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Abstract

The efficiency of application of cationic polyacrylamide and
its hydrophobized derivative at the stage of cell biomass
separation from the cell cultures fluid is estimated. Cells of
oil-degrading microorganisms obtained from mixed culture
fluid by flocculation and flotation retain their viability for
further use in the treatment of oil-contaminated soils un-
der non-sterile conditions. The application of a new form of
oil-oxidizing preparation resulted in a 40 % reduction of total
petroleum hydrocarbon content in the contaminated soil.
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Introduction

Both yeast and bacteria can act as biological agents in
the composition of biopreparation to eliminate oil pollution
[1-4]. Highly concentrated cell biomass from culture liquid
can be obtained using microporous membranes in special,
rather expensive installations where tangential flow filtra-
tion is implemented [5, 6]. The methods of centrifugation and
separation [7] are widely used but they can result in addition-
al energy consumption. A method for the rapid separation
of yeast using magnetic nanoparticles is also described [8].
The spray drying method leads to the death of a significant
number of living cells due to the thermal denaturation of cel-
lular proteins. Thus, the development of microbial bioprepa-
rations consisting of specialized biological agents for the
prompt solution of the problems of protecting and restoring
the environment is relevant and economically feasible. The
aim of the work is to obtain a biopreparation with oil-oxidiz-
ing properties in the aggregated form using flocculants, as
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AHHOTaLMA

MNpoBepeHa oueHKa 3((EKTMBHOCTM NPUMEHEHUS KaTUOH-
HOro nonuakpunamupa u ero ruppoctobHoro npoussopHoro
Ha cTapuu otpeneHus 6MoMacchl KNeToK OT KynbTypanbHOif
xupkocth. KneTku MuKpoopraHusMoB-HedTedecTpyKTopoB,
MONyYEeHHbIX U3 CMeWaHHO| KyNbTYpbl C MOMOWbIO IOKyNs-
uMn 1 hnotauum, coxpaHsoT XusHecnocobHocTb gna panb-
HeWwero Ucnonb3oBaHus npu o6paboTke HediTesarpssHEHHbIX
No4B B HecTepunbHbIX ycnoeusx. MpuMeHeHne HOBOI (opMbl
Hedireokucnsiowero 6uonpenapata NPUBOAUNO K CHIKEHUH
Ccofiep)XXaHus HethTeNnpPORYKTOB B 3arpsA3HEHHOI NoyBe Ha 40 %.

KnioueBblie cnoBa:

HedTeoKUCNAIOLME MUKPOOPraHU3MbI, HehTAHOe 3arpssHeHue,
thnoKynauuu, nonManeKTPonUTbl

well as to assess its hiotechnological potential on sample of
oil-contaminated soils.

Materials and methods

The soil yeast strain Rhodotorula glutinis VKM Y-2993D
and bacterial strain Pseudomonas libanensis VKM B-3041D
were used in this work. The strains of microorganisms were
cultivated in 250 cm?flasks at 20°C in the sterile semisyn-
thetic medium containing mineral salts (3 g NaNO,, 1g K, H-
PO, 0.5 g MgS0,, 0.5 g KCL, and 0.01 g FeSO, per dm? water)
and sucrose (20 g per dm® water) as a carbon source. The
volume of cultivation medium was 150 cm?. The cell titer for
R. glutinis culture on the fifth day was 1:3x10” CFU cm?. The
cell titer for P. libanensis culture on the fifth day was 1:5x10°
CFU cm?. The fluorescent photos were obtained using the Ax-
iovert 200 M microscope equipped with the digital camera
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AxioCam ERc 5s under the hundredfold magnification. Before
the fluorescence microscopy manupulations, the specimens
were stained with acridine orange and fluorescein diace-
tate, and then washed with distilled water through a nozzle
equipped with a 0.25 pm microporous membrane. The cation-
ic polyacrylamide (cPAA) C-8380 Specfloc (China) was used
as a flocculant. The sodium salt of stearic acid was used as
hydrophobic modifiers of cPAA.

The efficiency of biopreparations was evaluated on
soil contaminated with oil products. The soil was mainly a
sand-gravel mixture sampled in the railway area in Syk-
tyvkar. Two flasks (volume 250 cm®) were filled with 20 g
air-dry soil samples. 100 cm® tap water, 50 mg NaNQ,, 20 mg
K,HPO,, and 10 mg MgS0, were added to each flask. The new
form of oil-oxidizing preparation (0.3 g) was added to one
flask. The flasks were placed in an orbital shaker to mix the
contents for 8 days at 150 rpm. At the end of the treatment
process, the residual content of total petroleum hydrocar-
bons (TPH) in soil samples was evaluated. All variants of the
experiments were performed three times. The content of TPH
was determined by the gravimetric method [9]. The initial
TPH concentration in samples was 151.6 mg/g air-dry soil.
Statistical calculations were performed using the standard
Excel tools.

