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The formation of pathogenic microorganisms biofilms on the central venous catheter is the cause of 
catheter-associated infections. An alternative method of combating biofilms is the use of “antibacterial” 
and “antifungal” locks, which are solutions of antibiotics or antifungal drugs in a mixture with other 
natural compounds, which can be microbial surface-active substances (surfactants) or essential oils. 
Aim. To investigate the role of Nocardia vaccinii IMV B-7405 surfactants mixture with other antimicrobial 
compounds in the destruction of biofilm on silicone tubes. Methods. N. vaccinii IMV B-7405 was grown 
in medium containing as carbon source purified glycerol and waste from biodiesel production, refined 
sunflower oil, oil after frying French-fried potatoes, Potato wedges and meat. The surfactants were 
extracted from supernatant of cultural liquid by modified Folch mixture. 2 mL of surfactant solutions, 
antifungal drugs (nystatin, fluconazole) or tea tree essential oil of the same concentration (5–640 μg/mL)  
were added to test tubes with silicone tubes (with pre-formed biofilm from test culture). To study the 
synergistic effect of the biofilms destruction, a mixture of surfactant solutions and antifungal substances (or 
essential oil) of the same concentration in a ratio of 1:1 (1 mL of each solution) was added to the test tubes. 
Sterile tap water (2 mL) was added to control test tubes instead of surfactants preparations, antifungal 
substances or essential oil. The degree of biofilm destruction (%) was determined as the difference between 
the adhesion of cells on the inner side of silicone tubes, untreated and treated with surfactants, antifungal 
drugs, essential oil, or their mixture. Results. It was found that surfactants synthesized by N. vaccinii IMV 
B-7405 on all substrates showed synergism of yeast and bacterial biofilms destruction on silicone tubes in 
a mixture with nystatin, fluconazole and tea essential oil in the whole range of investigated concentrations 
(5–640 μg/mL), but the highest effect was achieved at a concentration of 20–40 μg/mL. Thus, the degree 
of Candida albicans D-6, Candida utilis BVS-65 and Candida tropicalis PE-2 biofilms destruction under 
the action of a mixture of surfactants synthesized on waste from the biodiesel production and waste 
oil, with antifungal drugs was 45.8–71.8 % and was higher than with only surfactants (21.2–41.6 %), 
nystatin (22.4–24.1 %) or fluconazole (28.1–31.3 %). The destruction of Candida genus yeast biofilms 
under the action of surfactants synthesized on oil-containing substrates in a mixture with both nystatin 
and fluconazole reached 50.1–71.2 %, which is 10–30 % higher compared to the use of surfactants alone 
or only antifungal agents. The degree of Pseudomonas sp. MI-2, Escherichia coli IEM-1, Staphylococcus 
aureus BMS-1, Bacillus subtilis BT-2 (spores) biofilms destruction on silicone tubes treated with a mixture 
of tea tree essential oil and surfactants synthesized on all oil-containing substrates was 10–29 % higher 
than in the case of using only solutions of surfactants (11.5–45.4 %) or essential oil (21.4–34.5 %) for the 
tubes treatment. Conclusions. The data obtained make it possible to consider surfactants synthesized by 
N. vaccinii IMV B-7405 on a wide range of cheap and accessible substrates as promising components of 
“antibacterial” and “antifungal” locks in combination with essential oils and antifungal agents.

Keywords: Nocardia vaccinii IMV B-7405, surfactants, antifungal drugs, tea tree essential oil, syner-
gism of biofilm destruction.
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Central venous (tunnelled) catheters are among 
the most commonly used invasive medical devices 
in hemodialysis procedures. The advantage of 
their use is the possibility of introducing into the 
patient’s vein for a long time, which allows the 
necessary medical manipulations to be carried out 
quickly enough without injuring the venous vessels 
and to reduce the procedure cost [1, 2]. However, 
the most common complications in the use of such 
devices are thrombosis and catheter-associated 
infections. The latter is caused by the ingress of 
coagulase-negative staphylococci, Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa 
[3–5], yeast of the Candida genus [6, 7] into the 
lumen of the catheter, and the formation of biofilm. 
One of the most used methods of combating 
these pathogens is the introduction of so-called 
“antibacterial locks” into the lumen of tunnel 
catheters, which are a solution of antibiotics 
(amikacin, gentamicin, amphotericin B, colistin, 
voriconazole) with heparin [3]. At the same time, 
the disadvantage of using antibiotics is their 
rather high concentration (5–100 mg/mL) in the 
composition of such solutions [3] and the formation 
of resistance in microorganisms [8]. 

