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Abstract

In order to explore the hemocyanin adaptative potential and evolutive dynamics, we have analyzed the structural properties of this oxygen-

carrier protein, in some species of portunid Crabs, (Brachyura, Portunida).

We have compared the intra- and interspecific subunits patterns, in native and denaturant conditions, to estimate the phenetic relationships

and the different stabilities of the protein.
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1. Introduction

Studies on the origin, evolution and differentiation of

hemocyanin (Hc) have mostly been performed to explain

the relationships between higher taxa. Many hypotheses

have been proposed for the phylogeny of crustacean and

chelicerates Hcs and for closely related protein

subfamilies, such as prophenoloxidase and arylphorine

(Hughes, 1999; Decker and Terwilliger, 2000). The

plastic responses to environmental selective pressures

could have played a central role for the evolution of

hemocyanin subunit heterogeneity. In order to explore

this adaptive potential and try to trace the evolutive

dynamics, we have analyzed the intra- and inter-specific

subunit patterns in some species of Portunid Crabs,

(Brachyura, Portunida). This Brachiuran family is well

suited for our comparative analysis for its geographical

distribution, the easiness of sampling and the consider-

able amount of molecular and physiological data in

literature.

2. Results

We have analyzed, with electrophoretic and

chromatographic techniques, the Hcs isolated from

several populations of different species, collected in the

North Atlantic ocean and in the Adriatic sea. We have

carried out screening under native and denaturing

conditions, and the densitometric profiles of dissociation

products have been compared. As already known, the

expression of different subunits of portunid crab Hcs

undergo an in vivo modulation as a function of

ecological parameters (Mangum, 1994). In this context

we have considered seven populations of Liocarcinus

depurator, each one composed from 50 to 60 crabs,

sampled in different environments. We have performed

PAGE, at both physiological and dissociating pH, to

determine the native association state and to explore the

stability of quaternary structure. In previous chromato-

graphic analyses we found, for modest increases of

alkalinity, a very low resistance to dissociation (manu-

script in preparation), yet in two populations a hexameric

fraction is evident that still remains undissociated at pH

9.6. This is now confirmed from alkaline PAGE showing

the persistance of the hexameric Hc fraction in one case

(Fig. 1, lane D), while in other cases only the subunit

pattern is evident (Fig. 1, lane C). Analysis by SDS-

PAGE shows three subunits for all L. depurator Hc

samples. However, their relative expression within the

native oligomer changes in the different populations. In

detail, as a general rule, subunit 1 shows a low level of

expression (a typical case is given in Fig. 1, lane A). In

contrast, in other populations, this subunit is more
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abundant as typically shown in Fig. 1, lane B. It is worth

noting that the two cases with higher levels of expression

of subunit 1 are those with highest stability of the

hexameric oligomer. Thus, it is possible to correlate the

stability of the oligomer with the expression of a given

fraction. We have carried out the same analysis for the

three different species of Portunids, verifing a similar

subunit heterogeneity in structural stability and different

levels of subunit expression (Fig. 2). The results of this

analysis supports the hypothesis that subunit composition

is almost specie-specific, but also that closely related

species like L. holsatus and L. marmoreus share a

common subunit pattern. The phenotypic differences

appear to be in accordance with the phylogenetic analysis

based on molecular and morphological data proposed by

several authors (Mantovani et al., 1992; Trentini et al.,

1987; Trentini et al., 1992).
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Fig. 1. Lane A: L. depurator SDS-PAGE 8.5%. Lane B: L. depurator

SDS-PAGE 8.5%. Lane C: L. depurator Native PAGE pH 9.6, 8.5%.

Lane D: L. depurator Native PAGE pH 9.6, 8.5%.

Fig. 2. Densitometric profiles of Portunid hemocyanins in SDS-PAGE

at 8.5%.
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