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Abstract™1. A quantitative and electrophoretic study of copper and zinc in hemolymph of the crustacea

decapoda, Carcinus maenas, has been carried out.

2. Most of the copper was linked with hemocyanin.

3. All copper-binding proteins are hemocyanin.

4. Zinc belongs to three different compartments: more than 68% is linked with hemocyanin; about
10%, is shown in the fraction containing blood cells, lipids and carotenoids; 159, is present in the

hemolymph under a soluble and dialysable form.

5. Specific zinc-binding protein has not been found out in the serum of Carcinus maenas.
6. Zinc linked with hemocyanin is found on high molecular weight protein fractions only. we

INTRODUCTION

A very strong correlation exists between the quantita-
tive variations of copper and that of zinc present in
the crustacean decapods (Martin, 1974). This correla-
tion is the consequence of a similar metabolism of
these two metals in the hemolymph during the differ-
ent stages of the intermolt cycle. The existence of a
possible binding between the respiratory pigment,
hemocyanin, and zinc at the macromolecular level,
has already been postulated (Martin, 1975). The aim
of this paper is to give an evidence of such a binding.

So far, the term “hemocyanin” has not been defined
precisely. Many workers used this term as a synonym
of copper-protein. Since the respiratory properties of
such a protein and its fractions are not clearly
defined, in the present work we call “hemocyanin”
the protein fractions of the hemolymph of the deca-
pod crustacean studied in the present work, exhibiting
a specific copper coloring reaction, and also reacting
with a solution of benzidine and hydrogen peroxide
(Ghiretti, 1956).

MATERIAL AND METHODS

Electrophoretic study

Electrophoretic separation of serum proteins of Carcinus
maenas L. has been carried out by using a hydrolysed
starch gel and also a polyacrylamide gel known as “Gradi-
por”. Latter is formed from the anode to the cathode of
polyacrilamide having increasing concentrations from 5 to
20%. A buffer solution, pH 7.9, made by “tris” (2 amino-
hydroxymethyl, 1.3 propanediol) is used for protein migra-
tion at the temperature of 4°C.

These two types of gel, starch and polyacrilamide, are
in the form of plates, and permit a large electrophoretic
migration. When the migration is completed, the gel is
cut into longitudinal bands which are used for specific col-
orations. These different bands, resulting from the same
electrophoregram, exhibit protein patterns perfectly com-
parable with each other.

* Contribution No. 511 du Département Scientifique du
Centre Océanologique de Bretagne.

Specific colorations

Total proteins are confirmed by using an acetic solution
of 5%, amido-black.

Copper-protein fractions are confirmed using the
methods of potassium ferrocyanide, of ammonium and of
tetracthylene-pentamine as described by Furman (1962). We
have also used the method of the 1% rubanic acid, which
method is more commonly used (Whittaker, 1959 ; Decleir,
1961; Cowden & Coleman, 1962; Busselen, 1970).

Zinc-protein fractions are confirmed by the test de-
scribed by Langeron (1949). The electrophoregrams are
placed in a 10% solution of sodium nitroprussiate at 50°C
for ! hr. Then, the gels are washed in tap water for 15 min
before placing them in potassium sulphide solution.

Hemocyanin fractions are detected by using the method
of Manwell & Baker (1963), in which hemocyanin reacts
with benzidine solution (3-3' dimethoxybenzidine) and
hydrogen peroxide (Ghiretti, 1956).

Separation of different constituants of hemolymph

The method of precipitating hemocyanin at the iso-elec-
tric point (Rawlinson, 1940), modified by Godbillon &
Frentz (1972) has been used.

Approximately, 20ml of hemolymph has been taken
from several male crabs, at the stage C, of the intermolt
cycle, by cutting a dactylopodite. The small amount of
fibrin present in the hemolymph is taken out and con-
served for analysis. To the 20 ml hemolymph 0.1 g of potas-
sium oxalate in 5 ml water has been added. Potassium oxa-
late acts as an anticoagulant preventing the formation of
blood clotting.

