Supplementary Material

Supplementary Methods

DNA extraction. To extract and purify DNA from seawater filters in the laboratory,
small pieces of frozen filters (~ 35 mg filter mass) were put into 2-ml centrifuge tubes
(one tube per depth) containing 200 pl of 10 mM Tris-1 mM EDTA buffer (TE) with 0.5
% (w/v) sodium dodecyl sulfate and proteinase K (50 pg ml™). Tubes were incubated at
room temperature for 30 min; tubes with buffer and no filter material served as blanks.
DNA was extracted by adding 200 ul of a pH 8-equibrated phenol: chloroform: iso-amyl
alcohol mixture (25:24:1 [v/v/v]) and incubated for 5 min at room temperature. Tubes
were then centrifuged for 5 min at highest speed, and aqueous phases were transferred
into new centrifuge tubes. The phenol phases were mixed with 200 pl TE, incubated for 5
min at room temperature, and centrifuged for 5 min. The aqueous extracts were combined
with the previous aqueous phases. DNA was precipitated in 10 % (v/v) 5 M NaCl and 2.5
volume of 100% ethanol overnight at room temperature. Tubes were then centrifuged for
15 min at highest speed, and pellets were washed with 70 % ethanol, air dried, and
resuspended in 200 pl sterile RNA-free water (Qiagen). DNA from sediment was
extracted and purified from 250 mg sediment using the MoBio UltraClean Soil DNA Kit
(MoBio Laboratories, Inc, Solana Beach, CA.), following the manufacturer’s

instructions.



Supplementary Results

Bacteroidetes. Members of the phylum Bacteroidetes constituted the dominant clone
library fraction in the surface water sample (58%), nearly disappeared in the bottom
water sample (a single clone), and reappeared with ca. 12% and 16% clone library
representation in the sediments. Strong phylogenetic partitioning between water column
and sediment was also observed in the phylum Bacteroidetes (Fig. S1). Following the
taxonomic outline of Bergeys Manual, 2™ edition that divides this phylum into the orders
Flavobacteriales and Bacteroidales (S1), the surface water clones fell exclusively into
the Flavobacteriales, where they form sister lineages to marine, heterotrophic and
aerobic genera and species such as the vacuolated psychrophile Polaribacter (S2), or the
genera Algibacter (S3), Actibacter (S4) and Ulvibacter (S5) that often use marine algae
and biopolymers as carbon source. A number of these clones were very similar to those
previously recovered from the surface water and bottom water in Kongsfjord (S6),
designated as Svalbard bottom or shallow water clones (Fig. S1)

The Flavobacteriales disappeared almost completely in the bottom water sample
and in the surface and subsurface sediment. In the sediment samples they were replaced
by different lineages within the Bacteroidales: an uncultured cluster of marine sediment
clones, including the Svalbard clone 1083 that was recovered previously from Svalbard
marine sediments (S7); lineages affiliated with the fermentative marine psychrophile
Prolixibacter bellariivorans (S8), or the fermenting obligate anaerobe Paludibacter

propionicigenes within the Porphyraceae (S9). This taxonomic shift is congruent with



metabolism: the aerobic Flavobacteriales in the water column and on the sediment
surface yielded to anaerobic Bacteroidales within the sediment.

In addition to the Verrucomicrobiaceae, members of the Flavobacteria and the
Planktomycetes are strong candidates as mediators of polysaccharide hydrolysis in the
water column. The single cell amplified genomes AAA168 G15 and AAA164 L19
represent xylan and laminarin-binding cells within the Flavobacteria (Fig. S1). While
they do not match specific Svalbard clones closely, a role for Flavobacteria in
carbohydrate degradation in the water column would be consistent with the heterotrophic
culture characteristics of flavobacterial genera and species, and the abundance of
hydrolase genes in published genomes across the phylum Bacteroidetes (S10).

Proteobacteria. A wide range of Proteobacteria, predominantly from the Alpha-,
Gamma- and Deltaproteobacterial subdivisions, were found in the water column and
sediment (Fig. S2). The Gammaproteobacteria accounted for approximately 20% of both
water column clone libraries, and occur in similar proportions (but in changing genus-
and family-level composition) in the sediment layers. The gammaproteobacterial clones
belonged to the mostly uncultured lineages OCMS-1 group (S11), the GMS3 group
(S12), and the ARCTIC96BD-19 group (S13) and originated mostly from surficial
sediment, with the exception of a water column cluster and a deep sediment cluster
related to the marine microaerophilic heterotroph Haliea rubra (S14). Members of these
groups have been detected previously in clone libraries from the Svalbard water column
(EU919783, S7) and sediments (EU050803, S15; AJ240991, S7). The Smeerenburg
phylotypes overlapped with bacterial strains isolated from Svalbard sediments and water

samples within the genus Pseudomonas (S16).



