Abstract

A variety of recent studies of ice cores indicate the presence of a microbial assemblage that may
be active and adapted to life in the ice. To understand the mechanisms of adaptation to the
extreme cold, dark and isolated (hence oligotrophic) and potentially high salt and/or low pH
conditions found in ice core environments, we have undertaken a metagenomic approach. Due to
the extremely low abundance of cells and paucity of sample, we developed an extensive
hypochlorite bleach-based decontamination protocol and DNA cell concentration and extraction
protocols. As a test of our protocols, we decontaminated, melted, and concentrated particles from
a sample of ice from the Greenland Ice Sheet Project 2coref (GISP2f). After decontamination and
melting the cell count using DAPI was determined to be 3.2 x 103 cells mI™.Following a 343-fold
concentration via tangential flow filtration, DNA was extracted using the prepGEM™ enzyme.
Subsequent multi-strand displacement amplification (MDA) provided sufficient genomic DNA for
PCR amplification and/or cloning. Sequencing results indicated the presence of relatives of
Bacillus simplex, Paenibacillus chondronitinus, Bradyrhizobium spp. and members of the
Gemmatamonadales. We are currently characterizing functional genes from this sample as well.
These protocols are broadly useful for all ice core samples, and the resulting metagenomic and
single cell genomic sequences will provide insights into adaptations to life in ice.

Introduction

® More than 70% of Earth’s fresh water occurs as ice (1) and recent studies indicate the
presence of microorganisms, some of which may be active, in glacial ice (2, 3).

® Little is known about the adaptations necessary to survive and/or metabolize in the
permanently cold, dark, and oligotrophic environment found in ice.

® Due to extremely low cell abundance, issues with possible contamination and obtaining
sufficient biomass have precluded the use of advanced molecular biological methods to
examine adaptation in such environments.

® We developed an integrated protocol that decontaminates ice cores, concentrates cells in a
sealed, sterile environment, extracts DNA from cells in a single tube reaction, and provides
sufficient DNA amplification for subsequent PCR-based or cloning steps.

® We tested these protocols extensively on lab-constructed ice cores and samples from the
GISP2f core from Greenland. Here we report the composition of the microbial assemblage in
the GISP2f core section.

Decontamination process
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+ Commercial bleach is 6% sodium hypochlorite
+ 130 lab constructed ‘dummy’ cores were tested
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Sample concentration by Tangential
flow filtration (TFF)

+ 500kDa MWCO Minikros sampler
(Spectrum laboratories)
+ 343 fold concentration
g Samples had 10°cells mi* afer
concentration
+ 40 ‘dummy’ cores and environmental
samples tested
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DNA extraction by ZyGEM extraction kit

[

+ Extraction with the prepGEM™ enzyme (ZyGEM,
Inc., Solana Beach, CA) was optimal with low
cell numbers.

+ 100% extraction efficiency was observed for both
Bacillus subtilis and Methylomonas album at cell
concentrations between 102 and 10° cells. SEESEREE
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Whole genome amplification
by GenomiPhiV2

TR (peogean)

* Quantitative PCR analysis showed that 5.3 X 103 ===
fold amplification by MDA 1 &
* No observed bias .
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Results

Age 1660-1670 AD

102.00~103.00

72° 36" N, 38° 30" W; 3200 masl

Na* (2.1), Mg?* (0.73), K (0.64), Ca?* (3.6), NH,* (4.2)
CI- (6.3), SO,* (31.6), NO5 (78.6)

3.2 x 108 cells ml*

depth (m)
Location

Major Cations (ppb)
Major Anions (ppb)
Cell Abundance

Table 2. Characteristics of GISP2f Ice core
*Major cations and major anions are averages of the 3 depths.

«Cell abundance determined in this study.

M 1 2 3 KRS

% #5% £t s |~ Group 1 (B. simplex)
‘== | = B. subtilis

~a Group3

Figure 1. DGGE of GISP2f core from 102.00~102.40 meters.
Lanes result from replicate extractions performed on separate dates

" == == = % £ Group 2 (Paenibacillus) *No B. subtilis observed

*Three dominant bands related to Bacillus simplex, Paenibacillus
chondroitinus, and Gemmatimonadales were present.

