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FATTY ACIDS COMPOSITION OF MICROBACTERIUM
GENUS BACTERIA - DESTRUCTORS OF OIL
HYDROCARBONS

Aim. To conduct an identification of microorganisms — destructors of oil hydrocar-
bons — based on their fatty acid composition. This is one of the chemotaxonomic character-
istics that correlate with bacterial molecular genetic features. Fatty acids analysis of cells
of bacteria was carried out using automatic system of microorganismsidentification MIDI
Sherlock (MIDI, USA) based on gas chromatograph Agilent 7890. For fatty acids profiles
test culture were characterized by C ; 5:0 anteiso — 44.26—46.36 %, C 17:0 anteiso — 27.04—
28.03 %, C,:0iso — 14.49-16.9 %, C,:0 iso — 5.51- 8.58 %, C,:0 iso — 1.67-2.4 %.
Isomers C | 3.'0 anteiso, C | 4.'0 iso, C 18:0 iso, C 19:0 anteiso identified smaller amounts and
ranged from 0.05 to 0.72 % of the total peaks square. It demonstrates the presence of
saturated isomers C14:0, C16:0, C17:0 and C18:0, which composition ranged from 0.05
to 1.02 %. By phenotypic characteristics and the composition of fatty acids investigated
culture were assigned to type Microbacterium barkeri. Similarity index of fatty acid pro-
files of the library is 0.685 for strain Microbacterium barkeri OZ-2 and 0.942, for strain
Microbacterium barkeri OZ-3.

K ey w o rd s: composition of fatty acids, identification, Microbacterium barkeri.

For many decades the use of the Zmiiniy Islandin military aims led to a
significant oil pollution amounting up to 10 % of soil area at the moment. It is
shown that the oil content is up to 112.5 g/kg soil. The problem of soil reme-
diation in this area is complicated due to its chemical composition, specifically
by salinity. The total salt content in the upper horizons is around 0.05-0.07 %,
increasing with depth to 0.1-0.2 % [1].

Modern methods of soil and water purification from oil and oil products are
often developed using bacteria destructors of oil hydrocarbons. Different rep-
resentatives are describedamong these destructors: for Proteobacteria — Bacil-
lus, Rhizobium, Arthrobacter [15], for ascomycetes — Fusarium, Alternaria [6,
12] and foractinobacteria — Rhodoccocus and Microbacterium [13, 15]. High
metabolic flexibility and rapid adaptation to the harsh living conditions allows
active utilizing organic compounds including of carbohydrates, by reducing the
oil content in the soil to baseline values at low operating costs and low tech-
nological complexity of the process of contaminated soil purification [3, 9].

Increased research interest in studying fatty acids’ profile of poorly ex-
plored microorganisms is explained by the fact that some of their cellular
fatty acids (unsaturated and branched) are autoinducers in quorum-sensing
system, which provides contacts both between population members and other
microorganisms [3].

Fatty acid composition of total cellular lipids is important species and intra-
specific chemotaxonomic characteristics [2, 5]. For microorganisms it is used
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as chemotaxonomic feature that allows identification of microorganisms using
fatty acid profiles’ libraries [11].

Previously, as a result of screening microorganisms isolated two strains
of bacteria capable of anionic surfactants and oil recycling were isolated
from petroleum contaminated soil of the Zmiiniy Island. As these strains
were not identified, the aim of the work was to conduct an identification of
microorganisms — destructors of oil hydrocarbons — based on their fatty acid
composition. This is one of the chemotaxonomic characteristics that correlate
with bacterial molecular genetic features.

Materials and Methods. Two strains of bacteria isolated from petroleum
contaminated soil of Zmiiniy Island were the objects of this study. To perform
analysis of cellular lipids’ content, samples were prepared appropriately with
bacterial cultures that had been previously incubated at Tryptic soy agar
medium (Merck, Germany) at a temperature of 28 + 1 °C for 24 hours.

