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The aim of the study was to evaluate changes in the portion of polar and neutral lipids in the cells of
Clostridium during their cultivation in the presence of butanol. Four natural isolates of Clostridium
genus were studied with flow cytometry approaches. Under the optimal culture conditions, the polar
lipids prevailed over neutral ones in bacterial cells; the content of neutral lipids doubles in spores of
these microorganisms, while the content of polar ones was reduced. Strains No 1 and No 2 were able to
grow at 1% butanol in the medium, and the strain No 4 was at 1.5% . When cultivated in the presence
of different concentrations of butanol, the bacterial strains did not differ in such cytomorphological
features as granularity and cell size. The quantitative content of polar and neutral lipids in the presence
of butanol varied depending on the content of butanol in the medium, but this effect had a strain-
specific character and did not show a correlation with the resistance of these bacteria to butanol. So, the
content of polar and neutral lipids varied depending on butanol content in the medium. However this
effect was strain-specific independently of resistance of these bacteria to butanol. The use of bacterial
biomass as a source of lipids for the production of biofuels requires further optimization of the process

to increase the content of the neutral lipid fraction in bacterial cells.
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In recent years an interest to renewable
energy sources, including biofuels such as
bioethanol, biobutanol, biogas, biodiesel
was greatly increased. Advances of genetic
engineering in creation of new strains, and the
use of cheaper raw materials, can substantially
increase the competitiveness of biofuels in
comparison to their classic analogues that are
produced by refining or direct extraction from
natural deposits. During biological synthesis
of the products the large quantities of
microbial biomass are produced, which are only
partially involved into further fermentation,
while the rests can be used as a source of useful
biological molecules, such as proteins, lipids,
vitamins, sugars and so on.

An important aspect of studying polar
lipids of clostridia is connected to the ability
of some of their psychrophilic species
(Clostridium psychrophilum) to grow at low
temperatures [1]. The composition of polar
lipids in clostridia varies depending on
cultivation conditions, accumulation of end

products, etc. [2, 3]. There was paid much less
attention to neutral lipids of clostridia and,
thus, information about them is extremely
limited, although there were discovered several
molecules among them with unique molecular
structure [4]. The content of neutral lipids in
membranes of clostridia (species Clostridium
saccharoperbutylacetonicum) can reach 26%,
while glycolipids and phospholipids are 26%
and 48% , correspondingly [5].

Analysis of content of neutral and polar
lipids in cells is an important indicator
that provides a fast assessment of the
strain potential to be used in the process of
biodiesel production [6]. There are no data on
accumulation of neutral lipids in clostridia
cells during aceto-butylic (ABE) fermentation.
Perhaps this lack happened because it is
generally thought that the accumulation of
neutral lipids is stimulated in the presence
of oxygen [7] and thus this process should be
restricted under anaerobiosis. However, lipids
serve not only as structural components, but
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also as a source of energy [8] and therefore
the accumulation of neutral lipids is of great
importance under anaerobic conditions too.

Among the methods that in recent years are
increasingly used for monitoring of the ABE-
fermentation is a method of flow cytometry
(FC), which allows analyzing the microbial
populations at the level of individual cells.
Earlier FC method was applied to determine
the quantity and measure the size of cells
of Clostridum acetobtylicum, and there was
noticed a correlation between the yield of
solvent and the colonies morphology, the
number of cells within them and their average
size [9]. There was developed a method for
studying the cell cycle of clostridia by staining
them with fluorescent dyes (propidium iodide
and Syto9), and cell sorting was performed
by their forward (FS) and side scattered (SS)
light values [10, 11]. It was found that the
cells that synthesize solvents (acetone and
butanol) are typical not swollen, but, instead,
resemble the cells in the active phase of
division. The FC was used in the analysis of
the impact of sigma factors (cF, ocE and cG)
on the sporogenesis and solvents synthesis
by C. acetobutylicum [12, 13]. It was shown a
possibility to distinguish the C. pasteurianum
cells in the phase of formation of acid from the
ones in the solvents synthesis stage with a help
of double labeling with hexidium iodide and
Syto13. Color changes detected with FC related
to the metabolic changes that occur in the cells
during periodic pH-uncontrolled fermentation.

Clostridia are spore-forming bacteria that
complicate a determination of their viability,
which is an important parameter to control
fermentation. The portion of metabolically
active cells in a population of C. pasteurianum
was determined with FC using bis-oksonol.
Analysis of cells labeled with bis-oksonol was
linked to the changes in the physiological state
of population during periodic fermentation
and can be used to facilitate the control
over fermentation and provide it almost in real
time [14].

