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.
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.

 – 
, ,

.
.

:  (
, 

, , 
);  ( , 

);  (
, , , , 

, );  (
); ).

.
 ( ) 
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.
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 SCOPUS,  57 , 1 , 1 
.

.  166
:

», « » (1 ), « » (5 ),
», « », « »,  251

 (  213 ).  35  5
.

 1.
.

 (
) , ,

, , , 
.

 2. 
.

Rhodococcus erythropolis -1 [ , 2004].
 (Bacillus subtilis -2,

Echerichia coli -1),  (Candida scottii -8, Candida tropicalis -5,
Candida albicans -6, Candida utilis -65, Candida guilliermondii -4,
Saccharomyces cerevisiae -3),   (Aspergillus niger -3,
Penicillium chryzogenum -7) 

.

Pseudomonas syringae -1027, Pseudomonas syringae pv. coronafaciens
-1154, Xanthomonas camp stris pv. campestris -1049,

Pectobacterium carotovorum -1095 
 ( ) Xantomonas vesicatoria 7790,

Pseudomonas corrugat 9070 
. . .

R. erythropolis -1.
 ( 3):

NaNO3 –  1,3;  NaCl  –  1,0;  Na2HPO4 –  0,6;  KH2PO4 – 0,14; MgSO4· 7H2O – 0,1;
FeSO4·7H2O – 0,01;  6,8 7,0. 

, , ,  (
10 16), , , -

 ( )  0,5–2 % ( ), 
 (0,1–1 % ). 

,  (0,1–0,8 %, )
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 (0,1–0,8 %, ) , 
.

-1 u2+,
Cd2+, Pb2+ (0,01 0,5 , )  1

 CuSO4·5H2O, CdSO4·8H2O, Pb( 3COOH)4 , 
, 

.
, 

 ( ), 
, 

 1 % ( ) . 
(104 105 3)  1–10 % 

.  R. erythropolis -1   
 750 3  100  3

(320 )  30 º  48–168 .

 4. 
112 °  30 .

.

)  (
). 

 (5000 g, 30 ). 

.
 ( s) 

 «LAUDA TD 1C» ( ). 
 « »

*, ), 

s .
 ( 3) 

 ( , 2:1) 
 50 ° . 

,  [Cooper, 1987]. 
.

.
 (  1), 

 (  2). , ,
 3.  1  2

.



8

, 
 30 ° , 

 ( 3). 
(1,5 3),  1,5 3 ,  1  2 

, , 
. 

.
.

 «Gala», 
 112 °  30 . 

 1, 2  3,  – 
 ( ),  24 

 ( )  30° . 
 10 3

. 
-

 2 , 
10 3 .

 20 3

 5 , . 
. 

 1, 2  3 
 [Nitschke, 2009].

.
.  1 , 20 3 ,

 (100–300 3) 
 0,01 % . 

 0,01–0,05 u2+, Cd2+,
Pb2+. ,

 – 30 .
.

,  2 3 ,  0,01–0,05 
u2+, Cd2+, Pb2+ . 

 (2,6 3),  (
 5 % ). 

 (0,01 %). 

.

».  2 3 , 
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5,2 , 40 3  ( ) 
 21 . 

.  21
.

R. erythropolis -1.  R. erythropolis -1 
. , -1

 48  ( )  72  (
)  (10000 g, 5 ). 

(10000 g, 5 ), 
 ( , ). 

eppendorf  1,5 3  (  + ) 
, ; u2+  0,01,

0,05  0,1 ,  30 °  1 , 
. 

u2+

.

u2+. , 
,  ( )

-1. 
u2+ (0,01 0,05 ). 

 30  30 º , 
. 

u2+

.
. , 

R. erythropolis -1 
, ,

.  (
)  0,05 + ,  7,0. 

 0,05 + ,  7,0, 
 (22 ) 4  60  4 ° -1 ( ).

 (12000 g, 30 , 4 ° ), , 
. 

.
 (  1.14.15.3) 

 340 
. 

