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Use of biomolecular signatures to unravel biogeochemical reaction networks underlying Cr(VI) reduction at the Hanford 100H site
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We are developing the use of biomolecular signatures as part of the LBNL SFA challenge eniied “Unraveling
Biogeochemical Reaction Networks Mediating Sustained Chromium Reduction’, which focuses on in situ reductive
immobilization of Cr at DOE's Hanford 100H site. There are two primary research components of biomolecular signatures in
this challenge: (a) biomolecular signature discovery, which involves development and testing of meta-transcriptome-based
ger ression microarrays and (b) quantifying biomolecular signatures, which involves assessing relationships between
microlal melabolc acvty (o9 iato reduction) and spocicblomolecuar signaturs (2.9, narG gono o ranscrit cony
number). The Somacun signature work here is being integrated into an interdisciplinary effort involving
‘speciroscopic, isotopic, and reactive transport medalmg ‘approaches. Among the research hypotheses to be addressed in
this challenge are the following: (1) Microbial processes mediate both direct (enzymatic) and indirect Cr(VI) reduction at
Hanford 100H, but indirect pathways dominate sustained reduction; furthermore, sulfate reduction is the electron-accepting
process ulimately driving sustained Cr(VI) reduction at Hanford 100H, and (2) Fermentativelacetogenic versus respiratory

ovel ihat uses
the meta-transcriptome (CDNA representing the collective mRNA transcripts from the entire microbial community) to design
high-density oligonucieotide microarrays, which can be used to identify highly exprema genes in a specmc ‘community
under conditions of interest, without requiring any a priori expressing
or pror sequence information from data ropositoris. This approach represerts an aftematve {0 functional gene arays,
which entail a priori assumptions about key gene sequences, and has the potential to reveal novel and important molecular
signatures for a specific community based on differential expression of genes represented in a customized array.
generate meta-transcriptome samples, we inoculated anaerobic microcosms with groundwater from the Cr-contaminated
Hanford 100H site and supplemented them with laciate and eleciron acceptors present at the site, nimaly‘ nmams sulfate,
and Fe(lll). The microcosms progressed successively throu
conditions, and after a second addition of nitrate, nitrate-dependent F!(II}-nndlz\nq conditions. Cr(VI) = mnldly reduced
initially and again upon further Cr(VI) amendments. ~Community DI ted during each major
biogeochemical phase and were subjected to PhyloChip analysis to eharscrie ‘community composition under various.
electron-accepting conditions. Community mRNA was amplified and reverse transcribed using methods  described
elsewhere, which include microbial RNA polyadenylation and linear ampliiication with a T7 RNA polymerase (MessageAmp
Il-Bacteria Kit, Ambion). This cONA preparation method was designed o reduce the amount of cONAS representing rRNA.
Samples representing several different biogeochemical regimes will be submitted for pyrosequencing using the 454 Titanium
technology.  Ultimately, arrays derived from the meta-transcriptomic sequence data will be used to interrogate 100H
groundwater samples.
Microbial Activity-Signature Relationships: Initally, we are sing wellcharacterized cultures isolated from the Hanford
100H site to establish whether quantitative relationships can be determined between relevant metabolic activity and (a) gene
copy number (qPCR) and (b) transcript copy number (RT-GPCR). If consistent activity-signature relationships can be
ot Tootk T ot (st lo Koy o] ot act 00 o cab@
incorporated into the reactive transport modeling effort at Hanford e sequences have been determined for key
functional genes (e.g. chromate reductase genes chrR and cytochrome c3, Goniigaton genes narG and nirS, and sulfate
reduction genes dsrA and aprB) in two bacterial species isolated from Hanford 100H groundwater: strain RCH1 (a sufate-
reducing bacterum simiar to Doculovibro s Hidenborough) and sran RCH2 (a denitying stln simiar to
’seudomonas stutzer). For Hanford bacterial strain RCH2, we have investigated some activity-signalure relationships and
Cr{VI) reduction inets in bt systems; some of this work has been transitioned to continuous culture (1., chemostat).

Microcosms inoculated with Hanford 100H groundwater were used to
provide meta-transcriptome samples under various relevant TEAPs

! Geochemical data for Hanford 100H anaerobic
microcosms showing 5 harvesting time points.

(Chromium (vellow arrows)

Denitification, chromate reduction, and lactate:
mineralization;

Lactate fermentation to acetate and propionate,
Fe((ll) reduction, and minor sulfate reducion;

Sulfate reduction and Fe(Il) reduction in the
absence of lactate;

4,5 Lactate fermentation (to acetate) and sulfate
"> reduction after re-spiking of sulfate and lactate.

‘The 3 downward arfows (color coded by chemical)
represent re-spiking events. Eror bars represent one.
standard deviation for all chemical variables.

‘Geochemical data for Hanford 100H anaerobic
ing time points for
fation coupled with

te reduction (yellow arrows)

‘These biogeachemical conditions may be.
relevant to anaerobic re-oxidation and re-
mobilization of Cr(ll) to Cr(VI), which can
‘occur if Mn(1) s re-oxidized to Mn(IlV).

tandard deviation
for both chemical variables.

