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Overall VIMSS Goals

•To understand the mechanisms by which microbes adapt and survive

•To elucidate how they carry out mission critical processes

•To rapidly characterize new microbes to the level of a model microbe
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The Omics!!
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DOE 16s rDNA microarray
• Rapidly detect the composition 

and diversity of microbes in an 
environmental sample

• Massive parallelism - 550,000 
probes in a 1.28 cm2 array

• all 9,900 species in 16S rDNA 
database

• Single nucleotide mismatch 
resolution

MATCH
MISMATCH

cctagcatgCattctgcata
cctagcatgGattctgcata



• Arthrobacter ureafaciens
• Alpha-proteobacteria
• Azoarcus sp.

• Geothrix
• Geobacter
• Anaeromyxobacter

• Acidobacteria
• Desulfovibrio

• Actinobacteria
• Firmicutes
• Alpha-proteobacteria

• Actinobacteria
• Alpha-proteobacteria

16S GeneChip analysis
of dynamic bacteria



Real-time quantitative PCR confirmation – Uranium Bioremediation

Representative organism Phylocode Group
Average Difference

Area 2       Reduction       Oxidation
Geothrix fermentans 2.13.8.386 Nitrospina 45 2344 2290

Geobacter metallireducens 2.28.4.7.4.10207 δ-proteobacteria 251 2238 2188

Geobacter arculus 2.28.4.7.4.10209 δ-proteobacteria 38 1412 1698

(a) Array quantitation

(b) qPCR quantitation

GeobacteraceaeGeothrix fermentans

(Tokunaga et al., 2005; Wan et al., 2005)



Accuracy V Clone libraries

U(VI) subsurface soil Urban aerosolCr(VI) groundwater

768 clones 768 clones384 clones



Micrograph of FRC isolate growing on H2, CO2, acetate, 

and SO4
=



Principal Components Analysis
87% variance
107 compounds
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SSU rDNA, nirS, nirK, amoA, pmoA, dsr
94% of variance

* Methylobacter sp.
* Aquicella sp.
* uncultivated Acidobacteria
* uncultivated δ-Proteobacterium
* predominant pmoA, amoA, nirS

* Diaphorobacter sp.
* Rhizobium sp.
* predominant dsr, amoA, nirS

* Pseudomonas stutzeri
* Pseudomonas marginalis
* α-Proteobacterium
* predominant nirS
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Iron-Reducing Bacterium 
Isolated from FRC 
Sediments

Not closely related to 
previously cultivated iron-
reducing bacteria



Characterization of Field Samples
M.W. Fields, C.E. Bagwell, S.L. Carroll, T. Yan, X. Liu, D.B. Watson, P.M. Jardine, 
C.S.Criddle, T.C. Hazen, and J. Zhou.  
Bacterial community structure measured at different levels of resolution along a contamination 
plume.  (internal review in process)

Sample Type Method Data

FB-077 S 16S of enrichment 
(Fe/SO4)

Seq. in progress

FW-106 GW Cultivation
*Metagenome/16S

In progress

FW-024 GW 16S analysis

FW-104 GW 16S analysis

FW-101 GW 16S analysis

FW-026 GW 16S analysis

FW-103 GW 16S analysis

FW-109 S 16S of SO4-enrichment analysis

FW-109 S 16S of Fe-enrichment analysis

FW-109 S Cultivation Verify isolation

Work in Progress

Use 16S and metagenome data to isolate “predominant”
organisms Azoarcus and Frateuria

Predominant field-site organism, 
Anaeromyxobacter, submitted for genome 
sequencing

16S sequences in enrichment similar to organism 
isolated at UW

Compare communities between enrichments and groundwater samples across geochemical gradient



Diversa Technology Flow for VIMSS



High Throughput Technology for Enriching Low-Copy Number Pathways

E.coli with large
DNA insert

Amplify large
insert library in
microcapsule

(MIC)