 0,01; 0,05  0,1 u2+  5 % 
CuSO4·5H2O.
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 3. -
R. erythropolis EK-1. , , 

 ( , 
, , ) , 

,  [Müller, 2010;
Nitschke, 2010].

,  (1–2 %)
R. erythropolis -1 

 3 
 ( . 1). 

35–59 %,  1,4–2 , . ,
-1 

.

 1 – 
R. erythropolis -1 

, % 24, % *
1,0 35 5,3±0,3
2,0 38 4,3±0,2
1,0 49 12,3±0,6
2,0 37 14,3±0,7

 ( ) 2,0 70 4,8±0,2
:

1. . 1 – 3: 
 5 %.

, 
, ,

, .
, 

, : 3,2  1,7 3

.
, 

R. erythropolis -1 ( ) , 
 ( , ) 

. ,  (0,1 %)  2 %
-1 

 4  (  6,8 3) 
R. erythropolis -1  ( . 2).
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. 
 (0,1 %, ) 

-1 
 4 3, , .

 2 – 
R. erythropolis EK-1 

 ( ) , % 24, % , 3

0,1 47 6,8±0,3
0,2 45 3,6±0,2
0,3 39 2,1±0,1
0,1 42 2,5±0,1
0,2 42 4,5±0,2
0,3 40 3,1±0,2
0,1 38 2,8±0,1
0,2 49 2,6±0,1
0,3 51 2,9±0,2
0 42 1,7±0,1

 4. 
R. erythropolis -1. , 

, 
 [Kavamura, 2010; Tyagi, 2011]. , 

,
. , 

R. erythropolis -1.

R. erythropolis -1 . , 
0,01 u2+ -1 

 25 % 
.   u2+

R. erythropolis -1 , 
 ( . 3) . 

, . ,
, , 

, 
(0,1  0,5 ); 

,  40–44 %.
 Cd2+  Pb2+ -1  

,  Pb2+

 10–20 % 
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, 
.

 3  –  R. erythropolis -1 
 Cu2+

Cu2+ ( ) Cu2+, 

,

3
* 24, %

– 0 0,9±0,045 5,0±0,22 58
0,01 0,85±0,04 5,5±0,28 60
0,05 0,8±0,03 6,4±0,32 65
0,1 0,9±0,045 7,8±0,4 68
0,5 0,7±0,04 3,9±0,2 58
0,01 0,8±0,03 5,3±0,26 65
0,05 0,7±0,04 5,2±0,26 69
0,1 0,75±0,04 5,5±0,28 60
0,5 0,7±0,04 4,2±0,21 62

, 
 Cu2+ (0,01–0,1 ) 

 Cd2+ (0,01 ) -1
 20 % 

.
 [Pirog, 2010], -1

, 
,  [van Beilen,

2007]. , 

. ,  0,05  0,1 
-1

 1,5  2 u2+.
, R. erythropolis -1 

u2+

. , , -1  0,01–
0,1  (0,38–63,4 %) , 
(0 %).

 ( ) 
R. erythropolis -1 .

, , , 
)  ( , 

; 
, 
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) . 
,   

.

 5. R. erythropolis EK-1  
.

, . 

. , 
, 

 [Moellering, 2011; Kalyani, 2011].
,  (0,61–0,98 3)

-1 
B. subtilis -2, C. tropicalis -5 

C. albicans -6. ,  (0,98 3) B. subtilis -2 
 98 %  ( . 1). 

 (0,61 3)  53–55 %
.

55 53

2 1,8

0
10
20
30
40
50
60
70

1 2 

  
, %

0,61

0,98

B. subtilis -2 ( )  –
4·106 3.

 1 – B. subtilis -2.

 [Luna, 2011; Gudina, 2010] , 

, E. coli
Candida. , 

R. erythropolis -1 
.

, 3
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,  (  2) 
0,0625–0,25 3 E. coli -1  
C. albicans -6  45–65 % 

. ,

.

 [ , 2011], 
R. erythropolis -1 

. , 
 2 – . 

Pseudomonas Xanthomonas
 10–70 %  2 . 

.

