Preliminary evidence for the microbial loop in Antarctic sea ice using microcosm simulations
Martin et al. Supplemental data
Protocol S1

Chlorophyll a. For Chl a measurements, 35 ml was removed from the initial brine and bottom-ice solutions (time zero) and from each culture flask (day 9) and filtered onto a 47 mm GF/F filter and extracted in 10 ml of methanol over 12 h in the dark at 4°C. The extracted Chl a was subsequently measured while in the field using a digital fluorometer (10AU Turner Designs, USA) and the acidification protocol of Evans et al. (1987). 

Bacterial metabolic activity. Single-cell metabolic activity was determined for the initial brine and bottom-ice solutions (time zero) and each culture flask (day 9) using 5-cyano-2,3-ditolyl tetrazolium chloride (CTC). Triplicate 900 μl samples were prepared in 1 ml Eppendorf tubes and CTC was added to each sample at a final concentration of 5 mM. Samples were then incubated in the dark at –1.8 ± 0.2°C in the water bath for 3 h. Cell activity was terminated with the addition of 50 μl of 0.22 μm-filtered formalin (5% final concentration) and samples were immediately frozen in liquid nitrogen (Sherr et al. 1999) and returned to New Zealand using a dry shipper.

Preservation of bacteria. For bacterial cell counts, sub-samples were removed from the initial brine and bottom-ice solutions and subsequently form each culture flask, fixed using a combination of gluteraldehyde (0.05% final concentration) and paraformaldehyde (4% final concentration), then frozen at –20°C. For the molecular genetic analyses, 10 ml (brine) and 2 ml (bottom-ice) sub-samples were removed from the initial solutions (time zero) and flasks (days 1,5 and 9) and filtered onto a 0.22 μm filter (Millipore, USA), before being frozen at –80°C and returned to New Zealand.

Protocol S2

Enumeration of total bacteria. Bottom-ice and brine bacteria were analysed in New Zealand using a Becton-Dickinson LSR II flow cytometer equipped with a 20 mW, 355 nm, Lightwave solid state laser and standard filter setup. Initial instrument calibration was performed using FACSDiva software in conjunction with Becton Dickinson SPHERO™ Rainbow calibration particles. A 500μl aliquot of each sample was stained in the dark for 10 min with DAPI (final concentration 5 μg ml-1), and TruCount beads (Becton Dickinson) were subsequently added in order to accurately determine the volume of sample processed. Samples were run at a medium flow rate with less than 1300 events per second. Bacterial cell populations were identified from bivariate plots of blue fluorescence (FL4) vs. Side Scatter (SSC). Given the high saline concentration of the brine samples, 500 μl of each sample was initially diluted with 500 μl of 0.22 μm-filtered dionised water and then stained for 10 min in the dark with DAPI (final concentration 5 μg ml-1). Samples were analysed using the LSR II. Bacterial cell populations were identified from bivariate plots of blue fluorescence (FL4) vs. SSC. 
Enumeration of CTC+ bacteria. Metabolically active bacteria (CTC+) were enumerated using a BD Biosciences FACScan flow cytometer equipped with a 15 mW, 488 nm, air-cooled argon ion laser and standard filter set-up. Initial instrument calibration was performed using FACScomp software in conjunction with CaliBRITE reference beads (BD Biosciences). TruCount beads (BD Biosciences) were added to each sample to accurately calculate the volume of sample analysed. CTC+ positive cells were identified from bivariate plots of red (FL3) vs. orange (FL2) fluorescence. The total bacterial count for CTC-treated samples was determined by re-running each sample following a 10 min incubation with SYBR Green II (Molecular Probes) and examining bivariate plots of green (FL1) fluorescence vs. SSC.

