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Abstract. Alkane-degrading bacteria have long been used agtrate the cover above and rise to the surface of the earth.
an important biological indicator for oil and gas prospect- These gaseous and volatile hydrocarbons will affect the dis-
ing, but their ecological characteristics in hydrocarbon mi- tribution and growth of the microbial community in the near-
croseep habitats are still poorly understood. In this studysurface soil (Klusman and Saeed, 1996). The technology of
the diversity and abundance efalkane-degrading bacterial microbial prospecting for oil and gas (MPOG) is based on
community in the near-surface soils of a Chinese onshoreghis theory to forecast the existence of oil and gas deposits.
oil and gas field were investigated using molecular tech-In recent years, the microbial prospecting method was in-
nigues. Terminal restriction fragment length polymorphism tegrated with geological and geophysical methods to evalu-
(T-RFLP) analyses in combination with cloning and sequenc-ate the hydrocarbon prospect of an area and to prioritize the
ing of alkB genes revealed that Gram-negative genotyfks ( drilling locations, thereby reducing drilling risks and achiev-
canivoraxandAcinetobacterdominated:-alkane-degrading ing higher success in petroleum exploration (Rasheed et al.,
bacterial communities in the near-surface soils of oil and ga®012; Wagner et al., 2002).
reservoirs, while the dominant microbial communities were In general, the indicator bacteria for MPOG can be clas-
Gram-positive bacteriaMycobacteriumand Rhodococcys — sified into two major groups: methane-oxidizing bacteria
in background soil. Real-time quantitative polymerase chain(methanotrophs) and G alkane-degrading bacteria. In the
reaction (PCR) results furthermore showed that the abunlast few years, the abundance, distribution and community
dance ofalkB genes increased substantially in the surfacecomposition of methane-oxidizing bacteria have been rela-
soils above oil and gas reservoirs even though only low ortively well studied in various methane seeps (Deutzmann et
undetectable concentrations of hydrocarbons were measureal., 2011; Havelsrud et al., 2011; Kadnikov et al., 2012). De-
in these soils. The results of this study implicate that tracespite that methane is by far the most abundant hydrocarbon
amounts of volatile hydrocarbons migrate from oil and gasgas associated with petroleum in the reservoir, bacterial oxi-
reservoirs, and likely result in the changes of microbial com-dation of G, alkanes is of infinitely more value in petroleum
munities in the near-surface soil. prospecting than methane oxidation (Muyzer and van der
Kraan, 2008). Since methane is also a common product of
the anaerobic digestion of organic matter, it is obvious that
the presence of methanotrophs in a soil sample is less likely
1 Introduction to be indicative of leakage from a subsurface reservoir than
the presence of the more specifig.Galkane-degrading bac-
Hydrocarbon microseepage is a widely distributed naturakgrig (Shennan, 2006).
phenomenon in the geochemical carbon cycle (Etiope and Therefore, recently, the ecological characteristics

components from oil and gas reservoirs can vertically pen-
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macroseeps (active seeps with large concentrations of

migrated hydrocarbons) have been surveyed, such as maring, e /_\. o
hydrocarbon seeps (Redmond et al.,, 2010; Wasmund et|® o = N
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al., 2009) and oil spill zones (Valentine et al., 2010; Wang N ®
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of alkane-degrading bacteria in the near-surface waters and mm orue o0 S
sediments. Nevertheless, the knowledge on the ecological| = s ﬁq\

microseeps (passive seeps with low concentrations of mi- [=="r= ﬁ \

grated hydrocarbons) is still lacking to date. It remains to be_. _ . ,

shown whether there is any difference in alkane-degradinilg' 1. Geological base of Shaozhuang oil and gas field and sam-

characteristics of alkane-degrading bacteria at hydrocarbon| 4 jmeie e |
. . . ling scheme for spatial analysis nfalkane-degrading bacterial
community between the oil and gas field and the backgroun ommunity. Sampling positions for clone library analyses of alkane

soils, whichis a Cr't'(fal ISsue f_or the success of MPOG. . hydroxylase éIkB) gene diversity at three different sites are marked
Recent advances in microbial molecular biology have sig-yith green circles. Small blue circles indicate the soil samples for T-

nificantly improved our knowledge of the genes and enzymesRFLP and qPCR analysis. The thinner black lines and related neg-

associated with alkane metabolism as well as the microbiolative 4-digit numbers are contour lines. Soils were collected at a

ogy of G alkane degraders. Alkane hydroxylasdkB) is depth of 60 cm.

one of the key enzymes of the degradation of aliphatic alka-

nes under aerobic conditions (van Beilen and Funhoff, 2007). . ] ) ]

This enzyme is highly relevant and representative in aeroProperties were determined as previously described (Schu-

bic oil-degrading bacteria (Rojo, 2009: Smits et al., 1999).macher, 1996; Xu et al., 2010).