In addition to the Verrucomicrobia and Bacteroidetes, a third phylogenetically
defined group of bacteria active in carbohydrate degradation is indicated within the
Gammaproteobacteria, where a single cell amplified genome (AAA168 O11) is closely
related to the genus Pseudomonas and a deep-water Svalbard clone (Fig. S2). No such
association was found for the Haliela rubra-associated gammaproteobacterial phylotypes
from the Svalbard water column (Fig. S2).

The Alphaproteobacteria accounted for only approximately 5% of the water
column clone libraries, a much reduced proportion compared to their frequent detection
in methodologically identical clone libraries obtained from the Smeerenburg fjord water
column in the summer of 2007 (S11). The alphaproteobacterial clones were mostly
obtained from the deep water column and branched with the marine Roseobacter clade of
heterotrophic, often organosulfur-degrading bacteria that are abundant in coastal waters
(S17, S18).

Members of the Deltaproteobacteria were almost exclusively recovered from the
sediment samples; most clones were affiliated with the Desulfosarcinales and the
psychrophilic sulfate-reducing genera Desulfofrigus and Desulfofaba, isolated previously
from Svalbard sediments (S19) (Fig. S2). Other clones were affiliated to previously
recovered Svalbard clones within uncultured deltaproteobacterial lineages (Sva0812b;
S7). In contrast to the water column samples, the sediment samples contained a larger
number of phylum-level lineages: the Chloroflexi, Firmicutes, Actinobacteria,
Planktomycetes, and the Nitrospina lineage were represented by a few clones each (Fig.

S3).



Planctomycetes. A fourth hot spot of carbohydrate-degrading cells within the
phylum Planctomycetes is suggested by a laminarin-associated single amplified genome
(phylotype AAA164 M21) near Rhodopirellula baltica. The genome of this marine
planctomycete contains an unusually large number of sulfatases, whose function is
probably connected with accessing the carbon skeleton of sulfated complex organic
compounds (S20); recent work demonstrates that R. baltica grows particularly well on
chrondroitin sulfate (S21). While clones within the Planctomycetes phylum are
commonly found in Svalbard marine sediments, water column clones were not recovered
(S11, S15, this study); the Planctomycetes are therefore not among the conspicuous
carbohydrate-utilizing bacteria in the water column but may play a greater role in the

sediment.
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Supplementary Tables

Table S1. Summary of clone names organized by sample isolation source, including

GenBank accession numbers, phylogenetic affiliation, and number of repeats for each

representative sequence in the clone libraries. Red shading corresponds to higher relative

abundance.
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Supplementary Figures

FIG. S1. Neighbor-Joining phylogeny of Smeerenburg Fjord Bacteroidetes, based on a
~1200-bp alignment of bacterial 16S rRNA sequences. The Svalbard phylotypes are
labeled with habitat indicator (water surface = WS; water _deep = WD; sediment_surface

= SS; sediment_deep = SD), followed by clone designation, and highlighted in boldface.
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FIG. S2. Neighbor-Joining phylogeny of Smeerenburg Fjord alpha-, beta-, gamma-,
delta-, and epsilonproteobacterial phylotypes, based on a ~1200-bp alignment of bacterial
16S rRNA sequences. The Svalbard phylotypes are labeled with habitat indicator
(water_surface = WS; water deep = WD; sediment surface = SS; sediment deep = SD),

followed by clone number, and highlighted in boldface.
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FIG. S3. Neighbor-Joining phylogeny of other Smeerenburg Fjord phylotypes within the
Actinobacteria, Firmicutes, Chloroflexi, Chlorophyta, Cyanobacteria and the Nitrospina
lineage, based on a ~1200-bp alignment of bacterial 16S rRNA sequences. The Svalbard
phylotypes are labeled with habitat indicator (water surface = WS; water deep = WD;
sediment_surface = SS; sediment_deep = SD), followed by clone number, and

highlighted in boldface.
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FIG. S4. Hydrolysis rates of polysaccharides in surface (horizontal striped bars) and
bottom water (vertical striped bars) samples (A) and in homogenized sediments from 0-2
cm (grey bars) and 3-9 cm (black bars) depth (B) from Smeerenburgfjord in 2007.

Substrate labels are as in Fig. 1. Asterisk: no data. Data replotted from (S11).
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