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INTRODUCTION

A pureenvironment givesaquality of lifeon earth.
In ancient times, it was believed that people on earth
had an unlimited abundance of |and and resources; to-
day, however, theresourcesintheworld show, ingreater
or lesser degree, our carelessness and negligencein
using them. In many parts of the globe the problems
associ ated with contaminated Sitesare now growing up.
Theactua causeof thisscenarioisresult from past in-
dustria activitieswhen awarenessof thehedlth and en-
vironmentd effectsconnected with the production, use,
and disposal of hazardous substanceswerelesswell
recogni zed thantoday. It becameagloba complication
when the estimated number of contaminated sites be-
camesignificant®. Thereareseveral traditional meth-
odswhich have been applied to overcomethisincon-
venience. From thelist of ideas which have been ap-
plied the best onesareto completely demolishthepol-
lutants if possible, or at least to transform them
to innoxious substances. Different kindsof techniques
have been applied like high-temperatureincineration
and varioustypesof chemica decomposition. Bagging
severd drawbacksliketechnol ogical complexity, the
cost for small-scaleapplication, and thelack of public
acceptance, epecidly for incineration that may incresse
the exposureto contaminantsfor both theworkers at
thesiteand nearby residents, these are effectiveat re-
ducing levelsof arangeof contaminants.

Bioremediationisan option that utilizesmicrobes
to removemany contaminantsfrom theenvironment by
adiversity of enzymatic processes. It shows up some
positive shades such as, comparatively low-cost, |ow-
technol ogy techniques, which generdly haveahigh public
acceptance and can often be carried out on site. How-
ever, itwill not alwaysbe suitable astherange of con-
taminantsonwhichitiseffectiveislimited, thetimescaes
involved arerel atively long, and theresidual contami-
nant level sachievable may not dwaysbeappropriate.
Varying degrees of success bioremediation has been
used at a number of sites worldwide. Here, we at-
tempted to assist by providing information how the
bioremediationislinked with cutting edgescienceslike
genomics,transcriptomics, proteomics, interactomics
andbioinformatics.

REVOLUTION OF GENOMICS

A dragticinnovationin the study of purecultureshas
been brought by the application of genomics to
bioremediation™. Next generation genome sequenc-
ing techniquesplay avital rolein advancing theunder-
standing of physiol ogical and genomic features of mi-
croorganismsrel evant to bioremediation. Complete, or
nearly compl ete, genome sequencesarenow available
for severd organiamsthat areimportant in bioremediation
(TABLE 1). The notions of researches have been
changed after the application of bioremediationto the
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advanced scienceslikegenomicswhich gavedifferent
answers. For example, molecular analyses haveindi-
cated that Geobacter species are important in the
bioremediation of organic and metal contaminantsin
subsurface environments. The sequencing of several
genomes of microorganismsof the genus Geobacter,
aswell asclosaly related organisms, hassignificantly
altered the concept of how Geobacter speciesfunc-
tion in contaminated subsurface environ-ments. For in-
stance, before the sequencing of the Geobacter ge-
nomes, Geobacter species were thought to be non-
motile, but genesencoding flagellawere subsequently
discovered inthe Geobacter genomes??. Further in-
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vestigations reveal ed that Geobacter metallireducens
specifically producesflagellaonly whentheorganismis
growingoninsoluble Fe(ra) or Mn(IV) oxides. Genes
for chemotaxiswerea so evident inthe Geobacter ge-
nomes, and experimental investigationshavereveded
that G metdlireducenshasanovel chemotaxisto Fe(l1),
which could hel pguideit to Fe(l11) oxidesunder anaero-
bic conditions. Pili genesare present and are al so spe-
cificaly expressed during growth oninsolubleoxides™.
Genetic studieshaveindicated that theroleof thepili is
toadin attachment to Fe(l11) oxides, aswell asfacili-
tating movement along sediment particlesin search of

Fe(lll).

