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Transmission and scanning electron microscopy (TEM and SEM) are enhancing laboratory project-
based learning in molecular biology and virology at the University of Southern Maine (USM) and in
the bioscience education outreach activities of the Maine ScienceCorps (MSC) which frequently use
microbes and their viruses (bacteriophages) in classroom research projects as previously reported
[1]. The MSC at USM is a laboratory intensive NSF-sponsored Graduate STEM Fellows in K-12
Education (GK-12) project that connects graduate students’ research to laboratory based projects in
Maine’s rural high schools. Microbes and their viruses, particularly those isolated from extreme
environments, are important in the graduate studies of several MSC Fellows. Research and learning
has also been given an international scientific context through parallel investigations of microbial
and viral diversity in the acidic mine drainage from Maine’s historical iron and copper mines and in
soda lakes of the East African Great Rift Valley where extreme alkaline, saline, and thermal
conditions are typical. Collaborating with University of Nairobi (UoN) scientists during four trips to
Kenya in 2008 and 2009, USM teams including virology and electron microscopy faculty and staff,
MSC Fellows, and a participating Maine high school teacher have worked with UoN colleagues to
isolate microbes and viruses from Rift Valley soda lakes. During these visits the USM-UoN
research team also initiated science education outreach connections in schools and rural education
centers in Kenya. Light microscopy resources provided by the research team have been critical in
the education outreach that enables students and staff of education centers to image microorganisms
important in the ecology of the Rift Valley alkaline lakes. The knowledge of viruses in these
environments is to be visually revealed in these educational settings through the TEM images that
are produced at USM. TEM images of bacteriophages isolated from the Kenyan soda lakes are
shown in Figure 1 and reveal morphotypes that are distinct, but that all are characteristic of the order
Caudovirales, the tailed bacteriophages.

The microbial and viral biodiversity of extreme environments in the Great Rift Valley of East Africa
and in acidic metal-rich environments such as those in Maine are of significant scientific interest in
environmental microbiology and astrobiology with viruses from such environments being
particularly under-studied at present. Exemplifying fundamental molecular self organizing
properties that are prerequisite for life’s origins and propagation, viruses are quintessential molecular
models in which self-assembly is genetically encoded into nano-scale biological entities that are the
most abundant in Earth’s biosphere [2,3]. Through complex interactions with biological hosts and
thus ecosystems, viruses are powerful drivers of genetic transfer and evolutionary change, of niche
adaptation within diverse habitats, and of nutrient cycling in food webs [4]. As study of virus model
systems informed development of molecular and cellular biology [5], the same may be true for
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understanding evolutionary, genetic, and ecological foundations of life in Earth’s extreme
environments in addressing fundamental questions of astrobiology [6]. Building upon successful
efforts in cultivation of the viruses shown in Figure 1 from the extreme environments of Kenya’s
soda lakes (which at pH 11 and above are among the most alkaline on Earth), the USM virology,
microbiology and electron microscopy research team has begun to investigate the molecular genetics
and the physical and biochemical parameters internal and external to host cells that determine the
structural integrity and functionality of viruses in these extreme environments. Parallel research and
education efforts in Maine and in Kenya discussed here are expanding the integrated research and
education efforts (some reported previously [1,7,8,9]) of the USM Virology and TEM laboratory.
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Figure 1: 1% UA stained TEM images of four bacteriophage isolates that infect microbes from
Kenya’s Lake Magadi, panels A-D, while one virus from Kenya’s Lake Nakuru is shown in panel E.

All bacteriophages shown have morphotypes consistent with the order Caudovirales.
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