Thus, to establish multi-product production
on the basement of ABE-fermentation:
butanol, acetone and ethanol, which released
into the environment, and biodiesel —
from the biomass of clostridia cells, it is
necessary to determine the effect of butanol,
that accumulates in the medium during the
continuous cultivation, on the content of polar
and neutral lipids in cells. The purpose of the
work was to evaluate the changes in the neutral
and polar lipids in clostridia cells under
cultivation with butanol by using the flow
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cytometry facility. Experiments were carried
out with natural clostridia isolates that let to
assess the prospects of searching of new strains
in the natural cenosis.

Materials and Methods

Objects

The objects of study were four strains of
bacteria of the genus Clostridium isolated from
the natural econishes (peat and field soil) and
that showed the highest volumes of acetone
production [15]. Strains of bacteria were
kindly presented for researches by S. Skrotskiy
at the Zabolotny Institute of Microbiology and
Virology of NAS of Ukraine. There were given
next numerical designation (Nol, 2, 3 and 4)
to the strains.

To maintain the bacterial cells in the
active growth phase, they were cultivated in
thioglycolate broth (HiMedia Laboratories
Pvt. Ltd., India) without shaking under a
layer of vaseline oil at 37 °C. The aliquots
were transferred to fresh portion of broth
every 24 h. This approach allowed to minimize
sporogenesis, but did not prevent it completely
and thus a part of population was represented
as spores. We used cells that were grown for
24 h.

Model

Butanol is a limiting factor and it
maximum concentration in the environment
reaches 1-1.5% under continuous cultivation.
Thus it was reasonable to study the content
of polar and neutral lipids in cells just
under these concentrations. In order to
eliminate the impact of some factors,
such as the natural resistance of studied
strains to butanol, temporal differences in
fermentation, sporogenesis, etc., we excluded
bacterial fermentation stage and added
butanol and actively grown cells directly
into the broth. This methodical approach
allowed simultaneously evaluate the effect
of different concentrations of butanol on
the neutral and polar lipids in bacterial cells
before initiation of sporogenesis and determine
the concentration of butanol, which studied
strains of bacteria were resistance, which
is a significant indicator of the prospects
of using of the strains for industrial ABE-
fermentation.

Cultivation of bacteria with butanol

Working concentrations of butanol were
0.25, 0.5, 1.0, 1.5 and 2.0% . Butanol (Sigma-
Aldrich Chemie GmbH, Germany) was added to
the broth just before bacterial cells inoculation.
Aliquots of bacterial suspensions were added
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into the prepared broth and cultivated without
shaking in incubation containers with gas-
generating system packages Anaerocult-A
(Merck KGaA, Germany) at 28 °C for 72 h.
Sampling, for determination of polar and
neutral lipids, was performed on 0, 4, 24 and
48 h of cultivation. Resistance of bacteria
to butanol was evaluated by their ability to
increase biomass and was monitored with
optical density measurements at 600 nm using
a photometer Tablet Multiscan FC Microplate
Photometer (Thermo Scientific, USA).

Fixation of bacterial cells

Aliquots (1 ml) of bacterial suspensions
were transferred into microtubes and
centrifuged at 10,000 rpm, 5 min. Pellet
was resuspended in 950 mkl phosphate
buffer saline (PBS, pH 7.2) and 50 mkl of
glutaraldehyde (25% stock solution) was
added. Samples were kept at room temperature
for 15 min and then they were washed twice by
centrifugation with 15 min interval in PBS.
Finally sedimented samples were resuspended
in 70% methanol in PBS and stored at 4 °C.

Detection of bacterial fluorescence with
flow cytometry

Fluorescent dye nile red (1 mg/ml in
methanol) was added 1:100 to the samples
just 5 min before the measurements with
flow cytometry. Samples were thoroughly
mixed. Measuring optical parameters was
performed with flow cytometer COULTER
EPICS XL (Beckman, USA) equipped with
488 nm laser and software SYSTEM II. There
were determined forward scattering (FS)
and side scattering (SS) values of light beam
and optical values at filters FL1-FL4. The
fluorescence values were presented in optical
units (o.u.) with indication of an appropriate
filter. Fluorescence in the yellow region of the
spectrum detected with filter FL2 (575 nm)
is relevant to the content of neutral lipids in
cells, while fluorescence in the red region of
the spectrum, which corresponds to filter FL4
(675 nm), represents the content of polar lipids
[6]. The data presented in the form of dot plots,
in which each dot corresponds to one object
(cell). Data were collected for 10,000 objects in
each sample.

