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Report:

Spore development begins with an asymmetric ceikidin that produces two dissimilar daughter
cells. The smaller cell (forespore) differentiatet® the spore while the large cell (mother cefcbmes a
terminally differentiated cell that nurtures thevel®ping forespore. During development the mothal ¢
engulfs the prespore to produce a free protoplasimthe mother cell cytoplasm surrounded by tilayer
membranes and isolated from the external medium®, [And references therein]. Activation of the late
forespore-specific RNA polymerase sigma factst, coincides with completion of engulfment and further
requires the action of the conserved membrane ipratsertase SpolllJ, and the expression ofdbalIA
operon in the mother cell [1,2]. Recently was psgmba model in which thgpolllA-encoded proteins may
form a synapse-like signaling complex, that followiengulfment completion conveys a signal to the
forespore that antagonizes the putative inhibifas® there by releasing its activity [3]. Because sahthe
spolllA-encoded proteins show sequence similarity to iermgases, we decided to monitor differential
spolllA-dependent ion accumulation between the forespuddte mother cell.

We used fixed cells from wild typB. subtilis and from the congenispolllA and sigG mutants
collected just after completion of the engulfmerdgess. The measurements were performed undermaccu
in order to detect the light elements, the excigngrgy was 7.2 keV and the energy flux wasB®Bph/s at

163 mA. Before the synchrotron measurements weardwaied, the cells were extensively washed witlewat



to remove any salts from their surface. This stegvgd to be critical in avoiding a background siginam

the buffers used during fixation. The cells weragtngbserved by X-ray microscopy in phase contrast a
fluorescence mode. A global fluorescence spectmolieated for each sample have shown the presenke of
S, CI, K, Ca, Mn and Fe in the samples. Interedtiegmutant cells were found to accumulate mone then

the wild type cells. We then used phase-contrasayXximage and the 2D elemental mapping analysis to
localize the iron accumulation inside the cell. Thesults indicated that, and as expected from asze
accumulation in the forespore compartment, thensitg of the signal increased close to the celepollhis

is the first clue ever for SpolllA-dependent suagr However, this observation need to be further
investigated. In any event, due to the chamberegstms on ID21 beamline there is a low contrastlieriron
signal, most likely due to the iron scattering desiof the chamber. Therefore for future work it nisey
necessary to perform those studies on a diffetatioa (ID22 or ID22N).

In an extension of these results, we have alsoeld@t the accumulation of metals in intact spores.
Bacterial spores are an extremely resistant restely type, in part because of their high degree of
mineralization. We obtained fluorescence spectiasp-contrast X-ray image and the 2D elemental mgpp
analysis from wild type purified spores. The résshow that Cd, Mn?* and K are the main elements that

accumulate in spores to high levels (Fig. 1).
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Fig. 1. Purified wild type spores shown by X-ray microscopy in transmission and fluorescence modes. A. Phase
contrast (Pc) (a); total two-dimensional elemental distribution (b); and fluorescence spectrum (c) of the same field blue
corresponds to the potassium K-edge peak, green — calcium K-edge peak, red — manganese K-edge peak. B. two-
dimensional elemental distribution for each indicated elements.



In conclusion, the results obtained using the ID&Ray Microscopy beamline revealed some
features concerning the localization of manganiese, calcium and potassium on wild tyBesubtilis cells
and from the congenigpolllA andsigG mutants and also in spores. More experiments teebd performed
to study of mutants involved in the accumulatiorthise elements in the spore. These studies wof ltiee
uttermost importance, as they will allow the idéa#stion of the main determinants of spore heaistast.
They will also have the additional motivation ofideng strategies for the rapid identification gioses at the
species levelse(g., spores of pathogenic organisms in samples fratemts, hospital settings or the

environment), as well as establishing novel methodspore inactivation.
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