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FATTY ACID COMPOSITION
OF COMAMONAS TESTOSTERONI UNDER
HEXACHLOROBENZENE LOADING CONDITIONS

Changes in the lipid composition in bacterial membranes are considered to be the most important adaptation mecha-
nisms to adverse chemical factors. The aim of the study was to compare the hexachlorobenzene effects on the fatty acid
composition of total lipids Comamonas (C.) testosteroni. Methods. The study was performed with C. testosteroni UCM
B-400 and B-401, B-213 strains. Bacteria were grown in the Luria-Bertrani (LB) liquid medium containing 10 and
20 mg/L of hexachlorobenzene (HCB). After cultivation, the biomass was separated by centrifugation and the fatty acid
composition of total lipids was determined through analyzing its methyl esters. To assess the cell membrane properties,
such parameters as the lipid unsaturation index, the average carbon chain length of fatty acids, and the membrane vis-
cosity index were determined. Results. In the fatty acids spectrum of C. testosteroni B-400 after cultivation in a medium
containing 20 mg/L of HCB, the contents of unsaturated hexadecenoic (C16:1) and octadecenoic (C18:1) acids were
lower by 10.6 and 5.5 %, respectively, and that of saturated hexadecanoic (C16:0) acid was higher by 8.4 %, compared
to the control. The fatty acid composition of C. testosteroni B-401 was more stable compared to strain B-400. Collec-
tion strain C. testosteroni B-213 compared to strains isolated from soil with high HCB load, in the presence of 10 and
20 mg/L of HCB had the highest relative content of saturated hexadecanoic acid (C16:0) up to 38.33—40.7%. Unsatu-
rated octadecenoic acid decreased at the doses 10 and 20 mg/L to 1.5—2 % compared to the control. In all strains under
the HCB impact, there was an increase in the relative content of C17-cyclopropanoic acid compared to control variants.
Conclusions. C. testosteroni UCM B-400, B-401, and B-213 bacteria under cultivation conditions in HCB-containing
medium, decreasing the degree of lipid unsaturation and increasing the relative content of C17-cyclopropanoic acid can
be considered as the main mechanisms regulating the cytoplasmic membrane fluidity; the displaying of these protective
reactions had a strain trait and did not depend on the adaptation in natural isolating places.
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Soil pollution is a global anthropogenic origin
problem. In recent years, increased food de-
mand has been due to the using chemicals to
protect crops from phytopathogens and pests.
Over a long time period, this has led to the dis-
persion and accumulation of pollutants in the
environment, primarily in the soil. Organochlo-
rine pesticides are one of the common contami-
nants present in the soil [1]. Hexachlorobenzene
(HCB) is included in this group of persistent tox-
icants. Like other aromatic compounds, it has a
high capacity to adsorb on soil particles, organic
matter, and clay minerals [2].

Metabolic adaptive reactions occur in sub-
jected soil bacteria to constant physical and
chemical influences of the environment [3, 4].
Fatty acid profile modification is also one of the
adapted cell mechanisms to counteract the nega-
tive effect of toxic compounds including phenol
and aliphatic hydrocarbons. Changes in the cell
membrane fluidity associated with an increase
in unsaturated, branched, cyclic, and hydroxy
fatty acids may be a cell reaction to the presence
of aromatic compounds in its surrounding [5,
6]. Change in the fluidity of cell membranes by
regulating their lipid composition, in particu-
lar, the ratio between iso and anti-iso branched
fatty acids and isomerization of cis-unsaturated
fatty acids into the corresponding trans-isomers
is one of the effective adaptive mechanisms [2].
The cytoplasmic membrane fluidity is the most
important parameter to determine cell survival
under stress conditions. Fluidity is provided by
different types of combinations of membrane
components’ mobility and is determined by the
ratio between unsaturated and saturated fatty
acids in membrane lipids and the permanent
movement of fatty acidic tails [7, 8].

Also, the membrane functions are influenced
by other local factors, besides the membrane
fluidity. The bacterial ability to compensate for
changes in membrane fluidity caused by toxic
compounds is named “homeovascular adapta-
tion” and is mainly achieved by changing the
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fatty acid composition. Variations in fatty acid
length, saturation, and cis/trans configuration
of unsaturated fatty acids are major factors in-
fluencing membrane fluidity [9]. One of the ho-
meophasic adaptation mechanisms of bacteria to
the influencing negative environmental factors is
the change in the lipid unsaturation degree [8,
10]. The lipid unsaturation degree is an impor-
tant indicator for maintaining the required level
of cytoplasmic membrane fluidity and, accord-
ingly, the microbial adaptation to adverse envi-
ronmental factors. This mechanism is character-
istic for gram-negative bacteria [4, 11].

