ³ ï³äïèñ³â äî íèõ, àíîòàö³¿, ðåôåðà-
òó, ñïèñêó ë³òåðàòóðè), îãëÿäè – äî 10 ñòîð., ðåöåíç³¿ – äî 3 ñòîð., êîðîòê³
ïîâ³äîìëåííÿ – äî 2 ñòîð.

Äî ðóêîïèñó äîäàºòüñÿ åëåêòðîííèé  âàð³àíò ñòàòò³ íà äèñêåò³ àáî äèñ-
êîâ³ (Word, øðèôò Times New Roman, êåãëü 14, ³íòåðâàë àâòîìàòè÷íèé, íå
á³ëüøå 30 ðÿäê³â íà ñòîð³íö³, ïîëÿ ïî 2 ñì).
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Ïðè íàïèñàíí³ ñòàòò³ íåîáõ³äíî äîòðèìóâàòèñÿ òàêîãî ïëàíó:
- ³íäåêñ ÓÄÊ ó ë³âîìó âåðõíüîìó êóòêó ïåðøîãî àðêóøà;
- ïð³çâèùà òà ³í³ö³àëè àâòîðà (àâòîð³â) ìîâîþ îðèã³íàëó, ì³ñöå ðîáîòè

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

- íàçâà ñòàòò³ âåëèêèìè ë³òåðàìè;
- àíîòàö³ÿ ³ç çàçíà÷åííÿì íîâèçíè ðåçóëüòàò³â äîñë³äæåííÿ (äî 200 ñë³â);
- êëþ÷îâ³ ñëîâà (íå á³ëüøå ï`ÿòè);

Òåêñò ñòàòò³ ìàº âêëþ÷àòè òàê³ ñêëàäîâ³:
âñòóï; ìàòåð³àëè ³ ìåòîäè; ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ; âèñíîâêè; ë³òå-

ðàòóðà.
Äî êîæíîãî ïðèì³ðíèêà ñòàòò³ äîäàºòüñÿ àíîòàö³ÿ ìîâîþ îðèã³íàëó òà

ðåôåðàòè óêðà¿íñüêîþ / ðîñ³éñüêîþ (â çàëåæíîñò³ â³ä ìîâè îðèã³íàëó ñòàòò³),
òà àíãë³éñüêîþ ìîâàìè  (êîæåí ðåôåðàò íà îêðåìîìó àðêóø³). Ïåðåä ñëî-
âîì “ðåôåðàò” íåîáõ³äíî íàïèñàòè ïð³çâèùà òà ³í³ö³àëè àâòîð³â, íàçâè  óñ-
òàíîâ, àäðåñè, ïîâíó íàçâó ñòàòò³ â³äïîâ³äíîþ ìîâîþ. Ï³ñëÿ òåêñòó ðåôåðà-
òó ç àáçàöó ðîçì³ùóþòüñÿ êëþ÷îâ³ ñëîâà.

Ó ê³íö³ òåêñòó ñòàòò³ óêàçàòè ïð³çâèùà, ³ìåíà òà ïî áàòüêîâ³ óñ³õ àâ-
òîð³â, ïîøòîâó àäðåñó, òåëåôîí, ôàêñ, e-mail (äëÿ êîðåñïîíäåíö³¿).

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

Àâòîðè íåñóòü ïîâíó â³äïîâ³äàëüí³ñòü çà áåçäîãàííå ìîâíå îôîðìëåí-
íÿ òåêñòó, îñîáëèâî çà ïðàâèëüíó íàóêîâó òåðì³íîëîã³þ (¿¿ ñë³ä çâ³ðÿòè çà
ôàõîâèìè òåðì³íîëîã³÷íèìè ñëîâíèêàìè).

Ëàòèíñüê³ á³îëîã³÷í³ íàçâè âèä³â, ðîä³â ïîäàþòüñÿ êóðñèâîì ëàòèíèöåþ.
ßêùî ÷àñòî  ïîâòîðþâàí³ ó òåêñò³ ñëîâîñïîëó÷åííÿ àâòîð ââàæàº çà

ïîòð³áíå ñêîðîòèòè, òî àáðåâ³àòóðè çà ïåðøîãî âæèâàííÿ îáóìîâëþþòü ó
äóæêàõ. Íàïðèêëàä: ïîë³ìåðàçíà ëàíöþãîâà ðåàêö³ÿ  (ÏËÐ).

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

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

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

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

Ðîçä³ë “Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ” ìàº áóòè íàïèñàíèé êîðîòêî:
íåîáõ³äíî ÷³òêî âèêëàñòè âèÿâëåí³ åôåêòè, ïîêàçàòè ïðè÷èííî-ðåçóëüòà-
òèâí³ çâ’ÿçêè ì³æ íèìè, ïîð³âíÿòè îòðèìàíó ³íôîðìàö³þ ç äàíèìè ë³òåðà-
òóðè, äàòè â³äïîâ³äü íà ïèòàííÿ, ïîñòàâëåí³ ó âñòóï³.

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

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

Ïàòåíòí³ äîêóìåíòè ðîçì³ùóþòüñÿ ó ê³íö³ ñïèñêó ïîñèëàíü.

