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Abstract. Existing data and publications regarding oil, hgdarbon biodegradation, metabolism, and
bioremediation were analyzed. Search of hydrocarlsmygrading bacteria which are producers of
biosurfactants was provided, types of microbialfactants and their physiological role were analyzetil
ordered. The study of factors affecting the surfactéve properties of producers’ cultures was done.
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Introduction metabolism, and bioremediation, with especial
attention paid to works of last decade. Materials
" qncerning types of microbial surfactants, their
apchysiological role and major producing species were
alyzed and ordered with response to further

Petroleum products powerful negative impact o
the atmosphere, hydrosphere, and the soil cove
the Earth is caused by several factors: an actide
growing use of hydrocarbon resources in all secto

of human activity; oil producing, transporting,pr"’mt'c"’II implementation. _
processing and consuming enterprises  wide Purposeof the research is search of hydrocarbon

spreading; characteristic physical, chemical arfif9rading bacteria which are producers of
toxic hydrocarbons properties contributing to thefpiosurfactants, the study of factors affecting the
low biodegradability in natural ecosystems. surface active properties of producers’ cultures.

In order to eliminate hydrocarbon contamination
a set of measures is used at present time. Applie
mechanical treatment, physical and chemical Surfactants

contaminating petroleum products processing yrface and interfacial tension reducing. This is a

among them. However, bioremediation is the inpérge class of different chemical nature substaraes
method that allows for complete transformlnq:q

hydrocarbon pollutants into harmless compounds Iommon feature of Wh'Ch is oil and water sensmvg
a natural way. The key mechanism of ructure of the constituent molecules. Due to this

bioremediation  technology  is oiI-degradingStrUCture’ molecules of these substances are able t

microorganisms use. These destructors can utilig@ncentrate on the interface, leading to surface
petroleum products as single carbon and energfltive properties. Surface active agents of biageni

source, converting them into microbial biomasgarticularly microbial, origin referred to biologic
carbon dioxide and other metabolites. Strongurface active agents (bioSAS). According to their
limiting factor in microbial degradation of petrala  surface active characteristics they are usuallgeclo
hydrocarbons is their hydrophobic nature. Ao the synthetic surfactants, but stand out witkt ne
promising way to resolve this difficulty may beproperties:
microbial surfactants (biosurfactants) application. - the lower toxicity, or lack thereof;

- high biodegradability by natural
microorganisms;

There were analyzed existing data and - activity in a wide medium acidity/salinity
publications regarding oil, hydrocarbon degradatiomange;

4 Types of microbial surfactants

include compounds capable of

The analysis of studies and published works
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— possibility of their microbial synthesis fromeffectively interact with the water-soluble
relatively cheap substrates, including pollutingompounds and ensure the normal operation of
compounds. membrane-bound enzyme systems.

According to the chemical nature biosurfactants However, it is difficult to contact with
are heterogeneous compounds, As a rule, the patgdrophobic substrates, the most common part of
components are peptides or glycanes and non-poleliich are petroleum products. Nevertheless, the
components are various lipids. BioSAS refer to thgroup of microorganisms is capable of assimilating
following major groups [1]. oil hydrocarbons as a source of carbon and energy i

A) glycolipids are the most common group, lowery extensive. As the hydrocarbon-enzyme systems
molecular  weight compounds consisting Ofre localized in the cytoplasm of the bacteria, the
carbohydrate and lipid components. Synthesized Byility of a strain to assimilate hydrocarbons
representatives of theRhodococcus, Nocardia, depends primarily on the ability to absorb
Pseudomonas, Candidgnera. ~ hydrophobic substrate. The absorption process may

B) lipopeptides are low molecular weightjimit the oxidation process. Thus microbial
compounds consisting of a peptide (protein) anggrocarbons degradation may stop after the

lipid parts, synthesized by some pseudomonades ulsifying activity loss [3], although it is pobk

yeasts, the most famous producers are members?fl) urfactant adding to the medium. The responsible

the Bacillus genus, synthesizing a wide range of,. piosas synthesis genes expression activates

lipopeptide biosurfactants. :
; - . uptake of hydrocarbons by bacteria [4].
C) fatty acids and phospholipids are fatty acids, There are three major pathways of water

which are formed at alkanes oxidation and may be i
. : insoluble compounds uptake [5]:
released into the environment Rhodococcusp.

Phospholipids are synthesized by representativeshofdl) Iiﬁoghilic bceII wallf cTanneIE f;llled with d
the AcinetobactemandCorinebacteriungenera. ydrophobic substance of polysaccharice nature an

D) polysaccharides are extracellular polymeriith Nigh affinity for hydrocarbons formation;
compounds with powerful emulsifying properties. 2) SAS,  hydrocarbons  emulsifying  and
Such biosurfactants formed byXanthomonas SOlubilizing compounds synthesis; _ 3
campestris Acinetobacter radioresistens 3) the hydrophobic cell wall on the lipophilic
Acinetobacter venetianuse widely known. compounds basis formation provides direct contact

All biosurfactants can be divided into two majowith the hydrocarbon molecules.
groups — low (glycolipids, lipopeptides) and high ~ The first way is a characteristic to yeast and some
(extracellular ~ polymers)  molecular  weightArthrobactergenus representatives. The second and
surfactants, which differ in physiology and surfacéhird, based on the bioSAS production, are typical
active properties. for the most oxidizing microorganisms.

