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The paper shows the prospects of further research on the use of porous filters based on fluoroplastic in the
production of antibiotic subtancies on the example of pyocyanin.

The analysis of research has revealed the urgency of the problem of antibiotic resistance of infectious agents,
in this regard, there is a need to develop new types of antibiotics or improve existing ones.

Today, the main method of obtaining new antibiotics is biosynthesis, which is carried out by fermentation of
the corresponding microorganism, and the final stage of any biotechnological production is the isolation of the target
product from the nutrient medium and its purification. The initial stage of product isolation is filtration using filters
of various designs. Among the large number of filter designs and filter elements of various compositions offered on
the market, we focused on fluoroplastic filter elements.

We determined the filtration efficiency of the culture fluid P. aeruginosa - a producer of the antibiotic
substance pyocyanin through fluoroplastic filters, studied the permeability of the filter element and the influence of
the filter element thickness on the filtration process. Separation of culture fluid of P. aeruginosa from biomass through
fluoroplastic filters showed filtration efficiency. Carrying out series of filtrations using the same filter showed
preservation of permeability of a filter element. The study of the influence of the thickness of the filter element on the
filtration process showed an increase in the efficiency of filtration with increasing thickness.
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Kanmooicenas O.C., Kanmoorcnorii A.b., Conosvesa A.B. «HMccneooeanue 603MOMNCHOCHU UCHOJIb306AHUA
¢dmoponnacmosvix puibmpyrowux 3I1eMeHmMO8 6 NPOU3e00Cmee NEPCHEeKMUGHOI aAHMUOUOMUUECKOU
cybmanyuu RUOUUAHUHA»

B pabome nokasama nepcnekmugHoCmb OANbHEUWUX UCCACO08AHULL NO UCNONb308AHUIO HOPUCIBIX
@urempog Ha ocHoO8e hmoponiacma 6 NPoU3800CMEe AHMUOUOMUYECKUX CYOMAanYUll Ha npuMepe NUOYUAHUHA.

Ananuz ucciredoeanuil 6bls6UNL AKMYANbHOCHb NPOOeMbl AHMUOUOMUKOPE3UCEHMHOCMU UHMEKYUOHHBIX
aceHmos, 6 CBA3U C OMUM GO3HUKAem HeoOX00UMOCMb pa3pabomKu HOBbIX 6U008 AHMUOUOMUKOS UIU
COBEPULEHCMBOBANUSL CYUECMBYIOUJUX.

Ceec00Hs1 OCHOBHLIM MEMOOOM NONYYEHUS HOBLIX AHMUOUOMUKOB A6IAeMCA Ouocunmes, KOMOpblil
ocyujecmeisiemcs  (pepmenmayuell  COOMEemcmeyowe20 MUKPOOP2AHUIMA, d 3asepuaiowuil. sman 106020
OUOMEXHON02UYECKO20 NPOU3BOOCMBA - GblOeeHUe Yene020 NPOoOYKmda U3 NUMAmenbHOU cpedbl U €20 OYUCHKA.
Hauanvuvim smanom evloenenus npodykma gvicmynaem gunvmpayus. Cpedu 601611020 KOAIUYECMEA KOHCMPYKYULL
Purempos u PurbMpoBATLHBIX HNEMEHMO8 PAZTUYHBIX KOMAOZUYUL, NPeONacaemblX Ha PbIHKe, Mbl OCHAHOBUNUCH HA
@moponnacmoguix QurbmpyOWUX 31eMeHmax.

Hamu onpeodenena sgpgpexmugnocms ghunompayuu Kyromypanvrou sxcuokocmu P. aeruginosa - npodyyenma
AHMUOUOMUYECKO20 Gewecmed NUOYUAHUHA Yepe3 Gmoponiacmossie QuUIbmpul, U3V4eHd NPOHUYAEMOCHb
Purbmposiemenma u GIUsIHUE MOIUWUHBL Puibmpodiemenma Ha npoyecc guivmpayuu. OmoeneHue KyaibmypaibHOU
acuokocmu  P. aeruginosa om 6uomaccel uepes @moponiacmosvie @uibmpvl NOKA3AN0 IPGHeKkmusHocme
Qurempayuu. I[Iposedenue cepuil npoyeccos uibmpayuii Ck603b 00UH U MOM Jce PUIbMP NOKA3AL0 COXPAHEHUE
nponuyaemocmu Guivmposemenma. Mzyuenue eiusHUs MOauhsbl QUIbMPOIIeMEHMA HA NPOYecc Guibmpayuu
nokazano yseauvenue sghgexmuenocmu puibmpayuu npu yeeaudeHun e2o moauuHbl.

