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The aim of the work was the research of antibiotic batumin action on the biofilm formed by
staphylococci and on the process of the biofilm formation by strain-producer Pseudomonas batumici.
The minimal inhibiting concentration (MIC) of batumin was studied according to The Clinical and
Laboratory Standards Institute standards — CLSI. Biofilm formation was studied using photometric
0O’Toole method with flatbed photometer at wavelength 540 nm. The batumin penetrated into biofilms
of staphylococci and reduced the biomass of the formed biofilm of Staphylococcus aureus and
S. epidermidis at the antibiotic concentration of 0.5 ng/ml, which was only twice higher than MIC of
batumin for planktonic cells. The degree of biofilm changes in the presence of batumin differed for
different staphylococcus strains. However, these differences did not depend on strains sensitivity or
their resistance to the antibiotic.

The ability of batumin strain-producer to form the biofilm and the ability of antibiotic to stimulate
this process in concentrations of 1 and 10 pg/ml was established for the first time. In addition, it was
found that in the Pseudomonas batumici B-321 planktonic culture in the presence of 10 pg/ml
of batumin, the increase in length of producer cells on average by 15% was noted.

The obtained data shed the light on batumin antimicrobic action on the staphylococci biofilm. It can
be argued that is a perspective for treatment of staphylococcal infections. It enabled to consider

batumin as a promising drug for the staphylococcal infections treatment.
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The polyketide antibiotic batumin
synthesized by the producer strain
Pseudomonas batumici has a high selective
activity against staphylococci [1,2], which
determines the prospects for its medical
application in the treatment of staphylococcal
infections and the control of the nasal
carriage of this pathogen [3]. Data obtained
in recent years indicate that 95 to 99% of
microorganisms in natural habitats exist in
the form of biofilms. It is known that bacterial
biofilms are involved in the pathogenesis
of chronic infections such as osteomyelitis,
rhinosinusitis, etc. [4, 5]. At the same time,
it is known that bacteria structured in
biofilm are more resistant to antibiotics [5],
which is one of the problems of successful
chemotherapy.
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Our preliminary studies on the effect of
batumin on biofilm formation in representatives
of the genus Staphylococcus showed that
the presence in the medium of 0.125 pg/ml
of batumin (half of growth inhibiting
concentration) significantly reduced the
formation of biofilm in 85% of the studied
nasal strains of staphylococci with an initially
high level of biofilm formation [6]. The use of
atomic force electron microscopy showed that the
batumin reduced several times the staphylococci
adhesion to the surface, thus inhibiting the early
stages of biofilm formation [7].

On the other hand, the role of antimicrobial
substances for cells of producer strains in
nature is far from being exhausted by their
antibiotic activity. Strains of P. batumici are
isolated from the soil and are rhizosphere
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bacteria that interact with plants and compete
with different microflora. The formation of
biofilm by such bacteria ensures the nutrients
exchange with the plant, the synthesis of
antimicrobial substances that protect against
phytopathogens and many other effects [8].

In connection with the foregoing, the aim
of this work was to study the effect of batumin
on the biofilm formed by staphylococci, and to
study the influence of batumin on the process
of biofilm formation by the producer strain
P.batumici.

Materials and Methods

The object of the study were 16 strains of
Staphylococcus aureus and S. epidermidis,
including 5 methicillin-resistant strains
(MRSA) isolated at the Institute of
Orthopedics and Traumatology of the Academy
of Medical Sciences of Ukraine from patients
with osteomyelitis. The strains of MRSA are
identified by the method suggested by Boutiba-
Ben Boubaker [9].

Another object was a typical antibiotic
batumin producing strain Pseudomonas
batumici UCM B-321 from the Ukrainian
Collection of Microorganisms (Zabolotny
Institute of Microbiology and Virology of the
National Academy of Sciences of Ukraine).

Antibiotic batumin was obtained by
fermentation of B. batumici strain UCM B-321
and purified by preparative chromatography
(90% purification degree) [10].

The sensitivity of clinical strains of
staphylococci to a broad spectrum of antibiotics
was determined using the Kirby-Bauer
method, CLSI criteria were used to interpret
antibiotic sensitivity. Discs impregnated
with the appropriate antibiotics were used:
amoxiclav, erythromycin, clindamycin,
rifampicin, ciprofloxacin, doxycycline,
vancomycin, teicoplanin, amikacin, linezolid,
lincomycin (Himedia, India). The minimal
inhibiting concentration of the batumin was
studied in accordance with CLSI standards on
Miiller-Hinton agar and Miiller-Hinton broth
[11].

