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Abstract — The phospholipid ester-linked normal and lipopolysaccharide layer hydroxy fatty acids
from microbes in a natural gas (85% methane)-stimulated soil column capable of degrading halo-
genated hydrocarbons were analyzed in detail by capillary column GC-MS. Microbial biomass, cal-
culated from phospholipid fatty acid (PLEA) concentrations to be 5.6 X 10° bacteria/g (dry
weight), was greater in the hydrocarbon-degrading column than in either an azide-inhibited soil
column or an untreated surface soil. Microbial community structure information, using GC-MS
analysis of derivatized monounsaturated PLFA, indicated that the major component (16 to 28%)
of the PLFA in the hydrocarbon-degrading column was the PLFA 18:1A10c. This novel PLFA
has been reported as a major component in type IT methanotrophs. The high relative proportions
of C;g components relative to Cy4 fatty acids indicated that type II rather than type I methano-
trophs were the most abundant microbial flora present in the active soil column. Fatty acids from
other bacterial groups and microeukaryotes also were detected in the hydrocarbon-degrading soil
column. Differences between the relative proportions of these metabolic groups of microorgan-
isms were quantified and compared among the three soils analyzed. Based on these differences,
the potential exists to use these methods to monitor shifts in microbial biomass and community
structure in aquifers where indigenous bacteria are stimulated to biotransform pollutant compounds.
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INTRODUCTION

Bacteria capable of growth using methane as
their sole carbon and energy source are known as
methanotrophs [1,2]. The physiclogy and ecology
of methanotrophic bacieria have been described in
recent reviews [1-5]. Methane monooxygenase
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Halogenated hydrocarbons

8%

Methanotrophic bacteria

(MMO) is used by these bacteria to oxidize meth-
ane to methanol [1,2,4]. MMO can also produce
primary or secondary alcohols upon oxidation of
alkanes up to octane [6,7] and, in addition, can
oxidize halogenated one-carbon compounds [6].
Halogenated one- and two-carbon compounds are
commonly detected in contaminated subsurface
environments and ground water [7]. Wilson and
Wilson 18] used natural gas (77% methane, 10%
ethane, 7% propane, remainder containing four to
seven hydrocarbons) to enrich a population of soil
bacteria capable of degrading trichloroethylene;
which was degraded to carbon dioxide. It appears,
therefore, that methanotrophic bacteria may be
useful in the removal of halogenated one- or two-
carbon compounds from contaminated environ-
ments by direct metabolism or by stimulation of
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other microbes. An estimate of their biomass in
natural systems would thus be useful in optimiz-
ing conditions for their growth and activity. Prior
to this study, methods for the direct measurement,
other than isolation and identification, of meth-
anotrophic bacteria in microcosms or field samples
did not exist.

Methanotrophic bacteria are grouped into two
divisions, types I and II, based on differences in
intracytoplasmic membrane organization and car-
bon metabolism [1,2]. Type 1 methanotrophic bac-
teria contain esterified fatty acids, predominantly
16 carbons in length, and with saturated (16:0) and
monounsaturated (16:1) fatty acids present [9,10].
Type II methanotrophic bacteria have monoun-
saturated 18-carbon (18:1) faity acids as the pre-
dominant phospholipid fatty acid (PLFA}) [9,10].

Analysis of cellular fatty acid profiles has
become a standard tool in chemotaxonomy [11].
Fatty acids are also used as biomarkers or signa-
ture lipids in microbial ecology to provide valuable
information about the structure of the microbial
community [12]. If membrane fatty acids are to be
used as biomarkers by taxonomists, ecologists and
geochemists, precisely determining the double-
bond positions and geometry will be essential for
correctly interpreting increasingly complex data
sets. Several relatively simple and rapid procedures
have recently been reported that allow such de-
terminations to be performed routinely [13]. The
differences in carbon chain length and, more
important, position and geometry of unsaturation
[9,14] suggest that the results of analysis of
extractable PLFAs from an ecosystem would indi-
cate the presence or absence of methanotrophic
bacteria. Similarly, PLFA profiles may be useful
for characterizing other microbial groups, capable
of degrading short-chain hydrocarbons, present in
soils.

