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Abstract. The Guaymas basin is a tectonically active basin
located in the Guif of California along the fault system and
that extends from the East Pacific Rise to the San Andreas
fault. Samples of rocks and sediments located near active
hydrothermal mounds were collected during a scientific
cruise (1992) with the French research vessel Nadir and the
submarine Nautile. The present study was carried out fo
determine the distribution of bacterial biomass and commu-
nity structure in this particular environment, which are also
discussed in relation to the environmental parameters. Lipid
analysis of samples recovered from a hydrothermal vent site
of the basin was performed in order to estimate the extent
and nature of the diversity of the microbial community.
Examination of the ester-linked phospholipid fatty acids
(PLFA) was conducted through the preparation of pentaflu-
orobenzyl (PFB) esters and subsequent GC analysis with an
electron capture detector (ECD). The results indicated that
the eubacterial biomass was concentrated in the first centi-
meters of the oil-rich sediment and decreased drastically
with depth. Eubacterial density as high as 10° cells/g dry
weight sediment was determined in samples recovered from
white or yellow—brownish bacterial mats. Conversely, a den-
sity as low as 10* cells/g dry weight was found on rocks.
PLFA profiles were characterized by a large proportion of
saturates. Saturated PLFA may be adjusted in response to
environmental conditions. In situ temperatures ranged from
3°C to 150°C in sediments and pieces of rocks collected
from smoking vents. Lipid signatures indicated that sulfur-
oxidizing bacteria were present primarily in bacterial mats
along with methanotrophs and sulfate-reducing bacteria. As-
tonishingly, preliminary analyses showed little indication of
significant archaebacterial biomass.

Correspondence to: ]. Guezennec, Fax: (33) 98224547,

The Guaymas basin (Guif of California) is a tectonically
active basin unusual among other hydrothermal sites in that
the ocean floor at the Guaymas basin consists of a deep
layer of 300-400 m of unconsolidated sediments through
which seawater circulates (Simoneit and Lonsdale 1982; Von
Damm et al. 1985; Simoneit 1990). The hydrothermal fhuid
coming out of the sediments is either emitted from smokers
or can reach the sea floor by slow percolation through these
sediments, causing temperature gradients from 2°C at the
surface to 180°C at a sediment depth of 80 cm. Furthermore,
this organic-rich sediment contains large ameounts of petro-
leum-like hydrocarbons as a consequence of pyrolysis of
organic diatomaceous residues (Simoneit et al. 1979, 1988,
1992; Welhan and Lupton 1987; Bazylinski et al. 1988;
Wehlan et al. 1988). Some hiydrothermal petroleum fractions
can provide suitable carbon sources for a great variety of
microorganisms {Colby et al. [977; Haber et al. 1983; Simo-
neit 1985; Bazylinski et al. 1989; Marchand et al. 1994).
Micrebial communities can be described by quantifying
those extractable cellular compounds that define the viable
bacterial biomass and the community structure. Microbial
biomarkers are chemical components of microorganisms that
can be analyzed directly from the environment and be inter-
preted both quantitatively and qualitatively in terms of in
situ biomass. Membrane lipids and their associated fatty
acids are particularly useful eubacterial biomarkers as they
are essential components of every living cell and have great
diversity coupled with high biological specificity. Phospho-
lipid ester-linked fatty acids (PLFA) have proved to be of
great value in déscribing bacterial community structure in
sediments, in understanding bacterial phylogenic and taxo-
nomic classifications (Lechevalier 1977; White et al. 1979a;
Guckert et al. 1985), or in microbially influenced corrosion
studies (Dowling et al. 1988; Guezennec 1991}, The use of
PLFA from the polar lipid fraction greatly increases the
selectivity of the analysis, as many contaminants or endogen-
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eous storage lipids present in the neutral or the glycolipid
fractions of the extractable lipids are not analyzed. Phospho-
lipids are not found in storage lipids and have relatively
rapid turnover in sediments. So the assay of these lipids
gives a measure of the “viable” cellular biomass (White et
al. 1979b). PLFA are usually analyzed as Fatty acid methyl
esters (FAME) by gas chromatography equipped with a
flame ionization detector (FID) (Bobbie and White 1980).
The electron capture detection (ECD) provides an use-
ful alternative to the FID for trace analysis of microbial
constituents when the sensitivity of the latter is insufficient
(Odham et al. 1985; Daneshwar and Brooks 1988; Tunlid
et al, 1989).

The extreme conditions in hydrothermal vent systems
raise interesting questions about both survival and growth
of microorganisms adapted to these particular physical and
chemical parameters. Tt is anticipated that biotechnologically
important microorganisms will be isolated from the deep-
sea vents as sources of new thermostable enzymes, new
biologically active molecules, and polysaccharide- and poly-
hydroxyalkaneate- (PHA) producing bacteria.

This study was carried out on samples recovered during
a cooperative Mexican—French cruise operated in the Guay-
mas basin, Gulf of California, in 1992. The aim of this
study was to describe the bacterial community structure in
sediments, rocks, active smokers. and deposits collected in
this active hydrothermal area. The distribution of bacterial
biomass in the sediments and rocks is also discussed in terms
of environmental parameters,

Materials and methods

Samples from sediments and rocks were collected during the oceanographic
cruise performed by [FREMER with the research vessel Le Nadir and the
submarine Mautile in the Guaymas basin (Fig. 1}. Rocks and sediment
cores were collected from different locations and kept at —80°C. Upon
arrival at the lab, the samples were lyophilized and kept at —20°C until
further analyses. The sediment samples were predominantly black with a
streng odor of petrcleum or hydrogen sulfide.

Lipid extraction

Lyophilized sediment samples were extracted by using a modified Bligh-
Dyer method (Bligh and Dyer 1959; White el al. 1979b}. The extracted
lipids were fractionated into neutral lipids, glycolipids and polar lipids by
silicic acid column chromatography using appropriate volumes of chlore-
form, acetone, and methanol, respectively. The methanol fraction containing
polar ether and ester lipids was dried under vaccum and stored under N,
until further analysis. An aliguot of the polar phase was subjected to alkaline
methanolysis and the unsaponifiable lipid removed by partition with hexane
and water. Prior to methanolysis, nonanoic acid (€9:0) and tetracosanoic
(C24:0) fatty acids were added as internal standarts. The partition was
repeated twice to ensure a complete removal of residual hydrocarbon com-
pounds, Free fatty acids were extracted with methylene chloride after acidifi-
cation with HCI (Tunlid et al. 1989). The same overall procedure was
carried out for the blank.

Preparation of PFB esters

The free fatty acids were dissolved in 30 l of acetonitrile and derivatized
with 100 pl of PFB-bromide («-bremo-2,3,4,5,6-pentafluorotoluene, 3.5%
in acetonitrile) and 100 pl of triethylamine (TEA) (Greving et al. 1978,
Strife and Murphy 1584). After 15 min at room temperature, the PFB
derivatives were extracled with isooctane and purified on a short disposable
silicic colummn.
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Glycerol ether analysis

A second aliquot of the polar phase was subjected 1o strong acid hydro-
lysis and the resulting core ether lipids digested with 55% HI soluticn
for 18 h at 100°C. The resulting alkyl iodides were extracted with hexane
and successively washed with Na,$,0, and Na;C(Q; solutions (Kates
1964; Langworthy et al. 1983; Pauly and Van Vleet 1980). After extraction
with hexane, the iodide derivatives were analyzed using GC equipped with
a electron capture detector. Authentic glycerol diethers and diglyc-
erol tetraethers were purchased from Sigma or isolated from cells of Sulfoio-
biss sp.