In our previous work [9], we noted that 
alternative substances that reduce the antibiotics 
concentration in solution and can be used as 
“antibacterial locks” are surfactants synthesized 
by Nocardia vaccinii IMV B-7405 which showing 
synergism of antimicrobial action with antibiotics, 
synthetic antifungal drugs [10] and essential oils 
[11]. In addition to antimicrobial, surfactants also 
have anti-adhesive activity, as well as the ability to 
destruct biofilms.

In connection with the above, the aim of this 
work was to investigate the role of a mixture of 
N. vaccinii IMV B-7405 surfactants with other 
antimicrobial compounds in the destruction of 
biofilms on silicone tubes.

Materials and methods. The main object of 
research was oil oxidizing bacteria strain Nocardia 
vaccinii K-8, that was isolated from oil polluted 
samples of soil [12]. Strain K-8 was registered 
in the Depositary of Microorganisms of the DK 
Zabolotny Institute of Microbiology and Virology 
of the National Academy of Sciences of Ukraine 
under the number IMV В-7405.

Bacterial (Pseudomonas sp. MI-2, E. coli IEM-1,  
S. aureus BMS-1, Bacillus subtilis BT-2 (spores)) 
and yeast (Candida albicans D-6, Candida utilis 
BVS-65 and Candida tropicalis PE-2) strains from 
the collection of live cultures of the Department of 

Biotechnology and Microbiology of the National 
University of Food Technology were used as test 
cultures in determining the ability to destruct 
biofilms.

Tea tree essential oil (Aromatica LLC, Ukraine), 
synthetic agent fluconazole, which is chemically 
derivative of triazole and polyene antibiotic 
nystatin were used.

N. vaccinii ІМV В-7405 was grown in the syn-
thetic nutrient medium containing (g/L): NaNO3 –  
0.5; MgSO4·7H2O – 0.1; CaCl·2H2O – 0.1; 
KH2PO4 – 0.1; FeSO4·7H2O – 1; yeast autolysate –  
0.5 % (v/v). As a carbon source we used: Refined 
oil “Oleina” (Dnipro oil extraction plant), sun-
flower oil after frying French-fried potatoes, Potato 
wedges, and meat (McDonald’s fast-food res-
taurants, Kyiv); purified glycerol and waste from 
biodiesel production (biofuel plant, Poltava region) 
at a concentration of 2.0 % (v/v).

The amount of extracellular surfactants was 
determined using modified by us Bligh and Dyer 
method after extraction with a Folch mixture of 
chloroform and methanol (2:1) from the supernatant 
of the culture broth as described in [11].

The formation of a biofilm on silicone tubes 
and the determination of its destruction degree 
were carried out by a modified method, based on 
the methods described in [13, 14]. The preliminary 
preparation of silicone tubes was spend as indicated 
in [13], the formation of biofilm and determination 
of its destruction degree according to the work 
[14]. The main modification consisted in the 
use of a mixture (1:1 ratio) of surfactants and 
antifungal substances (or essential oil) of the same 
concentration, which made it possible to compare 
the effectiveness of using monopreparations of 
these substances, their complex and to draw a 
conclusion about the synergistic destruction of 
biofilms.

Pre-cleaned and sterilized in an autoclave  
(112 °C, for 30 min) silicone tubes (manufactured 
by “Wacker”, Germany) 4 cm long were placed 
in sterile Vidal tubes. To form a biofilm, 1.8 mL 
of meat-peptone broth or liquid wort and 0.2 mL 
of one-day test culture suspension were added to 
test tubes and incubated for 24 h at the optimal 
temperature for test-culture; after that cultural 
liquid was poured off and another 1.8 mL of fresh 
liquid wort or meat-peptone broth and 0.2 mL of 
test culture suspension was added, and tubes were 
incubated again for 24 h. 

The cultural liquid was poured off after 48 h, 
and 2 mL of surfactants, antifungal substances 
or a solution of tea tree essential oil of the same 
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concentration (5−640 μg/mL) were added to test 
tubes with silicone tubes (pre-covered with the 
biofilm).

To study the synergistic effect of the biofilms 
destruction, a mixture of surfactants solutions and 
antifungal substances (or essential oil) of the same 
concentration (5–640 μg/mL) in a ratio of 1:1 (1 ml 
of each solution) was added to the test tubes. Sterile 
tap water (2 mL) was added to control tubes instead 
of surfactant preparations, antifungal substances or 
essential oil.