The 3 full loop with wet biomass was transferred to glass vials and was add-
ed a concentrated solution of NaOH. Suspension was thoroughly mixed heated
at 95-100 °C for 5 min in a water bath. Prepared samples were stored for
25 minutes at a temperature of 95-100 °C for cellular destroying and saponi-
fication of microorganisms’ lipids. Methylation of fatty acids was performed
by heating the reaction mixture at 80 °C for 10 minutes after adding acidic
methanol solution. Extracted methyl esters of fatty acids were neutralized with
0.3 M solution of NaOH and analyzed by gas chromatography [4].

Chromatographic separation of methyl FA esters was conducted at Agilent
7890 gas chromatograph (Agilent Technologies, USA) with a capillary
column ULTRA 2 and flame ionization detector. Samples of 2 ml volume
were transferred into the evaporator in the mode split with a coefficient
40:1, evaporator’s temperature — 250 °C. The separation was carried out in
temperature programming mode — initial temperature of 170 °C with a gradient
of 5 °© C/min to 270 °C. Fatty acid content was expressed as a percentage to
total sum of peaks’ squares.

The MIDI Sherlock 4.5 software together with fatty acids profiles’ library
of aerobic microorganisms RSTBAG version 6.21, were used for identification
of studied strains’ fatty acid profile.

Statistical analysis of the results of research was performed in a computer
program MS Excel with determination of Student’s z-criteria. A statistically
significant difference was considered as P < 0.05.

Results and Discussion. Previous studies have shown that isolated
microorganisms hold the destructive ability to petroleum hydrocarbons. The
level of oil spot destruction (oil 10 mg / 10 ml of bacterial culture) at the
M-9 medium for 20 days reached 35 %. Strains gave moderate grow that the
“hungry” agar containing 1 % sodium dodecyl sulfate. This indicated at their
ability to destructive activity forward anionic surfactants (AS).

According to phenotype features (morphological, physiological-
biochemical, cultural), that were determined by classical bacteriological
methods and API 50 CHB Medium test-systems (bioMerieux, France), isolated
bacterial strains were primary assigned to the Microbacterium genus.

It is known that Microbacterium group is heterogeneous. Majority of its’
representatives were detected in environmental samples — water, soil, plants,
dairy products, as well as in human clinical isolates in some described cases
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[8, 10]. A common feature for Microbacterium representatives and relative gen-
era is the ability to form yellow pigmented colonies [7]. The Microbacterium
genus representatives distinguish from related genera such as Aureobacterium,
Curtobacterium due by growth under anaerobic conditions and impossibility
to move [7, 8]. The absence of cellulose activity and specter of general cel-
lular fatty acids takes apart them from representatives of Cellulomonas. Thus
Microbacterium representatives are characterized by a dominance of C15:0
anteiso — and C17:0 anteiso isomers, the total content of which may compose
up to 70 % of the total fatty acid pool . Other members of this group are char-
acterized by shorter isomers [10, 14].

Chromatographic analysis of fatty acids profiles (Fig.1, Fig. 2.) for studied
bacterial cells detected typical high content of branched saturated isomers with
amount of carbon atoms from C13 to C19. For cells of bacteria Microbacterium sp.
OZ-2 (table 1) there’s demonstrated the presence of C,;:0 anteiso — 44.26 %,
C,,:0 anteiso —28.03 %, C :0is0— 14.49 %, C .:0is0—-8.58 %, C,.:0 is0 - 2.4 %.
Isomers C ,:0 anteiso, C ,:0 iso, C :0 iso, C ,:0 anteiso were detected in lower
amounts and consisted from 0.05 to 0.58 % of the total peaks’ squares. There
is also observed the presence of saturated isomers C14:0, C16:0, C17:0 and
C18:0, which content varied between 0.05 and 0.75 %.

