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Ecological approach Ecological approach --
bioremediation potential (Tiedje, 1993)bioremediation potential (Tiedje, 1993)

Remediation potential dictated by physiological Remediation potential dictated by physiological 
requirements for growth and metabolismrequirements for growth and metabolism



Ecological approachEcological approach--
what do we need to know?what do we need to know?

Identification and distribution of organisms Identification and distribution of organisms 
driving desired metabolismdriving desired metabolism
Quantification of important metabolic Quantification of important metabolic 
groupsgroups
Determination of physiological potentialDetermination of physiological potential
Significance of diversitySignificance of diversity



FRC FRC -- What do we know?What do we know?
Contaminants present: uranium, nitrate, technetium, Contaminants present: uranium, nitrate, technetium, 
chlorinated compounds (TCE, PCE), fuel hydrocarbons chlorinated compounds (TCE, PCE), fuel hydrocarbons 
(toluene, benzene) (toluene, benzene) 
Uranium and nitrate are primary contaminants driving Uranium and nitrate are primary contaminants driving 
remediation; therefore focus has been on metalremediation; therefore focus has been on metal-- and and 
nitratenitrate--reducersreducers
Harsh subsurface environment for microorganisms; pHs Harsh subsurface environment for microorganisms; pHs 
33--4, [nitrate] mM to M 4, [nitrate] mM to M 



FRC (continued)FRC (continued)
Microbial metabolism believed to be limited by: low C, Microbial metabolism believed to be limited by: low C, 
acidic pH, and high nitrate, toxic metalsacidic pH, and high nitrate, toxic metals
Upon addition of electron donor and pH neutralization, Upon addition of electron donor and pH neutralization, 
extensive nitrate and metal reduction have been extensive nitrate and metal reduction have been 
observedobserved
Thus, Thus, ““BiostimulationBiostimulation”” or substrate addition is a or substrate addition is a 
promising strategy for U(VI) immobilization by promising strategy for U(VI) immobilization by 
indigenous microorganismsindigenous microorganisms



Objectives/ Activities of Working Objectives/ Activities of Working 
GroupGroup

Overall ObjectivesOverall Objectives
Optimize use of FRCOptimize use of FRC
Determine level of site characterization and postDetermine level of site characterization and post--experimental experimental 
monitoring to be conducted by FRC vs. research teamsmonitoring to be conducted by FRC vs. research teams
Stimulate collaborationStimulate collaboration

Specific to Microbial Communities GroupSpecific to Microbial Communities Group
Breakout session on Breakout session on ““Biodiversity and BioremediationBiodiversity and Bioremediation”” at last PI at last PI 
meetingmeeting
Revise list of isolates obtained for each functional group of Revise list of isolates obtained for each functional group of 
organisms by all research teamsorganisms by all research teams
Identify common threads between results of all groups with Identify common threads between results of all groups with 
regard to community composition in FRC subsurface regard to community composition in FRC subsurface 
(groundwater, sediments, microbial samplers)(groundwater, sediments, microbial samplers)
List objectives for future working group activitiesList objectives for future working group activities



Microbial Community Analysis Microbial Community Analysis 
Working GroupWorking Group

BarkayBarkay/ Sobecky/ Sobecky
GeeseyGeesey/ Cummings et al./ Cummings et al.
Fields et al.Fields et al.
Hazen/Hazen/BrodieBrodie
KerkhofKerkhof
KostkaKostka
KrumholzKrumholz

KuskeKuske
LoefflerLoeffler
LovleyLovley
RodenRoden
Tiedje/ Marsh et al.Tiedje/ Marsh et al.
White/ PeacockWhite/ Peacock
ZhouZhou

Please let me know if you want to be included with this list!!Please let me know if you want to be included with this list!!



Current QuestionsCurrent Questions
How does community composition vary between groundwater, How does community composition vary between groundwater, 
sediments, microbial samplers? sediments, microbial samplers? 
Origin/ distribution of organisms driving remediation? Origin/ distribution of organisms driving remediation? 
In other words, where should we focus our efforts in order to reIn other words, where should we focus our efforts in order to refine fine 
bioremediation strategies?bioremediation strategies?
What are common microbial groups detected by multiple research What are common microbial groups detected by multiple research 
teams?teams?
Does diversity of contaminated environments differ from that of Does diversity of contaminated environments differ from that of 
pristine?  It appears so.pristine?  It appears so.