Statistical analysis

The values of the mean and median, from
the data obtained with flow cytometry, were
determined with a help of Flowing Software
version 2.5.1 (Turku Centre for Biotechnology,
University of Turku, Finland). Statistical
data processing and graphical presentation
of results was performed using the software
packages Microsoft Excel and Statistica v.10

(StatSoft, Inc., 2011). The difference between
mean values was evaluated with ¢-test and was
considered as significant at p < 0.05. Cluster
analysis of data was performed with Ward
method and a percent of disagreement as a
distance measure. Impact of factors (multiple
linear and nonlinear quadratic effects) was
determined with factorial ANOVA and non-
factorial surface design (central composite).

Results and Discussion

Optical features of bacterial population
stained with nile red

Flow cytometry makes possible to determine
a size of the objects by the values of forward
scattering of light (FS). It is known that
clostridia can form spores, which are smaller
than cells and thus FS data measurements
can help to track the sporogenesis in bacteria.
Objects within each bacterial population
were differentiated into three fractions
according to their FS values (Fig. 14): the
first one containing most of objects had a
mean FS value 301.2+6.1 o.u. (Table), and the
second one, presumably was represented with
dividing cells, because their mean FS value
was 623.4+29.2 o.u. that was twice over the
value in the first fraction; the third one was,
presumably, the bacterial spores since their
FS value was the smallest and 155.1+4.1 o.u.
only. Staining with nile red and measurement
of optical characteristics of objects in each of
these fractions can add an additional approval
for this conclusion, since cells in fractions 1
and 2 possessed low fluorescence intensity in
the yellow-green range (filters FL1 and FL2)
and active fluorescence in orange and red
spectrum (filters FL3 and FL4, respectively),
while representatives in fraction 3 showed
active fluorescence on all filters. This feature
comes from the fluorescence properties of the
dye, because when the dye binds to the lipids
in cytoplasm and membranes then a maximum
of its emission is in red range of spectrum,
which detected with filter FL4. That is why a
normal cell has high values of fluorescence in
orange and red spectral regions. In case when
nile red is dissolved in lipid droplets an yellow-
green fluorescence appears with the emission
maximum in the green zone of about 530 nm,
which correspond to filters FL1 (525 nm) and
FL2 (575 nm) used in our flow cytometer. At
the same time, the fluorescence at 585 nm is
more relate to the content of neutral lipids
within cells, while fluorescence at 650 nm
and above — to polar lipids [6]. Therefore,
the optical data collected with all filters are
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suitable for the comprehensive analysis of the
content of lipids in the cells and in addition can
assist in spores’ distinction.

The quantity of objects in the fraction
3 showed a high positive correlation with the
level of fluorescence on filters FL1 (R = 0.96,
R? = 0.93 at p < 0.001) and FL2 (R = 0.95,
R?=0.90 at p <0.001) (Fig. 1B). However, this
correlation was marked only in populations
grown under optimal conditions, and was
broken or utterly disappeared in cells grown in
the presence of butanol.

Comparison of strains by their optical
characteristics showed that strains Nol and
Ne2 had more similarity to each other, and
therefore formed a separate cluster (Fig. 1C),
while strains No3 and No4 formed another
cluster. The main reason of this difference
was higher (at least 2 times) fluorescence in
orange and red spectra (filters FL3 and FL4,
respectively) detected in the strains No3 and

No4. This, in turn, may indicate a twice higher
content of polar lipids in the cells of these
strains. At the same time, the neutral lipid
content (filter FL2) was similar in all strains
and was within a range 12—-14 o.u.

Obviously, that the fluorescence intensity
of bacterial population depends directly on the
content of polar (R* = 0.86, R%,;j,s1.q = 0.84,
F o7y = 54.5 at p < 0.02) and neutral lipids
(R? = 0.84, R2Adjusted = 0.82, F3, o7 = 46.9
at p < 0.001) in separate fractions. During
cultivation of bacteria under optimal
conditions the polar lipids prevailed over
neutral and the content of polar lipids was
much higher in cells of clostridia in comparison
to spores, while the content of neutral
lipids was increased almost twice in spores
(Fig. 2). Therefore, carrying out researches
with spore forming bacteria it is important to
keep in mind that an increment of fluorescence
at FL2 can be a result of sporogenesis as well

Fig. 1. The main spectral characteristics of strains of Clostridia spp.:

A — dot plots of cells stained with nile red and separated into three main fractions according to their forward
light scattering (F'S) values and fluorescence on filters FL1 and FL4; B — correlation between the values of
fluorescence on FL1 and FL2 (neutral lipids) and the quantity of cells in the fraction 3 (bacterial spores);

C — clustering of strains according to the optical characteristics obtained by flow cytometry
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as accumulation of neutral lipids that is not
associated with sporogenesis.