sLanes 4 and 5 are from failed decontamination trials

Proportion of
clone library

Number

of clones

Bacillus simplex isolate Ph18 168 fibosomal
114 708 98 (960/980)
giotpt RNA gene, partial sequence (AEEERED ¢ )
e 12 75 ;:s‘n;‘bsaec:r:"ilegmo\yucus gene for 165 rRNA, e 97 (959/987)
Uncultured Gemmatimonadetes bacterium
group3 6 37 clone AKYH968 16S ribosomal RNA gene, AY922177 97 (865/892)
partial sequence
o 7 o5 f}iil"“.f;é’;.iﬁ?fffcie"e for 16S ribosomal _— 98 (7671783)
groups 2 25 ‘::ﬁ:!i::ug‘z‘:‘m 16S ribGRRIEIENA gene, 5993309 99 (753/757)
groupé 3 1.9 Bradyrhizobium sp. BTAi1, complete genome CP000494 98 (897/914)
i 3 19 Uncultured bacterium clone FCPP694 165 = o 97 (793/818)
ioup) ribosomal RNA gene, complete sequence
P oupe > 12 S:r‘::!\uz 5’5@ x‘»ciesoas 165 ribosomal RNA gene, agaa00 98 (894/909)
I upd > 12 gﬂlf;gag;znjj:cgene for 16S ribosomal A— 96 (859/891)
Singlet 1 6.8 various - b
Total 161 100¢

Table 3. DOTUR analysis of the 16S rDNA clone library on GISP2f ice core sample

*DOTUR analysis was performed and the sequence identification was grouped by 3% tolerance level
(sequence dissimilarity).

— Unique
=% difference

2%gifference
y 3% difference
5% difference

No. of OTU discovered

No. of clones observed

Figure 4. Rarefaction curve based on 16S rRNA BLAST results.
«1:1 line represents the number of unique OTU if every clone were unique

*Unique line represents the number of OTU in GISP2f using 0% difference; 3%
difference line represents the number of unique OTU in GISP2f using 3% dissimilarity
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DQ105977 Bacillus simplex X4

1 AB330412 Bacillus sp. BAMS52
3 AJ315062 Bacillus sp. 19494; LMG 19494
2{ AJ628745 Bacillus simplex; LMG 21002
& AJ316308 Bacillus sp. LMG 21002
EU071557 Bacillus muralis; EHFS1_S05He
Group1(GIsp2f)
EUA427320.1:1..1403 Bacillus simplex T2
EU249563 Bacillus simplex; TPBF2
EF377310 Bacillus sp. CCBAU 10757

AB021195 Bacillus psychrosaccharolyticus; ATCC23296
AJ491841 Bacillus megaterium; C1
AY667496 Bacillus koreensis (T); BRO30

AF479338 Glacial ice bacterium GS00K-9
AB018486 Bacillus subtilis subsp. subtilis; ATCC 6633
AJ830709 Bacillus subtilis subsp. subtilis; KCM-RGS
DQ452508 Bacillus subtilis subsp. subtilis; DSM 6405
AF074970 Bacillus sublilis subsp. spizizenii (T); NRRL B-23049
AAB244447 Bacillus sp. An11-1
B. subtilis6633
87" AF479353 glacial ice bacterium G50-TBS
AB002661.1:1..1440 Bacillus sp. C-125

AJ345022 Paenibacillus sp. DSM 34
DB82064 Paenibacillus chondroitinus (T); DSMZ5051T
/AB089250 Paenibacillus sp. M-2b
D78465 Paenibacillus alginolyticus (T); DSM5050T
Group? (GISP2f)
99 EU134632 uncultured bacterium; FFCH11385
X81021 Clostridium acetobutylicum; NCIMB 8052

—
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Figure 3. Phylogenetic tree of Bacillus subtilis and relatives.

«Bacillus-related 16S rRNA gene clones from the GISP 2f core were <95% similar to
the Bacillus subtilis strain used to contaminate the outside of the ice core.
Furthermore, ITS sequences were different lengths and did not align.

*Thus, we conclude that the GISP2f Bacillus clones are derived from in situ DNA.
*The green represents sequences from GISP2; red represents B. subtilis ATCC 6633

Summary

«Our integrated protocol thoroughly decontaminated, concentrated,
extracted, and amplified DNA from low-abundance microbial
assemblages in ice cores.

*Through intentional contamination of the ice core surface, we have
demonstrated complete decontamination of the GISP2f ice core.

+16S rRNA gene sequences found in the GISP2f samples included
Bacillus simplex, Paenibacillus chondronitinus, Bradyrhizobium species
and members of the Gemmatimonadales.

«Currently we are characterizing functional genes in the samples.
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