Hybridize to
probes targeting

conserved
regions of stress

pathways

Amplify signal

Sort with
Fluorescence
Activated Cell
Sorter (FACS)

Only MICs with
targeted inserts selected

Recover DNA
from MICRetransform into

E.coli

Colony PCR
for clone

confirmation

Sequence 
fosmid

Mate into
expression hosts
for activity assays

Verified gene pathway



Multiple Displacement Amplification

Amplified Genomic DNA

5Õ 3Õ
Random hexamers bind to
denatured template

Primer extension

Extension and
strand displacement

Extension,
strand displacement  and
additional hexamer binding

Amplification cascade



Large Fragment Cloning
Amplified DNA

Partially digest

Ligate to 
fosmid arms

Package into phage λ
particles and
transfect E.coli

Array clones on an 
agarose plate

Amplified DNA

Partially digest

Ligate to 
fosmid arms

Package into phage λ
particles and
transfect E.coli

Array clones on an 
agarose plate

40kb
10kb

3kb

1kb

Restriction digest 
Random fosmid clones 
to verify 40kb insert size 
and library diversity

40kb
10kb

3kb

1kb



Summary of Soil Samples Evaluated
Sample ID Sample Name Core Segment Core 

Depth
Comments

Small 
Insert DNA 
Conc. Pre-

Ampli

Small 
Insert DNA 
Conc. Post-

Ampli

Small 
Insert 

Library

Large 
Insert 

Library

Background
FB609-01-00 B-Top 24-43" long 180-234" Background, 5ng/µl 278ng/µl Yes Yes

B-Bottom Anaerobic 4ng/µl 209ng/µl Yes Yes

Area 1
FB060-01-27 1-Top 27-46" long 180-228 " <25ppm U238 5ng/µl 140ng/µl Yes Yes

1-Bottom Anaerobic 5 ng/µl 206ng/µl Yes
FB060-01-00 1aL 0-25" long 180-228" ~ ~ Yes Yes

Area 2
FB052-01-12 2-Top 12-36" long 245-300" <200ppm U238 5ng/µl 246ng/µl Yes

2-Bottom Anaerobic 5 ng/µl 212ng/µl Yes
FB052-01-00 2aL 12-36" long 245-300" ~ ~ Yes Yes

2bL ~ ~ Yes Yes

Area 3
FB056-01-34 3-Top 34-58" long 144-198" <25ppm U238 2ng/µl 179ng/µl Yes Yes

3-Bottom Anaerobic 2ng/µl 263ng/µl Yes Yes
3aL ~ ~ Yes Yes
3bL ~ ~ Yes Yes

Notes: Pre-Ampli = DNA conc., pre-amplification with DNA polymerase
Post-Ampli = DNA conc., post-amplification with DNA polymerase



Library 3868, Sample 1, Area 3, FB-075-04-07; Depth: 324-360 inches 

Total Clone-ends Sequenced 1270   

Identical Clones 52 4.1% 

Clones with no Blast hits 155 12.2% 

Library 3875, Sample 3, Area 3, FB-075-04-07; Depth: 144-180 inches 

Total Clone-ends Sequenced 1119   

Identical Clones 8 0.7% 

Clones with no Blast hits 206 16% 

 



Microbial Diversity at the NABIR FRC Sampling Sites



Sequence Analysis

Evalue  Functional category based on blast hits

Transporters and small molecule binding
1.00E-33 lead,cadmium,zinc and mercury transporting ATPase
4.00E-39 Permeases of the drug/metabolite transporter (DMT) superfamily
2.00E-15 ABC-type multidrug transport system, ATPase subunit
3.00E-18 extracellular solute-binding protein
5.00E-50 putative cation-diffusion-facilitator; metal tolerance, zinc, cadmium
8.00E-99 cobalt/cadmium/zinc transporter

Toxicity response
5.00E-28 Radical activating enzymes
2.00E-33 Organic radical activating enzymes