The biofilm formation study was carried
out according to the O’Toole method
[12]. In studying the activity of batumin
against biofilms formed by S.aureus and
S. epidermidis cultures, biofilms were grown
on the bottom of plastic 96-well plates (Thermo
Scientific, USA). 0,2 ml of staphylococci
broth culture was introduced into the
wells. The initial concentration of cells was
5-107 cells/ml, cultivation was carried out for

24 hours at t = 37 °C, further the batumin was
added in concentrations of 0.1; 0.5 and 5.0
png/ml, followed by incubation for 24 hours.
After that, the liquid contents of the wells
were removed, washed three times with
phosphate buffer (pH 7.2), dried and stained.
The percentage of biofilm inhibition (BI) was
calculated as follows [5]:

BI (% ) =100 - [ ODbatumin/ODcontrol]9

where OD,,;,min is Optical density in the holes
with the batumin,OD,_;,; is optical density in
wells without batumin (control).

To study the biofilm formation by P. ba-
tumici strain UCM B-321, it was grown at
t = 28 °C for 48 h in 96-well plates on Luria-
Bertani medium (Becton, USA). 0.25 ml of
the cell culture suspension (5:107 cells/ml)
was introduced into the wells in a nutrient
medium, as well as various (1 and 10 pg/ml)
concentrations of batumin.

A 0.1% solution of gentian violet
ColorGram 2-F (bioMerieux, France) was
used as the biofilm dye, and 0.1 ml was added
to each culture well. After thirty minutes
of contact at room temperature, the dye was
washed three times with distilled water and the
ink was dissolved with 96% ethyl alcohol. The
results were recorded using a Multiskan FC
(Thermo Scientific, USA) flatbed photometer
at a wavelength of 540 nm.

Results and Discussion

Table 1 shows the results of studying the
sensitivity of clinical staphylococcus strains to
widely used in medical practice antibiotics.

The obtained data suggest the high
resistance of MRSA strains to the studied
antibiotics (the growth retardation zones were
only 6 mm), which agrees with the literature
data[13, 14]. At the same time, all investigated
staphylococci strains, including MRSA,
regardless of the source of their isolation
and sensitivity to different antibiotics, were
sensitive to the batumin.

The next stage of our work was to study
the ability of clinical isolates of S. aureus and
S. epidermidis to form biofilms (Fig. 1).

All studied strains of staphylococci formed
a biofilm with different biomass values from
0.20 to 0.68 units of optical density. Strains
that did not synthesize biofilm were not
detected.

Further, we determined the MIC of the
batumin with its action on staphylococcus
cells, both in planktonic culture and in the
composition of biofilms (Table 2).
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Table 1. Sensitivity of clinical Staphylococcus strains to antibiotics

Zones of growth retardation, mm
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S. aureus 77 (MRSA) 6 6 22 6 6 6 17 20 17 6 20 32
S. aureus 1463(MRSA) 6 6 6 25 20 20 16 19 16 24 28 28
S. aureus 1813(MRSA) 6 6 6 6 6 24 18 22 22 25 6 35
S. aureus 80 22 6 20 31 24 28 18 24 22 25 24 26
S.aureus 175 6 18 22 35 26 6 15 18 q 19 30 32
S. aureus 1306 25 10 25 25 28 6 20 18 26 26 26 30
S. aureus 1310 30 16 18 24 22 6 19 22 25 28 22 28
S.aureus 1316 30 30 22 24 6 20 18 22 18 25 22 32
S. aureus 1358 20 26 18 30 6 22 17 22 19 25 20 32
S. aureus 1440 20 6 20 6 30 15 17 18 24 21 28 35
S. aureus 1749 25 28 24 28 30 26 20 20 22 22 25 35
S. epidermidis 151 6 20 28 6 24 17 22 20 22 24 20 30
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S. epidermidis 1803 6 6 26 22 20 17 24 26 25 6 18 28
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Fig. 1. Biofilm formation in vitro in strains S. aureus and S. epidermidis
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Table 2. The minimal inhibitory concentration of batumin for plankton cells and Staphylococcus biofilms

Batumin concentration, ng/ml

Strains
Plankton cells Biofilm
S. aureus 75 (MRSA) 0.25 0.5
S. aureus 76 (MRSA) 0.25 0.5
S. aureus 77 (MRSA) 0.25 0.5
S. aureus 1463 (MRSA) 0.25 0.5
S. aureus 1813(MRSA) 0.25 0.5
S. aureus 80 0.25 0.5
S.aureus 175 0.25 0.5
S.aureus 375 0.25 0.5
S. aureus 1306 0.25 0.1
S.aureus 1310 0.25 0.5
S.aureus 1316 0.25 0.5
S. aureus 1358 0.25 0.5
S. aureus 1440 0.25 0.5
S. aureus 1749 0.25 0.5
S. epidermidis 151 0.25 0.1
S. epidermidis 618 0.25 0.5
S. epidermidis 1803 0.25 0.5

For planktonic staphylococcus cells, the
MIC of the batumin was 0.25 ng/ml, the MIC
for the biofilms of each studied strain was
0.5 ng/ml, except for the strain of S. aureus
1306 (MIC = 0.1 pg/ml).

