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Adhesion is important from both the physiological and the pathophysiological aspect of bacterial
colonization. Streptococcus parasanguinis, a Gram-positive bacterium, is one of the primary
colonizers of the oral cavity and provides the foundation for a complex multi species biofilm, known
as dental plaque [1]. In addition, as opportunistic pathogens, these bacteria can adhere to native and
prosthetic heart valves leading to the development of endocarditis [2]. S. parasanguinis adhesion to
host surfaces is mediated by long proteinaceous appendages of ~ 0.6 um in length, which have been
denominated long fimbriae [3]. Since their initial discovery on the surface of S. parasanguinis, these
fimbriae have been observed in other members of the streptococcal and staphylococcal families (e.g.
S. gordonii, S. pneumoniae, S. aureus, S. epidermidis). Fapl (fimbriae-associated protein 1), a
serine-rich glycoprotein protein of ~ 200 kDa molecular mass, is the main structural component of
the long fimbriae. Even though a wealth of information is available at the genetic and biochemical
level, structural studies of Fapl related fimbriae are in their infancy due to the large subunit size (>
200 kDa) and the difficulty in isolating large quantities of the individual fimbrial subunits required
for X-ray or NMR studies.

We have used 3D electron microscopy from negatively stained preparations of whole mount wild
type bacteria to obtain structural information of the fimbriae on the bacterial surface. Good results
have been obtained with preparations in 1% uranyl acetate (UA), 2% phosphotunstic acid, pH 7
(PTA) and 2% methyl amine tungstate pH 7.5 (MAT). In all the stained preparations, the fimbriae
have a diameter of ~ 5.5 nm and show a strong repeat at 6.5 nm both in Real and Fourier space.
Average power spectra from many fimbrial segments reveal additional repeats at 32 nm, 10.5 nm,
and 4 nm under all staining conditions. Combining the largest observed repeat with the subunit
molecular weight and the fimbrial diameter we proposed a model of the subunit arrangement in the
fimbriae. Our data correlates well with the fimbriae being composed of two strands of Fap1 subunits
winding around each other.

We have carried out studies in the three different stains to determine the structure of the Fapl
fimbriae, since in spite of the strong structural similarities we also observed specific characteristics
that were stain dependent. Namely, at neutral pH (PTA and MAT) the fimbriae were close together
forming rafts, and at low pH (UA) were separated along their length while the apical ends of several
fimbriae came together to form aggregates. To calculate the 3D reconstructions, fimbrial regions
have been extracted from the CTF corrected images following strict criteria: the fimbriae should be
straight; they should not overlap other fimbriae and should be separated by at least two fimbrial
diameters from its nearest neighbor. The boxed regions were subdivided into as many images as
possible of ~ 55 nm in length. An averaged image was calculated and used to create an initial
reference volume using back-projection algorithms. Subsequently, all the images were
translationally/rotationally aligned to the reference volume using Radon transform algorithms [5],
resulting in random tilt angles during the first round of alignment. The aligned images were used to
create a new reference volume. This alignment procedure was repeated several times, adapting the
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alignment parameters in each round. The repeats observed in the 2D images as well as additional
fine structure can be observed in the 3D volume. Currently, we are trying to interpret and understand
how the single Fap1 subunit is incorporated into the fimbriae structure.
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Figure 1. Electron micrographs of whole-mount S. parasanguinis stained by UA (left)
and PTA (right). Arrows point to fimbriae. Scale bar = 100 nm.
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