After 24 h of exposure, the silicone tubes were 
washed three times with distilled water, placed in 
sterile Vidal tubes, and the biofilm was fixed with 
methanol for 15 min, the remaining methanol was 
decanted, and silicone tubes were dried at room 
temperature. After that, the tubes were painted 
with 0.1 % gentian violet solution for 30 min. 
After staining, the silicone tubes were washed three 
times with distilled water. The dye from the inside 
of the tubes was removed using a 33 % acetic acid 
solution, and the number of adhered cells was 
determined spectrophotometrically. The degree 
of biofilm destruction (%) was determined as the 
difference between the adhesion of cells on the 
inner side of silicone tubes, untreated and treated 
with surfactants, antifungal drugs, essential oil, or 
their mixture [13, 14]. 

All experiments were performed in three 
replications, the number of parallel determinations 
in experiments ranged from three to five. Statistical 
processing of the experimental data was as 
described in previous paper [11]. The average 
difference was considered significant at P < 0.05.

Results. At the first stage, the possibility of 
using a mixture of antifungal drugs nystatin and 
fluconazole with surfactants synthesized by N. va-
ccinii IMV B-7405 on various substrates, including 
industrial wastes, was established by the destruction 
of Candida genus yeast biofilms (Tables 1 and 2). 
The data given in Table 1 show that, regardless of 
the substrate used (purified glycerol, waste from 
biodiesel production), the surfactants synthesized 
by N. vaccinii IMV B-7405 showed synergistic 
destruction of yeast biofilms in a mixture with 
nystatin and fluconazole. When using a mixture 
of surfactant solutions and antifungal drugs in a 
concentration of 20 μg/mL, the degree of biofilms 
destruction was 45.8–71.8 % and was higher than 
after the use of surfactants alone (21.2–41.6 %), 
nystatin (22.4–24.1 %) or fluconazole (28.1–
31.3 %) in similar concentrations. Note that the 
synergism of the yeast biofilms destruction under 

the action of surfactants and antifungal agents 
was observed in the all range of the studied 
concentrations (5–640 μg/mL), however, a high 
effect was achieved at a concentration of 20 μg/mL. 
Similar patterns were observed when a mixture 
of nystatin and fluconazole with surfactants 
synthesized by N. vaccinii IMV B-7405 on oil-
containing substrates of various qualities was used 
to destroy yeast biofilms (Table 2), but the effective 
concentration of surfactants and antifungal agents 
was higher and amounted to 40 μg/mL. Thus, 
the destruction of Candida genus yeast biofilm 
under the action of surfactants synthesized on 
oil-containing substrates, in a mixture with both 
nystatin and fluconazole, reached 50.1–71.2 %, 
which is 10–30 % higher compared with the use of 
surfactants or antifungal agents alone. 

Note that a high degree of yeast biofilms 
destruction under the action of a mixture of 
fluconazole and nystatin with surfactants was 
achieved regardless of the quality of the oil used to 
obtain the surfactant (refined or after frying French 
fried potatoes or Potato wedges) (see Table 2).

At the next stage, we investigated the possibility 
of using a mixture of surfactants synthesized 
on various oil-containing substrates with tea 
tree essential oil to destroy bacterial biofilms 
on silicone tubes (Table 3). The data in table 3 
indicate that all the surfactants showed synergism 
of biofilms destruction in a mixture with essential 
oil, however, a high effect was achieved when 
surfactants synthesized on oil after frying potatoes 
were added to the mixture. In this case, the biofilms 
destruction of the studied bacterial test cultures 
reached 50.1–69.5 %, while when using a mixture 
of essential oil and surfactants obtained on refined 
oil or oil after frying meat did not exceed 49.1–56.4 
and 35.5–45.8 %, respectively.

At the same time, we note that the degree of 
bacterial biofilms destruction on silicone tubes 
treated with a mixture of tea tree essential oil 
and surfactants synthesized on all oil-containing 
substrates was 10–29 % higher compared to the 
use of only surfactants (11.5–45.4 %) or essential 
oil (21.4–34.5 %) for tube treatment.

Discussions. The first information on the abi-
lity of microorganisms to colonize central venous 
catheters dates back to 1982, when the adhesive 
properties of Staphylococcus epidermidis BSI 
were investigated [14]. Later, a role of bacteria 
(coagulase-negative staphylococci, S. aureus,  
E. coli, Pseudomonas aeruginosa, representati-
ves of the Bacillus genus [3–5, 16]), and fungi  



