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Abstract

STIM1 and ORAI1 proteins are regulators of intracellular Ca2+ mobilization. This Ca2+ 
mobilization is essential to shape Ca2+ signaling in eukaryotic cells. STIM1 is a transmem-
brane protein located at the endoplasmic reticulum, where it acts as an intraluminal Ca2+ 
sensor. The transient drop of intraluminal Ca2+ concentration triggers STIM1 activation, 
which relocates to plasma membrane-endoplasmic reticulum junctions to bind and acti-
vate ORAI1, a plasma membrane Ca2+ channel. Thus, the Ca2+ influx pathway mediated 
by STIM1/ORAI1 is termed store-operated Ca2+ entry (SOCE). STIM and ORAI proteins 
are also involved in non-SOCE Ca2+ influx pathways, as we discuss here. In this chapter, 
we review the current knowledge regarding the role of SOCE, STIM1, and ORAI1 in cell 
signaling, with special focus on the modulation of the activity of kinases, phosphatases, 
and transcription factors that are strongly influenced by the extracellular Ca2+ influx 
mediated by these regulators.

Keywords: calcium, signaling, SOCE, STIM, ORAI

1. Introduction

Cell signaling is the network of reactions and interaction of molecules that allow cells to react 
to a wide range of stimuli. In this response, many pathways are involved, so cells are able to 
adapt to changing conditions. One of the mechanisms to respond to external stimuli is medi-
ated by receptors, that is, proteins located at the plasma membrane that communicate the 
extracellular and the intracellular medium. A significant strategy that cells acquired early in 
their evolution was the modification of the composition of the intracellular milieu, so the ionic 
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Abstract

Despite constant efforts to maintain a clean environment, heavy metal pollution contin-
ues to raise challenges to the industrialized world. Exposure to heavy metals is detrimen-
tal to living organisms, and it is of utmost importance that cells find rapid and efficient 
ways to respond to and eventually adapt to surplus metals for survival under severe 
stress. This chapter focuses on the attempts done so far to elucidate the calcium-mediated 
response to heavy metal stress using the model organism Saccharomyces cerevisiae. The 
possibilities to record the transient elevations of calcium within yeast cells concomitantly 
with the heavy metal exposure are presented, and the limitations imposed by interfer-
ence between calcium and heavy metals are discussed.

Keywords: heavy metal, calcium, stress adaptation, Saccharomyces cerevisiae, aequorin

1. Introduction

Responding to environmental stimuli is a prerequisite for cell adaptation to the ever-changing 
conditions in the cell surroundings. Stress conditions such as sudden changes of temperature, 
pH, irradiation, or elevations in various chemicals concentration need to be sensed by the cell 
in order to respond and adapt to these changes. Calcium ions are one of the most widespread 
second messengers in the eukaryotic cell, being responsible for triggering many responses 
to external stress conditions [1]. Various biotic and abiotic stresses induce an increase in 
cytosolic calcium ions ([Ca2+]cyt), which in turn activate many proteins involved in signaling 
pathways, from yeast to humans [2]. Thanks to easy manipulation, rapid growth, genetic 
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