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Abstract

The present work performed a comparative analysis of the hemoglobin pattern by the analysis of the distribution pattern of iso-hemoglobins of the parental species Tambaqui and Pacu in the bybrid Tambacu, as well as a functional characterization. The hemoglobin pattern and oxygen binding properties from the bybrid Tambacu are analogous to those from Tambaqui, showing five bands, against three fractions for the hemolysate from Pacu. For Pacu we were able to purify the main hemoglobins (Hb-I and Hb-II), which show different functional properties. 

Introduction

Vertebrate blood has been constantly studied with several purposes, such as basic knowledge of its composition, and mainly for auxiliary parameters of biochemical, hematological and systematic determinations. Molecular evaluation of fish hemoglobins, analysis of leucocytes, oxygen carrying properties, heterogeneity, comparative studies, etc., are some of the many aspects analyzed, frequently trying to establish correlations with different species, environment, developmental stage, sex, temperature, season, or many other variables (Verde and di Prisco, 2004; Hundahl et al., 2003; Affonso et al., 2002; Panepucci et al., 2001; Val, 1995; Powers, 1980; Ellis, 1976).

Hemoglobin (Hb) is a globular oligomeric protein encapsulated in the red blood cells (RBC). It is composed by four polypeptidic chains named globin (a tetramer), each one carrying a prostetic group Heme. The globin chains have been classified according to their genetic similarities to human globins as alpha or beta. The main function of vertebrate Hb is oxygen transport from the gills, lungs or other modified gas-exchange tissues, and at least two functional properties: O2-affinity and cooperativity are effected by binding of a variety of chemical substances, non-heme ligands (allosteric effectors) such as protons, chloride, phosphates (Riggs, 1972), which exert a tuning of O2 delivery.  For example, changes of proton concentration or pCO2 can decrease Hb O2-affinity, a process called Bohr effect. In fact, two kinds of this effect can be considered: the alkaline or normal (when proton binding decreases oxygen affinity) and the acid or reverse Bohr effects (when the opposite occurs: H+ binding increases affinity) (Perutz et al., 1980).

The existence of Hb heterogeneity is a common characteristic among fishes (Pérez et al., 1995; DeYoung, 1994; Fyhn et al., 1979), which frequently includes functional differences as well (Powers et al., 1978), charcteristics that have been discussed from different points of view (Fyhn et al., 1979; Bossa et al., 1982; Petersen et al., 1989; Val et al., 1992; DeYoung et al., 1994). A frequent opinion, supported by the literature, is that heterogeneity can provide an adaptive advantage to the specimen, giving different physiological responses than if there were a single Hb (Brunori, 1975), whereas could also be evolutionary remnants (Weber et al., 1976). Accordingly, heterogeneity or polymorphism would have a selective value in unstable environments., and seems to have a significant plasticity, as demonstrated by Houston and Cyr (1974), working with Carassius auratus, showing that the Hb pattern can change in response to acclimation to varying temperatures. 

Evolution of different hemoglobins from a common protein ancestor (a primitive Hb) must have been guided by the necessity of finding a mechanism able to meet the metabolic needs (Brunori, 1975). Generally, the number of components found not only in fishes but also among reptiles and amphibians is higher than that found for mammals or birds. This multiplicity of components rises doubts concerning their origin and possible functional purposes.

The Amazon basin presents a variety of aquatic environments isolated by geographical barriers that limit the genic flux among individuals, but produces a high intraspecific heterogeneity within fish populations. The ability of an organism to adapt to an unstable environment can be related to its biological and genetic variability (Ramirez-Gil et al., 1998).

Frequently the iso-hemoglobins found in fish blood have intrinsic properties that differ from each other concerning the response to allosteric effectors. For example, the isoforms can present a different behavior when proton or phosphate concentration changes, and blood O2-transport reflects both the relative concentration of each component and its functional properties, what could, at least theoretically, help the animal to cope fluctuations of O2 availability.

The present work intended to analyze comparatively the iso-hemoglobins present in the bybrid fish known as “tambacu” with those present in the parental species, female “Tambaqui” (C. macropomum) and male “Pacu” (P. mesopotamicus), analyzing the number and pattern of iso-Hbs, and their functional properties. The bybrid and the other two species are largely cultivated in Brazil.

Materials and Methods

Adult specimens of Tambaqui (Colossoma macropomum), Pacu (Piaractus mesopotamicus) and Tambacu were obtained from a local “fish-and-pay” and identified by Dr. Francisco Langeani Neto, from the Dept. of Zoology and Botany. Fishes were anesthetized by immersion in a benzocain solution (1 gr. for 15L of water). Blood was obtained from the caudal vein using a disposable syringe containing 0.2mL of buffered saline (0.9% NaCl in 50mM Tris-HCl pH 8.0, containing 0.2% D-glucose and 1mM EDTA, and all subsequent purification procedures were performed at 4oC. Erythrocytes were washed three times by centrifugation in a similar buffered saline without glucose, and hemolysis was achieved by the addition of 50mM Tris-HCl pH 9.0 buffer to the pellet. Hemoglobin purfication was performed using Sephacryl S-100 HR and anion-exchange chromatography in DEAE-Sepharose, using a salt gradient. The pure Hb was concentrated using Amicon Centriprep-50 and kept in liquid nitrogen until use. 

Purity of the isolated  hemoglobins was checked by isoelectric focusing in agarose (Naoum, 1997) using samples stabilized  by carbon monoxide. The present work was performed using the partially purified hemolysates from Tambacu and Tambaqui, and the purified hemoglobins I and II from Pacu.

