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Abstract

Diatoms are single-celled algae which possess characteristic rigid cell walls (frustules) composed of amorphous silica.
Frustule formation occurs within a specialised organelle termed the silica deposition vesicle (SDV). During diatom
morphogenesis, silica particles are transported to the SDV by silica transport vesicles. Once released within the SDV, the
particles are then thought to diffuse until they encounter part of the growing aggregate upon which they adhere. The particles
may then undergo a further period of surface relocalisation (sintering) which leads to a smoothing of the surface. A number
of computer simulations based on a modified diffusion-limited aggregation (DLA) algorithm, have been undertaken to
investigate the potential role of microtubules (which are known to be associated with the periphery of the SDV) in localising
deposition of new siliceous material. Based on our findings, we present a new model of diatom morphogenesis which is able
to account for many morphological features of diatoms including the influence of environmental effects such as changes in
pH and salinity, and the formation of a regular branched pattern. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction duction [1]. They possess a characteristically rigid cell

wall (termed a frustule) composed of silica. Diatom

Diatoms are single-celled eukaryotic algae respon-
sible for about 25% of the world’s net primary pro-

Abbreviations: SDV, silica deposition vesicle; STV, silica
transport vesicle; DLA, diffusion-limited aggregation; K, a tun-
able parameter used to represent surface tension; 7, a tunable
parameter relating to temperature; X, a tunable parameter used
to represent surface mobility; Ry, distance of the furthest point
of the growing aggregate from its centre
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frustules consist of two usually nearly identical
halves (valves) which fit together like the bottom
and cover of a petri-dish, enclosing the cell. There
are currently estimated to be over 100000 different
species classified by their unique frustule morpholo-
gies [2]. Diatoms may be split into two main groups
depending upon the symmetry of their frustules. Cen-
tric diatoms tend to be radially symmetric whilst
pennate diatoms tend to be elongated and generally
have parallel striae (furrows or rows of holes in the
silica) arranged normal to the long axis.
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