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CHAPTER 16

. USE OF LIPID BIOMMRKERS 1IN ENVIRONMENTAL SAMPLES

Anders Tunlid® and David C. White

Institute for Applled Microbiclogy
10515 Research Drive, Suite 300
Knoxville, TN 37932-2567

INTRODUCTION

Even in. a water column the clapsical methods of microbiology, which
involve the isolation and subsequent culturing of organisms on petrl plates,
can lead to gross underestimations of the nuwbers of organisms detectable in
direct: counts of the smame waters.'! With sediments, soils, and blofilms, the
problems with classical methods are more severe. In addition to the problems
in providing a universal growth medium in the petri plate, the organisms must
be quantitatively removed from the surfaces and from each other. Microscopic
methods that require quantitative release of the microorganisms from the
biofilm can have the problem of inconsistent removal from the surfaces.?
Direct microscopy can sometimes be performed on thin biofilms by making
estimations for organisme rendered invisible by particles or overlapping
organisms in the biofilm.? This methodology works best when the density of
organisms is low and overlapping in minimal. However, direct microscopic
examinations offer a limited insight into the metabollc function or activity
of the cells. Methane bacteria, for example, come in all sizes and mhapes.'l
The problem is further complicated by the fact that in many environments only
a tiny fraction of the organisms is active at any one level and aside from
the observation of bacterial doubling time,5 the morphology gives little
evidence of the'activity of the cells. The most direct method of determining
the proportion of active cells in a given biofllm involves a combination of
autoradiography and electron or epifluorescence microscopy. These methods
require metabollc activity in the presence of the pubstrates and are subject
to the limitations of denmity of organisms and thickness of the biofilm in
the field of view. With the necessity for inducing metabolic activity there
is a danger of inducing artificially high levels of activity with the

addition of the substrates.®

The attachment and activity of microbes at surfaces ls an extremely
important feature of microbial ecology.7 Not only do microbes attach to
surfaces, but there im abundant evidence that they exist in consortia of

multiple metabolic types.

*present addregss: Department of Ecology, Helgonavagén 5, Y
§-223 62 Lund, Sweden ' *




Igolation of microbes from the environment for viable counting or
direct microscopic examination may offer limited insight inko the
interactions taking place in microblal communities. Since thene consortia
have much more versatile metabolic propensities than aimple specles, it is
important in ecologlcal studies to preserve as wmuch as possible of the
structure and metabolic interactions of the microcolonies.

THE SOLUTION-BIOMARKERS

To improve the situation intensive effortp have been put into
developing alternatlve methods that require neither growth, with ita
attendant problem of microblal selection, nor removal of cells from surfaces.
With the alternative methoda, the community as a whole can be examined with
the microstructure of its multi-species consortia preserved. fThe methods
involve the measurement of biochemical properties of the microbial cells and
thelr extracellular products. Those components generally distributed in
cells are utllized as markers for blomasg. Components restricted to subsets
of the microbial communities can be utilized to define the community
structure. The concept of "signatures" for aubpets of the microbial
community, based on the limited distribution of specific components, has been
shown for many monocultures.’® n range of bilomarkers exiot, from those found
in all organisms to those more or less epecific to groups or species of
" microorganisms. Because of their comparable ease of extraction from even
very complex environmental samples and their great taxonomic value,!® lipid
components have so far been ghown to be the most useful biomarkers for
microorganisms in environmental studies {Table 1).

