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SUMMARY

Iridescent exines have previously been reported in both fossil and modern megaspores of selaginellalean
affinity. This striking feature has been shown to result from a colloidal crystal configuration of the exine
units in at least part of the wall. This paper discusses the mechanics of formation of the colloidal crystal
and of the adjacent wall layers (by depletion attraction), and provides a detailed explanation of the
cause of the iridescence. Selaginella leaves and virus aggregates provide comparisons with the iridescent

arrangement present in the spore wall.

The self-assembly aspect of colloidal structures in

biological systems is explored. Periods of self-

assembly in organismal development may represent a saving in terms of stored information retrieval.
Self-assembly, and its often chaotic behaviour, offer the prospect of large changes in organismal
construction associated with relatively little change in the underlying genetic configuration.

1. INTRODUCTION

Selaginella L. is a large genus of heterosporous
lycophytes (e.g. figure 1), mostly tropical in distribu-
tion. In some species, a highly ordered layer occurs in
the megaspore wall (Taylor 199la; Hemsley et al.
1992). Spores with a similar layer are known as fossils
(e.g. Erlansonisporites Potonié, Thylakosporites Potoni€)
with an age up to 80 Ma or more. Many other fossil
spores exhibit a comparable but less regular organiza-
tion (Taylor & Taylor 1988; Collinson et al. 1993;
figures 17 and 19), and still more exhibit similar
components but with no indication of regularity
(Kempf 1971; Hemsley 1992; Kovach 1994). In
those spores with regular layered structure, iri-
descence (flecks of colour) can be observed when the
ordered layer is exposed (figures 4-6). Some species of
Selaginella are also known to have leaves which exhibit
iridescence (figures 2-3). This feature has been
explained in detail by Hébant & Lee (1984) and
Lee (1986), and is known from other plant groups
which, like the species of Selaginella that possess this
feature, are adapted to a deep shade environment
(Graham et al. 1993). Leaf iridescence in Selaginella is
produced by a lamina of consistent thickness at the
leaf surface (thin film iridescence), whereas spore
iridescence is caused by a related but different
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arrangement brought about by the presence of a
crystalline colloid (Hemsley et al. 1992).

Colloids were suggested as being of relevance in the
construction of complex biological systems as long ago
as 1917 by Thompson (1961), who stated

‘... the phenomena with which we are about to
deal go deeper into the subject of colloid chemistry,
and especially that part of the science which deals
with colloids in connection with surface pheno-
mena. It is to the special student of the chemistry
and physics of the colloids that we must look for the
elucidation of our problem.’

Although he originally referred to the spicules of
sponges and similar constructs, had Thompson been
aware of the complex ultrastructure of spore and
pollen exines, he would doubtless have considered
them an analogous case.

In the intervening time, many studies have been
undertaken on spore and pollen walls to elucidate
their ultrastructure and development especially,
recently, by using scanning (SEM) and transmission
electron microscopy (TEM) (see, for example, Taylor
1991a). Much has been achieved in this time,
particularly in terms of the expansion of our
awareness of the diversity of exine ultrastructure in
both living and fossil spores and pollen. Studies of
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development have provided an insight into the mode
of sporopollenin deposition in many living species, for
example the complex networks of sporopollenin fibres
illustrated by Rowley ¢t al. (1981) and Rowley &
Srivastava (1986), and the semi-regular polygonal
base units observed by Kedves et al. (1991, 1993).
However, as recently stated by Dickinson & Sheldon
(1990), the precise way in which an exine appears to
be constructed often seems peculiar to the group
in question and, as a result, we are perhaps only
slightly closer to a set of general principles of
exine construction. In many cases it remains unclear
how complex, often regular exine ultrastructure
and surface ornament are produced. As with many
problems, adopting an alternative viewpoint can be
both pertinent and revealing; this is what we believe
the application of colloidal theory can achieve in this
instance.

Few studies of spore and pollen wall structure have
sought an entirely new approach to the interpretation
of ultrastructure and pattern development. Heslop-
Harrison (1972) offers a cautious suggestion of
self-assembly stating that

Self-assembly and colloids in biology

Van Uffelen (1991) also recognized the role of
‘non-biological’ processes in the formation of fern
spore patterning. Her observations consisted of a
number of comparisons between fern spore perine
surface ornament and the patterns formed when
glycerine jelly dries between slide and cover slip.
She rightly referred to this as a physical process
(condensation), independent of external influences.
Despite this clear analogy, the idea that complexity
and order could result from relatively simple physical
and chemical processes had still not permeated
palynological studies to any great extent.

In their reinvestigation of the complex Selaginella
megaspore wall ultrastructure, Taylor & Taylor
(1987) referred to the similarity of the ‘iridescent
spore walls to the appearance of precious opal, as had
Hueber (1982), but neither pursued this observation.
It is of note that the precious opal is itself a colloidal
system and one which, in many ways, is comparable
to the most ordered layer seen in the spore walls. It is
this layer which has provided the clue to the process of
formation of the exine as a whole.

A critical analysis of the highly ordered layer within
Selaginella spore walls demonstrated that the previous
model of construction (plates with regularly arranged
peg-like projections (Taylor & Taylor 1987) implied
the existence of features not encountered in any
examination so far documented (see Hemsley et al.
1992). Instead, a simple arrangement of close-packed,
more or less spherical particles was offered as the most
likely construction (figures 7 and 8). Despite this
change in concept regarding the basic unit of