In this study, by usinglkB gene as tha-alkape-degradmg 22 DNA extraction

biomarker, we chose a Chinese onshore oil and gas field as

a hydrocarbon microseep model system in order to investip\a was extracted in duplicate from the soil samples us-

gate then-alkane-degrading community composition in oil ing a modified procedure (Xu et al., 2010) and FastDNA
and gas field soils and compare it to the compositions of theg i, kit for soil (MP Biomedicals) according to the manu-
communities in the background soils by a combination of ¢y .y ,rers instructions. The products of duplicate extractions
clone library and terminal restriction fragment length poly- ;o e pooled and used for further PCR amplification.
morphism (T-RFLP) analysis. The abundance-aikane de-
graders was determined by using quantitative real-time poly2.3  Cloning, sequencing and phylogenetic analysis
merase chain reaction (PCR).
Three clone libraries of partiablkB genes were con-
structed to provide a better resolution for differentiating
the individual T-RFs as phylogenetic lineages. Partial

2 Materials and methods alkB genes were amplified using the forward primer
alkBf (5-AAYACNGCNCAYGARCTNGGNCAYAA-
2.1 Study site and sampling 3) and the reverse primer alkBr (5

GCRTGRTGRTCNGARTGNCGYTG-3 (Kloos et al.,
Soil samples were collected from the Shaozhuang oil and ga2006). This primer set yields a PCR product of ap-
field (377 N, 11814 E) within the Shengli area, Shandong, proximately 550bp. A Mastercycler nexus PCR cycler
China, in June 2011. The soil is classified based on the FAQEppendorf) with a TaKaRa PCR kit was used for the DNA
(Food and Agriculture Organization of the United Nations) amplification. The reaction mixture contained, in a total
system as a stagno-fluvic Gleysol on loamy-sandy sedimentgolume of 50 L, 5< PCR buffers, 4.0 mM MgGl 0.2 mM
over gley. The pH of surface soil (0-200 cm) in water 2} of each deoxyribonucleotide triphosphate (dNTP), 0.5 mM
is in the range of~8.09-9.36. The underground gas and each primer, and 2 U diEx-TaqgDNA polymerase, and 1 uL
oil reservoir, covering 3.7 ki is ~1100-1270 m beneath (10-20 ng) of the genomic DNA was added as the template.
the earth’s surface. The oil- and gas-bearing bed is approxiThe PCR program consists of an initial 5min denaturation
mately 15 m thick. Soils were collected in pre-sterilized whirl step at 95C, 30 cycles of repeated denaturation at@4or
pack bags under aseptic conditions from a depth of 60 cm45s, annealing at 5 for 45 s, and extension at 7€ for
The detailed sample collection scheme is shown on the geot min, followed by final extension step of 10 min at°2
logical map (Fig. 1). Soil pH, water content, electrical con- Amplicons were gel-purified using a gel extraction
ductivity, total headspacealkanes (G) and total adsorbed kit (TaKaRa) according to the manufacturer’s instruc-
n-alkanes (G;.) are shown in Table 1. All of these chemical tions. Ligation into pGEM-T Easy Vector (Promega) and
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transformation intdscherichia coliJM109 were performed 2.5 Ordination analyses of T-RFLP fingerprints