Biomass estimations

Phospholipids are found in the membranes of all living cells. Under
the conditions expected in natural communii:ies the bacteria contain a
relatively constant proportion of thelr biomass as phospholipids, !
Phospholipids are not found in storage liplds and they have a relatively
rapid turnover rate in pediments so the agsay of theme lipids glves a measure
of the "viable" cellular biomass.l? By using appropriate conversion factors,
an estimate of blomass from the content of phoapholipide corresponds well to
estimates based on measurements of cell counts and cell volumes ag well as
analyeis of cell wall muramic acid, lipopolypaccharide lipid A and adenocaine
triphosphate (ATP) in samples from pubsurface pedimentg.}

Gram negative bacteria contain unique hydroxy acide in the lipid
portion (lipid A) of the lipopolysaccharide (LPS) in the cell wall.l®
example, fA-hydroxy myristic acid has been used am a bilomarker for Gram
negative bacteria in sediments and body fluids (sece Table 1).

For

Ergosterol ls the predominant sterol in most fungi® and le absent or a
minor constituent in plants.'® It has been umed as a marker for fungal

biomass in soil and plant material (see Table 1).

Microbial community structure

The ester-linked fatty acids in the phospholipids (PLFA) are pregently
the most sensitive and the most useful chemical measures of microbial biomass
and community structure thus far develc:ped.”'18 The composition of fatty
acids varies wldely between different groups of organisms.'® Bacteria unlike
most other organisms do not usually synthesize polyunsaturated fatty acids.
Furthermore, bacteria characteristically contain odd chain and branched fatty
acide as well as cyclopropane and o~ or f-hydroxy derivatives. Compositional
patterns of fatty acids have been used for taxonomic and phylogenetic
claspification of bacteria.l® By utilizing Fatty acid patterns of bacterial
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Table 1. Lipid biomarkere for biomags and community structure

Biomarker Crganism group References
Phospholipids Al cells 87,4%,13

Ergosterol Fungi 88-91

LPS hydroxy-acids Gram negative bacteria 13,51,53,55-56,92-94
Fatty acids in Sulfate reducing bacteria 57-62

phospholipids

Methane-oxldizing bactexria 78,80

Thiobacillus ap. 70,71
Mycobacteria 95-97
Francisella tularensis 74
Dinoflagellates 54,98,99
Phytanyl and bi- Archaebacteria 100~104
prhytanyl ether 16,47
lipids
Plasmalogensn hnaeroblec bacteria 12,24
Resgpiratory Aerobic/anaerobic 30
gquinones bacteria
Sterols Dinoflagellates 105108

monocultures, Myron Sasser of the University of Delaware in cooperation with

Hewlett Packard has been able to distinguinh over 8000 strains of bacteria.?

Isolation of bacteria from natural environments has shown that subsets of
microbial communities contain specific patterns of fatty acidms. For example,

" biomarker fatty acide have been identified in sulfate reducing, methane

oxidizing, autotrophic mineral acid eecreting, and pathogenic bacterla (see
Table 1),

Although the analysis of PLFA cannot provide an exact description of
each species or physiological type of microorganisms in a given environment,
a quantitative description of the microblota In the particular environment
sampled 1s provided. With the technigques of statistical pattern recogniktion
it is possible to provide a quantitative estimate of the differences between

samples with PLFA analysis.

Potential problems with defining the community structure by analysis of
PLFA come with the shift in fatty acld compositlon of some monocultures with
changes in temperature and media composition, some of which were made in this
laboratory.2123 There is as yet little published evidence for such shifts in
PFLA in nature where the growth conditions that allow purvival in highly
competitive microbial consortia would be expected to severely restrict the
survival of specific microblal stralne to much narrower; conditions of growth.
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The community structure of the microbial consortia can be further
defined by the analysis of plasmalogens and ether lipldas {Table 1). The
octurrence of plasmalogens in microbes is restricted to specific groups of
anaerobic bacteria,?25 Archaebacteria {methanogens, halophilen, and
thermophiles) are characterized by unigue biphytanyl and di-biphytanyl ether
lipids which are not found in other organismo.?® These liplds have been
utilized as biomarkers for archaebacteria in sediments, petroleum, hot-spring
mats and fermenters (see Table 1). ‘

