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ABSTRACT

Two species of flatfish, Limanda limanda (dab) and Microstomus kitt (lemon-
dab) were injected intraperitoneally with Cd to determine the nature of the metal-
binding proteins induced in their livers. The supernatants were analysed by gel
filtration chromatography and the levels of metal and sulfhydryl groups, as well
as the spectral behaviour of the low molecular weight proteins, provided eviden-
ce that the hepatic metal-binding proteins induced in the two flatfish belong to
the family of metallothionein-like proteins.

RESUME

Protéines de type métallothionéine dans le foie de deux espéces de
poissons : Limanda limanda et Microstomus kitt.

Deux espeéces de poissons, Limanda limanda (limande) et Microstomus kitt
(limande-sole) ont recu une injection intrapéritonéale de Cd afin de déterminer la
nature des protéines liant les métaux, induites au niveau du foie. Les surnageants
ont été analysés par chromatographie de filtration sur gel et les teneurs en métal
et en groupements sulfhydryles, ainsi que le comportement spectral des protéines
de faible poids moléculaire, mettent en évidence que les protéines hépatiques
liant les métaux induites chez les deux espéces de poissons plats appartiennent &
la famille des protéines de type métallothionéine.

Oceanologica Acta, 1995, 18, 1, 129-133.

INTRODUCTION

Pollution of the littoral zone by heavy metals leads to an
increase of their concentration in marine organisms. The
fact that these pollutants are persistent in the environment
adds a further hazard which stimulates research activities
devoted to the evaluation of the effects they exert at the
population, organism and cellular levels,

Metallothionein (MT) levels in marine organisms have
been proposed as biochemical indicators of heavy metal
pollution (Viarengo et al., 1980; Roch et al., 1982; Bayne
et al., 1988). They play a role in the homeostasis of essen-
tial metals and in the detoxification at the cellular level
(Webb and Cain, 1982; Klaverkamp et al., 1984), MT
have a high metal content, with 7 g atoms of bivalent
metal jons or up to 12 g atoms of monovalent ions per
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mole bound to MT as metal-thiolate complexes (Kégi and
Schiffer, 1988). This content is equivalent to one bivalent
metal atom per three cysteine residues, or one monovalent
metal ion per two cysteine residues. These low molecular
weight proteins have an unusual amino acid composition,
as they lack aromatic amino acids, and cysteine accounts
for 30 % of the residues. Consequently, they are characte-
rized by a low absorbance at 280 nm (absence of aroma-
tics) and an absorbance at 254 nm due to the presence of
Cd-thionein, the metal-thionein linkage being reversible
(Kigi and Nordberg, 1979). The levels of MT increase
after exposure of fish to class IIB metals (Noél-Lambot et
al., 1978; McCarter and Roch, 1984; Kito et al., 1986) but
in some instances, the characteristics of the metal-binding
proteins so induced appear to be different to MT (Thomas
et al., 1983; Brown et al., 1990).

We carried out experiments to demonstrate the presence of
hepatic metal-binding proteins in the two pleuronectides
Limanda limanda (dab) and Microstomus kit (lemon-dab)
after intraperitoneal injection of cadmium.

MATERIAL AND METHODS

Chemical

Sephadex G75-Superfine was from Pharmacia (Sweden).
DTNB (dithionitrobenzoic acid) and gluthatione were
from Sigma (USA).

Experimental animals

Limanda limanda and Microstomus kitt were collected in
the south of the North Sea between Calais and Dunkerque.
The fish were kept alive, transported to the Marine Station
and maintained in flowing sea water aquaria. Each fish
was injected intraperitoneally 4 times a day over 2 or
3 days with CdCl, at a dose of 1 mg Cd per kilogram body
weight at each injection. They were killed by cutting
behind the gills and dissected to obtain the livers which
were frozen at — 20°C.

Isolation procedure

The livers (about 1.5 g) were homogenized using an
Ultra-Turrax homogenizer in 2 vol of 0.5 M sucrose at
0°C for 2 minutes, The homogenates were centrifuged at
37 000 x g at 4°C for 3 hours. Approximately 3 ml of the
supernatant was applied to a column of Sephadex G75
(2.6 x 85 cm) equilibrated with 0.01M ammonium for-
mate buffer (pH 7.4). This buffer was selected because of
its ease of removal, when necessary, at the completion of
chromatography. The absorbance at 254 nm was recor-
ded and fractions (6 ml) were collected of which 2 ml
was used to assay for metal content and 300 pl to deter-
mine sulfhydryl groups. The fractions containing low
molecular weight proteins were monitored for absorban-
ce from 200 to 300 nm using a Beckman model 24 spec-
trophotometer and measured again after addition of
hydrochloric acid (pH 2).

Colorimetric determination of the sulfhydryl groups

Sulfhydryl groups were quantified by the method used by
Tukendorf and Baszynski (1985) and based on the obser-
vations of Ellman (1959). Microtitre plates (for immunoas-
says) were used allowing a quick measurement of the
absorbance of 96 very small samples as follows:

The 300 ml solution were placed in each well of the
microtitre plate and 50 ml of DTNB reagent (40 mg of
DTNB in 10 ml of 0.1M phosphate buffer, pH 7.8) were
added. The reaction occurred over 30 min and the absor-
bance at 405 nm was determined on a microtitre plate rea-
der. Triplicate samples were measured and controls were
provided by 3 wells containing buffer solution. Glutathio-
ne, diluted in ammonium formate buffer (0.01M) was used
to develop a standard curve (1 mole SH/mole). The quanti-
ty of MT was determined using the ratio 20 moles
SH/mole MT (Kigi and Norberg, 1979).

