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STENOTROPHOMONAS MALTOPHILIA IMV B-7288
AS THE PROMISING DESTRUCTOR
OF HEXACHLOROCYCLOHEXANE ISOMERS
COMPLEX AT AEROBIC CONDITIONS

Aim of the research was identification the “one promising” microorgan-
ism-destructor of organochlorine hexachlorocyclohexane isolated among mi-
croorganisms from places with total pesticide contamination, after studying
its resistance and destruction. Methods. Laboratory selection of microorgan-
isms was carried out by microbiological methods on agar plate. Identification
of the isolates was realized over polyphase approach by API test method and
sequence of the 16S rRNA gene fragment, followed by comparison of the re-
sults with the GenBank database using the BLASTN program. Research the
ability to decompose the HCH-isomers complex (o, B, y and ) were studied
in liquid media by gas chromatography. Results. On the basis of resistance
to the insecticide hexachlorocyclohexane microbial isolate Ne6 was selected
as the most promising strain and identified as Stenotrophomonas maltophilia
IMYV B-7288. The strain was tolerant to high (1000 mg/L) concentrations of
insecticide growing on agar plate. In a liquid medium for 7 days of cultiva-
tion under aerobic conditions, the strain decomposed hexachlorocyclohexane
isomers (a, P, y and 0) by 61.6-82.1% ofits initial content (20 mg/L). Conclu-
sions. The selected strain of Stenotrophomonas maltophilia IMV B-7288 is an
effective destructor of hexachlorocyclohexane isomers and its derivatives and
can be promising for using in environmental friendly technologies.

Key words: Stenotrophomonas maltophilia, hexaclorocyclohaxane, lindane,
biodegradation. seauence of 16S rRNA.

Halogenated compounds are often considered to be relatively recalcitrant in
many surface environments, such as soils, sediments, and groundwaters, due in
part to their chemical stability and in other part to the lack of appropriate microbial
activity for their degradation [14]. Moreover, insecticide gamma-hexachlorocyclo-
hexane (y-HCH or Lindane) can negatively influences the activities of microbial
communities in impacted habitats [1].
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Therefore, the necessity exists of finding indigenous soil microorgamisms
resistant/ decomposing of chlorinated pesticides at different concentrations: low
in agricultural applications, medium and high at wood treatment or spill sites.
There are a sufficient number of reports about the destruction of a chlorinated cy-
cloaliphatic compound (y-HCH) under anaerobic conditions [8, 10]. But there are
in Ukraine many areas with varying levels of pollution where it is not possible to
create anaerobic conditions for microbial destruction of HCH-isomers [13]. In con-
sequence of above it is necessary to research the autochthon (indigenous) aerobic
soil microorganisms having natural resistance to HCH in heavily polluted areas, in
order to obtain highly efficient destructors capable to decompose HCH-isomers and
simultaneously to synthesize plant grows regulators for remediation/phytoremedi-
ation of polluted soil.

Materials and Methods

In our previous study we have isolated the natural steady to chloroorgan-
ic contaminations microbial association named Micros [15]. Micros association
was selected from soil area with high organochlorines pollution level where lin-
dane (y-HCH) has been applied and stored over 40 years for agricultural and in-
dustrial purposes. The strain Ne6 resistant to the HCH-isomers (a-HCH, B-HCH,
v-HCH (lindane), 6-HCH) was isolated from this association and cultivated on
liquid Menkina’s mineral nutrition (MMN) medium (pH 7.2) (containing per li-
ter: 4.0 g of glucose, 2.0 g of NaNO,, 0.5 g of KCI, 200 mg of K. HPO,, 100 mg
of MgSO,x 7H,0) [11]. Also nutrition medium contained chloroorganic thecni-
cal waste with total HCH- concentration 20 mg/L as supporting selective factor.
For microbial isolate cultivation at high concentration of HCH-isomers we also
used peptone containing M17 medium (Oxoid, Hampshire, England) and pure an-
alytical hexane solution of HCH-isomers (Alsi Ltd.) in concentration range from
100 to 1000 mg/L. The cultivation was performed at rotating conditions with
240 rpm/minute and 28 £+ 0.1°C for 7 days. As a control has been used sterile nutri-
tion medium with toxicant without microorganisms.

To identify the isolate Ne6, classical methods were used to study their phys-
iological and biochemical characteristics. Cell morphology studies were carried
out by microscopic examination of smears of daily cultures, stained according to
Gramm'’s method. To determine the mobility of the researched microbial cells we
studied the preparations of daily living cultures, which were cultivated on the nutri-
ent medium M17. The oxidase and catalase activity of the strains was determined
according to Kovacs [11].

