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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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Rapidly detect the composition
and diversity of microbes in an
environmental sample
Massive parallelism - 550,000
probes in a 1.28 cm? array
all 9,900 species in 16S rDNA
database
Single nucleotide mismatch
resolution

cctagcatgCattctgcata
cctagcatgGattctgcata

R ] Lo [ e e = e [ e D R ||

Campylo 'ij'"“ g

‘ ! T
AN GeneChip

130 131

B35
46

ME BHE BB ME R EE =B HE MHE BEE BB M
B BN EX B EL EX EX EL E il Bz




16S GeneChip analysis
of dynamic bacteria
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(a) Array quantitation

Average Difference

Representative organism  Phylocode Group Area2  Reduction  Oxidation
Geothrix fermentans 2.13.8.386 Nitrospina 45 2344 2290
Geobacter metallireducens 2.28.4.7.4.10207 d-proteobacteria 251 2238 2188
Geobacter arculus 2.28.4.7.4.10209 d-proteobacteria 38 1412 1698

(b) gPCR quantitation
. _Geothrix fermentans

I Area 2
+ I Reduction
E I Cxidation
? 107 4
w
‘TD']
[Fs]
D
g
8 108 4
L]
|
L]
L) ]
g 10 4
w
w
ND
10 :
Area 2 Reduction Oxidation

(Tokunaga et al., 2005; Wan et al., 2005)
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® Chromium contaminated aquifer water
1 ® Uranium contaminated sediment
v Urban aerosol
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Micrograph of FRC isolate growing on H,, CO,, acetate,

and SO4:




Principal Components Analysis
87% variance
107 compounds

* Tetrachloroethene
*9T¢c, SO,, Na
*1.,1,2-trichloro-1,2,2-trifluoroethane

* Absence of 1,1,2-TC-1,2,2-TFE
* Absence of ®Tc, NO,, Al, Ca
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Iron-Reducing Bacterium

Isolated from FRC
Sediments
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Not closely related to

previously cultivated iron-

reducing bacteria

100

clone fw109-fe-h05

clone fw109-fe-E02
clone fw109-fe-c07

clone fw109-fe-A08
isolate fw109-5

73

L[ clone FB47-9 (AY527785)
100 - clone FB46-10 (AY527764)

clone 45D-27 (AJ504431)
82
clone 45D-51 (AJ504428)

62 clone 90D-47 (AJ504435)

100

— clone FB34-4 (AY527798)

Anaeromyxobacter FAc12 (AJ504438)

Anaeromyxobacter dehalogenans 2CP-2 (AF382398)
Anaeromyxobacter dehalogenans 2CP-5 (AF382397)
Anaeromyxobacter dehalogenans 2CP-C (AF382399)
Anaeromyxobacter dehalogenans 2CP-3 (AF382400)
Cystobacter ferrugineus (AJ233902)
o Cystobacter violaceus (AJ233906)
o | Archangium gephyra (AJ233913)

69 Corallococcus coralloides (AJ811620)

98 Myxococcus xanthus (M34114)

100

Desulfuromusa kysingii (X79414)
Geobacter metallireducens (L07834)

Geobacter sulfurreducens (U13928)

Desulfotalea psychrophila (AF099062)

97

Geospirillum barnesii (U41564)

Shewanella oneidensis (AF039054)

100 Shewanella alga (X81621)

0.05



Bacterial community structure measured at different levels of resolution along a contamination

plume. (internal review in process)
Work in Progress

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

16S sequences in enrichment similar to organism

1solated at UW

Sample | Type | Method Data

FB-077 S 16S of enrichment Seq. in progress
(Fe/SO,)

FW-106 | GW | Cultivation In progress ||-
*Metagenome/16S

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 SO,-enrichment | analysis ||-

FW-109 | S 16S of Fe-enrichment analysis

FW-109 | S Cultivation Verify isolation |I*

Compare communities between enrichments and groundwater samples across geo

Predominant field-site organism,
Anaeromyxobacter, submitted for genome

sequencing

nnnnnnnnnn



Microbial
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Hybridize to
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Random hexamers bind to = 4 ﬂ

denatured template

Amplified Genomic DNA
Sample 1 2 3 4 -c

Primer extension 3 = — g
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Package into phage A
particles and

transfect E.coli

Array clones on an
agarose plate
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Small

