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Summary. The members of the mitogen-activated 
protein kinase (MAPK) family are regulated by a diverse 
array of extracellular cues ranging from cytokines, 
growth factors and neuropeptides, which activate cell 
surface receptors, to stresses such as cold, heat, osmo- 
larity changes and irradiation. The MAPK pathways 
control genetic expression by modifying transcription 
factor activity and cue important cell fate decisions 
including survival, proliferation, and programmed cell 
death (apoptosis). One interesting feature of the MAPK 
pathways is that the components are evolutionarily 
conserved from yeast to human, and many of the 
pathways are similarly organized and regulated. Unlike 
previously imagined, architectural organization or the 
multimeric organization of signaling proteins into 
complexes which are localized to distinct subcellular 
regions is an important mechanism that influences the 
regulation of these pathways. In addition, extracellular 
stimuli can induce relocalization of specific signal 
transduction proteins. The formation of multimeric 
signaling complexes, as well as the dynamic movement 
of signaling proteins, contribute to determine signaling 
specificity and efficacy. This review describes what is 
currently known about the subcellular localization of 
MAPK pathway signaling proteins and the relocalization 
that occurs during events associated with activation of 
the MAPK family members. 
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Introduction 

As cell biologists and biochemists who study 
intracellular signal transduction mechanisms are 
beginning to realize, the architectural organization of 
signaling molecules is an important regulatory 
component of intracellular signal transduction pathways. 
Architectural organization refers to the subcellular 
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localization and multimeric complex formation of signal 
transduction molecules. Unlike previously imagined, 
intracellular signal transduction molecules are localized 
to distinct regions of the cell and organized into specific 
multimeric complexes of signaling proteins (Alberts, 
1998). In addition, signaling molecules appear to be 
directed to specific cellular locations following certain 
extracellular stimulations. The appropriate localization 
and organization is important for signal transduction 
proteins to influence the enzymatic properties of other 
proteins. Since proteins are organized into distinct 
multimeric signaling complexes which have certain 
positional cues, if two molecules are not in proximity to 
one another then they have no ability to directly 
influence enzymatic  activity. Thus,  multimeric 
organization and cellular localization provide an 
important regulatory mechanism that contributes to 
signaling efficacy and specificity. This is best illustrated 
by the serinelthreonine kinases protein kinase A (PKA) 
and protein kinase C (PKC) in which adaptor proteins 
such as AKAPs (A kinase adaptor proteins) and RACKS 
(receptors for activated C kinase) mediate dramatic 
substrate specificity simply by controlling subcellular 
localization and protein-protein interactions (Faux and 
Scott, 1996; ~ e w t o n ,  1996; Pawson and Scott, 1997; 
Mochly-Rosen and Gordon, 1998). 

Any cell, whether it be yeast or a highly specialized 
neuron of the central nervous system of the human, is 
subjected to a wide range of extracellular stimuli which 
need to be detected, interpreted and to effect cellular 
changes accordingly. Disregulation of these pathways 
can lead to adverse phenotypic consequences. In yeast, if 
the cell does not detect or is unable to react to adverse 
conditions such as nutritional and osmolarity changes, it 
is at a survival disadvantage. In humans, disregulation of 
certain signaling pathways can lead to tumor formation, 
autoimmunity and cell death. One way in which biology 
has evolved to integrate and effect the necessary changes 
mediated by extracellular stimuli is by modulating the 
activity of sequential kinase cascades in which activation 
of one kinase leads to changes in activity of another and 
then another. Activation of intracellular signal trans- 
duction pathways can cause very rapid changes within 


