Such mechanisms as shortening or lengthen-
ing the fatty acid chain (longer fatty acid chains
reduce membrane fluidity), changes in the con-
tent of branched-chain fatty acids or fatty acids
containing cyclopropane ring, and isomerization
of the double bond of fatty acids with cis- into
the trans-configuration are studied and estab-
lished to be other membrane fluidity regulation
mechanisms [3, 10]. Such changes in the cyto-
plasmic membrane prevent penetration of toxic
substances into the cell.

It should be noted that the lipid composition
changes in the membranes might be different for
members of the same genus or even species. The
effects of various toxic compounds with similar
toxicity and hydrophobicity on the surface prop-
erties and changes in bacterial membrane lipo-
polysaccharides are not general, as demonstrated
in P. putida by comparing the reaction to n-al-
kanols and chlorophenols [9, 12]. Thus, studies
of the phenol tolerance mechanisms of the genus
Comamonas representatives have shown that in
some strains of this genus one mechanism may
be predominant, while in others — several, for
example, changes in cis-isomers to trans-iso-
mers of hexadecenoic acid and the presence or
absence of fatty acids with a cyclopropane ring
[13]. However, changes in the lipid composition
of representatives in C. testosteroni caused by
various toxic compounds remain studied insuf-
ficiently. The aim of this study was to compare
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the hexachlorobenzene (HCB) effects on the
fatty acid compositions of C. testosteroni strains
UCM B-400 and UCM B-401, as capable to HCB
destroying, and the C. testosteroni UCM B-213
collection strain, not adapted to this pollutant.

Materials and methods. The study was per-
formed with C. testosteroni UCM B-400 and
B-401 strains, which were isolated from the
Kalush organochlorine pesticides landfill (Ivano-
Frankivsk, Ukraine). The strains have been shown
to be resistant to high HCB doses (50—100 mg/L)
and capable of its decomposition [14]. C. testoste-
roni UCM B-213 from the Ukrainian Collection
of Microorganisms as one not adapted to high
HCB doses was studied for comparison.

Bacteria were grown in a liquid nutrient Luria-
Bertrani (LB) medium of the following content
(in g/L): 5.00 (NH,),SO, — 2.93 KH,PO, — 5.87
K,HPO, — 0.30 MgSO,*7H,0 — 2.00 NaCl —
0.01 CaCl, — 0.01 FeSO, [15]. Sodium succinate
(4 g/L) was added as a carbon source. The HCB
effect on the lipid membranes properties of the
studied bacteria was determined in a laboratory
experiment according to the following scheme:
a) control I: strain growing in LB medium (pure
control), b) control 2: strain growing in LB me-
dium with the addition of 10 mL of acetone re-
quired to dissolve 10 mg/L HCB, c) control 3:
strain growing in LB medium with the addition
of 20 mL of acetone required to dissolve 20 mg/L
HCB, d) strain growing in LB medium with the
addition of 10 mg/L HCB (dissolved in acetone),
e) strain growing in LB medium with the addi-
tion of 20 mg/L HCB (dissolved in acetone). Re-
search of each strain was performed in three rep-
etitions. Bacteria were cultivated in LB medium
on shakers (121 rpm) for 7 days at 28 °C.

To separate cell biomass after culturing, the
culture liquid was centrifuged at 5000 rpm for
30 min(Eppendorf centrifuge, rotor 5415R).

The fatty acids spectrum of total lipids was de-
termined by the analysis method of its methyl es-
ters. To do this, the cells were hydrolyzed ina 5 %
solution of acetyl chloride in methanol for 1 hr at
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100 °C, followed by extraction with ether-hexane
(1:1). Methyl esters identification was performed
using the chromato-mass spectrometric system
Agilent 6800N/5973 inert (Agilent, USA) in the
temperature range of 150—250 °C [16]. Methyl
esters were identified automatically by retention
time using the NIST data library compared to the
standards. The fatty acid content was determined
using the AgilentChemStation software and dis-
played as a percentage of the total peak area.

