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subsurface sediments which conrain only 1.0 pmol of PLFA
per g of sediment {equivalent to 2.5 X 10% bacreria) {94).
Signacure lipid biomarkar analysis also can provide a nested
analysis for the determinarion of appropriate sample sizes
tor experimental plots to determine the appropriate quadrac
siza (19). The analysis provides a quanticacive estimacion
of sample-to-sample ot within-sample heterogeneity in the
determinacion of the microbial biomass and communicy
composicion in estuarnne mud flars (19).

SAMPLE HANDLING

It is imporrane that once the environmental samples are
recavered, they be frozen (ar least —20°C orbelow) or ly-
ophilized as quickly as possible. if chis is noc possible, wet
weights are recorded and the sample is cooled as rapidly as
possible. To minimize communicy compositional changes,
ic is necessary that microbial acrivity be stalled as soon as
possible following sample collection. If the samples have
been grown in culture, the medium should be centrifuged
and the resuicing cell peller should be rinsed twice wich
0.05 uM phosphare butfer {pH 7.3) berore lyophilizaticn.
Samples should noc be held on ice (—°C) any longer than
absolutety necessary. Dry ice is satisfactory for holding frozen
samples. Rock samples held ar 4°C showed rapid and signifi-
canc changes in bicmass and communicy compesition (3).
Preserving samples Wlth buffered formaldenvae or gluceral-
dehyde is not as satisfacrory, 35 these preservatives can dam-
age some of the less stable lipids.

PERFORMING THE SIGNATURE LIPID
BIOMARKER ANALYSIS

Meticulous technique must be pracriced o ensure contami-
nanc-free analyses. Scrupulous cleaning of all glassware is
absolutely necessary. Once glassware is used, it is immedi-
ately fully immersed in a washeub full of hot water and decer-
gent. The cleaning process is so effective thac phosphace-
conraining decergenc can be used. The glassware is scrubbed
wizh a brush and rinsed five times each with cold tap warer
and then deionized wacer, Glassware is allowed to dry com-
plecely before being wraoped n aluminum foil and heated
in 2 clean muffle furnace for 2 minimum of 4 h at 450°C.
Disposable glassware such as piperres and silicie 2¢id <ol
umns need not be washed but is also baked in che muffle
furnace. No materials other than fired glass and acetone-
rinsed Teflon may come into contact with lipid solvents.
Lipids from fingers, hair, stopcock grease, oils, and hydrocar-
bons are all potenrial contaminants. Plasticware canner be
used in lipid analysis. Samples can be exrracred ar room
temperacures bur should be protecred from liehe, especially
fluorescent light, if photosensitive lipids (such as guinones)
are w0 be analyzed. The extractant consists of a single-phase
chloroform-methanel mixwure {1:2, voljvol), generally
called a Bligh and Dyer {7}, which can be modified to accent
a phosphare buffer (83). Investigators have found that madi-
fication of the buffer can increase the recovery of PLFA
from soils wich high clay contenr (29). Samples czn be ex-
tracted in glass cenmifige bowles znd then cenaifuged ac
8,000 X g for 30 min, with the liquid phase decanred inco
a separatory funnel or analyred direcdy in a separatory fun-
nel or in a test cube‘or other suitable conrainer. Wich sandy
sedimenrs and sufficient one-phase exmacranc volume, it is
usually noc necessary to wash the sedimenc for a quantirative
recovery. For bacterial samples, approximarely 108 bacrerial
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cells are sufficient to achieve a good signal-to-noise mrio
during GC oc GC-MS analysis. To obcain the lipid fraction
of the extracred sample, equat volumes of chloroform and
distilled water (or buffer) are added and the emulsion is
shaken. With time a splic phase develops, which is then
cenrrifuged or allowed o separace passively ovemnighe. The
lower organic phase {conraining the baczertal lipids) is col-
iected and filtered through a fluted Whaman 1V filcer char
has been preexrracted with CHCl;. The organic phase is
resnoved by rorary evaporarion at 37°C. The dried toral lipid
exrract is dissolved in chloroferm and then wmansterred to a
silicic acid column and separated into neucral lipid, glyco-
lipid, and polar lipid fractions (31) by elucion with solvents
of increasing polaricy. The neural lipid fraction is analyzed
for lipids such as free fatry acids, sterols. respiratory qui-
nones, triglycerides, and diglycerides {47, 78}. The glyco-
lipid fraction can be analyzed for PHA (64). The polar lipid
fraction, containing the phospholipids, is subjecred o a
rransesterification by 2 mild alkaline methanolysis protacol
{32}, resulting in farey acid merthyl escers which are then
separated, quantified, and tentatively idencified by capillary
GC. Individual components can then be definicively identi-
fied by their mass spectra. Monoencic PLFA double-bond
positions are determined by GC-MS analysis of the dimechvl
disulfide adducts (39).

The LPS-OMFA from the lipid A of gram-negative bac-
teriz can be recovered from the lipid-exrracted residue. This
residue is hydrolyzed in acid, and the liptd componenss re: |
leased by the hydrolysis are reextracted (71). After cencrifu-
gation ac 6,000 X g for 30 min, the chioroform phase is
recoverad, evaporated o dryness, and mechylated by using
“magic” merhanol {methanol-chloroform-concentraced
HCL{10:1:1, volfvoi/vol]) (61). The mechyiated OHFA are
recovered, and the solvent is rernoved under a stream of
nitzogen. The OHTA are puritied by thin-layer chromarog-
raphy (developed in hexane-diethyl echer {L:1, vol/vol]),
recovered in chloroform-methanol (1:1, volfvol}, and then
derivatized by using bLs{mme:hy[SL yl)zifluoroaceramide
priar ta GC-MS analyms-

Resuits are reported with faccy a<:1ds designared by the
tocal number of carbon atoms followed by the number of
double bonds, with the position of the double bond indi-
caced from che methyl end { w} of the molecule (see foomaora
o Table 1).

PLFA and other lipid profiles can be entered into spread-
sheet formars and subjecred to stacistical analysis. [n adci-
cion to analysis of variance, two multivariare stacistical ap-
plications have grown in popularity in addressing similarities
berwesn PLFA profiles. Dendrograms from a hierarchical
cluster analysis are generally consoucted from arcsine-frans-
formed PLFA mole percent values, with similarities based
on modified Euclidean distances. The cwo-dimensioaal plots
generated from a principal-components analysis noc ‘only
xﬂusc:ate profile similaridies (or differences) but alsa 1den:1ry
which PLFA concribuce to the formation of the plows and
o what exeent {i.e., coefficients of loadings}) (2, 78, 94, 93).

INTERPRETATION

Viable biomass is estimated from the ol amount of PLEA

derecred in a sample. Phospholipids are an essenrial part of
the intact cell membranes; chus, this biomass is a measure
of the viable or porencially viable cells. Viable biomass can
also be determined as organic LP by celerimetric methods
(22, 92). The great majoricy of microbial phospholipids are
dizevl, with a molar rdeic of LP to PLEA of 1:2. Environmen-
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