Current QuestionsCurrent Questions
How does diversity relate to desired How does diversity relate to desired 
metabolism for remediation?metabolism for remediation?
Are desired contaminant transformations Are desired contaminant transformations 
(metal, nitrate reduction) catalyzed by (metal, nitrate reduction) catalyzed by 
competing or largely overlapping competing or largely overlapping 
functional groups of organismsfunctional groups of organisms



Abundance/ BiomassAbundance/ Biomass
Comprehensive study across a range of FRC Comprehensive study across a range of FRC 
environments lackingenvironments lacking
Direct counts have not revealed any dramatic Direct counts have not revealed any dramatic 
differences between contaminated and pristine differences between contaminated and pristine 
sitessites
PLFA biomass measurementsPLFA biomass measurements
Viable counts have shown decreased Viable counts have shown decreased 
abundance in contaminated environments, but abundance in contaminated environments, but 
results vary, especially for anaerobesresults vary, especially for anaerobes



Microbial Community Microbial Community 
Composition Composition -- ApproachesApproaches
Focus on metalFocus on metal-- and nitrateand nitrate--reducersreducers
Overall community composition must be Overall community composition must be 
understood in order to understand competition understood in order to understand competition 
for substratesfor substrates
Majority of researchers have studied 16S rRNA Majority of researchers have studied 16S rRNA 
gene sequences thus fargene sequences thus far
Several groups have investigated functional Several groups have investigated functional 
genes (nirS, genes (nirS, nirKnirK))
Most approaches have been qualitative to semiMost approaches have been qualitative to semi--
quantitative (clone libraries)quantitative (clone libraries)



MethodsMethods
CultivationCultivation
Cloning/ sequencingCloning/ sequencing-- DNA, DNA, 
RNA targetsRNA targets
Quantitative PCRQuantitative PCR
Stable isotope probing Stable isotope probing 
(SIP)(SIP)
High density High density 
oligonucleotideoligonucleotide arraysarrays



Target OrganismsTarget Organisms-- MetalMetal--reducersreducers

Dissimilatory metalDissimilatory metal--reducersreducers
DeltaproteobacteriaDeltaproteobacteria: Geobacter (I), : Geobacter (I), 
AnaeromyxobacterAnaeromyxobacter
BetaproteobacteriaBetaproteobacteria: : RhodoferaxRhodoferax
GammaproteobacteriaGammaproteobacteria: Salmonella (I): Salmonella (I)
Gram positives: Gram positives: DesulfitobacteriumDesulfitobacterium, , 
DesulfosporosinusDesulfosporosinus
Acidobacteria: Acidobacteria: GeothrixGeothrix

Fermentative metalFermentative metal--reducersreducers
Gram positives: Clostridium, Anaerovibrio, Bacillus, Gram positives: Clostridium, Anaerovibrio, Bacillus, 
PaenibacillusPaenibacillus
GammaproteobacteriaGammaproteobacteria: Pseudomonas, : Pseudomonas, SerratiaSerratia

I = IsolatedI = Isolated
Published evidence: Petrie et al., 2003; Istok et al., 2003; PeaPublished evidence: Petrie et al., 2003; Istok et al., 2003; Peacock cock 

et al., 2003; et al., 2003; ShelobolinaShelobolina et al., 2003; North et al., 2004et al., 2003; North et al., 2004



Target OrganismsTarget Organisms-- NitrateNitrate--reducersreducers

Dissimilatory reduction of nitrate to Dissimilatory reduction of nitrate to 
ammoniumammonium

DeltaproteobacteriaDeltaproteobacteria: Geobacter (I), : Geobacter (I), 
AnaeromyxobacterAnaeromyxobacter
Gram positives: Gram positives: DesulfitobacteriumDesulfitobacterium

DenitrificationDenitrification
BetaproteobacteriaBetaproteobacteria: : AlcaligenesAlcaligenes (I), Ralstonia, (I), Ralstonia, 
AzospirillumAzospirillum, Acidovorax (I), , Acidovorax (I), DechloromonasDechloromonas
GammaproteobacteriaGammaproteobacteria: Pseudomonas (I), : Pseudomonas (I), 
Klebsiella (I)Klebsiella (I)
AlphaproteobacteriaAlphaproteobacteria: : HyphomicrobiumHyphomicrobium, , 
BradyrhizobiumBradyrhizobium, Rhizobium, , Rhizobium, BlastobacterBlastobacter, , 
AgrobacteriumAgrobacterium (I)(I)

Published evidence: Published evidence: YanYan et al., 2003et al., 2003



Geobacter strain FRC 32Geobacter strain FRC 32

Isolate shares high sequence identity with phylotypes from acidiIsolate shares high sequence identity with phylotypes from acidic c 
FRC subsurface (North et al., AEM, 2004)FRC subsurface (North et al., AEM, 2004)

Growth with FeOOH as sole electron acceptorGrowth with FeOOH as sole electron acceptor
Limited substrate utilizationLimited substrate utilization
Approved for draft genome sequencing Approved for draft genome sequencing 