Gas chromatography and gas-chromatography—mass
spectrometry analyses

GC analyses were performed on a Carlo Erba {Rodano, Italy) HRGG 5300
gas chromatograph equipped with a fused silica column coated with a
nonpolar phase (60 m X 0.2 mm ID; film thickness 0.25 pm) and
an electron capture detector. Hydrogen was used as carrier gas. The elec-
tron capture detector was a ®Ni foil {10 mCi) and the temperature program
was as follows: 100°C for 1 min, 20°C min to 140°C, then 2°C min to
300°C.

GC-MS analyses were performed on a Carlo-Erba (Rodano, Italy) modei
4165 gas chromatograph coupled to a quadrupele Nermag (Delsi) R10-
10C mass spectrometer with an INCOS (Finnigan Mat, San Jose, CA, USA)
data system. The sample was introduced through a Ross injector and the
fatty acid separation was achieved on a DB-5 capillary column (30 m X 0.32
mm ID; film thickness 0.25 pm; J & W, Felsom, CA, USA) with helium
as carrier gas {! bar). The GC analysis was temperature programmed from
150°C to 320°C at a rate of 5°C min. Negative ion chemical ionization
was performed using ammonia as reactant gas and conducted using both
mass scanning from 160 to 700 amu (0.65 s/scan) and selected ion monitor-
ing mode (SIM}). Standard fatty acids were purchased from Sigma along
with fatty acids of pure culture of Vibrio natriegens and Desulfovibrio
desulfuricans and derivatized as PFB esters for GC-MS analysis. The
position and the geometry of the double bond of monounsaturates were
identified using the DMDS derivatives by the procedure previously de-
scribed {Nichols et al. 1986).

Nomenclature

Samples. Samples were identificd using the following systern. GY indi-
cates the origin ol the samples (Guaymas) followed by a numiber related
1o the dive and to the location near the vents, The next two numbers are
associaled with a more precise location of the scdiment cores, rocks or
smokers, The letter following these numbers is related to the nature of the
samples (T = sediment, R = rocks). Finaily, the last number correspends
to the subbottom depth of sample in the sediment (1: 0-5 ¢m; 2: 5-10 cm;
3: 10-15¢m; 4: 15-20cm; 5: 20-25 cm and 6: 25-30¢m), Thus GY06T6(1)
corresponds to a sample of sediment collected during the dive & from 0-5
cm including the surface sediment,

Fatty acid nomenclature. A shorthand nomenclature is used which
is in the form of numbers separated by a colon. The number before the
colen indicates the carbon chain length and the figure after corresponds to
the number of double bends. The position of the double bond is defined
by the symbo! w followed by the number of carbons from the methyl end.
The prefixes 1 and a refer to iso and anteise, respectively, The geometry
of the double bonds is indicated by eis and trans.

Results

Sediments recovered during this cruise were character-
ized by high levels of hydrocarbons (up to 12,000 ppm)
and hydrogen sulfide ranging from ¢ {o 300 ppb. Carbon
and sulfur represented up to 20% of the sediments in some
samples (Table 1). H,S and SO, were also present in the water
column and primarily in the emitted fluids at concentra-
tions ranging from O to 300 ppb. Temperatures ranged
from 3°C to 11°C on the sediment surfaces and increased
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Fig. 1. Location of the Guaymas hydrothermal site in the Gulf of California (with permission of Dr BR.T. Simeoneit).

with depth of sediments, ranging from 67°C to 150°C from
20 to 30 em.

Chromatography of PFB esters

Figures 2 and 3 represent the chromatograms of fatty acid
pentafluorobenzyl esters extracted from sediments and
rocks, respectively. The profiles are similar to that of the
usua) methy] ester derivatives with retention times being 1.6
times longer than the corresponding methyl esters.

NICI mass spectrometry of PFB esters

The mass spectra of C16:1w7 and C16:0 PFB esters are
shown in Fig. 4. The fragmentation produces the negative
carboxylate ion from the loss of the PFB radical as base
peak with little additional fragmentation.

Biomass

The biomass, expressed as total PLFA, ranged from 15 g/
g (dry weight) to 2 pg/g (dry weight) on the surfaces of the
sediment cores and decreased with depth of the sediments
(Fig. 5). In some samples, a significant biomass was present
in the 5- to 10-cm sediment layer. In most cases very low
biomasses were observed below 15 cm. Samples recovered
from rocks coniained low concentrations of PLFA, as low
as 50 ng/g (dry weight).

Faity acid profiles

The percent distribution of PLFA observed in the samples is
shown in Tables 2 and 3. Tdentified PLFA included saturated,
branched-chain, and monounsaturated fatty acids. No poly-
unsaturated or cyclopropane fatty acids were detected in the
sediments. Fatty acid profiles indicated large percentages of
saturated fatty acids with C12:0, C14:0, C16:0, and C18:0
predominating. Saturates accounted for 60-95% of the total
fatty acids both in sediments and rocks. Longer chain fatty
acids with more than 20 carbon atoms were present in low
concentrations and primarily in deep sediments and rocks.
Monounsaturated fatty acids were present in concentrations
ranging from 4% to 31% with the C16: lw7c and C18: lw7c
predominating. Unsaturations in 08, w6, and ©35 were con-
firmed for both the 16 carbon and 18 carbon fatty acids with
concentrations ranging to O from 8%. The cis geometry
was the only configuration detected in the monounsaturated
fatty acids.

Branched-chain fatty acids were present as iso and ante-
iso C15:0 and C17:0 with the higher percentages observed
in sediments recovered from the site GY12T2(2). iC14:0
and iC16:0 were also detected in some samples. Monoun-
saturated branched-chain fatty acids, as iC17:1w7 and
iC15: 107 were found in low concentrations in all sediments
and rocks with the exception of surface and deep sediments
from site GY12.

Concentrations of total PLFA were used to calculate
approximate cell numbers of nonarchaebacterial microbes
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Table 1. Description of samples analyzed from Guaymas basin (Marchand et al., 1994).