Intermediate central metabolism
2.00E-47 glucose-1-phosphate thymidylyltransferase
2.00E-33 Glycine/D-amino acid oxidases (deaminating)
5.00E-27 Glycosyltransferase
6.00E-67 NAD synthase
5.00E-15 acyl-CoA dehydrogenase

DNA, RNA and protein synthesis
1.00E-15 DNA repair protein RAD51
2.00E-45 ATPases involved in chromosome partitioning
1.00E-34 DNA-directed RNA polymerase beta subunit/160 kD subunit

Sample of blast hits from clones in a library 
constructed from amplified gDNA from 
sample #FB052.

Diversity analysis of genomic DNA from soil samples #FB052 and #FB056 based on rRNA genes. The neighbor-
joining phylogenetic tree was generated using genetic distances calculated with DNADIST in the PHYLIP 
package. 
Representative related database sequences were included for reference. Clusters of sequences with higher than 
95% identity were represented by symbols indicating the number of those sequences.



Histidine Kinase Sequence-Based Screen

DNA Probe Generation 

Degenerate PCR primers designed from conserved regions

Sense Primer
5’-GGCSCAYGARATSAACAACCC-3’

A subfamily from D. vulgaris of Histidine Kinases
Antisense Primer

5’-GGTSGTGAAGAASGGYTCGAA-3’



Bioinformatics Critical Path

Environmental
Characterization

Environmental
Sequence

Functional 
Genomics

Biophysically
Characterized

Molecules and Machines

Cellular 
Imaging

Centralized, Cross-Referenced Databases

Sequence Data

Microscopy of Molecular Machines
Deduction of pathways, 
modules and dynamics

High resolution
Cell Imaging

Modeling of 
Realistic Cells

Predictive
Simulation

Comparative Genomics: http://vimss.org



Pipeline Stressors

• NaCl, KCl - complete, paper submitted this week
• NO2 - complete, paper submitted
• NO3 - complete, paper in preparation
• pH - complete, paper in preparation
• Heat shock - complete, paper submitted
• O2 - complete, main paper in preparation, FTIR 

paper submitted
• Contaminated Site Stress Simulation - in progress, 

FRC groundwater, e.g. high nitrate
• Cr - in progress
• U - in progress
• Knockout mutations - Fur & Zur stress pipelines in 

progress



Stress Response Pathway Pipeline NaCl example

Overview of transcriptomics

Na+

H+
Na+

H+

Na+

Na+
AAs

ATP synthase

Ech (Na+ extruding subunit)

Sulfate reduction
machinery

Flagellum

Na+/H+ antiporters (nc)

AA symporters (nc)

H2

H+

e-

SO4 H2S



Osmoprotection
D. vulgaris : Osmotic Stress and Growth with Glycine 

Betaine

0

50

100

150

0 12 24 36 48 60 72 84 96

Time (hours)

Control

2 mM Glycine
Betaine
250 mM NaCl

250 mM KCl

NaCl + GB

KCl + GB

.

NOTE: mean concentration (n=6) simultaneous runs using same cell preparation, 
sampling at 2 h interval, LS4D medium, DvH-ATCC:29579_3128 (File: DvH-GBppt2-
030605.xls)



Supportive Projects
• Microbes online - Comparative Genomics Database, 

Genome Browser, Operon Browser, Regulon Browser, 
Pathways - http://www.microbesonline.org

• DvH mutations - >50 knockouts and tagged
• Sequencing

– D. vulgaris DP4 - phageless strain, in progress
– D. vulgaris plasmidless strain, in preparation
– need more Dv strains from DOE sites

• Stress expression and SRB roles - analysis of FRC 
and Hanford using enrichments, FGA, phylochip, 
metagenome analyses, clone libraries

• Community Analysis (Phylochip)
– Criddle DNA in comparison to FGA
– Kostka DNA in comparison to enrichments, TRFLP etc.

http://www.microbesonline.org
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