 6. R. erythropolis EK-1 
.

,
, 

[Jayabarath, 2009].
,  (86,4 %)

 (20 3 )  300 3

 ( . 4).
, 

. , 
 [Tyagi, 2011]. 

 99 %)  (5 %, )
R. erythropolis -1 

, 
 (0,01–0,1 ). , 

, , , 
,  Cu2+

R. erythropolis -1,  
, 

 ( ). 

(0,01–0,05 )  76–95 %,  – 0,1–0,4 %, 
.

, u2+ (0,1 ) 
,  (20 3 ), 

. , 
 (0,01–0,1 ), , , 

u2+
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  -1, 
.

 4 – 
R. erythropolis -1

,
3 , 

,
%

100 7,0±0,012 67
200 5,7±0,023 73
300 2,9±0,019 86
100 11,6±0,026 45
200 10,4±0,015 51
300 9,3±0,021 56

0 21,4±0,015 0
:

1. . 4–5: 
 5 %.

 10 

.  ( . 5)
R. erythropolis -1 

» (  « », . ).

 5 –
 « » -1

, 3 , % , 3

»
7 2,28±0,11 12 (2,2±0,11) · 104

14 1,76±0,09 32 (7,2±0,36) · 104

21 0,98±0,05 62 (2,0±0,1) · 105

-1 21 0,13±0,01 95 (3,9±0,19) · 105

:
1.  – 3,2·103

3.
2. 

.

,  (2,6 3) 
-1  95 %, 

 « » – 62 %.
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R. erythropolis -1 ,
, . 

-1. 

.

, 
, 

. 

.
1.

, , , 
) R. erythropolis -1.

2.  (0,1 %) 
R. erythropolis -1  (2,0 %) 

 4  (  6,8 3) 
. 

, 
. , 

, .
3.  0,01–0,05  Cu2+

R. erythropolis -1  ( )  ( ,
, ) 

 25–44 % 
 Cu2+. 

-1.
4. ,  R. erythropolis -1

(0,61–2,1 3) 
(B. subtilis -2,

C. tropicalis -5, C. albicans -6).
, , 

 3–26 % 
.

5. ,  2 
R. erythropolis -1 
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Pseudomonas  Xanthomonas  10–70 %. 

.
6. , R. erythropolis -1 

E. coli IEM-1 . albicans -6 . 
, 

45–65 % .
7. ,  (5 %)

R. erythropolis -1   (2,6  3) 
Cu2+ (0,01–0,05 )  75–95 %, 

 « » – 62 %. 
, 

-1, 
, .

8.

(200–300 3 )  (0,1 )  92–99 %.
9. , 

 ( =0,633) 
-1  4 

 ( =0,15). , 
, 
.

, 

1. .
Rhodococcus erythropolis -1  /

. * // . – 2008. –  7. – . 36–39.
:  R. erythropolis

-1  ( ,
, ).

2. Rhodococcus erythropolis -1  
Acinetobacter calcoaceticus K-4 

 / . *, . , . , .  //
. – 2009. –  29. – . 17–20.

: 
 R. erythropolis -1 ( ,

).
3. . -

Rhodococcus erythropolis -1 / . , . *,
.  // . – 2010. –  32. – . 57–59.
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: 
R. erythropolis -1 .

4. .
Rhodococcus rythropolis -1  /

. , . *, .   // .  – 2010. –
. 38, . 2. – . 163–166.

: -1 

, 
)

5. .
Rhodococcus erythropolis -1 / . *,

. , .  // . – 2011. –  37–38. – . 77–
81.

:  R. erythropolis -1
, 

.
6. .  Rhodococcus

erythropolis EK-1  / . , .
, .  // . – 2011. –  10–11. – . 121–

126.
: -1 

).
7. . 63962 ,  C 12 N 1/20 (2006.01). 

 / ., ., . ;
. –

 u 201103813 ; . 29.03.2011 ; . 25.10.2011, .  20.
:  R. erythropolis -1 

8. . 98571 ,  C 12 N 1/20, C 12 P 1/04. 
 / ., .,

. ; 
. –  201103809 ; . 29.03.2011 ; . 25.05.2012, .  10.