Sampling Indications Carbon Sulfur Hydrocarbons
Sample Site (T°C) (%) (%) wg.gdry.wt
GY06T6 (1) Bacterial mat Surface: 3-11°C .49 23 Nd
0-30 cm: Nd Nd Nd
GYO06T7 Boundary Surface: 3-10°C Nd Nd Nd
of the mat
GY06T8 Bacterial mat Surface: 3-10°C
(€8] 0-5 cm 3.61 1.4 2100
(2) 5-10 cm 2.09 2.0 3600
(3 13-15 cm 5.92 2.1 12700
) 15-20 cm 2.29 23 2700
(5) 20-25 cm 1.66 2.7 1600
GYIi2T1 Bacterial mat Surface: 6.7°C
30 cm: 59.7°C
(1) 1.96 10.5 3200
(2) 1.39 4.4 2200
GYI212 Bacterial mat Surface: 3.5°C Ng
20 cm: 107°C Nyg
30 em: 95°C
GYI2T3 Bacterial mat Idem 1.59 8.7 2850
GY14T! Deposits with 10 cm: 139°C
emanating floids.
30 cm: 150°C
GY09R1 Black smoker
GYI0RI Black smoker
GYI12R1 Black smoker (Top) 2.64 258 5070
GY14R1 Smoker 86°C 393 203 66060
(Black area)
GY14R2 Smoker Nd Nd Nd Nd
{Yellow area)
Nd: Not determined. Ng: Not quantified.
3o - [E=) 5o 25 ©
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1
12
23

n Cl0:0

28

L N S T I (W11 A

Fig. 2. Gas chromatogram of PFB esters of fatty acids recovered from hydrothermal sediment. 1: C9:04IS); 2: C10:0; 3: C12:0; *: by-product; 4: Cl4:1w7;
5:iC14:0; 6: €14:0; 7: iC15:0; 8: a C15:0; 9: C15:0; 10: iC16:0; 11: Clé:1w8; 12: Cl6:1w7; 13: Clé:lwé; 14: Clé:1ws; 15: C16:0; 16: iIC17: w7, 17
aCl7:1w7; 18:1C17:0; 19: a C17:0; 20: cyclo C17:0; 21: C17:0; 22: C18:1w8; 23: C18:1w7c; 24: C18:1wS; 25: C18:0; 26: C20:0; 27: C22:0; 28: C24:0 (IS).



Grezennec et al.: Bacterial community structure in sediments

n Cl4:0

3 8

o

Clé:Q

| G SO R ' B

! N

169

b
2
«©
[
16
19
20 L

Fig, 3. Gas chromatogram of PFB esters of fatty acids recovered from a rock collected in the hydrothermal Guaymas basin. 1: C9:0(18); 2: Ci0:0; 3:
Ci2:0; 4: C14:k 5:1C15:0; 6: 2 C15:0; 7: C15:0; 8: Clelw7e; 9; Clo:1w5; 10: C16:0; 11:iC17:0; 12: a C17:0; 13: C17.0; 14: Cl18:1lwTc; 15: C18. 1 w5,

16: C18:0; 17 C20:0,18: C21:0; 19: C22:0; 20: C23:0; 21: £24:0 (I8).
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Fig. 4. Mass fragmentograms using NICI of selected PBF esters from an
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Fig. 5. Biomass, expressed as total PLFA per gram of dry weighi, versus
depth of the sediments.
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Table 2. Fatty acid distribution (% total fatty acids) in hydrothermal sediments.”

06T7(2) 06T7(3) 00T7(4) O6T7(3) 06T7(6y 06TH(1) 06TE(2) 06T8(3) 06T&(4)

Fatty acid 06T6(1) 06T6H(2) G6TH(3) 06Ta(d) 06T7(1)
CI10:0 0.54
Cl12:0 16.72 i9.01 19.52 0.56 1.85 5.08 1.36 10.95 15.94 1.06 1.23
Cl13:0 0.37 0.80 0.38 7.58 5.64 4.63 1.30 5.35
iC14:0 0.1 0.08 0.65
Cl4:0 10.83 13.3 2.6 5.81 9.97 13.87 19.54 15.44 1583 2359 4,74 12.79 5.79 3.87
iCl5:1e7 0.67 0.39 0.25 1.05
aCl5: w7 (147 0.34 0.81 1.12
iC15:0 0.47 0.44 0.38 0.2 7.08 2.68 3.34 2.97 2.26 0.82 0.54 0.54 0.40
aCl15:0 1.01 1.91 1.07 0.35 11,77 5.1 496 3.80 341 1.56 1.96 1.62 0.58 0.37
C15:0 3.87 4.11 3.58 .96 2.28 4.74 4.02 8.55 10.05 9.55 2.31 4.66 1.14 1
iCl16:0 0.21 0.22 0.27
Clé:lw7c 7.4 3.57 3.90 0.48 1.24 3.19 2.84 1.75 0.85 3.85 3.80 0.42 0.94
Cl6:lws 0.57 0.53 0.46 041 0.2 0.50 048 0.57 .42
Cl16:0 2673 2674 3342 2982 2947 217 23.05 2844 2618 2873 3124 3224 4854 3933
iCHTlwTc 0.24 0.58 0.21
aCl7:lm7c 0.28 0.41
iC17:0 0.32 0.11 0.09 0.12 1.25 1.30 1,50 0.52 1.52 1.01 (.50 0.35 0.22 0.10
aCl17:0 0.64 0.31 0.21 0.34 1.79 7.8 338 1.23 2.67 1.26 .71 0.45 (.49
Cyclo C17:0 Tr Tr
Cl17:0 1.63 211 0.9% 1.18 747 5.04 3.15 4.61 5.25 5.85 1.59 2.14 1.04 0.75
Cl8: 19
Cl8:lw7c 14,29 8.52 6.78 1.12 3.72 7.28 4.48 423 1.81 1.52 13.84 7.58 0.55 1.12
Cl8: 105 0.20 0.78 0.92 2.10 1.5¢ 2.18 0.52 1.10 0.19 0.62
CI8:0 14,91 [4.82 17.08 37.16 16.37 19,32 15.86 17.17 16.92 1895  24.07 1228  36.04 47561
C20:0 0.32 1.55 10.66 3.2 232 0.45
C21:0 1.32 1.25 0.72
C22:0 (.89 10.02 1.17 1.65 0.41 2 0.30
C23:0 2.54 1.35 1.21
Amount

(ng/g dry wt) 2329 2538 525 25 14519 5121 475 186 176 218 5107 1290 164 104
Saturates 7500 821 86.12 9517 7095 7035 77.73 8282 826 9506 7620 8540 9557 9379
Branched 2.44 3.08 1.75 1.31 22,54 16.88 1345 8.52 9.86 2.57 4.54 3.22 1.79 1.36
Unsaturates 225 14.82 12.13 2.52 6.51 12.77 8.82 8.66 3.88 2.37 19.26 11.38 2.64 485

“ Bach value is the mean ol threc determinations.

in the sediments. Using approximations described earlier
{White et al. 1979a; Balkwill et al. 1988}, i.e.,, 1.7 X 1077
mol PLFA/bacterial cell, the calculated eubacterial biomass
in the sediments and rocks was found to range from 10°
cells/g (dry weight) in the surface sediments to F0* cells/g
(dry weight) in the rocks.

Discussion

Sediment samples from Guaymas basin are characterized by
a high content of sulfur compounds as hydrogen sulfide,
SQO,, or sometimes sulfur-rich hydrocarbons. Temperature
ranges from 3°C to 11°C near the surfaces of the sediments
to 150°C at 30 cm depth. The temperature profile was not
homogeneous from site to site, and the microbial ecelogy
of the environments sampled was dominated by access to
the oxidants (oxygen and sulfate) in the ambient seawater.
Reductants, such as hydrothermal fluids and crude petro-
leum, were abundant.

The study of deep-sea environments by the lipid signa-
ture approach is appropriate, as more conventional methods
of bacterial analysis require that the bacteria be grown on
selected media (Baird and White 1983). In addition, cultur-
ing of microorganisms recovered from hydrothermal vents
is difficult due to the temperature and pressure extremes
under which these microorganisms naturally exist.