according to the manufacturer’s instructions. Clones were

selected randomly and sequenced by ABI 377 DNA se-The ordination analyses of T-RFLP profiles were performed
quencer (Applied Biosystems)lkB sequences were aligned using CANOCO 4.5 software (Microcomputer Power) as
manually withalkB sequences obtained from the GenBank previously described (Rui et al., 2009). The detrended cor-
database and checked for chimeras by bisecting and draw€spondence analysis (DCA) was firstly run to estimate the
ing two Sub-phy]ogenetic trees from the bisects of eachgl'adient Iength of variables. It was found that the Iongest
sequence. The sequences that showed different topologiefadient was shorter than 3.0. Thus, the principal compo-
among the two sub-trees were regarded as chimeric anfieént analysis (PCA) was chosen for analysis, because it per-
removed from the libraries. Sequences are available undédiormed better than the unimodal approaches under such con-
the GenBank accession numbers JX276475-JX276506. Nufitions according to the CANOCO manual (Ter Braak and
cleotide sequences from PCR products and reference strairgmilauer, 1998). The settings of CANOCO 4.5 are as fol-
were analyzed using the MEGA software (Tamura et al.,lows: inter-sample distance scaling, no post-transformation
2011). The neighbor-joining method, with complete deletion of scores, log data transformation (no offset), and center by
of gaps and missing data and Poisson correction for multiSpecies.

ple substitutions, was used to calculate the distances and to . o
construct phylogenic trees. 2.6 Real-time quantitative PCR

2.4 Terminal restriction fragment length polymorphism ~ COPY numbers of partiadlkB genes ofr-alkane-degrading
analysis bacteria were quantified with the real-time quantitative PCR

analysis (primer set alkBf—alkBr). Real-time PCR of tenfold
For terminal restriction fragment (T-RF) profiles, partiB dilutions of extracted DNA was carried out in the CFX96
genes were amplified with’ Sluorescently labeled forward real-time PCR system (Bio-Rad) with SYBR Pren&ix Taq
primer (alkBf-labeled with 6-carboxyfluorescein) and a re- Perfect Real Time Kit (TaKaRa) in triplicate according to
verse primer (alkBr). Two independent 25 pL. PCRs were perthe manufacturer’s instructions. A three-step PCR protocol
formed for each samp|e, and the products were combinedvas used, with an initial denaturation at@Sfor 2 min, fol-
and purified with gel extraction kit (TaKaRa). Aliquots of lowed by 40 cycles of 95C for 30s, 57C for 30's, 72C for
the purified amplicons were then digested in triplicate with 30 s and 5s at 8UC for denature, annealing, elongation, and
10U of Msp| (TaKaRa) for 3h at 37C. Each 200 uL tube ~data acquisition, respectively. Melting curves were obtained
contained 16 pL of amplicons, 2 pL of the incubation buffer, at 60 to 96C at a 0.5% heating rate. The real-time PCR
and 2 L of restriction enzyme made up to a total volumestandard was generated using plasmid DNA from one rep-
of 20 uL. The digested amplicons were mixed with GeneS-resentative clone containirggkB gene (GenBank accession
can 500 ROX size standards (App“ed Biosystems) and ananumber: JN106044), and a dilution series of standard tem-
lyzed by capillary electrophoresis. After electrophoresis, theplate over seven orders of magnitude was used to optimize
sizes of the 5terminal restriction fragments (T-RF) and the the real-time PCR conditions.
intensities of their fluorescence emission signals were auto- To evaluate the abundance ofalkane-degrading bacte-
matically calculated by the GeneScan analysis software (Apfia relative to total bacteria, the percentagesatd genes
plied Biosystems). Signals with a peak area that was les#n proportion to 16S rRNA were also calculated. Bacterial
than 1000 relative fluorescence units were regarded as back6S rRNA genes were quantified as previously described
ground noise and excluded from the analysis. The relativXu et al., 2009) with slight modification by using primer
abundance of a detected terminal restriction fragment (T-RFp€t 515f (5GTGCCAGCMGCCGCGG-3 and 907r (5
within a given T-RFLP pattern was calculated as the respecCCGTCAATTCMTTTRAGTTT-3). The standard curves of
tive signal height of the peak divided by the peak height of 16S rRNA genes were made in a similar manneaikB
all peaks of the T-RFLP pattern. The size of eachlkane- ~ genes as described above. Real-time quantitative PCR was
degrading Species T-RF peak Corresponded to the value quaerformed in triplicate with 25 HL reaction mixture contain-
that species determined by in silico analysis of clone librarying 12.5puL SYBR PremiEx Taq 0.5 uM of each primer,
with EditSeq software (by searching for the first restriction 11 HL of H,O and 1.0 pL of DNA template.
enzyme site “C/CGG” ofMsp |) of the DNASTAR pack- )
age. All predicted and observed T-RF matches were within?-/ Data analysis
2 bp from each other. Both the presence/absence and relati

