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EASTERN CARPATHIANS SOIL

Summary

Polycyclic aromatic hydrocarbons (PAHS) pose a ribabat towards all elements of the ecosystem dileetir toxic prop-
erties. One of the methods reducing PAHs from tive@ment is bioremediation, including bioaugmeisia. Bioaugmen-
tation consists in introducing microorganisms calgabf effective recultivation ground into contantieg areas. This kind
of microorganisms (microbial consortia), are oftenlated from places permanently contaminated witianic compounds
due to their high potential for biodegradation. @én assays based on Next Generation Sequencin®)N@icate that
K52 consortium obtained from crude oil contaminasité of eastern Carpathians is characterized Ryigh diversity of
population with dominance of Pseudomonas genusycidic aromatic hydrocarbons (naphthalene, phehearte and
fluorene) used throughout the currently describgdegiments were biodegradable both in the individaysstems, and in
the mixture, but the degree of biodegradation ddpdnon the type of PAH. The most susceptible tdeiadation is
naphthalene in the concentration of 20 mg/l, whiclkdergoes completely decomposed after six dayspefienents. In the
system with initial concentration of 50 mg/l, bigdedation of naphthalene reached almost 80% afightedays. The re-
sults of flow cytometry confirm that the difficaliin PAHs decomposition increasing with amourmtrofatic rings.
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POTENCJAL BIODEGRADACYJNY KONSORCJUM MIKROBIOLOGICZ NEGO
[ZOLOWANEGO Z GLEB WSCHODNICH KARPAT

Streszczenie

Wielopiegcieniowe wglowodory aromatyczne (WWA) stangwidowodnione zagtenie dla wszystkich elementéw ekosys-
temu ze wzgtu na wiaciwasci kancerogenne, teratogenne i mutagenne. gedmetod usuwania WWA stedowiska jest
bioremediacja, w tym bioaugmentacja zaklagdaj wprowadzenie do zanieczyszczonggaowiska mikroorganizmow
zdolnych do efektywnej rekultywacji gruntow. Taki&roorganizmy (konsorcja mikrobiologicznekso izolowane ¢ z
miejsc trwale zanieczyszczonychgakami organicznymi ze wedu na ich wysoki potencjat biodegradacyjny. Badania
genetyczne opiergge sk na sekwencjonowaniu nowej generacji (NGS) wskazejjwykorzystane w pracy konsorcjum mi-
krobiologiczne K52 pozyskane z trwale zanieczysgchoolejem naggowym gleb wschodnich Karpat charakteryzuje si
dwzym zrénicowaniem gatunkowym z dominabjakterii z rodzaju Pseudomonas. Zastosowane welgieniowe wglo-
wodory aromatyczne (naftalen, fenantren i fluoregkazywaty & biodegradowalnéciq zaréwno w uktadach indywidual-
nych, jak i mieszaninie, przy czym stapiéodegradacji zaléat od rodzaju WWA. Najbardziej podatnym na bioddgge
jest naftalen, ktéry ulegat catkowitemu rozktadewszdstym dniu inkubacji w uktadzie indywidualng® hg/l). W ukta-
dzie o sgzeniu wyjciowym 50 mg/l biodegradacja naftalenu poniu dniach inkubacji oggneta blisko 80%. Wyniki cy-
tometrii przeptywowej potwierdzafane literaturowe wskazige na ogéln tendengt wzrostu toksyczeoi WWA wraz ze
wzrastajicq liczby pierscieni — naftalen posiada tylko dwa pietenie i jak wynika z aktywsio komérek mikroorganizméw
jest dla nich mniej toksycznyzrirdjpierscieniowy fenantren.

Stowa kluczowewielopiercieniowe wglowodory aromatyczne, konsorcjum mikrobiologictiedegradacja, toksyczsd