The lipid unsaturation index was calculated by
the formula [17]:

Ul = (A+ (2*B) + (3*C))/100,

where Ul is the index of unsaturation; A is the
content of monounsaturated fatty acids, %; B is
the content of binasaturated (biunsaturated) fat-
ty acids, %; C is the content of trinasaturated
(triunsaturated) fatty acids, %.

The index of the membrane viscosity was cal-
culated using the formula [18]:

IVM = (A + Btmns/Bcis + C)’

where I, is the index of the membrane viscos-
ity; A is the content of saturated fatty acid, %;
B, is the content of trans-unsaturated fatty ac-
ids, %; B_,, is the content of cis-unsaturated fatty
acids, %; C is the content of fatty acids with a
cyclopropane ring, %.

The average carbon chain length of the fatty
acids was calculated using the formula [10]:

L = X (FA*C)/100,

where L is the average carbon chain length; FA is
the fatty acid content in cells, %; C is the number
of carbon atoms in the direct chain of fatty acids.

Statistical analyses were performed using the
MS Excel 2010 and Graph Pad Prism 8.0.1 sta-
tistical software, and differences were consid-
ered significant at p < 0.05. All results are re-
ported as mean values + standard deviation of
the means (SDs).
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Results. In the fatty acids, spectra of strains
C. testosteroni B-400, B-401, and B-213 under the
conditions of cultivation in a medium containing
HCB, no qualitative changes were detected, and
all marker acids characteristic of this species were
present. However, there was a difference in the
amount of acid compared to the pure control cul-
ture (control 1), as well as in variants with the ace-
tone addition used to dissolve HCB doses: 10 and
20 mg/L (control 2 and control 3, respectively).

In the fatty acids spectrum of C. testosteroni
UCM B-400 after 7 days of cultivation in a me-
dium containing 10 mg/L HCB compared to
control variants, no significant changes in the
quantitative composition were observed, except
a statistically significant decrease in unsaturated
octadecenoic acid (C18:1) and increase in the rela-
tive content of saturated heptadecanoic (C17:0)
acid. More noticeable changes occurred in the
fatty acids composition cultivated in a medium
with 20 mg/L HCB, where the content of un-
saturated acids (hexadecenoic acid (C16:1) and
octadecenoic acid (C18:1)) was lower (17.12 and
14.02%) than in the other experiments, but the
content of saturated hexadecanoic acid (C16:0)
was higher (38.61%) relative to the control
(Table 1). Under the HCB presence cultivation

conditions, the content of C-17 cyclopropanoic
(2-hexyl-cyclopropaneoctanoic or 9,10-methy-
lenehexadecanoic) acid increased. This fatty acid
is one of the protective mechanisms against toxic
stress. However, the content of saturated acids:
dodecanoic and octadecanoic, under the culti-
vation conditions with HCB and in its absence
almost did not differ.

The contentof C. testosteroni UCM B-401 in
the fatty acid composition under the HCB action
was more stable compared to strain B-400. Un-
der cultivattion in a medium with 20 mg/L HCB,
the content of saturated hexadecanoic (C16:0)
acid increased by 34.55+0.27% compared to the
control, where its corresponding relative content
was 30.54+0.84%. The content of octadecenoic
acid decreased by almost 2.5% compared to the
control. It should be noted that the content of
C17-cyclopropanoic acid after the HCB addi-
tion decreased to almost by 0.5% compared to
the pure control and acetone controls (Table 2).

Collection strain C. testosteroni UCM B-213
in cultivation conditions with 10 and 20 mg/L
HCB compared to the strains isolated from
HCB-polluted soil had the highest relative con-
tent of saturated hexadecanoic acid (C16:0) up
to 38.33—40.7% and heptadecanoic (C17:0)

Table 1. Fatty acid composition of total lipids for C. testosteroni UCM B-400
under different cultivation conditions, % of the total content