The common bacterial respiratory quinones are ubiquinones,
menaguinones, and desmethylmenaquinones. The type of quinones and length of
the smide chain varies with the type of bacteria, and their distribution has
been utilized as taxonomic markers for bacteria.?’ The redox potential of
the respiratory quinones suggests that the terminal electron acceptors of
those bacteria containing ubiquinones should be of high potential as compared
with those of bacterla containing naphthoquinones. Aerabes contain
benzoquinones, some, but not all, anaerobes contaln naphthoquinones.?8:??
Recently, Hedrick and White?? showed that analyses of respiratory quinones
can be utilized as sensitive blomarkers of aerobjc versus anacerobic bacterial
metabolism in environmental samples. :

Nutritional status

Chemical methods can also be utllized to indlicate the nutritional
gtatus of organisms. Many microorganisms accumulate lipid storage material
under specific environmental conditiocns,* The nutritional status of
microorganisms can be analyzed by measuring the proportions of these polymers
relative to the cellular biomass. The nutritional status of microeukaryotes
(algae, fungl and protozoa) has been monitored by measuring the ratio of
triacyl glycerols to the cellular biomass.?® certain bacteria form the
unique reserve polymer poly-f-hydroxybutyrate (PHB) under conditions in which
the organiems can accumulate carbon, but have inpufficient amounts of total
nutrients to allow growth and cell division.’3'3%

Starvation induces the formation of minicells in some bacteria.?
There is also a loss of cell components including mewbrane lipids bult there
is a marked increase in the portion of cyclopropane and monoenoic PLFA with
the double bond in the trans configuration.?® These changes can be utilized
as biomarkers of the nutritional status of these bacteria.

Metabolic actiﬁity

The analyses described above all involve the isolation of components
from microbial consortia. Since each of these conponents is isolated, the
incorporation of labeled isotopes from precursors can be utilized to provide
rates of synthesis or turnover in properly designed experiments., For
example, incorporation of }532P0ﬁ into phospholipids has been used to estimate

“the activity of the total'microbiota, and lncorporation of g gulfate into

sulpholipids has been used as a measure of the activity of
microeukaryotes.?”*?® The ratio of the synthesls of PLFA (cellular growth) to
that of PHB (carbon accumulation) has been shown to reflect the growth

conditions in bacterial habitats.®

Mass spectrometry analyses allow the use of stable isotope-labelled

- precursors to study the rate of syntheais of biological markers. Stable

isotope-~labelled precursors are superior to radiocactive imotopes in that the
former have higher specific activities, in many casen approaching 100%. This
enables the use of marker precursors at natural concentrations, which would
help to avoid the distortfions induced by the addition of high concentrations
of substrates required for many radioactive precursors. A highly sensitive




‘and eBelective method has been developed to meapsure

verification of the lipids is, in most cases, performed with mass

30 enrichment in

bacterial fatty acids using mags Epectrometry.3

THE METHOD

Generally, chemlical analyses of lipid biomarkers involve the extraction
of the sample with a suitable combination of organic solvents, followed by
isolation and sepaxration by various chromatographic techniques. 1In the past
ten years this laboratory has developed a battery of methods for the analysis
of lipid blomarkere in environmental Bamplea.gﬂo' These analyses are bkased on
an efficlent one-phase chloroform:methanol:water extractlion of the sample
{(Figure 1).12"‘1""2 The extracted lipids are then fractionated into three
different classes on a slliclc acld column: neutral lipids, containing
triglycerides, sterols, and quinonesg; glycolipids with, e.g., PHB;:, and polar
liplds thakt contain phospholipide, plasmalogens and ether lipides (Figure 1).
Covalently bound lipidﬂ, guch as lipid A Iin LPS, can be recovered from the

resldue of the Bligh and Dyer extraction.*

After extraction and jsolation of the different lipid classes, the
e derlivatlves and separated by caplllary