Results and discussion

To optimize the yeast cell obtaining process we proposed
the use of a polyelectrolyte - cPAA. Polyelectrolytes are
widely used for wastewater treatment, and the choice of one
or another flocculant is determined by the surface charge of
polluting particles [10]. The surface charge of R. glutinis cell is
negative, which is confirmed by the forma-
tion of large flocculated complexes after
the addition of cPAA. After water-dilution
of 100 cm?® R. glutinis culture fluid sampled )
on the fifth day of cultivation with waterto g%
200 cm?®, 0.1 % solution of cPAA was added © @
to the mixture in 1 cm? portions until cell » U
flocculation was complete. Finally, we ob-
tained 45+50 cm® of polymer solution. The 3

R. glutinis + P. libanensis

yield of air-dry R. glutinis biomass from N\ 2

100 cm? of culture fluid was 0.64:0.05 g.
Large flakes formed by the process were
well filtered through the fibrous polyester
material.

There are certain difficulties in obtain-
ing concentrated biomass with the use of
such polyelectrolytes as cPAA for the P.
libanensis bacterial culture. Some species
of the Pseudomonas genus and many oth-
er oil-degrading bacteria are known to be e
able to synthesize biosurfactants that fa-
cilitate the diffusion of hydrocarbons into
cells [11]. Biosurfactants are usually gly-
colipids or lipopolysaccharides [12], shield-
ing from charged particles, and therefore
the cells are sufficiently inert to polyelec-

HsC

Mixed culture

trolytes like hydrophilic ionic polyacrylamides. To form the
concentrated bacterial biomass, we proposed to use com-
binations of cPAA and salt based on alkali metal and higher
fatty acid (SAF). The cPAA contains usually a tertiary amine
as a cationic group, a chloride or methyl sulfate group as an
anion. If the polymer used is mixed with SAF, ion exchange
occurs resulting in cPAA acquirement of fatty acid residues
and formation of water-insoluble complex with bacteria cells
captured. Due to the hydrophobic nature of complexes ob-
tained it is more reasonable to use the flotation method. In
our case, solution of sodium salt of stearic was used as the
commercially available hydrophobic modifier of cPAA.

50 cm® 0.5 % solution SAF and 20 ml 0.1 % solution cPAA
was added to 100 cm?® P. libanensis culture fluid after five
cultivation days. The suspension was stirred until the bacte-
rial complexes appeared and then bubbled with air until the
foam completely removed. The resulting yield of the bacterial
complex was 0.25x0.04 g from 100 cm?® of the culture fluid.

The similar procedure was carried out with a mixed cul-
ture obtained after five days of cultivation. At the first stage
(Figure 1), a positively charged polyelectrolyte interacted
with oppositely charged functional groups of the cell wall
of yeast cells. Bacteria with lipophilic surface properties did
not participate in the formation of primary agglomerates. The
unused part of the flocculant, due to the introduction of salts
of higher fatty acids, was subjected to hydrophobic modifica-
tion. As a result, hydrophobic micelles were formed with the
capture of bacteria together with the final form of the bio-
logical product with the primary agglomerates of yeast cells.

The yield of mixed agglomerates (MA) was 0.67 + 0.04 g
from 100 cm® culture fluid. The high product yield from the
mixed culture fluid via flotation indicates that the yeast com-

Primary agglomerate of cells
R. glutinis + cPAA

Mixed agglomerate

.@:"'fvf«j—’.

Figure 1. Scheme of the process of molecular design of a new type of oil-oxidizing biological products
based on the principles of the interaction of polyelectrolytes and hydrophobic aggregation (1 - yeast
cell; 2 - bacterial cell surrounded by hydrophobic biosurfactant; 3 - sodium stearate).

PucyHok 1. CxeMa npoLecca MonekynsipHoro NpoeKTMPOBaHUs HOBOTO TUMa HethTeoKUCTSOWMX B1o-
MPOAYKTOB, OCHOBAHHOTO Ha MPUHLLMNAX B3aMMOLEMCTBUA MONUINEKTPONUTOB U arperauum rugpo-
(hoBHbIX aneMeHToB (1 - APoXOKeBas KNeTKa; 2 - GakTepuanbHas KNeTka, OKpyeHHast rapoto6HbIM
6uocypakTaHToM; 3 - cTeapat HaTpus
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Figure 2. Photo of R. glutinis and R. libanensis in the mixed culture fluid (a) and MA after flotation (b).
Excitation at A=450+480 nm, radiation area at A=500+600 nm.
PucyHok 2. Mukpodotorpadus R. glutinis and R. libanensis B cMewaHHoW KynbType (a) v arnoMeparsl
Kknetok (b). Bos6yxaenue npu A\=450+480 HM, 30Ha uanyueHus npu A=500+600 HM.

bined with bacterial strain forms the microbial complex en-
riched with the cell biomass, in contrast to single strains. It
is likely that there is an interaction of cPAA with yeast cells
in mixed cultures with formation of large cell aggregates and
their subsequent capture together with bacteria into micro-
bial complexes. Fluorescent microscopy revealed the pres-
ence of living bacterial and yeast cells in MA (Figure 2).

The efficiency assessment of the obtained biopreparation
for the treatment of oil-contaminated soils revealed a signif-
icant decrease (=40 %, p<0.05) in content of TPH in the tar-
get soil sample compared to the control without MA addition
(=10 %, p>0.05). So, this study clearly demonstrates that it is
possible to obtain high-value microbial preparations without
use of expensive and complicated equipment. The methods
developed can be used to remediate accidental oil spills on
or near the soil surface.
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