Ve . : .
abundance of T-RFs were considered in data analysis. Statistical analysis of data was performed by ANOVA, with

differences determined by the method of least significant dif-
ferences at the 5% leveP(< 0.05). All statistical analyses
were run with STATISTICA 6.0 (StatSoft).
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3 Results and discussion As shown in Fig. 3, T-RFLP profiles revealed that long-
term and continuous hydrocarbon supply considerably influ-
3.1 Phylogenetic diversity ofz-alkane-degrading enced the structure of-alkane-degrading community. The
bacteria most notable differences were the relative abundances rather

, , . thanthe fragment lengths. In the background soil, the 133 bp
In order to assess the diversity akB at the phylogenetic  1.Rr showed a high abundance (Up<t@2—45 %), indicat-
level, three clone libraries representative of samples from O"ing that the actinobacterialtycobacteriumand Rhodococ-

field, gas field and the reference site were constructed (fog swere a predominant group aikB gene level. By con-
sampling sites see Fig. 1). Approximately 83-95% of the gt in the oil and gas field soils, thectinobacteriabe-

more abundant-alkane-degrading phylotypes in the soil li- ¢ame |ess frequent, and the niche vacated by this dominant

braries were identified fronSchao1 and Sace richness esti- g4, was gradually filled with proteobacterislcanivorax
mators (Fig. S1). Phylogenetic analyses of 136 clones reznq acinetobacterThe replacement dProteobacteriawas
vealed that the obtainealkB genes in this study exhibited e pronounced in oil field soil as compared with gas field
69-99 % similarity at the amino acid level with sequences re-g ;| (Fig. 3). Comparing the T-RFLP results &kB gene
trieved from the GenBank database. More than half of cIone%Opy numbers determined by gPCR (Fig. S2), it also indi-

showed highest affinity to eithékcinetobactestrains ory-  cated thaProteobacterizare becoming more frequent in the
proteobacterial marine hydrocarbon-degrading bacteria, sucl; 5nq gas field (Table S1).

asAIcanivorax dieseloleandMarinobacter aquaeoleV/T8. _ Principal component analyses (PCA) furthermore showed
Interestingly, only a small part of clones were grouped in aiha¢ the samples from oil field and gas field were clearly

Iarge cluster.that were most closely relat_ed to Gram'pOSitiveseparated from those from reference site, although the dif-
actinobacterialRhodococcysMycobacterium and Nocar-  farence between oil field and gas field was indiscernible
dia, .wh|ch are well known for their ability to degrade short- (Fig. 4). Peaks 133 (putative actinobacteNgjcobacterium
chain and gaseous alkane(®z-de-Moraetal., 2011; Shen- 4 Rhodococcyshad large loadings in the direction in
nan, 2006). A group of three OTUs (operational taxonomic,ypich the non-oil and gas reference sample cluster was local-
un|t§) from.the stud_y zone formeq a separate cluster (clustel, o4 On the contrary, in oil and gas cluster, Peaks 70 (puta-
A; Fig. 2) with very little sequence identity alkBsequences e alcanivoras) and 74 (putative -proteobacteriahcineto-
from known organisms (only 71 % witBurkholderia cepa-  pacterandMarinobacte) seemed to be positively correlated
cia) and other unknown uncultured bacteria (79 % identity \ it the trace and continuous hydrocarbons.

with uncultured bacterium DQ288068). We speculate that the trace amounts of hydrocarbon mi-
grated from oil and gas reservoirs cause a shift ofthe
alkane-degrading bacterial community from Gram-positive
bacteria to Gram-negative genotypes. As mentioned above,