Protocol S3
Nucleic acid extraction and PCR amplification of bacterial 16S rRNA genes. Bacterial genomic DNA was obtained from each filter (bottom and brine community experiments) using a phenol/chloroform/isoamyl alcohol extraction and ethanol precipitation as described by Schäfer & Muyzer (2001). A 194 bp 16S rRNA fragment targeting the V3 region was amplified using primers 357F (CCT ACG GGA GGC AGC AG) and 518R (ATT ACC GCG GCT GCT GG)(Murray et al. 1996). An additional 40 bp GC-rich sequence (GC-clamp) was added to the 5’ end of primer 357F. PCR amplification was performed in a volume of 25 μl using Illustra PuReTaq Ready-To-Go™ PCR beads (GE Healthcare) and between 1-3 μl of DNA template. PCR cycling was performed with a Eppendorf Thermal Cycler using the following conditions: initial denaturation at 94°C for 5 min; 10 touchdown cycles of denaturation (at 94°C for 1 min), annealing (for 1 min, 65-55°C decreasing 1°C each min) and extension (at 72°C for 3 min); 20 standard cycles (denaturing at 94°C for 1 min, annealing at 55°C for 1 min and extension at 72°C for 3 min) and a final extension at 72°C for 5 min. PCR products were quantified by agarose gel electrophoresis using a molecular size standard (Hyperladder I, Bioline).
DGGE analysis of 16S rRNA gene fragments. Denaturing gradient gel electrophoresis (DGGE) was performed with a D-CodeTM Universal Mutation Detection System (Bio-Rad). For each sample, ca. 500 ng of PCR product was loaded on a 8% (wt/vol) polyacrylamide gel (acrylamide and N,N’-methylene bisacrylamide at a ratio of 37:1) with a denaturing gradient that ranged from 40% to 70% (where 100% is defined as 7 M urea and 40% deionized formamide). Gels were run for 18 h at a constant voltage of 100 V at 60°C in 1x TAE buffer (40 mM Tris [pH 7.4], 20 mM sodium acetate, 1 mM EDTA). Gels were subsequently stained with a 1:10,000 dilution of SYBR Gold (Molecular Probes) for 30 minutes, rinsed, and visualised under UV excitation. Cluster analysis of DGGE band patterns was performed using BioNumerics (Applied Maths). Patterns were compared using the Dice similarity coefficient and UPGMA (unpaired pair-wise grouping with mathematical averages) to generate dendrograms. 
Sequencing and comparative sequence analysis. DGGE bands of interest were excised using a sterile razor blade and the DNA eluted in 500 μl of PCR-grade water for 48 h. A total of 2 μl of the eluate was used for reamplification with the original primer set. A portion of the PCR product from the second amplification was reanalysed by DGGE to verify the correct band position. PCR products were then purified using Exo-SAP IT (USB Corporation) and quantified in an agarose gel using a molecular size standard (Hyperladder I, Bioline). PCR products were sequenced with the BigDye terminator ready reaction cycle sequencing kit (Version 3.1) using both forward (357F) and reverse (518R) primers. Sequencing reactions were analysed on an ABI3730 Genetic Analyser and sequences were compared with the GenBank database using BLAST to obtain the closest bacterial matches. Sequences were then aligned using CLUSTAL W (Thompson et al. 1994), implemented in Geneious (Version 4.5.1, Biomatters). After the removal of primer sequences, the size of the fragment used for analysis was 152 bp. A distance tree was constructed in PAUP* (Version 4b10, Swofford 2002) using the neighbour-joining algorithm with Jukes-Cantor distances. Bootstrap values were obtained from the analysis of 10,000 re-samplings of the data set. 

