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Seasonal studies of microbial and viral biodiversity are ongoing at a former copper and zinc mining 
site, the Callahan Mine, on Cape Rosier, Maine.  When mining operations ceased in 1972, an inlet to 
the site was opened to allow flooding of the 100 meter deep mine pit by tidal waters from Penobscot 
Bay which connects into the Gulf of Maine.  Adjacent to the flooded areas of the mining site are 
piles of mine tailings and waste rock from which drainage occurs with elevated levels of heavy 
metals including cadmium, copper, lead, and zinc.  Concerns about metal leaching are high and have 
contributed to the site being designated a priority site by the United States Environmental Protection 
Agency [1].  To our knowledge this is the only coastal copper mining site in the world where there is 
flooding daily by tidal waters.  Thus this estuarine site may have unique metal rich habitats such as 
the stratified depths of the submerged mine pit with distinct microbial and viral biodiversity.  
 
In recent years it has become clear that viruses are the most abundant biological entities on Earth and 
that bacteriophages are critically important in microbial ecology and genetics [2,3,4].  In the studies 
reported here, bacteria isolated from this coastal mining site have served as potential hosts to be used 
in enrichment and isolation of bacteriophages from this metal rich site.  Bacterial isolates were 
classified by PCR amplification and sequencing of 16S rRNA genes followed by genetic database 
comparisons.  To enrich for bacteriophages present, estuarine water samples were added to mid-log 
phase cultures of individual bacterial isolates.  Enriched samples were centrifuged to remove 
bacteria and cell debris, diluted serially, plated on lawns of each specific host bacterium, and 
repeatedly plaque purified.  Isolated phages were negatively stained for transmission electron 
microscopy (TEM).  Selectively, bacteriophage genomic studies are proceeding through nucleic acid 
purification, genomic library construction, and DNA sequencing.  TEM images of bacteriophages 
isolated from the former mine site are shown in Figure 1 and reveal diverse viral morphotypes 
including some that are characteristic of tailed phages of the order Caudovirales (Figure 1A, 1B, 1C, 
1D, and 1E) but also including some unusual tail-less morphotypes (Figure 1F, 1G, and 1H).  
Genomic sequence data has shown that the bacteriophage shown in Figure 1F which infects a host 
bacterium most closely related by 16S rRNA sequences to Pseudoalteromonas arctica A-37-1-2 is a 
novel member of the family Corticoviridae, for which only one prototypic virus designated PM2 has 
been previously characterized [5].  Isolation of several distinct non-tailed phages at the mine site 
(Figures 1F, 1G, and 1H) suggests that these unusual viruses may be important in the microbial 
ecology of this metal rich environment.  
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Figure 1:  TEM images of negatively stained preparations of bacteriophages isolated from the former 
Callahan Mine site.  Panels A-E show morphotypes consistent with the order Caudovirales, the 
tailed phages.  The major families Siphoviridae (panels A, B, and C), Podoviridae (panel D), and 
Myoviridae (panel E) all appear to be represented.  Panels F, G, and H show three distinct phages 
with a novel chain-like morphotype.  The phage in panel F has been identified as a new member of 
the lipid-containing bacteriophage family Corticoviridae.  Bacteriophage designations on the 
micrographs indicate the 16S rRNA based identification of their respective bacterial hosts. 
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