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ABSTRACT

Two hydrocarbon-degradating bacteria were isolatedn petroleum contaminated soils and identifiede§e two
strains are all Pseudomonas sp. and designatedra8 pnd ptr20. Their aromatic hydrocarbon degradatratios
were 80% and 69%, respectively. GC-MS assays shthatthe light components of the crude oil wesagdpeared
after degradation, and at the same time, the “ualesd complex material (UCM)” emerged. Enzyme assay
indicated that ptrl3 and ptr20 present significaatechol 2, 3-dioxygenase activity.
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INTRODUCTION

Petroleum is a complex mixture of hydrocarbons cosap by carbon-hydrogen, variable quantities ofgexyand
sulfur, trace amount of nitrogen, metals and oélements. It is estimated that there is about 1xp@troleum and
oil products entered into underground water, abouagd water and soil through storage tanks, imprdsposal of
petroleum wastes, accidental spills routes anch$d b,[ 2], [3]. Degradation of petroleum is a microbial process
whereby the petroleum is used as an organic casbance and many microorganisms can excrete exuéel
enzymes to degrade petroleum hydrocarbons, reguitithe breakdown of petroleum components to camgs of
lower molecular weight 4] , [5], [6] . Microbial utilization of these compounds as stdebon sources is highly
dependent on the chemical nature of the compduntisDifferent components of crude oil are degradedifégrent
rates: n-paraffins are oxidized more rapidly thiinez aromatics or naphthene§8] . Aromatic hydrocarbon is the
component of petroleum and exists widely, only fettan glucose group in nature. It is toxic, cangi@nic and
inducing material. Now more than 400 aromatic hgdrbons and their ramifications which could indeemcer
had been found. In this paper, we report the igmladnd characterization the strains which couldrdee the
petroleum, and the degradation ability of the dé&fé components of petroleum, as well as the clenfjaromatic
hydrocarbon before and after degradation wereadsayed.

EXPERIMENTAL SECTION

Isolation and culture conditions

Mineral salts medium(M1) containing 1% crude oiljwvas used for culture enrichment, the medium istexd of
19 K;HPO,#3H,0, 1g KHPQ,, 0.5g MgSQ@7H,0, 1g NHNO;, 0.02g CaGl per liter, at pH7.2-7.4. Mineral salts
medium (M2) containing 0.1% Crude oil(w/v) was ugedmicrobial growth and degradation studies at3mhe
M2 medium consisted of 0.5g (NJ$Q,, 0.5g NaN@, 0.02g CaGl 0.2g MgSQ, 1.0g KHPGQO, 1.0g
NaH,POyeH,0 per liter, at pH7.2.

To screen petroleum-degradating bacteria, soil fsmpixed with water and some sand/mud from Dagrlniield
(China) were incubated in the Mineral salts medMd) for culture enrichment. Cultures were incubateith
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shaking at 3T for 7 days at 180 rpm. 2 mL cultured medium wdsetaout and transferred to another fresh
medium. This process was performed continuouslyvior months. Finally, 0.2 mL cultured medium walseta out
and spread onto beef-peptone plate and thus tleeqoultiure of microorganisms were obtained whichensapable
of utilizing the petroleum as source of carbon andrgy.

Crude oil and its components aliphatic hydrocarbansmatic hydrocarbons, resin and asphalteneatatidrom it
using routine methods were tested for microbiakdeéation ability.

Strains identification

The strains were identified by their morphologicphysiological and biochemical features using thergBy’s
Manual of Systematic Bacteriology and the 16S rR§jghe sequence from each strain. The 27f and th&r149
universal primers (Lane 1991) were used to amplié/16S rRNA gene frorstrain ptrl3 and ptr20 by PCR. High
fidelity Pyrobest¥ DNA Polymerase (Takara, Dalian) was used for P@fpléications. The 16S rRNA gene
sequences of the strains were compared to all segsavailable from the GenBank database by uem@LAST
program. Phylogenetic tree was constructed by DNAWVsdftware (Lynnon Corporation ).

Hydrocarbon degradation assays

Strains from the slants were inoculated into 100fadks containing a 50 ml M2 medium. Cultures wiabated
with shaking aB7°C for 7 days at 180 rpm. Then the cultures wereafittd through absorbent cotton pretreated by
CHCl,, after washed cotton several times by water, gryfie absorbent cotton at ‘60 until constant. Recollected
oil from cotton using CHGJ drying the oil at natural temperature and weightesl residue weight of oil. The
changes of oil components were assayed using GC-MS.

The catechol 2,3-dioxygenase activity assay
The extracellular catechol 2,3-dioxygenase actiwigs spectrophotometrically measured in 100 mM phate
buffer (pH7.5) containing 0.3 mM catechol at‘@0The reaction time was 3 min and measured therbhsoe
changes at 375 nm. One unit of enzyme activity deded as the amount of enzyme that producgohdl of meta
cleavage compound from substrate per min.

RESULTSAND DISCUSSION

The isolation and characterization of the strains

A total of 24 bacterial isolates were showed torddg petroleum. Two of them with the better degtiiadaability
were further identified and designated strain ptiitB20, respectively. These two strains were Gregative rod
with a long and fine polar flagellum. The morphagfatharacteristic and physiological and biochemieats showed
that ptrl3 and ptr20 belongedRseudomonasp.(Table 1).