In this study, we used T-RFLP fingerprinting basedatkB Gram-positive bacteria possess the ability to utilize short-
genes to characterize thealkane-degrading community Chain and gaseous alkanesi{Cs) in contrast to other
structure above oil and gas reservoirs. Only those with arflydrocarbon-degrading bacteriz{ez-de-Moraetal., 2011;
Ap (percentage abundance) higher than 1% in at least ongnennan, 2006). However, dominanceatinobacteriahas
profile were selected as the signature T-RFs for further anal@/S0 been previously reported in hydrocarbon-unatfected
yses. This cutoff was adopted from a previous study in or-SOlIS (Luz et al., 2004; Margesin et al., 2003), possibly ow-
der to minimize the amount of data noise (Noll et al., 2005).1nd t0 their metabolic versatility, which includesalkanes
Seven fragments were detected as major peaks in the T-RFL@"d @ wide range of organic compounds (Rojo, 2009). That
profiles (Fig. 2). A combination of in silico sequence anal- IS Why Gram-positivéctinobacteriacan be detected in both
yses and T-RFLP fingerprinting of the representative clone!l @nd gas field and background zones in the present study
showed that five terminal restriction fragments (T-RFs) could(F19- 3). On the contrary, medium- and long-chain hydro-
be assigned to a single lineage, i.e., 33 bSatinisphaera carbons (Ga+) have long bee_n consujered to pe difficult to
70bp to Alcanivorax 12bp to unculturedictinobacteria ~ Penetrate the cap rock of oil deposits and rise to the sur-
142 and 340 bp to unclassifiedalkane-degrading bacteria, face of the earth, thereby being ignored in most surface geo-
whereas two T-RFs (74 bp and 133 bp) were associated witlfemical surveys. Recently, however, W. L. Gore & Asso-
more than one lineage. The 74 bp T-RF represented mostl iates, Inc. has successfully detected thermogenic hydrocar-
y-proteobacteriahcinetobacteandMarinobacterbut occa- 20N compounds from £30 Gy in the near-surface soils of
sionally also uncultured bacteria in hydrocarbon seep (OTU- !l @nd gas reservoirs with a highly sensitive passive diffu-
17). The 133bp T-RF was characteristic of actinobacte-S1o" module (Anderson, 2006), indicating that volatile heavy

rial Mycobacteriumand Rhodococcusind a unclassified- ~ hydrocarbons are able to migrate to the surface on a geo-
alkane-degrading bacterium (OTU-2). logic time scale. Interestingly, Gram-negat#einetobacter

andMarinobacterare well-known for their ability to degrade
medium- and long-chain-alkanes ranging from {3 to Csg

3.2 n-alkane-degrading community structure above oll
and gas reservoirs
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Mycobacterium bovis, BX248345
Mycobacterium avium, AE016958
L-alkB-OUT-15 [133 bp] (3/0/1)
uncultured bacterium, hydrocarbons contaminated soil, HM441104
uncultured bacterium, hydrocarbons contaminated soil, HM441130
SL-alkB-OUT-14 [133 bp] (4/1/3)
Gordonia sp. TF6, AB112870
Rhodococcus sp. 1BN, AJ401611 Actinobacteria
Rhodococcus ruber, FJ705347
Nocardia cyriacigeorgica GUH-2, NC0O16887
99 1 Rhodococeus sp. Q15-AkB2, AJ297269
Rhodococcus erythropolis NRRL-AIkB2, AF388182
Prauserella rugosa NRRL B2295, AJ009587
Nocardioides sp. Cf8, AF350429
SL-alkB-OUT-5 [120 bp] (2/0/0)
Rhodococcus sp. Q15-AlkB1, AF388181
uncultured prokaryote, fuel-contaminated soil, GQ261070
uncultured prokaryote, diesel-contaminated sediment, GQ184391
SL-alkB-OUT-13 [340 bp] (2/1/1)
SL-alkB-OUT-1 [142 bp] (3/0/0) Cluster A
SL-alkB-OUT-2 [133 bp] (11/2/7)
Burkholderia pseudomallei, BX571965
Burkholderia cepacia, AJ293344
Burkholderia xenovorans LB400, NC007952
Salinisphaera shabanensis, EU853327
3 51-alkB-OUT-6 [33 bp] (8/5/4)
SL-alkB-OUT-8 [70 bp] (0/2/0)
SL-alkB-OUT-11 [70 bp] (2/1/2)
uncultured prokaryote, sub-Antarctic fuel-contaminated soil, GQ261057
uncultured bacterium, heavily transited road sandy soil, GU184277
Alcanivorax dieselolei, EU853342
441 uncultured bacterium, coastal surface water, EU853387
Alcanivorax sp. $15-9, EU853363
uncultured bacterium, coastal surface water, EU853404
SL-alkB-OUT-3 [70 bp] (1/7/9)
SL-alkB-OUT-4 [70 bp] (0/1/0)
Advenella mimigardefordensis, EUB53346
a4 | Alcanivorax sp. $8-5, EU853340
uncultured bacterium, hydrocarbons contaminated soil, HM441191 .
99 Acinetobacter calcoaceticus Eb104, AJ233398 Proteobacteria
98 E Acinetobacter sp. ADP1, AJ002316
Acinetobacter sp. M1, AB049411
uo - Marinobacter hydrocarbonoclasticus, EU853368
Marinobacter aquaeolei VT8, NC008740
uncultured bacterium, fuels incubation, JN986868
71SL-alkB-OUT-18 [74 bp] (1/2/0)
94 | SL-alkB-OUT-10 [74 bp] (0/1/2)
SL-alkB-OUT-16 [74 bp] (1/4/0)
SL-alkB-OUT-12 [74 bp] (0/0/2)
SL-alkB-OUT-8 [74 bp] (0/5/4)
54 SL-alkB-OUT-7 [74 bp] (3/13/10)
a7 Pseudomonas putida GPo1, AJ245436

