
Two different cell types mineralize the mandible teeth of Porcellio scaber
with calcium phosphate or with calcium carbonate

Moulting sequence and mineralization of the partes incisivae

Mineral distribution in  the mandible incisors
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Introduction
Which intracellular compartments are
involved in calcium transport is currently
the most important question to understand
the contribution of cells in biological
mineralization processes. The incisive
regions of the mandibles (partes incisivae
Fig. 1) contain amorphous calcium
phosphate (ACP) in the middle region (Fig.
2) and calcium carbonate in the base. We
investigate the hypodermis cells of the
incisors in the mandibles of Porcellio
scaber with the aim to reveal subcellular
calcium compartmentation and specific
cell structure differentiations for the
formation of calcium phosphate and
calcium carbonate containing cuticle.

Animals
Porcellio scaber moult first the
posterior and then the anterior half of
the body. After each half-moult it
ingest their exuviae, to minimize loss
of mineral. In premoult it already
forms and mineralize the new incisors
with ACP in preparation for the
ingestion of the anterior exuviae (Fig.
3A) (Messner 1965, Crustaceana 9,
285-301). After moult of the posterior
half of the body they mineralize the
new posterior cuticle with mineral from
the deposits and the anterior cuticle
(Fig. 3B). Then they moult the anterior
half of the body and mineralize the
mandibles together with the rest of the
new anterior cuticle with calcium
carbonate (Fig. 3C).

Methods
We used TEM and STEM to investigate
the ultrastructure of epithelial cells from
from P. scaber partes incisivae in late
premoult intramoult and postmoult. X-ray
spectral mapping (EDX) was used to
explore the presence of mineral
containing organelles within cells. For
EDX, we used high pressure frozen
material, to minimise ice crystal formation.
Frozen samples were freeze-substituted
in acetone containing uranyl acetate and
glutaraldehyde for at least 17 hours.
Samples were embedded in EPON. Thin
sections were floated on propane-1,3-diol
instead of water to minimize loss of
diffusive elements within the sample.

Results
The hypodermis of the incisors has two different cell types, P- cells that
have long extensions and short C-cells (Fig. 4). The extensions of the P-
cells, contain many organelles (Fig. 7A) including mitochondria and Golgi
apparatus. At the cuticle the extensions contain many coated vesicles
During mineralization P-cells contain large membrane bound calcium
phosphate granules (Fig. 6 A, B). The element composition of these
granules resembles that of the ACP in the incisor cuticle (Fig. 6C). The C-
cells (Fig. 7) contain no mineral granules. They resemble the sternal
epithelium for which the mechanisms for epithelial calcium transport have
been studied previously (Hagedorn et al., 2003. J. Exp. Biol. 206, 2167-
2175; Ziegler et al., 2002. Cell Calcium 32, 131-141; Ziegler et al., 2004. J.
Exp. Biol. 207, 1749- 756).

Figure 1. (A) Ventral view of the head of Porcellio scaber with the mandibles exposed (yellow stars).
(B) Isolated mandibles; the incisors are marked by circles. (C) Electron probe micro-analysis of a
polished face through an incisor. (Huber et al., 2014. Journal of Structural Biology 188, 1-15)
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Figure 2. Energy-filtered electron diffraction analysis of the
calcium phosphate containing region, (A) before and (B) after
strong exposure to the electron beam. (Fabritius et al., 2016.
Bioinspiration & Biomimetics 11, 055006)
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Figure 3. Mineralization of the partes incisivae in P. scaber from late premoult to postmoult. µCT
images show the mineral distribution within the cuticle. (A) Premoult: the light micrograph shows the
sternal reservoirs. Mineralization of the partes incisivae (red arrows) has started. (B) In intramoult a
segmentation from µCT images, show that the new incisors (pi) and the left lacinia mobilis (lm) are
already well mineralized. (C) Postmoult: the ingested exuviae can be seen within the intestine. The
mineralization of the mandible corpus just begins (Ziegler, et al., 2017, Arthropod Structure and
Development 46, 63-76).

Ultrastructure and elemental mapping of mandible incisor hypodermal-cells

Figure 6. Calcium phosphate granules within the cytoplasm of P-cells during mineralization of the incisors of P. scaber. (A) mineral granules within the cytoplasm of P-cell
extensions. (B) Elemental maps of 200 nm thick sections. (C) X-ray spectra of a granule and the cuticle.

Figure 5. Organelles in extensions of P-cells. A) Vesicles,
endoplasmic reticulum, dense rod like structures (red arrows)
and microtubules B) Coated vesicles near the cuticle (cu) and
dense material (dm) in a cuticle formation zone (fz).
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C-cells postmoultFigure 7. C-cells have no elongations and no apical folds. They
resemble the calcium carbonate transporting hypodermal cells
of the general cuticle. (Ziegler 1996. Cell Tissue Res 284: 459-
466)
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Conclusion
Within the incisors two distinct cellular mechanism exist for mineralization
of the cuticle. In P-cells mineral formation and transport for cuticle
mineralization takes place within large vesicles. C-cells likely transport
mineral in form of ions across channels and carriers, and mineral is
formed extracellularly. Intracellular compartmentation of calcium may occur
within the endoplasmic reticulum, as in the hypodermis of sternites
(Hagedorn and Ziegler, 2002. J. Exp. Biol. 205, 1935-1942; Ziegler, 2002.
Cell Calcium 31, 307-321).

50 µm

Figure 4. (A) Light micrograph through a mandible incisor
showing P-cells with long extensions and short C-cells. (B)
TEM of chemically fixed sample showing P-cell extensions and
P-cell folds near the cuticle.
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