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Supplemental Methods


Environmental sample collection. Two National Science Foundation (NSF) Microbial Observatory sites served as the locations for this study. The Sapelo Island, GA (SIMO) site is a tidal marsh creek typical of southeastern U.S. salt marshes and supports a bacterioplankton abundance averaging 1.7 x 106 cells ml-1 (http://gce-lter.marsci.uga.edu/lter/). Mono Lake (MLMO) is a closed-basin, alkaline (pH 9.8), hypersaline (~90 g l-1) soda lake located east of the Sierra Nevada Mountains, approximately 160 km south of Lake Tahoe, California. The lake is naturally eutrophic and bacterioplankton abundance is typically > 107 cells ml-1 (3).  The Mono Lake Microbial Observatory web site (www.monolake.uga.edu) has further information on lake biogeochemistry.


SIMO water samples (10 l) were collected in October 2002 and August 2003. Immediately after collection, the samples were screened to remove particles rich in eukaryotic nucleic acid by filtration through an 8.0 µm pore size, 293 mm diameter Poretics polycarbonate membrane filter (Osmonics) (October sample) or a 5.0 (m pore size polypropylene cartridge filter (USFilter, Warrendale, PA) (August sample) followed by a 3.0 µm pore size polycarbonate filter. Cells for RNA extraction were collected on a 0.2 µm pore size, 293 mm diameter polycarbonate membrane filter. MLMO water samples (~8 l) were collected in May 2003 at depths of 5 m (surface) and 23 m (chemocline) in the center of the lake using a Niskin water sampler. These samples could not be screened to remove eukaryotes prior to collecting bacteria because a dominant phytoplankter (Picocystis salinarum) and the bacteria in Mono Lake are of the same size, especially in chemocline samples where bacteria are large and filamentous forms are common (www.monolake.uga.edu). An on-site laboratory was not available Mono Lake, and thus these samples were stored on ice for 2 hours until arrival at a lab, at which point they were filtered onto a 0.2 µm pore size, 293 mm diameter polycarbonate membrane filter (Osmonics, Minnetonka, MN). 


RNA isolation and mRNA enrichment. The entire process from sample collection to RNA extraction was done as rapidly as possible to limit degradation of mRNA. We used standard precautions to minimize nuclease contamination. For SIMO, where samples were processed on-site, the elapsed time between water collection and RNA extraction was less than 30 minutes. RNA was extracted using the RNAqueous-Midi kit (Ambion, Austin, TX) with modifications to the manufacturer’s instructions. Immediately after filtration, the filter was cut into small pieces with a sterile, RNase-free razor and forceps and homogenized by vortexing for 10 min with beads from a soil DNA extraction kit (MoBio, Carlsbad, CA) and the lysis/binding solution provided by the RNAqueous-Midi kit. Following centrifugation at ~10,000 rpm for 10 min to clarify the lysate, the supernatants were poured into sterile petri dishes to which 5 ml of the RNAqueous-Midi kit ethanol solution was added. The solution was mixed gently and then passed several times through an 18 or 22 gauge needle in order to shear genomic DNA. While the mixture was in the syringe, the needle was removed and a glass fiber filter (provided with the kit) was placed on the end of the syringe. The mixture was passed through the filter unit and then washed and eluted according to the manufacturer’s instructions. Immediately after the extraction, the RNA was frozen on dry ice and stored at -70(C. The same procedure was followed for MLMO except that the water samples were first transported to a lab on ice (~2 h elapsed time between water collection and RNA extraction).


To enrich for mRNA, rRNA was removed by subtractive hybridization with capture oligonucleotides hybridized to magnetic beads using the MICROBExpress Bacterial mRNA Enrichment kit (Ambion). The enrichment process was repeated a second time for some samples to ensure removal of as much rRNA as possible. To remove any contaminant DNA, the mRNA was treated with DNase I using the DNA-free kit (Ambion). RNA quantity was determined by measuring absorbance at 260 nm and purity was checked using the ratio of absorbance at 260 nm to 280 nm and found to be consistently >1.7. 