: 
, , , 

 R. erythropolis -1.
9. Acinetobacter calcoaceticus K-4

Rhodococcus erythropolis EK-1  / . , .
, . , .  // . – 2011. –

.73,  3. – . 14–20.
: 

 R. erythropolis -1 .
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10. Rhodococcus
 / . , . , . , .  //

. – 2012. – .5,  2, – . 51–68.
: 

 R. erythropolis -1 , 
.

11. . Rhodococcus erythropolis -1:

 / . *, . , .  // 
 : . .- . ., 28-30  2010 . :

. – , 2010. – .622–627.
: -1 

, 

12. .
Acinetobacter calcoaceticus K-4  Rhodococcus erythropolis EK-1 

   /
. *, . , .  // 

 : . .
., 31 -4  2010 . : . – , 2010. – . 372–374.

: 
 R. erythropolis -1

, , 
)

13. Industrial wastes as substrates for microbial surfactants synthesis /
A.P. Morozova*, T.P. Pirog, N.A. Manzhula, M.D. Kundeev // 

 :
. . ., 31 -4  2010 . : . – , 2010. –

. 374–376.
: -1 

14.
 / . , . ,

. , . , .  //  : I
. .- . ., 30  2011 . : . – , 2011. –

. 89–94.
: 

, , , 
 R. erythropolis -1.

15. . 
Rhodococcus erythropolis -5017 / . , . ,

.  // 
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R. erythropolis -1 

.
16.

 / . ,
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 : . .- . . 
. , 29-30  2011 . : . – , 2011. –

. 116–119.
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-1.
17.
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. ., 24-25  2012 . : . – , 2012. – . 6–9.

:  R. erythropolis
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-1 

.
19. Sofilkanich A.P. Water remediation by biosurfactant preparation
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.
 10 3

R. erythropolis -1  (2 %), 
, ,  0,1 % 

 0,1  Cu2+ .
, -1 

, ,  10–70 %
. 

45–65 % .
 R. erythropolis -1 

 (2,6 3) 
(20 3 )  75–99 %.

: Rhodococcus erythropolis -1, 
, , 

. 
Rhodococcus erythropolis -1 

. – .

 – 03.00.20. 
, , 2012.

 ( ) Rhodococcus erythropolis -1  
, 

.
 10 3

R. erythropolis -1  (2 %),
, ,  0,1 %

 0,1  Cu2+

.
, -1 

, ,  10–70 %
. 

 45–65 % .
R. erythropolis -1  

 (2,6 3)
 (20 3 )  75–99 %.
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: Rhodococcus erythropolis -1, 
, , .

SUMMARY
Sofilkanych A.P. Development of technology of surface-active substances

of Rhodococcus erythropolis -1  with  the  use  of  industrial  wastes.  –
Manuscript.

Dissertation for the degree of candidate of technical sciences in specialty
03.00.20. National University of Food Technologies MESYS of Ukraine, Kyiv, 2012.

The dissertation thesis is devoted to  development of technology of surface-
active substances (surfactants) synthesized by Rhodococcus erythropolis EK-1 using
fried sunflower oil, and to investigation of practical use of surfactants in
environmental technologies.

Surfactants synthesized by microorganisms are used in various fields of
industry, but their rational use depends primarily on economic efficiency. One of the
ways to reduce the cost of surfactant technology is the use of cheap growth
substrates, such as waste from other industries.

The strain of oil oxidizing bacteria, identified as R. erythropolis EK-1, was
isolated from oil-contaminated water and soil samples at the Department of
Biotechnology and Microbiology of National University of Food Technologies in
previous studies. The ability of strain EK-1 to synthesize surfactants on n-hexadecane
and ethanol was established and the composition of nutrient medium and conditions
of producer’s cultivation were optimized. The physiological fundamentals of
surfactant synthesis regulation were defined during the growth of
R. erythropolis EK-1 on hydrophilic and hydrophobic compounds and technology
was scaled to fermentation equipment

The possibility of replacing of high-cost substrates (n-hexadecane and ethanol)
for the surfactant biosynthesis by R. erythropolis EK-1 with industrial waste (oil and
fat industry, fried sunflower oil, glycerol, liquid paraffin) was established. The
highest rates of surfactants synthesis were observed on oil containing substrates and
exceeded those on n-hexadecane and ethanol by 1,3–3 folds.