The microbial isolate was identify using the API 20 NE system (BioMerieux,
France), for non-fermenting Gram-negative rods.After 4 days of cultivation in the
stationary phase of growth on MMN medium [11], colonies were recovered from
the Petri plates suspended with a sufficient quantity of 0.85% (wt/vol) NaCl buffer
to reach 10° bacteria cells per ml. This suspension was used to inoculate the API
20 NE strip (Biomerieux, Marcy 1’Etoile, France) bacterial identification systems
according to the manufacturer’s recommendations.

The method of partial sequencing of the 16STRNA gene were used.The
isolation and purification of bacterial DNA was performed in the exponential
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growth phase from 2—3 daily culture using the “Sorb-B DNA” kit according to the
manufacturer’s recommendations.

The amplification of 16S-rRNA gene fragments was performed using two
universal primers: forward RNNF1 5" -CGG-CCC-AGA-CTC-CTA-CGG-GAG-
GCA-GCA-3 'and reverse RNNR2 5’ -GCG-TGG-ACT- ACC-AGG-GTA-TCT-
AAT-CC — 3' by PCR reaction on the “2720 Thermal Cycler” amplifier.

PCR amplification was performed in a total volume of 50 pl, each reaction
mixture containing: H,O — 17 pl, mixture of dNTP — 5 pl/l, 1,0m Meach primer,
5 ul of TagDNA polymerase (10 U/ul) (Gibco BRL, Cergy-Pontoise, France) in a
buffer containing 10 mM Tris-HCI (pH 8.3), 125 mM KCI, 1.5 mM MgCl2, 0.5 ul
and 7.5 ul bacterial DNA samples. The amplification temperature conditions were
as follows: initial denaturation —5 min at 94 °C, the next 35 cycles — denaturation
30 sec at 94 °C, hybridization of primers 30 sec at 55 °C, polymerization 30 sec at
72 °C, final cooling to 4 °C. Analysis of PCR products was performed by electro-
phoresis for a period of 20 min on a 1% (wt/vol) agarose gel with ethidium bromide
(1pl/ml), at a voltage of 10 V/cm. To determine the molecular mass (weight) and
amount of DNA marker SM0403 (Fermentas Ltd.) was used.

The sequence was implemented according to the standard protocol using ge-
netic analyzer “3130 Genetic Analyzer” with a set of sequence reagents “BigDye
Terminator v 3.1 Cycle Sequencing Kit”.

The analysis of obtained nucleotide sequence 476 n.p was performed using
the BLASTN program, comparing them with the homologous nucleotide sequences
of the 16S-TRNA gene detected in GenBank.

To study the ability to decompose the HCH, the isolated strain Ne6 have been
cultivated on a MMN medium containing 20 mg/L (pure analytical substances)
HCH isomer complex. Microorganisms have been cultivated in Erlenmeyer’s flasks
with rotating 240 rpm/h at 28 °C for 7 days. Microbial biomass was separated by
centrifugation at 12000. The determination of HCH-isomers amounts was carried
out in the microbial supernatants by gas chromatography according to the recom-
mendations of the Environmental protection association (EPA) [12].

The analysis of HCH-isomers was performed applying an HP-5 column
(Ilength 30 m, internal diameter 0.32 mm, phase thickness 0.25 pm (HP cat. No.
19091J-413).

Destruction activity have been calculating in % for every HCH-isomer, ac-
cording to initial content at nutrition medium.

Statistical analyses. The study was conducted in triplicates. Statistical anal-
ysis of the results were performed using MS Excel 2013. The percentage were
calculated using data n=3 [3, 9].

Results and discussion

The HCH-resistant bacterium isolate Ne6 was found to form beige opaque flat
colonies with clean edges on M17 medium agar Petri plates. It was gram-negative
aerobic, non-fermentative bacterium; motile due to polar flagella, catalase-positive,
oxidase-negative non-spore-forming rods, slightly smaller 0.5%2.0 and 0.4-0.6 um
in size with rounded ends.
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According to the data used a special software and according to the API iden-
tification system (with ID 99.9%) the isolate No6 belongs to the species Stenotro-
phomonas maltophilia.

Since the polyphase method isused to determine the taxonomic position of
microorganisms, based on the study of both physiological, biochemical and molec-
ular genetic characteristics of investigated microorganism [6], we used molecular
biological method for studying isolate Ne6. The nucleotide sequence of 16S rRNA
gene fragment (476 bp) was determined. The results of the amplification with uni-
versal primers RNNF1 (direct) RNNR2 (reverse) are presented by electrophoresis
data in 1.5% agarose gel of the obtained PCR products (Fig. 1).

Fig. 1. PCR products16S rRNA : M — marker SM0403; 6 — S. maltophilia 6;
8 — S. maltophilia 8(the one experimental strain); 9 — P. putida 9

The amplifiers of the 16S rRNA gene were sequenced and their nucleotide
sequences were obtained. Using the BLASTN program, in the GenBank database,
homologous nucleotide sequences were compared.

