
74 | Annual Activity Report 2014

4
COMPARISON OF MICROBIAL COMMUNITY

STRUCTURE IN COASTAL MARINE SEDIMENTS OF
THREE AUSTRAL SUMMERS IN ADMIRALTY BAY,

KING GEORGE ISLAND

Diego Castillo Franco1, Rubens Tadeu Delgado Duarte1, Amanda Gonçalves Bendia1,
Cristina Rossi Nakayama2 & Vivian Helena Pellizari1,*

1Laboratório de Ecologia Microbiana, Instituto Oceanográfi co, Universidade de São Paulo (IOUSP),
Praça do Oceanográfi co, 191, CEP 05580-120, São Paulo, SP, Brazil.

2Laboratório Multidisciplinar em Saúde e Meio Ambiente, Instituto de Ciências Ambientais, Químicas e Farmacêuticas,
Universidade Federal de São Paulo (ICAQF/UNIFESP), Rua São Nicolau, 210, 1o. andar, CEP 09913-030, Diadema, SP, Brazil.

*email: vivianp@usp.br

https://doi.org/10.4322/apa.2016.012

Abstract: � is study was conducted to characterize and compare the microbial community diversity in marine sediments from 
four di� erent sites at Admiralty Bay (CF, Comandante Ferraz Antarctic Station; BP, Botany Point; PU, Ullman Point; and R2, 
Refuge 2) by means of 16S rRNA pyrosequencing. � e results revealed di� erences between all samples and indicated predominance 
of the Phylum Proteobacteria in all sites. Shi� s in Proteobacteria classes (Alpha, Beta, Gamma, Delta and Epsilonproteobacteria) 
accounted for most of the variation among stations, and these were more evident in pristine sites (BP, PU and R2) than in CF.
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Introduction
Microbial diversity in Antarctic Peninsula has 

been assessed in different ecosystems, including soils, 
sediments, lakes, hydrothermal vents, volcanoes, glaciers, 
permafrost, among others. Research has demonstrated that 
microorganisms at benthic biosphere can represent one 
tenth to one third of the total biomass on Earth and about 
70% of the total prokaryotic biomass (Parkes et al., 1994; 
Whitman et al., 1998).

� e abundance of microbial cells in marine sediments 
is related to sedimentation rates and distance from the 
coast. Cell densities in sur� cial sediments increase toward 
continental margins and decrease toward the open sea 
(Kallmeyer et al., 2012). Marine sediments and their 
microbiota play a fundamental role in the Antarctic region, 
since they act as indicators of environmental changes that 
take place in response to di� erent processes occurring in 
the water column.

 Several studies have been carried out in marine 
sediments worldwide (Arctic, Atlantic and Paci� c Oceans, 
as well as Baltic and Mediterranean Seas) with the objective 
of determining the composition of microbial communities, 
using next generation sequencing techniques, and obtaining 
data that allow for phylogenetic and functional analysis of 
biogeochemical processes. Sequences from the Bacteria 
Domain described in these studies belong mostly to the 
Phylum Proteobacteria, especially in Gamma and Delta-
Proteobacteria classes. On the other hand, sequences from 
the Archaea Domain are mostly related to Euryarchaeota 
Phylum (Hamdan et al., 2012; Zinger et al., 2011; Lyra et al., 
2013; Li et al., 2009; Danovaro et al., 2010; Sogin et al., 2006).

In this context, the objective of the present work was 
to assess, through next generation sequencing techniques, 
the variation in microbial community structure in coastal 
marine sediment of Martel and McKellar Inlets at Admiralty 
Bay, King George Island.
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Material and Methods
Sediment samples were collected in the Austral Summers 

2007, 2010 and 2012 (Brazilian Antarctic Expeditions XXV, 
XXVIII and XXX) in four stations (Table 1) at 20-30m 
isobaths and kept at -20oC until analysis in Brazil. Total 
DNA in the samples was extracted with the PowerSoil 
DNA Isolation Kit (MoBio, USA) and ampli� ed with the DNA Isolation Kit (MoBio, USA) and ampli� ed with the DNA Isolation Kit
Prokaryotic-Universal primers U519F and U1068R (Wang 
& Qian, 2009), corresponding to V4-V6 regions of the 
rRNA16S gene in Escherichia coli. � e amplicons were 
sequenced using a 454 GS FLX Pyrosequencing (Roche). GS FLX Pyrosequencing (Roche). GS FLX Pyrosequencing

Sequences were analyzed on Mothur v.1.30 (Schloss et al. 
2009) and on RDP Classi� er (Wang et al. 2007).

Results
About 80,000 sequences of ~90-570 pb were obtained. 

Bioinformatic analysis showed higher abundance 
of Bacteria when compared to Archaea. The most 
abundant bacterial Phyla were Proteobacteria, Firmicutes, 
Actinobacteria, Verrucomicrobia, Bacteroidetes and 
Planctomycetes, which are commonly found in marine 
sediments (Figure 1).