Fatty acid Control 1 Control 2 Control 3 10 mg/L HCB 20 mg/L HCB
C10:30H 1.36 £ 0.18 1.38 £ 0.37 1.13+£0.44 1.53 +0.14 2.19+0.1
C12:0 2.03 £ 0.66 2.30 +0.31 2.43 £ 0.69 2.54+£0.15 2.44 +£0.49
C14:0 0.35+0.01 0.35+0.07 0.54 +0.12 0.56 £ 0.05 0.65 £ 0.03
Cl6:1 20.49 +£0.26 21.90+4.4 18.80 + 1.88 19.14 £ 0.41 14.02 + 0.50
C16:0 30.21 +£1.45 29.48 £0.75 32.78 £ 1.10 32.52+£0.35 38.61 £0.77
C16:20H 2.12 £ 0.45 3.32+0.09 3.50 + 0.06 2.66 £ 0.63 2.10 £ 0.69
Cl7cyclo 13.34 £ 0.32 13.03 £ 3.72 15.81 + 1.44 16.53 + 0.47 17.49 + 0.86
C17:0 0.17 £ 0.04 0.92+0.13 1.35 +0.07 1.92 +0.05 2.17 £0.10
C18:2 1.65 +0.27 2.30 £0.92 2.86 +0.03 2.50 £ 0.05 2.51 £0.10
C18:1 27.78 + 0.33 24.59 + 0.66 20.32 + 1.53 19.05 £ 0.36 17.12 £ 0.67
C18:0 0.50 + 0.04 0.44 £ 0.04 0.50 £ 0.09 0.49 +£0.01 0.40 £0.11

Differences between data groups are significant, p < 0.0001.
ISSN 1028-0987. Microbiological Journal. 2022. (2) 27
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up to 0.66—0.70%. At the same time, the con-
tent of unsaturated hexadecenoic (C16:1) acid
was higher than that of B-400 (18.80—21.90%),
but lower compared to B-401 (31.83—33.84%).
The content of unsaturated octadecenoic acid
(C18:1) decreased at 10 and 20 mg/L HCB doses
to by 1.5—2% compared to the control (Table 3).

The lipid unsaturation index, membrane flu-
idity index, and the average carbon chain length

of fatty acids were determined to generalize
characteristics of the HCB effect on the lipid
composition of membranes (Table 4).

The lipid unsaturation index values for strain
UCM B-400 at 10 and 20 mg/L HCB doses indi-
cated adecrease compared to the controls (with
the addition of solvent ) by 9.8 and 20%, respec-
tively, which was connected to an increase in the
relative content of hexadecanoic (C16:0) and

Table 2. Fatty acid composition of total lipids of C. testosteroni UCM B-401

under different cultivation conditions, % of the total content

Fatty acid Control 1 Control 2 Control 3 10 mg/L HCB 20 mg/L HCB
C10:30H 1.39+0.08 0.76 +0.19 0.73 +0.25 1.30 £ 0.35 1.49 + 0.10
C12:0 3.43+0.78 1.28 £0.22 1.91 £0.38 1.75 £0.39 1.55 +0.29
C14:0 0.35+0.02 0.44 +0.10 0.610.19 0.43£0.10 0.39 % 0.08
Cl16:1 31.83 £ 0.43 33.84 £ 0.95 32.75+1.37 33.4%0.06 32.14 £ 1.04
Cl16:0 30.54 + 0.84 3162+ 1.7 32.17+1.25 33.0+0.71 34.55+0.27
C16:20H 1.60 +0.28 2.09 +0.89 2.90 +0.92 2.61+0.38 243 +0.41
Cl7cyclo 3.64+0.11 3.09 +0.70 3.86 + 0.60 2.65 + 0.4 2.92+0.13
C17:0 0.33 +0.04 0.45 +0.18 0.48 + 0.85 0.54 + 0.06 0.78 +0.26
C18:2 0.45 +0.19 0.45 +0.23 1.01 +0.63 0.70 + 0.07 0.71+0.3
C18:1 26.04 +0.61 25.26 + 0.42 21.39 + 1.58 24.74 + 1.70 23.61 +0.59
C18:0 0.41 +0.20 0.73+0.16 0.79 +0.19 0.68 +0.11 0.68 + 0.08