An equal volume of potassium acetate buffer solution,
pH 4.6, is added to the hemolymph. The buffer solution
contains 68 g of hydrated sodium acetate and 28.4 g of gla-
cial acetic acid per litre of water. As this solution contans
equimolecular quantities of salt and acid, its pH will not
be changed by dilution.

The hemolymph solutions is then placed in a cold room
at the temperature of 2-4°C for 13 hr. During this period.
an orange-yellow precipitate, rich in lipids. carotenoids
and blood cells, decants and is taken out by centrifuging.
The remaining blue liquid is dialysed against distilled
water for 72hr. The blue precipitate corresponding to
hemocyanin crystals and decanung during dialysis is
washed several times with distilled water and recovered
by successive centrifuging. The concentrations of copper
and zinc have been determined in such hemocyanin crys-
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Table 1. Distribution of copper and zinc in the different fractions of the hemolymph
of Carcinus maenas. The values are expressed in ug/g tissue

% of total % of total
uCu ug Zn Cu Zn
Hemolymph (1) 4472 3225 100 100 B

Fibrin 2) 2.09 2.29 4.67 7.10
Centrifuge precipitate

(blood cells,

lipids, carotenoids) (3) 0.38 3.14 0.85 9.74
Hemocyanin 4) 41.57 22.03 9296 68.32
Total (2) + (3) + (4) 44.04 27.46 98.48 85.16

tals and in the different constituents of hemolymph isolated
by the above technique.

Determination of copper and zinc concentrations

Copper and zinc in the total hemolymph and in its dif-
ferent constituents are determined by using an atomic
absorption spectrophotometer (Perkin- Elmer. model 303).
The conditions of analysis are as those described by Slavin
(1968).

RESULTS

Table | shows total content and percentage of cop-
per and zinc present in the hemolymph and in its
different constituents. Four samples of 20 ml hemo-
lymph of Carcinus maenas. at stage C,, have been
analysed. The hemocyanin fractions contains the
highest concentration of copper and zinc. In the total
content of copper and zinc present in the hemolymph,
93%, of copper and 68.3% of zinc belong to hemo-
cyanin. The centrifuge precipitate, containing blood
cells. lipids and carotenoids, obtained after the first
dialysis contains only a low amount of copper, 0.85%,
of total copper. Nevertheless, the same fraction con-
tains 4.67 and 7.10% of total copper and zinc respect-
ively. It can be noticed that the total of the different
constituants represents 98.55% of total copper in
hemolymph, but only 85.16%, in the case of zinc.

Figure 1 shows the starch gel electrophoregrams
obtained with the serum of male Carcinus maenas at
stage C, of the intermolt cycle. The protem {ractions
have been numbered from ! to 6 according to the
speed of migration, from the fastest with low molecu-
lar weight to the slowest with high molecular weight,
only those fractions showing particular interest into
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Fig. 1. Hydrolysed starch gel electrophoregram of serum
proteins of Carcinus maenas. (a): Total proteins; (b) hemo-
cyanin; (c) copper protein fractions.

the present study and only those which are distinctly
separated from other fractions are numbered. Thus,
certain numbers represent a group of many fractions.

On the electrophoregram (a), corresponding total
proteins, 6 fractions or groups of fractions are shown.
The fraction 1 with fast migration represents a group
of at least 3 fractions. The fractions 3 and 4 are those
showing the strongest intensity. The electrophore-
grams (b) and (c) show the hemocyanin fractions and
the copper protein fractions respectively. These two
electrophoregrams are fully identical. For each of
them, 4 fractions or groups of fractions are exhibited.

The electrophoregrams represented in Fig 2,
have been carried out on polyacrylamide gel. On elec-
trophoregram corresponding to the total proteins (a),
7 fractions are distinguished. This electrophoregram
shows interest by comparing (b) and (c) which corre-
spond to the fractions containing copper (b) and zinc
(c). For copper (b). 5 fractions are shown, 1, 3, 4,
5 and 6. We notice that the most important fractions
of the electrophoregram (a), 1. 3. 5 and 6 are copper
protein fractions. Zinc has been detected in the frac-
tions 3, 5 and 6 which also contain copper. It has
been noted that the fractions transporting zinc are
those fractions with slow speed of migration.