Small

Small Large
Sample ID |Sample Name |[Core Segment Core Comments Insert DNA | Insert DNA Insert Insert
Depth Conc. Pre- |Conc. Post- Library Library
Ampli Ampli
Background
FB609-01-00 B-Top 24-43" long | 180-234" |Background, 5ng/pl 278ng/pl Yes Yes
B-Bottom Anaerobic 4ng/ul 209ng/ul Yes Yes
Areal
FB060-01-27 1-Top 27-46" long | 180-228 " [<25ppm U238 Sng/pl 140ng/pl Yes Yes
1-Bottom Anaerobic 5 ng/pl 206ng/ul Yes
FB060-01-00 laL 0-25" long 180-228" ~ ~ Yes Yes
Area 2
FB052-01-12 2-Top 12-36" long |[245-300" |<200ppm U238 Sng/pl 246ng/yl Yes
2-Bottom Anaerobic 5 ng/pl 212ng/ul 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/ul 179ng/pl Yes Yes
3-Bottom Anaerobic 2ng/pl 263ng/ul 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%0
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%




Area 3

High diversity, no dominants
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4ﬁ_eclerc|a adenocarboxylata
Pantoea aglomera

\ariovorax paradoxus

[Burkhcm:lerla anthina

Aminomonas aminovorus
Methylomonas methanolitica
Telluria mi

Duganella zoologoides
la proteobacterium WubeBE

Stenotrophomonas maltophilia
Rhodanobacter linadoclasticus
Frateuria sp. NO-16/acidic mine drainage

Pseudomonas synxantha
Pseudomonas azotoformans
Pseudomaonas putida
Pseudomonas fulva
]
Methylobacterium sp. Ad

]
bacterium S5JA-9, TCB-transforming microbial consortium

Phyllobacterium rubiacearum
uncultured bacterium #0319-6G20

F'olyanglum vitellinum

18]
Mitrospina gracilis
uncultured bacterium, contaminated aquifer
3

[_D—uncu Itured bacterium Bor0649-1
uncultured bacterium DAOS2

—

Pedobacter heparinum

0.05

| FB052-01-00
D) FBO056-01-34

Cytophaga sp. P1
Flavobacerium pectinovorus
Flavobaclerium xylanivorus
Flavobacterium sp.

Betaprotecbacteria

Gammaproteobacteria

Alphaproteobacteria

Deltaproteobacteria

Bacteroidetes/
Chlorobi

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

- Bvalue  Functional category based on blasthits

1.00E-33
4.00E-39
2.00E-15
3.00E-18
5.00E-50
8.00E-99

5.00E-28
2.00E-33

2.00E-47
2.00E-33
5.00E-27
6.00E-67
5.00E-15

1.00E-15
2.00E-45
1.00E-34

Transporters and small molecule binding

lead,cadmium,zinc and mercury transporting ATPase
Permeases of the drug/metabolite transporter (DMT) superfamily
ABC-type multidrug transport system, ATPase subunit
extracellular solute-binding protein

putative cation-diffusion-facilitator; metal tolerance, zinc, cadmium
cobalt/cadmium/zinc transporter

Toxicity response
Radical activating enzymes
Organic radical activating enzymes

Intermediate central metabolism
glucose-1-phosphate thymidylyltransferase
Glycine/D-amino acid oxidases (deaminating)
Glycosyltransferase

NAD synthase

acyl-CoA dehydrogenase

DNA, RNA and protein synthesis

DNA repair protein RAD51

ATPases inwlved in chromosome patrtitioning

DNA-directed RNA polymerase beta subunit/160 kD subunit

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.