Differences between data groups are significant, p < 0.0001.
Table 3. Fatty acid composition of total lipids of C. testosteroni UCM B-213
under different cultivation conditions, % of total content
Fatty acid Control 1 Control 2 Control 3 10 mg/L HCB 20 mg/L HCB
C10:30H 3.04+£1.21 1.77 £0.70 4.06 £ 0.43 2.25+0.36 2.60 £1.03
C12:0 3.30+£0.32 1.96 £ 0.23 3.68 £0.38 2.63 £0.51 3.06 £1.14
C14:0 0.75 £ 0.03 0.31 £0.02 0.37 £0.10 0.50 £0.19 0.53 £0.04
Clé6:1 27.64 £ 0.05 25.02 £ 0.55 29.82 £ 0.32 28.31 £ 0.11 28.0 £ 0.69
C16:0 35.46 £ 1.20 36.30 + 1.83 37.86 = 0.60 38.33 £ 0.69 40.70 £ 1.94
C16:20H 2.98 £0.87 3.39+0.51 3.14+£0.12 2.43 £0.50 2.56 £0.17
Cl7cyclo 1.83 £ 0.30 1.93 £0.27 1.98 +0.63 2.06 £ 0.05 2.50 £1.25
C17:0 0.32 £ 0.05 0.41 +£0.27 0.59 +£0.08 0.66 +0.03 0.70 £0.14
C18:2 1.51 £ 0.11 2.18 £0.01 1.33 £0.11 1.37 £ 0.16 1.49 £ 0.03
C18:1 21.65 £ 0.60 22.61 +0.75 1994+ 1.76 18.53 £ 0.54 17.34 £ 0.76
C18:0 0.59 £0.17 0.64 +0.09 0.59 +£0.09 0.61 £0.10 0.64 +0.04

Differences between data groups are significant, p < 0.0001.
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C17-cyclopropanoic acids. Fatty acid spectrum
changes in lipid membranes were also character-
ized by a shortening of the average carbon chain
length and an increase in the membrane viscos-
ity index. Lipid unsaturation index for UCM
B-401was stable under the action of 10 and 20
mg/L of HCB. There were also no significant
changes in the membrane fluidity index and the
average carbon chain length . Regarding UCM
B-213, there was a tendency to decrease the
saturation index and membrane viscosity index.
Herewith, in the fatty acid composition of this
strain, C17-cyclopropanoic acid was present, the
content of which at the 20 mg/L dose of HCB
was the highest. An increas e in the content of
octadicadienoic (linoleic (C18:2)) fatty acid, rel-
ative to the control, also indicates adaptation to
the toxic substance.

Discussion. Studies of adaptation mecha-
nisms in soil bacteria are an important issue in
view of the ever-increasing anthropogenic load
on agricultural soils, in particular the increase in
pesticide contamination levels. One of the im-
portant adaptation mechanisms to the adverse
effects of chemical environmental factors is to
reduce the lipid membrane permeability due to
changes in its fatty acid composition [11]. It is
found that when Pseudomonas stutzeri was cul-
tivated to grow in a naphthalene medium, the
ratio of saturated to unsaturated fatty acids in-
creased from 1.1 to 2.1, while for another strain
of Pseudomonas sp. JS150 it increased from 7.5
to 12.0 [19]. In our studies, a decrease in lipid
unsaturation was also observed under HCB load.
In particular, there was observed an increase in
the relative content of saturated hexadecanoic
acid in the lipids of C. testosteroni UCM B-400,
B-401, and B-213. This can be considered as an
important adaptation mechanism.

The conversion of cis-isomers into trans-iso-
mers of unsaturated fatty acids is considered as a
regulating mechanism of the cytoplasmic mem-
brane fluidity under the impact of hydrocarbons
such as toluene and other toxic compounds

ISSN 1028-0987. Microbiological Journal. 2022. (2)

[9—21]. The increase in the content of trans-
isomers of unsaturated fatty acids alongside with
a decrease in the content of the same cis-isomers
under the phenol influence has been studied and
described. Under the toluene, nitrotoluene, and
4-chlorophenol impact on some species of the
genus Pseudomonas, such an increase has been
described for the same fatty acids in [22]. Con-
trary to those findings, we have not observed
such biochemical changes in the strains studied.

The increase in the content of 2-hexyl-cyclo-
propaneoctanoic (C17-cyclopropane) acid has
been considered by some researchers as an im-
portant adaptation mechanism to the action of
adverse chemical factors [23, 24]. In our stud-
ies, the fatty acid composition of the total lip-

Table 4. Indices characterizing
the lipid membranes state for C. testosteroni
UCM B-400, B-401, and B-213

