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Imaging motile pathogens by light microscopy and cryo electron tomography
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We are interested in understanding the motile behavior of pathogens and currently work on two
arthropod-borne disease agents: Plasmodium, the causative agents of malaria and Borrelia, the
causative agents of Lyme disease.

Plasmodium undergoes a complex life cycle in its vertebrate host and mosquito vector. We examine
Plasmodium sporozoites, the stages that are transmitted during a mosquito bite. Sporozoites are
ejected with the mosquito saliva [1] into the skin of the host. There they move rapidly and can enter
blood capillaries [2, 3]. Sporozoites eventually invade hepatocytes to further differentiate into red
blood cell invading parasite forms that ultimately cause the disease. We use a number of light
microscopy approaches including reflection interference contrast and traction force microscopy to
examine the molecular and biophysical basis of motility in vitro, where sporozoites glide in circles
as shown in Fig. 1. We also utilize cryo electron tomography to investigate sporozoites [4].
Sporozoites had to evolve to be less than 1 micrometer thick so they can still pass through the
narrow salivary ducts of the mosquito and can thus be imaged by electron microscopy without the
need for sectioning. Our latest results will be presented for both imaging approaches.

Borrelia are spirochetes that are transmitted into the skin during the bite of an infected tick.
Different species of Borrelia cause different symptoms of Lyme borreliosis. We undertake both
quantitative light microscopy imaging as well as cryo electron tomography to learn more about these
emerging pathogens with cause around 80.000 annual cases of infection in Germany alone. A
comparative tomography study of the three main borreliose species B. burgdorgeri, B. garinii and B.
afzelii revealed an overall similar architecture and showed a number of previously little or not
recognized details, including the presence of cytoplasmic vesicles at the site of bacterial cell division
[5]. Two poles of different Borrelia species are shown in Fig. 2. We further found evidence for a
potentially new mechanism of horizontal gene exchange between Borrelia that could explain the
large genomic diversity between strains [6].
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FIG. 1. Differential interference contrast time-lapse images of sporozoites from the rodent malaria
parasite Plasmodium berghei. Time is indicated in seconds. Red arrowheads indicate the position of
the front end of each parasite at each frame. Green arrowheads indicate the rear end in the first
frame.

FIG. 2. Borrelia burgdorferi: A: phase contrast image. B: Cryo electron micrograph. C: Three
sections from a tomogram with arrowheads indicating periplasmic flagellar filaments (yellow), outer
membrane sheath (blue), peptidoglycan (green) cytoplasmic membrane (magenta). From reference 5.
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