In the course of the work, it has been found
that in the presence of batumin the significant
changes occurred in the biomass of the
microbial community of staphylococci in the
formed biofilm (Table 3).

From the results obtained, it can be seen
that the decrease in the biomass of the formed
biofilm depended on the concentration
of the antibiotic, and the intensity of the
effect was different in the studied strains.
Thus, the batumin concentration of 0.5 png/
ml, which was only twice as high as MIC,
caused a decrease in biomass of biofilm from
34.7 to 77.0% . A further increase in the
concentration of antibiotic to 5 ng/ml only
slightly changed the mass of the biofilm.

According to the literature, the addition
of antibiotics such as ampicillin, cefatoxime,
levofloxacin, rifampicin in concentrations

50 times higher than MICs causes a decrease
in the mass of the formed biofilm up to
30% maximum [15]. Highly active against
staphylococci antibiotic mupirocin isolated
from bacteria of the genus Pseudomonas,
reduced biomass of the formed biofilm by
90% in all investigated isolates of S. aureus
at concentrations 250 times higher than
MIC [5].

According to Moreno M.G. et al. [16]
the MICs of phosphomycin, rifampicin and
levofloxacin when they act on plankton cells
were 1-16 ng/ml, and on biofilms — more
than 1024 pg/ml. The exception was the
antibiotic gentamicin, the MIC of which,
when it acts on plankton cells was 4—8 ng/ml,
on biofilms — 8-16 png/ml. Allison et al. [17]
found that gentamicin kills persistent cells of
Escherichia coli and Staphylococcus aureus.
Persistent cells are a subpopulation in biofilm
and are tolerant to antibiotics, thus remain
viable when exposed to pharmaceuticals.
The author suggests that rifampicin and
benzylpenicillin kill most of the cells in the
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Table 3. Batumin effect on formed biofilms biomass of staphylococci

Batumin concentration, ng/ml

Strains
0.1 0.5 5.0
Decrease in relation to control,%
S. aureus 75 (MRSA) 47.7 57.2 57.4
S. aureus 76 (MRSA) 31.1 34.7 34.1
S. aureus 77 (MRSA) 57.9 63.2 60.3
S. aureus 1463 (MRSA) 67.7 69.3 68. 2
S. aureus 1813 (MRSA) 75.2 77.0 77.0
S. aureus 80 36.0 40.1 40.0
S. aureus 175 39.3 50.0 49.3
S. aureus 375 38.1 52.4 51.0
S. aureus 1306 56.8 56.8 54.0
S. aureus 1310 64.0 74.3 74.2
S. aureus 1316 25.8 37.2 34.3
S. aureus 1358 65.0 67.5 68.5
S. aureus1440 57.2 65.8 62.9
S. aureus1749 35.0 60.0 60.1
S. epidermidis 151 48.4 51.5 54.8
S. epidermidis 618 40.2 44.1 44.0
S. epidermidis 1803 50.0 60.3 60.0

biofilm, except persisters, and gentamycin,
selectively acting, leads to their complete
eradication. Earlier, we showed that the
batumin also has a high activity against
SSCVs persisters (S. aureus small colony
variants) [18]. Thus, by the mechanism of
action on staphylococcus biofilms the batumin
is probably similar to gentamicin.

The obtained results indicate that
the batumin penetrates into the formed
biofilms of clinical strains of S. aureus and
S. epidermidis, and after 24 hours of action
causes a decrease in the biofilm formation
process. It should also be noted that the
antibiotic significantly reduces the biomass
of the biofilm formed in strains with an
initially high level of biofilm formation
(Table 3). We obtained similar results when
studying the action of antibiotic batumin on
biofilm developing. The efficacy of batumin
at a concentration of 0.125 pg/ml (half of
its MIC) was higher for strains with a high
biofilm weight [6].