Experiment variant ur* Lo ™ Lo
C. testosteroni UCM B-400

Control 1 0.52 50.08 16.56

Control 2 0.51 51.20 16.51

Control 3 0.45 56.32 16.48

10 mg/L HCB 0.46 58.03 16.47

20 mg/L HCB 0.36 66.35 16.33
C. testosteroni UCM B-401

Control 1 0.60 40.45 16.47

Control 2 0.60 41.13 16.46

Control 3 0.60 41.16 16.44

10 mg/L HCB 0.59 41.68 16.38

20 mg/L HCB 0.56 44.84 16.35
C. testosteroni UCM B-213

Control 1 0.52 49.19 16.38

Control 2 0.52 50.18 16.19

Control 3 0.50 50.87 16.18

10 mg/L HCB 0.50 51.51 16.17

20 mg/L HCB 0.50 51.79 16.01

* Ul — unsaturation index, **1,,, — membrane viscosity

index, **L — average carbon chain length in fatty acids.
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ids from all three studied strains an increasing
the C17-cyclopropanoic acid content accord-
ing to increasing HCB dose were show n. Such
changes in some phenol-tolerant C. testosteroni
have been observed [13]. The conversion of un-
saturated fatty acids to cyclopropane-contained
is considered to be the main adaptive response
of the bacterial cell to the stressful environmen-
tal conditions due to stabilizing the cytoplasmic
membrane fluidity [25]. It has been shown that
the increase in membrane rigidity in the pres-
ence of fatty acids with a cyclopropane ring
is due to the higher melting point of the acids
compared to unsaturated fatty acids [10]. Some
researchers have reported that the primary func-
tion of cyclopropane ring fatty acids in bacte-
rial cells is to change the chemical properties of
membranes without significant changes in their
physical properties [23, 26]. The study results for
the reaction to toluene of wild-type strain and
knockout mutant in the cyclopropane synthase
(the enzyme responsible for the synthesis of
cyclopropanoic acids) showed that a wild-type
strain in the stationary phase is more resistant to
toluene shock, which indicates that the cyclopro-
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YKMPHOKMCIOTHNY CKJIA]T COMAMONAS TESTOSTERONI
3A YMOB I'EKCAXJIOPOBEH3OJIbHOI'O HABAHTAYXEHHA