Although the methyl esters of fatty acids represent the
most comimon derivatives used in GC-MS analyses, other de-

rivatives such as halogenated fatty acids offer considerable
advantages. The ECD provides a useful alternative to the FID
fortrace analysis of microbial constituents with increased sen-
sitivity. The presence of large amounts of contaminants, such
as petroleum-like and sulfur compounds, in the sediments
from the Guaymas basin may interfere with the ECD response,
and cleanup procedures along with fixed conditions are re-
quired. In addition, mass spectrometry, when operated in the
selected ion mode (SIM), may increase the sensitivity.

The most effective electronegative derivatives of fatty
acids and related compounds are the pentafluorcbenzyl
(PFB) and pentafluorobenzoyl (PFBQO) esters. Utilization of
negative ion for quantification of fatty acids as PFB ester
derivatives allows for a detection limit of fatty acids in the
range of picograms per milliliter or less (Strife and Murphy
1984; Sonesson et al. 1987; Daneshwar and Brooks 1988).

Biomass estimation

Bacterial cellular biomass expressed as total PLFA is signifi-
cantly higher for the surface sediments and decreased with
depth in the sediment. Conversicn factors used in this study
were applied on the basis of bacteria of the size of E. coli.
Many organisms can regulate their fatty acid and lipid com-
position in response to environmental conditions in order to
maintain the effective functioning of the biological mem-
brane (Lechevalier 1977; Russel and Kukunaga 1990). How-
ever, this biomass was of the same order of magnitude as
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Table 2. Continued
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Fatty acid 06T8(5) 12TI(1) 12TI2) 12T2¢1) 12T2(2) 12T3(1y I12T3(2) 12T3(3) 12T3(4) I4T1(1) 14T1(Z) 14T1¢3) 14TI{4y 12T4(H)
CI10:0 1.73 1.64 1.64
Cl12:0 1.99 2.92 2.30 7.87 5.63 7.18 0.34 4.14 362 1.95 4.53 2.05 433 3.66
iCl4:0 0.19 0.12 0.20 0.18 0.42 0.13 0.42 0.47
Cld: w7 1.16 0.36 0.91
C14:0 7.69 9.89 10.85 9.26 10.73 4.85 10.91 11,88 11.47 11.22 11.63 9.18 10.98 11.22
iIC15:1w7 1.55 G.15 0.23 0.05 0.28 1.53 2.10 0.51 0.21 0.13 0.26
aCIS w7 1.09 433 G.25 1.04 012 0.77 5.62 6.18 0.79 0.21 .26 0.26
iC15:0 1.01 4.30 2.1 3.53 4.59 1.44 0.68 0.60 0.71 0.80 1.18 048 1.11 0.84
aCl15:0 1.09 7.48 3.75 0.18 7.01 241 1.07 0.95 1.18 1.19 334 0.81 3.48 1.21
C15:0 1.56 3.33 2.26 2.72 2.80 2.70 2.60 2.16 3.90 1.61 3 1.87 3.01 2.16
iC16:0 1.10 0.80 1.84 1.59 0.61
Cli6: 18 1.70 0.80
Cl6:le7c 1.63 3.30 4.92 373 11.02 4.48 0.91 3.66 0.60 1.39 0.70 1.48 0.89
Cl6: 15 6.03 2.55 2.30 1.61 3.40 0.60 0.20
Cl6:1mb 2.03 0.60
Ci6:0 42.09 18.35 31.87 23.12 28.76 19.44 27.28 31.35 40.45 4231 35.63 36,47 36.77 37.97
iCl7:1@7c 0.18 0.17 0.16 0.10 0.11 0.28 0.20 0.34 0.17 0.47 .33
aCl7:lm7c 0.36 0.28 0.37 0.35 0.61 0.75 0.1¢ 0.21 0.08 0.32 (.28
iCi70 .55 1.28 1.3 2.55 4.32 0.73 0.54 1.40 0.50 0.33 0.46 0.29 0.42 0.37
aCl17:0 0.82 3.601 2.79 5.21 5.18 1.24 1.09 0.60 1.13 0.98 1.35 0.82 i.21 .98
CycloC17:0 Tr
C17:0 1.49 2.11 1.85 1.80 2.21 2.10 1.27 1.40 1.25 1.68 2.37 1.21 1.85 174
Cl8: w8 4.80 2.81 2.20 8.33 4,72
Cl8:lw/c 2.23 1.89 4.33 3.84 5.45 9.23 4,75 2.46 2.61 3.04 1.88 3.70 577
Cl18:1w5 334 2.18 3.10 1.20 1.00
Cl8: w6 1.00 1.00 1.14 1.36 3.20 1.10 1.25 0.74 0.79
Cl18:0 36.28 17.12 25.98 11.39 12,91 17.05 18.51 23.56 2390 3217 29.06 36.08 28.29 30.47
C20.0 0.87 1.38 0.24 0.81 0.51 .41 0.77 0.21 0.67
210 1.07 2,10 .44 0.18 0.43 0.71 2.16
C22:0 2.59 1.38 1.25 0.11 1,435 1.51 2.52 0.32 2.03
C23:0 0.58 1.46 1.28 1.71 3.58 0.85 1.55
Amount

(ng/g dry wl) 19 15383 277 12783 3329 5953 299 307 7.50 3.5 240 43 1.90 2.10
Saturates 95.44 56,72 76,11 61.45 67.91 54.24 64.92 8017 89.16 92,18 8785 93,27 86.87 88.86
Branched 3.47 19.65 10.31 18.76 20,02 7.66 5.17 434 3.52 3.30 6.75 2.52 6.64 3.87
Unsaturates 1.09 22.53 13.58 19.79 12.07 38.10 2991 15.49 7.32 4.52 5.44 421 6.49 7.27

those found in deep-sea sediments collected in the North
Atlantic at a depth of 4820 m (Baird et al. 1985). Some
surface sediments covered with white mats had a greater
biomasses than that measured in other deep-sea sediments
(Deming and Colwell 1982; Harvey et al. 1984). These mats
are common to the deep-sea hydrothermal environments and
are suggested to be of bacterial origin (Nelson et al. 1989).
Bacterial biomass as high as 10° cells/g (dry weight) have
been found within these mats (Wirsen et al. 1987; Jacq et
al. 1989; Jannasch et al. 1989). Lower biomasses found in
rocks and deep sediments are associated with higher ternper-
atures up to 100°C.

Farty acid profiles

Fatty acid analysis can provide an insight into the bacterial
community structure. Chemotypes based on fatty acid pat-
terns have already been proposed by several authors (Gillan
and Hogg 1984; Findlay et al. 1990). Gram-positive bacteria
as well as anaerobic gram-negative bacteria contain predomi-
nantly branched saturated fatty acids, while aerobic gram-
negative bacteria are characterized by larger amounts of
monounsaturated fatty acids.

