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INTRODUCTION

Dissolved organic matter (DOM) plays an important role 
in conditioning the environment for microbes in aquatic 
ecosystems. During the austral summers of 2004-05 and 2009-
10, we sampled a supraglacial stream that forms on the Cotton 
Glacier (CG) in the Transantarctic Mountains (Figure 1). 
Antarctic supraglacial streams, which form annually from 
glacial melt water, are particularly unique in their DOM 
signature. Analysis of the Cotton Glacier stream has shown 
that the concentration of DOM is low (44-48 µM C), and 
fluorescence spectroscopy has indicated a lack of humic
signatures. The absence of humics in this stream makes it 
unlike streams in terrestrial environments or even other 
microbially-based streams in Antarctica. 

STUDY SITE

Figure 1. USGS maps and photos of the Cotton Glacier

The Cotton Glacier  lies north of Cape Roberts in the 
dry valleys region of Antarctica (77o 07’S, 161o 40’E), flowing 
eastward between Sperm Bluff and Queer Mountain for ~16 
km (Figure 1). The Stream is seasonally formed and  there is  
no carbon legacy from one season to the next making this 
an excellent environment to study the synthesis and 
transformations of dissolved organic matter. 

PROTEOMICS

MICROBIOLOGY

Location Bacteria
(Cells ml-1)

Bacterial Prod.
(ng C ml-1 d-1)

VLP
(VLP ml-1)

V:B Ratio

CG1 4.97 x 105 1.61 x 107 1.08 x 104 0.02

CG2 2.94 x 104 5.35 x 106 1.06 x 104 0.43

CG3 1.19 x 105 2.67 x 107 1.36 x 104 0.11

MICROBIOLOGY RESULTS
The supraglacial stream contained an active microbial 

community. Microbial diversity from CG1 was evaluated 
using 454 pyrosequencing as well as clone libraries. Genus 
distribution comparison showed similarity among findings in 
both methods with greater resolution provided by 
pyrosequencing (Fig. 2). 

Table 1. Bacteria and Viral data from three sites along 
the Cotton Glacier stream system, Antarctica.

CHEMISTRY

Figure 5. Top panel- Excitation emission matrices (EEMs) 
from Pony Lake (Cape Royds) and the Cotton Glacier (CG). 
Components A and C are thought to be associated with the 
fulvic and humic fractions of DOM, while peaks B (tyrosine-
like) and T (tryptophan-like) are referred to as the amino acid 
region. Note the absence of A & C regions from the fresh CG 
sample. Bottom Panel- Cotton Glacier fresh (A) and aged (B) 
samples.  Loss of intensity is observed in the amino acid 
regions (B and T) and gain in intensity is observed in the 
humic regions (A and C). 

CHEMISTRY RESULTS
Fluorescence spectroscopy of DOM from this stream 

showed that  it lacked humic signatures (Fig. 5), unlike DOM 
typical of microbially-based ecosystems (i.e. Pony Lake). 
HPLC-MS confirms a difference in molecular composition of 
DOM between these systems (Fig. 6). Analysis of the EEMs
by PARAFAC indicated that amino-acid fluorophores
dominate, which is consistent with DOM being of microbial 
origin. These results indicate that DOM in this system is 
seasonally formed from soluble microbial products and that a 
reservoir of recalcitrant humified DOM does not pre-exist. 
After storage of the stream water in the dark for 7 days, 
humic peaks were detected in the EEMs, suggesting that it 
can undergo humification with time. 

CONCLUSION

FUTURE RESEARCH

•Examine the release of organic compounds by photosynthetic 
organisms in the Cotton Glacier system. 

•Determine the bioavailability of Cotton Glacier DOM through 
both biological and chemical characterization of microbes in 
controlled experiments manipulating DOM sources, light 
conditions, and added nutrients. 

•Understand microbial adaptations to humic-free, icy 
environments through proteomics, membrane composition 
analysis and biophysical characterization of Cotton Glacier 
microbial organisms.  
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Figure 2. Genus distribution comparison of 454 
pyrosequencing to clone library data from CG1. 
A. CG1 454 Pyrosequencing B. CG1 Clone Library

Figure 6. Base Peak Mass Spectrometry Chromatogram from 
from an ESI-qTOF indicating the molecular features found in 
lyopholized Cotton Glacier Fulvic Acid and Pony Lake Fulvic
Acid materials.