Key observationsKey observations
Diversity and biomass appear to be lower in Diversity and biomass appear to be lower in 
contaminated environmentscontaminated environments
In situ GW and sediment communities In situ GW and sediment communities 
dominated by dominated by proteobacteriaproteobacteria (alpha, beta, (alpha, beta, 
gamma)gamma)
Nitrate and metal reduction stimulated by C2 to Nitrate and metal reduction stimulated by C2 to 
C6 electron donorsC6 electron donors
Uranium reduction concurrent with Fe(III) Uranium reduction concurrent with Fe(III) 
reductionreduction
Low pH (Low pH (<< 5) toxic to nitrate5) toxic to nitrate--reducersreducers



Key observationsKey observations
Ammonium does not accumulate under nitrateAmmonium does not accumulate under nitrate--
reducing conditions in field or microcosmsreducing conditions in field or microcosms
Both community composition and biomass Both community composition and biomass 
change substantially during biostimulationchange substantially during biostimulation
Geobacteraceae make up small portion of in situ Geobacteraceae make up small portion of in situ 
communities (GW, sediment) but predominate communities (GW, sediment) but predominate 
after electron donor additionafter electron donor addition
Many Many OTUsOTUs detected by microarray but not in detected by microarray but not in 
clone libraryclone library



Wide heterogeneity of sediment (reflected in  uranium, nitrate,Wide heterogeneity of sediment (reflected in  uranium, nitrate, iron concentrations)iron concentrations)
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Challenges for the futureChallenges for the future
Develop effective sampling strategies for Develop effective sampling strategies for 
extreme heterogeneity in sediment extreme heterogeneity in sediment 
characteristics (mineralogy, pore geometry)characteristics (mineralogy, pore geometry)
Use PI coordination to increase Use PI coordination to increase replicabilityreplicability of of 
approaches within the same field experiment (to approaches within the same field experiment (to 
combat sample heterogeneity)combat sample heterogeneity)
QUANTIFICATION of distribution of important QUANTIFICATION of distribution of important 
functional groups (GW, sediments)functional groups (GW, sediments)
Develop methods to elucidate Develop methods to elucidate ““activeactive”” members members 
of populations during biostimulationof populations during biostimulation
Compare microbial communities in groundwater, Compare microbial communities in groundwater, 
sediments, microbial samplerssediments, microbial samplers



Challenges for the futureChallenges for the future
Add comprehensive study of biomass in Add comprehensive study of biomass in 
sediments and groundwatersediments and groundwater
Develop and deploy quantitative, Develop and deploy quantitative, 
cultivationcultivation--independent approaches in independent approaches in 
conjunction with field experiments and conjunction with field experiments and 
geochemical analysisgeochemical analysis
Free ourselves from bonds of PCRFree ourselves from bonds of PCR



OutlineOutline
IntroductionIntroduction

Intro to FRC researchIntro to FRC research
Working group objectivesWorking group objectives
Status of working groupStatus of working group

Summary of group resultsSummary of group results
Abundance/ biomassAbundance/ biomass
Microbial community compositionMicrobial community composition

ConclusionsConclusions
Future challengesFuture challenges



Conclusions: Conclusions: In situIn situ
Subsurface BiostimulationSubsurface Biostimulation

Using qualitative and quantitative molecular techniques, a Using qualitative and quantitative molecular techniques, a 
large change in the microbial communities was observed in large change in the microbial communities was observed in 
parallel with activityparallel with activity
Both the abundance and diversity of organisms changedBoth the abundance and diversity of organisms changed
GeobacterGeobacter and and AnaeromyxobacterAnaeromyxobacter are important are important organismalorganismal
groups involved in bioremediation activity (nitrate reduction, groups involved in bioremediation activity (nitrate reduction, 
metal reduction, metal reduction, dehalogenationdehalogenation))



Conclusions (cont.)Conclusions (cont.)

Sediment Sediment heterogenietyheterogeniety may explain why may explain why 
AnaeromyxobacterAnaeromyxobacter sequences were found in sequences were found in 
abundance in cloning experiments, but not in abundance in cloning experiments, but not in 
MPNMPN--PCR after biostimulation PCR after biostimulation 
Attached organisms are participating in Attached organisms are participating in 
bioremediation, but to what extent?bioremediation, but to what extent?
See poster in Integrative Studies sessionSee poster in Integrative Studies session



Conclusions: cultivationConclusions: cultivation--
dependent Investigationdependent Investigation