RT-PCR. RT-PCR was performed on 1- 6.5 µl of SIMO mRNA using either 10-mer primers randomly chosen from a commercial primer stock (OPA04, OPA13, and OPA17; Operon Technologies, Inc., Alameda, CA) or with primer SD14 (Table 1). SD14 was designed by Fleming et al. (2) to target the Shine-Dalgarno region of bacterial mRNAs. One primer was used in the RT reaction, and this primer was combined with a second primer for PCR (Table 2). The RT reaction was performed using the Omniscript RT kit (Qiagen, Valencia, CA) in 10 µl volumes containing 1X RT buffer, 0.5 (l of 10 (M primer, 1 (l of 5 mM dNTPs, 2 U of reverse transcriptase, and 20 U of RNase inhibitor (Promega, Madison, WI) at 37°C for 1 h, followed by inactivation of the reverse transcriptase at 95°C for 2 min. PCR amplification of the resulting SIMO cDNA was performed in 25-µl volumes containing 12.5 µl of MasterAmp 2X PCR Premix F (Epicentre, Madison, WI), 0.5 µl of each 10 (M primer, 1.25 U of Taq DNA polymerase (Qiagen), and 5 µl cDNA from the RT reaction. PCR conditions included a preliminary denaturation for 5 min at 94°C, followed by 40 cycles of denaturation at 94°C for 45 sec, annealing at 37-45°C for 45 s, primer extension at 72°C for 1 min, and a final extension at 72°C for 10 min. The low annealing temperatures were used in order to decrease the specificity of the reaction so as to maximize the number of resulting amplicons. A PCR control without an initial RT step was included with every set of reactions to ensure that there was no DNA contamination in the mRNA extracts. MLMO mRNA samples were similarly processed, but with the use of two additional arbitrary primers (SES3-1 and SESRT-3, Table 1) with lower G+C content (40%) than the OPA primers (60-70%). In addition, MLMO RT reactions were carried out in 20 (l reaction volumes and used the Taq PCR Core Kit (Qiagen) in 100 (l PCR volumes. 

Cloning, colony hybridizations, and sequencing. SIMO PCR products were cleaned using the Ultra-Clean PCR Clean-up Kit (Mo-Bio) and cloned into the pCR2.1 vector using the TOPO TA cloning kit (Invitrogen, Carlsbad, CA). The presence of an insert was verified by restriction digest for 1 h at 37(C with EcoRI. Because some rRNA was present even after subtractive hybridization, the SIMO libraries were screened by colony hybridizations to identify clones containing rRNA fragments. rRNA probes were constructed by amplifying  rRNA genes (PCR Ready-To-Go beads; Amersham Pharmacia Biotech, Piscataway, NJ) from DNA harvested from the same sample (MoBio Soil DNA extraction kit) using primers specific for 16S, 23S, 28S, and 18S rRNA gene sequences (Table 1). PCR products were then labeled with DIG-High Prime (Roche, Indianapolis, IN). 

Colonies were grown on LB plates for 1 h at 37(C and then transferred to nylon transfer membranes (Amersham Pharmacia Biotech) that were placed on fresh LB plates and grown overnight at 37(C. Following immobilization of colony DNA on the membrane by treatment at 42(C in 5X SSC buffer (50% deionized formamide, 0.1% sodium-lauroylsarcosine, 0.02% SDS, and 2% blocking reagent (Roche)), the labeled probes were hybridized to colony DNA by incubating the membrane with all of the probes simultaneously overnight in the 5X SSC hybridization buffer at 42(C. The blots were washed according to the manufacturer’s instructions. Probe binding was detected by conjugation to Anti-DIG-alkaline phosphatase and exposure to film. 

Clones that did not hybridize to the rDNA probes were selected for sequencing. All of the 60 MLMO clones and 65 of the SIMO clones (40 from October 2002 and 25 from August 2003) were sequenced at the University of Georgia on the ABI PRISM 310 or 9600 Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequences were analyzed using the BLASTX and BLASTN tools (http://www.ncbi.nlm.nih.gov/BLAST/). Additionally, 282 SIMO clones (from August 2003) were sequenced by a commercial firm (Seqwright, Inc., Houston TX). The sequences were analyzed by two different approaches: they were manually submitted to NCBI for BLASTN and BLASTX searches and they were automatically annotated using the Annotation Engine service provided by The Institute for Genomic Research (TIGR, Rockville, MD). BLASTN analysis served to identify rRNA sequences, while functional gene assignments were based on BLASTX.

Methods for the MLMO samples were identical except that PCR products were cleaned using the QIAquick PCR Purification Kit (Qiagen) and cloned into the pGEM-T Easy Vector (Promega), and clones were not screened for rRNA inserts.

The sequences obtained in this study were deposited in GenBank under the accession numbers AY793704-AY794012.