Fatty acid profiles in sediments are characterized by
large amounts of saturated fatty acids. C16:0 and C18:0
predominate while C10:0, C12:0, and C14:0 are also pres-

ent in some samples in significant concentrations. Saturates
as C16:0 are ubiquitous to all microorganisms, and other
straight-chain fatty acids, particularly longer chains, are
known to be present in both prokaryotes and eukaryotes.
Higher concentrations in monounsaturates were found
at the surface of the sediments [GYO06T6,T8(1), (2);
GY12T1(1,2), T3(1)] associated with white bacterial mats.
C16: lw7 and C18: 17 fatty acids predominated among the
monounsaturates. 1t has been reported that the monoenoic
acids C16:1w7 and Cl8:1w7 can also be contributed by
microalgae (Findlay et al., 1983). However, the absence of
polyunsaturated fatty acids in these sediments suggest these
fatty acids are of bacterial origin. Sulfur-oxidizing bacteria
have been reported in the white bacterial mats on the sea
floor near hydrothermally active arcas. Membrane lipids of
thio-oxidizing bacteria are usually characterized by large
amounts of monounsaturated fatty acids with either
C16: w7 or C18: lw7 predominating (Larkin 1980; Jacq et
al. 1989; Durand 1992). Filamen{ous bacteria, identified as
members of the genus Beggiatoa by gliding motility and
internal globules of elemental sulfur, have been identified
in massive aggregations at the deep-sea hydrothermal vents
of Guaymas basin (Nelson et al. 1989). These massive mats,
observed during numerous dives, were several centimeters
thick and occurred in patches interspaced by areas of black
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Table 3. Fatty acid distribution (%) in rocks and hydrothermal deposits.®
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Fatty acid 09R1 09R2 I0RT 12R1 14R1 14R2 16R1
C12:0 2.62 2.58 2.34 1.48 3.1 278 2.32
Ci13:0
iC14:0 0.26 0.15 0.59 025 0.51 0.16
Cld: w7
Cl4:0 11.54 1194 8.20 7.21 9.33 11.86 12.95
iCis: @7 0.27 0.23 0.14 0.25
aCl5:1w?7 931 136 0.21 0.19
iC15:0 1.07 0.52 0.89 3.3t 0.38 0.63 0.82
aCl5:0 1.31 0,12 0.76 5.20 1.80 1.18 1.06
C15:1w6
C15:0 4.59 274 1.84 1.07 1.97 297 3.25
iC16:0 0.50
Cl6:ia7e 2,42 2.63 1,73 3.17 2.11 1.82 2.17
Clé: 1wt 1,41 1.54 1.05 0.57 1.61 0.47 1.14
Cl6:0 42.74 3891 32.58 35.77 36.80 38.82 40.04
iIC17:tw7c 0.40 0.21 0.07 0.36 0.21 0.25
aCl17: o7c 0.25 0.3 0.14 016 .20 0.18
i1C17:0 0.25 022 0.28 1.26 0.28 1.30 0.33
aCl17:0 0.57 0.50 0.86 370 0.50 3.4 {+L82
Cyclo C17:0
C17:0 1.47 115 1.15 0.95 1.32 2.02 1.72
CI8:109
Cl8:1luw7c 1.89 1.56 1.54 2.95 8.14 1.5% 1,93
Cl18:1wb6 1.6% 0.97 1.17 3.25 2.22 0.8¢ 0.66
C18:0 24.94 3352 40.39 29.02 24,74 27.90 28.80
C20:0 0.99 1.1 0.37 (.71
C21:0 0.56 0.7 0.25 {1.25
C22:0 1.90 1.05 0.58
C23:0 1.06 2.07
Amount
(ng/g dry wt} 48 1 4.4 1.80 26 50 1.9
Saturates 87.9 20.84 91.01 75.50 82.19 87.35 90.04
Branched 3.46 1.36 294 14.56 3.21 7.56 3.19
Unsaturates 8.64 7.80 6.05 9.94 14.60 5.09 6.77

“ Bach valuc i3 the mean of three determinations.

sediments. The occurrence of these microorganisms is sup-
ported by the constant H,S supply by diffusion or percolation
through the chimney wall, the particular temperature re-
sulting from the mixing of reduced warm hydrothermal fluid
and the oxygenated cold seawater, and the organic matter
that is supplied by invertebrates (Jannasch 1985). The devel-
opment of sulfide-oxidizing bacteria such as Beggiatoa spe-
cies in a habitat depends strongly on the kind of anoxic-oxic
transition zone. These filamentous gliding bacteria are typi-
cal gradient organisms that actively position themselves at
favorable sulfide and oxygen concentrations (Jogersen 1982;
Nelson and Jannasch 1983).

The presence of monounsaturates with the w6 and w8
double-bond positions in some of the samples recovered
from hydrothermal sediments was interesting. However,
these fatty acids were only observed in sites GY12 T1, T2,
and T3 and were totally absent from the other sites (Table
2). Most samples were collected within bacterial mats associ-
ated with hydrocarbon contents up to 3200 pg/g dry wt and
temperatures ranging from 3°C to 7°C at the surfaces of the
sediments. Unfortunately, no quantitative data on hydrocar-
bon contents were available for GY12T2 even though the
strong odor of samples suggested large amounts of those
compounds in the sediments. Type T methanotrophs have
been characterized by 16-carbon monounsaturates with the
6 and w8 unsaturations, while some type II methanotrophs
are characterized by the w6 and w8 unsaturated 18-carbon

fatty acids (Makula 1978; Martz et al. 1983; Urakami and
Komagata 1984), Morever the C18: 108 fatty acid, present
at significant concentrations in sites GYI12TI(l) and
GY12T3(1,2), is highly specific to Merhyviosinus and Meth-
viocystis spp. {Bowman et al. [993). The type Il methane
oxidizers seems to predominate over the type Is in the Guay-
mas sediments. Methylotrophs are widespread in soil and
water, where they oxidize methane and methanol in aerobic
conditions. Recently, eubacterial mesophiles that oxidized
alkanes up to Cy anaerobically have been isolated (Aeckers-
berg et al. 1991). The Guaymas basin sediments are charac-
terized by a large variety of C,~C; hydrocarbons and concen-
trations of methane up to 7500 ng/g sediment were analyzed
along with significant levels of other C,~C; alkanes (Simo-
neit et al. 1979, 1988). In this oil-rich environment, the
presence of these microorganisms is quite obvious, even
if the overall methanotrophic biomass appears to be not
very important,

