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ABSTRACT

Table 2. Geochemical analysis of groundwater from selected FRC wells. Contaminant levels decrease with distance from the former S-3 ponds.

The objective of this study is to examine the bacterial community structure in

wells of varying heavy metal and acid contamination to determine which Fig. 1. Map of the Distance

contaminants have the greatest effect. Five monitoring wells and an sampled FRC from ponds Al Ca cl Mg Mn Ni Nitrate Sulfate u pH
uncontaminated background well from the Field Research Center (FRC) site rgr:oo:i:g:/:;e\:/eus (m) (mg/l) (mg/l) (mg/l) (mag/l) (mg/l) (mg/) (mg/) (mg/) (mg/)

of the _U.S. DOE ERSP (Environmental Rem_edlatlon S_CIence Program) at FW301 7021 037 3051 1.03 2.40 0.09 n 0.47 492 - 5.46
Oak Ridge, Tennessee, were sampled to provide a gradient of groundwater

nitrate, pH and uranium concentrations. DNA from these samples was GW706 2269 035 108.14 423 24.43 - 6.65 79.8 239 0.06 7.29
analyzed with a comprehe_nswe fun_ctlonal gene array containing 24,243 GW526 438 07 181.89 36 76.18 - . 741 236 - 8.00
probes for >10,000 genes involved in carbon, sulfur, nitrogen, and metal

cycling. Genes with the highest signal intensities from each sample were PTMW02 407 204 1846.9 142 193.35 70.1 131 7536 114 184 4.64
correlated with the groundwater geochemistry of that well. Wells with Background site FW413 125 80.74  106.14 733 237 2837 403 706 1193 2145 375
similar geochemical profiles had greater gene overlap than dissimilar wells. FW301 t

A higher percentage of nitrogen fixation genes were detected in groundwater FW113-47 103 486.07 786.57 456 112 50.22 14.56 5811 2660 66.96 344
with lower nitrate concentrations, while the percentage of nitrate reduction

genes generally decreased with decreasing nitrate. Wells with elevated Fig. 2. Distribution of gene categories in selected wells. All genes detected were Fig. 3. Cluster analysis of microarray signal intensity of all genes detected by
sulfate concentrations had a greater percentage of genes dedicated to sulfate divided into functional gene categories. Each gene category is represented in each GeoChip. Wells with similar geochemical profiles clustered more closely than wells

reduction, and higher signal intensities for dsrAB genes than the background,
indicating a greater abundance of those genes. Contaminated wells did not

well, but the percentage of total genes varies by well. with less similar water chemistry. Clustering of wells based on signal intensities from
GeoChip hybridizations using DNA amplified from the quantity of DNA present in 1

J ¢ 4 Contaminant levels decrease mOrgank degradatien liter of dwate template in selected well
have a higher percentage of metal reduction and resistance genes than the with distance from the former 100% - YN iter of groundwater as template in selected wells.
background, but the total signal intensity of those genes was 1.4- to 2.3-fold S-3 Ponds (currently a parking 3 :;: | i atian
greater than the background, indicating that metal-related genes were more lot). Spatial autocorrelation of et
s : : . functional gene diversity is not Bt LU
prevalent in the contaminated wells. Uranium, nitrate and sulfate were bt - % g
! o . B L N significant by Mantel test (p = - | | mhathans saideien 0 x ) x 1
identified by CCA as important factors in determining community structure. 0211, r = 0308). Distance £ 5w ¢ | ft L } 3 N - I = I
This study provides an overall view of the functional genes present in a from the S-3 ponds has a nearly [} ;"“ T 1010 ST I S gD I HT
highly contaminated environment, and shows the differences in functional significant effect on diversity as B % T 1 el 4]
populations between wells with varying contamination. As indicated by this indicated by Mantel test (p = . l: | = — a0
work, contaminant level has significant effects on bacterial community 0059, r=0476). pisd| D ) Ij ) D - E| e
structure, the knowledge of which may be important in planning and FWI34T  PAI GWTDE  PWIO! | @C segredeton

implementing successful bioremediation strategies in the future.

