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Abstract:

In 2000, an ice-drilling project focusing on thei¢ky spot” of Ice Stream C
T cores of sub-glaci; i from Hbrtea Western Antarctic|
Ice Sheet. We have characterized several cheamcamicrobiological
parameters of the sole intact sediment core. Waters extracted from thes|
sediments were brackish and some were supersatuviterespect to
calcite. lon chr aphy the p organic
acids at low, but detectable, levels in the poreewaDAPI direct cell counts|
were approximately T@ells g*. Aerobic viable plate counts were much
lower than direct cell counts; however, they weve brders of magnitude
higher on plates incubated at low temperatuf€(48.63 x 18 CFU mt?) than|
at higher temperatures (ca.’22 1.5 x 18 CFU mt); no colonies were
detected on plates i i . 16S DNA
clone library analysis indicates extremely limitesttterial diversity in these
samples: six phylogenetic clades were detectedAsbaeal PCR product
could be obtained. The three dominant bacteriglggienetic clades in the
clone libraries (252 clones total) were most clpselated torhiobacillus

Table 1: Selected ionic composition of WAISC sedime  nt pore water

Top porewater | Bottom Dilution factor
(uM) porewater (uM) | (relative to (relative to
standard standard
seawater) —Top |seawater)—
porewater Bottom

Dilution factor

23.8 21.0

17.2 144

17.2 13.7

1.6 1.2

1 0.0003 0.00003
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thioparus (180 )F monas lata (34 clones), ar

ferruginea (35 clones) and their relatives; one clone eactesgmted the oth
three phylogenetic clades (most closely relateletstonia pickettii,
Lysobacter antibioti pectively). These
sequences match closely with sequences previobsiyned from other
subglacial environments in Valdez, Alaska and Hiiese Island, Canada.
Implications of this microbial community to subglalcchemistry and
microbial biogeography will be discussed.

Introduction:

Recent studies have provided evidence that active and abundant
microbial ecosystems are present in subglacial Arctic and alpine
environments (Sharp et al., 1999; Skidmore et al., 2000; Foght et al.,
2004). These communities may play significant roles in biogeochemical
cycling and chemical weathering processes in these environments. The

ibility of similar mi i in subglacial systems in
Antarctica has been proposed, and there is indirect evidence of a
microbial ecosystem in Lake Vostok, a subglacial lake beneath the East
Antarctic Ice Sheet (Karl et al., 1999; Priscu et al., 1999). However, no
direct microbiological study of Antarctic subglacial sediments has been
performed.

The Western Antarctic Ice Sheet currently is losing mass primarily by
drainage into the Ross and Weddell Seas. The flow of ice from the
grounded part of WAIS to the ocean occurs predominantly in fast-moving
ice streams (Figure 1; Oppenheimer, 1998). To examine the i

*Determined by charge balance

« Pore water is clearly not just a dilution of seawater by ice melt; different elements
have different dilution factors relative to seawater

« Appears to be significant cation exchange, as evidence by high Na* relative to Ca?*

and Mg?*
« Probably due to initial gypsum dissolution followed by ion exchange in clay rich sediments
« Extremely elevated Mn?* levels relative to seawater, with the bottom showing an
order of magnitude higher than top
« Reason unknown
« Currently underway:
+34C of DIC and TOC
« Dissolved iron
« Proposed:
- 5%S0, to determine source (i.e. gypsum dissolution vs. sulfide oxidation)

Total and viable microbial abundance in WA ISC sediments

Upper Lower

DAPI direct counts! 27400 + 1390 15000 + 523

Viable plate counts (ir

Aerobic, RT (5 weeks) 15+11 ND3

Aerobic, 4° C (5 months) 363 + 140

by which ice streams flow faster than the surrounding ice and to
determine the reason for the slow down of one of the Ross Sea ice
streams, Ice Stream Kamb, holes were drilled in the ice and samples of
ice, subglacial water, and sediment cores were collected in 2000 (see
http://skua.gps.caltech, htm for pictures and data). These
sediments have a marine origin and are remnants of the Pleistocene
collapse of the WAIS (Scherer, et al., 1998). We took advantage of the
existence of these cores by sampling the sole fully intact core for
characterization of ical and mi iological p to determine
a) whether a microbial community is present in this environment, b)
whether the community is active, and c) whether that activity has a
significant impact on the geochemistry of the subglacial environment.
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Figure 4: DGGE analysis of replicate extractions fr  om
the top and bottom half of the core.  Arrows indicate
bands excised and cloned for sequencing.