Some authors [2] classify microbial surfactants Different hydrocarbons interaction pathways and
into two groups according to the exhibited surfacene corresponding bioSAS types are characteristic t

active properties type: different taxonomic groups of organisms, reflecting
- liqguid medium surface tension reducinghe different environmental strategies and are

(biosurfactants); important for their use in biotechnological
- emulsification ability (bioemulsifiesrs). applications. Intracellular bioSAS do not appear to

The low-molecular bioSAS, as arule, are referregglay a physiological role in the absorption of
to the first group, and high-molecular ones — ® thcompounds from the environment as well as evolved
second. Usually, biosurfactants may posseggly after bacteria death. The most widely studied
emulsifying properties, whereas bioemulsifiers dgjosurfactant type is extracellular bioSAS that
not reduce the medium surface tension. synthesized by broad range of microorganisms:
Pseudomonas Bacillus Acinetobacter
Arthrobacter, Serratia genera bacteria [4; 6], some

The physiological role of biosurfactants instrains of the Rhodococcus Gordonia genera,
microorganisms is to facilitate the contact ofcandidayeast [5]. Cell-associated biosurfactants are
bacterial cells with hydrophobic substrates. Sa$acless common and characteristic primarily for
of most bacteria are hydrophilic, this allows thiem actinobacteria representatives.

Biosurfactants physiological role
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The key extracellular biosurfactants function isto This phenomenon is interesting especially
modify the hydrophobic hydrocarbons andecause soil bacteria occur not primarily in
translating them into hydrophilic cell surfacesuspension but attached to the particles surfaces.
accepted form. This is achieved by hydrocarbons Carbon source in medium, especially its
dispersion in the aquatic medium. hydrophilic or hydrophobic nature, has a crucid ro

Rhodococcus sp. have high affinity 10 for the surfactants synthesis. It can induce oresp
hydrocarbons by the cell wall hydrophobicity, itghe synthesis of bioSAS. Some microorganisms’
relatively high thickness, larger bacteria cellesiz apility to reduce surface tension and emulsifying
which together provide effective passive difoSiO%ctivity occur only during their growth on
and hydrocarbons accumulation in the Ce'hydrocarbon substrates [2].

However, they have low levels of endogenous’ \jtrogen concentration in the medium, its nature

respiration, slow SW'tC.hmg o a new substrgtednd nitrogen/carbon ratio play an important role in
Psgu_domonasp. _have high endogenous metaboll_s e bioSAS production. Nitrogen limitation is a
activity, eassy |s_|W'tCh to nﬁw _carbon sourr]c%s, r?ﬂ!d actor stimulating bacteria biosurfactants produrcti
growing [5]. OWEVET, having more nydrophilic — g;q\rfactant synthesis and activity also depend
shell and low affinity for hydrocarbons absorption

they are forced to synthesize bioemulsifiers. Th%n temperature, pH and aeration of the medium, its

fact leads to additional carbon and energy cos alinity, the presence of antibiotics and metalsion
Pseudomonassp. is not able to accumulate a ]. Temperature stress causes an increased tsghalo
intracellular carbon pool in the form of lipids,igh synthesis byRhodococcusp. Their cultivation on

causes reduction in their metabolism rate whdfydrocarbon media at the hydrophobic and/or
nutrients are exhausted. aromatic antibiotics presence leads to an increase

cellular lipid content. Hydrophilic antibiotics dwt
Culture conditions effect on hydrocarbon promote additional lipids production.
degrading bacteria bioSAS production One of the factors determining the surface active
_ _ liquid cultures properties at different phases of
Biosurfactants  production depends on thgrowth is the bioSAS synthesis kinetics type.
following conditions: _ _ _ Depending on this type culture surfactant productio
—carbon source nature in  medium, it§ctivity maximum may occur the beginning from the

hydrophilicity degree; _ _initial growth phase to the stationary phase cerlat
—nitrogen source nature, carbon/nitrogen ratio igityral development stages.

medium;

—culture growth phase. Conclusions

Temperature, pH, medium aeration, cultivation _ _ _ _
method, metal cations and antibiotics presence in The  microbial ~ bioSAS  synthesis  from

medium also have effect. hydrocarbons has important practical significance
In the bioSAS production regulation thredor the petroleum pollutants bioremediation. It may
mechanisms are distinguished [7]: be concluded that microbial degradation can be

1) induction is the hydrocarbons appearance fonsidered as a key component in the cleanup
the medium causes increased glycolipids synthesigategy for petroleum hydrocarbon remediation.
by Rhodococcus, Pseudomonas, Toruloppis.; Although extensive investigations have been
2) repression is change to the carbohydrates carried out regarding the hydrocarbon
organic acids inhibits the bioSAS synthesis bpiodegradation, these studies have been not

Arthrobacter, Acinetobactesp.; exhausted. Nevertheless, the effectiveness of this
3) regulation of nitrogen and multivalent cationsechnology has only rarely been convincingly
presence in medium. demonstrated, and in the case of commercial

In the vast majority of studies the biosurfactartioremediation  stressing on  biosurfactants
production by  submerged  microorganismproduction, the literature is lacking in supportive
cultivation in a liquid medium was investigatedevidence of success. Much need still exist for the
[6; 8]. However, bacteria biosurfactants synthesmptimization of the process conditions for more
occurs also at the surface growth on solid mediefficient application of oil pollutants biological
both hydrocarbons supplied and limited [7]. degradation under different conditions.
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