Table 1 The identification of the strains

characters ptri3 ptr20
Morphology Short rod Short rod
Gram stain - -
spore -
Nonaqueous-solubility pigment - -
Motility + +
Flagellum One flagellum in pole  One flagellum ingo
Oxidase + little
Catalase + +
Glucose oxidation -
Ethanol oxidation + +
acetic acid oxidation + +
Nitrate reduction + -
pH4.5 growth

Sequences analysis of the 16S rRNA gene from Stalr3 and ptr20 indicated that Strain ptrl3 ha% $equence
identity to Pseudomonas resinovorans was considered that it may be belonged toraesgenus and different
species with 16S rRNA gene sequence identity Iahan 98%, and it may be belonged to different gemitis 16S
rRNA gene sequence identity lower than 93-9594 , [10] . So it could be concluded that strain ptr13 may be
belonged to a new speciesRdeudomonasvhich could be conformed from the distance oflpbgnetic tree, but
more works need to carry out to define which spediebelong to. Strain ptr20 had 100% sequencetitgeto
Pseudomonas thermaeruBo, it was concluded that strain ptr20 may be a steain ofPseudomonas thermaerum

(Fig. 1).
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Fig. 1 Phylogenetic tree of strains ptr 13 and ptr20 based on 16SrRNA gene sequences

Hydrocarbon degradation assays
It is well known that petroleum contains numeroospounds of varying structural complexities. lc@mposed
mainly of 95-99.5% hydrocarbon and some bitumen aii@r materials. Hydrocarbons involved with allgne
aromatic hydrocarbon, cyclic alkanes, fused ringnpounds and heterocyclic§ 7] , [11], [12] . Many
microorganisms possess the capability to degrattelpem. Microorganisms have different degradaadiity for
different components of petroledrh3], [14]. Often the normal alkanes in the range C10 to &26viewed as the
most readily degraded, and low-molecular-weightratics, such as benzene, toluene and xylene, veinechmong
the toxic compounds found in the petroleum, are ed¢adily biodegraded by many microorganisms. Man@plex
structures are more resistant to biodegradatioe. gieater the complexity of the hydrocarbon stmagtiue. the
higher the number of methyl branched substituentoasidered aromatic rings, the slower the ratetegradation
[15] . Our research also supported this conclusionolficc be seen that different petroleum components ha
different degradation degree (Table 2). Aromatiarbgarbon degradation rate was highest, reachirig, 80
asphaltene’s maximal degradation rate was 53%nahnéydrocarbon’s degradation rate was lowest, 8akb. The
same strain also had different degradation alfititydifferent components. Strains ptrl3 and ptrad the maximal
degradation ability for aromatic hydrocarbon, whigére 80% and 69% (as to the petroleum, were 4184320,
respectively), respectively. Among all the isolai@s20 had the best degradation ability for nombgdrbon, which
was 53% 13% more than the formerly reported 16] , and the time was also shortened to a half. Furtbee, all
the strains had high degradation ability to aromhgidrocarbon and nonhydrocarbon, according wiglr ttructure
analogue.

Table 1 The degradation ratio of fractions of petroleum after 30 daysincubation

Degradation rate (%)

Strains Aromatic hydrocarbon  Non-hydrocarbon  asphaltene
ptrl3 80 20 44
ptr20 69 18 53

The GC-MS of aromatic hydrocarbon

Aromatic hydrocarbon was the main pollutant andialift for biodegradation. To define the changeshef crude oll
before and after degradation by strains ptrl3 am2Dp GC-MS analysis was performed. Total ion chaitogram
(TIC) showed (Fig. 2) that the main components ofnatic hydrocarbon were light components before
degradation.
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Fig. 2 Total ion current of petroleum by GC-MS

After biodegradation, light components disappeaagd, emerged clear “unresolved complex materialMyMoth

for strain ptrl3 and ptr20. m/z128, m/z142, m/zaBf m/z 170 distribution character of mass chrograto before
and after degradation showed that there had inteqththalene, methylnaphthalene and C2, C3 position
substitutional naphthalenes before degradation.erAftlegradation, there was only minimal naphthalene,
alkylnaphthlanene had almost disappeared (Fig. 3).
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Fig. 3 m/z128, m/z142, m/z156 and m/z170 analysis of aromatic hydrocar bon fractions of strain ptr13 and ptr20 by GC-M S

m/z178, m/z192, m/z252 mass chromatogram showedtlieae were not distinct degradation effect fosime
methylphenanthrene and benzopyrene for strainsruhdecondition. Furthermore, their degradatioilitgbhad no
significant difference (Fig. 4, Fig. 5)

Fig. 4 m/z178 and m/z192 analysis of aromatic hydrocar bon fractions of strain ptr13 and ptr20 by GC-MS
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Fig. 5 m/z252 analysis of aromatic hydrocarbon fractions of strain ptr13 and ptr20 by GC-M S

The production of enzyme

The enzyme assay showed that ptrl3 and ptr20 ocexddeted catechol 2,3-dioxygenase. For strain ptits3
extrocellular catechol dioxygenase activity reachigghest when cultured 24h (2.1U/mL), lagged thanrhaximum
microorganism concentration and decreased slowevhiole microorganism stability phase. For strair2@f the
maximum enzyme activity and microorganism concéiotnareached highest at 18h. The time of enzymeymtion
was some quick than strain ptr13 (Fig. 6).
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Fig.6 The time cour se of enzyme production
CONCLUSION

This study, we have showed that the characterstlmdiegradation ability of the twlydrocarbon-degradating
pseudomonasp. which were isolated from China. This not onlfexs their potential in bioremediation of
contaminated sites, but also the progressing workvestigate the genetic basis or degradationwmtiof some
special crude oil components (phenanthrene etelyatlation about these two strains, which will gisebetter
understand the mechanism about the petroleum hiadation.
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