PHB-monomers, PLFA, aldehydes from
11,17,18,34,44,45 ) phjgh performance

0,46,47 .
30,46, Environmental

compounds are converted to suitabl
gas chromatography (GC) (sterols,
plasmalogena and hydroxy acids from lipid A)

liguid chromatography (HPLC) {quinones and ether lipids).
omplex mixture of lipids and care must be taken to
For example, analysis of PLFA in marine
The direct chemical

pamples contain a very ¢
correctly identify the blomarkers. i
sediments often yields 100-150 different fatty acids.
“8  special technigues are needed in pome casepn, for

spectrometry (MS).
e the configuration and localization of double bonds in

example, to determin
ungsaturated fatty acids.®®

The sensitivity for analyzing signatures with these technigues is at
the picomolar level. For PLFA, this corresponds to the content in 5 x 10°
bacterial cells like Escherichia coli.? However, a detalled examination of
micrebial communities can often require the analysis of components from a
much smaller number of organisms. Tntroduction of more mensitive and
selective detector systems such as selected lon monitoring (SIM) HMS have made
it possible to examine microbial constituents at sensitivities peveral orders
of magnitude higher than more conventional GC techniqueﬂ.So With this
technlque using chemical jonization (CI) and negative ion detection,
microbial fatty acids can be determined at femtomolar levels, permitting

detection of about 600 bacteria the pize of E. coli.1??

Nomenclature. . Fakty acids are designated as total number of carbon

number of double bond closest to the aliphatic (w) end of the
"t for trans. The

atoms:
molecule indicated with the geometry "¢" for cis and
" and "br" refer to iso—, anteiso—,
unconfirmed pasition, respectively. Other methyl-branching is indicated as

position from the carboxylic acid end, i.e., C . 14.0° cyclopropyl fatty
i thesis relative

prefixes “i," "a,

‘acids are designated as “cy” with the ring position in paren

to the aliphatic end.

ENVIRONMENTAL STUDIES

The upe of biomarkers for in situ studies of microbial communities has
been validated in a number of studies by {1) inducing shifts in communitlies
by altering the microenvironment, (2) by isolating epecific organisms or
groups of organisms for biomarkers and then detecting the markers after
{nduction, (3) by detecting shifts in communlity nutritional status with

and methyl-branching of
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alteration in the'environmeut, (4} by detecting specific organisme and their
activity, and (5) by consequences of specific predation by grazers. Theage

studies have been discussed. in detail by white."® nig section discusses the
application of lipid biomarker analysipn to a number of environmental studies.

Microbial communities in sediments

Groups of fatty acids have been identified am valld blomarkers for
microorganisms fn marine sediments. Perry et al,>? proposed that iso— and
anteigo~ branched fatty acidas, 10-methyl palmitic acidq (Cio 1o 16:0) 7 : i
cyclopropyl Ci7,0 and Cig,0 aclds, eis vaccenic acid (C“hh”c), the Cog,ypr Cliwe
and Ci7:10p L80mers, and the branched monoencic fatty acidg C 1510 And
‘qunwu can be utilized as bacterial markers in pediment samples.

Gillan and Hogg“ defined nine subgroupn {chemotypes) of baclerlia in
sediments based on fatty acid profiles. Gram negative bacteria in sediments
" can be detected using fA-hydroxy aclds ao biomarikers,3? 55,56

. However, only in a few cases have detailed experiments been prerformed
to study the relationship between speclfic bacterial biomarkers and the
activity and dynamics of the corresponding microbiota. The fulfate reducing
bacteria contain PLFA patterns which can be utilized to identify the lactate-
utilizing Desulfovibrio, the acetate-utilizing Desulfobacter, and the
propionate—utilizing Desulfobulbos.® %7 ¢hegme biomarkers allow the
differentiation between sulfate reducing bacteria utilizing lactate,
propionate, or those using acetate or higher fatty acids. Detailed analysis

utilizing strains. Sediments from a Scottigh loch, when amended with lactate
or propionate, show .lncreases in the biomarkers for besulfovibrio or
Desulfobulbos respectively, that parallel increases in specific substrate
induced sulfate reducing activity (Parkes, Dowling, and White, unpublishad
data). fThe biomarkers for sulfate reducing bacteria have also been utilized

SAMPLE

l

LIPID EXTRACTION

——
/A ‘—_‘—_1-_7_'_*_————_-_

ORGANIC PHASE RESIDUE

!