The phospholipid ester-linked and lipopoly-
saccharide-layer normal and hydroxy fatty acid
profiles from a soil column stimulated with natu-
ral gas and capable of degrading halogenated hy-
drocarbons, such as trichloroethylene, cis- and
trans-1,2-dichloroethylene, chloroform, dichloro-
methane, 1,1- and 1,2-dichloroethane and 1,2-di-
bromoethane [15], are reported here. The overall
aim of this study was to identify specific lipid com-
ponents that can be used to monitor for methano-
trophic bacteria. These lipid biomarkers can be
used for interpretation not only of the manipu-
lated laboratory microcosms analyzed here but
also of samples taken in field experiments.

MATERIALS AND METHODS

Soil and column description

The soil columns were prepared using Lincoln
fine sand obtained in the fate fall near the Robert S.
Kerr Environmental Research Laboratory in Ada,
Oklahoma, as described previously [8,16]. Col-
umn A had a headspace containing 0.6% natural
2as in air to stimulate bacteria capable of growth
using gaseous hydrocarbons. Column B was in-
hibited by the addition of 0.1% sodium azide to
the water and was not exposed to natural gas. The
natural gas was composed of 85% methane, 10%
ethane and 3% propane. Column A was exposed
to natural gas for three weeks before an aqueous
solution of the halogenated hydrocarbons was
applied; a similar solution was also applied to col-
umn B [15]. After three months of operation at 22
to 25°C, the columns were unpacked, and incre-
ments from 0 to 10 and 148 to 150 ¢cm were Iyophi-
lized prior to lipid extraction. :

Surface soil samples (0 to 10 ¢m) were acquired
from the same site (in early summer rather than
late fali) at the same location near Ada and were
Iyophilized as above. For samples from all depths,
the pH ranged from 6.6 to 6.1 and the cation ex-
change capacity from 4.8 to 2.3 meq/100 g; sand
constituted from 95 to 89% of the sample, silt
from 8.8 to 4.0% and clay from 3.5 to 1.5%.
Organic carbon contents of the 0 to 10 cm and 140
to 150 cm samples were 0.20 to 0.22% and 0.02%,
respectively.

Lipid extraction and fractionation

Soil samples, in duplicate, were placed into 250-
ml separatory funnels and the lipids were quantita-
tively extracted with a modified [17] one-phase
chloroform-methanol extraction [18]. The recov-
ery and fractionation of the lipids were performed
as described previously [19,20]. The mild alkaline
methanolysis procedure [17] to produce fatty acid
methyl esters (FAMEs) from the phospholipids
was modified in that hexane:chloroform (4:1, v/v})
replaced chloroform in the extraction, Normal and
hydroxy fatty acids from the lipopolysaccharide
laver (LPS} were recovered by acidification of the
lipid-extracted residue, chloroform extraction,
methylation of the fatty acids and conversion to
trimethylsilyl ethers as described elsewhere [21].

Analytical technigues

The techniques for separation, quantitation and
tentative peak identification for the fatty acid com-
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ponents were as described elsewhere [22]. GC-MS
analysis for confirmation of identification and
configuration was as described elsewhere [22].
Mass spectral data were acquired and processed
with a Hewlett-Packard RTE-6/VM data system.

Determination of fatty acid
double-bond configuration

The dimethyldisuifide adducts of monounsatu-
rated FAMEs were formed to locate double-bond
positions using the method of Dunkelblum et al,
[13], as described previously [22].

Fatty acid nomenciature

Fatty acids are designated by total number of
carbon atoms: number of double bonds, followed
by the position of the double bond from the A
(carboxylic) end of the molecule. The suffixes “¢”
and “t” indicate cis and trans geometry. The
prefixes “i” and “a” refer to iso and anteiso
branching, respectively, and the prefix “OH” indi-
cates a hydroxy group at the position indicated.
Other methyl branching is indicated as position of
the additional methyl carbon from the carboxylic
acid (A) end, i.e., 10 methyl 16:0. Cyclopropane
fatty acids are designated with the prefix “cy,”
with the ring position relative to the carboxylic end
of the moiecule in parentheses,

RESULTS
PLFA biomass estimates

The PLFA concentration data (Table 1) were
converted into number of bacteria per gram of soil

Table 1, Phospholipid ester-linked fatty acid (PLFA)
content and calculated bacterial numbers for a natural
gas—enriched soil column (A), a soil column not
exposed to natural gas (B) and untreated surface soil

Calculated number

nmol PLFA of bacteria®
Sample (g dry wt.) (g dry wt.}
Column A
010 10 cm® 53.8 5600 x 10°
148 to 150 em*© 0.61 63 x 10°
Column B
0to 10 cm© 8.93 930 x 10
148 to 150 cm® 0.04 4 % 10¢
Untreated soil
0to 10 em© 22.8 2400 x 108