Heavy metal analysis

Zinc, copper and cadmium concentrations in fractions
from gel filtration chromatography were measured using a
Perkin-Elmer HGA 500 flame atomic absorption spectro-
photometer. Detection limits were 0.04, 0.04 and 0.03
mg/l for the measurement of Zn, Cu and Cd respectively.
Deuterium background correction was used for Cd and Zn
analyses. The quantities of MT were estimated by the ratio
7 g atom/mole MT for Cd and Zn, and 12 g atom/mole MT
for Cu (Kigi and Schiffer, 1988).

RESULTS AND DISCUSSION

Three absorbance peaks (254 nm) were obtained after
chromatography of hepatic supernatants from Cd-injected
fish (Fig. 1a and b). They correspond to high molecular
weight proteins (HMW; > 60 kDa), low molecular weight
proteins (LMW; 8-12 kDa) and very low molecular weight
components (VLMW; < 5 kDa).

Heavy metal distribution in the different molecular weight
ranges: The distribution of Cd, Cu and Zn in the hepatic
supernatants showed high levels of Zn and Cd and lower
levels of Cu eluted with the HMW proteins. The presence
of metals in the HMW proteins was expected and consis-
tent with their role in the normal metabolism of teleost fish
(i.e. in enzymes, functional proteins, etc.). Significant
amounts of metal were measured in fractions containing
the LMW proteins. This is consistent with the presence of
MT or other metal-binding proteins (MBP) of similar
apparent molecular weight. No metals were detected in the
VLMW fractions, which correspond to small molecules
and peptides (e.g. glutathione). This absence of metals in
the VLMW fractions has also been noted in the livers of
the fish Mugil cephalus and Salmo gairdneri (Wofford
and Thomas, 1984; Olsson and Haux, 1985). Similar parti-
tion of heavy metals in the different molecular weight
ranges have been reported for different species of fish
(Kito et al., 1982; Olsson and Haux, 1985).
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associated with normal structural or/and functional pro-
teins, and with presence of glutathione and/or cysteine res-
pectively, whereas SH measured in the LMW peak were
assumed to be related to MT as they were found in metal-
containing fractions .
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Concentrations of metal-binding proteins as indicated by
metal and sulfhydryl ratios: The concentrations of “equi-
valent MT” within the LMW fractions from chromatogra-
phy of liver from L. limanda and M. kitt injected with Cd 0
are presented Table 1. They were derived from the expec- 225 250 275 300
ted ratio of metal to MT, and sulthydryl groups to MT. For

the two species of fish, the quantities of MT obtained from

either methods were similar, These results indicate that the Figure 2
metal-binding proteins have similar metal-binding abilities

wavelength {nm)

Ultraviolet absorption spectra of the low molecular weight proteins

to MT and a similar content of sulfhydryl groups (i.e. 20 from Limanda limanda obtained after separation by Sephadex G75
moles SH/mole protein). chromatography (———) at pH 7.4; (—)at pH 2.0.
Table 1

Amounts of “equivalent metallothioneins (MT)” in livers from Cd-injected individuals (Limanda limanda and Microstomus kitt), estimated by the
quantities of metals and SH groups, eluted in the low molecular weight fractions by Sephadex G75 chromatography.
(MT and metals, expressed in pg/g wet weight; SH, expressed in 1078 moles/ g wet weight).

Species indiv. Cu  MT Cd MT Zn __ MT MT (total) SH  MT

; 1 12 102 356 2945 14 199 325 1093 355
L. timanda 2 76 645 207 1712 28 399 276 827 269
ki 1 69 588 240 1983 29 412 208 889 289
- kitt 2 53 452 267 2206 25 355 o1 %9 315
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Standard curve of glutathione.

Spectral behavior: The ultraviolet absorption spectra of
the LMW fractions from L. limanda showed an elevated
absorbance at 254 nm (which decreased significantly after
acidification of the solution) and consequently yielded a
high ratio A,s,/A,q, (Fig. 2). Those spectral properties of
LMW proteins under neutral and acidic conditions are cha-
racteristic of MT (Kagi and Nordberg, 1979).

The spectral behaviour of the hepatic LMW metal-binding
proteins and their concentrations in metals and sulfhydryl
groups strongly suggest that those proteins belong to the
family of MT-like proteins.

Characteristics of the colorimetric method for the quanti-
fication of the sulfhydryl groups: The standard curve
obtained with glutathione was described by the formula: y
=0.413 x - 0.023 (Fig. 3) and the lowest detectible quan-
tity of thiol groups was 1.76 nmole SH per well (which
corresponds to 88 pmole MT). Based on its molecular
weight, the detection limit of MT is thus 0.62 pg/well i.e.
1.77 pg/ml. Considering the characteristics of the gel fil-
tration column, the minimal quantity of MT detected by
this method is in the range of 100 jg/g wet weight. Lower
detection limits of MT are obtainable by methods desi-
gned to measure the proteins directly in the supernatants.
The limit for measurement of MT by differential pulse
polarography analysis is about 10 pg MT/g wet weight
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