SILIC ACID CHROMATOGRAPIY

CHLUﬁg;;;;rdﬂffp—fida::;l;;;“‘““‘H\“\‘&\;;;;:NoL

ELUATE ELUATE . ELUATE

] )

HYC3oersis HroAGLY SIS HYDARZLYSIS HYDROLYSIS
DERIVATIZATION DERIVATIZATION DERIVATIZATION - DERIVATIZATION
GeC

Hric GC GC,GC/MS GC

[(Jumomzs ’ ' { PHOSPHOLIPIDS , l MURAMIC ’ Lrs
ACID

Figure 1. Diagram of the analytical. scheme for thae biochemical
analysie of microorganioms in environmantal sampled.
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Biofilms and fouling

The fouling of surfaces exposed to meawater genarates enormous economic
problems. The initial event in the fouling process involves an immediate
coating of the surface with biopolymers that attract bacteria that binds to
the surface.’ The structure of the initjal attached community of :
microorganiesms wag analyzed by SIM with chemical ienization and negative fon
detection.®® Examination of the PLFA profile indicated several properties of
this community. The prominent fatty acids were characteristic of bacteria
and the absence of polyenoic fatty acids indicated that microeukaryotes were

lacking in the community.

The initial attached bacterial community attracts a succession of
microorganisms leading to the formation of a complex blofilm contalining
fungl, protozoa, algae as well as bacteria.® The properties of the surface
influence the development and structure of the biofilm. The microbiota
colonizling the surface of non~degradable polyvinylchloride needles contain a
significantly lower biomassa and activity than the community found on
biodegradable pine needles.®® fThe microtopography of the surface also
markedly affects the biomass and structure of the biofilm.%®

Corrgsion and biodeterioratien

There is increasing evidence that corrosion of metals expoged to
geawater is facilitated by the presence of microbes and their products at the
surface.®’ Microbes of different physiological types when acting in
consortia appearjto be more destructive than monoculbtures. The sulfate
reducing bacteria are of particular importance in microbially facilitated
corrosion and it has been propoged that these obligate anaerobic bacteria can
function in an apparently aerobic environment by occupylng anaerobic
microniches in biofllme formed by the utilization of oxygen by facultative
anaerobic congortia. Analysis of PLFA markers has shown that sulfate
reducing bacteria can form biofilms with the heterotrophic bacteria Vibrio
natrigiens on gtainless steel coupons exposed to aerobic geawater that

facilitates corrosion. %%

. The acid-forming Thiobacillus form a remarkable collection of unique
PLFA: methoxy-, cyclopropyl-, hydroxy-monounsaturated, hydroxy-cyeclopropyl,
and monounsaturated components with the double bond in unugual positions.
The signature PLFA of these organisms were readily detected ln a mlcrocoam
designed to measure the degradation of concrete exposed to biologically
generated acid and in concrete samples from sewers that sufferad gtructural

failure.”?

Microorganisms on plant roots

Plant roots are important sites for microblial activity in soil and the
root surface represents an area whdre microbial biomass 1a often
substantially increased when compared with the soil itself. The root [
microorganiems influence the growth and development of the plant by competing
for nutrients and by taking place in symbiotic or pathogenic interactions.