JocmifkeHHA afjanTalillHNX MeXaHi3MiB y TpyHTOBUX OaKTepill € BaXK/IMBUM 3aBIAHHAM 3 OIJIAAY Ha IOCTITHO
3pocraroye IeCTUIUHe 3a0pYIHEHHS 3eMeIb CI/IbCbKOIOCIIOAAPChKOTr0 IpyU3HadeHHs. XJIOpOpraHiyHi IecTULU-
IV € ONHVIMM 3 IOIIMPEHNX 3a0pyHeHD y I'PYHTI. [Jo BKka3aHOI Ipyny NepCUCTYIOYMX TOKCUKAHTIB BXONUTD IeK-
caxyopbenson (IXB). 3minu mimigHOro CKIamy MeMOpaH y 6aKTepiil BBaXKAIOTHCSI OFHNM i3 HAO1IbII BaXK/IMBUX
MeXaHi3MiB IPUCTOCYBAHHA [0 Ail HeCIIPUATINBUX XiMiYHMX PaKTOPiB. 3MIHM IMHHOCTI KITITUHHOI MeMOpaHIL,
OB si3aHi 31 361/IbIIEHHAM BMICTY HEHACUYEHUX, POSTATY)KEHNX, IMKIIYHUX 1 TIAPOKCYKUPHUX KUCTOT MOXYTh
OyTH peakxiii€lo KIiTMH Ha IMPUCYTHICTh apOMAaTUYHMX CIOMYK B iXHbOMY OTO4YeHHi. MeTor po6oTu 6yno mo-
piBHsIBHE focmimxeHHs BBy [ XD Ha xupHOKMCIOTHI mpodini saranpuux ninifgis Comamonas testosteroni.
Meropu. ocnimkenns nposopyu 3i mramamu C. testosteroni YKM B-400 i B-401, Bupginenumu i3 3a6pygHeHoro
IPYHTY i 3atHUMM 1o po3knany XD, a Takox KonekiiitnuM mramoM B-213. bakTtepii Bupomysamyu IO MHHNM
criocoboM y pigkomy noxuBHOMy Luria-Bertrani (LB) cepegoBymi, mo mictuno 10 i 20 mr/n I'Xb. ITicns Bupomnry-
BaHs 6i0Macy BifOKpeM/IIOBaIN LeHTPU(YTyBaHHAM i BUSHAYA/IN XXVPHOKMUCTIOTHUI CIEKTp 3arajbHUX JIiAiB
METOJIOM aHali3y IXHiX MeTmIoBUX edipiB. [/ OL[iHKM BIACTMBOCTEI LUTOIIIa3MaTHIHOI MeMOpaHu bGakTepi-
aJIPHMX KJTITMH PO3PaxOBYBa/llU iHIEKC HEHAaCHMYEHOCTI MMifiB, CepeHIO JOBXUHY KapOOHOBOTO JTaHIIIOTa XKUP-
HMX KVCIIOT Ta iHAeKC B’A3KocTi MeMbpaH. Pesymbratn. Y crekrpax xupHux kucnot C. testosteroni B-400, B-401,
B-213 3a yMOB KynbTUMBYBaHHS y cepenoBulli, mo Mictuno XD, He 6yno BUABIEHO AKICHUX 3MiH, TOOTO Oyn
HasABHi BCi MapKepHi KMCIOTH, XapaKTepHi A7 11boro BUAY. Y crieKTpi >xupHux kucnot C. testosteroni B-400 micna
KY/IbTUBYBaHHA y cepeRoBuii, o MicTnno 20 mr/n I'’XB, BMicT HeHacuyeHux rekcageneHosoi (C16:1) i okrapewe-
HoBOI (C18:1) kncoT 6yB HyOKIMM BifnoBigHo Ha 10.6 1 5.5 %, a Hacudenol rekcagexanosoi (C16:0) — Bumum Ha
8.4 % BigHOCHO KOHTpO/II0. KiNbKicHMIT CKTaf >KupHOKUCIoTHOro npodinio C. testosteroni B-401 BusBuBcst 6inmpur
crabinbHMM HOpiBHAHO 3i mTamoM B-400. Bmict HacuyeHoi rekcafiekanoBoi kucnory (C16:0) micna KynbTuUBY-
BaHHA y LB cepenoBui 3 20 mr/n XD 6yB Bumum Ha 4 % mopiBHAHO 3 KoHTposeM. IIpore BMiCT HeHacuueHOI
rekcagenieHoBoi (C16:1) kmcmoryu 6yB MajKe He3MiHHMM, 3MiHV KOHI[eHTpaLii KOMMBanucs B MeXXax 1—2 % Mix
yciMa BapiaHTaMu JOCTIPKeHHs 11bOro mTaMy. BMicT iHIIol HeHacuyeHOI KucnoTu — okrafeneHosoi (C18:1) 6yB
HIDKYMM Ha 2.5 % BifHOCHO KOHTpoo. Konexuirtamit mram C. testosteroni B-213, mopiBHAHO 3i ITamMaMu, BUJine-
HUMM 3 TPYHTY 3 BucoKuM [’ Xb HaBaHTaXeHHAM, a came 10 i 20 Mr/71, BifipisHABCA HaBUIIVIM BiffHOCHUM BMiCTOM
Hacu4ueHol rekcafiekanoBoi kucnory (C16:0) — o 38.33—40.7 %. IIpy nboMy BMicT HeHac4eHOI OKTaIel}eHOBOI
KMCTIOTY 3MEHIINBCA Ha 1,5—2 % NOpiBHAHO 3 KOHTpO/eM. Y BCixX mTamiB 3a BIyimBy I'XD BigmidyeHo miBuieHHA
BigHOCHOTrO BMicTy Cl7-IMKIONPOIAHOBOI (2-TeKCHU/I-IMKIONPOIIAHOKTAHOBOI) KIC/IOTH MOPIBHSAHO 3 KOHTP-
onbHUMU BapiaHTamu. BucHoBku. Y 6axrepiit C. testosteroni UCM B-400, B-401 i B-213 3a yMOB BUpOLIYBaHHS ¥
cepepioBuli, 110 MicTUTb I'XD, 3MeHIIIeHHA CTYNeHI0 HeHaCUYeHOCTi JiMifiB Ta MifIBUIeHHA BiffHOCHOTO BMICTY
LMK/TOIIPONIaHOKTAaHOBOI KMCIOTY MOYKHA BBa)KaTU OCHOBHUMIM MeXaHi3MaMM PerylAlii INIMHHOCTI UTOIIa3-
Matu4HOi MeMOpaHu. IIposB 3a3HaueHMX 3aXMCHUX peaKliili Mae IITaMOBY O3HAaKY i He 3a/IeKUTb Bifi aganranii y
NPUPOJHNX MiCIIAX BUJI/IEHHS.

Kmiouosi cnosa: Comamonas testosteroni, cnekmp jHUPHUX KUCIOM, HeHACUueHicmy 1inidis, NauHHICMb MemMOpaH,
2eKcaxnopOeH3ot.

32 ISSN 1028-0987. Microbiological Journal. 2022. (2)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