99 g Pseudomonas putida P1, AJ233397
Alcanivorax borkumensis Ap2, AB110225
gy | uncultured bacterium, hydrocarbon seep sediment, GQ 184417
———— 1 SL-alkB-OUT-17 [74 bp] (0/3/2)
uncultured bacterium, hydrocarbon seep sediment, GQ184430

4 97
Tt\': uncultured bacterium, hydrocarbon seep sediment, GQ184401
Pseudomonas aeruginosa PAK, AJB33616 _

99

99

98

il 4§49

83

0.1

Fig. 2. Phylogenetic relationship of deduceittB sequences (182 amino acids) generated from different soil samples. The scale bar represents
10 % sequence divergence; values at the nodes are the percentages of 1000 bootstrap replicates supporting the branching order; bootstr
values below 50% are not shown. Representative clones obtained in this study are shown in different colors, which represent different
n-alkane-degrading groups, and the in silico T-RF size is given in square brackets. A similarity cutoff of 97 % is used to define an OTU
(operational taxonomic unit). The number of clones for each representative OTU is given in parentheses (reference soil/oil field surface
soil/gas field surface soil). Reference sequences are shown in black.
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background soils oil field soils gas field soils -
1004 — — = ir— = 1 ] EEssbe
= L L_| p=m 70bp
] 7abp _
120 by 5
80 l L -133 bz S 33bp
= [ 142bp () 816 B4
I [ ]340bp ! 70 bp A A B 0337
° = B20 o)
b 5] B7,
8 e - ! 2 85083
g E' e 5 e BBy o RE— T
c [ | 133 bp
B30
é | s . n /\ B39
40 | = 142 bp, :
Q _— = B2 A 1206p  340bp 54
2 8 iy 53'1 mB34
o - = = I g
2 L = £
20 1 B3sMg
! [T B32
T _ =
- <
0 T T T T T T T T T !
BS1T BS2 BS3 0S1 0S2 0S3 GS1 GS2 GS3 -1.5 1.5
Samples Principal component 1 (85.3%)

Fig. 3. Comparison oflkB -based T-RFLP profiles obtained from Fig. 4. PCA ordination plot for the samples and T-RFs based on

different soil samples. Values are mea®.D. (z = 3). Msp| was alkB T-RFLP data from different soil samples. Symbols: red ar-

used as restriction enzyme. OS = oil field surface soil; GS = gas fieldlows = T-RFs (the size in base pairs of forward T-RFsMsp |);

surface soil; BS =background soil (B3, B14 and B34). Numbers 1-green triangles, blue squares, black circles and associated numbers

3 indicate field replicates from the corresponding sites. indicate oil field surface soils, gas field surface soils, background
soils and sample serial numbers, respectively.

(Doumengq et al., 2001; Sakai et al., 1994). The predomi-

nance of Gram-negative bacteria over Gram-positive bacte- 11> £ast

ria was also observed in other alkane-rich habitats, such asg

marine hydrocarbon macroseeps (Wasmund et al., 2009) antg "] T i

heavy hydrocarbon-contaminated soils (Kaplan and Kitts, £ , | T’

2004). Therefore, Gram-negativealkane degraders seemed § /'\ ) \.