Protocol S4
[14C] sodium bicarbonate. Triplicate 10ml scintillation vials from each treatment were spiked with 50 μl of [14C] sodium bicarbonate (Amersham/GE Healthcare, UK; specific activity of 25.0 mCi) and incubated in a water bath (–1.8 ± 0.2°C) for 1 h. A control was also included by adding formalin (final concentration 4%) prior to the addition of [14C] sodium bicarbonate. An overhead halogen array that provided 80 µmol photons m-2 s-1 was used for the two light treatments. To keep the algal cells in suspension, the vials were agitated every 10 min. Cell activity was terminated at the end of the incubation by adding 1 ml of 1 N HCL to each vial. Each replicate was then filtered under minimal vacuum (<200 mm Hg) through a series of mixed cellulose esters filters (Millipore, USA) with the following pore sizes: 3, 0.3 and 0.22 μm. The filtration apparatus was thoroughly rinsed with filtered sea water (0.22 µm) and 0.3 N HCL to prevent cross contamination between filters. The filtrate that passed through each filter was collected and 1 ml was transferred to a scintillation vial and further acidified with 1ml of 0.3 N HCL. The vials were then gently heated for 2-3 hours. On return to Wellington, NZ, 5 ml of Ultima-Gold scintillation cocktail (Perkin-Elmer, USA) was added to each vial and activity was measured using a Wallac 1141 (Perkin-Elmer, USA) liquid scintillation counter. Total carbon was calculated according to Evans (et al. 1987), assuming 0.024 g C/L in seawater and an acidity of 8.1. 

 A sample of the microalgae that has passed through each filter size was preserved in the field using a combination of paraformaldehyde (final concentration 1%) and gluteraldehyde (final concentratin 0.03%). Cell counts were subsequently performed in Wellington, NZ, using a 0.5 ml settling chamber and an inverted microscope. 
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Supplemental Figure S1. Neighbour-joining tree showing the relationship of 16S ribosomal DNA sequences of excised DGGE bands (152 bp) from bottom-ice (O’Brien Bay) and brine (Terra Nova Bay) together with nearest neighbours from the α and γ subdivisions of the Proteobacteria. B-1, B-2, B-3 = excised brine bands; I-1, I-2, I-3 = excised bottom-ice bands displayed. The accession numbers of the reference sequences used in the calculation are reported in parentheses. Maximum-likelihood bootstrap resampling values greater than 50% (10,000 replicates) are indicated near the nodes. The 16S rRNA gene sequence of Nanoarcheaum equitans was used as the outgroup. The scale bar represents 5% estimated sequence divergence
Supplemental Table S1. Cell counts and percentage species compositon for microbes collected from annual fast-ice in Terra Nova Bay, Antarctica. The community was initially size fractionated using a plankton net (60 micron pore size), and then filtered at the end of the experiment using filters with pore sizes of 3, 0.8 and 0.22 microns.
	 
	60 μm
	%
	3 μm
	%
	0.8 μm
	%
	0.22 μm
	%

	Chaetoceros sp. 
	12
	2.0
	
	
	
	
	
	

	Entomoneis kjellmanii
	10
	1.7
	
	
	
	
	
	

	Entomoneis kerguelensis
	347
	57.6
	
	
	
	
	
	

	Fragilariopsis sp.
	6
	1.0
	17
	4.38%
	25
	8.42%
	7
	4.07%

	Fragilariopsis curta
	19
	3.2
	10
	2.58%
	10
	3.37%
	2
	1.16%

	Fragilariopsis cylindra
	27
	4.5
	
	
	
	
	
	

	Fragilariopsis obliquicostata
	30
	5.0
	
	
	
	
	
	

	Navicula glacei
	32
	5.3
	
	
	
	
	
	

	Navicula sp. 
	2
	0.3
	
	
	
	
	1
	0.58%

	Navicula subcurvata
	5
	0.8
	
	
	
	
	
	

	Nitzschia leicontei
	6
	1.0
	
	
	
	
	
	

	Nitzschia stellata
	9
	1.5
	
	
	
	
	
	

	Pinnularia quadratica 30x10
	10
	1.7
	
	
	
	
	1
	0.58%

	Pleurosigma or Gyrosigma
	5
	0.8
	
	
	
	
	
	

	unknown pennate diatom
	38
	6.3
	
	
	
	
	7
	4.07%

	unknown pennate  diatom
	
	
	16
	4.12%
	7
	2.36%
	1
	0.58%

	unknown pennate diatom
	
	
	1
	0.26%
	1
	0.34%
	
	