2Calculated using factors previously reported [12,14,17].
bMean of ten samples.
‘Mean of two samples.

using the following approximations: 5.9 x 1012
bacteria/g (dry weight) of bacteria [17], with an
average methanotroph containing 57 pmol
PLFA/g (dry.weight) [14]. Biomass estimates of
5.6 x 10° (range 4.1 x 10° to 7.7 x 10%), 9.3 x 10®
and 2.4 x 10° were determined for the upper 10
cm of the natural gas-enriched column (columm
A), the azide-inhibited column (column B) and the
untreated surface soil, respectively (Table 1). Soil
taken from the bottom (148 to 130 cm) of the two
columns contained at least two orders of magni-
tude less biomass than the upper layers in each
column.

Fatty acid profiles

A total of 40 normal PLFAs were positively
identified in the columns and soil sample (Table 2).
Sixteen monounsaturated components were present,
and characteristic ion fragments of the derivatized
products formed by reaction with dimethyldisul-
fide (DMDS) are shown in Tabie 3. Interpreting
these data provided the primary information for
assigning double-bond position and geometry.

Several features were apparent when the fatty
acid profiles in Table 2 were compared: (a) Sev-
eral relatively novel monounsaturated fatty acids,
16:1A8c, 16:1A10¢, and 18:1A10c, were present in
column A but absent in column B and the surface
soil sample. The latter fatty acid was the major
component in all column A samples from 2 to
10 em and showed an increase with depth relative
to the more common bacterial PLFA, 18:1A1lc
{23] (Fig. 1). (b) A series of 10 methyl-branched
fatty acids was detected in all 0 to 10 cm samples.
A higher relative abundance of these componenis
occurred in column B and untreated surface soil
than in soil from column A, {c) The combined rel-
ative levels of the PLFAs 16:0 and 16:1 isomers
and 18:0 and 18:1 isomers showed minor changes
within the upper 10 cm of column A. The sum of
the C,3 PLFASs was generally 1.5 to 2 times that
of the C,; PLFAs in these samples (Fig. 2). In
contrast, both the surface soil and column B con-
tained higher relative proportions of the Cg
PLFAs. (d) Ci; and C,, polyunsaturated fatty
acids (PUFA) were detected in all samples from
the upper 16 cm. The untreated surface soil con-
tained the highest relative level of the PUFA
18:2A9, whereas the C,, PUFAs, 20:4A5 and
20:5A5, were present at similar relative levels in
column A and the untreated surface soil. The lat-
ter two PLFAs were not detected in soil from the
bottom of column A and occurred at a reduced
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Table 2. Percent composition of phospholipid ester-finked fatty acids from a natural gas-enriched soil column
{A), a soil column not exposed to natural gas (B) and untreated surface soil

Percent total fatty acid methyl esters (FAMEs)