DNA Probe Generation

Degenerate PCR primers designed from conserved regions

Sense Primer
5-GGCSCAYGARATSAACAACCC-3’

— 50

LHEINNPLG LINLEA DPAL
LHE INNFLGGI DETL
AHEMNNPLGAT LPLL
LHEINNPLGLI TADL
AHEINNFPLS ATA ATDL
FSPTL
LPGL
TRFDF
TEGGMDEL
R-QGATAE

QTGRS0
(1) ————————— QDDMP OG0

s ==

(1] —————————— MEDLAFDSA
(1) ———mmmmmmm e AHE INNPRET avllac

(1] ———————— LHEIMNNF EELG

[ T —— LHE II“]NPL

(1] ————————— LHE IRENAG KDL

(1] ———————— LHE

(1) ————————— ALHE PLNAIR

(1) QEEFQLEFHOLEEHN LHE PLTAINGFAE

A subfamily from D. vulgaris of Histidine Kinases

{175]
{175]
[176)
[174)
{179]
{175]
{175)
{175]
{141)
{139)
{140)
[142]
{152}
{152
{154)
{150}
[154)
{152
{153)
{180}

201 250

PRI EDHGFGHTE FEFFFTTEDVGVETGLG
PRI DGR E FEFFYTTEINVGEGTGLS
PEI IDNGEGISE RIFEFFF

iIDAGIGUGIG

PRI ADNGPGHTLEORRRAFEPFFTTREVGMGTGLG
IHI SDNGPGHHE FEFFFTTRPPGRGTGLG
PTI EDNGPGHSE FEFFFTTRAPGRGTGLG
PTI P RIFEFFFTTEPPGMGTGLG
PAI RIFEPFETTEPPGVGTGLG
--B AE HRERIF PFFTTKPAGSGTGLG
-LI E ALORMFBFPFETTRETG--TGLG
-TI RUNGEGIPELHRDRIF PF TTEETGRGTGLG
--IRTRLDIAHMTWT PFFSTHPVGRGTGLG
EPRLAGECVIGPVES HEPFFTTKGE GTGLG
-REIMHGODEEHD AL LP FOPFFSTRSVGRGMGLG
- GMALGN-——-- LORINDFFFTTEPVGRGTGLG
-FLLDG CRHIFEPFFTTRET-AGTGLG
-GLLPDR----3EWF LSRIFBFFETTREVEEGTGLG
-vI ETDGRE QORIFEPFFTTEEVGEGTGLG
-RI SHEGDTH RECHFOPFFTTRATGOGMGLG
AVITMAPFRDERHAGF TMRD TGS GIP OEHLHSEFEPFFTTRPVGRG IGIG

Antisense Primer
5-GGTSGTGAAGAASGGYTCGAA-3’
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e NaCl, KCI - complete, paper submitted this week
* NO, - complete, paper submitted

* NO, - complete, paper in preparation

* pH - complete, paper in preparation

* Heat shock - complete, paper submitted

* O, - complete, main paper in preparation, FTIR
paper submitted

e Contaminated Site Stress Simulation - in progress,
FRC groundwater, e.g. high nitrate

e Cr - in progress

e U - In progress

e Knockout mutations - Fur & Zur stress pipelines in
progress



ATP synthase 1 Overview of transcriptomics

@ Ech (Na+ extruding subunit1
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D. vulgaris : Osmotic Stress and Growth with Glycine
Betaine

150

— Control

—— 2 mM Glycine
Betaine
250 mM NaCl
— 250 mM KClI
100 -

| o // // / }

0 12 24 36 48 60 72 84 96

Time (hours)

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.xIs)




* 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

Siress 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

Mukhopadhyay, Eoin Brodie, Sharon Borglin, Hoi-Ying Holman, Jil Geller, Elenor
Woezi, Jenny Lin, Dominique Joyner, Rick Huang, Romy Chakraborty, Boris
Faybishenko, Mark Conrad, Joern Larsen, Zouping Zheng, Gary Andersen, Todd
DeSantis, Tetsu Tokunaga, Jiamin Wan, Susan Hubbard, Ken Williams, John Peterson,
Natalie Katz, Jill Banfield, Tamas Torok, Seung Baek, Don Herman, Mary Firestone

_r_::}‘ m Adam Arkin, Eric Alm, Kat Huang, Dylan Chivian, Janet Jacobson, Jay Keasling, Aindrila
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Pacific Northwest National Laboratory . .h’-? . .
...delivering breakthrough science and technology Phil Long’ et al. - Steve Koenlngerg, Ana Willet
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Indiana University ~ Lisa Pratt, et. al.
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