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RESEARCH INTERESTS: The unifying theme in our research is adaptation of organisms to
the environment. We seek to determine how different environmental factors, notably temperature
and the threat of desiccation, affect organisms, and how organisms respond adaptively to these
perturbations. Proteins are a primary study system in most of our work. We are documenting
how adaptive change in protein sequence (primary structure) achieves the conservation of critical
functional and structural characteristics of enzymatic and structural proteins. These studies
exploit homologous (orthologous) proteins from differently adapted species, frequently
congeneric species adapted to only slightly different temperatures. We are using these
comparative studies not only to examine adaptation to environment, but also to deduce basic
structure-function relationships in proteins. For example, we are delineating the sites in the
primary and higher orders of protein structure where adaptive change is permissible. Mapping of
adaptively important changes in orthologs of closely related congeners supports the hypothesis
that much of the protein molecule contributes to the energy changes that accompany catalysis.

Our studies of proteins are performed in solution conditions that mimic the intracellular
conditions encountered by the proteins. The use of in vitro media that simulate in vivo conditions
has enabled us to demonstrate that the “micromolecules” of the cell, that is, the small solutes that
bathe macromolecules, contribute importantly to the establishment of the functional and structural
properties of proteins. Macromolecular and micromolecular evolution play complementary roles
in adaptation to environment.

Our field studies focus on “real world” effects of temperature on protein systems. A
primary focus of these studies is to determine how changes in environmental temperature affect



the latitudinal and depth distribution patterns of marine organisms. We are analyzing how thermal
stress affects protein turnover by monitoring the synthesis of heat shock proteins (indices of
reversible damage by heat) and ubiquitinated (irreversibly damaged) proteins. These studies
demonstrate that many organisms live close to the upper thermal limits of protein structure and
function, and suggest that global warming may have pronounced effects on ectothermic (“cold-
blooded”) animals.

Studies of thermal effects at the molecular level are complemented by physiological
investigations, for example, of heart function. The results of the physiological studies also
indicate that only slight increases in maximal habitat temperature are likely to have profound
negative effects on many marine animals. Paradoxically, the most warm-adapted species appear
in many cases to be the most threatened by further increases in temperature, such as those that
may result from continued global climate change. Our physiological studies also focus on an
invasive species of mussel which has replaced a native mussel along much of the California coast.
We have identified differences in cardiac function and enzymatic activity that may account for
the competitive advantage of the invader and allow predictions to be made of how effectively it
will colonize habitats to the north of its present distribution range.

We are using DNA microarray (“gene chip”) technology to monitor shifts in gene
expression in response to environmental change (alterations in oxygen availability, salinity, and
temperature). Among our goals in using these new approaches is the elucidation of the molecular
bases of the different capacities of species to respond adaptively to environmental changes. To
this end we are comparing gene expression patterns in stenotolerant Antarctic fishes with those of
eurytolerant temperate and tropical species that have exceptionally wide tolerance ranges for
temperature, oxygen content, and salinity. These studies are beginning to reveal the genetic basis
of the wide differences found among species in capacities to respond to environmental change.
Our gene expression (transcriptomic) studies also focus on rhythmic patterns of gene expression
in intertidal animals, which undergo periods of immersion and emersion on a frequent basis. We
discovered that hundreds of genes show rhythmic expression patterns in intertidal mussels (genus
Mytilus). Interestingly, certain classes of genes, for instance those involved in regulating the cell
cycle, exhibit peaks of expression at times when many other genes, e.g., those involved in energy
metabolism, show minimal expression. We are extending our field studies to examine how fine-
scale variation in physical conditions (sun exposure, time of emersion) is reflected in
physiological properties of sessile marine invertebrates like mussels. We have discovered that
wide variation in physiological condition is found among specimens separated by distances on the
scales of meters—this variation equals that found over wide latitudinal ranges and illustrates how
micro-habitat properties influence the capacities of organisms for metabolism and growth. This
work, too, has implications for climate change, e.g., by helping to define which zones within a
habitat will continue to be permissive to survival.
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