Column A Column B Surface soil

{cm)* (cm)® (cm)®
Fatty
acid 0-2 2-4 4-6 6-8 8-10 148-150 0-10 0-10
12:0 0.22 TR TR TR TR 4 — —
13:0 TR TR TR TR TR 1.2 — —
if4:0 0.27 0.29 0.27 0.32 0.32 0.20 0.20
14:0 1.3 1.5 1.6 1.4 1.3 1.4 1.1 .37
il5:1° 0.20 0.37 0.20 0.19 0.2 — TR TR
i15:0 2.5 2.9 2.7 2.8 3.0 2.5 5.4 5.9
al5:0 1.2 L5 1.4 1.4 1.7 2.1 2.3 2.6
15:0 0.73 0.45 (.44 (.46 0.42 TR 0.68 0.53
i16:1A9¢ 0.59 0.36 0.33 0.23 0.28 — 0.32 0.48
10Mel5:0 0.20 0.19 0.15 0.16 0.14 — 0.31 0.29
i16:0 2.1 1.5 2.1 L5 1.6 3.7 3.8 3.8
16:147c 0.50 1.1 0.53 0.44 1.0 —_ TR 1.1
16:1A8¢ NAQ  NAQ 2.4 3.3 2.4 TR - —
16:1A9¢ 9.9 £3.7 11.7 94 7.6 6.4 10.3 3.5
16:1A91° 14 1.3 1.5 1.3 t1 2.6 i.9 TR
16:1Allc 2.7 4.3 5.0 4.4 4.4 2.3 5.3 5.1
16:1A11¢ TR 0.35 0.13 0.10 TR — — —
16:0 9.2 8.8 8.6 8.4 8.0 62.1 13.7 11.2
i17:1A9¢ 0.82 1.3 1.5 1.2 1.4 11 21 2.7
10Mel6:0 1.6 2.0 2.0 2.0 2.3 2.3 54 5.7
i17:0 0.92 1.0 1.1 1.1 1.2 TR 2.8 2.9
al7:0 2.0 1.5 1.4 1.5 1.5 1.1 2.8 3.3
cyl7:0 1.5 1.9 2.3 2.2 2.0 1.3 4.8 2.3
17:0 0.62 0.41 0.36 0.26 0.36 1.1 0.81 0.66
10Mel7:0 0.37 0.47 0.47 0.48 0.47 — 1.2 1.1
18:4A6,9,12,15 2.5 1.9 1.5 1.9 2.3 — 0.38 0.24
18:2A9,12 1.3 1.1 0.8 1.3 0.86 TR 0.90 4.8
18:1A9¢ 4.9 NAQ 3.2 0.63 NAQ — 5.7 6.9
18:1A10c 16.1 21.5 20.3 25.6 27.9 — —
18:1A1t¢ 22,5 17.7 16.4 . 157 13.5 1.8 6.7 9.1
18:1A11¢ 0.22 0.23 0.46 0.32 0.30 TR 0.69 0.41
18:1A13¢ 0.61 1.2 0.94 0,93 1.1 TR 0.64 1.5
18:0 2.1 1.8 1.8 2.0 E8 1.8 3.2 2.6
10Mel8:0 I4 0.82 0.92 0.99 1.0 — 2.2 1.8
cy19:0 [.9 2.2 2.3 2.2 2.6 2.1 7.5 8.4
20:4A5,8,11,14 1.4 1.5 1.5 1.3 1.3 — 0.20 1.2
20:5A5,8,11,14,17 0.21 0.26 0.19 0.22 0.27 — TR 0.36
20:3 — — — — — — — 0.72
20:1A11¢ — — — — — — 0.18 0.33
20:0 TR TR TR TR TR TR 0.90 0,39
Others 4.0 2.6 2.4 2.3 4.4 — 5.4 7.6
Total FAMEs? 42 61 50 74 42 0.6 8.9 23

TR, trace {(<0.1%); (—), not detected; NAQ, not accurately quantitated.
#Depth from top of column.
PPosition of unsaturated not determined because of insufficient sample. Components coelute with i15:1A%c.
“The FAME 16:1A10c was present in several column A samples but was not quantified.
hmol/g (dry wt.).

relative level in column B soil. (g} Cyclopropyl A series of saturated FAMESs, tentatively identified
fatty acids, ¢cy17:0 and cy19:0, were detected in all  as dimethyl-branched components, was detected in
samples, with the highest relative proportions pres-  all samples. These components are included with
ent in the samples not enriched with natural gas. (f)  the designation “Others” components in Table 2.
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Table 3. Monounsaturated fatty acids from & natural
gas-enriched colume: Gas chromatographic (GC)
retention data and characteristic ion fragments of

derivatized products formed by reaction of the
fatty acids with dimethyldisulfide (DMD3S)

Fon fragments (m/z)

of DMDS adducts

Fatty

acid RT® M+ w fragment® A fragment®
i15:1¢ 17.79 — — —
il6:14%  19.74 — 217
16:1A47¢ 2034 — — —
16:1A8c 2040 — 159 203
16:1A9 2044 362 145 217
16:1A9t 20.52 362 145 217
16:1A10c 2052 — 131 231
16:1a1fc  20.64 362 117 245
16:1A11t  20.77 362 117 245
il7:14%  21.69 — 159 217
17:1A% — — 159 287
18:1A% 2451 — 173 217
18:1A10c 24,57 390 159 231
18:1A11c  24.64 390 145 245
18:1A11t 24,76 390 145 245
18:1A13¢ "24.86 390 117 273

(—), not detected in GC-MS analysis because of insuffi-
cient sample,

“Retention time.

by fragment indicates fragment including aliphatic end
of the molecule.

°A fragment indicates fragment including carboxylic end
of the molecule. .

“Identification based on GC retention data alone.