ÇÐÀÇÊÈ ÏÎÑÈËÀÍÜ Ë²ÒÅÐÀÒÓÐÈ

Íà êíèãè

Âåê³ð÷èê  Ê.Ì. Ì³êðîá³îëîã³ÿ ç îñíîâàìè â³ðóñîëîã³¿. – Ê.: Ëèá³äü, 2001.
– 312 ñ.

Ïàòèêà Â.Ï.,  Òèõîíîâè÷ ².À. Ì³êðîîðãàí³çìè ³ àëüòåðíàòèâíå çåìëå-
ðîáñòâî. – Ê.: Óðîæàé, 1993. – 176 ñ.

Ïðîìûøëåííàÿ ìèêðîáèîëîãèÿ / Ïîä ðåä. Í.Ñ. Åãîðîâà. – Ì.: Âûñø.
øê., 1989. – 688 ñ.

Ìåòîäû îáùåé áàêòåðèîëîãèè: Â 3 ò. / Ïîä ðåä. Ô. Ãåðõàðäòà. – Ì.:
Ìèð, 1983. – Ò. 1. – 536 ñ.; Ò. 2. – 470 ñ.; – Ò. 3. – 263 ñ.

Øëåãåëü Ã. Îáùàÿ ìèêðîáèîëîãèÿ. – Ì.: Ìèð, 1987. – 566 ñ.
Bergey`s 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.

Íà æóðíàëüí³ ñòàòò³

Ïîäãîðñêèé Â.Ñ. Ñèñòåìàòè÷åñêîå ïîëîæåíèå, ýêîëîãè÷åñêèå àñïåêòû
è ôèçèîëîãî-áèîõèìè÷åñêèå îñîáåííîñòè ìèêðîîðãàíèçìîâ, èìåþùèõ ïðî-
ìûøëåííîå çíà÷åíèå // Ì³êðîá³îë. æóðí. – 1998. – 60, ¹ 5. – Ñ. 27 - 42.

Aíäðåþê Å.È., Êîçëîâà È.À., Ðîæàíñêàÿ À.Ì. Ìèêðîáèîëîãè÷åñêàÿ êîð-
ðîçèÿ ñòðîèòåëüíûõ ìàòåðèàëîâ // Áèîïîâðåæäåíèÿ â ñòðîèòåëüñòâå. –
Ì.: Ñòðîéèçäàò, 1984. – Ñ. 209 - 221.

Ãëîáà Ë.²., Ïîäîðâàí Í.². Á³îòåõíîëîã³ÿ î÷èùåííÿ çàáðóäíåíî¿ ïðèðîä-
íî¿ âîäè // Â³ñíèê ÎÍÓ. – 2001. – ò. 6, â. 4. – Ñ. 65 - 67.

Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci //
Arch. Microbiol. – 1982. – 132, ¹ 2. – P. 185 - 188.

Íà òåçè äîïîâ³äåé

Ìàöåëþõ Á.Ï. Ðîçðîáêà á³îòåõíîëîã³¿ îäåðæàííÿ  ëàíäîì³öèíó Å //
Ì³æíàðîäíà íàóê. êîíô. „Ì³êðîáí³ á³îòåõíîëîã³¿” (Îäåñà, âåðåñåíü, 2006
ð.): òåç. äîï. – Î.: „Àñòðîïðèíò”, 2006. – Ñ. 17.

Íà äåïîíîâàí³ íàóêîâ³ ðîáîòè

1. Ëîïàòèíà Í.Â., Òåðåíòüåâ À.Í., Íàòàëè÷ Ë.À., ßíãóëîâ Ø.Ó. Îïòèìè-
çàöèÿ  ïèòàòåëüíîé ñðåäû äëÿ êóëüòèâèðîâàíèÿ âàêöèííîãî øòàììà ÷óìíî-
ãî ìèêðîáà ñ ïðèìåíåíèåì ìåòîäà ìàòåìàòè÷åñêîãî ïëàíèðîâàíèÿ ýêñïå-
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ðèìåíòà / Ðåäêîë. “Ìèêðîáèîë. æóðí.” – Ê., 1991. – 7 ñ. – Äåï. â ÂÈÍÈ-
ÒÈ 03.01.92, ¹ 1-Â92.

Íà ñòàíäàðòè

ÃÎÑÒ 20264.4-89. Ïðåïàðàòû ôåðìåíòíûå. Ìåòîäû îïðåäåëåíèÿ àìèëî-
ëèòè÷åñêîé àêòèâíîñòè. – Ì.: Èçä-âî ñòàíäàðòîâ, 1989. – 17 ñ.

Íà àâòîðåôåðàòè äèñåðòàö³é

Îíèùåíêî Î.Ì. Òàêñîíîì³ÿ ³ àíòèá³îòè÷íà àêòèâí³ñòü  Alteromonas-
ïîä³áíèõ áàêòåð³é ×îðíîãî ìîðÿ: Àâòîðåô. äèñ. ... êàíä. á³îë. íàóê. Ê.,
2003. – 21 ñ.