Branched fatty acids have been found in significant con-
centrations at some stations associated with the surface sedi-
ments as well as in deep sediments. Even though iso and
anteiso C15:0 and C17:0 are common to many bacteria,
including some aerobic bacteria, anaerobic bacteria, and sul-
fate reducers (Boon et al. 1977; Edlund et al. 1985}, a pre-
dominance of iso over anteiso appears to be characteristic
of the sulfate-reducing bacteria (SRB) (Dowling et al. 1986).
With the exception of site GY12TI(1), T3(2), and T3(3),
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{ow concentrations of branched-chain monounsaturates were
found in the sediments. With the exception of Desulfovibrio
gigas, 1s0 and anteiso C15:1w7 and C17: 1w7 were reported
as characteristic fatty acids of Desulfovibrio species (Parkes
and Taylor 1983). Previous stndies performed on sulfate
reducers isolated from the deep-sea environment have dem-
onstrated the presence of these markers for Desulfovibrio
species (Elsgaard et al. 1991, 1995). A low content of
iC17: lw7 fatty acid has been found in some Desulfovibrio
species associated with high content of the aCl5:0 fatty
acid. Strains of this group have been isolated from fresh,
brackish, and seawater sediments (Vainshtein et al. 1992).
In reduced environments, C17: w6 and C17:1w8 fatty acids
are characteristic of Desulfobulbus species and Desulfotoma-
culum species, respectively. The conjunction of 10Me-
C16:0 and cyclo-C17:0 has been demonstrated in Desulfo-
bacter species (Dowling et al. 1986). In our analyses, none
of these specific lipid biomarkers were present. An oxidation
of methane or higher saturated hydrocarbons by sulfate-
reducing or other anaerobic bacteria is controversial (Novelli
and Zobell 1944), but saturated hydrocarbons can indirectly
serve as substrates for anaerobic bacteria under intermittent
aerobic/anaerobic conditions. Thus, aerobic hydrocarbon-
and petroleum-oxidizing bacteria are known to release
monocarboxylic acids that may serve under anaerobic
conditions as substrates for sulfate reducers (Atlas and Bar-
tha 1973; Rozanova and Nazina 1982). The presence of
hydrogen sulfide in these samples along with fatty acid
biomarkers suggested that sulfate-reducing bacteria recoyv-
ered from the vents contributed significantly to the bacterial
input to the hydrothermal sediments.

~Archaebacteria do not contain fatty acyl chains in their
phospholipids. They are characterized by the presence of
phytanyl chains and diphytanyl chains, which have repeating
methyl groups and are joined to glycerol by an ether linkage.
Ether lipids were analyzed in our studies as iodide deriva-
tives and subsequent GC analysis using an electron capture
detector. Analyses of glycerol ether lipid in sediments re-
vealed the presence of small amounts of isoprenoid ethers
with Cy predominating. Low amounts of Cy, isoprenoids
are in agreement with previous studies performed on the
Guaymas basin showing low levels of polar ether lipids,
indicative of active archaebacteria {Holzer et al. 1988). Al-
though the number of samples considered in this study was
limited, analyses performed on samples recovered from each
location indicated low amounts of Cyy and C, and conse-
quently low archaebacterial biomass.

Fatty acid profiles must also be considered in terms of
environmental parameters. Deep-sea hydrothermal vents of
the Guaymas basin are characterized by high pressure, high
gradients of temperatures, and high concentrations of hydro-
carbons (Simoneit 1990). In the cold sediments recoverad
from this particular site, no monounsaturates or polyunsatu-
rates containing 20 or more carbons have been detected. High
percentages of saturates were found in the deeper sediments
associated with higher temperatures, while monounsaturates
were significanfly higher in the surface sediments associated
with lower temperatures, Environmental parameters are well
known to influence fatty acid biosynthesis in bacteria in
order to maintain the fluidity and the physical integrity of
the membrane. Eubacteria respond to lower temperature by
increasing the levels of unsaturation, i.e., conversion of satu-
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rated to monounsaturated fatty acids. High temperatares in-
duce the formation of saturates. Cyclization along with
changes in the carbon chain length and configuration of
monounsaturates are also considered to be a response to
specific environmental conditions (Chapman et al. 1966;
Guckert et al. 1986). Bacterial membrane structure is also
sensitive to pressure pertubation. The low temperatures and
high hydrostatic pressures have lipid-solidifying effects
(Mac Elhaney and Souza 1976; Wirsen et al. 1987; Russel
and Kukunaga 1990; Kamimura et al. 1993). Previous work
on hydrothermal vent bacteria reported increases in the
monounsaturated fatty acids as a function of increasing pres-
sure (Delong and Yayanos 1986). Large amounts of C20:5
fatty acid have been determined in a psychrophilic and baro-
philic deep-sea bacteriom (Yayanos et al. 1982) and were
related to the maintenance of membrane fluidity. Other au-
thors reported the presence of large amounts of C20:5w3
in muds and red mats collected from the Endeavor Ridge
hydrothermal vent site (Hedrick et al. 1992). In that, sedi-
ments from the Guaymas basin must be considered both in
terms of specific bacterial contribution and also in terms of
bacterial response to extreme environments.

Conclusion

Even though the use of pentafluorobenzyl esters of fatty
acids requires more precautions than the corresponding
methyl esters, this approach was successfully applied to
samples with low bacterial biomass, such as those found in
the sediments recovered from the Guyamas basin. Due to
the very high sensitivity and selectivity of the ECD, fatty
acids as low as 107" mol can be determined. PLFA analyses
indicated bacterial biocmasses ranging from 10° cells/g (dry
weight) for the surface sediments to 10* cells/g for deeper
sediments and rocks.

Despite the lack of information related to the physical
and chemical parameters (redox, pH, $*” and SO,/7) of the
samples collected during this cruise, an attempt to evaluate
both the bacterial biomass and community structure has been
performed on sediments and rocks from the Guaymas basin.
Hydrothermal sediments recovered from the petroleum-rich
Guaymas basin are characterized by a bacterial biomass
primarily located near the surface, with sulfur-oxidizing bac-
teria predominating. Along with these bacteria, methano-
trophs and sulfate reducers appears to be present in this
environment. The occurrence of specific biomarkers sup-
ports the presence of these microorganisms in the sediments.
The surface sediments are covered with sulfur-oxidizing
bacteria common to many hydrothermally active sites. In
deeper sediments or associated with the white bacterial mats,
methanotrophs were also present in significant concentra-
tions. The occurrence of these microorganisms is related to
the large amounts of C,—C; alkanes in the sediments. The
sulfate-reducing bacteria were substantiated by the physical
conditions of the surface sediments. Reducing conditions,
as expressed by the hydrogen sulfide concentration in the
water column, favors growth of anaerobic microorganisms
and primarily sulfate-reducing bacteria. Archaebacterial bio-
mass, analyzed as iodide ether glycerol derivatives, showed
little indication of the presence of these microorganisms in
the sediments.



174

Acknowledgments, The authors would like to thank all the participants to
the Guaynaut oceanographic cruise for providing samples. We are also
grateful to the Brittany Region (Programme BRITTA) for its financial
support,

References

Aeckersberg F, Bak F, Widdel F (1991) Anaerobic oxidation of saturated
hydrocarbons to CO; by a new type of sulfate-reducing bacteria. Arch
Mikrobiol 156:5-14

Atlas RM, Bartha R (1973} Inhibition by fatty acids of the biodegradation
of petroleum. Antenie van Lenwenhoek 39:257-271

Baird BH, White DC (1985) Biomass and community structure of the
abyssal microbiota determined from the ester-linked phospholipids recov-
ered from Venezuela basin and Puerto Rico trench sediments. Mar
Geel 68:217-231

Baird BH, Nivens DE, Parker TH, White DC {1985) The bicmass, commu-
nity structure and spatial distribution of the sedimentary microbiota from
a high-energy area of the deep-sea. Deep-Sea Res $:1089-1099

Balkwill DL, Leach F, Wilson JT, McNabb FF, White DC (1988) Equiva-
lence of microbial biomass measures based on membrane lipid and cell
wall components, adenosine triphosphate and direct counis in subsurface
aquifer sediments. Microbiol Ecol 16:73-84