1. Introduction emissions are of marginal importance. The mainaredsr
the accumulation of PAHs in ecosystems is humaivigct
Polycyclic aromatic hydrocarbons (PAHs) are a grou (anthropogenic sources). [3]
of over 100 homocyclic compounds composed of adtlea  According to literature reports, plant cultivatiand ani-
two aromatic rings in the molecule. Due to theirtagenic, mal husbandry in contaminated areas can promotssixe
carcinogenic and teratogenic properties, PAHs attereat accumulation of PAHs in raw materials and agricaku
to all elements of the ecosystem, as well as tladtthand products [4]. Threat to the crops may be associatddthe
life of humans [1]. The PAHs sources in the envinent  collection of PAH from soil and water through tlwets, and
could be both natural (natural pyrolysis procesagsh as their adsorption on the surface of vegetables anitsf A
forest fires, grassland) and anthropogenic (pradoftin-  danger to animals results from, for example, uptake AH
complete combustion of fossil fuels and wood dutiegt-  with food plant origin and soil during grazing. this way,
ing, transport, coking and refineries operatioms] ather). PAHs can accumulate in the fat of milk, which imntusig-
[2]. However, it is worth noting that natural soescof nificantly affects the safety of its consumptiongmople [5].
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Organic contaminants, such as PAH can be removetldays. Culturing was carried out under aerobiditmms
from the environment by both physico-chemical amgt b at 28°C.
logical methods [6]. Particularly noteworthy aree thio-
logical methods - bioremediation techniques, usiigro-  2.4. Genetic assays
organisms to degrade xenobiotics. However, the doiu-
bility of PAHSs is a limiting factor for their degdation, due Analysis of the consortium were conducted with ke
to the low bioavailability for microorganisms. Manger,  of metagenomic assays. DNA isolation was performed
high toxicity of organic pollutants inhibits theayth of  ing SoilMastelDNA Extraction Kit. The obtained genetic
soil microorganisms, changes their population aisiud  material was free from contamination and PCR inbilsi
bance the ecosystem balance [7]. Therefore, thexeaa In a further step the primers specific for regiorid/vV4
number of methods enabling bioremediation for examp were used. To compose the library and NGS sequgncin
using additional substances, such as surfactaidgetmic the commercially available The Nexter XT DNA Sample
elements or oxygenation. [8]. Another way to immaleg- Preparation Kit and MiSeq Reagent Kit v3 were uSdwe
radation of PAHSs is bioaugmentation. During bioaegta- analysis was carried out with BaseSpace and MiSegRe
tion process, additional microorganisms capablefficient  porter software.
decomposition of organic compounds are introdudirig
contaminated area. It is very common to take adgmbf 2.5.HPLC analysis
microbial consortia obtained from permanently carita
nated areas. Studies indicate that microorganiswoisted The HPLC analyses were based on the methodology de
from contaminated areas have developed mechanisms iscribed in the PN-EN ISO 17993 “Determination of 15
sponsible for the biodegradation of toxic compouf@ls polycyclic aromatic hydrocarbons (PAH) in wateriiyL.C
The use of biotechnological methods for the rentextisof ~ with fluorescence detection after liquid-liquid eadtion”.
agricultural soils classified as contaminated caiser their Identification and quantification were carried dwytde-
quality by improving biological properties and ptability. tecting UV-VIS / DAD.

However, it is necessary to asses a natural self-
purification capacity of the environment to detawmian 2.6.Microbial activity of consortium
optimal implementation.

The aim of the study was to determine the potkttdia Metabolic analysis of microbial cells was carriedt
PAHs biodegradation of microbial consortium isalate using a set of BacLighf Redox Sensd¥ Green Vitality
from the eastern part of the Carpathian Mountairseas Kit from Invitrogen. Cell metabolic activity is ergssed as
permanently contaminated with organic compounds Ththe oxidation-reduction potential of the bactertains.
obtained results could be helpful in assessingpthtential  Determination of the redox potential of analyzedtbsdal
of the environment to self-purification and possibise of strains, were obtained by adding a fluorescenteetaRe-
isolated consortia iin situ bioremediation of contaminated doxSensot" Green. Determination of cell viability was ob-
land, including agricultural soils. In addition tiee charac- tained by adding propidium iodide. Parameters waere
teristics of the consortium (using genetic methptt®) de- measured using flow cytometer BD FACS Aria™ Ill (Be
gree of PAHs biodegradation and metabolic actigityni-  ton Dickinson Biosciences).
croorganisms in systems of PAHs were also deteighnine

3. Results and discussion
2. Materials and methods 3.1.ldentification of microorganisms within microbial
2.1.Chemical reagents and microorganisms consortium K52

Policyclic aromatic hydrocarbons: phenanthrenphna
thalene and fluorene were purchased from Sigmaidkidr
All the reagents were of the highest purity avddalihe
microbial consortium, assigned K52 has been isdl&tam
a crude oil-contaminated soil collected in Kryg Igal).

