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Summary

Procaryotic microorganisms (Bacteria and Archaea) generally appear as small rods or
cocci of a few micrometers at most in size. At first sight they possess few distinguishing
structural features, especially when compared with the highly diverse world of the
eucaryotic microorganisms. However, upon more thorough examination it becomes
clear that the procaryote world contains a surprising diversity of morphological
variability, enabling an optimal adaptation to environmental conditions, dispersal of the
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species, and if necessary, survival when conditions become unfavorable for growth.

Some procaryotes increase their surface-to-volume ratio by producing diversely shaped
appendages (prosthecae), and even thin, flat square organisms exist in the domain
Archaea. Some procaryotes may be extremely large: several types of Bacteria as big as
0.3-0.5 mm have recently been recognized. Procaryotic cells may form specialized
extracellular structures such as fimbriae and pili, and extracellular polysaccharide layers
commonly occur. A variety of intracellular structural components may be found, such as
intracellular membranes to increase membrane surface, as well as different types of
storage materials. To position themselves where life conditions are optimal, many
procaryotes possess motility organelles such as flagella, intracellular magnetite particles
(magnetosomes) may aid some species in their orientation, and gas vesicles may confer
buoyancy.

A variety of survival and dispersal forms also exists, some of them being extremely
resistant to adverse conditions. Finally, some colonial procaryotes display a
considerable degree of multicellular differentiation, sometimes involving complex life
cycles in which cells of different morphological and physiological properties alternate.

1. Introduction

The variety of life forms on Earth is bewildering, and the diversity of form, function and
adaptation is tremendous. This is even true for the simplest microbial life forms
inhabiting our planet. Eventually all this diversity and these adaptation mechanisms
have one common goal: to optimize life conditions and to aid the organisms in survival
and reproduction. As Francois Jacob wrote in 1973: "A bacterium, an amoeba ... what
destiny can they dream of other than forming two bacteria, two amoebae ...?"

This article will discuss the morphological diversity in microorganisms with special
emphasis on the procaryote world. The procaryotes (domains Bacteria and Archaea)
represent two out of the three domains in which living organisms are classified (see
Systematics of Archaea and Bacteria). The metabolic diversity within these groups is
extremely varied (see Metabolic Diversity in Procaryotes and Eucaryotes), and greatly
exceeds the metabolic diversity shown by the eucaryotes. Morphologically the
procaryotes may seem little exciting at first sight, even when their ultrastructure is
examined with the electron microscope. However, upon a more thorough examination,
we may recognize a surprising variety of morphological and behavioral adaptations as a
reaction to environmental stimuli. This article attempts to provide an overview of the
morphological diversity in procaryotic microorganisms and explore the functional
aspects of this diversity. Finally, a short presentation of the functional morphological
aspects of eucaryotic microorganisms will be given as well.

2. Cell Size and Cell Shape in the Procaryotes
Most species of procaryotic microorganisms, Bacteria as well as Archaea, appear as
small rods or cocci of a few micrometers in size at most, and the majority of species

have few morphologically distinguishing features, especially when compared with the
highly diverse world of the eucaryotic microorganisms (see Protoctista: Systematics of
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"Lower Eucaryotes” and Diversity of Form, Function and Adaptation in Fungi).
However, the diversity in size and shape is much greater than generally assumed.
Procaryotic cells as small as 0.5 um and as large as 0.3-0.5 mm are known, and some
species display truly unusual shapes.

2.1. Small is Powerful

For organisms that multiply rapidly (doubling times of half an hour and shorter are not
uncommon in the procaryote world), a small cell size is advantageous as the rate at
which nutrients may enter the cell and waste products can be excreted primarily
depends on the surface area of the cytoplasmic membrane. For a spherical cell with a
radius r, the cell volume is */snr®, the surface area equals 4nr?, and the surface to volume
ratio can thus be expressed as 3/r. Thus, the smaller the cell, the larger the surface-to-
volume ratio.

Small cells are especially abundant in low nutrient environments. Microscopic
examination of the planktonic bacterial community in the oligotrophic ocean reveals
that most of cells are smaller than 1 um, often even smaller than 0.5 um. In some cases
it has been proven that the smallness of the cells is an inherent property of the species.
In other cases, cell size may depend on the nutritional status: nutrient-starved cells are
often much smaller than cells growing in the rich medium in which all required
nutrients are present in excess. Attempts to isolate bacteria adapted to life at low
nutrient concentrations often yield spirally-shaped cells, increasing the surface-to-
volume ratio not by size reduction but by their specialized cell morphology.

2.2. Appendages and Other Strategies to Increase Cell Surface

Another strategy to increase the surface-to-volume ratio and thus to increase the area of
the cell membrane and enhancing the potential of nutrient uptake is the formation of
prosthecae, appendages consisting of extrusions of cytoplasm, bounded by the cell wall.
Prosthecate bacteria often have exotic shapes. Such prosthecate bacteria are especially
abundant in oligotrophic water bodies, and can often be found attached to surfaces.
Other well-known examples of prosthecate bacteria adapted to life at low nutrient
concentrations are Hyphomicrobium and Caulobacter. These intriguing microorganisms
have complex life cycles, and these will be discussed in more depth in section 7.3.

One of the most exotic shapes found in the procaryote world is the perfectly square,
thin, flat shape of certain Archaea that occur in brine pools and in saltern crystallizer
ponds at salt concentrations at or approaching saturation. These square procaryotes were
first described in 1980. They were recognized as bacteria on account of the gas vesicles
they contain (see also section 5.3). Such square Archaea may have a length of 3-5 pum,
but they are no more than 0.2 um thick. Figure 1 illustrates these unusual
microorganisms. The square halophilic Archaea have recently been brought into culture,
their genome has been sequenced, and we have learned much about their physiology. It
may be assumed that the large surface-to-volume ratio aids the cells in obtaining
nutrients and/or oxygen (the solubility of oxygen is greatly decreased in salt-saturated
brines). Realizing that most living cells maintain a turgor pressure that pushes the
cytoplasmic membrane to the cell wall, one may ask how a flat, square morphology is
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feasible at all for a living cell, as such a shape is not expected to withstand even low
pressures from within. The answer lies in the observation that halophilic Archaea lack a
measurable turgor pressure. This does not provide an explanation for the question why
cells may be square, but it does explain why this flat square type of cell can occur in
Nature at all.

Figure 1. Phase contrast micrographs of square Archaea from a brine pool at the coast
of the Sinai peninsula, Egypt. The light areas are gas vesicles. Scale bar, 10 um. From
Walshy A.E. (1980), Nature 283: 69-71; Reproduced with permission.
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