ISSN 1028-0987. Мікробіол. журн., 2021, Т. 83, № 446

Ta
bl

e 
1

T
he

 r
ol

e 
of

 N
. v

ac
ci

ni
i I

M
V

 B
-7

40
5 

su
rf

ac
ta

nt
s 

sy
nt

he
si

ze
d 

on
 g

ly
ce

ro
l o

f v
ar

io
us

 d
eg

re
e 

pu
ri

fic
at

io
n,

 m
ix

ed
 w

ith
 a

nt
ifu

ng
al

 d
ru

gs
, i

n 
th

e 
de

st
ru

ct
io

n 
of

 y
ea

st
 b

io
fil

m
s 

on
 s

ili
co

ne
 tu

be
s 

Su
bs

tra
te

 fo
r s

ur
fa

ct
an

t s
yn

th
es

is
Te

st
 c

ul
tu

re
D

es
tru

ct
io

n 
(%

) o
f b

io
fil

m
 u

nd
er

 th
e 

ac
tio

n 
of

su
rf

ac
ta

nt
s

ny
st

at
in

flu
co

na
zo

le
a 

m
ix

tu
re

 o
f s

ur
fa

ct
an

ts
  

an
d 

ny
st

at
in

a 
m

ix
tu

re
 o

f s
ur

fa
ct

an
ts

  
an

d 
flu

co
na

zo
le

Pu
rifi

ed
 g

ly
ce

ro
l

C
an

di
da

 a
lb

ic
an

s D
-6

21
.2

22
.4

31
.3

45
.8

51
.4

C
an

di
da

 tr
op

ic
al

is
 R

E-
2

34
.1

24
.1

28
.6

58
.4

63
.7

C
an

di
da

 u
til

is
 B

V
S-

65
30

.2
23

.5
28

.1
47

.1
55

.4

W
as

te
 b

io
di

es
el

 p
ro

du
ct

io
n

C
an

di
da

 a
lb

ic
an

s D
-6

35
.2

22
.4

31
.3

48
.4

57
.5

C
an

di
da

 tr
op

ic
al

is
 R

E-
2

41
.6

24
.1

28
.6

55
.3

71
.8

C
an

di
da

 u
til

is
 B

V
S-

65
33

.3
23

.5
28

.1
47

.4
56

.2
Le

ge
nd

: t
he

 c
on

ce
nt

ra
tio

n 
of

 so
lu

tio
ns

 o
f s

ur
fa

ct
an

ts
 a

nd
 a

nt
ifu

ng
al

 a
ge

nt
s i

n 
m

on
o-

 a
nd

 m
ix

ed
 p

re
pa

ra
tio

ns
 w

as
 2

0 
μg

/m
L.

 W
he

n 
de

te
rm

in
in

g 
th

e 
de

gr
ee

 o
f b

io
fil

m
 d

es
tru

ct
io

n,
 th

e 
er

ro
r 

di
d 

no
t e

xc
ee

d 
5 

%
.