Analysis of metagenomes (sequencing whole genetic
material from ecological niche) allowed a full, qolete
taxonomic evaluation. 14 classes, 48 families arl dpe-
cies were identified, and the most numerous of tlzee
presented in figures 1 and 2.
2.2.The experimental variants

The metabolic activity and biodegradation asseasme 3.12 0.87

were performed in 300 ml flasks with the followisgts of
experiments: 1) tap water 100 ml + phenanthrenm@ +
K52 2ml; 2) tap water 100 ml + phenanthrene 50 mg/l
K52 2ml; 3) tap water 100ml + fluorene 20 mg/l + X3 8,04
ml; 4) tap water 100 ml + fluorene 50 mg/l +K52 2, &)

tap water 100ml + naphthalene 20 mg/l + K52 2 mhliap = Enterobacteriaceae
water 100 ml + naphthalene 50 mg/l + K52 2 ml;af) wa- Alcaligenaceae

ter 100 ml + mix 20 mg/l + K52 2 ml; 8) tap watéQiml + Xanthomonadaceae
mix 50 mg/l + K52 2 ml; Unclassified

Internal standard without microorganisms was usestder Figure 1. Metagenomes classification with referertoe
to assess the degree of non-biological degradafi®fHs.  families

2,30
6,25

’

3,43
4,09 m Pseudomonadaceae
= Flavobacteriaceae

Comamonadaceae

m Sphingobacteriaceae

2.3. Cultivation conditions Despite the high level of contamination, a largeiety

Cultivation was carried out for 8 days. Samplesewe of microorganisms could be observed. This may lseas
taken sequentially at the beginning (day 0), éftet, 6 and ated with a huge potential of microorganisms topada
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high concentrations of pollutants. The results rtyeandi-
cate domination ofPseudomonasand Sphingobacterium

centration of 50 mg/l phenanthrene and fluorenaicédn
was similar (nearly 25% (Fig. 4)). This phenomegan be

(speciesP. alcaligenes, P. aeruginosa, P. fluorescens, Sexplained by the fact that the concentration ofraimthrene

multivorunj. The domination of the familseudomonada-
ceaemay results from their unique ability to metaboljze

troleum products as sources of carbon, unavaifablether

indigenous groups of microorganisms and a highlle¥e
resistance to environmental stress. [10] It caradsumed
that the long-term contamination resulted in sefpagaof

autochtonic microflora with genes responsible foe syn-

thesis of dioxygenase enzymes (with potential apfitin

in bioremediation technologies).

® Pseudomonas alcaligenes

9,35 )
. E Pseudomonas aeruginosa

-

10,80

16,75 Pseudomonas flucrescens
1,15
2,21

4,21

Pseudomonas
resinovorans

u Sphingobacterium
multivorum

598 Achromaobacter piechaudii

6,43

Figure 2. Metagenomes classification with referetocepe-
cies

3.2.Evaluation of the PAH biodegradation efficiency by
a K52 consortium

In all studied systems, a biodegradation of PAHs w
observed, and the biological decomposition efficiede-
pended heavily on the type of PAH. Analyses of rimaé
standards excluded non-biological degradation oHPA
Studies indicate that the most susceptible to ljatiation
is naphthalene, which undergoes completely decoithmos
after six days of incubation in the individuallyssgm (20
mg/l) (Fig. 3). In the sample with concentrations@f mg/l,
the naphthalene biodegradation after eight dayshezhal-
most 80%. Biodegradation of phenanthrene and dher
was significantly lower than naphthalene for aditéel sam-
ples. At a concentration of 20 mg/l biodegradatidriluo-
rene was slightly higher than phenanthrene andhf®icon-

and fluorene 50 mg/l is highly toxic and signifitignin-

hibit the enzymatic activity. Literature reportsnfiom that
the difficulties in PAHs decomposition increasingthw
amount of aromatic rings. [11].

Biodegradation of the most difficult degradablstéel

PAHs - phenanthrene and fluorene - in mixed systems
showed higher level than in individual systems veithre-
sponding concentrations. This can be explainechbyfact
that PAHs are biodegradable in a cometabolism \].
It is also worth noticing that the PAHs in mixeds®ms
had access to more easily assimilable carbon sounazh
is naphthalene. In this case, the naphthalene aasily as-
similable carbon source could be a factor thatwdie and
facilitate the biodegradation of other PAHSs.

The dynamics of biodegradation will be discusssidai
naphthalene as an example. Both in the mixtureimrte
individual system 20 mg/l (Fig. 3, Fig. 5), the égt loss
was observed in the first two days, when the radoct
reached 50% of the initial amount (logarithmic pFa#\f-
ter six days the concentration of PAH was closedm
(stationary phase). In the case of an individuatesy with
beginning concentration of 50 mg/l (Fig. 4) in st two
days, the biodegradation amounted only 20%. Thiedas
decrease in the amount of naphthalene in this samg
curred between the second and fourth day culturiehnils
associated with the fact of the delayed input theraor-
ganisms into the logarithmic phase of growth assalt of
necessity to adapt to extreme conditions.