Pony Lake
Cotton Glacier

Figure 4. Base Peak 
Mass Spectrometry 
Chromatogram from 
an ESI-Trap 
indicating peptide 
fragments of the 
protein collected 
from minute 43 of 
HPLC

Table 2. A selection of mass spectrometry fragmentation 
hits from the minute 43 HPLC protein fraction to proteins 
with significant identity or extensive homology (p<0.05) 
using MASCOT algorithms.

A

B

Protein 
Accession Protein Hit

Probability 
Based Mowse 

Score % Coverage Taxonomic Strain of Hit E value 
gi|157372024 translation elongation factor Ts 211 9.5 Serratia proteamaculans 568 0.014

0.00024
0.0034

gi|157372585 protease Do 122 4.2 Serratia proteamaculans 568 0.07
0.0031

gi|157368937 chaperone protein DnaK 94 2.2 Serratia proteamaculans 568 8.3E-06
gi|16122389 glyceraldehyde-3-phosphate dehydrogenase 84 4.2 Yersinia pestis CO92 0.000083

gi|15895064 elongation factor Ts 80 2.6
Clostridium acetobutylicum ATCC 

824 0.00024

gi|152968596 molecular chaperone DnaK 74 2.2
Klebsiella pneumoniae MGH 

78578 0.00052

gi|15801009 hypothetical protein Z1520 66 4.3 Escherichia coli O157:H7 EDL933 0.0046
gi|157373120 DSBA oxidoreductase 62 6.8 Serratia proteamaculans 568 0.017
gi|157371493 protein of unknown function DUF1414 62 12.8 Serratia proteamaculans 568 0.011

gi|86141372 glyceraldehyde-3-phosphate dehydrogenase 61 4.2
Leeuwenhoekiella blandensis 

MED217 0.017

gi|90578321 putative ATP-dependent protease LA-relatedprotein 59 1.1 Vibrio angustum S14 0.023
gi|462002 Elongation factor Ts (EF-Ts) 59 3.2 0.03

PROTEOMICS RESULTS
Top-down proteomic techniques provide a useful  

method to both quantify (Fig. 3) and identify (Fig. 4) 
protein composition in novel Antarctic isolates. Despite the 
lack of genome data, homology searching allows 
identification of proteins of interest (Table 2), which can be 
used to track changes in microbial metabolism and 
adaptation strategies. 

Figure 3. Separation of lab-grown Cotton Glacier bacterial 
isolate CG3 proteins by reverse phase HPLC. A. HPLC 
Chromatogram showing absorbance at 214nm. Whole protein 
lysate was run on a reverse phase macroporous column with 
a 0 to 95% acetonitrile gradient. B. Comassie stained 4-20% 
polyacrylamide gel showing separation of fractions collected 
every two minutes from HPLC.
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The Cotton Glacier supraglacial stream system 

represents a unique humic-free environment and a natural 
laboratory for studying microbial adaptation to the absence of 
humics, as well as chemical processes controlling the 
genesis of humic DOM. Fluorescence spectroscopy and 
mass spectrometry were used to characterize the DOM in 
the stream, and gain insight into the formation of humic DOM 
from precursor microbial products.  Microbial abundance, 
community structure, and individual organism metabolism 
were also investigated in conjunction with the geochemical 
characterization of the site to understand how the microbial 
ecology is influenced in the absence of humic DOM.  

Interdisciplinary approaches such as the one 
described here help us to understand the interplay between 
the chemistry, biology, and geology of a system. 
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Our overall objective is to couple this unique environment with 
the interdisciplinary combination of proteomics, genomics, 
small molecule analysis, and microbial ecology to understand 
how biological systems impact and are impacted by their 
abiotic environment. Specifically we want to:

•Characterize the ecology of the Cotton Glacier stream system

•Determine a proteomic method to characterize microbial 
organisms in this system in the absence of genomic sequence 
information

•Understand the DOM composition at this site and how it 
compares to DOM from other microbially-based ecosystems

OBJECTIVES
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