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INTRODUCTION

The endorheic Great Basin (GB) region in the
western US is host to a variety of non-acidic geother-
mal spring systems. Heating of the majority of these
systems is due to their association with range-front
faults, in contrast to caldera-associated hot springs in
systems such as Yellowstone National Park and
Kamchatka (Faulds et al., 2006). Previous characteri-
zation of two geothermal systems in the GB, Great
Boiling/Mud Hot springs (Costa et al., 2009) and Lit-
tle Hot Creek (Vick et al., 2010), indicated that they
host several novel deep lineages of potentially abun-
dant Bacteria and Archaea. To expand the knowledge
base of the microbiology and geochemistry of GB hot
springs and facilitate their comparison to other terres-
trial geothermal systems worldwide, we present here
the characterization of Smith Creek (SC1) and Grass
Valley (GVS1) hot springs in central Nevada, US.

METHODS

Sampling was done at 39°18.816'N,
117°32.778'W (WGS84 datum) for SC1 and
39°56.462'N, 116°40.941'W for GVSI1. SC1 is within
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the Southern Smith Creek Valley springs region and
GVSI is just southeast of Hot Spring Point, as desig-
nated by the Nevada Bureau of Mines and Geology
website (http://www.nbmg.unr.edu/geothermal/
gthome. tm). Sample collection, DNA extraction, field
measurements and water chemistry analysis were per-
formed with source pool samples essentially as de-
scribed (Vick et al., 2010). 16S rRNA gene libraries
were constructed using PCR forward primers 9bF
(specific for Bacteria; L2) or 8aF (specific for Ar-
chaea; L4) in conjunction with reverse primer 1406uR
as described in Costa et al. (2009). 48 clones from
each library were sequenced using the Sanger method
and the appropriate forward primer used in PCR. Low
quality and chimeric sequences were removed, the
remaining sequences were grouped into operational
taxonomic units (OTUs) at the 3% level using
DOTUR (Schloss and Handelsman, 2005), and repre-
sentative sequences were assigned to named phyloge-
netic groups based on BLASTn analysis (Altschul et
al., 1997) using the NCBI non-redundant nucleotide
database.

RESULTS

Table 1 shows the temperature and selected
chemical analyses of spring water at the sampling site.
Both springs were circumneutral to alkaline with bi-
carbonate being the primary buffer, and had moderate
amounts of dissolved silica and total ammonia (~80
uM). GVS1 was aerobic, with dissolved O, at about
1/4 saturation with respect to atmospheric O,, and sul-
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fide was not detected. SC1 was apparently anaerobic
with high levels of sulfide.

Table 1 Spring water temperature and

selected chemistry”

SC1 GVSl1
Field measurements
Temperature (C)° 77.6+0.1 65-90°
Conductivity (mS/cm)° 0.75+0.02 na.’
pH 7.7° n.a.
Alkalinity (ppm CaCO3)° 200 360
Dissolved silica (mM)° 0.75 1.51
Total sulphide (uM)? 16.8 b.d.f
Total ammonia (uM)® 74 84
Nitrite (uM)° 18.2 21.7
Nitrate (uM)® 1.2 b.d.f
Oxygen (pM)° b.d.f 43.8
Major ions (millimolal)®
Na" 7.19 5.46
K" 0.189 1.05
Ca’ 0.139 1.15
Mg b.d.f 0.465
Cr 0.67 0.781
SO* 1.06 0.517

#SC1 and GVSI1 were sampled on 5/15/06 and 5/16/06, respec-
tively; ® Data not measured during sampling. Taken from the
Nevada Bureau of Mines and Geology  website
(http://www.nbmg.unr.edu/geothermal/gthome.htm); ¢ Sampled
from a site with a steep temperature gradient; “n.a.. not ana-
lyzed; © Measured only once during this sampling trip; 'b.d..
below detection limit for sulphide (0.3 uM), nitrate (0.7 uM),
oxygen (3 pM) and Mg®* (7x10° mmol/kg); € Measured by ion
chromatography. Analytical error associated with duplicate
measurements of a single sample was <10%. Phosphate (PO,>)

was below the detection limit of 4.7x10* mmol/kg.