Ta
bl

e 
2

D
es

tr
uc

tio
n 

of
 y

ea
st

 b
io

fil
m

s 
on

 s
ili

co
ne

 tu
be

s 
un

de
r 

th
e 

ac
tio

n 
of

 s
ur

fa
ct

an
ts

 s
yn

th
es

iz
ed

 b
y 

N
. v

ac
ci

ni
i I

M
V

 B
-7

40
5 

on
 o

il-
co

nt
ai

ni
ng

 
su

bs
tr

at
es

, m
ix

ed
 w

ith
 n

ys
ta

tin
 a

nd
 fl

uc
on

az
ol

e

O
il 

fo
r s

ur
fa

ct
an

t s
yn

th
es

is
Te

st
 c

ul
tu

re
D

es
tru

ct
io

n 
(%

) o
f b

io
fil

m
 u

nd
er

 th
e 

ac
tio

n 
of

su
rf

ac
ta

nt
s

ny
st

at
in

flu
co

na
zo

le
a 

m
ix

tu
re

 o
f s

ur
fa

ct
an

ts
  

an
d 

ny
st

at
in

a 
m

ix
tu

re
 o

f s
ur

fa
ct

an
ts

  
an

d 
flu

co
na

zo
le

R
efi

ne
d

C
an

di
da

 a
lb

ic
an

s D
-6

42
.4

28
.7

35
.4

59
.4

64
.3

C
an

di
da

 tr
op

ic
al

is
 R

E-
2

47
.2

31
.2

41
.6

65
.3

71
.2

C
an

di
da

 u
til

is
 B

V
S-

 6
5

43
.5

30
.9

32
.8

60
.8

70
.1

A
fte

r F
re

nc
h 

fr
ie

d 
po

ta
to

es
 fr

yi
ng

C
an

di
da

 a
lb

ic
an

s D
-6

37
.8

28
.7

35
.4

55
.6

65
.4

C
an

di
da

 tr
op

ic
al

is
 R

E-
2

40
.3

31
.2

41
.6

50
.4

58
.7

C
an

di
da

 u
til

is
 B

V
S-

65
39

.9
30

.9
32

.8
56

.9
56

.5

A
fte

r P
ot

at
o 

w
ed

ge
s f

ry
in

g
C

an
di

da
 a

lb
ic

an
s D

-6
35

.6
28

.7
35

.4
50

.1
55

.2
C

an
di

da
 tr

op
ic

al
is

 R
E-

2
36

.4
31

.2
41

.6
57

.3
57

.5
C

an
di

da
 u

til
is

 B
V

S-
65

31
.2

30
.9

32
.8

54
.5

55
.8

Le
ge

nd
: t

he
 c

on
ce

nt
ra

tio
n 

of
 so

lu
tio

ns
 o

f s
ur

fa
ct

an
ts

 a
nd

 a
nt

ifu
ng

al
 a

ge
nt

s i
n 

m
on

o-
 a

nd
 m

ix
ed

 p
re

pa
ra

tio
ns

 w
as

 4
0 

μg
/m

L.
 W

he
n 

de
te

rm
in

in
g 

th
e 

de
gr

ee
 o

f b
io

fil
m

 d
es

tru
ct

io
n,

 th
e 

er
ro

r 
di

d 
no

t e
xc

ee
d 

5 
%

.



ISSN 1028-0987. Мікробіол. журн., 2021, Т. 83, № 4 47

Ta
bl

e 
3

D
es

tr
uc

tio
n 

of
 b

ac
te

ri
al

 b
io

fil
m

s 
on

 s
ili

co
ne

 tu
be

s 
un

de
r 

th
e 

ac
tio

n 
of

 a
 m

ix
tu

re
 o

f t
ea

 tr
ee

 e
ss

en
tia

l o
il 

an
d 

su
rf

ac
ta

nt
s 

sy
nt

he
si

ze
d 

 
by

 N
. v

ac
ci

ni
i I

M
V

 B
-7

40
5 

on
 o

il-
co

nt
ai

ni
ng

 s
ub

st
ra

te
s

O
il 

fo
r s

ur
fa

ct
an

t s
yn

th
es

is
Te

st
 c

ul
tu

re
D

es
tru

ct
io

n 
(%

) o
f b

io
fil

m
 fo

rm
ed

 b
y 

te
st

 c
ul

tu
re

 a
fte

r t
re

at
m

en
t w

ith

su
rf

ac
ta

nt
es

se
nt

ia
l o

il
a 

m
ix

tu
re

 o
f t

ea
 tr

ee
 e

ss
en

tia
l o

il 
an

d 
su

rf
ac

ta
nt

R
efi

ne
d

Ba
ci

llu
s s

ub
til

is
 B

T-
2

40
.2

21
.7

52
.1

St
ap

hy
lo

co
cc

us
 a

ur
eu

s B
M

S-
1

38
.5

26
.6

50
.6

Ps
eu

do
m

on
as

 sp
 М

І-
2

34
.2

34
.5

56
.4

Es
ch

er
ic

hi
a 

co
li 

IE
M

-1
40

.1
28

.1
49

.1

A
fte

r P
ot

at
o 

w
ed

ge
s f

ry
in

g

Ba
ci

llu
s s

ub
til

is
 B

T-
2

44
.3

21
.4

54
.6

St
ap

hy
lo

co
cc

us
 a

ur
eu

s B
M

S-
1

33
.2

26
.6

50
.1

Ps
eu

do
m

on
as

 sp
 М

І-
2

36
.1

34
.5

60
.1

Es
ch

er
ic

hi
a 

co
li 

IE
M

-1
45

.4
28

.1
69

.5

A
fte

r F
re

nc
h-

fr
ie

d 
po

ta
to

es
 fr

yi
ng

Ba
ci

llu
s s

ub
til

is
 B

T-
2

38
.5

21
.4

59
.5

St
ap

hy
lo

co
cc

us
 a

ur
eu

s B
M

S-
1

34
.6

26
.6

52
.1

Ps
eu

do
m

on
as

 sp
 М

І-
2

41
.2

34
.5

61
.0

Es
ch

er
ic

hi
а 

co
li 

IE
M

-1
43

.5
28

.1
64

.9

A
fte

r m
ea

t f
ry

in
g 

Ba
ci

llu
s. 

su
bt

ili
s B

T-
2

23
.0

21
.4

35
.5

St
ap

hy
lo

co
cc

us
 a

ur
eu

s B
M

S-
1

11
.5

26
.6

40
.5

Ps
eu

do
m

on
as

 sp
 М

І-
2

24
.3

34
.5

43
.2

Es
ch

er
ic

hi
a 

co
li 

IE
M

-1
26

.5
28

.1
45

.8
Le

ge
nd

: t
he

 c
on

ce
nt

ra
tio

n 
of

 su
rf

ac
ta

nt
 so

lu
tio

ns
, t

ea
 tr

ee
 e

ss
en

tia
l o

il 
an

d 
th

ei
r m

ix
tu

re
 w

as
 4

0 
μg

/m
L.