TABLE 1: Genomesof microor ganismspertinent to bioremediation.

Micr oor ganism

Relevance to bioremediation

Web sitefor genome
documentation

Dehal ococcoi desethanogenes

Geobactersulfurreducens
Geobactermetallireducens

Rhodopseudomonaspal ustris

Pseudomonas putida

Dechloromonasaromatica

Desulfitobacteriumhafniense

Desulfovibrio vulgaris

Shewanellaoneidensis

Deinococcusradiodurans

Reductive dechlorination of chlorinated solvents to ethylene.
The 16SrRNA gene sequence of D. ethanogenesis closaly
related to sequences that are enriched in subsurface
environments in which chlorinated solvents are being
degraded

Anaerobic oxidation of aromatic hydrocarbons and reductive
precipitation of uranium. 16SrRNA gene sequences closely
related to known Geobacter species predominate during
anaerobic in situ bioremediation of aromatic hydrocarbons and
uranium.

Main organism for elucidating pathways of anaerobic
metabolism of aromatic compounds, and regulation of this
metabolism.

Metabolically versatile microorganism capable of aerobically
degrading a wide variety of organic contaminants. Excellent
organism for genetic engineering of bioremediation
capabilities.

Representative of ubiquitous genus of perchlorate-reducing
microorganisms and capabl e of the anaerobic oxidation of
benzene coupled to nitrate reduction.

Reductive dechlorination of chlorinated solvents and phenols.
Desulfitobacteriumspecies are widespread in a variety of
environments.

Shown to reductively precipitate uranium and chromium. An
actua rolein contaminated environmentsis yet to be
demonstrated.

A closely related Shewanell aspecies was found to reduce
U(vi) to U(iv) in culture, but Shewanellaspecies have not been
shown to be important in metal reduction in any sedimentary
environments.

Highly resistant to radiation and so might be genetically
engineered for bioremediation of highly radioactive
environments.

http://www.tigr.org

http://www.jgi.doe.gov
http://www.tigr.org

http://www.jgi.doe.gov

http://www.tigr.org

http://www.jgi.doe.gov

http://www.jgi.doe.gov

http://www.tigr.org

http://www.tigr.org

http://www.tigr.org

Thisenergy-efficient mechanianforlocatingandre-  studied organisms, such as Shewanellaand
ducing Fe(ra) oxidesin Geobacter speciescontrasts Geothrixspecies. Theseother organismsrelease Fe(l11)

with the strategiesfor Fe(l11) reductionin other well-

Chdaors, which solubilize Fe(m) from Fe(m) oxides™,
s BioTechnology
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and e ectron shuttling compounds, which accept e ec-
tronsfrom the cell surface and then reduce Fe(m) ox-
ides®354, These strategies make it possible for
Shewanellaand Geothrixspeciestoreduce Fe(l11) with-
out directly contacting the Fe(m) oxide. However, the
synthesisof chelatorsand el ectron shuttlesrequiresa
significant amount of energy, and thelower metabolic
energy requirements of the Geobacter approachisthe
probabl e explanation for the fact that Geobacter spe-
cies consistently outcompete other Fe(l11)-reducing
microorganismsinsevera sub-surface environments®?,
Understanding this, and numerousother previoudy un-
suspected physiologica characteristics of Geobacter
gpecies, isimportant in guiding themanipul ation of con-
ditionsin subsurface environmentsto optimizetheabil-
ity of Geobacter speciesto remove organic and metal
contaminantsfrom polluted groundwater.
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Figurel: Evolution of increasingly sophisticated studiesof
pureculturesand their application tothestudy of microbial
communities