Äàòîþ íàäõîäæåííÿ ñòàòò³ ââàæàþòü äåíü, êîëè äî  ðåäêîëåã³¿ íà-
ä³éøîâ îñòàòî÷íèé âàð³àíò òåêñòó ñòàòò³ ï³ñëÿ ðåöåíçóâàííÿ.

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

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

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

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

ðåêëàìí³ îãîëîøåííÿ á³îòåõíîëîã³÷íîãî òà ìåäè÷íîãî íàïðÿì³â; âèðîáíèê³â
ëàáîðàòîðíîãî îáëàäíàííÿ, äèàãíîñòèêóì³â, ðåàêòèâ³â òîùî äëÿ íàóêîâèõ
äîñë³äæåíü.

²ÍÔÎÐÌÀÖ²ÉÍÅ ÏÎÂ²ÄÎÌËÅÍÍß ÄËß ÀÂÒÎÐ²Â
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Àâòîðè ñëîâíèêà: Â.Î. ²âà-
íèöÿ, Â.Ñ. Ï³äãîðñüêèé, Í.Ã.
Þðãåëàéò³ñ, Ò.Â. Áóðëàêà, Á.Ï.
Ìàöåëþõ, ².Ã. Ñêðèïàëü ïðåä-
ñòàâëÿþòü Îäåñüêèé íàö³î-
íàëüíèé óí³âåðñèòåò ³ìåí³
².² .Ìå÷íèêîâà òà ²íñòèòóò
ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿
³ìåí³ Ä.Ê. Çàáîëîòíîãî Íàö³î-
íàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè.

Àâòîðè ïðèñâÿòèëè ñâîþ
ïðàöþ ïàì’ÿò³ çàñëóæåíîãî ä³ÿ-
÷à íàóêè ³ òåõí³êè Óêðà¿íè,
äâ³÷³ ëàóðåàòà Äåðæàâíî¿
ïðåì³¿ Óêðà¿íè â ãàëóç³ íàóêè ³
òåõí³êè, ëàóðåàòà ïðåì³é ³ìåí³
Ä.Ê. Çàáîëîòíîãî òà Î.Â. Ïà-
ëàä³íà, àêàäåì³êà Âàëåð³ÿ Âåí-
³àì³íîâè÷à Ñì³ðíîâà.

Ó ñëîâíèêó ïîäàíî áëèçü-
êî 3000 òåðì³í³â, ïîíÿòü ³ ñëî-
âîñïîëó÷åíü ó ì³êðîá³îëîã³¿.

Âèäàííÿ ñêëàäàºòüñÿ ç
äâîõ ÷àñòèí: ó ïåðø³é ÷àñòèí³
ïîäàíî òåðì³íè óêðà¿íñüêîþ
ìîâîþ òà ¿õ ïåðåêëàä ðîñ³éñü-
êîþ, â äðóã³é — ðîñ³éñüêîþ
ìîâîþ òà ¿õ ïåðåêëàä óêðà¿íñü-
êîþ. Ó ñëîâíèêó  ïîºäíàíî ïå-
ðåêëàäíèé òà åòèìîëîã³÷íèé
ïðèíöèïè. Ñëîâíèê ìàº àêàäå-
ì³÷íèé  õàðàêòåð, ó íüîìó äîò-
ðèìàíî ïðàâèë îñòàííüî¿ ðå-
äàêö³¿ ÷èííîãî “Óêðà¿íñüêîãî
ïðàâîïèñó”.

“Ñëîâíèê òåðì³í³â ó ì³êðî-
á³îëîã³¿” ðåêîìåíäîâàíèé Ì³í³-
ñòåðñòâîì îñâ³òè ³ íàóêè Óêðà¿-
íè ÿê íàâ÷àëüíèé ïîñ³áíèê äëÿ
ñòóäåíò³â á³îëîã³÷íèõ ñïåö³àëüíî-
ñòåé âèùèõ íàâ÷àëüíèõ çàêëàä³â.

ÍÎÂÈÉ
ÑËÎÂÍÈÊ

NEW GLOSSARY

Ó ÂÈÄÀÂÍÈÖÒÂ² «ÍÀÓÊÎÂÀ

ÄÓÌÊÀ» Â ÑÅÐ²¯ “ÑËÎÂÍÈÊÈ

ÓÊÐÀ¯ÍÈ” ÂÈÉØÎÂ ÄÐÓÊÎÌ

ÓÊÐÀ¯ÍÑÜÊÎ-ÐÎÑ²ÉÑÜÊÈÉ  ÒÀ

ÐÎÑ²ÉÑÜÊÎ-ÓÊÐÀ¯ÍÑÜÊÈÉ

“ÑËÎÂÍÈÊ ÒÅÐÌ²Í²Â Ó Ì²ÊÐÎ-

Á²ÎËÎÃ²¯”.

Ç ïèòàíü ïðèäáàííÿ ñëîâíèêà
çâåðòàòèñÿ äî âèäàâíèöòâà “Ôåí³êñ”
(Òåëåôîí 8 (048) 7777-591, âóë. Çîîïàð-
êîâà, 25, ì³ñòî Îäåñà, 65009.

E-mail: maritimebooks@ yandex.ru).




