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The present contribution is intended to be an addition to other contributions previously made to Peter Hochachka’s life in science, with no claim to accurately review his entire scientific career. Our main purpose here is to reflect on the importance of his contributions to the development of Comparative Physiology and Biochemistry research in Brazil. 

Scientific contributions to mankind can be evaluated by the influence of ones ideas on one or more research fields. Peter Hochachka’s ideas deeply influenced the development of Comparative Biochemistry and Physiology as well as Evolutionary Biology worldwide. His innovative approach to these fields has influenced his students and researchers internationally. The central theme of his research has always been environmental adaptation, a subject to which he dedicated his entire life using different biological models and ecosystems to demonstrate that all living beings are designed to fit in their environmental range of occurrence. From Antarctic Seals to Amazon fishes, Peter Hochachka studied all of the main vertebrate groups: fish, amphibian, reptile, bird, and mammal. Work of his later years focused on relating his adaptive research program to human clinical and medical problems. Hochachka’s research on high altitude adaptations to chronic hypoxia and energy generation pathways helped to demonstrate the tolerance human beings exhibit when an environmental challenge is imposed during a long period of time.

Debates on Evolution and Phylogeny have raised different opinions about this subject. During his professional life, Peter Hochachka has applied the term adaptation considering the evolution of the term itself. This may be the reason why he was always considered ahead of his time. In his recently-published book “Biochemical Adaptation: Mechanism and Process in Physiological Evolution” Peter Hochachka, along with George Somero, brought attention to the widespread misuse of the term. Adaptation may either refer to the historical process by which attributes of organisms have changed resulting in enhanced fitness, or to the characteristics and current utility of the trait of interest, restricted entirely to physiological discussion.

Hochachka’s books and papers inspired research projects in several places around the world, including Brazil. He was always aware of the impact of his work on developing countries like Brazil. The Brazilian academic community has been influenced by his work on environmental adaptation. His first book “Strategies of Biochemical Adaptation”, also co-authored by George Somero in 1973, initiated the introduction of molecular and biochemical evolution programs that were directly reflected in academic programs of undergraduate and graduate students. However, the most important lesson left by Hochachka’s research was his determination in driving research programs to search for an answer to one question: “How can the knowledge of living beings contribute to the welfare of the human kind?” 

Current studies use the term adaptation when referring to the characteristics exhibited by an organism as a result of past selection pressures. Specific biochemical processes must be studied in order to find interactions that contribute to the adaptive qualities of organisms. Another task is to investigate whether the alterations of the studied trait are or not the result of an adaptive process. Peter Hochachka has discussed these two questions, among others, in his books. 

Most researchers in this field have always searched for the perfect protein and organisms to fit a good adaptive study model. However, attention should be given to specific problems in nature, rather than one or another protein or organism. Thus, environmental challenges endured by organisms such as extreme temperature fluctuations, oxygen depletion, deep sea high-pressure and water scarcity, are subjects that many researchers have dedicated their entire lives to. Alternatively, some researchers select one specific functional protein (or protein family) to help understand how the organisms respond to environmental challenges by studying their variation (genetics), function (physiology), interaction with other metabolites (biochemistry), and evolution. It has been established that the most indicative proteins (and their families) are hemoglobin and lactate dehydrogenase. Both proteins have deserved attention during research programs. In the present contribution we will discuss Hemoglobin and its relevance to adaptive studies.

 In “Strategies of Biochemical Adaptation” hemoglobin is described as an “honorary enzyme”. The study of this protein is advantageous because it is relatively easy to obtain large amounts of pure protein from a not-so-complex system (the erythrocyte), and investigate the effects of some small molecules (H+, inorganic and organic phosphates, Cl-, CO2, CO) on their functions. It is also possible to study hemoglobin not isolated from its natural milieu, using intact erythrocytes or non-fractionated blood that may give an approximate idea of how hemoglobin works in vivo. Allosteric effectors may also be isolated and identified from the erythrocytes. Studying hemoglobins of different fish species belonging to one family with different oxygen needs, and comparing them with different families (from higher taxa) with similar and different oxygen needs, we can have an idea of what may or may not be adaptive in the sense of historical (phylogenetic) process.

Electrophoretic patterns of hemoglobin of several species of fish within one family are similar and a high number of components are generally shown by all species within one single family. In some cases, similar features can be observed in higher taxa. Most Siluriforms (catfishes) show only two or three hemoglobin components. Such low number of components suggests that the fitness of fish species is unlikely to be related to selection based on number of hemoglobin components. However, cathodic or slow anodic hemoglobin components, which are not modulated by organic phosphates, have no Bohr Effect and may show reverse Bohr Effect in some conditions. Although those components are common in some fish groups as in fishes of the Anostomidae family, they are not present in all species of the group. In this family, for instance, Schizodon spp present cathodic components, which show reverse Bohr Effect when stripped, while the species Leporinus friderici shows a slow anodic component with no Bohr Effect, which is not modulated by allosteric effectors such as ATP or GTP. This same family has species which present only fast anodic hemoglobin components.

Fresh water fish hemoglobins seem to use mainly GTP as a modulator, although, in vitro, ATP also acts as an allosteric effector. 

Hemoglobins can be altered by environmental changes through allosteric effectors, but the absence of the Bohr Effect had to be achieved by a new hemoglobin type. This new type probably appeared after gene duplication followed by nucleotide (or amino acid) substitutions, as demonstrated in Catostomid fishes. If some species within the same family present these cathodic/slow anodic components and some do not, it may be suggested that its presence is adaptive.

When exposing in vitro hemoglobin to different amounts of oxygen in the presence of organic phosphates, its functional properties are similar to the ones of non-fractioned blood. Stripped hemoglobin generally shows higher oxygen affinity. This kind of comparison gives us an idea about the function of the hemoglobin in vivo. 

Many of the orthologs (originated by speciation events) and paralogs (originated by duplication events) genes codify isoforms (isozymes) with adaptive significance: their distribution among tissues and expression among different species are related to organ functions and environmental changes. The origin of those gene families are currently explained as the result of successive gene duplication events, followed by mutations and nucleotide changes that favored fitness of most vertebrates during their evolution. The development of modern molecular techniques is now helping to solve many questions of how and when these adaptive traits occur. Studies on gene expression and gene sequencing will continue explaining unanswered questions that started back in the 70’s with Peter Hochachka’s hypothesis of biochemical adaptations.
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