Kniouesvie cnosa: pmoponnacmogvle urbmpyowue s1eMeHmul, NPoU3BOOCME0 AHMUOUOMUYECKUX Beuecma,
NUOYUAHUH

Kanooxcnas O.C., Kamwoowcnuii O.b., Conosviiosa A.B. «/locnioscenna Moxucaueocmi uKopucmanus
dmoponnacmosux Qinempyrouux enemenmie y eupooOHuUymMei nepcneKkmuenoi anmudiomuynoi cyomanyii
nioyuaniny»

Y pobomi nokazana nepcnexmugnicms nodanbuiux 00CaioNCeHb W00 GUKOPUCAHHS NOPUCMUX Qinbmpie
Ha 0CcHO8i hmoponnacma y eupoOHUYMEi AHMUOIOMUYHUX PEYOBUH.

Ananiz docniodxcensb GUABUE AKMYANLHICMb NPoOAeMU AHMUOIOMUKOCIIUKOCMI THQEKYIUHUX aceHmis, y
383Ky 3 YUM BUHUKAE HEOOXIOHICIb PO3POOKU HOBUX 6U0T6 AHMUOIOMUKIE AD0 BOOCKOHANEHHS ICHYIOUUX.
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Cb0200Hi OCHOBHUM MEMOOOM OMPUMAHHSA HOBUX AHMUOIOMUKIE € Oiocunmes, AKUU 30iCHIOEMbCS
Gepmenmayicto  GIONOBIOHO20 MIKPOOP2AHI3MY, A 3A6EPULATILHUM emanom 0y0b-1K020 Oi0mexHOI02IYH020
BUPOOHUYMBA € BUOLIEHHS YINIbOBO2O NPOOYKMY 3 JHCUBUTLHO20 cepedoguuya ma 1o2o ouuwenus. Ilouamxosum
emanom 8UOLIeHHs NPOOyKmy € ginempayis 3a 00nomo2or Qirempis pizHoi koncmpyryii. Ceped éeaukoi Kitbkocmi
KOHCMpYKyiu Qinempie ma QinompysaivHux elemeHmie pi3HUX KOMNO3UYil, W0 NPONOHVIOMbCL HA PUHKY, MU
3YRUHUTUCL HA PIMOPONIACMOBUX (DITbMPYIOUUX eleMeHmaXx.

Hamu eusnaueno eghexmusnicms ¢hinompayii kyremypanvhoi piounu P. aeruginosa - npooyyewma
aHmubiomuyHoi peyosunu NiOYUaniny uepes gmoponiacmosi Qitempu, 6U84eHO NPOHUKHICMb QiltbmpoenemeHmy
ma 6niue moswuny Qitempoenemenmy Ha npoyec Qinompayii. Biodinenus xyremypanvhoi piounu P. aeruginosa 6io
biomacu kpizv ¢pmoponnacmosi ¢inempu noxasano egexmuenicmes inompayii. Ilposedenns cepiii ginompayii
CKpi3b 00UH i Mot dce camuil inbmp nokazano 36epexceHHs NpoHUKHocmi Qinbmpoeremenmy. Buguenna enauey
moswuHu pitbmpoenemenmy Ha npoyec @irempayii nokazano 30iibueHHs epekmugHocmi Gitempayii npu
30IMbUWEHHT 1020 MOBUIUHU.

Knrouosi cnosa: gomoponniacmosi gpinempyioui enemenmu, upoOHUYMBEO AHMUOIOMUUHUX PEUOGUH, NIOYUAHIH

Introduction

Increasingly widespread use of antibiotics, especially the misuse, has led to the rapid
appearance of antibiotic resistant strains today. This problem is associated with failures in the
treatment of various infections. Antibiotic resistance leads to increased mortality, a significant
increase in treatment costs. The therapeutic efficacy of antibiotics such as penicillin, erythromycin,
syntomycin and others has declined sharply, so the question of finding new antibiotics that have
not been widely used before has become acute [1]. Promising antibiotic substance is a phenazine
compound - pyocyanin, produced by the bacterium Pseudomonas aeruginosa [2].

The main method of obtaining new antibiotics is biosynthesis, which is carried out by
fermentation of the corresponding microorganism, and the final stage of any biotechnological
production is the isolation of the target product from the culture medium and its purification. The
initial stage of product isolation is filtration using filters of different designs [3].

It is known that an important component of the filter is a filter material, which carries out
and has a significant impact on the quality of filtration and the performance of filter devices.

Among the large number of filter designs and filter elements of various compositions
offered on the market, we focused on fluoroplastic filter elements, which are not widely used in
biotechnology today. But low cost of elements and good operational quality makes them
competitive filters, the use of which in technological schemes of filtration seems to be optimal in
terms of price - quality. The operational quality of these filter elements provides a long service life
while ensuring high productivity.

