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Abstract

The calcium/calmodulin-regulated Ca-ATPase of the plasma membrane is implicated in Paramecium chemosensory
transduction. Calmodulin antisense oligonucleotides electroporated into Paramecium disrupt chemosensory
responses to sodium acetate but not to ammonium chloride. Chem. Senses 21: 55-58, 1996.

Introduction

Paramecium tetraurelia shows attraction to small molecules
that probably indicate the presence of bacteria. Glutamate,
folate, acetate and ammonium are among the stimuli that
we have identified (Van Houten, 1978, 1994; Van Houten
and Preston, 1988). While all of these stimuli hyperpolarize
the cells causing relatively smooth and fast swimming that
eventually, with adaptation, results in accumulation of cells
in the attractant stimuli (Van Houten, 1990), there also
appear to be differences among the transduction mechanisms
for these stimuli.

At least three chemosensory transduction pathways exist
in Paramecium (Van Houten, 1994), and these are epitomized
by attraction to acetate, ammonium and glutamate. Briefly,
stimuli can be divided into three groups by apparent depend-
ence upon the calcium plasma membrane pump activity and
by the intracellular messenger cyclic AMP. Acetate and
possibly glutamate are thought to hyperpolarize the cells by
activation of the calcium pump, which could easily generate
a sustained conductance sufficiently large to hyperpolarize
the cells (Wright and Van Houten, 1990). If the hyperpolariz-
ation were due to a pump current, there could be a reversal
potential that is not characteristic of a calcium channel
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(Lduger, 1991), and there would be no effects from changing
extracellular K* or Na* or both. This matches our observa-
tions for acetate chemoresponse hyperolarization (Preston
and Van Houten, 1987). Attraction to ammonium chloride
(NH4CI1), in contrast, does not appear to be by a receptor-
mediated process but, rather, acts by diffusion of ammonia
across the membrane and alkalinization of the cell (Davis
and Van Houten, 1994). This division into two mechanisms
is further supported by the correlative evidence that LiCl
inhibits attraction to acetate and glutamate but not ammo-
nium, and LiCl also inhibits calcium homeostasis efflux by
50% (Wright et al., 1992). Moreover, K-shy, a mutant with
calcium homeostasis problems (Evans et al., 1987), is not
attracted to acetate or glutamate but is normally attracted to
ammonium (Wright et al., 1992; Yang and Van Houten,
1993). Acetate and glutamate do not completely share the
same transduction pathway because glutamate is the only
stimulus among those tested that induces a rapid and robust
increase in cyclic AMP (Yang, 1995; Yang er al., 1994).
This increase is sufficiently rapid to be part of the stimulus
transduction mechanism in addition to slower processes such
as adaptation.