3.3.Evaluation of the microorganisms metabolic activ-
ity during the PAH biodegradation

Directly after the addition of PAHs at the concatibn
of 20 mgl/l, the number of active cells diversifigepending
on the specific PAH: from 5000 relative fluoresoenmits
(RFU) for naphthalene by approx. 4600 RFU for pimena
threne, until 4400 RFU for fluorene and 4300 RFUrfox-
ture of PAHs (Figure 6).
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Figure 3.Changes in the concentration of naphthalene, flnereand phenanthrene at an initial concentratio2@fmg/!
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Figure 4.Changes in the concentration of naphthalene, flnereand phenanthrene at an initial concentratio®d@fmg/I
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Figure 5.Changes in the concentration of naphthalene, flnerend phenanthrene in mixture at an initial cartcation of
20 mg/l
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Figure 6. The metabolic activity of the K52 coniort at the beginning and after 8 days of experina¢iat concentration of
20 mg/l
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Figure 7. The metabolic activity of the K52 congort at the beginning and after 8 days of experina¢t concentration of

50 mg/l

This means that the toxicity of naphthalene towand
crobial consortium ismaller thantoxicity of other PAHs
used in the experiment. Metabolic activity testsfgrened
immediately after the addition of PAHs at the comcation
of 50 mg/l, showed a fluorescence intensity of 26U
for naphthalene to 1400 RFU for fluorene (FigureThHese
results indicate that the concentration of 50 nigy/inuch
more toxic to microorganisms than the concentratib@0
mg/l.

Measurement of active microbial cells after eighys
for the samples at a concentration of 20 mg/l, stihe
fluorescence intensity for the naphthalene appibi0
RFU, for fluorene approx. 200 RFU, and for the raimg
less than 100 RFU (Figure 6). After eight daysdamples
with initial concentration of 50 mg/l the number aftive
cells for the naphthalene reached approx. 500 RRb,
fluorene approx. 150 RFU, while for the rest belb@0
RFU (Figure 7).

Significantly lower cell activity, even for thedst toxic
PAH - naphthalene - at a concentration of 50 maglgests
that this concentration is probably close to thaitliof tox-
icity for microorganisms of the consortium K52. dther
cases (phenanthrene, fluorene and mixture) afdmy® of
experiment, the activity of living cells was clote zero,
which may indicate that the concentrations of PAise
too high. It is in agreement with results obtaigdyessica
Gonzalez-Paredes et al. [13]. The author found4ds
inhibition of soil bacteriaRhizobium Tropicigrowth after
24 h of exposure to phenanthrene at a concentrafie®
mg/l. It is also worth noting that the model coratis differ
significantly from natural soil conditions, wher&iRs may
undergo adsorption onto soil organic molecules. utne
diverse nature of the soil, field studies are etglefor the
optimization of bioremediation processes and wél the
subject of further research.

The obtained results confirm the literature datdidat-
ing the general trend of increased toxicity of PAKE in-
creasing number of rings [14]. Naphthalene consistmly
two rings and is less than tricyclic phenanthrene.

Rapidly decreasing the activity of the microbiallg in
the system with relatively low toxic naphthalenéidiaeight
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days of experiment, a decrease of active cells fitoenini-
tial amount by 60% for a concentration of 20 mgii ®#0%
for a concentration of 50 mg/l) may result from faet that
naphthalene was completely degraded after 6 ddyes.deé-
crease of metabolic activity is associated in taise, with
the lack of carbon source needed for microbial ginow

4. Conclusion

Microbial consortium isolated from permanently €on
taminated areas is characterized by high speciegdity,
and the metagenomic assays confirm the prevaleioace
teria of the genu®seudomonasBoth the results obtained
using flow cytometry and liquid chromatography tates
the fact that the consortium isolated from eas€@arpathi-
ans soils has the potential to biodegrade naphtaalend
has a large restriction in the direction of biodetation of
PAHs with more than two rings. This is an evideticat
the environment permanently contaminated with petro
products (including agricultural land excluded frose due
to contamination) have insufficient capacity formgaex
biological self-cleaning and require the use of itholdal
biotechnological methods to improve these processes
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