Thestudy of the physiology of other microorgan-
ismswith bioremediation potential, the genomes of
which have been sequenced, isnow acceleratingina
similar manner. With the completed genome se-
guences, it is possible using whole-genome DNA

microarraysto analysethe expression of al thegenes
in each genome under various environmental condi-
tions. Using pro-teomic techniques, itispossibleto
identify which proteins are expressed®. Such ge-
nome-wideexpress on andys sprovidesimportant data
for identifying regulatory circuitsin these organismg”.
Thisissignificant asthe mechanismsthat control the
regul ation of the catabolic and respiratory genesthat
arethemost important in bioremediation arelargely
unknown. As genetic systemsfor these environmen-
tally significant organismsbecomeavailable, itispos-
sibleto elucidate the function of the many genes of
previously unknown function and to decipher
bioremedi ation pathways. For example, theavailabil-
ity of the Geobacter genomes and a genetic system
for these organismsis|eading to the el ucidation of
which of the morethan 100 c-type cytochromesthat
are apparent in the genome areimportant in electron
transfer to metal§4.

Treatability study isaprocess, inwhich samplesof
the contaminated environment areincubatedin thelabo-
ratory and therates of contaminant degradation or im-
mobilization aredocumented®. Givinglittleinsightinto
the microorganisms that are responsible for the
bioremediation, such studiesprovide an estimate of the
potential metabalic activity of themicrobid community.
When bioremedi ation processesareresearchedinmore
detail, attempts are generally madeto isolatethe or-
ganismsresponsibl€%l, Theisolation and characteriza-
tion of pure cultureshasbeen, and will continueto be,
crucial for the devel opment and interpretation of mo-
lecular analysesin microbia ecology (Figurel). The
recovery of isolatesthat are representative of the mi-
croorgani smsrespons blefor the bioremediation pro-
cess can be invaluable because, as outlined below,
studying theseisol ates providesthe opportunity toin-
vestigate not only their biodegradation reactions, but
a so other aspectsof their physiology that arelikely to
control their growth and activity in contaminated envi-
ronments. However, beforethe application of molecu-
lar techniques to bioremediation, it was uncertain
whether the isolated organisms were important in
bioremediationin situ,orwhether they were ‘weeds’ that
grew rapidly inthelaboratory but werenot the primary
organismsresponsi blefor thereaction of interest inthe
environment.

inogecﬁtzoﬁyy C—
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THE 16SrRNA APPROACH

A sgnificant advanceinthefield of microbia ecol-
ogy wasthefinding that the sequences of highly con-
served genesthat arefoundindl microorganisms, most
notably the 16SrRNA genes, could provide aphylo-
genetic characterization of themicroorganismsthat com-
prise microbial communities*®1. Thiswasaboonto
thefield of bioremediation becauseit meant that by
analysing 16S rRNA sequences in contaminated
envi-ronments, it was possible to determine definitively
the phyl ogeneti ¢ placement of the microorganismsthat
are associated with bioremediation processes® 7

Oneof thesurprisesfromtheapplication of the 16S
rRNA approach to bioremediation hasbeenthefinding
that, in some instances, microorganisms that
predomi-nate during bioremediation are closely related
to organismsthat can be cultured from subsurface en-
vironments®!. Thiscontrastswith thegenerd dilemma
inenvi-ronmental microbiology that is, it can be difficult
to recover themost environmentaly relevant organisms
inculture”. For example, in polluted agquifers, inwhich
microorgani smswere oxidizing contaminantswith the
reduction of Fe (m) oxides, there was a significant
enrich-ment in microorganisms with 16S rRNA se-
guences that were closely related to those of previ-
ousdly cultured Geobacter species®¢, Coupled with
thefact that Geobacter speciesin pure cultureare ca-
pabl e of oxidizing organic contaminantswith thereduc-
tion of Fe(iii) oxide“, thisindicated that Geobacter
speciesareimpor-tant in contaminant degradation in
Situ. Geobacter speciescan asoremoveuraniumfrom
contaminated water by reducing soluble U(vi) toin-
soluble U(iv)™“¢, 16SrRNA sequenceandysisshowed
that, when acetatewas added to uranium-contaminated
groundwater to promotemicro-bial reduction of U(vi),
thenumber of Geobacter speciesincreased by severa
ordersof magnitude, accounting for asmuch as85% of
themicrobial community in the groundwater>., In
aquifersinwhich theindigenousmicrobia community
was degrading the sol vent trichloroethene (TCE), 16S
rRNA sequencesthat are ~99% identical to the 16S
rRNA sequenceof apure cul-ture of the TCE-degrader
Dehal ococcoi desethanogenes, were detected20:3162],
Marine sedimentswith high rates of anaerobic naph-
thalene degradation were found to be specificaly en-