The aim of the study was to investigate of the use of fluoroplastic filter elements in the
production of a promising antibiotic substance pyocyanin.

Objects of investigation. Experimental technique

Porous polymeric materials were prepared at the Department of Materials Technology of
the Institute of Technological Service the Kharkiv Petro Vasylenko National Technical University
of Agriculture by preliminary preparation of a mixture of powders of the blowing agent and
polymer, their mixing, pressing, heat treatment, leaching of the blowing agent and drying.

Powdered PTFE with a particle size < 100 pm and a density of 2.19-10° kg/m® was used as
the basis of the porous polymer material. Sodium chlorine NaCl was chosen as a water-soluble
blowing agent. The density of NaCl is close to that of PTFE and amounts to 2.16:10% kg/m?, which
makes it possible to obtain a high-quality mixing of the components [4].

Mixtures of PTFE and NaCl were prepared in a laboratory blender at a chopping knife
speed of 2000 rpm for 60 s. The parameters of the processes of dispersion of the pore former,
mixing of the components, the conditions for tableting, sintering and removal of the blowing agent
are given in [5].

Substantiation of the possibility of using porous filter materials based on fluoroplastic was
based on determining and comparing the number of cells of our selected model microorganism (P.
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aeruginosa) in the culture fluid before filtration (control) and after filtration through the
fluoroplastic material mounted in the syringe. The number of cells was determined by the
traditional method of serial dilutions in microbiological practice and seeding on solid nutrient
media [6]. Microbiological studies were carried out at the Department of Biotechnology of the
National University of Pharmacy.

In parallel with all experiments, the purity of the culture was monitored, i.e. the presence
of P. aeruginosa in the filtrate and the absence of foreign microflora (bacterioscopic control by
viewing Gram-stained smears and bacteriological control by seeding on MPA and Saburo [6].

Results and discussion

The use of porous filter elements in industry is preceded by a large number of studies, first
of all, determination the permeability or capacity of porous materials, due to the structure of the
porous body.

Permeability is the basis of a physical quantity defined as the rate at which a liquid (or gas)
passes through a unit area or unit thickness of a sample of material at a given pressure and is based
on the application of Poiseuille's law to the flow of liquid through capillaries. It should be noted
that according to this law, permeability is affected by many factors, primarily the composition of
the liquid being filtered (its viscosity, density), inlet and outlet pressure, length and structure of
capillaries or pores, and so on. Already on the basis of permeability is determined by the
productivity of the material, the life cycle of the material, regenerating properties, etc. Also, many
coefficients and indicators are determined experimentally for each case.

In this work we will dwell on the experimental substantiation of the possibility of using
porous filter elements based on fluoroplastic by the microbiological methods.

The fluoroplastic filter elements are characterized by a long service life, i.e. their
permeability is maintained over a long period of use, which is determined experimentally for each
case, so we determined the number of cells P. aeruginosa after five tests. All experiments were
performed in aseptic conditions of laminar box with sterile utensils and pre-treated syringes with
built-in filter elements (fig.1).

Fig. 1. Separation of the culture fluid of P. aeruginosa using filtration through a porous filter element
based on fluoroplastic in the laminar box

Determination of the number of cells of P. aeruginosa culture fluid before and after
filtration through a porous filter element based on fluoroplastic is presented in Table 1.

Table 1
Determination of the number of cells of P. aeruginosa culture fluid before and after filtration*
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The number of filtering processes Number of cells, CFU***/mi
performed through the same After filtration Control (before
element** filtration)
*kkk
1 117+3
2 101+1
3 108+5
4 102+3
5 96+7 0.5x 109
6 100+9 ’
7 108+10
8 95+8
9 100£10
10 101+9
Notes:

* — filtration fineness 1 pum, thickness h=6 mm;

** _area of the filter element (with contempt for the "dead" space formed by the superglue
on the border of the syringe - the filter element); d = 19 mm;

*** - column-forming units; CFU was determined as the arithmetic mean value for 3 cups;

**** _ the choice of initial concentration is determined by the turbidity standard of 5 units
(respectively 0.5 billion cells in 1 ml)

(M=£m) — confidence interval.

The number of P. aeruginosa colonies grown from a certain dilution of P. aeruginosa
culture fluids before filtration and the number of colonies grown from a certain dilution after
filtration are shown (Fig. 2). Visually, without the use of a microscope, we can see a significant
reduction in the number of microorganisms after filtration.

Fig. 2. The number of colonies of P. aeruginosa on the Petri dishes before filtration and after filtration

The results of Table 1 showed that in comparison with the control, the number of cells after
filtration decreased significantly (about 10° times); it is shown that as the number of filtration
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processes increases, the number of cells after filtration decreases, but this is not a statistically
significant fact (this may be due to the formation of an additional filter layer of cells that spatially
helped retain other cells).