DISCUSSION

The study of distribution of copper and zinc in the
different constituents of the hemolymph of Carcinus
maenas shows that these two metals are mainly con-
centrated in the hemocyanin fractions: 93%, of copper
and 68%, of zinc. In the case of copper. this result
is inferior to those generally admitted. Andrews (1967)
has pointed out that hemocyanin copper represents
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Fig. 2. Polyamylamide gel electrophoregram of serum pro-
teins of Carcinus maenas. (a): Total proteins: (b) copper
protein fractions; (c) zinc protein fractions,
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>99.5%, of total copper content in the hemolymph.
The method of separation we have used here seems
to be a reason for such a difference. The formation
of a small amount of fibrin and also the centrifuga-
tion of serum components other than hemocyanin
mught have created an error. During the separation
of these components, there is a possibility of losing
hemocyanin. which may correspond to 4.67 and
0.85%, of copper measured in the fibrin and in the
centrifuge precipitate containing blood cells, lipids
and carotenoids, respectively.

The total of the different percentages of zinc deter-
mined in the various compartments is 85.2% of total
zinc in the hemolymph. The analysis of this metal
has been carried out in the same samples as for that
of copper. for which only 1.5% of the total copper
has not been recovered. The unrecovered 14.8%, of
zing, therefore, has been lost during the course of di-
alysis. This metal has been detected only in the hemo-
cyanin which are non-dialysable proteins. Therefore,
the 14.8%, of total zin¢ not recovered is in the hemo-
lymph in a soluble dialysable form.

The electrophoretic study of the hemocyanin of the
serum of Carcinus maenas shows that in the 6 frac-
tions or groups of fractions isolated in the hydrolysed
starch gel. 4 of them are hemocyanin. The number
of isolated hemocyanin fractions in the case of the
present study corresponds with the results obtained
utilising the same method by Inoue & Motohiro
(1969) in different species of crustucean decapods.
Three fractions are isolated in Paralithodes camtscha-
ticas, 4 in Erimacrus isenbeckii and 5 in Chionoecetes
opilio. Ghidalia et al. (1971) showed in Macropipus
puber that in 14 protein fractions isolated, 4-9 are
copper protein fractions and, therefore, are hemo-
cyanin. The results obtained by these authors and by
us cannot be easily compared. As a matter of fact,
Busselen (1970) has shown that for the same serum
and also using the same electrophoretic technic, the
number of hemocyanin fractions can vary in Carcinus
maenas in a ratio of 1-4, according to the pH of the
buffer used. This author has reported the hypothesis
of breaking of hemocyanin molecules when the pH
increases. Nevertheless, there is no doubt that all the
protein fractions transporting copper are hemocyanin.
This result is in accordance with the observations of
Cowden & Coleman (1962).

The present electrophoretic study of the serum of
Carcinus maenas shows that in the electrophoregram,
in all cases, zinc is detected on hemocyanin fractions.
It can be concluded that there is no specific zinc pro-
tein fractions, detectable by the electrophoretic
method. in the serum of such a species. The link zinc-
hemocyanin explains the observed correlations
between the concentrations of copper and that of zinc
in the hemolymph (Martin, 1975).

Many hypothesis can be made to explain such a
link between zinc and hemocyanin. One point of view
may be that the metal may form an integrated part
of the molecule. and would play a role, directly or
indirectly. in relation with the function of the mol-
ecule. that is to say the transport of oxygen.

On the other hand. we have shown that all copper
proteins are hemocyanin. Five fractions or groups of

fractions have been isolated in the serum of Carcinus
maenas. These 5 fractions are in fact unit-fractions
coming from a “mother-unit™ which has been broken
by different physico-chemical parameters. such as pH.
during the course of electrophoresis (Busselen, 1970).
The present study reveals that zinc is detected only
m slow moving protein fraction, that is to say frac-
tions with high molecular weight. Therefore. the zinc
could act as an element to permit or stabilise the
quaternary structure of hemocyanin (Hemandez-
Moran et al., 1966) and as a link between the unit-
fractions.
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