The growth of bacteria in the presence of
butanol

Bacteria grown in broth with butanol
(0.25-2%) showed a dose-dependent
reduction of biomass yield with increasing
concentrations of butanol. Strain No3 was
the most sensitive to butanol and at 0.5% of
butanol content in broth the growth of this
strain was substantially reduced, while at
higher concentrations it was suppressed. Other
strains were able to grow at concentrations
of butanol 1.0% and the strain No4 showed
a slight increase in biomass even at 1.5% of
butanol. None of the strains was able to grow
at 2% butanol.

Butanol is a major limiting factor
of optimization of the process of ABE-
fermentation and it negative effects are
evident at concentration 1% [16]. However,
the resistance of strain No4 to 1.5% of butanol
suggests that there are may exist strains
with an increased tolerance to butanol among
natural isolates.

Optical features of bacterial populations
grown with butanol

Cultivation of bacteria with butanol
resulted in some cellular changes, which
reflected on their optical features. The main
mathematical parameters that can be taken
into account in this case are the mean and
median values. Median better reflects the
structure of a population in case if there are
several cellular fractions in it. However, the
mean values are more relevant to the content of
chemical compounds such as neutral and polar
lipids [6].

Assessing the impact of butanol on the
structure of population, it was found non-
linear relationship between the concentration
of butanol and the median of fluorescence
at FL1-FL4. It was marked a decrease in
fluorescence of cells with an increase of
butanol portion to 1-1.5% and recovery
of fluorescence with a further increase of
butanol to 2% . This effect was associated with
the formation of a new fraction of cells (data
not shown) characterized by low fluorescence
and considered as a group of dead cells, which
occurred after butanol degradation of cellular
membranes.

Analysis of populations by their mean
values showed that butanol decreased the
degree of correlation between the quantity
of objects in the fraction 3 and fluorescence
at FL1 and FL2 to 9% (p < 0.78) and 65%
(p < 0.02), respectively. In addition, butanol
showed a positive strain-specific effect on
FL2 and FL4 values and the ratio of FL4/FL2
(Fig. 3). The changes of the mean values of
other parameters (FS, SS, FL1 and FL3) did not
depend on the concentration of butanol instead
were strain-specific and time dependent only.

Simultaneous reduction of fluorescence
at FL2 and FL4 indicated a dose-dependent
decrease in the content of neutral and polar
lipids in bacterial cells during cultivation with
butanol. The most stable content of neutral and
polar lipids was observed in strain Nol in which
a lipids pool declined slightly in the presence
of butanol in comparison to other strains
(Fig. 3C). Strain No2 characterized with the
highest content of neutral lipids in the absence
of butanol, but this number decreased almost
2.5 times in the presence of butanol. Strain No4
had a low content of neutral lipids, but in the

The values of forward light scattering (FS) for cell fractions detected by flow cytometry

Strain Fraction 1 Fraction 2 Fraction 3
N Mean Median Ccv Mean Median (A% Mean Median (A%
1 296.3 2817.0 22.7 590.3 544.0 8.4 155.9 154.0 13.0
2 297.4 292.0 24.3 651.9 611.0 12.5 156.7 155.0 12.5
3 301.5 299.0 21.9 607.7 582.0 14.0 158.5 156.0 12.3
4 309.6 309.0 22.9 643.5 630.0 13.2 149.1 143.0 11.0

Mean 301.2 296.8 23.0 623.4 591.8 12.0 155.1 152.0 12.2
Sd 6.1 9.5 1.0 29.2 37.5 2.5 4.1 6.1 0.9
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Fig. 2. The content of polar and neutral lipids in cells and spores of Clostridia spp. expressed
as a percentage of the total fluorescence at filters FL4 (polar lipids) and FL2 (neutral lipids) presented
in the table

presence of butanol their quantity grew up in
2 times on average. The increase of the content
of neutral lipids in the strain No4 occurred
in the cells and spores of this bacterium.
However, there was marked a proportional
increase of the portion of polar lipids in spores,
while the polar lipids in the cells decreased.