—=—— Review

riched in microorganismswith 16SrRNA sequences
closaly related to NaphS2, an anaerobic naph-thalene
degrader thatisavailablein pureculture?’. Therewas
a close correspondence between the potentia for
aer-obic degradation of the fuel oxygenate methyl tert-
butyl ether (MTBE) in groundwater and the number of
organ-isms with 16S rRNA sequences that had more
than 99% similarity to the M TBE-degrading organism,
strain PM-1, whichisavailablein pure culture®,

Theprimary limitation of the 16SrRNA technique
isthat knowledge of the phylogeny of the organisms
asso-ciated with bioremediation does not necessarily
predict important aspects of their physiology!**®. For
example, microorganismswith 16SrRNA sequences
closdy related tothe TCE-degrader D. ethanogenescan
differ inthe chlorinated compoundsthat they can de-
grade’®28, and predicting which of these compounds
an uncultured organismwill degrade might not be ap-
parent fromandysisof its 16SrRNA sequencedongsl.
Predicting physology from phylogeny iseven moredif-
ficultif thereareno closdly related organismsavailable
inpureculture.

GENETICANALYSISOF GENESINVOLVED

Examining thepresence and expression of thekey
genesinvolvedin bioremediation canyield moreinfor-
mation on microbial processesthan analysisof 16S
rRNA sequences®. Ingenerd, thereisapositive cor-
rel ation between the rel ative abundance of the genes
involved in bioremediation and the potential for con-
taminant degradati on[s¢7,

However, the genes for bioremediation can be
present but not expressed. Therefore, there has been
an increased emphasis on quantifying thelevels of
MRNA for key bioremediation genes. Often, increased
MRNA concen-trations can be, at least qualitatively,
associated with higher rates of contaminant degrada-
tionl®”. For exampl e, the concentrations of mMRNA
for nahA ageneinvolved in aerobic degradation of
naphthal ene were positively correl ated with rates of
naphthal ene degradati onin hydrocarbon-contaminated
soil?t, The reduction of soluble ionic mercury,
Hg(ii),to volatileHg(0), isone mechanism for remov-
ing mercury from water; the concentration of mMRNA
for merA ageneinvolvedin Hg(ii) reduction washigh-

— %iogecﬁnofo_qy
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est in mercury-contaminated waterswith the highest
rates of Hg (ii) reduction®Y. However, the concen-
tration of merAwas not always proportiona totherate
of Hg(ii) reductioni®5Y, illustrating that factors other
than gene transcription can control the rates of
bioremediation processes.

Highly sensitivemethodsthat can detect mRNA for
key bioremediation genesinsinglecdlsarenow avail-
abl®, Thistechnique, coupled with 16SrRNA prob-
ing of thesame environmenta samples, could pro-vide
dataon which phylogenetic groups of organismsare
expressing thegenesof interest. Andysisof themRNA
concentrationsfor genes other than thosedirectly in-
volvedinbioremediaionmight yied additiond insghts
into the factors that con-trol the rate and extent of
bioremediation. Sub-optimal nutrient levels, pH, salin-
ity and other environmenta factorscanlimit thegrowth
and metabolism of organisms that are involved in
bi oremediation in contaminated environments. Ecol ogi-
cal studiesof phytoplankton use molecular techniques
to evaluatethe stressresponse of photosynthetic mi-
croorganismsin theenvironment(®8. In asimilar man-
ner, eva uation of the metabolic state of bioremediating
microorganismsthrough andysisof themRNA concen-
trationsfor key genesthat areinvolvedin respondingto
stresscould help to identify modificationsto contami-
nated environmentsthat might promote bioremediation.