Table 1. Sample location (geographic coordinates) and sampling depth (m).

SampleID
Coordinates

Depth (m) Inlet
Lat Long

Comandante Ferraz (CF) 62° 05. 131” S 58°23.369” W 30 Martel

Botany Point (BP) 62° 05. 701” S 58° 19.849” W 30 Martel

Ullman Point (PU) 62° 05. 015” S 58° 23.987” W 30 Martel

Refuge 2 (R2) 62° 04. 210” S 58° 25.335” W 30 MacKellar

Figure 1. Main bacterial phyla and Proteobacteria classes found in sediments from Admiralty Bay across three austral summers.
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Discussion
Preliminary analysis of the pyrosequencing results showed 

variation in community composition with time (Figure 1) 
and indicated predominance of the Phylum Proteobacteria 
in all sediments. Shi� s in Proteobacteria classes (Alpha, 
Beta, Gamma, Delta and Epsilonproteobacteria) also 
accounted for most of the variation between samples in all 
stations, and were more evident in pristine sites (BP, PU 
and R2) than in CF. � ese changes are probably related to 
natural variation in environmental conditions (organic and 
inorganic substrates, oxygen availability, bioturbation, ice 
scours’ interference). On the other hand, CF communities 
remained relatively stable across the time, what might be 
related to human activities around the scienti� c station 
Comandante Ferraz. It is well known that anthropogenic 
perturbations such as increase in organic content, sediment 
load and fuel combustion can a� ect marine ecosystems 
(Nogales et al., 2011). However, further sequence analyses 
and their relation to physico-chemical parameters are 
necessary to determine the drivers of these variations.

Results also revealed di� erent trends in variation between 
sites. In BP, a decrease in Alphaproteobacteria was followed 
by an increase in Gammaproteobacteria from 2007 to 
2012. Gammaproteobacteria was an important group in 
all samples and most of its presence was explained by the 
high number of Psychrobacter sequences (14 to 64% of the Psychrobacter sequences (14 to 64% of the Psychrobacter
Gammaproteobacteria sequences found). Psychrobacter is a Psychrobacter is a Psychrobacter
genus of strictly aerobic chemoheterotrophic, cold-adapted 
and halotolerant bacteria. It has been found in many cold 
marine habitats, from sea ice to marine sediments, and has 
been cultivated from Admiralty Bay sediment (Rodrigues 
et al., 2009).

Increases in Deltaproteobacteria frequencies were also 
observed, mostly in PU (2010) and R2 (2010 and 2012), 

followed by BP (2012) and CF (2012). Deltaproteobacteria 
are traditionally associated to sulfur metabolism under 
anaerobic conditions and play an important role in carbon 
mineralization in marine sediments (Jørgensen, 1982). An 
increase in sulfate-reducing bacteria may indicate a higher 
input of carbon in the Admiralty Bay from 2007 to 2010-2012,
what could lead to higher emissions of H2S and CO2 in the 
water column and atmosphere (Muyzer & Stams, 2008).

Conclusions
Pyrosequencing analysis of sediment microbial 

communities revealed high prevalence of the phylum 
Proteobacteria in all samples, but subsequent taxa within 
this Phylum varied across the time and between sites, 
indicating that di� erent combinations of environmental and 
geographical factors contribute to de� ning the microbial 
community structure. CF community structure showed 
less variability with time than the other sites and this might 
be related to some kind of impact, but further analysis of 
physical, chemical and biological data are necessary con� rm 
this stability is not due to natural factors.

Acknowledgements
� is work is part of the National Institute of Science 

and Technology for Antarctic Environmental Research 
(INCT-APA) that receives scienti� c and � nancial support 
from the National Council for Research and Development 
(CNPq process: n° 574018/2008-5) and from the Carlos 
Chagas Research Support Foundation of the State of Rio 
de Janeiro (FAPERJ n° E-16/170.023/2008). � e authors 
also acknowledge the support of the Brazilian Ministry of 
Science, Technology and Innovation (MCTI), Ministry of 
Environment (MMA) and Inter-Ministry Commission for 
Sea Resources (CIRM).

References
Danovaro, R., Company, J. B., Corinaldesi, C., D’Onghia, G., Galil, B., Gambi, C., Gooday, A. J., Lampadariou, N., Luna, G. 

M., Morigi, C., Olu, K., Polymenakou, P., Ramirez-Llodra, E., Sabbatini, A., Sardà, F., Sibuet, M., & Tselepides, A. (2010). 
Deep-Sea biodiversity in the Mediterranean Sea: the known, the unknown, and the unknowable. PLoS One, 5(8), e11832.

