
ÅThe core was populated with an

unexpectedly diverse range of bacteria.

ÅPCT technology proved invaluable in

isolation of metagenomic DNA.

ÅBLAST searches indicated much of the

core population is similar to the microbial

population from the Yellow Sea, followed

by similarity to microbial mats of

hypersaline lakes and also to some gut

microflora.

ÅSeveral phylotypes belonged to

Ŭ-proteobacteria, which commonly exist in

all environments.

Isolate GenBank ID closesthit BLASTID % identity

BS2 JF963965 JF322796 98

BS65 JF963966 HM030754 99

BS67 JF963967 GU565237 99

BS67A JF963968 HM274523 94

BS71 JF963969 FJ817481 92

BS78 JF963970 JF714216 98

BS29A JF963971 FR851254 99

BS81A JF963972 AY308758 99

BS66A JF963973 EU368479 99

clone Ac. No. closest hit BLAST ID % identity

CVM7 JF922889 FJ870519                 99

CVM8 JF963964 HQ823674              99

CVM10 JF922890 HQ585178                 99

CVM13 JF922891 HM057723                99

CVM15 JF922892 FN667261                99

CVM23 JF922893 FR691516                99

CVM35 JF922895 AY753315                98

CVM27 JF922894 HM480175                98

CVM42 JF922896 EU429493                99

CVM48 JF922898 EU450347                 48

CVM43 JF922897 JF202879                98

CVM49 JF922899 EU450314                 98

CVM50 JF922900 HQ660803                99

CVM77 JF922901 FR774582                100

CVM91 JF922902 DQ230964                99

CVM107 JF922903 HM110470                99

CVM193 JF922912 EU148878                 92

CVM121 JF922904 HM480264                99

CVM132 JF922905 HM799072                97

CVM157 JF922908 EF648091                100

CVM166 JF922909 JF346422                99

CVM184 JF922910 AY293404                99

CVM135 JF922906 HM316462              91

CVM147 JF922907 HM186821                100

CVM189 JF922911 EF658677                 99
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Microbial communities in the subterranean

environment are unique in that they are

completely isolated from biological

communities that rely on photosynthesis,

earthôsatmosphere, or oceans.

Interestingly, bacteria found in petroleum

deposits are in a dormant form known as

ultramicrobacteria because petroleum

deposits are very limited in nitrogenous

and phosphorous-containing nutrients.

These are unique populations as

compared to other subsurface microbial

communities and might consist of novel

species, new metabolic capabilities, and

undiscovered adaptive microbial

mechanisms. They are cultured using

methods for oligotrophic organisms in the

lab. The goal of the current study was to

isolate and identify cultivable UMBs based

on their hydrocarbon utilizing properties

and also to evaluate microbial community

structure in petroleum deposits using 16S

rDNA techniques such as ARDRA

(amplified ribosomal DNA restriction

analysis) of the environmental DNA

extracted from the cores.

Source: Cores were obtained from ~700 m below surface in an oil-bearing 

formation in Brookhaven, Alabama.

Processingof cores:. One-foot long sectionsof freshcoreswereobtained,wiped

with 70% ethanol,and immediatelyplacedin BBL® GasPak®Systemcontainers

under anaerobicconditions. Containerswere refrigerated. These were cut into

4-inch sectionsusinga sterilecoresawin the lab. To reachthemedianof thecore,

1 inch was cut from all sides,and the medianpart was placedin a stainlesssteel

corecrusherunderN2 andsubjectedto 20,000psiusingahydraulicpress.

DNA isolation:

(a) GenomicDNA from Cultivable bacteria: Thecrushedcorematerialwas

mixed in simulatedproduction water and streakedon Bacto-Tryptic Soy Agar

preparedwith simulatedproductionwater(1) andoil-agar. After incubation,a single

colony was picked, and DNA was isolatedfrom bacterialcoloniesusing Wizard

GenomicDNA purification kit (Promega). This DNA wasquantifiedandusedfor

PCRamplifications.

(b) Metagenomic DNA : The PowerMax Soil DNA Isolation Kit (Mo Bio

Laboratories,CA) wasadaptedfor usewith thePressureCycling Technology(PCT)

machine(PressureBioSciences, MA) (2) . Onegramof thecrushedcorematerialwas

vortexedwith PowerBeadbuffer thenmixedwith lysis buffer andvortexedto mix.

ThePULSEtubewasloadedinto the Barocyclerandrun for 80 cycles(35 kpsi for

20 sec,atmp for 5 sec),which lysed bacteriausing high pressure. DNeasyspin

column(QIAGEN) wasusedto purify theDNA from thecell debris. TheDNA was

quantifiedanddilutedwith waterfor PCRs.

PCR, cloning and ARDRA : Universalprimerswereusedfor amplifying 16S

rDNA genesfrom genomicand metagenmicDNA. For ARDRA, ampliconsfrom

five independentPCRswere pooled,ligated into TOPO 2.1 (Invitrogen, CA) and

transformedinto E. coli DH5�.-T1R chemicallycompetentcells. About 200 white

bacterialand100 archaealcloneswith ~1.5 kb insertswerestoredin 10% glycerol

at -80�|C. RsaI and Sau3A were selectedfor restriction digestionof the clones.

Restrictionpatternof the cloneswas comparedon a 2% agarosegel. Phylotypes

were identified basedon restrictionpattern. Rarefactionanalysis(3) was doneand

diversity indices(4) were calculated. Partial 16S rDNA gene sequenceof one

representativememberof eachphylotypewasobtained,andphylogenetictreeswere

constructedusing them. Isolates were also identified using partial 16S rDNA

sequences.
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ÅARDRA and phylogenetic analyses of 

archaeal colonies are currently underway.

ÅFull length sequencing and polyphasic 

identification of isolated hydrocarbon 

utilizing colonies.

ÅComparison of this microbial community 

to ones on the surface or deeper in the 

petroleum deposits.

Cultivable bacteria

Table 1. Partial 16S rDNA sequences of some

of the isolates from the core material.. The

sequences are submitted to GenBank.

Fifteen bacterialisolateswere obtainedfrom

the coreson Agar enrichedwith oil. Partial

16S rDNA sequencingwas usedto identify

them. Most of them looked similar. The

uniqueonesweresequenced.

Unculturable bacteria

Figure 1. isolation of metagenomic DNA  

from crushed cores using Barocycler (PBI). 

Figure 2. ARDRA gels showing RsaI

digestion pattern of bacterial 16S rDNA

clones

Table 2. GenBank accession numbers of 

representative clones for each phylotype along with 

GenBank IDs of the closest BLAST hit and % identity.

Figure 4. Dendrogram showing the

phylogenetic relationships between

various bacterial phylotypes.

Bootstrapping values indicate the

strength of each node. Distance scale

indicates evolutionary distance.

Mycoplasma has been used as the

outgroup to root the tree.

Figure 3. Rarefaction curve (no. of phylotypes vs no. of clones)

indicating sufficient representation of bacterial diversity after

screening about 200 clones. Clones were grouped as

phylotypes on the basis of their RFLP pattern
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