Fig. 4. Relationship between sulfate concentrations and the presence and abundance of Fig. 5. Relationship between nitrate concentrations and the presence and abundance of nitrogen Fig. 6. Relationship between metal concentrations and the presence and abundance of

sulfate reduction genes (dsrAB) in selected wells. In the 170 genes detected with the cycling genes in selected wells. In the 170 genes detected with the greatest signal intensity, the percent metal-related genes in selected wells. In the 170 genes with the greatest signal intensity, there
M ETHODS greatest signal intensity, the percentage of genes detected that are devoted to sulfate of genes devoted to nitrogen fixation appears to increase as nitrate concentrations decreases, though the is little between metal and the percent of genes detected that are
reduction appear to decrease with decreasing sulfate concentrations. The total signal signal intensities vary. The percent and total signal intensity of nitrate reduction genes appear to be involved with metal reduction and resistance, but the total signal intensity is higher in wells
. . intensities also drop off as sulfate concentrations decrease. elevated in the middle-nitrate wells, but drops off in the well with the highest nitrate concentration. with elevated metal concentrations, indicating a greater abundance of these genes.
+ Six groundwater monitoring wells at the FRC were selected for sampling, to provide
a gradient of contaminants, including one uncontaminated background well. T TR
Groundwater was analyzed for metal and ion concentrations. [r— 3 1 umxa:: pones
" " . S L L] | Toog ki i
+ High molecular weight DNA was extracted from groundwater by filtration and a B% B sutate reuction genes - ot S ety 200 Total Sgnal intensity okal Signal intereehy | | goq
freeze-thaw grinding and phenol/chloroform extraction procedure. - 5% e 250 % 1 R Rten 000 5+ ke
+ A guantity of DNA equal to the amount extracted from 1 L of groundwater was = = 12 s 400
amplified by whole community rolling circle amplification using a TempliPhi kit (GE i 4% 00 I % [ e
Healthcare, Piscataway, NJ). DNA was then labeled with a Cy5 fluorescent dye. 3 'é' 2 Rl o0 ‘E § 443 L 300
+ Labeled DNA was purified and then hybridized to the GeoChip functional gene ‘é‘ Ll 50 = R = g 5
array in a Tecan hybridization station (Durham, NC) at 42°C 10 h with agitation. g . £ a 440 t mﬁ i g
o . : &% wo 8 g o - - 200
+ Arrays were washed, dried and digitally scanned. The signal intensity for each probe 5 2 5 o - = 0+ =
was determined using Imagene software (Biodiscovery Inc., Los Angeles, CA). = 1% 500 £ % 1 =
*+ Probes were considered positive if the SNR > 1.5 (Signal to Noise Ratio). Genes % 1000 5 L 100
were considered positive if at least 33% of the probes for a single gene were positive. 0% 0
+ Cluster analysis and Mantel tests were performed with microarray signal intensity FW113-47 FWw413 GWTOE Fwan1 bl EE i L) o- + ‘a
data and geochemical data using PC-ORD. ’ F\N!I}l? Fwia1a GWTOE P3N
+ Canonical Correlation Analysis (CCA) was performed using CANOCO (Biometris).
+ The Vegan package in R (v. 2.6.0) was used to perform the BioEnv analysis to select . . . . . .
the geochemical variable that explains the greatest amount of variation observed in the Fig. 7. (a) Canonical Correlation Analysis (CCA)Vand (b) \/anancerPamtlomng Analysis (VPA) of functional gene d]versnty with distance from
ene diversi former S3 ponds and geochemical variables (uranium, sulfate and nitrate). (a) Concentrations of uranium, sulfate and nitrate are important factors in
9 ty. the determining the structure of the wells. Distance from the ponds is important in the community diversity observed in the low- S M MARY
contamination and background well. These variables explain approximately 70% of the variation observed, at a nearly significant level (p = 0.083).
Table 2. Numbers of (b) Contaminant levels (uranium, nitrate and sulfate) and distance from the S3 ponds each explain approximately one third of the variation observed in the
Gene Category Probe # 50-mer oligo probes for genetic diversity detected by GeoChip. The interaction between these two variables explains 17% of the variation observed, with 21.9% unexplained by +Bacterial communities from similar contaminant levels have more similar functional gene communities
Nitrogen 1432 each functional gene the tested variables. and cluster together based on these similarities.
Denitrification 2306 fs"";:?:"h'i)l’)””"“d on the < @ ®) +Functional gene diversity and abundance often correlate with the concentrations of relevant
Nitrification 347 ’ - b interaction contaminants in these wells.
Nitrogen fixation 1225 H p . + CCA and VPA indicate that contaminant levels, specifically sulfate, nitrate, and uranium, and distance
H i i istance from ignifi i ini i i
Metal reduction and resistance 4546 = : ;'L?fr:(uem nitrate, S3 ponds from the former S3 ponds are significant factors in determining bacterial community structure.
Org. contam. degradation 8028 % : St p=0.046 p=0.046
Methane oxidation 336 8
Methane generation 437 “_"’ e T ACKNOWLEDGEMENT
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