ROLE OF TRANSCRIPTOMICS

The subset of genestranscribed in any given or-
ganismiscalled thetranscriptome, whichisadynamic
link between thegenome, the proteomeand thecellular
phenotype. Theregulation of geneexpressionisoneof
the key processesfor adapting to changesin environ-
mental conditionsand thusfor surviva. Transcriptomics
describesthisprocessin agenomewiderange. DNA
microarrays are an extremely powerful platformin
transcriptomi csthat enabledetermination of themRNA
expression level of practically every geneof an organ-
ism{1624681, The most challenging issuein microarray
experimentsiseucidation of datd®®. Often, hundreds
of genes may be up- and/or down-regulated in apar-
ticular stresscondition. Inthiscontext, several statisti-
cal issues becometremendously complex, including
accounting for random and systematic errorsand per-

inogecﬁtzofo_qy C—

forming poor anayss.
APPLICATIONSOFDNA MICROARRAY

Even with the complete genome sequences of
Microorganisms with the potential for
bi oremediati onl+300.7271 gtudiesare not accelerating
in arapid manner. With the completed genome se-
guences, itispossibleto analysetheexpression of al
genesineach genomeunder variousenvironmenta con-
ditionsusingwhole-genome DNA microarrays?50:68,
Such genome-wide expression anaysisprovidesim-
portant datafor identifying regulatory circuitsin these
organismg*"%08J_|nthe past, DNA microarrayshave
been used to eva uate the physiol ogy of pureenviron-
mental cultures®® and to monitor the catabolic gene
expression profilein mixed microbial communities4.
More than 100 genes were found to be affected by
oxygerHimiting conditionswhenaDNA microarray was
used to study changesin mRNA expressionlevelsin
Bacillussubtilis grown under anaerobic conditiong ™.
Sengitivity may often beapart of theproblemin PCR-
based cDNA microarrays, snceonly genesfrom popu-
lations contributing to more than 5% of the community
DNA can bedetected. Several parameterswereevau-
ated to validate the sensitivity of spotted oligonucle-
otide DNA microarraysand their gpplicability for bac-
terid functiona genomicg®®. Optimd parameterswere
found to be 50-C6- amino-modified 70 mers printed
on CMT-GAPSII substratesat a40 mM concentra-
tion combined with the use of tyramidesignal amplifi-
cation labelling. Based on most of the known genes
and pathwaysinvolved in biodegradation and metal
resistance, a comprehensive 50-mer-based oligo-
nucleotide microarray was devel oped for effective
monitoring of biodegrading populationg®!. Thistype
of DNA microarray was effectively used to analyze
naphthal ene-amended enrichment, and soil micro-
cosms demonstrated that microflorachanged differ-
entially depending on theincubation conditions™. A
global geneexpression anaysisreveal ed the co-regu-
lation of several thusfar- unknown genesduring the
degradation of alkylbenzenes®. Besidesthis, DNA
microarrays have been used to determine bacterial
species, in quantitative applications of stress gene
analysisof microbial genomesandin genome-wide

A Tudéan Journal
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Figurezr: Work flow of génearray analysié Diagrammaticrepresentation of DNA rhicroarray dataanalysisandrelative
limitationsunder each category of data analysisduring data mining.

