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The giant alga Chara corallina generates action
potentials (APs) in response to mechanical stimulation,
injury, or direct electrical stimulation.  Students examine
the waveform characteristics of these APs using standard
intracellular recording techniques.  Intracellular recording is
easier than with neurons because of the large size of the
Chara cell.  Students observe very negative resting
potentials (up to -250 mV), large AP amplitudes with
depolarizing peaks approaching 0 mV, AP durations of
seconds, and refractory periods up to several minutes.
Students calculate Nernst potentials for the ions distributed
across the Chara cell membrane to hypothesize the ions
responsible for the resting potential and for the

depolarizing phase of the AP.  These calculations suggest
that K+ is responsible for the resting potential and that Ca2+

influx and Ca2+-activated Cl- efflux are responsible for
depolarizing phases of the AP, which they are.
Comparison of the Chara AP characteristics with animal
neuron and muscle APs reinforces understanding of
mechanisms of excitability in animals, demonstrates that
multiple solutions exist for action potential generation, and
leads to discussion of the evolution of ion channels and
excitability.
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Our present understanding of membrane excitability is
based primarily on studies of action potentials (APs) and
their generation in neuron and muscle cells of animals.
However, until the discovery of the squid giant axon as a
model preparation in the 1930s, advances in the under-
standing of excitability came from plant preparations (Cole,
1968).  These early studies played a pivotal role in the
development of ideas for the mechanisms of cellular
excitability (Wayne, 1994).  In plants, as well as animals,
an adaptive response to environmental conditions and
disturbances can be mediated by changes in the flow of
ions across cell membranes (Wayne, 1993; Buchanan et
al., 2000).  In some plants, as in animals, this takes the
form of an AP.  For example, the folding of a Mimosa leaf
after being touched and the closing of a Venus flytrap
when an insect stimulates a sensory hair are mediated by
APs (Pickard, 1973; Williams, 1976; Simons, 1992).

Chara corallina is a freshwater plant that inhabits
temperate zone ponds and lakes.  It consists of alternating
nodes and internodes (Fig. 1).  Each internodal segment is
a single large cell, up to 10 cm in length.  Because the cell
is so large, it uses cytoplasmic streaming to distribute
organelles and nutrients throughout the cytoplasm, which
surrounds a large central vacuole (Fig. 2).  This movement
of intracellular materials is accomplished by a motility
system based on actin and myosin (Kikuyama, 2001;
Buchanan et al., 2000).  This plant normally generates APs
in response to deformation of the cell membrane
(Shimmen, 2002).  The AP spreads a signal that stops
cytoplasmic streaming throughout the entire cell.  Internal
Ca2+ increases with the AP, activating a protein kinase.
The kinase phosphorylates myosin to inhibit its interaction
with actin, and thus terminates streaming (Wayne, 1993).
This allows wound healing following a disruption of the cell
wall and cell membrane, perhaps from an insect bite,
without leakage of the pressurized cytoplasmic contents.

In this laboratory exercise, students examine APs in
Chara corallina.  Because Chara cells are so large, record-
ing action potentials with intracellular microelectrodes is
technically much easier than recording them from animal
neurons or muscle fibers.  Students determine that the
Chara AP is an all-or-none response like the animal AP,

Figure 1. Strands of Chara corallina. Each strand consists of
large cells connected at nodes. The marked cell is approximately
7 cm long.
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Figure 2. Cutaway diagram of a Chara cell. Organelles, mainly
nuclei, circulate around the vacuole by cytoplasmic streaming.
The vacuole is actually larger, and the cytoplasm and chloroplast
layer much thinner than shown.
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in Hille (2001; see also Harris-Warrick, 2000).  Ion
channels are of ancient origin.  For example, bacteria have
stretch-sensitive ion channels (Brehm et al., 1991), and a
gene necessary for a virus’s life cycle codes for a
potassium channel (Plugge et al., 2000)!  Ion channels
were important innovations that appeared early in
evolution, before the plant and animal kingdoms separated,
and well before the advent of nervous systems (Hille,
2001).  In all organisms, ion channels serve important
cellular functions unrelated to excitability, and these basic
functions laid the foundation for excitability.  These
functions include osmotic balance, controlling intracellular
Ca2+ concentrations for cellular processes, and sensory-
motor responses, whether for changing ciliary orientation in
Paramecium, manipulating turgor in plants for movement,
or for activating muscles groups in animals.  Students
should realize that most identified ion channel types are
present in both plants and animals, and can even be part
of the same gene families (Hille, 2001; Buchanan et al.,
2000).  Subtle gene mutations and gene duplications
created the vast array of ion channels held in common by
protozoans, plants, invertebrates, and vertebrates (Hille,
2001; Harris-Warrick, 2000).
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