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IN THE CHITON Clavarizona hirtosa
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Abstract

Procedures have been developed to determine, by PIXE and PIGME, the
elemental composition of small samples (ca. 1 mg) of biomineralized tissue.
The Fe, Ca and P contents of the radula of the chiton C. hirtosa increase
considerably from the early to the late stage of mineralization. However, F
is absent, indicating that at least in C. hiTtosa, Ca and P biomineral deposits
are most likely hydroxyapatite rather than fluoroapatite which has been reported
in several other species. _^__

Chitons are marine molluscs that incorporate iron into mineralized deposits
within the teeth of their tongue-like radula. These deposits, which are vised
to harden the teeth, include magnetite Fe30it and, in some species, lepidocrocite,
Y-FeOOH. Deposits of the calcium mineral francolite, a carbonate fluoroapatite,
have also been reported in some species (1-3).

Mature teeth that are worn and broken away through feeding are replaced by
the continual growth of the radula. In this way, the radula contains a series
of teeth at various stages of mineralization and hence presents for study a
sequence of biomineralization in both space (along the radula) and time.

In studies of the biological mineralization of iron, now known to be a
fairly widespread phenomenon (1, 2), important questions concerning the
composition, microarchitecture and biosynthesis remain unanswered. We h£.ve
recently initiated a multidisciplinary study of these problems, drawing on a
wide range of experimental techniques including electron microscopy, X-ray
diffraction, Fe Mossbauer spectroscopy, Fourier transform infrared spectroscopy
and protein and tissue biochemistry (4, 5). An important component of this
programme is the mapping, by quantitative elemental analysis, of the inorganic
components present in the radula leading up to and accompanying mineralization.
To achieve this, we have employed proton-induced X-ray emission (PIXE) and
y-ray emission (PIGME) which offer the multi-element sensitivity needed in these
studies (5, 6). A single chiton tooth has been analysed previously in studies
of various iron biominerals using the Oxford scanning proton microprobe, operat-
ing at 2 urn resolution (5, 7).

Materials and Methods

The radula of the chiton Clavarizana hirtosa is 1.5 - 2 cm in length with a
dry weight of 6 - 7 mg. The major biomineralized teeth (of mass ca. 15-20 yg)
form two parallel lines along the radula which consists of 60 - 70 tooth rows in
total. Radula segments corresponding to the several stages of mineralization
were prepared by dissection under the light microscope and air dried. Several
procedures for sample preparation were developed and compared. For the procedure
finally adopted, samples of ca. 1 mg were weighed, finely crushed and transferred
to a thin Mylar film as a polycrystalline powder over an area of 3-4 mm.
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Spectra were recorded on the AINSE facility using a 2.5 MeV proton beam, a
current of 2 nA and a 4 mm beam spot. Both X-rays and y-ravs were detected using
instrumentation described in detail elsewhere (8). Data analysis and curve
fitting followed procedures established previously for analysis of thick target
specimens (9).
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Results and Discussion

The x-ray energy spectrum of chiton radula segments from early stages of
mineralization is shown in Figure la and demonstrates clearly the multi-
elemental capability of FIXE analysis for such small biomineralized samples.
The elements Si, F, S, Cl, Ca, Fe and Zn were readily detected. The quanti-
tative interpretation of peak intensities, especially of some of the smaller
peaks, awaits further study. A comparable spectrum for radula segments
containing fully mature teeth is shown in Figure Ib. The high Fe content is
consistent with increased deposits of Fe^O^ kut the spectra indicate that the
Ca and P contents have also increased from those observed in earlier Stages.
These data suggest that deposition of Ca and not just of Fe occurs even at this
comparatively late stage of mineralization.

The nature of the Ca deposits was investigated further using PIGME analysis.
In other chiton species, the Ca biomineral deposits have been identified as
francolite (a carbonate fluoroapatite) with F determinations being carried out
by electron probe microanalysis (1). However, in C. hirtoza, no F was detected
by PIGME at any stage of radula mineralization. The excellent sensitivity of
PIGME for F analysis down to the ppm level (6) provides strong evidence that this
biomineral is not synthesized in this species, suggesting that F may not play
an essential role in the radula tooth structure of chitons and its presence may
simply reflect the local biogeochemical environment.

Although these spectral data represent the first step in this comprehensive
study it is already clear that PIXE and PIGME analyses can make substantial
contributions to our understanding of the processes of biomineralization.

Acknowledgements

These studies were supported by a grant from AINSE and an award of a Murdoch
University postgraduate scholarship to K.-S. Kim.

References

1 Lowenstam, H.A. (1981) Science 171, 487-490.
2 Webb, J. (1983) Tn Biomineralization and Biological Metal Accumulation (Eds.
P. Westbroek and E.W. De Jong), Reidel, Dordrecht, pp 413-422.
3. Webb, J. and Macey, D.J. (1983) ibid., pp 423-427
4. Webb, J., Kim, K.-S., Talbot, V., Macey, D.J., Mann, S., Bannister, J.V.,
Williams, R.J.P., St. Pierre, T.G., Dickson D,P.E. and Frankel, R. (1985) In
Bioinorganic Chemistry '85 (Ed. A.V. Xavier), VCH Verlagsgeschellschaft,
Weinheim, in press.
5. Webb, J., St. Pierre, T.G., Dickson, D.P.E., Mann, S., Williams, R.J.P.,
Perry, C.C., Grime, G. and Watt, F. (1985) ibid., in the press
6. Bird, J.R., Duerden, P. and Wilson, D.J. (1983) Nucl. Sci. Appl. 1, 357-516
7. Grime, G.W., Watt, F., Mann, S., Perry, C.C. , Webb, J. and Williams,R.J.P.
(1985) Trends Biochem. Sci. 10, 6-10
8. Cohen, D.D. and Duerden, P. (1978) AAEC/Report E454
9. Clayton, E. (1981) Nucl. Instr. Meth. 191, 567-572