The strain Ne6 have 99% homology of the nucleotide sequence with a
fragment of thel6STRNA gene S. maltophilia 0450 (EU604758.1) and S. malto-
philia LQB22 (GQ861457.1), which confirms belonging of isolate Ne6 to species
S. maltophilia.

This microbial strain was included into Ukrainian collection of microorgan-
isms and in depository as Stenotrophomonas maltophilia IMV B-7288.

The ability to destroy chloroorganic pollutions by fluorescent Pseudomonads
was previously described [4], but there are a little data about similar properties of
the Stenotrophomonas strains. It is known that S. maltophilia KB2 was used to me-
tabolize broad range of aromatic compounds including phenol, some chloro- and
methylphenols, benzoicacids, catechols, and others [5]. It is known that representa-
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tives of S. maltophilia are found ubiquitously distributed in soil and often associat-
ed with roots of many plant species.

The result is very interesting for natural selected strain isolated from polluted
area without any genomic manipulations. This was to be expected, because such
a huge potential for biodegradation is consistent with the well-known literature on
the high functional flexibility and ubiquity of Stenotrophomonas.

S. maltophilia IMV B-7288 demonstrates the strong ability to grow at pres-
ence high=concentration of four HCH-isomers (hexachlorocyclohexane) (Fig. 2).

HOH , 1000 mg) |

Fig. 2. The microbial growth on Petri plates (M17 nutrition medium) with concentration
100, 200, 400 and 1000 mg\L of HCH-isomers complex: 1- S. maltophilia IMV B-7288

The HCH-isomers degradation activity of S. maltophilia IMV B-7288 have
been revealed under laboratory conditions (Fig. 3). We can see that S. maltophilia
IMV B-7288 demonstrates the strong ability to decompose HCH-isomers complex.
During 7 days the decomposition level of a-isomer of HCH was 73.4%, B-HCH
- 61.6%, y-HCH - 82.1%, 6-HCH - 74.5% of the initial content. The highest stabil-
ity to microbial degradation had demonstrated f-HCH having the most symmetric
molecule [2].

100%
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a-HCH B-HCH y-HCH 6-HCH

m S. maltophilia IMV B-7288, residual quantities, %
® Initial amounts, 100 %

Fig. 3. Destruction of HCH-isomers by Stenotrophomonas maltophilia IMV B-7288,
%/{rom initial content
Notes: the percentage were calculated using data n=3
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The great genetic and metabolic diversity within S. maltophilia makes it a
“Wonder-bug” in the environment [7].

Conclusion. Our experimental data indicate that the selected strain S. malto-
philia IMV B-7288 is a promising destructor of organochlorine pollutions and their
derivates and can be promising for using in environmental friendly technologies.
In a liquid medium for 7 days of cultivation under aerobic conditions, the strain
decomposed hexachlorocyclohexane isomers (a, B, y and ) by 61.6-82.1% of its
initial content (20 mg/L).
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STENOTROPHOMONAS MALTOPHILIA IMB B-7288
SIK IEPCHIEKTUBHUMI JECTPYKTOP KOMILIEKCY
IBOMEPIB I'EKCAXUVIOPIIUKJIOI'EKCAHY
B AEPOBHUX YMOBAX

Pedepar

Memoro docriodicenns 6y6 nowyk ma i0eHmugikayisi nepcnekmueHo20 MiKpoop-
2aHIZMY-0eCmPYKmMopa XA0POP2aAHIYHO20 2eKCAXTOPYUKIO2EKCAHY ceped MiKpoo-
HUX [30/151Mi8, BUOLIEHUX [3 MICYb MOMAIbHO20 NECMUYUOHO20 3A0PYOHEHHS.
Memoou. Jlabopamophy cenexkyito MiKpoOp2anizmie ma 00CHIONCeHHS 30aMHOCHII
PO3KAAOAMU KOMIIEKC I30MepPI6 2eKCcaxiopyuriozekcany (o, 5, y i 6) nposoounu
MIKpPOOIONO2IUHUMU MEMOOAMU HA MEEPOUX | PIOKUX IHCUBSUILHUX CEPeO0SUUAX 3
BUBHAYEHHAM KIIbKOCTI PO3KIAOEHO20 NeCUYudy MemoooM 2a3080i XpOMAmo-
epaii, ioenmugbixayiio 8i0i6GPaAHO20 30151My NPOBOOUNU I3 3ACTNOCYSAHHIM NOJli-
Gaznozo nioxody memooom APl mecmysanns ma 3a 00nomo2010 CUK8eHcy (pae-
menmy eeny 16Sp PHK, 3 nooanbuium nopieHAHHAM 00epIHCAHUX De3VIbmamie
3 6azoio danux GenBank 3a donomoeorw npoepamu BLASTN. Pesynomamu. 3a
O03HAKOIW CMIUKOCMI 00 [HCEKMUYUOY 2eKCAXTIOPYUKIO2EKCAHY GUOLICHO [30/51M
No6, ioenmughixosanuil sik Stenotrophomonas maltophilia IMB B-7288, sikuii na
a2apu308aHomy cepedosuuli nposeise cmitukicms 0o eucokoi (1000 me/n) konyen-
mpayii necmuyudy. V piokomy cepedosuwyi 3a 7 0ib6 KyIbmueysanus 6 aepoOHUxX
YMOBAX WMAM PO3KAA0A8 [30Mepu 2eKcaxiopyukiozekcany (a, B, y i 0) na 61,6-
82,1% 6i0 tioeo suxionozo emicmy (20 me/n). Bucnosxu. Cenexyionosanuil uimam
Stenotrophomonas smaltophilia IMB B-7288 € epexmuenum oecmpyxmopom i30-
Mepig 2eKCaxIOPYUKIOLEKCAHY MA 11020 NOXIOHUX | NePCHEKMUBHUM 00 3ACMOC)-
BAHH3L Y NPUPOOOOXOPOHHUX MEXHONOZISIX.