It is known that matrix components play
an important role in the process of antibiotics
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penetration into biofilms. The lipids of the
biofilm matrix and bacterial membranes are
identical in qualitative composition [19].
When studying the mechanism of batumin
action on staphylococci, we found that in
this pathogen under the action of antibiotic
the significant changes in the fatty acid
profile, which leads to an increase in fluidity
of membrane lipids and permeability of
the membrane in S. aureus take place [20].
Based on the similarity of the composition
of the biofilm matrix lipids on one side,
and the membrane of the bacterial cell on
the other side, it can be assumed that the
batumin penetrates well into the biofilm
of staphylococci and causes significant
changes in the biofilm formed, which we
observed.

Attention is drawn to the fact that
the intensity of changes in biofilms in the
presence of batumin differs in different
strains of staphylococci, however, these
differences do not depend on the sensitivity or
resistance of strains to the studied antibiotics
(Tables 1 and 3).
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Fig. 2. Batumin effect on the biofilm formation by strain P. batumici UCM B-321:
marked columns (*) are significantly differ from the control at P < 0,05

Apparently, the changes we have detected
in the biofilms of staphylococci under the
influence of batumin make them unstable,
incapable of persistence and dissemination in
the human body.

Another stage of our work was the study
of the batumin influence on the processes
of biofilm formation by the strain-producer
P.batumici (Fig. 2).

Batumin in concentrations of 1 and 10 ng/ml
increased biofilm formation by a culture from
0.442 = 0.126 units of optical density in the
control without antibiotic up to 1.539 =+
0.246 and 1.728 *= 0.402, respectively. It was
also found that in the planktonic culture of
P.batumici B-321 in the presence of 10 pug/ml
of batumin, an increase in cell length of
the producer by an average of 15% was
noted. In control (without batumin), the cell
length was 2.34 = 0.22 x 0.65 = 0.02 ym; at
a concentration of 10 pg/ml of batumen it
was 2.69 = 0.23 x 0.75 = 0.09 pym. Such an
increase in cell length in pseudomonads may
be associated with a decrease in the frequency
of cell division [21].

In the literature, information is provided
on the role of antibiotics, in particular
phenazines synthesized by Pseudomonas
species, in the biofilms formation by
pseudomonads. In this case, phenazine
antibiotics are able to change the expression
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BATYMIHY HA ®OPMYBAHHSA
BIOIIJIBKMU ¥ Staphylococcus aureus
I Pseudomonas batumici
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MeToio po6oTH OYJIO JOCTiAUTH mifo aHTHGiO-
TuKa 6aTyMiny Ha chopMoBaHy cTaioKOKaAMU
0iomIiBKYy, a TaKOK Ha Ipoliec 6i0mIiBKOYyTBO-
pPeHHS MmTaMoM-TIpoAymeHToM Pseudomonas
batumici. MinmimanpHy iHriOyBaJbHY KOHIIEH-
rpanio (MIK) 6aTyminy BcTaHOBJIEHO 3TigHO 3i
craagapramu CLSI IHcTuTyTy KiIiHiuHUX Ta Ja-
O6opaTopHUX cTaHmapTiB. PopMyBaHH OiOMIiBKHU
puBuasu doromerpuunum meromom O’Toole 3a
JIOIIOMOTOIO IIJIAHIIIETHOTO (hoTOMETpa 32 TOBIKU-
Hu xBui 540 uMm. 3’sacoBaHo, 1110 6aTyMiH IPOHU-
KaB y OiommiBKku craisokoKiB i 3umMKyBaB 0io-
macy chopmoBaHoi Giomnisku y Staphylococcus
aureus i S. epidermidis 3a KOHIIeHTpaIii aHTUOi-
oruka 0,5 MKTr/MJ, AKa JUIIe Yy ABa pasu mepe-
puirtye MIK 6aTyminy 3a mii Ha mIJIaHKTOHHI KJIi-
TUHU. 3MiHU OiOILIIBKY y IPUCYTHOCTI 6aTyMiHy
PiBHATHCA ¥ PidHUX IITaMiB cTadiIOKOKiB, OMHAK
1Ii BiAzMiHHOCTI He 3ajieKaTh Big uyTamBOCTi a60
PEe3UCTEHTHOCTI IIITaMiB 0 aHTUGiOTHKA.

VYuepiiie BCTAHOBJIEHO 3AATHICTH IIITAMY-IIPO-
OyIleHTa 0aTyMiHy OO YTBOpPeHHS OioILIiBKM i
CTUMYJIAIII I[bOTO IIPOIeCY CAMUM AHTHOIOTHKOM
y koHueHTpaniax 1i 10 mxr/ma. Takox BigsHa-
YeHO, 110 Y MJIAaHKTOHHIA KyJaAbTypi P.batumici
B-321 3a mpucytHOocTi 10 MKr/Ma 6aTyMiHy ZOB-
JKMHA KJIITUH OPOAyIleHTa 36iJbIyBaiach y ce-
peaabomy Ha 15% .