Analysis of 16S rRNA gene libraries indicated
the presence of a diversity of Bacteria (9 OTUs in
SC1, 11 in GVS1) and Archaea (17 OTUs in SC1, 11
in GVS1). OTUs representing two or more sequences
are listed in Table 2. All singletons failed to belong to
formally described phyla except for two archaea in
SC1 (one Archaeoglobales and one Desulfurococcales)
and one archacon in GVS1 (Korarchaeota). Almost
60% of OTUs had 16S rRNA gene sequences found in
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other GB hot springs as at least one of their two top
BLASTn hits. In sum, only ~35% of the sequences
could be affiliated to known phyla (for Bacteria) or
orders (for Archaea). Of those that could be classified,
the presence of members of Thermodesulfobacteria,
Archaeoglobales and Desulfurococcales suggests the
utilization of terminal electron acceptors such as sul-
phate or ferric iron in addition to or in lieu of O,.
Thermus was abundant in the clone libraries and may
play an important role in coupling heterotrophy to
oxygen or nitrate respiration. The abundance of se-
quences in GVS1 L2 closely related to moderately
thermophilic ~ Cyanobacteria and photosynthetic
Chloroflexi as well as hyperthermophiles such as
Geothermobacterium and Korarchaeota is consistent
with the steep temperature gradient observed at the
site during sampling (~65-90 “C). All 16S rRNA gene
sequences from this study will be deposited in Gen-
bank.

CONCLUSIONS

SC1 and GVS1 were broadly similar to other
high-temperature (>75 ‘C) GB springs. The majority
of the 16S rRNA gene sequences had top BLASTn
hits to sequences detected in other GB springs, sup-
porting the hypothesis that geothermal springs in this
region have microbial lineages that are specific to the
region. These springs are also similar to other Great
Basin hot springs in the relative abundance of deep,
novel phylogenetic lineages (i.e. candidate classes and
phyla). OTUs GVS1 L2 F02 and SC1 L2 F10
showed high identity (>97%) to uncharacterized,
deeply branching members of the Chloroflexi that are
dominant bacterial phylotypes in clone libraries in
other GB hot springs (e.g. GBS L1 A03 in Great
Boiling Spring) but rare elsewhere (Vick et al., 2010;
Costa et al., 2009). Members of the candidate phylum
OP1 dominated the bacterial library of SC1, similar to
GB spring LHC4, and both springs share broadly
similar water chemistry. Archaeal communities ap-
peared to be dominated by novel Cremnarchaeota,
similar to both GB and many Yellowstone National
Park hot springs (Vick et al., 2010; Costa et al., 2009;
Huang et al., 2007), with only singletons representing
the Korarchaeota and the FEuryarchaeota (Ar-
chaeoglobales).
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Table 2 OTUs from GVS1 and SC1 representing more than one sequences