FOOT MARKSOFPROTEOMICS

Theterms ‘proteomics’ and ‘proteome’ were in-
troduced in 199578, whichisakey postgenomic fea-
turethat emerged from the growth of large and com-
plex genome sequencing datasets. Proteomic analysis
isparticularly vital becausethe observed phenotypeis
adirect result of the action of the proteinsrather than
the genome sequence. Traditionally, thistechnology is
based on highly efficient methods of separationusing
two-dimensiond polyacrylamidege dectrophoresis(2-
DE) and moderntool sof bioinformaticsin conjunction
with mass spectrometry (M S)B2, However, 2-DE has
been considered to be alimited approach for very ba
sic and hydrophobic membrane proteinsin compart-
mental proteomics. In bioremediation, the proteome of
themembraneproteinsisof highinterest, specificaly in

PAH biodegradation, wheremany dterationsinany ste
specific bacterium affectscell-surface proteinsand re-
ceptorg™. Theimprovementsin 2-DE for usein com-
partmenta proteomics havebeen made by introducing
an aternative approach for multidimensional protein
identification technology (MudPIT)®. MShasrevolu-
tionized the environmental proteomics towards the
andysisof smal moleculesto peptidesand proteinsthat
has pushed up thesengtivity in protein identification by
severd ordersof magnitudefollowed by minimizingthe
process from many hours to a few minutes?.
Theadvancement in M Stechniques coupled with data-
base searching have played acrucid rolein proteomics
for proteinidentification. Matrixassociatedl aser desorp-
tion/ionizationtime-of-flight MS(MALDI-TOF-MYS)
isthemost commonly used M Sapproachtoidentifying
proteinsof interest excised from 2-DE géls, by genera-
tion of peptidemassfingerprinting234Y, Surface-en-

————, Qgiogecétzoﬁ)yy
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hanced | aser-desorption-ionization M S (SELDI-TOF-
MS) isthecombination of direct samplefractionsona
chipintegrated with MALDI-TOF-MS analysig*™,
A variety of differentially expressed sgnature proteins
wereandysed using SELDI-TOF-MSinbluemussels
(Mytilusedulis) exposed to PAHs and heavy meta §%..
Theliquid chromatography MS(LC-MS) techniquehas
begun to open anew analytical window for direct de-
tection and identification of potential contaminantsin
water®, In addition, the metabolites and degradation
products have been taken into account to assessthe
fate of organic contaminantssuch aspesticides, surfac-
tants, algal and cynobacterial toxins, disinfection by-
products or pharmaceuticalsin the environment and
duringwater treatment processes®.

INTERACTION OF INTERACTOMICS

Genome-widemRNA profilingisunableto pro-
videany information about the activity, arrangement, or
find destination of thegene products, theproteins. Vari-
ous proteomic approaches, on the other hand, can suc-
cessfully providethestraight answers. Itisvery rare
that any protein molecule actsasauniquepillar during
the physiological responsein bioremediation process
of any contaminant when cdllular proteinsand various
other related cellular expressions are on crest!18050.70,
Ingenerd, cdlular lifeisorganized through acomplex
proteininteraction network, with many proteinstaking
part in multicomponent protein aggregation. Thede-
tection of theseaggregated proteins, i.e. ‘interactomics’,
isusualy based upon affinity tag/pull down/MS/M Sap-
proaches at aproteome level22342, Studies on pro-
tein—protein interaction and supermolecularcomplex
formation represent oneof themain directionsof func-
tiona proteomicsand/or second generation proteomics.

The growing demandsof genomicsand proteomics
for theandysisof geneand proteinfunctionfromaglo-
bal bioremediation perspectiveare enhancing theneed
for microarray-based assays enormously. In the past,
protein microarray technol ogy has been successfully im-
plicated for theidentification, quantificationand func-
tiona analyssof proteinin basic andapplied proteome
research®?, Other thanthe DNA chip, alargevariety
of protein-microarraybasedapproaches have aready
been verified that thistechnology iscapableof filling the

inogecﬁtzofo_qy C—

gap between transcriptomicsand proteomicg®l. How-
ever, inbioremediation, microarray-based protein—pro-
tein interaction studiesstill need to make progressto
understand the chemotaxis phenomenon of any Stespe-
cific bacteriumtowardstheenvironmenta contaminant.