BIOMOLECULAR SIGNATURES APPROACH

SIGNATURE DISCOVERY - META-TRANSCRIPTOME-BASED MICROARRAYS

+ Develop a novel and high-throughput approach that uses the meta-transcriptome to design high-density
oligonucleotide microarrays, which can be used to identify highly expressed genes in a specific community
under conditions of interest, without requiring any a priori hypotheses about which genes the community
might be expressing or prior sequence information from data repositories.

Meta-transcriptome  samples ~ derive from ~ anaerobic
microcosms inoculated with Hanford 100H groundwater and
harvested at times representing a range of possible
biogeochemical conditions (e.g., chromate reduction and
denitrification, sulfate reduction, ferric iron reduction, etc.).
(An idealized illustration is given on the right.) ——
Design high-density oligonucleotide arrays (NimbleGen platform) based on the collective meta-
transcriptome sequences.

Use the meta-transcriptome-based microarrays to interrogate Hanford 100H field samples to understand
whole-community gene expression under conditions of interest.

SIGNATURE QUANTIFICATION - MICROBIAL ACTIVITY-SIGNATURE
CORRELATIONS
Use well-characterized bacterial cultures from Hanford 100H to assess whether quantitative constants can
be established that correlate biogeochemical activities with molecular signatures based on DNA (gene copy
number) or MRNA (transcript copy number)
If robust correlations can be established, incorporate into reactive transport models gPCR or RT-qPCR data
from groundwater samples to estimate in situ metabolic rates.

y over a range
of relevant terminal

Cluster analysis of Bacterial and
Archaeal community composition
‘over Hanford 100H microcosm
harvesting time points

Bacteria

Bacterial and Archaeal communities
diverged rapidly from the intial composition
but began to converge over time as
electron acceptors were depleted.
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Approach

* Use well-characterized bacterial cultures from Hanford 100H to assess
hether q constants can Ihat corelato
Aivities with molecular sig based on DNA
(gene copy number) or mRNA (transcript copy number).
* If obust correlations can be established, incorporate into reactive
samples to

or RT-qf
estimate in situ metabolic rates.
* For esulsraported horo, we oxplored activiy-signature rlationsrips
far two denitrification geres ¢ Anare mt to reduclase « subum(, and
PoB (RNA
W\ymerase‘ 3 suhum\) [ demmiymg baciriom sciaied fom Herlord

Anaerobic chemostat studies run with Hanford denitrifying strain RCH2 (like P. stutzeri)

Four steady-state conditions were chosen for harvesting in a
chemostat operated under the nitrate-limiting conditions below.
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Cell suspension studies conducted wnh Hanford strain RCH2 (like
F ) showed Cr(VI; ion under
both denitrifying and aerobic con ns
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3 ith 20 mM
lactate and 20 mM nitrate, harvested at mid log phase, lactate (shskmq 2200 o) harvesied at o \og phase,
washed with buffer, and resuspended i a bicarbonate (30 washed with buffer, and resuspended in a bicarbonate (30
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mM) buffer containing 50 1M mM) i phosphate (10 mM) buffer containing 50 M
chromate, 20 mM lactate, 20 mM nitrate, and 40 pgimL chromate, 20 mM lactate, and 40 g/m chloramphenicol

Molecular methods: 5-miL the four conditions sh combined with 2vol of

ODB00 was ~ 1.8 (~3.4 E9 cellsimL); cells were shaken

‘The suspension ODB00 was ~ 0.95 (~1.85 E9 cells/mL). X
at 200 pm. At selected times, cells were spun down (14K

Growth and resuspension studies were conducted in an
selected times, cells were spun

RNALater (Ambion), and processed with the AllPrep DNA/RNA Mini Kit (QIAGEN). Total DNA and cl
‘2 Nanodrop model ND-1000. Reverse transcription was performed with random hexamers and Suparsmm 1 invitrogen).
GPCR of DNA and cDNA was performed with a BioRad MyiQ real-time PCR system (SYBR Green).
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Approach: Preferential polyadenylation of
mRNA followed by oligo-dT-primed reverse
transcription, second strand synthesis and in
vitro transcription

Requirements: High-quality RNA with minimal

No preferential mRNA amplification was found.
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degradation. As preferential mRNA amplfication
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i 5 and 28 mM nitrate/day, corelations to fiarG and nirS gene copy number yielded r2 values
01 0,89 0.91 and to ranscipt copy number, 1 values of 0.94 - 0.95. The relationship did not hold between 28 and 61 m
irateiday, butsuch hih ratas e unlkely o ocour n i Subsurfecs.

rpm, § min) and the supematant was analyzed by LC-ICP-
‘down (14K rpm, 5 min) and the supenatant was analyzed

M {for Cr(V1) and Cr(Il] and by IC (for anions),
:'y“lo.:s-l)CP-MS [P DR Resuspension of aerobically grown cells under anasrobic
conditions yielded negligible Cr(V1) reduction (not shown).

SUMMARY

Meta-ranscriptome samples have been generaled under a range o relevant elecron-accsping condions (6.9, chromate-
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inoculated with Hanford 100H groundwater
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‘Assess performance of meta-transcriptomic microarray vs. pre-defined
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