to be a good indicator population for MPOG. g 4 /'\ /‘ s “‘%\; /é

o . . : ° .’.\o \'/.’. N

3.3 Quantitative analysis ofn-alkane-degrading Pt B 85 87 Bt Bya Bie Bie B30 B B3 B3 B0 B %2 84 Bk Bk B

bacteria Frelis ! CRRAI

Sampling site

Real-time quantitative PC_R was usgd to estlmate the abunI:ig. 5. Biogeographical distribution of the percentagesalaB gene
dance ofn-alkane-degrading bacteria at the different loca- copy numbers (representing the number @fikane-degrading bac-
tions. In order to minimize environmental interference, SUChteria) in proportion to 16S rRNA gene copy numbers (representing
as noise caused by variations in soil type, we normalizecthe number of totaEubacterig of soil samples collected from east—
the abundances daflkB genes against the total abundance west direction survey line of Shaozhuang oil and gas fiele @).
of 16S rRNA genes, sample-by-sample. The biogeographicaboils were collected at a depth of 60 cm.
distribution of the relative abundancesnélkane-degrading
bacteria in soil samples collected from east—west direction
survey line is shown in Fig. 5 (the absolute numberalkB carbon macroseeps (visible seeps) (Wasmund et al., 2009).
gene were shown in Fig. S2). In the oil and gas field soil Therefore, the quantification @fikB gene copy numbers in
samples, the relative abundancesatdB genes were signif-  soils provides an insight into the microbial response to the
icantly higher than in all other soil samples (4.490.3 % microseepage of hydrocarbons and acts as a useful com-
and 7.4 %t 1.1 %, respectively). In the reference samples,plementary tool for understanding this habitat response to
the ratios were 2.2- to 3.4-fold lower, in the range from 0.7 % trace hydrocarbons in addition to geochemical measurements
to 4.6 %. The high value area was basically consistent with(\\Wasmund et al., 2009).
the areas of the oil and gas accumulation (Fig. 5). In the preliminary study, we tried to isolate and enumer-
However, to our surprise, hydrocarbon concentrations inate n-alkane-degrading bacteria using standard plate count
soils above oil and gas fields were relatively low or even un-method (data not shown). However, quantitative distribution
detectable (Table 1). We speculate that efficient biodegradaef culturable species was confused and cannot be used to
tion of hydrocarbons was occurring and that this degradatiorforecast oil and gas reservoirs. This phenomenon might be
removed detectable quantities of hydrocarbons before thegaused by (i) the existence of a large quantity of uncultured
could be measured by geochemical analyses. A similar efalkane degraders in soils (Kloos et al., 2006) such as the
fect has been previously reported in a study of marine hydro-142 and 340bp T-RFs in our case (Fig. 2) and/or (ii) the
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Table 1. General soil properties, headspace and adsorkmianes content of research drea

Sample Geographical Water pH Electrical Total headspace Total adsorbed
code description content value conductivityz-alkanes () n-alkanes (G;)
(%) (usent?) (HLL™Y) (HLL™h)
B1 Background 52 8.83 909 0.74 2.48
B3 Background 59 8.99 1139 0.74 3.79
B5 Background 57 9.00 672 0.79 2.35
B7 Background 54 9.07 539 0.73 0.75
B10 Background 45 8.83 892 0.20 1.40
B14 Oil field zone 60 8.09 644 0.21 1.08
B16 Oil field zone 28 8.69 355 0.22 1.35
B17 Oil field zone 43 8.93 629 0.47 1.09
B18 Oil field zone 56 9.36 554 0.00 1.22
B20 Oil field zone 56 8.58 238 0.00 1.74
B21 Oil field zone 57 8.58 580 0.73 0.89
B30 Gas field zone 57 8.50 530 0.64 1.44
B31 Gas field zone 54 9.09 380 0.38 1.08
B32 Gas field zone 53 8.55 644 0.20 0.85
B34 Gas field zone 53 8.61 923 0.35 1.14
B35 Gas field zone 56 8.38 1128 0.36 0.83
B37 Background 56 8.19 839 0.77 1.75
B39 Background 53 8.11 763 0.77 2.40
B41 Background 52 8.67 861 0.70 1.41

* Soils were collected at a depth of 60 cm.

contradiction between short-term culture (days) in laboratorySupplementary material related to this article is

under high-concentration alkanes and long-term acclimatioravailable online at: http://www.biogeosciences.net/10/
(years) to trace alkanes in natural environments. Therefore2041/2013/bg-10-2041-2013-supplement.pdf
culture-independent approaches usaigB gene to detect

the presence and abundancenedlkane-degrading bacteria

taken directly from soil samples without cultivation can sig-

nificantly improve the accuracy rate of MPOG. , .
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