Bazylinski DA, Farrington JW, Jannasch HW (1988) Hydrocarbons in
surface sediments from a Guaymas basin hydrothermal site. Org
Geocheir 12(6):548-558

Bazylinski DA, Wirsen CO, Jannasch HW (1989) Microbial utilization of
naturally occurring hydrocarbons at the Guyamas basin hydrothermal
vent site. Appl Environ Microbiol 55:2832-2836

Bligh EG, Dyer WJI {1959) A rapid method of total lipid extraction and
purification. Can J Biochem Physicl 37:911-917

Bobbie RI, White DC (1980) Characterization of benthic microbial cormmu-
nity structure by high resolution gas chrematography of fatty acid methyl
esters. Appl Environ Microbiol 39:1212-1222

Boon JI, De Leeuw JW, Van Der Hoek GI, Vosjan JH (1977) Significance
and taxonomic value of iso and anteisc monoenoic fatty acids and
branched B hydroxy fatty acids in Desulfovibrio desuifuricans. ] Bactle-
riol 129:1183-1191

Bowman JP, Skerratt JH, Nichols PD, Sly LI (1993} Phospholipid fatty acid
and lipopolysaccharide fatty acid signature lipids in methane-utilizing
bacteria. FEMS Microbiol Ecol 85:15-22

Chapman D, Owens NF, Walker DA {1966) Physical studies of phospholip-
ids. II. Monolayer studies of some synthetic 2,3-diacyl-pL-phosphatidyl-
cthanolamines and phosphatidylcholines containing trans double bonds.
Biochim Biophys Acta 120:148-155

Colby 1, Stirling DF, Dalton H (1977) The soluble methane mono-oxygenase
of Methyilococeus capsulatus (Bath): Iis ability to oxygenate n-alkanes,
n-alkenes, ethers and aliphatic, aromatic and heterocyclic componnds.
Biochem J [65:395-402

Daneshwar MI, Brooks JB (1988) Improved precedure for preparation of
pentaflucrobenzyl derivatives of carboxylic acids for analysis by gas
chromatography with electron capture detection. J Chromatogr 433:
238-256

Delong EF, Yayanos AA (1986) Biochemical function and ecelogical signif-
icance of novel bacterial lipids in deep-sea prokaryotes. Appl Environ
Microbiol 51:730-737

Deming JW, Colwell RR (1982) Barophilic bacteria associated with diges-
tive tracts of abyssal holothurians. Appt Environ Microbiol 44:1222-1230)

Dowling NJE, Widdel F, White DC (1986} Phospholipid ester-linked fatty
acid biomarkers of acetate-oxidizing sulphate-reducing bacteria and other
sulphide forming bacteria. J Gen Microbiol 132:1815-1825

Dowling NIE, Guezenonee JG, White DC (1988) Methods for insight into
mechanisms of microbially influenced metal corrosion. In Hougton DR,
Smith RT, Eggins HOU {eds). Biodeterioration. Elsevier Applied Sci-
ence, London

Durand P (1992) Taxonomie des bactéries oxydant les composés soufrés
réduits en milieu hydrothermal profond: Cas du Sud-Guest pacifique.
Thase de I’Université de Bretagne Occidentzle, 185 pp

Edlung A, Nichols PD, Roffey R, White DC (1985} Extractable and lipo-
polysaccharide fatty acid and hydroxy acid profiles [rom Desulfovibrio
species. J Lipid Res 26:982-988

Elsgaard L, Guezennec JG, Benbouzid-Roliet N, Prieur I} (1991) Farty
acid composition of sulfate-reducing bacteria [rom decp-sea hydrother-
mal vents {13°N East Pacific Rise). Kieler Meeresforsch 8:182-187

Elsgaard L, Guezennec JG, Prieur D (1995) Mesophilic sulfate reducing

Guezennec et al.: Bacterial community structure in sediments

bacteria from three deep-sea hydrothermal vent sites. Oceanol Acta
I:1-18

Findlay RH, Moriarty DJW, White DC (1983) Improved method of de-
termining muramic acid from environmental samples. Geomicrobiol-
ogy 3:133-150

Findlay RH, Trexler MB, Guckert IB, White DC (1990) Laboratory study
of disturbance in marine sediments: Response of a microbial community.
Mar Ecol Prog Ser 62:121-133

Gillan FT, Hogg HW (1984) A method for the estimation of bacterial
biomass and community structure in mangrove associated sediments. J
Microbiol Methods 2:275-293

Greving JE, Jonlman JHG, De Zeeu RA (1978) Determination of carboxylic
acids in the picomole range after derivatization with pentafluorobenzyl
bromide and clectron capture gas chromatography. J Chromatogr 148:
389-395

Guckert JB, Anthworth CP, Nichols PB, White DC (1985} Phospholipid
ester-linked fatty aeid profiles as reproductible assays for changes in
prokaryotic community structure of estuarine sedimenis. FEMS Micro-
biol Ecol 31:147-158

Guckert JB, Hood MA, White DC (1986) Phospholipid ester-linked fatty
acid profile changes during nutrieat deprivation of Vibrio cholerae: In-
creases in the trans/cis ratio and proportions of cyclopropyl fatty acids.
Appl Environ Microbiol 52:794-801

Guezennec JG (1991) [nfluence of cathodic protection of mild steel on
the growth of sulphate-reducing bacteria at 35°C In marine sediments.
Biofouling 3:339-348

Haber CL, Allen LN, Hanson RS (1983) Methylothrophic bacteria: Bio-
chemical diversity and genetics. Science 221:1147-1152

Harvey HR, Richardson MD, Patton JS (1984) Lipid composition and
vertical distribution of bacleria in aerobic sediments of the Venezuela
basin. Deep-Sea Res 31:403-413

Hedrick DB, Pledger RD, White DC, Baross JA (1992} In situ microbial
ecology of hydrothermal vent sediments. FEMS Microbiol Ecol 101:1-10

Holzer GU, Kelly PJ, Jones WJ (1988) Analysis of lipids from a hydrother-
mal vent methanogen and associated vent sediment by supercritical fluid
chromatography. J Micrebiol Ecol 8:161-173

Jacq E, Prieur D, White DC, Porter T, Geesey G (1989} Microscopic
examination and fatty acid characterization of filamentous bacteria colo-
nizing substrata around subtidal hydrothermal vents. Arch Microbiol
152:64-71

Tannasch HW (1985) The chemoesynthetic support of life and the microbial
diversity at deep-sea hydrothermal vents. Proc R Soc lLondon 225:
2771297

Jannasch HW, Nelson DC, Wirser CO (1989) Massive natural cccurrence
ol unusually large bacteria (Beggiatoa sp.) at a hydrothermal deep-sea
vent site. Nature 342:834-836

Jogersen BB (1982) Ecology of the bacteria of the sulphur cycle with
special reference to anoxic—oxic interface environments. Phil Trans R
Soc London B298:543-561

Kamimura K, Fuse H, Takimura O, Yamaoka Y (1993) Effects of growth
pressure and temperature on fally acid composition of a barotolerant
deep-sea bacterium. Appl Environ Microbiol 39(3):924-9206