- Diversity is extremely limited
« Sequencing indicates the presence of only three
dominant phylogenetic groups (see figure 5)
« Sequences for bands 1, 2 and 4 are identical to each
other, as are bands 5 and 6.
- 1 and 2 likely heteroduplexes
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« Moderately abundant microbial community present
« Two order of magnitude higher viable cell counts at low temperature than at high
temperature: viable portion of community is cold adapted
« No viable anaerobic microbes detected by growth on R2A agar
« May be due to lack of terminal electron acceptors
« As in many other systems, viable fraction is ~1%
- Top section of core has significantly higher viable counts than bottom
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Figure 1: Map of the Antarctic Ice Sheets. The Western Antarctic Ice Sheet
(WAIS) is located to the left of the transantarctic mountains. The inset is an
enlargement of the highlighted region showing the five main ice streams that
feed the Ross Sea, including the focus of this study, Ice Stream C, recently
renamed Ice Stream Kamb. Figure from Oppenheimer (1998).

Figure 2: Sampling the core.
« The core was stored at 4T for 18 months prior to s ampling
« Likely shift in microbial ity relative but not
« Interior of core unlikely to be contaminated during initial collection due to
low porosity
« Hydraulic diffusivity (10 m? s%) and hydraulic conductivity (1020 m s indicate ~2
years to penetrate 1 cm of sediment (S. Tulaczyk, per. comm.)
« Outer 1-2 cm di: ; all s ing with sterile
instruments
« All sampling was performed in a laminar flow hood, and indicator R2A
plates were left open during the entire sampling procedure (no
contamination was detected).

Figure 3: Temp - growth ics of isolates

« All isolates are psychrotolerant; some appear to be psychrophilic
« Preliminary data — must be confirmed
« Currently testing full growth range and cardinal temperatures of isolates

Table 3: Preliminary identification of isolates bas
sequences

ed on partial 16S rRNA gene

Figure 5: Phylogenetic analysis of WAISC 16S rRNA
gene clones PCR amplified from DNA extracted direct Iy
from sediment samples.
WAISC sequences are indicated in bold red ,

from other ial systems are indit in
bold blue (BG = Bench Glacier, Alaska (Skidmore et al, in
prep), JEG = John Evans Glacier, Nunavut, Canada
(Skidmore et al., in prep), and FJ = Franz Joseph Glacier,
New Zealand (Foght, et al. 2004)), and those from icy
systems are indicated in bold light blue. Identity of DGGE
bands (see Figure 2) are indicated.

« The WAISC community is similar to that observed in other
subglacial and icy systems.

« The largest group of isolates is very similar to a group of
gene sequences that are abundant in both the top and
bottom clone libraries (i.e. Comamonas and relatives).

« Dominant sequence clusters are related to heterotrophs
and iron or sulfur oxidizing microbes, perhaps providing
some insight into possible energy sources in this
environmentally isolated system.

Results and Conclusions:

« The porewater of the subglacial environment shows
indicatif of bit i i however, itis
currently unclear whether microbial activity plays a
significant role in these alterations.

« A small, but easily detectable, microbial community is
present in sediments from beneath the Western

Antarctic Ice Sheet. This is the first study showi ng the
presence of microbes in such an environment.

« A fraction of the microbial community can be cultur ed,
including one of the dominant groups based on non-
culture methods. This will be a target of future s tudy.

« Culturable microbes are cold-adapted, and some are
psychrophilic.

« Based on 16S rRNA gene studies, the bacterial
ity diversity is limited in this sy stem,

Group* |# % of total |Nearest Neighbort |Phylogenetic
isolates |isolates group

Similarityt

A 43 68.3 Clone RA13C6 / Comamonas 98%
Polaromonas and relatives
vacuolata

B 17.5 Afipia genom. 14 Caulobacter (a- | 98%

ia)

(o} 14.2 97%

phyllosphaerae

*Based on Hhal and Mspl RFLP patterns of nearly full-length 16S rRNA genes
TBased on BLAST similarity of partial 16S rRNA gene sequences of clones
representing each group to i in the

Similarity is based on partial sequences ranging from ~500 to ~750 bp in length

« Isolates show minimal diversity

« One group abundant in culture collection is also abundant in clone library
(Comamonas and relatives; Figure 5)

« Two other groups in isolates do not match the dominant groups as indicated by
non-culture based methods

but the members of this community are highly simila rto
those found in other subglacial environments.

* No Archaea could be detected by PCR of 16S rRNA
genes
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