Representative #in Cultured microorganism whose 16S rRNA gene has Phylogenetic affilia-
sequence oTu? the highest BLASTn hit to the OTU representative sequence tion of OTU®
Organism name and strain Accession # id.
GVSI Bacteria
GVS1 L2 E01 12 Synechococcus sp. JA-3-3Ab CP000239.1 98%  Cyanobacteria
GVS1 L2 B06 7 Thermus sp. A03C EF204914.1 98%  Thermus-Deinococcus
GVS1 L2 CO05 5 Chloroflexus sp. 396-1 AJ308498.1 96%  Chloroflexi
GVS1 L2 A04 4 Thermus oshimai SPS-17 NR_026503.1  99%  Thermus-Deinococcus
GVS1 L2 G02 3 Thermocrinis sp. P2L2B AJ320219.1 95%  Agquificae
GVS1_L2 F03 2 S\ii)tlhaermobacterium Jerrireducens AF411013.1 98%  Thermodesulfobacteria
GVS1 L2 A01 2 Synechococcus sp. C9 AF132773.1 98%  Cyanobacteria
GVS1_L2 A0S 2 g\i;)tftaermabacteriumferrireducens AF411013.1 82%  Unaffiliated
GVS1 L2 F02 2 Thermomicrobium roseum DSM 5159 CP001275.1 81%  Chloroflexi
SC1 Bacteria
SC1 L2 G09 19 Thermoleiphilum minutum ATCC 35268T AJ458464.1 79%  Candidate Phylum OP1
SC1_L2 F10 6 Dehalococcoides sp. BHI80-15 AJ431246.1 80%  Chloroflexi
SC1_L2_F07 4 :\i]otf:rmobacterium Jerrireducens AF411013.1 92%  Thermodesulfobacteria
SC1 L2 E09 4 Thermotogales sp. SRI-15 AF255594.1 81%  Unaffiliated
SC1_L2 GOS8 3 g\ij)tfl:rmobacteriumferrireducens AF411013.1 97%  Thermodesulfobacteria
GVSI Archaea
GVS1_1L4 D04 16  Vulcanisaeta distributa 1C-017 AB063630.1 88%  Unaffiliated Cren.
GVS1 L4 BOS 6 Pyrodictium occultum PL-19 NR _025933.1  91%  Desulfurococcales
GVS1 L4 F05 4 Hyperthermus butylicus DSM 5456 CP000493.1 87%  Unaffiliated Cren.
GVS1 L4 CO03 2 Geogemma indica 296 DQ492260.1 86%  Unaffiliated Cren.
GVS1_ L4 C06 2 Thermofilum sp. 1505 GU187356.1 86%  Unaffiliated Cren.
GVS1 L4 E03 2 Staphylothermus sp. 1633 GQ292555.1 90%  Desulfurococcales
GVS1 L4 GO03 2 Vulcanisaeta distributa 1C-135 AB063641.1 82%  Unaffiliated Cren.
SC1 Archaea
SC1_L4 GO07 10 Staphylothermus sp. 1633 GQ292555.1 86%  Unaffiliated Cren.
SC1 L4 HI12 5 Geogemma indica 296 DQ492260.1 83%  Unaffiliated Cren.
SC1_L4 F07 5 Thermofilum sp. 1505 GU187356.1 83%  Unaffiliated Cren.
SC1 L4 F12 2 Pyrodictium occultum PL-19 NR 025933.1 88%  Unaffiliated Cren.
SC1_L4 C08 2 Stetteria hydrogenophila 4ABC Y07784.1 94%  Desulfurococcales

* Number of sequences in the 16S rRNA gene library represented by the OUT; ® Affiliation at the level of phylum (for Bacteria)

or order (for Archaea). Cren.. Crenarchaeota; © Percent identity to the OTU representative sequence.

ACKNOWLEDGMENTS
We thank Jason Navarro for assistance with sam-

pong at Arizona State University for ion chromatog-
raphy analysis.

ple collection and geochemical analysis in the field.

We also thank Everett L. Shock and Panjai Prapai-



318

REFERENCES CITED

Altschul, S. F., Madden, T. L., Schaffer, A. A., et al., 1997.
Gapped BLAST and PSI-BLAST: A New Generation of
Protein Database Search Programs. Nucleic Acids Re-
search, 25: 3389-3402

Costa, K. C., Navarro, J. B., Shock, E. L., et al., 2009. Micro-
biology and Geochemistry of Great Boiling and Mud Hot
Springs in the United States Great Basin. Extremophiles,
13: 447459

Faulds, J. E., Coolbaugh, M. F., Vice, G. S, et al., 2006. Char-
acterizing Structrual Controls on Geothermal Fields in the
Northwestern Great Basin: A Progress Report. GRC
Transactions, 30: 69-76

Jeremy A Dodsworth and Brian P Hedlund

Huang, Z., Hedlund, B. P., Wiegel, J., et al., 2007. Molecular
Phylogeny of Uncultivated Crenarchaeota in Great Basin
Hot Springs of Moderately Elevated Temperature. Geo-
microbiology Journal, 24: 535-542

Schloss, P. D., Handelsman, J., 2005. Introducing DOTUR, a
Computer Program for Defining Operational Taxonomic
Units and Estimating Species Richness. Applied and En-
vironmental Microbiology, 71: 1501-1506

Vick, T. J., Dodsworth, J. A., Costa, K. C., et al., 2010. Micro-
biology and Geochemistry of Little Hot Creek, a Hot
Spring Environment in the Long Valley Caldera. Geobi-
ology, 8: 140-154



