Supplementary Information

Methods
Most Probable Number (MPN) enumerations

MPN enumerations of core sections at various depth intervals were set up to
enumerate the viable members of the heterotrophic nitrate reducing community (Weber et al.
in prep). From the zone within the aquifer demonstrating the most abundant nitrate reducing
microbial community a detailed MPN enumeration was conducted at 0.3m intervals. One
gram of sediment was serially diluted 9mL of anoxic (headspace N,:CO,; 80:20) PIPES
buffered (20mM, pH 6.4) artificial groundwater medium representing groundwater
geochemistry (Snow 1996); (0.235g L' KH,PO,, 0.09g L™ K,HPO,, 0.1g L™ NH,4CI,
0.26mM MgCl,, 1.27mM CaCl,. and 5ml/L of vitamin and mineral mix (Lovley and Phillips
1988) amended with acetate (final concentration SmM)), lactic acid (final concentration
6.8mM), and nitrate (final concentration 10mM). Prior to serial dilution, triplicate samples
were amended with anoxic sodium pyrophosphate (0.1% final concentration) and gently
shaken at room temperature for 1 hr. Tubes were statically incubated in the dark at room
temperature for 8§ weeks prior to enumeration. Tubes positive for nitrate reduction were
determined by quantifying loss of nitrate from the culture medium relative to uninoculated
controls. The Most Probable Number Calculator version 4.05 (Albert J. Klee, Risk Reduction
Engineering Laboratory, US EPA [http://www.epa.gov/nerlcwww/other.htm]) was used to

enumerate the nitrate reducing microbial community and calculate confidence limits.

Isolation of nitrate reducing microorganism and analysis of putative VLPs
Subsurface sediment from a nitrate contaminated aquifer (30-37 mg/L) harbored an abundant

heterotrophic nitrate reducing microbial community (4.3 x 10° - 2.4 x 10" cells g'1 sediment)



(Supplementary Figure S1). The region exhibiting the highest abundance of nitrate reducing
bacteria (17.9 — 18.6m below land surface) was selected for isolation of a heterotrophic nitrate
reducing bacterium. Isolation of colony isolates were obtained from serial dilutions of
positive MPN tubes amended with anoxic noble agar (final concentration 0.7%). Ten colonies
were isolated in an anaerobic glovebag (Coy; Grass Lake, MI, USA). All isolated colonies
were identified as Pseudomonas frederiksbergensis with 99% 16S rRNA gene sequence

similarity and one isolate was selected for further study.
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Supplementary Figure S1. Most probable number enumeration of viable heterotrophic
nitrate reducing cells from sections of the collected sediment core from 17.9 — 19.5m below

surface. Error bars represent 95% confidence intervals.
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Supplementary Figure S2. Neighbor-joining phylogenetic tree of near complete 16S rRNA
gene sequences from a nitrate-reducing bacterium, Pseudomonas sp. Aldal0, isolated from
the most probable number dilution series and closely related Pseudomonas spp..
Pseudomonas Aldal0 is closely related to P. frederiksbergensis (99% 16S rRNA gene
sequence similarity). Geobacter sulfurreducens was selected as the outgroup. Sequences
were aligned using ClustalW, and distances were calculated using the Jukes-Cantor model.
Tree was bootstrapped with 1000 subsamples. Accession numbers appear after species

names.
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Supplementary Figure S3. Individual replicate treatments of the virus to cell ratio (VCR)
(Figure 1f) over the course of acetate and nitrate stimulation. Variability was observed due to

differences in the rate of response of a single replicate treatment that exhibited a one day lag.
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Supplementary Figure S4. Ammonium concentrations over the course of acetate and nitrate
stimulation (Figure 1), sediment slurries demonstrate ammonium consumption rather than
production. Slurries were amended with 10mM "*C-acetate and 10mM nitrate and compared
to singular control treatments amended with 10mM nitrate only, 10mM '*C-acetate only, or
without any electron donor or acceptor. Symbols represent the mean of triplicate samples with

error bars denoting standard error of measure.
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Supplementary Figure SS. '2C0, concentrations over the course of the stimulation reveal

that there is a supply of endogenous reducing equivalents within the sediments. Experimental

treatments conducted in triplicate were amended with 10mM BC-acetate and 10mM nitrate

and compared to singular control treatments amended with 10mM nitrate only, 10mM *C-

acetate only, or without any electron donor or acceptor. Symbols represent the mean of

triplicate samples with error bars denoting standard error of measure.
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Supplementary Figure S6. Rarefaction curves (a) of bacterial community samples based on
observed OTUs collected over the course of four days of stimulation with acetate and nitrate
indicate a decrease in observed OTUs over the course of the stimulation. Ten sampling
repetitions were performed without replacement. Chaol estimated sample richness (b) of the
same samples show that richness decreases over the course of the incubation. Figures were

modified from images generated by QIIME.
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Supplementary Figure S7. Viral abundance in sediment slurries (10% w/v inoculum
amended to AGW medium) before and after a 24 hour incubation with addition of mitomycin
C (1.0 pg/mL). Sediment slurries in which mitomycin C was omitted served as the negative
control. Analysis of Variance did not indicate a statistically significant difference between
treatments (Two-way ANOVA; Time factor P=0.2319, Mitomycin C factor P=0.4004,
Interaction factor P=0) indicating that the majority of the natural viral population is not
lysogenic. Bars represent the mean of triplicate samples with error bars denoting standard

error of measure.
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Supplementary Figure S8. Viral abundance in cultures of Pseudomonas sp. Aldal0 after a
24 hour incubation with mitomycin C (1.0png/mL) and chloroform lysis of cultures.
Incubation with 1.0pg/mL mitomycin C resulted in significant production of viruses relative
to a control treatment in which mitomycin C was omitted (Two-way ANOVA; mitomycin C
factor P=0.0055, chloroform factor P=0.0009, interaction P=0.0053). However, when cells
were chloroform-lysed in both experimental and control treatments both resulted in a
significant increase in viral abundance. (Two-way ANOVA; chloroform factor 53.27% of
total variation; mitomycin C factor 20.46% of total variation).. . Bars represent the mean of

triplicate samples with error bars denoting standard error of measure.

10



References Cited

Driggers LJ, Schmidt JM (1970). Induction of Defective and Temperate Bacteriophages in

Caulobacter. Journal of General Virology 6: 421-427.

Lovley DR, Phillips EJ (1988). Novel mode of microbial energy metabolism: organic carbon
oxidation coupled to dissimilatory reduction of iron or manganese. App! Environ Microbiol

54: 1472-1480.

Snow DD (1996). Geochemistry, hydrology, and environmental applications of uranium-
series nuclides in the Platte River drainage basin. ETD collection for University of Nebraska -

Lincoln. Paper AAI9703790.

Weber KA, Healy O, Heithoff A, Nolan J, Spanbauer T, Snow DD (in prep). Nitrate

stimulated uranium mobilization in groundwater.

11




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