 W
he

n 
de

te
rm

in
in

g 
th

e 
de

gr
ee

 o
f b

io
fil

m
 d

es
tru

ct
io

n,
 th

e 
er

ro
r d

id
 n

ot
 e

xc
ee

d 
5 

%
.



ISSN 1028-0987. Мікробіол. журн., 2021, Т. 83, № 448

(in particular, representatives of the genus Candida 
[6, 7, 17, 18]) in the formation of biofilms in the 
lumen of catheters was established.

It was shown that the risk of biofilm formation 
depends on the type of material used: Teflon, 
silicone, polyurethane are characterized by lower 
adhesive properties than polyvinylchloride or 
polyethylene [14, 19]. These studies stimulated 
the search for methods of combating pathogens of 
catheter-associated infections, involving the use of 
a mixture of antibiotics with blood anticoagulants, 
called “antibacterial locks” [3, 20, 21], and 
substances other than antibiotics, such as EDTA 
(ethylenediaminetetraacetate), citrate, 70 % ethanol 
[22, 23] or nitric oxide nanoparticles [24].

The above data on the microorganisms of the 
causative agents of catheter-associated infections 
and the type of catheter material became the 
theoretical basis for the selection of test cultures 
and silicone as a material for biofilm formation in 
this work.

Another question that needs discussion is a 
choice of substrates to obtain the surfactants, in 
particular, the use of industrial wastes. First, the use 
of such substrates allows not only to significantly 
reduce the cost of surfactants, but also to dispose 
of toxic industrial waste. Secondly, in previous 
studies, the ability of surfactants synthesized 
by N. vaccinii IMV B-7405 using waste from 
biodiesel production [25] and waste oil [11] to 
destroy bacterial and yeast biofilms on polystyrene 
was established. Thirdly, the type of substrate 
for surfactant biosynthesis affects their possible 
potential use in the composition of “antibacterial 
locks”, since when the solution is injected into 
the lumen of the catheter, there is no contact with 
biological fluids, and after removing the solution, 
the catheter is washed with saline.

The next question that needs discussion is the 
choice of the synergist substances that will be used 
in a mixture with microbial surfactants. Nystatin 
and fluconazole were chosen because they are the 
most commonly used antifungal drugs in the group 
of polyene antibiotics and triazole derivatives, 
respectively. However, the effectiveness of their 
use for the biofilms destruction of representatives 
of the Candida genus depends on the stage of 
biofilm development, which in turn limits the 
use of these antifungal drugs in comparison, for 
example, with amphotericin B [26]. Thus, the 
effective concentration of nystatin and fluco-
na zole, which leads to degradation of 24-hour 
biofilm, is 0.5 and 1.8 μg/mL, and 72-hour – 8 and  
128 μg/mL, respectively [26]. These literature data 

are con sistent with the results obtained in this work. 
Thus, the effective concentration of these antifungal 
drugs for the destruction of C. albicans D-6,  
C. utilis BVS-65 and C. tropicalis PE-2 biofilms 
formed within 48 hours, was 20–40 μg/mL. But 
even at such concentrations, the percentage of 
yeast biofilms destruction was low (22.4–41.6), 
but increased by 1.3–2.2 times in the presence of 
N. vaccinii IMV B-7405 surfactant (see Tables 1 
and 2). Probably, the increase in the efficiency of 
biofilms destruction under the action of nystatin 
and fluconazole in combination with surfactants 
is due to the mechanism of action of the latter, 
which consists in disrupting the function of the 
cytoplasmic membrane, facilitating the access of 
antifungal compounds into the biofilm.

In the available literature, we were unable to find 
information on the use of a mixture of microbial 
surfactants with nystatin or fluconazole to destroy 
biofilm. At the same time, work [27] reports on 
the possibility of trehalose lipids synthesized by 
Rhodococcus fascians BD8 at a concentration of 
0.25 μg/L to inhibit the biofilm of Candida albicans 
SC5314 on silicone catheters. In another work [28], 
there is information on the treatment of a silicone 
surface with a mixture of lipopeptides (2 mg/mL) 
synthesized by B. subtilis AC7 and fluconazole 
(2 mg/mL) to prevent the formation of Candida 
albicans 40 biofilm.