Kates M (1964) Bacterial lipids. Adv Lipid Res 2:17-90

Langworthy TA, Holzer G, Zeikus JG, Tornabene TG (1983) Iso- and
anteiso-branched glycerol dicthers of the thermophilic anaerobe Ther-
modesulfotobacterium commune. Syst Appl Microbiol 4:1-17

Larkin IM (1980) lsolation of Thicthrix in pure culture and observations
of a filamentous epiphyte on Thiothrix. Carr Microbiol 4:155-158

Lechevalier MP (1977) Lipids in bacterial taxonomy-A taxonomist’s view.
Crit Rev Microbiol 7:109-210

Magc Elhaney RN, Souza RA {1976) The relationship between environmen-
tal temperature, cell growth and the fluidity and physical state of the
membrane lipids in Bacillus stearathermophilus, Biochim Biophys
Acta 443:348-359

Makula RA (1978) Phosphelipid composition of methane-utilizing bacteria.
I Bacteriol 134:771-777

Marchand M, Caprais JC, Corre S, Jacq E, Hussein D (1994) Utilisation
des hydrocarbures par la microflore bactériennc du site hydrothermal du
bassin de Guaymas (Golfe de californie}. Oceanol Acta 17(2):177-189

Martz RE, Sebacher DL, White DC (1983) Biomass measurement of meth-
ane-forming bacteria in environmental samples. ] Microbiol Methods
1:53-61

Nelson DC, Fannasch HW (1983) Chemoautotrophic growth of a marine
Beggiatoa in sulfide gradient cultures. Arch Microbiol 136:262-26%

Nelson DC, Wirsen CO, Jannasch HW (1989) Characterization of large




Guezennec et al.: Bacterial community structure in sediments

autatrophic Beggiatoa spp. abundant at hydrothermal vents of the Guay-
mas basin. Appl Environ Microbiol 55(11%:2909-2917

Nichols PD, Guckert JB, White DC (1986} Determination of menounsatu-
rated fatty acid double bond position and geometry for microbial mono-
cultures and complex consortia by capillary GC-MS of their dimethyldi-
sulfur adducts. J Microbiol Methods 5:49-55

Novelli GD, Zobell CE (1944) Assimilation of petroleum hydrocarbons by
sulfate-reducing bacteria. J Bacteriol 7:47—48

Odham GA, Tunlid A, Westerdahl G, Larsson L, Guckert JB, White DC
(1985) Determination of microbial fatty acid profiles at femtomolar
levels in human urine and the initial marine microfouling community
by capillary gas chromatography—chermical ionization spectremetry with
negative ion detection. J Microbiol Methods 3:331-344

Parkes RJ, Taylor I (1983) The relationship between fatty acid distributions
and bacterial respiratory types in contemporary marine sediments. East
Coast Shelf Sci 16:173-189

Pauly GG, Van Vieet ES (1986) Acyclic archaebacterial ether lipids in
swamp sediments. Geochim Cosmochim Acta 50:1117-1125

Rozanova EP, Nazina TN (1982) Hydrecarbon degrading bacteria and their
activity in oil pools. Microbiclogy 51:287-293

Russel NJ, Kukunaga N (1990) A comparison of thermal adaptaiion of
membrane lipids in phsychrophilic and thermophilic bacteria. FEMS
Microbiol Rev 75:171-182

Simoneit BRT {1985) Hydrothermal petroleam: Composition and utility as
a biogenic carbon source. Biol Soc Wash Bull 6:49-56

Simoneit BRT (1990) Organic matter in hydrothcrmal system—petrolenm
generation, migration and biogeochemistry. Appl Geochemn 5:1-248

Simoneit BRT, Lonsdale PF (1982) Hydrothermal petroleum in mineralized
mounds at the seabed of Guaymas basin. Nature 295(5846):198-202

Simoneit BRT, Mazurek MA, Brenner S, Crips PT, Kaplan IR (1979}
Organic geochemistry of recent sediments from Guaymas Basin, Gulf
of California. Deep-Sea Res 26A:879-891

Simoneit BRT, Kawka OFE, Brault M (1988) Origin of gases and condensates
in the Guaymas basin hydrothermal system (Gulf of California). Chem
Geol 71:169-182

Simoneit BRT, Leif RN, Starz AA, Sturdivant AE, Gieskes JM (1992)
Geochemistry of shallow sediments in Guaymas basin, Gulf of California:
Hydrothermal gas and oil migration and effects of mineralogy. Org

. Geochem 18:765-784

Sonesson A, Larsson L, Westerdahl G, Odham G (1987} Determination
of endotoxins by gas chromatography: Evaluation of electron-capture

175

detector and negative ion chemical ionization mass spectrometric delec-
tien of halogenated derivatives of B-hydroxymyristic acid. I Chro-
matogr 417:11-25

Strife RJ, Murphy RC (1984} Preparation of pentafluorobenzyl esters of
arachidonic acid and Hpoxygenase metabolites. Analysis by gas chroma-
tography and negative ion mass spectrometry. J Chromatogr Biomed
Appl 305:5-12

Tanlid A, Ringelberg D, Phelps TI, Low C, White DC (1989} Measurement
of phospholipid fatty acids at picomolar concenirations in biofilms and
deep subsurface sediments using gas chromatography and chemical ion-
ization mass spectrometry. J Micrebiol Methods 10:139-153

Urakami T, Komagata K (1984} Cellular fatty acid composition and quinone
system in methane-utilizing bacteria and methylamine-utilizing bacteria.
In: Crawford RL, Hanson RS (eds). Microbial growth on C-1 compounds.
American Society for Microbiology, Washington DC, pp 123133

Vainshtein M, Hippe H, Kroppenstedt RM (1992} Cellular fatty acids of
Desulfovibrio species and its use in classification of sulfale-reducing
bacteria. Syst Appl Microbiol 15:554-556

Von Damm KL, Edmond JM, Measures CI, Grant B (1985} Chemistry of
submarine hydrothermal solutions at Guaymas basin, Gulf of California.
Geochim Cesmochim Acta 49:2221-2237

Wehlan JK, Lupton JE (1987) Light hydrocarbon gases in Guaymas basin
hydrothermal fluids: Thermogenic versus abiogenic origin. Am Assoc
Petrol Geol Bull 71(2):215-223

Wehlan JK, Simoneit BRT, Tarafa ME (1988) C~C; hydrocarbons in sedi-
meats from Guaymas basin, Gulf of California. Comparison te Peru
Margin, Japar Trench and California berderlands. Org Geochem 12(2):
171194

White DC, Bobbie RI, Herron IS, King JD, Morrison SJ (1979a) Biochemi-
cal measurements of microbial mass and activity from environmental
samples. In: Native aquatic bacteria: Enumeration, activity and ecology.
ASTM STP 695

White DC, Nickels JD, King ID, Bobbie RJ (1979b) Determination of the
sedimentary microbial biomass by extractable lipid phosphate. Occo-
logia 40:51-62

Wirsen CO, Fannasch HW, Wakeham SG, Canuel EA (1987) Membrane
lipids of a psychrophilic and barophilic deep-sea bacterinm. Curr Micro-
biol 14:319-322

Yayanos AA, Dietz AS, Van Boxtel R (1982) Dependence of reproduction
rate on pressure as & hallmark of deep-sea bacteria. Appl Environ Micro-
biol 44:1356-1361