Hamdan, L. J., Sikaroodi, M., & Gillevet, P. M. (2012). Bacterial community composition and diversity in methane charged 
sediments revealed by Multitag Pyrosequencing. Geomicrobiology Journal, 29(4), 340-351.

Jørgensen, B. B. (1982). Mineralization of organic matter in the seabed: the role of sulphate reduction. Nature, 296, 643-645.



77Science Highlights - Thematic Area 3 |

Kallmeyer, J., Pockalny, R., Adhikari, R. R., Smith, D. C., & D’Hondt, S. (2012). Global distribution of microbial abundance 
and biomass in subseafl oor sediment. Proceedings of the National Academy of Sciences of the United States of America, 
109(40), 16213-16216.

Li, H., Yu, Y., Luo, W., Zeng, Y., & Chen, B. (2009). Bacterial diversity in surface sediments from the Pacifi c Arctic Ocean. 
Extremophiles, 13(2), 233-246.

Lyra, C., Sinkko, H., Rantanen, M., Paulin, L., & Kotilainen, A. (2013). Sediment bacterial communities refl ect the history of 
a Sea Basin. PLoS One, 8(1), e54326.

Muyzer, G., & Stams, A. J. (2008). The ecology and biotechnology of sulphate-reducing bacteria. Nature Reviews. Microbiology, 
6(6), 441-454.

Nogales, B., Lanfranconi, M. P., Piña-Villalonga, J. M., & Bosch, R. (2011). Anthropogenic perturbations in marine microbial 
communities. FEMS Microbiology Reviews, 35(2), 275-298.

Parkes, R. J., Cragg, B. A., Bale, S. J., Getliff, J. M., Goodman, K., Rochelle, P. A., Fry, J. C., Weightman, A. J., & Harvey, S. 
M. (1994). Deep bacterial biosphere in Pacifi c Ocean sediments. Nature, 371, 410-413.

Rodrigues, D. F., Jesus, E. C., Ayala-Del-Río, H., Pellizari, V. H., Gilichinsky, D., Sepulveda-Torres, L., & Tiedje, J. M. (2009). 
Biogeography of two cold-adapted genera: Psychrobacter and Psychrobacter and Psychrobacter Exiguobacterium. The ISME Journal, 3(6), 658-665.

Schaefer, C. E. G. R., Dias, L. E., Campos, L. S., Albuquerque, M. R., Fo., & Costa, L. M., & Borges, M., Jr. (2004) 
Monitoramento ambiental em sedimentos costeiros da Baía do Almirantado:granulometria,teores de macronutrientes e 
metais biodisponíveis. In E. G. R. Schaefer, M. R. Francelino, F. N. B. Simas & M. R. Albuquerque (Eds.), Ecossistemas 
costeiros e monitoramento ambiental da Antártica Marítima, Baía do Almirantado, Ilha Rei George. Viçosa: NEPUT, 
Universidade Federal de Viçosa. 192 p.

Schloss, P. D., Westcott, S. L., Ryabin, T., Hall, J. R., Hartmann, M., Hollister, E. B., Lesniewski, R. A., Oakley, B. B., Parks, 
D. H., Robinson, C. J., Sahl, J. W., Stres, B., Thallinger, G. G., Van Horn, D. J., & Weber, C. F. (2009). Introducing mothur: 
Open source, platform-independent, community-supported software for describing and comparing microbial communities. 
Applied and Environmental Microbiology, 75(23), 7537-7541.

Sogin, M. L., Morrison, H. G., Huber, J. A., Mark-Welch, D., Huse, S. M., Neal, P. R., Arrieta, J. M., & Herndl, G. J. (2006). 
Microbial diversity in the deep sea and the underexplored “rare biosphere”. Proceedings of the National Academy of 
Sciences of the United States of America, 103(32), 12115-12120.

Wang, Q., Garrity, G. M., Tiedje, J. M., & Cole, J. R. (2007). Naïve Bayesian Classifi er for Rapid Assignment of rRNA Sequences 
into the New Bacterial Taxonomy. Applied and Environmental Microbiology, 73(16), 5261-5267.

Wang, Y., & Qian, P. (2009). Conservative Fragments in Bacterial 16S rRNA Genes and Primer Design for 16S Ribosomal 
DNA Amplicons in Metagenomic Studies. PLoS One, 4(10), e7401.

Whitman, W. B., Coleman, D. C., & Wiebe, W. J. (1998). Prokaryotes: the unseen majority. Proceedings of the National Academy 
of Sciences of the United States of America, 95(12), 6578-6583.

Zinger, L., Amaral-Zettler, L. A., Fuhrman, J. A., Horner-Devine, M. C., Huse, S. M., Welch, D. B., Martiny, J. B., Sogin, M., 
Boetius, A., & Ramette, A. (2011). Global Patterns of Bacterial Beta-Diversity in Seafl oor and Seawater Ecosystems. PLoS 
One, 6(9), e24570.