In none of the cases the quantity of neutral
lipids exceeded polar lipids, and therefore it
is not possible to talk about an accumulation
of neutral lipids in the cells or spores of these
bacteria.

Thus, the cell size and granularity of the
studied bacterial strains were not affected
during cultivation with butanol (0.25-2%).
The quantity of polar and neutral lipids as
well as their ratio were strain-specific. The
results indicate that there are may occur
bacterial strains with increased tolerance to
butanol among natural isolates of Clostridium
(such as strains No2 and No4); however, their
resistance to butanol, probably, do not relate
to the synthesis or accumulation of polar or
neutral lipids.

The results of the current study were
obtained in model that considered butanol
variations only, which is far from reality of
ABE-fermentation, but these data indicate the
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prospects of searching the new strains among
natural isolates, which will possess not only
resistance to butanol, but will synthesize the
neutral lipids in adequate quantities. In this
case a method of flow cytometry and staining
of cells with fluorescent dye nile red let
quickly and accurately evaluate the strains and
optimize the cultivation conditions to increase
yield of microbial biomass with optimal
content of neutral and polar lipids in it, that
will be sufficient for biofuels production or
extraction of specific lipids for technical,
medical or biological applications.

We thank Dr. Chunikhin A.Yu. at the
Center for collective use of the NAS of Ukraine
at the Palladin Institute of Biochemistry of the
NAS of Ukraine for his help in the studies with
flow cytometry.
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researches of Ukraine “Development of
scientific principles of rational use of natural
resources and sustainable development.
Scientific basis for the rational use of natural
resources and waste management problems”.
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Fig. 3. Influence of butanol on the main optical parameters of bacterial cells determined
with flow cytometry after staining with nile red:

(A and B) — the Pareto charts that demonstrate negative and positive, linear (L) and quadratic (Q) effects
of the studied variables (strain — variable 1, the duration of cultivation — variable 2, the concentration
of butanol — variable 3) onto the mean values of fluorescence at FL2 (A) and the ratio of fluorescence
at FL4 and FL2 (B). (C and D) — Strain-specific dependence of fluorescence at FL2 and ratio of FL4 /FL2
on the concentration of butanol in the broth
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BMICT HEUTPAJIBHUX I HOJIAPHUX
JIIIAIB ¥ KIITUHAX KJIOCTPUIIN
3A YMOB RYJbTUBYBAHHS
Y IPUCYTHOCTI BYTAHOJIY

C. I. Bouuyk

ImcTuryT Mikpobiosorii i Bipycosorii im. 1. K.
3abosmoraoro HAH Vxkpainu, Kuis

E-mail: svoychuk@hotmail.com

MeToro po6oTu 6yJI0 OIMiHUTU 3MiHU Yy CKJa-
i HeUTpaJbHUX i IOJAPHUX JINiAIB y KIiTHHAX
KJIOCTPUAiY 3a KyJIbTUBYBAHHA Yy IPUCYTHOCTI
oyranosy. Jlocaif:keHHA TPOBEIEHO HA YOTH-
PHOX IIPUPOAHUX 130JATaAX KJIOCTPULINA METOLOM
IPOTOYHOI UTOMIAYyOoPUMETPii. 3a ONTUMATBEHUX
YMOB KYJbTUBYBaHHA y KJIiTHHaX 6aKTepiil mo-
JAAPHI Jimigm npeBajsioBasiu Haa HeNTpaJbHU-
MU; BMiCT HeHATpaJbHUX JiMifAiB 30iabIITyBaBCA
BABiUi y crmopax Iux MiKpoopraHiamiB i BOgHO-
yac 3HUKYyBaBcA BMicT momapuux. [Iltamm Nel
i Ne2 6ysu smartui poctu 3a 1% OyraHoay B ce-
penmosuii, a mrram Ned — 1,5% . ITig uac Kyib-
TUBYBAHHS 3a Pi3HUX KOHIIEHTPAIlill 6yTaHOIy
mocaimskeHi mramMu 0aKTepiit He BigpisHAIUCH
3a TAKUMH ITUTOMOP(OJOTIiUHMMU O3HAKAMU,
AK TPaHYJAPHICTH i po3mip KiaiTuH. 3MmicT 1mo-
JAPHUX 1 HEHUTPaJbHUX JIMifiB Yy IPUCYTHOCTI
OyTaHOJy 3MiHIOBAJOCSA iCTOTHO, IIPOTEe 3MiHU
HOCUJIU HmITaMMocIelipiueckiit xapakTep i He
JO3BOJINJIN BUABUTU 3arajbHi 3aKOHOMiDHOCTI.
TakuM YMHOM, BMiCT HOJAPHUX i HEUTPAJIbHUX
JimigiB smMiHOBaBCs 3aJIe;KHO Bijg BMicTy OyTa-
HOJIY Y CepeloBUIIli, ONHAK Ileil e)eKT MaB IITa-
MocrenudivHuil XapakTep i He BUABJIAB 3B’ A3KY
3i crifikicTio 1tux GaKTepiit mo 6yTaHony. Buko-
pucTaHHA BigmpanboBaHOi 6Giomacu GaKTepiil AK
IKepesa JinifiB aas BUPOOHHUIITBA OiomaamBa
noTpedye IMOmaJIbIIOl OIITUMi3alii mporecy ajas
30inbIIeHHA BMicTy paKIii HeATpaJbHUX Jimi-
IiB y KJIiTuHaxX 6axTepiii.