Hydroxy fatty acids

The LPS hydroxy fatty acid composition for
samples from column A are presented in Table 4.
A total of seven -hydroxy (8-OH) acids was de-
tected, with even-carbon numbered components
predominating. Approximately 80% of the total
hydroxy acid content consisted of 3-OH 14:0, 3-
OH 16:0 and 3-OH 18:0. Differences were appar-
ent in the relative levels of these three components.

DISCUSSION
Biomass

Bacterial biomass assessments for the untreated
surface soil {0 to 10 cm) and the top 10 cm.from

both column A and column B were close to values

obtained by the acridine orange direct count
{AODC) method from a similar Oklahoma surface
soil (7.0 to 8.2 x 10% cells/g [wet weight]; D.L.
Balkwill, personal communication). These findings
support the use of PLFA as a biomass assessment
tool [12], The cell number estimates for columns
A and B and the untreated surface soil were con-

Table 4. Lipopolysaccharide layer 8-hydroxy acids
from a natural gas-enriched column

Percentage compositions®

B-Hydroxy

acid 0-2% 2-4° 4-6° 6-8® B-10® 148-150°
B-OH 10:0 6.5 4.6 105 47 5.3 ND
f-OH 12:0 159 10.8 11.8 16.0 10.9 TR
f-OH13:0¢ TR TR TR TR 5.6 ND
8-OH 14:0 325 21.4 223 256 30.2 TR
g-O0H13:0° TR TR TR TR 4.7 ND
8-OH 16:0 219 35.0 30.3 33.0 294 TR
5-OH 18:0 23.1 33.1 25.1 20.7 13.5 TR
nmol/g? 3.0 31 27 30 45 0.1

TR, trace; ND, not determined.

*Expressed in terms of the total 8-hydroxy acids.
bSediment depth {cm).

“Branched component.

“Dry weight basis.

siderably higher than those reported using the
AQODC method [24,25] for three shallow aquifers
in Oklahoma (2.9 to 9.8 x 105 cells/g [dry
weight]}). The data presented here showed that the
utilization of short-chain hydrocarbons in natural
gas was accompanied by an increase in microbial
biomass.

Faity acids

It is recognized that certain fatty acids are spe-
cific to bacteria and that different groups of bac-
teria can have different fatty acid compositions
[11,26]. As a result, PLFA profiles have been used
previously to determine microbial community
structure [12,19,27-31]. At present, an increasing
proportion of complex microbial consortia and
environmental samples can be rationalized on the
basis of their fatty acid profiles into metabolic sub-
groups when detailed analysis, including the deter-
mination of double-bond configuration and
position, is performed. The fatty acid profiles
obtained in this study are discussed from this
standpoint.

Methanotrophs

The most significant feature of the fatty acid
profiles of column A when compared with those
of column B and of the untreated surface soil was
the presence of the relatively novel monounsatu-
rated PLFAs 18:1A10- 16:1A8c, 16:1A10c. These
PLFAs were absent in the samples not enriched
with natural gas. The amounts of these PLFAs in-
creased with depth in column A (Fig. 1), constitut-
ing 28% of the PLFAs at the 8 to 10 cm depth.
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Ratio 18:1al0c/18:1allc
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Fig. I. Ratio of major fatty acids 18:1410c to 18:1A11c versus depth in a natural gas-enriched soil column.

The PLFA 18:1A10c has been reported to be a
major component only in methanotrophic bacteria,
including Methylosinus trichosporium [9,14]. This
PLFA constituted approximately 50% of the total
PLFAs in M, trichosporium and 37% and 51% of
the total PLFAs in two related but unclassified
methanotrophs. Thus, from the data obtained for
M. trichosporium, it can be calculated that this
bacterium, or related bacteria, accounts for 32 to
56% of the total microbial biomass in column A.
As this novel signature fatty acid was detected in
neither the untreated surface soil nor column B,
these data indicate that a significant change in the

community structure occurred in the column A soil
relative to the other soils analyzed.