The dynamics of bacteria associated with the rape plant Brassica napus
have been examined by analyzing PLFA and PHB.’* Bacteria isolated from soil
surrounding rape plant roots showed profiles of fatty acids that were
distinctively different from those of mterile root:s. The prominent PLFA of
the bacteria were short and branched saturated, cycloprbpane and moncenoic
fatty acids. The bacterla were added to sterile rape roots. After three o
weeks of growth bacteria associlated with the roots showed active growth but :
no formation of PHB whereas organiems recovered from the soil away from the
roots showed less growth and the accumulation of high amounts of PHB.




Camemieis

Fatty acid analysis has algo been utilized to characterize bacteria
that suppress Rhizoctonia damping-off on cucumber rooks grown in bark compost
media, 7’ Cucumber roots grown in a naturally suppressgive medium had higher
broportion of Cm:“”c and qu?uwa but lower proportion of sgeveral méthyl
branched fatty aclds compared to roots grown in a conducive medium. These
results suggest major differencen in bacterial community composition between
suppresgive and conducive systems. Fatty acid analysis also demonntrated
that colonjzation of the cucumber roots by a biocontrol agent (Flavobacterium

balustinum) induced major changes in the composlition of the rhizosphere
bacterial community.

Detection of pathogens

The pathogenic bacterium Francisella tularensis has been shown to
contain unusual loéng-chained monoenclc PLFA that can be uned ao bhiomarkers.’®
Organisms with this pattern have been isolated from patlenkts with Berological
evidence of infection. The blomarker PLFA pattern has been detected in human
and animal tissues with serolegical, clinical and cultural evidence for the
infection as well as in soiles and vaccines that have been shown to contain

the organism.

Detection of the covalently bound hydroxy acids of the lipid A of Lps
in Gram negative bacteria has proved to be 'a valuable asgay in the definition
of Gram negative infection. With this assay it ig possible to detect Gram
negative bacterial infection in mammalian tissue or secretions.t

Degradation of organic pollutantsg

Groundwater is becoming increasingly important as a resource of clean
fresh water for industrial and domestic use. At the same time, more of this
vital resource is found to be contaminated with potentially toxle wastes.
Analyais of 1ipid biomarkers in subsurface samples, collected with careful
attention to avoid contamination from surface #oil, revealed the presence of
& specific microfiora,’™’ The microbiota was Bparne compared with that
present in surface soils. PLFA analysis showed abuoence of long chained
polyenoic fatty acids typical of microeukaryotes and high proportions of
fatty acids typical of bacteria. The bacteria of the uncontaminated
subsurface aquifer smediments showed nutritional mtress as evidenced by high
levels of PHB and extracellular polymers. Contamination of the sedimentg
increased the microbial blomass, decreased the rate of PHB formation and
shifted the community toc a more Gram negative bacterial consortium.

Trichloroethylene (TCE) is a major contaminant of the subgurface ground
water aquifers and methane oxidlzing bacteria have been shown to be
associated with a consortium that can degrade it.7’ hnalysia fpr PLFA
biomarkers in type I and type IIX methane-oxidizing bacteria has shown the
bpresence of unique moncenoic fatty acidg.’® Type I methane-oxidizers have
predominantly C,, fatty acids with unusual double bond positions:

Ci6:10mer Crértwae” . Cig.1us. and Cleitwsss Type II methanemode%zers have 18
carbon monoenole fatty acids with slmilar double bond positiona:

N 79
clﬂdwac' Clatwpe” c]adth and Cladwﬁc' Type II methanogens also produce PHB.

ne-oxidizing bacteria showed that mekthane
rapid bilodegradation of Tcg.?® Preliminary
es in selgnature lipids in the subsurface
re the TCE concentration increases the

biomass and specific type II metha
disappearance was correlated with

evidence indicates gimilar increas
sediments recovered from zones whe
microbial metabelic activity (Phelps, bavis, Fliermans, and White,

unpublished data).
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- Monitoring of fermenters

The rate limiting step in fermentations 1a the degradation of
polymers.®™ A Becond conacrtia of miecroorganisms converts the carbohydrates
and amino acidse released from biopolymers into organic aclids, alcohols,
hydrogen and carbon dioxlde. These are the anaerobic fermenters and pome of
the organisms contailn plasmalogen phospholipids that are limited to thise
physiological group of anaerobes in the microbial world.?* Other groups of
anaercbic fermenters contain phosphesphingolipids with unusual sphingoaine
bases. Theme were detected in Bacteriodes."