Functional studies of 60mM (heme) Hb-II were performed at 20oC using tonometers as described (Colombo and Bonilla-Rodriguez, 1996, Bonilla et al., 1994), using ultra-pure water (ELGA Sci.) and suitable buffers (TAPS, HEPES and ADA purchased from Sigma) to cover the tested pH range. The parameters P50 and n50 were obtained from Hill Plots from samples containing up to 5% methemoglobin at the end of the experiments.

Results and Discussion

Hemoglobin pattern

The analysis by isoelectric focusing was done using CO stabilized samples, except for the hemolysate from Pacu (Fig. 1). We added a sample of human blood containing Hbs A and S. For the CO-bound samples we can observe a similar pattern between Tambacu and Tambaqui, which present five distinct components, whereas Pacu showed only three (Fig. 2, first well). 

The elecrophoretic pattern pattern suggests that the hybrid fish inherits its Hb pattern only from C. macropomum (Tambaqui).
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Figure 1. Electrophoretic pattern of hemoglobins. From the left to the right: human HbAS, Pacu (oxidized sample), Tambacu, and two samples of Tambaqui
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Figure 2. Isoelectric focusing: From the left to the right: Pacu (hemolysate), and purified Hb-II and Hb-I.

Functional studies

Hemoglobin purification was accomplished for Pacu, allowing to obtain two fractions, named Hb-I and II. For Tambaqui and Tambacu we were not able to perform a suitable purification, and accordingly worked with the stripped hemolysate (without phosphates or other low molecular mass components), partially purified by passage by Sephacryl S-100 HR. Functional properties were determined for Hbs in the stripped form and in the presence of 1 mM ATP or 100mM Chloride at 20oC.
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Figure 3. Pacu Hb-I oxygen affinity (expressed as P50) and cooperativity as a function of pH.
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Figure 3 shows the Bohr effect (logP50/  pH) for the minor fraction (Hb-I) from Pacu. The slope calculated by linear regression corresponds to the number of protons (H+) per heme that are released during the oxygenation process. In the pH range from 7.0 to 8.0 there is no proton binding for the stripped Hb ( H+/heme = 0.02) nor in the presence of Chloride ( H+/heme = -0.09), and accordingly, there is no variation of O2-affinity with the pH or, in other words, there is no Bohr effect. The addition of 1 mM ATP  raises a  normal Bohr effect ( H+/heme = -0.25). We found a similar behavior in Hb-I from matrinxã (Brycon cephalus) (Honda, 2000), and the absence of Bohr effect has been reported also for other hemoglobins. 

The most investigated, among those proteins, is trout Hb-I (Brunori, 1975). In human hemoglobin the main residues which are responsible for the alkaline Bohr effect are the Histidines beta 146, the C-terminal amino-acids. Some fish cathodic hemoglobins found in trout, eel, matrinxã and Hoplosternum littorale have a substitution for that residue, and a N-terminus of the alpha chains blocked. Those hemoglobins do not have Bohr effect or a reverse one (Weber et al., 2000).

Oxygen binding for Pacu Hb-I was always cooperative (n50>1.0), varying [image: image5.jpg]logP50

1.5 5

O ATP

O  stripped
104 O A NaCl
~
~
AN
N
05 i~
e
2l
Rl O
0.0 - N - ~
S
A A A A
O O d
05- ~O
~
I I I I T I
7.0 @5 8.0 85 9.0



between 1.2 and 1.4, a behavior that sometimes is described as “low cooperativity”. For comparison, human Hb has an n50 around 2.8. 
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Figure 4. Pacu Hb-II oxygen affinity (expressed as P50) and cooperativity as a function of pH.

Figure 4 shows the Bohr effect and cooperativity for the major component of Pacu's hemolysate, Hb-II, that in the stripped form has a normal Bohr effect ( H+ = -0.78) in the pH range from 7.0 to 8.0. In the presence of 1mM ATP displays an alkaline Bohr effect, with logP50 close to 1.0 at pH 7.0, decreasing to -0.27 at pH 9.0 ( H+ = -0.89). Chloride seems to affect proton binding, since the Bohr effect decreases to -0.32 H+/heme. Oxygenation is cooperative in the presence of ATP, being lower for the other experimental conditions, reaching almost non-cooperative values.
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Figure 5. Oxygen affinity and cooperativity of the hemoglobins from Tambacu at 20oC.

Figure 5 show the Bohr effect and cooperativity of the hemolysate from Tambacu. In the presence of ATP there is a strong alkaline Bohr effect ( H+/heme =  -1.17) in the pH range from 7.0 to 8.0. LogP50 decreases abruptly from 1.1 at pH 7.0 to -0.1 at pH 8.0. For the stripped form there is no proton binding ( H+/heme =  -0.03), but in the presence of chloride there is also a [image: image9.jpg]Log P50
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normal Bohr effect ( H+/heme =  -0.32).  Oxygenation is always cooperative in the presence of ATP, although n50 reaches higher values in this condition. 
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Figure 6. Oxygen affinity and cooperativity for the hemolysate from Tambaqui at 20oC.

Figure 6 shows the functional parameters calculated for the hemolysate (partially purified) from Tambaqui. In the presence of saturating ATP there is a strong Bohr effect ( H+/heme = -1.00) in the pH range from 7.0 to 8.0, with P50 decreasing 10 times, from 10 to 1 mmHg.  In the absence of anions there is no proton binding ( H+/heme = -0.03), but the presence of chloride raises a normal Bohr effect ( H+/heme = -0.30). Cooperativity is higher in the presence of ATP, reaching 1.8.

Taking into account the experimental error, there is no significant  difference of the functional properties between Tambacu and Tambaqui on the basis of the data gathered so far. This confirms the similarity found concerning the electrophoretic pattern, discussed above.

The present work will continue including molecular studies of the globins, globin chain analysis, temperature effect and osmotic stress determinations, trying to depict a comprehensive framework of the hemoglobin systems of the hybrid and the parental species.
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