The technology of surfactant biosynthesis by R. erythropolis EK-1 was worked
out and include: 1) the use of fried sunflower oil as carbon and energy source (2 %);
2) use of inoculum grown on molasses 3) addition of glucose (0.1 %) at the beginning
of  cultivation  and  0.1  mM Cu2+ in the middle of the exponential growth phase into
the medium with oil. Implementation of this technology makes possible increasing
the concentration of extracellular surfactant by 4–4,5 folds compared to previous
technologies with n-hexadecane and ethanol.

A technological scheme of surfactants’ biosynthesis by R. erythropolis EK-1
on medium with fried sunflower oil was designed. It consists of auxiliary work
(preparing and sterilization of nutrient medium for inoculum obtaining and
biosynthesis process) and major works (growing of inoculum and biosynthesis).

The stimulation of surfactants synthesis by strain EK-1 by introducing of
copper cations (0,01–0,1 mM) into a medium with hydrophilic (ethanol) and
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hydrophobic (n-hexadecane, liquid paraffin, fried sunflower oil) substrates in the
middle of the exponential growth phase was shown. Intensification of surfactants
synthesis on hydrocarbons in the presence of Cu2+ was caused by activation of alkane
hydroxylase of R. erythropolis EK-1.  Activity of  alkane hydroxylase of  strain EK-1
increased by 1.5 and 2 folds in the presence of 0.05 and 0.1 mM copper cations in the
reaction mixture respectively compared with activity without Cu2+.

It was established that surface-active substances inherent protective functions
from Cu2+ influence.  Thus,  the  survival  of  cells  of  strain  EK-1  in  presence  of
surfactants and 0.01–0.1 mM of copper cations was significantly higher
(0,38–63,4 %) than without surfactants (0%).

It was found that surfactants’ preparations of R. erythropolis EK-1
(0,61–2,1 mg/cm3) as supernatant of cultural liquid showed antimicrobial effect on a
number of microorganisms (Bacillus subtilis BT-2, Candida tropicalis PBT-5,
Candida albicans D-6). Survival of microbial cells in the presence of surfactants
depended on their concentration, duration of exposition, and the physiological state of
the test cultures and was 3–26 % of the initial number of cells in suspension.

We have shown that cell survival of pathogenic bacteria of genera
Pseudomonas and Xanthomonas was  10–70  %  after  the  treatment  with  surfactants’
preparations of R. erythropolis EK-1 for 2 h. These results suggest a promising use of
microbial surfactants for the development of environmentally friendly products to
control the number of pathogenic bacteria.

The ability of surfactants’ preparations of R. erythropolis EK-1 to reduced
adhesion of E. coli IEM-1, B. subtilis B-2 and C. albicans D-6 on dental materials
was shown. An adhesion of bacteria and yeast cells decreased by 45–65 % after the
treatment of dental prostheses with surfactants’ preparations as supernatant and
purified surfactant solution, compared to untreated materials.

It was found that the use of low concentrations (5 %) of as post-fermentative
cultural liquid of R. erythropolis EK-1 led to the 75–95 % degradation of oil in water
(2.6 g/dm3) in the presence of Cu2+ (0.01–0.05 mM), while in the case of treatment
with preparation «Devoroyl» 65 % of oil degraded. The mechanism of
bioremediation of complex pollution in water consists in oil solubilization with
surfactants, activation of alkane hydroxylases in strain EK-1 and in indigenous oil-
oxidizing microflora with copper cations and in protective functions of surfactants.

The highest degree of degradation (92–99 %) of the complex pollutions with
heavy metals and oil in the soil was in the presence of surfactant preparations
(200–300 cm3/kg of soil) and copper cations (0.1 mM).

Keywords: Rhodococcus erythropolis -1, surface-active substances, fried
sunflower oil, biosynthesis intensification.