The microbial biomass, community structure and nutritional status of
microbes in thermophlilic methane producing digesters have been analyzed with
lipid biomarkers.® Analyails of PLFA showed a slmple PLFA pattern of
saturated and unsaturated pormal fatty acide. The loss of' polyenoic fatty
acids was utilized to monitor degradation of the plant biowass feedstock.
After inoculation and Incubation the PLFR mhowed a markedly different pattern
with increases in PLFA typlcal of microbes from anaerobic digesters. The
continuous addition of volatile fatty acids such an propionate and butyrate,
or the terminal electron acceptors nitrate or sulfate induced markedly shifts

“in the community structure ap indicated in the PLFA analyais.,®

In experiments in eooperation with P. D. Brooks, C. A. Mancuso (of this
laboratory) and D. P. Chynoweth (University of Florida)} at the Disney World
water hyacinth digester, the eubacterial community structure was markedly .
different in samples recovered from different parta of the digester,
Comparing the feedstock chopped hyacinth material, the stored feedstock, the
bottom material, the top of the bottom material, the bottom of the floating
mat, and the top of the floating mat in the digester, there was a progressive
decrease in the proportions of polyenolec and monoenoic PLFA. This decrease
correlated with an increase in the proportion of branched and cyeclic as well
a8 gaturated PLFA. The proportion of methanogenic archaebacteria measured as
the di- and tetraphytanylglycerol ether rhoepholipids increased from the
feedstock, to traces in the stored and partially fermented feedstock with
more in the material at the bottom of the digester to the highest levels at
the top of the digester.®

Changes in microblal pigments during digestlon in the Disney World
fermenter has been shown by J. J. Olie of this laboratory. Chlorephyll a and
b, phaephytin a, phaephorbide as well as several bacterial carotencids
increased between the feedstock hyacinths and the digenter samples. Posaibly
the most interesting finding of these analyses was the detection of large
amounts of bacteriochlorophyll in the digester samples. None was detected in
the feedstock. The role of these photosynthetic organisms that are known to
utilize hydrogen in the dark to fix nitrogen is currently under
investigation.

CONCLUSION AND PROSPECTS

Chemical measures for the biomass, community structure and nutritional
status of microblal consortia based on analysis of lipid biomarkers provide a
quantitative definition useful for studies of interactions between
microorganisms and their environment. Areas that will benefit greatly from
the application of these methods are the role of microbes in the facilitation
of corrosion, studies of interaction between plant roots and microorganisms,
detection of pathogens in the environment, the role of microorganisms in the
degradation of pollutants and monitdring of fermenﬁinélprocesaes.

Recently developed chemical analytical techniques will make it possible
to determine new classes of blomarkers. Fo lmoreve Shoe deboebl cm 15t s o o



assay complex biclogical microenvironments. One approach to increase the
sensitivity and speed of the analysis is to utilize the eeraordLnary
separation efficiency of tandem mass spectrometry (MS-MS). In combination
with extended mass range, soft ionization technigues and new inlel systems,
it i8 now possible to analyze large and complex lipid molecules.
Techniques for desorption of ions directly from a surface also have great
potential in studies of microbial consortia. In combination with
microprobes, desorpltion techniques can be used to analyze the distribution of
- specific molecules on micrometer scale. Such methods can be of great
significance in studies of the critical initial phases of biocdeterioration
procegsses, such as bilofouling and corrosion and in studies of intenactlons

between pathogenlc microorganisms and plants or animals.
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