It was also interesting for us to investigate the filtration of the formed filtrate through a
new filter, i.e. in this case the initial concentration was the number of cells of P. aeruginosa in the
previously obtained filtrate. The results are given in Table 2.

Table 2
Determination of the number of P. aeruginosa culture fluid cells before and after filtration of the
previously obtained filtrate*

Ne experiment** Number of cells, CFU/mI
Before filtration*** After filtration
1 11743 93+1
2 101+1 91+4
3 108+5 112+£5
4 10243 9244
5 96+7 90+2
6 100+£9 9312
7 108£10 99+1
8 9548 91+6
9 100£10 90+4
10 101+£9 88+2
Notes:

* — filtration fineness 1 pm, thickness h=6 mm;

** _a new "fresh" filter element was used in each experiment;

*** - the number of cells in the filter, which was obtained in the previous series of
experiments;

(M=£m) — confidence interval.

The results of Table 2 show that at low concentrations of cells in the fluid (order 102 CFU),
the filtered separation of cells from the culture fluid does not occur. This can be due to two facts:

- first, at such a low concentration does not form an additional filter layer, which would be
an additional "spatial™ barrier to the passage of cells;

- second, the sizes of P. aeruginosa cells vary from (1-5) x (0.5-1.0) microns and through
the filter at the first filtration in a filtrate they got, therefore and at filtering through the new filter,
without meeting any obstacles in the form of an additional layer, they again "passed"” through the
pores of the filter.

The next stage of our research was determination of the influence of the thickness of the
filter element on the filtration efficiency.

According to the literature, it is known that the permeability of the filter element is affected
by its thickness: theoretically, a thicker filter will have a larger pore surface, and when proving a
certain diameter, which guarantees and is responsible for the manufacturer, it causes greater pore
length, hence better "retention™ properties of such filters.

In previous experiments, a porous filter element based on fluoroplastic with a standard TU
thickness h = 6 mm was used.

To compare the efficiency of the filtration process with filter elements of different
thickness, we were provided with 4 mm thick disks, with which we conducted a series of
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experiments under the same conditions as above, but to save time and raw materials (nutrient
media) we determined the number of cells after the first, fifth and the tenth filtration process, the
results of which are given in Table 3.

Table 3
The number of P. aeruginosa cells in the filtrate after the n-th number of filtrations using filters of
different thickness

The number of filtering Number of cells, CFU**/ml
processes carried out through
the same filter

Pseudomonas aeruginosa***

The thickness of the filter* The thickness of the filter
h=6 mm h=4 mm
1 11743 (98+7)x10°
5 96+7 (101£13)x10°
10 101+9 (94+£8)x103

Notes:

* - results of the previous series of experiments;
** . control is equal to 10° CFU/ml;

*** _ fineness of filtration - 1.0 um;

(M £ m) - confidence interval.

The results of Table 3 showed that the thickness of the filter element significantly affects
the filtration efficiency. Regarding the filtration of P. aeruginosa, there is a significant increase in
the concentration of cells in the filtrate (at least a thousand times), which indicates a decrease in
filtration efficiency with decreasing filter thickness. Also, in the case of using a filter with a smaller
thickness with increasing number of filtration processes the permeability of the filter element
decreases in contrast to the use of filters with a thicker thickness.

Conclusions

1. Determination of filtration efficiency through fluoroplastic filters performed by
separating P. aeruginosa culture fluid (filter with a fineness of 1 and 5 pm) from biomass and
counting cell concentrations before and after filtration showed a significantly lower number of
cells in the filtrate.

2. Carrying out series of filtrations (up to 10 times) everywhere the same filter showed
preservation of permeability of a filter element and even some increase in efficiency of a filtration
which we connect with formation of an additional filtering layer.

3. Filtration of P. aeruginosa culture fluid with a very low concentration of cells (about
100 CFU/ml) showed the presence of cells in the filtrate of the same order as before filtration. This
is due to the size of the selected objects, ie there are shapes with much smaller sizes than the pore
size. In addition, we should not forget about the lack of an additional filter layer of biomass of
microorganisms formed during filtration.

4. The study of the influence of the thickness of the filter element on the filtration process
(we used two dimensions - h =4 mm and h = 6 mm) showed a significant increase in the efficiency
of filtration with increasing thickness. This is due to the greater length of the pores, i.e. their larger
surface area, hence the better "retention” properties of such filters.

Thus, the prospects for further research on the use of porous filters based on fluoroplastic
in the production of antibiotic substances using the example of pyocyanin are shown.
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