Knwwuosi crnosa: Stenotrophomonas maltophilia, eexcaxnopyuknozexcan, nim-
dan, biodezpadayis, cuxeencl6S pPHK-ananis.
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STENOTROPHOMONAS MALTOPHILIA IMV B-7288
KAK IIEPCIIEKTUBHBIN JECTPYKTOP KOMILTEKCA
MN30MEPOB I'EKCAXJVIOPLIUKJIOI'EKCAHA
B ADPOBHBIX YCJIOBUAX

Pedepar

Ienvro uccredosanus bl NOUCK U UOEHMUDUKAYUA NEPCHEKMUBHO2O MUKPOOD-
2aHUBMA-0eCmMPYKMOopa Xa0pOpeanuieckoe0 UHCEKMUYUoa 2eKcaxaopyurioex-
cana (I'’XIT) cpedu MukpoOHbIX U307AMO8, BbIOCIEHHBIX U3 MeCH MOMAIbHO20
saepaznenus necmuyuoamvu. Memoowl. Jlabopamopnyio cenekyuro MUKpoopea-
HU3MO8 U UCCTe008aHUe CnocobHOCmU pasziazams komniexc usomepos I' X (a,
B, v u ) nposoounu MUKpoOUOLOSUHECKUMU MemOoOamu Ha MEepobiX U HCUOKUX
NUMAMeNbHbIX Cpedax ¢ onpedeieHuem KOIUIecmeda pasiodtCeHHO20 necmuyuod
MemoooM 2a3080l Xpomamozpaguu, uoeHmugukayuo omooPAHHO20 U30AAMA
nPpoBOOUNU C NpUMeHeHUeM Noaupaznozo anaiuza memooom APE mecmupoea-
HUSL U ¢ NOCLeOVIOWUM cuxkeencom gpaemenma cena 16Sp PHK, ¢ danvuetiwum
CpasHeHuem Noay4eHHuIX pe3yivbimamos ¢ 6asol oannvix GenBank ¢ nomowwio
npoepammul BLASTN. Pesynemamul. Ilo npusnaxy ycmouuugocmu K uHCeKmu-
yudy I'XUI evioenen usonam Neb, uoenmughuyuposannwviii kax Stenotrophomona
smaltophilia UMB B-7288, komopulii 6 azapu308antoll cpede nposieisi yCmoli-
yusocmuv K gvicokou (1000 me/n) xonyenmpayuu necmuyuoa. B dcudxoii cpede
3a 7 CYmoK KYIbMUSUpOBanUs 6 aspoOHbIX YCI0BUAX WMAMM PA3LA2Al U30MePbl
TXUT (o, B, yu d) na 61,6-82,1% om ucxoonozo cooepoicanus (20 me/n). Bereoowi.
Cenexyuonuposannuiii wimamm Stenotrophomonas maltophilia UMB-7288 sens-
emcsi I GekmusHbIM OeCmpyKmMOpoM U30MEPO8 2eKCAXTOPYUKIOEKCAHA U €20
NPOU3BOOHBIX U NEPCHEKMUBEH OISl UCTONL30BANHUS 8 NPUPOOOOXPAHHBIX MEXHO-
JIO2USIX.

Kniwouesvie cnosa: Stenotrophomonas maltophilia, eexcaxnopyuxioeexcan,
JuHOaH, buodeepadayus, cuxgeencl6S pPHK-ananus
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