For cells of bacteria of Microbacterium sp. OZ-3 (table 1) there’s established
the presence of C,:0 anteiso — 46.36 %, C .0 anteiso — 27.04 %, C .0 iso —
16.9 %, C,:0is0 - 5.51 %, C,:0 is0 — 1.67 %. Isomers C ,:0 anteiso, C ,:0 iso,
C :01s0, C ,:0 anteiso are detected in lower amounts and consisted from 0.05
to 0.72 % of the total peaks’ squares. There are also found saturated isomers
C14:0, C16:0, C17:0 and C18:0 whose content varied from 0.05 to 1.02 %.
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Fig. 1. Fatty acids’ chromatogram of culture of Microbacterium sp. OZ-2
general cellular lipids
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Fig. 2. Fatty acids’ chromatogram of culture of Microbacterium sp. OZ-3

general cellular lipids

Table 1
Fatty acids (%) cells of bacteria of Microbacterium spp. OZ-2 and OZ-3

Fatty acid

Percentage of the total peaks square (%)

Microbacterium sp. OZ-2 Microbacterium sp. OZ-3

C,,:0 anteiso 0.05 0.05
C,:0 0.05 0.06
C,:01s0 0.58 0.72
C,.0iso 8.58 5.51

C,.:0 anteiso 44.26 46.36
C,.0 0.75 1.02
C:0iso 14.49 16.90
C.:0 0.11 0.08
C,,:0iso 2.40 1.67
C,.:0 anteiso 28.03 27.04
C,0 0.05 0.05
C,:01iso 0.08 0.06
C,,:0 anteiso 0.05 0.03
C,:1 wbc 0.08 0.07
C,:0 10-metyl 0.04 —

C 1 w9c o 0.03
C,:120H 0.05 —

C :0izo 30H 0.06 0.08
C,,:0 20H 0.10 0.11

C,.,:030H 0.05 —

C,:120H 0.14 0.16

Note: «----» —not found.
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Thus, the fatty acids profile analysis of investigated culture using auto-
mated MIDI Sherlock identification system assigned studied strains to species
Microbacterium barkeri with high similarity indices 0.685 for Microbacterium
barkeri OZ-2 strain and 0.942 for Microbacterium barkeri OZ-3 strain.
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eyn. [eopancvka, 2, Odeca, 65082, Vkpaina
CKJAJ dKUPHUX KUCJOT BAKTEPI POXY MICROBACTERIUM —
JECTPYKTOPIB BYIVIEBOJAHIB HA®TH
PeswwMme

Mera. [IpoBecTr ieHTH}IKAIIFO OAKTEPiil — NECTPYKTOPIB BYIJIECBOJIHIB HAPTH, BUKO-
PHCTOBYIOYH )KUPHOKUCIOTHUH CKJIaJ SIK OHY 13 XeMOTaKCOHOMIYHUX O3HAK, sIKa KOPEITIOe
3 MOJICKYJISIPHO-TEeHETHYHIMH TTOKa3HUKaMHU. JKUPHOKHUCIOTHUN aHaMi3 KITHH OakTepiit
31 CHIOBAJIM 3 BUKOPUCTAHHSIM aBTOMATHYHOI CHCTEMH IICHTU}IKAIII MIKpOOpPTraHi3MiB
MIDI Sherlock (MIDI, USA) na 6a3i razoBoro xpomarorpada Agilent 7890. st xwup-
HOKHMCIIOTHUX MPO(IIB DOCTipKyBaHuXx KynsTyp Oyna xapakrepna HassHicTh C, .0 an-
Teizo — 44,26-46,36 %, C .:0 anTeizo — 27,04-28,03 %, C,:0 i30 — 14,49-16,9 %, C .:0
i30 - 5,51-8,58 %, C,,:0 i30 — 1,67-2,4 %. Isomepu C, .:0 anreizo, C ,:0 i30, C .:0 i30, C :0
aHTEeI30 BUSBJIEHI B MEHIINX KUIBKOCTAX Ta ckiagand Big 0,05 mo 0,72 % Big 3araabHOL
cymu o mikiB. [Tokasana npucyTHicTs Hacuuenux izomepi C14:0, C16:0, C17:0 ta
C18:0, BmicT sikux konuBascs Big 0,05 1o 1,02 %. 3a peHOTUIIOBUMHU O3HAKaMU Ta CKJia-
JIOM XHPHHUX KHCIIOT JOCTIKYBaHi KyJIBTyPH BiIHECEHO 10 BUIY Microbacterium barkeri.
[HIEKC CXOXKOCTI JKUPHOKHUCIOTHAX PO 1B 13 6i0mioreunumu ckiiagae 0,685 s mramy
Microbacterium barkeri O3-2 ta 0,942, nns mramy Microbacterium barkeri O3-3.