Knarmuosi cnosa: Clostridium, moasapHi i HenrT-
panbHi Jimigm, OyTaHOJ, HpPOTOUHA IUTOMJIYO-
pumMeTpid.
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ITenbro paboThl OBITIO OIEHUTH U3MEHEHUSA
B COCTaBe HEUTPAJNbHBIX U HNOJAPHBIX JUIUJOB
B KJETKax KJOCTPUAUM IPU KYJIbTHUBUPOBA-
HUU B IPUCYTCTBUU OyTaHosa. McciaemqoBaHue
IIPOBEIeHO Ha UYeThIpeX MPUPOMSHBIX M30JIITaX
KJOCTPUAUN METOJOM IIPOTOUHOM IIMTOQJIYO-
pumerpuu. I[Ipu onTUMaIbHBIX YCIOBUAX KYJIb-
TUBUPOBAHUSA B KJETKax 0aKTepuil moJApPHBIE
JUTKIALI IPeBaJTNpPOBaIN HAJ HeHTPATIbHBIMU;
colepskaHue HeHTPaAJbHBIX JUIUIOB YBEJIUUN-
BaJIOCh BABOE B CIIOPAX 3TUX MUKPOOPTAaHU3MOB
U OJHOBPEMEHHO CHHUIKAJIOCHh COmep:KaHue TO-
aapubix. [IItamMmer Nel u Ne2 61N CIIOCOOHBI
pactu npu 1% OyTanHoJsa, a mramm Ned — mpu
1,5% . B yc10BuAX KyJbTUBUPOBAHUSA IPU Pa3-
JVUYHBIX KOHIEHTPAIUAX OyTaHOJIa MCCJIeO-
BaHHBIE IMITAMMBI OaKTepPUil He OTJIUYAIUCDH IO
TAKUM ITUTOMOP(OJIOTUUECKUM IIPU3HAKAM, KaK
TPaHYJAAPHOCTH U pasMep KjiaeTok. Comeprranue
MMOJIIPHBIX U HEUTPAJbHBIX JIUIIUJOB B IIPUCYT-
cTBUU OyTaHOJIa MEHAJIOCH CYIIIeCTBEHHBIM 00pa-
30M, OTHAKO M3MEHEHU HOCUJIY IIITAaMMOCIEIN-
duuecKku XxapaKTep U He IO3BOJIUIN BBIIBUTH
o0Iirre 3akoHoMepHocTu. Takum ob6pasom, co-
JepiKaHre MOJAPHBIX U HEUTPAJbHBIX JUIULOB
U3MEeHAJIOCh B 3aBUCUMOCTH OT COJEePKaHUA 0y-
TaHOJIA B CPefie, ONHAKO 9TOT 9PMEKT OBILI IIITaM-
MocCHenu(MUIECKUM BHE CBA3Y C YCTONUUBOCTHIO
oTUX OaKTepuil K 6yranoay. Mcmoab3oBaHue OT-
paboTanHOU 6MoMacchl 6aKkTepuili KaKk NCTOUHMU-
Ka JUIHNIO0B AJA IIPOU3BOACTBA OMOTOIINBA TPe-
OyeT JaJbHeHIeH ONTUMU3AIUY IIPoIlecca s
YBeJINUEeHUS COAEePKaHUA B KJIETKax OaKTepuii
dpaxkuiit HeATPAJIbHBIX JUTUIOB.

Knarouesvre cnosa: Clostridium, nununsl, OyTa-
HOJI, IIPOTOYHASA IIUTO(MIYOPUMETPHUA.
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