The abundance and community composition of The abundance and community composition of 
culturable FeRB is dependent upon geochemical culturable FeRB is dependent upon geochemical 
parameters (pH, nitrate)parameters (pH, nitrate)
Microorganisms capable of producing spores or Microorganisms capable of producing spores or 
sporespore--like bodies were representative of acidic like bodies were representative of acidic 
sedimentssediments
Neutrophilic organisms cultured from Neutrophilic organisms cultured from 
contaminated acidic sediment likely to be contaminated acidic sediment likely to be 
important since pH neutralization used for important since pH neutralization used for 
bioremediationbioremediation

Petrie et al., 2003, AEMPetrie et al., 2003, AEM



Change in Change in InferrredInferrred Physiology from Physiology from 
PhylogenyPhylogeny



DGGE profiling of DGGE profiling of eubacterialeubacterial 16S rRNA gene 16S rRNA gene 
sequences sequences -- microbial samplersmicrobial samplers

D.C. White, A. Peacock D.C. White, A. Peacock -- Istok et al., ESTIstok et al., EST



Table 3.  Bacterial 16S rDNA clones from biofilms formed on hematite in FRC Background Area well FW303.
Clone ID GenBank no. Frequencya Affiliationb (% similarity) (Accession) Putative division  
B-Y34 38 Aquaspirillum delicatum (97%) (AF078756) β-Proteobacteria
B-B3* 6 Pseudomonas mandelii (98%) (Z76652) γ-Proteobacteria
B-BH93 5 Oxalobacter sp. p8E (97%) (AJ496038) β-Proteobacteria
B-BD81   5 Pseudoxanthomonas mexicana (98%) (AF273082) γ-Proteobacteria
B-C4 4 Pseudoxanthomonas mexicana sp. UR374_02 (95%) (AF273082) γ-Proteobacteria
B-AA37* 4 Herbaspirillum seropedicae (97%) (Y10146) β-Proteobacteria
B-E7 3 Variovorax sp. HAB-30 (94%) (AB051691) β-Proteobacteria
B-BF84* 2 Sphingomonas sp. D-16 (96%) (AF025352) α-Proteobacteria
B-AQ60 2 Flavobacterium columnare (96%) (M58781) Bacteroidetes
B-L17 1 Methylocella sp. BL2 (92%) (AJ491847) α-Proteobacteria
B-BI94 1 [Pseudomonas] lanceolata (97%) (AB021390) β-Proteobacteria
B-AI50 1 Leptothrix discophora (95%) (L33975) β-Proteobacteria
B-AL54  1 Dechloromonas sp. MissR (98%) (AF170357) β-Proteobacteria
B-AG46* 1 Gallionella ferruginea (91%) (L07897) β-Proteobacteria
B-AX74  1 Aquaspirillum arcticum (95%) (AB074523) β-Proteobacteria
B-AB39  1 Clone mlel (98%) (AF280846) β-Proteobacteria
B-H11 1 Acidovorax sp. UFZ-B517 (98%) (AF235010) β-Proteobacteria
B-AW71* 1 Zoogloea sp. strain DhA-35 (91%) (AJ011506) β-Proteobacteria
B-N19 1 Ideonella sp. B513 (97%) (AB049107) β-Proteobacteria
B-O21 1 Ideonella sp. B513 (96%) (AB049107) β-Proteobacteria
B-AU68 1 Pseudomonas rhodesiae (96%) (AF064459) γ-Proteobacteria
B-AF45 1 Pseudomonas putida (90%) (AF094737) γ-Proteobacteria
B-AC40  1 Pseudomonas sp. NZ111 (92%) (AY014825) γ-Proteobacteria
B-BK96 1 Haliangium tepidum (92%) (AB062751) δ-Proteobacteria
B-I12 1 Opitutus sp. VeGlc2 (93%) (X99390) Verrucomicrobia
a  Frequency of a given RFLP-type out of 85 total clones.

C. L. Reardon, D. E. Cummings, L. M. Petzke, D. B. Watson, B. L. Kinsall, B. M. Peyton, and G. G. Geesey.
Comparison of attached communities in pristine and uranium-contaminated regions of a Department of Energy
subsurface site using molecular analysis of colonized hematite. (submitted)



Reardon et al., AEM  (submitted)



Viable counts of aerobic heterotrophsViable counts of aerobic heterotrophs
((BalkwillBalkwill lab)lab)

No growth observed in majority of plates No growth observed in majority of plates 
from contaminated FRC samplesfrom contaminated FRC samples
When growth observed, counts were 10When growth observed, counts were 1022

to 10to 1033 CFU gCFU g--11

UMTRA sediments: 10UMTRA sediments: 1033 to 10to 1077 CFU gCFU g--11



Bacterial Communities Before and Bacterial Communities Before and 
After BiostimulationAfter Biostimulation



MPNMPN--PCR Results (16S rRNA gene PCR Results (16S rRNA gene 
copies/gram sediment)copies/gram sediment)
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