Real-time PCR quantification. Genes and transcripts of putative soxA sequences were quantified using DNA and RNA extracted from 10 l samples of SIMO water collected in August 2004. Quantitative PCR (qPCR) primers were designed based on the soxA sequences retrieved in the August 2003 SIMO library (Table 1). RT reactions were carried out as described above, but in 20 or 25 (l reaction volumes using either the SoxA-F or SoxA-R primer. soxA sequences in DNA or cDNA were quantitatively amplified on the iCycler iQ real-time PCR detection system (Bio-Rad, Hercules, CA) in a 20 (l reaction volume containing 10 (l of iQ SYBR Green Supermix (Bio-Rad), 0.4 (l  each of 10 (M SoxA-F and SoxA-R primers, and either DNA or cDNA as template. PCR conditions included a preliminary denaturation at 95(C for 3 min followed by 45 cycles of 95(C for 15 s, annealing at 50(C for 1.5 s, 95(C for 1 min, and 55(C for 1 min. A melt curve was generated following the PCR, beginning with 55(C and increasing 0.4(C every 10 s until 95(C. A standard curve was generated using a cDNA clone of soxA that had been excised from the cloning vector and quantified on a Hoefer DyNA Quant 200 fluorometer (Amersham Biosciences, Piscataway, NJ).

Supplemental Table S1. Sequences of primers used in this study.
	Primer
	Sequence (5’-3’) 
	Purpose
	Reference

	OPA13
	CAGCACCCAC
	RT-PCR
	

	OPA17
	GACCGCTTGT
	RT-PCR
	

	OPA04
	AATCGGGCTG
	RT-PCR
	

	SD14
	GGGGAACGACGATG
	RT-PCR
	(2)

	SES3-1
	CTAAACTCACTCTTACGGATCA
	RT-PCR
	

	SESRT-3
	AATGCGTACA
	RT-PCR
	

	23S F
	GCGATTTCYGAAYGGGGRAACCC
	rRNA screen
	(1)

	23S R
	TTCGCCTTTCCCTCACGGTACT
	rRNA screen
	(1)

	1492R
	GGTTACCTTGTTACGACTT
	rRNA screen
	(5)

	6F
	GGAGAGTTAGATCTTGGCTCA
	rRNA screen
	(5)

	LR0R-28S
	ACCCGCTGAACTTAAGC
	rRNA screen
	(6)

	LR3R-28S
	GTCTTGAAACACGGACC
	rRNA screen
	(6)

	LR7-28S
	TACTACCACCAAGATCT
	rRNA screen
	(6)

	NS1-18S
	GTAGTCATATGCTTGTCTC
	rRNA screen
	(4)

	NS2-18S
	GGCTGCTGGCACCAGACTTGC
	rRNA screen
	(4)

	NS3-18S
	GCAAGTCTGGTGCCAGCAGCC
	rRNA screen
	(4)

	NS4-18S
	CTTCCGTCAATTCCTTTAAG
	rRNA screen
	(4)

	SoxA-F
	CTGGGAGGAGTCAATAAATG
	qPCR
	(this study)

	SoxA-R
	CAACAGAAGATGCTGAGAAAG
	qPCR
	(this study)


Supplemental Table S2. Summary of the sequences in cDNA libraries constructed from SIMO (top) and MLMO (bottom) samples.

	 
	Number of transcripts encoding for

	Sample ID
	Primera
	Clones
	Protein
	16S 

rRNA
	18S rRNA
	23S rRNA
	28S 

rRNA
	5S

rRNA

	SIMO October 2002
	2 OPA primers
	40
	8 (20%)
	9
	 
	17
	6
	 

	SIMO August 2003
	SD14+OPA17
	47
	47 (100%)
	 
	 
	 
	 
	 

	SIMO August 2003
	SD14+OPA13
	9
	6 (67%)
	3
	 
	 
	 
	 

	SIMO August 2003
	SD14+SD14
	57
	53 (93%)
	3
	 
	 
	1
	 

	SIMO August 2003
	OPA13+OPA17
	36
	13 (36%)
	 
	 
	 
	23
	 

	SIMO August 2003
	OPA13+SD14
	60
	53 (88%)
	4
	 
	2
	1
	 

	SIMO August 2003
	OPA17+OPA17
	2
	1
	 
	 
	 
	1
	 

	SIMO August 2003
	OPA17+OPA13
	36
	30 (83%)
	 
	 
	6
	 
	 

	SIMO August 2003
	OPA17+SD14
	60
	55 (92%)
	4
	 
	1
	 
	 

	MLMO Surface
	SD14+SESRT
	13
	10 (77%)
	1
	 
	 
	
	

	MLMO Surface
	SD14+OPA17
	11
	6 (55%)
	2
	1
	2
	 
	 

	MLMO Surface
	SD14+OPA13
	7
	5
	1 
	 
	 
	 
	 

	MLMO Chemocline
	SD14+SESRT
	15
	11 (73%)
	2
	 
	2
	 
	 

	MLMO Chemocline
	SD14+OPA17
	10
	6 (60%)
	1
	 
	
	
	3

	MLMO Chemocline
	SD14+OPA13
	4
	4 (100%)
	 
	 
	 
	 
	 


a The first primer listed was used in the RT step and both primers were used in the PCR step
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