COMPARATIVEANALYSISOFOMICSIN
BIOREMEDIATION

Based onan overal andysisof transcriptomicsand
proteomics, thecomprehensveandys sof wholegenome
sequencing is especially helpful to understand
bioremedi ation-relevant microorganismswhose physi -
ology hasnot yet been studied in detail. Global gene
expressionusng DNA microarray technology, very much
dependsonthedegreeof coverageof thecdlular MRNA
and cdlular proteins, whereasthe coverageof thewhole
genomerepresentsal thegenesof anorganism by defi-
nition. Cellular mRNA levelsdo not display aswidea
dynamic range asthe encoded proteing?d. Thus, whole
genome arrays are believed to provide amuch more
comprehensiveoverview of theactua geneexpression
pattern than proteomic studies.

According to globa gene expression studies, both
transcriptomi csand proteomicssupport theview thet the
DNA array technol ogiesrecord changesin geneexpres-
sion morecompl etely than the proteomi cg*%%, There-
fore, genomicsdataisdeemed necessary to complement
the proteomi csgpproachi. However, proteomicswoul d
retainitscentra positioninfunctiond transcriptomicsand/
or genomics. Theproteinmolecules, but not themRNAS,
arethekey playersinanon-stemicrobid minerdization
reaction; thelater areoneof thehighly unstabletranamit-
tersonthe path from the genesto theribosome, but each
protein mol ecul erepresentsthe end product of geneex-
pression’™. Completeprotein profiling providesnot only
information ontheindividud organism, but dsoinforma:
tion on thefate and destination of protein moleculesin-
sideand outsidethecdll thatcan only bediscovered viaa
joint transcriptomics, proteomicsand interactomicsap-
proach (Figure 3).

BIOINFOMICSIN BIOREMEDIATION

MetaRouter isasystem for maintaining hetero-
geneousinformation rel ated to Biodegradationina

A Tudéan Journal
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Figure3: Omictechnologiesusing a systematic biology appr oach totrack theinsightsof bioremediation. DNA isdirectly
extracted from contaminant environmental sitesand from or ganismswill end up on transcriptomics (DNA micr oar rays).
Transcriptomicswill expend towar ds proteomicsfollowed by inter actomics. Extraction of protein frompurecultureusing 2-
DE and proteinmicroar ray platformswill allow usto explor ethe newmoleculesof inter est duringminer alization process.

framework that dlowsitsadminigtration and mining (gp-
plication of methodsfor extracting new data). Itisan
goplicationintended for [aboratoriesworkinginthisarea
which need to maintain public and privatedata, linked
internally and with external databases, and to extract
new information fromit. The system hasan openand
modular architecture adaptableto different customers.
Thismultiplatform program, implemented in Postgre
SQL (standard languagefor relationa databases) and
using SRSasan indexing system (used to connect and
query Molecular Biology databases), worksusingadli-
ent/server architecturethat allowstheprogramtorun
on theuser station or on the company server, soit can
be accessed from any place in a secure way just by
having aweb browser.

TheUniversty of MinnesotaBiocatal ysts/Biodeg-
radation Database (http://www.labmed.umn.edu/
umbbd) beginsitsfifthyear havingmetitsinitid gods. It
contains approximately 100 pathwaysfor microbial
catabolic metabolism of primarily xenobiotic organic

compounds, includinginformeation on gpproximetely 650
reactions, 600 compounds and400 enzymes, and con-
taining approximately 250 microorganismentries. Itin-
cludesinformation on most known microbial catabolic
reaction typesand the organic functional groupsthey
transform. Having reacheditsfirst goals, itisready to
move beyond them. It ispoised to grow inmany differ-
ent ways, including mirror sites; fold predictionfor its
sequenced enzymes; cl oser tiesto genome and micro-
bia strain databases; and the prediction of biodegra-
dation pathwaysfor compoundsit doesnot containf*7.