Knioyogi crnoesa: cknan >KUpHUX KUCTOT, ineHTudikais, Microbacterium barkeri.

O.I' I'opwkosa, H.B. Kopomaesa, A.H. Ocmanuyk,
O.B. Boniosau, T.B. I'yozenxo

Oodecckuil Hayuonanvuwlil yHugepcumem um. U.1. Meunuxosa,
yn. [leopsnckas, 2, Odecca, 65082, YVkpauna

COCTAB )KAPHBIX KUCJIOT BAKTEPUI POJIA MICROBACTERIUM —
JECTPYKTOPOB YITIEBOAOPOJOB HE®TH

PeszwwMme

Heas. [IpoBecTH UACHTHU(PHUKAINIO MUKPOOPTAHU3MOB — JICCTPYKTOPOB YIJIEBOIOPO-
OB He()TH, UCIIONB3YS KUPHOKUCIOTHBIN COCTaB KaK OIUH M3 XEMOTAaKCOHOMHUYECKUX
TIPU3HAKOB, KOTOPBI KOPPEIUPYET C MOJICKYIAPHO-TEHETHUSCKUMHE TTOKa3aTersMu. JKup-
HOKHUCIIOTHBIM aHAJIN3 KJIETOK OaKTepuil OCYIIECTBISUIN C HCIOJIB30BaHIEM aBTOMATHYe-
CKO# cucTeMbl uaeHTUGuKanuu Mukpooprann3MoB MIDI Sherlock (MIDI, USA) na 6aze
ra3oBoro xpomarorpada Agilent 7890. I KUPHOKUCIOTHBIX TPOQHUICH MCCISITyeMBIX
KyJnbTyp Obuto XapakrepHo Haianuue C15:0 antenso — 44,26-46,36 %, C17:0 anrenso —
27,04-28,03 %, C16:0 uzo — 14,49-16,9 %, C15:0 u30 — 5,51- 8,58 %, C17:0 n3o —
1,67-2,4 %. Uzomeprr C13:0 arTenso, C14:0 w30, C18:0 m30, C19:0 aHTEH30 OOHAPYKCHBI
B MEHBIIUX KoymdecTBax u cocTaBisui oT 0,05 10 0,72 % oT o01eii cyMMBbI TUIOIIaICH
nukoB. [Tokazano mpucyTcTBUE HachIeHHBIX n3omepoB C14:0, C16:0, C17:0 u C18:0,
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coziepanue Kotopbix konebdasock ot 0,05 no 1,02 %. [To dpeHoTHIMUECKUM ITPHU3HAKAM

1 COCTaBY XHMPHBIX KHUCJIOT UCCIIEyeMble KYJIBTYypBl OTHOCATCS K BULY Microbacterium

barkeri. Innexe cxoncTBa )KHPHOKHUCIOTHBIX TpodmiIeii ¢ OMOIHMOTEYHBIMH COCTABIISIET

0,685 misa wramma Microbacterium barkeri OZ-2 u 0,942, nns mramma Microbacterium
barkeri OZ-3.

Knwuegvle cnoea: cOCTaB JXHUPHBIX KHUCIOT, WACHTHUKAIUSA, Microbacterium

barkeri.
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