A review published in 2018 [26] summarized 
the data available at that time on the use of antifun-
gal drugs, including nystatin and fluconazole, 
as part of “antifungal locks” to destroy formed 
biofilms. The newest works concern the use of 
antifungal agents for the biofilms destruction in 
combination with natural compounds, in particular 
essential oils [29, 30] and other plant extracts 
[31]. In works [29–31] it is noted that the use of 
a mixture of antimicrobial compounds made it 
possible to reduce the concentration of antifungal 
drugs and increase their effectiveness. For example, 
under the action of a mixture of fluconazole  
(16 μg/mL) and pseudolaric acid (diterpenic acid, 
is the main antifungal component of a Chinese 
herb known as “Tu-Jin-Pi”, which is prescribed 
to treat fungal skin infections) at a concentration 
of 4 μg/mL destruction of C. tropicalis ATCC 750 
biofilm reached 80.3 % [31]. At the same time, 
the monopreparation of fluconazole in the studied 
concentration not acted on the biofilm. Note that the 
number of currently used drugs, acting against yeast 
and, mainly, bacterial catheter-associated infections 
pathogens, is limited, due to the high resistance of 
microorganisms against the background of the use 
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of unreasonably high doses of antifungal drugs and 
antibiotics [3, 20, 27].

The use of natural compounds (essential oils or 
their main components) is one of the approaches 
to increasing the effectiveness of antimicrobial 
compounds. Therefore, at the next stage, we 
investigated the possibility of using a mixture of 
tea tree essential oil and N. vaccinii IMV B-7405 
surfactants synthesized on oil-containing substrates 
for the destruction of bacterial biofilms on silicone 
(Table 3).

The choice of tea tree essential oil as a 
synergistic substance was due to the following 
reasons. Firstly, this essential oil is one of the 
few described in the European Pharmacopoeia 
and approved for use; the main components 
are represented by monoterpenes (1,8-cineole, 
linalool, terpinen-4-ol or α-terpineol), which easily 
penetrate the cytoplasmic membrane of both gram-
positive and gram-negative bacteria [32]. Secondly, 
surfactants synthesized by N. vaccinii IMV B-7405 
showed synergism of antimicrobial action with tea 
tree oil, as well as in the destruction of biofilms on 
polystyrene [11].

Our studies have shown that the degree of 
Pseudomonas sp. MI-2, E. coli IEM-1, S. au-
reus BMS-1, B. subtilis BT-2 (spores) biofilm 
destruction on silicone tubes under the action of 
surfactants synthesized on oil after frying meat 
was lower (11.5–26.5 %) than in the case of 
using surfactants obtained on other oil-containing 
substrates (33.2–45.4 %). In our opinion, this can 
be explained as follows. One of the mechanisms 
of biofilm destruction in the presence of microbial 
surfactants is their antimicrobial activity [33], and 
in [34] we found that surfactants synthesized by 
N. vaccinii IMV B-7405 on oil after frying meat 
are characterized by low antimicrobial activity, 
which is due to the low content of aminolipids 
in the composition of such surfactants, which are 
responsible for antimicrobial properties. At the 
same time, the destruction of test cultures biofilms 
under the action of a mixture of essential oil and 
surfactants synthesized in oil after meat frying 

and other oil-containing substrates was higher 
(35.5–69.5 %) than in the presence of surfactants 
(11.5–45.4 %), or only essential oil (21.4–34.5 %) 
(see Table 3).

In the published review [35], we focused on the 
fact that in the literature there are only few data 
on the influence of the cultivation conditions of 
surfactant producers on their biological properties. 
Our results indicate that the surfactants synthesized 
by N. vaccinii IMV B-7405 on all substrates, 
including industrial waste, showed synergy 
with other biocides in bacteria and yeast biofilm 
destruction.

In the literature, we were unable to find data 
about the biofilms destruction under the action of 
a mixture of surfactants and essential oils, since 
in most dates such properties are determined for 
a complex of an essential oil and an antibiotic  
[36, 37] or several oils or their components [38].

Thus, for example, in [37] it was shown the 
destruction of biofilm formed by Pseudomonas 
aeruginosa ATCC 10145 – causative agent of 
nosocomial catheter associated infections under 
the action of tea tree essential oil (5%, v/v) in a 
mixture with ciprofloxacin (10 μg/mL). In [38], the 
authors established a synergistic effect of thymol 
(the main component of tea tree essential oil) and 
muporocin at a concentration of 0.5 mg/mL and  
2 mg/mL, respectively, in the destruction of 
S. aureus MFBF 10680 biofilm. When thymol was 
added to muporocin, the destruction of biofilm 
increased to 45–60 % compared to using antibiotic 
alone (20–34 %).