The second most abundant PLFA detected in
column A, 18:1A11¢, was detected by Makula [9]
as a minor component (11 to 18% of the total
PLFAs) in type II methanotrophs, Tn an analysis
of the PLFAs of four methanotrophs [14],
18:1A11c was the dominant component (84 to
89% of the total PLFASs) in two strains of the type
II methanotroph Methylobacterium organophi-
{um. Thus, it appears that M. organophilum or
related type II methanotrophs may also contribute
a substantial proportion of this fatty acid and the
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PERCENTAGE of TOTAL FATTY ACIDS
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Fig. 2. Relative proportions of 16:0 and 16:1 isomers (closed symbols) and of 18:0 and 18:1 isomets (open symbols).
Circles: natural gas-enriched column; squares: column B (exposed to sodium azide); triangles: untreated surface soil,

overall microbial biomass in column A. This
PLFA is the most commonly detected bacterial
C,z monounsaturated PLFA in other environ-
ments [19,28,29], and thus sources additional to
type II methanotrophic bacteria may also be pos-
sible. At present, however, the significant increases
in both the absolute and relative proportions of
18:1A11c when column A is compared with col-
umn B and the antreated surface soil seem consis-
tent with a large increase in the biomass of M.
organophilum or related type II methanotrophs.

The C;; monounsaturated PLFAs were found

in greater concentrations than were the C4
PLFAs of type I methanotrophs, indicating that
type II methanotrophs were more abundant than
type I methanotrophs (Fig. 2).

Other microbial groups

Actinomycetes are commonly found in soils
and have been reported to constitute 13 to 30% of
the total microbial flora, depending on the season
of the vear [32]. Members of Arthrobacter,
Nocardioides and other genera contain a number
of 10-methyl fatty acids [33). Similarly, cyclopro-
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pane fatty acids have been detected only in
Actinomycetes [34].

The presence of a series of 10-methyl branched
fatty acids in all soil samples analyzed in this study
(Table 2) is consistent with the presence of mem-
bers of the Actinomycetes. The relative proportion
of these components is significantly lower in soil
column A (20% total PLFA) than in either column
B or the untreated surface soil (50% total PLFA).
Since Desulfobacter spp. also contain 10Mel6:0
[351, these bacteria may have contributed a small
amount of this PLFA.

Several fatty acids reported in sulfate-reducing
bacteria [35-37], were present in all samples (Ta-
ble 2). The branched chain monoenoic fatty acids,
i17:1A%¢ and i15:1A9¢c, are common to Desul-
fovibrio spp. [36,37], and 10 methyt 16:0 is 2 major
component in Desulfobacter, as noted above.
i17:1A9¢ and i17:1A11¢ have also been detected in
several Flexibacter (unpublished data). Asil7:1Allc
was not detected in this study, the contribution
from Flexibacter is probably minimal. Assuming
that all the 117:1A9¢ detected can be attributed to
Desulfovibrio spp., this bacterial group contrib-
uted approximately 5, 8 and 10% of the total
PLFA in column A, column B and the untreated
surface soil, respectively.

A minor contribution from microeukaryotic
organisms occurred in all surface samples, as the
Cyp PUFAs 20:4A5 and 20:5A5 are specific to
microeukaryotes [27,31,38].

LPS-hydroxy faetty acids

Even-numbered S-hydroxy acids dominated the
LPS profile for column A (Table 4). Differences
in the upper 10 cm of the column can be assumed
to be due to variations in the microbial, in partic-
ular methanotrophic, community structure. The
three major components, 5-OH 14:10, 3-OH 16:0
and 3-OH 18:0, were the only LPS components
detected in four methanotrophs [14]. These data
further support the view, based on the ester-linked
PLFA profiles, that methanotrophic bacteria con-
stitute a major proportion of the microbial
biomass in the soil of column A.

The PLFA and LPS hydroxy acid profiles
reported have enabled the microbial biomass in a
natural gas-enriched soil column and related con-
trol samples to be determined. Bacterial numbers
were similar to those obtained by the AODC
method for a similar surface sample. These data
thus support the use of PLFA as a method for
determining microbial biomass in soil. More
important, comparison of the PLFA profiles, par-

ticularly when the double-bond configurations are
precisely determined, allows the differentiation of
the bacterial .community structure. The natural
gas—enriched column was found to contain signif-
icantly higher amounts of PLFA specific to type
1I methanotrophs. A decrease in biomarkers for
Actinomycetes and Desulfovibrio spp. relative to
the other samples analyzed was also noted for col-
umn A,

Community structure information, as deter-
mined from PLFA, provides data on the effects of
stimulating indigenous soil bacteria by adding nat-
ural gas. The findings for this model system can
be drawn upon when biotransformation processes
similar to the one described here are adapted to
aquifers. Such a project is presently under way in
collaborative studies between our laboratories.
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