OTrpuMaHi JaHi BiIKPUBaIOTh HOBi acmeKTHu
aHTUMiKpoOHOI il 6aTyminy Ha 6iomriBKy cradi-
JIOKOKIiB, IO TMOJATAIOTh IK y 3amobiranui gop-
MyBaHHIO, TaK i B iHriOyBaHHi BiKe cpopmMoBaHOI
6iomriBku. Ile gae migcraBu posriasamaTu 6aTyMiH
SAK IepCIeKTUBHUII 3acib JikyBanusa cTadigoko-
KOBUX iH(pEKIii.

Knrouosi cnosa: 6atymin, staphylococci, 6iommiBka.

OCOBEHHOCTH JIEVICTBUSA
AHTUBHUOTUKA BATYMHUHA
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E-mail: voklochko@ukr.net

ITenbro paboThl OBLIO UCCIeAOBaAHE NeHiCTBUSA
aHTUOMOTHKA OaTyMmHA Ha cHOPMUPOBAHHYIO
crapuIoOKOKKaMu OWONJIEHKY, a TaKXe Ha
mporiecc 6uOMmIeHK000pa3oBaHuA MIITAMMOM-IIPO-
nyueaToMm Pseudomonas batumici. MunumaabHas
uHrubupymoiasa koumneurpanus (MUK) 6arymu-
Ha oIlpejesieHa B COOTBETCTBUU CO CTaHAAPTAMU
CLSI UuCcTUTyTa KIMHUYECKUX U JaOOPaTOPHBIX
crargapToB. PopMUpOBaHUE OMOIJIEHKHU U3yda-
au poromerpuueckum merogom O’Toole ¢ momo-
IITBIO TIJIAHIIIETHOTO (hoTOMEeTpa IpPU JJINHE BOJHBI
540 HM. YCcTaHOBJIEHO, UTO OATYMUH IPOHUKAJ B
OMOMJIEHKY CTa(PUIOKOKKOB U CHUKAJ OroMaccy
chopMupoBaHHOU OuomaeHku y Staphylococcus
aureus u S. epidermidis Ipy KOHIEHTPAIY aHTU-
6uotuka 0,5 MKIr/MJI, KOTOpas JIUIIb B Ba pasa
npeBbimiaia MUK Garymuna npu meficTBUUM HaA
IJIAaHKTOHHBIE KJIEeTKU. VIaMeHeHUA OMOILJIEHKY B
MIPUCYTCTBUM OATYMUHA PA3JUYAIOTCA ¥ PA3HBIX
IITAMMOB CTaA(PUIOKOKKOB, OJJHAKO 9THU PAa3IUUU
He 3aBUCAT OT YYBCTBUTEJIbHOCTHY UJIN PE3UCTEHT-
HOCTH IIITaMMOB K aHTUOMOTUKY.

BrepBbie ycTaHOBJI€HA CIIOCOOHOCTD IIITaMMa-
IPOoayIleHTa 0aTyMHHA K 00pa3soBaHUIO OMOILIEHKHI
U CTUMYJIAIUU 9TOTO IIPOIlecca caMUM aHTUOUO-
TUKOM B KoHIleHTpanuax 1 u 10 mxr/miu. Takske
OBLJIO OTMEUEHO, UTO B IIJIAHKTOHHOU KYJIbType
P. batumici B-321 B mpucyrcrBuu 10 MKr/Ma 6a-
TYMUHA IJUHA KJIETOK IPOAYIIEHTA YBEJINUNIACD
B cpenuem Ha 15% .

ITonyuenHble gaHHBIE OTKPBIBAIOT HOBBIE
ACIeKThl aHTUMUKPOOHOTO MeficTBUA OaTyMUHA
Ha OMOIJIEHKY CTa(PpUIOKOKKOB, KOTOPBIE COCTOAT
KaK B IPeJOTBPAIeHNN (DOPMUPOBAHUA OUOTIIJIEH-
KU, TaK U B UHI'MOUPOBAHUHU YKe CPOPMUPOBAB-
miericsa OMOIIJIEHKH. ITO JJaeT OCHOBAHUS paccMa-
TPUBATh OATYMUH KaK MEPCIeKTUBHOE CPEACTBO
JeYeHUs CTa(PUIOKOKKOBBIX MH(EKITUIA.

Knrouesvie cnosa: 6arymus, staphylococci, 6uo-
IJICHKA.
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