Conclusions. So, our results on the use of mic-
robial surfactants in a mixture with fluconazole, 
nystatin and tea tree essential oil to destroy 
yeast and bacterial biofilms on silicone tubes 
are pioneering. These data allow us to consider 
surfactants synthesized by N. vaccinii IMV B-7405 
on a wide range of cheap and accessible substrates 
as promising components of “antibacterial” and 
“antifungal” locks in combination with essential 
oils and antifungal agents.
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Ре зюме 
Формування біоплівок патогенних мікроор-

ганізмів на центральних венозних катетерах є 
причиною виникнення катетер-асоційованих ін-
фекцій. Альтернативним методом боротьби з біо-
плівками є використання «антибатеріальних» та 
«антифунгальних» замків, що являють собою роз-
чини антибіотиків чи антифунгальних препаратів 
у суміші з іншими природними сполуками, якими 
можуть бути мікробні поверхнево-активні речови-
ни (ПАР) або ефірні олії. Мета. Дослідити роль 
суміші поверхнево-активних речовини Nocardia 
vaccinii IMB B-7405 з іншими антимікробними 
сполуками у руйнуванні біоплівки на силіконових 
трубках. Методи. N. vaccinii ІМВ В-7405 вирощу-
вали у середовищі, що містило як джерело вугле-
цю очищений гліцерин та відходи виробництва 
біодизелю, рафіновану соняшникову олію, а також 
олію після смаження картоплі «фрі», картоплі се-
лянської та м’яса. Поверхнево-активні речовини 
екстрагували з супернатанту культуральної рідини 
модифікованою сумішшю Фолча. У пробірки з си-
ліконовими трубками (з попередньо сформованою 
на них біоплівкою тест-культури) вносили по 2 мл 
розчинів ПАР, антифунгальних препаратів (ніста-
тин, флуконазол) або ефірної олії чайного дерева 
однакової концентрації (5−640 мкг/мл). Для дослі-
дження синергічного ефекту руйнування біоплі-
вок у пробірки вносили суміш розчинів ПАР та 
антифунгальних речовин (чи ефірної олії) одна-
кової концентрації у співвідношенні 1:1 (по 1 мл 
кожного розчину). У контрольні пробірки замість 
препаратів ПАР, антифунгальних речовин або 

ефірної олії вносили стерильну водопровідну воду 
(2 мл). Ступінь руйнування біоплівки (%) визна-
чали як різницю між адгезією клітин на внутріш-
ній стороні силіконових трубок, необроблених і 
оброблених ПАР, антифунгальними препарата-
ми, ефірною олією або їх сумішшю. Результати. 
Встановлено, що поверхнево-активні речовини, 
синтезовані N. vaccinii ІМВ В-7405 на усіх суб-
стратах, проявляли синергізм деструкції дріж-
джових та батеріальних біоплівок на силіконових 
трубках у суміші з ністатином, флуконазолом та 
ефірною олією чайного дерева у всьому діапазо-
ні досліджуваних концентрацій (5−640 мкг/мл), 
проте найвищий ефект досягався за концентрації 
препаратів 20–40 мкг/мл. Так, ступінь руйнуван-
ня біоплівок Candida albicans Д-6, Candida utilis 
БВС-65 та Candida tropicalis PE-2 за дії суміші 
ПАР, синтезованих на відходах виробництва біо-
дизелю та відпрацьованій олії, з антифунгальними 
препаратами становив 45.8–71.8 % і був вищим, 
ніж за дії тільки ПАР (21.2–41.6 %), ністатину  
(22.4–24.1 %) чи флуконазолу (28.1–31.3 %). Де-
струкція біоплівок дріжджів роду Candida за дії 
ПАР, синтезованих на олієвмісних субстратах, у 
суміші як з ністатином, так і флуконазолом дося-
гала 50.1–71.2 %, що на 10–30 % вище порівняно 
із застосуванням тільки ПАР або тільки антифун-
гальних засобів. Ступінь руйнування біоплівок 
Pseudomonas sp. MI-2, Escherichia coli ІЕМ-1, 
Staphylococcus aureus БМС-1, Bacillus subtilis БТ-2 
(спори) на силіконових трубках, оброблених су-
мішшю ефірної олії чайного дерева і ПАР, синте-
зованих на усіх олієвмісних субстратах, був на 10–
29 % вищим, ніж у разі використання для обробки 
трубок лише розчинів поверхнево-активних речо-
вин (11.5–45.4 %) чи ефірної олії (21.4–34.5 %).  
Висновки. Отримані дані дають змогу розгля-
дати поверхнево-активні речовини, синтезовані  
N. vacсinii ІМВ В-7405 на широкому наборі деше-
вих і доступних субстратів як перспективні скла-
дові «антибактеріальних» та «антифунгальних» 
замків у комплексі з ефірними оліями та антифун-
гальними засобами.

Ключові слова: Nocardia vaccinii IMВ B-7405, 
поверхнево-активні речовини, антифунгальні пре-
парати, ефірна олія чайного дерева, синергізм руй-
нування біоплівок.
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