SYSTEMSBIOLOGY

Theriseof genomictechnologiesand sysemshiol-
ogy providefresh approachesto currently untactable
biologica processesthat are a theroot of seriousenvi-
ronmental problems. Oneformidablechalengeinthis
respect isthebiological fate of the nearly 8 operons,
etc. implicatedinthisprocess. Thebiodegradation data
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base of the University of Minnesotadocumented new
chemica compounds (~40 000 predominant) whichare
common inmodern Organic and Industrial Chemistry.
A largenumber of microbid strainsareableto grow on
environmental pollutants (about 800 today).
Bioremediation was studied from amolecul ar biology
point of view, characterizing the chemical reactions,
genes, University of Minnesotahas madeapioneering
effort in putting together nearly every aspect of our
current knowledge on biodegradation pathways and
in developing systemsfor dealing with that datae.g.
to learn rulesfor predicting biodegradativefeatures.
Yet, most information availablein theliterature of mi-
crobia biodegradation of xenobioticsand recal citrant
chemica sdeal swith duos consi sting of one pollutant
versusonestrain and thus, lacks essential aspects of
the natural scenarios, liketheinterchange of genes
between bacteriaor their metabolic cooperation. This
study of genomesand ‘functionomes’ from a commu-
nity point of view (in contrast to organism point of
view) isleading, for example, to the sequencing of
‘genomes’ of communities and ecosystems, instead of
sngleorganisms. Thesecircumstancesexposetheneed
to qualify and to represent theinformation availablein
bi odegradation databasesin afashioninwhich the
entire known biodegradative potential of the micro-
bia world can be crossed with thewhole coll ection of
compounds known to be partially or totally degraded
through (mostly) bacteria action®™".

CONCLUSION

The application of omic sciencesto the study of
bioremediationisclearly initsinfancy. Therearemany
technical issuesthat will need to be addressed before
some of the more novel approaches, such as
envi-ronmental genome sequencing and arrays. To elu-
cidate thefunction of most genesrecovered fromthe
environment, it will be necessary to recover therel-
evant organismsand study genefunctionin pure cul-
ture. Microorganismsclosely rel ated to thosethat pre-
dominatein somecon-taminated environments are al-
ready availablein culture, and thecareful replication of
environmental conditionsduringisolationwill probably
yield more. Microorganismsthat typically comprise
about one-fourth of themarinemicrobial community,

but the presence of which had only previously been
detected from 16SrRNA sequences. Thissearch for
previoudly uncultured organismscan begresatly accel -
erated with high-throughput culturing and screening
drategies.

Somenew techniquesin molecular biology particu-
larly genetic engineering, transcriptomics, proteomics
andinteractomicsoffer remarkable promiseastoolsto
study themechani smsinvolved in regulation of minerd-
ization pathways. Theapplicationsof thesetechniques
aretill intheir infancy, but theamount of datathat is
continuoudly being generated by today’s genomics and
proteomics technocrats needs to be organized in a
sepwisemanne withininformativedatabases. Thedrat-
egiesneed to berefined in which transcriptomicsand
proteomics dataare combined together in order to un-
derstand themineraization processinameaningful way.
Thesetechniquesshow great promiseinther ability to
predict organisms’ metabolism in contaminated envi-
ronmentsand to predict the microbia ass sted attenua-
tion of contaminants to accelerate bioremediation.
Bioinformaticstechnol ogy hasbeen devel oped toiden-
tify and analyse various components of cellssuch as
geneand protein functions, interactions, metabolicand
regulatory pathways. Bioinformaticsanaysiswill facili-
tateand quickentheanaysisof cellular processto un-
derstand the cellular mechanism to treat and control
microbial cellsasfactories. The next decadewill be-
long to understanding molecular mechanism and cellu-
lar mani pulation using theintegration of bioinformatics.
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