	
	
	
	
	
	
	
	
	

	Porosira glacialis
	2
	0.3
	
	
	
	
	
	

	Stellarius microtrial
	3
	0.5
	
	
	
	
	
	

	Thalassiosira antarctica
	2
	0.3
	
	
	
	
	
	

	unknown centric diatom 
	
	
	
	
	
	
	
	

	unknown centric diatom
	1
	0.2
	
	
	
	
	
	

	unknown centric diatom 
	2
	0.3
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	chlorophytes
	13
	2.2
	
	
	
	
	
	

	chlorophytes <5 microns
	
	
	5
	1.29%
	4
	1.35%
	1
	0.58%

	dinoflagelates <5 microns
	13
	2.2
	270
	69.59%
	223
	75.08%
	144
	83.72%

	dinoflagelates >5 microns
	8
	1.3
	69
	17.78%
	27
	9.09%
	8
	4.65%

	 
	 
	 
	 
	 
	 
	 
	 
	 

	TOTAL
	602
	 
	388
	 
	297
	 
	172
	 

	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	 
	GenBank

	
	Closest match
	Sequence
	       Taxonomic
	
	accession

	Band
	(environmental or culture)
	similarity % 
	          group
	Source
	number

	
	
	
	
	
	

	B-1
	Uncultured bacterium clone 4.128
	96.2
	Environmental
	Arctic lake
	AM991386

	
	
	
	
	
	

	B-2
	Psychromonas sp. ANT9265
	98.1
	γ-Proteobacteria/
	Arctic/Antarctic pack ice
	AY167326

	
	
	
	Psychromonadaceae
	
	

	
	Uncultured bacterium clone ARKICE-77
	96.8
	Environmental
	Arctic/Antarctic pack ice
	AF468317

	
	
	
	
	
	

	B-3
	Psychromonas sp. ANT9265
	100
	γ-Proteobacteria/
	Arctic/Antarctic pack ice
	AY167326

	 
	 
	 
	Psychromonadaceae
	 
	

	
	
	
	
	
	

	I-1
	Glaciecola sp. BSs20135
	90.5
	γ-Proteobacteria/
	Arctic marine sediments
	EU365479

	
	
	
	Alteromonadaceae
	
	

	
	Arctic sea ice bacterium ARK10047
	90.5
	γ-Proteobacteria/
	Arctic sea ice
	AF468389

	
	
	
	Alteromonadaceae
	
	

	
	Glaciecola sp. ANT9230
	90.5
	γ-Proteobacteria/
	Arctic/Antarctic sea ice
	AY167303

	
	
	
	Alteromonadaceae
	
	

	
	
	
	
	
	

	I-2
	Pseudoalteromonas sp. BSi20044
	98.7
	γ-Proteobacteria/
	Arctic sea ice
	DQ492714

	
	
	
	Pseudoalteromonadaceae
	
	

	
	Shewanella frigidimarina LMG19867
	98.7
	γ-Proteobacteria/
	Antarctic coastal seawater
	AJ300833

	
	
	
	Shewanellaceae
	
	

	
	Shewanella sp. gap-d-13
	98.7
	γ-Proteobacteria/
	Antarctic sea ice
	DQ530458

	
	
	
	Shewanellaceae
	
	

	
	
	
	
	
	

	I-3
	Octadecabacter sp. ZS6-9
	90.5
	α-Proteobacteria/
	Antarctic seawater
	FJ196062

	
	
	
	Rhodobacteraceae
	
	

	
	Octadecabacter antarcticus CIP106731
	90.5
	α-Proteobacteria/
	NA
	DQ915617

	
	
	
	Rhodobacteraceae
	
	

	
	Octadecabacter sp. ANT9202
	90.5
	α-Proteobacteria/
	Arctic/Antarctic pack ice
	AY167337

	
	
	
	Rhodobacteraceae
	
	


