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MERCURY AND METHALLOTHIONEIN-LIKE PROTEINS IN THE

PARTICULATE CELL FRACTION OF HUMAN CEREBELLAR NUCLEUS

DENTATUS
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ABSTRACT

The particulate fraction (pellet) of  human cerebellar nucleus dentatus from a retired
mercury mine worker with a high mercury and selenium content (2.35 ìg/g, 1.02
ìg/g) was subjected to mild extraction of Hg binding proteins with a buffer
containing 10% mercaptoethanol (ME). The amount of mercury solubilised  in this procedure
was very low, about 3% of the pellet Hg content. Nevertheless, in the ME extract the presence of
metallothionein-like proteins (MT-LP) were found by Sephadex G-75 gel chromatography and
subsequent metal analysis. They were detected as  Cu, Zn, Pb, Hg MT-LP, where the binding of Cu
was much the highest and Hg was present only in traces. These data indicate that in accordance with
literature discussions MT in nucleus dentatus could be involved in Cu metabolism and in short term
heavy metal detoxification (Pb, Hg).  

INTRODUCTION

In a wider investigation of mercury (Hg) accumulation and retention in autopsy

samples from Idrija mercury mine employees it was found that in certain samples of

retired workers, namely thyroid, hypophysis, cerebellar tissue - nucleus dentatus and 

kidney cortex, almost all the retained mercury and selenium were located in the cell

particulate fraction (pellet) [1,2]. Similar results have been reported for kidney tissue of a

deceased dentist by Björkman et al [3].
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In the cell particulate fractions mercury was accompanied by selenium in a molar

ratio near to one. In the literature it is supposed that both elements can be present as

insoluble Hg selenide and/or sulphide polymers [4], or as insoluble metal-protein

complexes (maybe Hg-Se as a part of metallothionein or its degradation products) [5],

mostly localised in lysosomes.

Metallothioneins (MTs) are a group of inducible low-molecular-weight, cystein-

rich, metal binding cytosol proteins which can represent a part of the celĺ s defence

mechanism against metal toxicity, oxidative stress and inflammation [6,7]. Among many

other functions they can serve as efficient buffers for toxic concentrations of essential

and nonessential metal ions entering the system. Although metallothionein (MT) is a

cytoplasmic protein, it can also accumulate in lysosomes and in some cases it has been

observed in the cell nucleus [6,7,8,9]. Interesting data were found particularly with

copper MT [7,8,9]. As liver copper concentrations increase, the metal often accumulates

in aggregated  (polymeric, granular) forms of copper MT which occur in the particulate

fraction (including lysosomes) of copper- loaded liver tissue. These aggregated forms of

copper can be solubilised under alkaline or reducing conditions [10].

Concerning these observations and the thesis of Suzuki et al [11] that "MT may

be involved in the storage, transport, excretion, homeostasis and detoxification of heavy

metals in the central nervous system", especially in nucleus dentatus and some other

brain areas, we were interested in the mercury retained in the nucleus dentatus from a

retired mercury worker, principally in the presence of mercury metallothionein (MT).

The aim of the present study was to extract Hg-proteins from the particulate cell

fraction the way done in studies with Cu [12], and to partially characterise the

metallothionein-like proteins with Hg, Cu and Zn affinity.

MATERIALS AND METHODS

Autopsy sample

The autopsy sample was obtained from the brain cerebellum (nucleus dentatus) of a

retired Idrija mercury mine employee. The time between death and autopsy was not
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longer than 48 hours. The subject was aged 64 years, exposed to elemental mercury

vapour for 18.5 years and then retired for 16.3 years. The cause of death was heart

attack. The sample was immediately frozen, and kept below - 18oC until use. 

Preparation of Particulate Fraction, Mercury Extraction and Sephadex G-75

Chromatography

The nucleus dentatus obtained was used for separation of pellet (particulate

fraction) and supernatant. The pellet was subjected to mild Hg protein extraction with a

buffer containing 10% mercaptoethanol (ME), and the MT- like proteins isolated by gel

chromatography.

Tissue homogenate was prepared in nitrogen-saturated 10 mM Tris HCl buffer

(pH 7.6, 4oC) containing 1mM dithiothreitol (DTT), strained through a 250-nm nylon net

and ultracentrifuged for 1h at 100 000g in an Centrikon T-2070 (Kontron  instruments)

ultracentrifuge (rotor TFT 70.38). The supernatant was removed. The pellet (nuclei,

mitochondria, lysosomes, microsomes) was suspended in 10 mM Tris HCl buffer (pH

7.6) containing 10% mercaptoethanol (ME), frozen and thawed three times to aid

disruption of membranes and left overnight at 4oC. The mixture was then

ultracentrifuged in the same way as cell homogenate to obtain an ME extract and

sediment of the particulate fraction (modified procedure of Riordan and Richards) [12].

Aliquots of cell fractions were used for metal analysis.

The ME extract of the particulate fraction (2.5 mL) was applied to a calibrated

1.6 x 60 cm Sephadex G-75 column, and eluted in a nitrogen atmosphere at 4oC with

buffer (10 mM Tris HCl, pH 7.6). The UV absorption at 280 and 254 nm and the

concentrations of metals (Hg, Cu, Zn, Pb) were determined in the column eluents.

The column was standardized with marker proteins of known molecular weight

(MW) (Pharmacia, Serva): blue dextran (2 000 000), bovine serum albumin (MW 67

000), ovalbumin (MW 44 000), chymotrypsinogen A (MW 25 000) myoglobin (MW 17

800), and cytochrome c (MW 12 400). Blue dextran was used to determine the void

volume of the column. The standard marker proteins were eluted with 10 mM Tris HCl

(pH 7.6), and the elution was monitored at 280 nm.



232

Metal Determination

Several methods were used for quantitative determination of total Hg, Zn, Cu,

Cd and Pb in the biological samples analysed in this study: radiochemical neutron-

activation analysis (RNAA), flame atomic absorption spectroscopy (flame AAS) and

electrothermal atomic absorption spectroscopy (ET AAS). The analytical methods used

for determination of particular elements in different samples are summarized in Table 1.

Table 1. Samples, Elements and Methods

Sample Element Method

Nucleus dentatus Hg, Se
Cu, Zn

RNAA [13]
RNAA [14]

100 000 g supernatant Hg, Se
Cu, Zn

RNAA [13]
RNAA [14]

Pellet Hg, Se RNA [13]

Pellet extract Hg, Se RNAA [13]

Fractions from the
Gel- filtration column

Hg
Zn
Cu
Pb

RNAA [13]
flame AAS
RNAA [14]
ET AAS

RESULTS

The nucleus dentatus sample contained 2.40ìg of Hg and 1.00ìg

of Se/g wet weight. The amount of tissue Hg in the 100 000g

supernatant (cytosol) was less than 1%. The concentration of supernatant Se was

under the limit of detection. Almost all Hg and Se, with an atomic ratio near 1 (0.913),

were retained in pellet.  In view of these results the pellet  was selected for mild Hg

extraction. Buffer with 10% ME was used to attempt solubilization and extraction of

polymerised MT (S-S bond splitting). The extraction of Hg found was very low, about

3% of the pellet Hg content. Tissue separation and extraction data are shown in Table 2.

Using gel chromatography the presence of MT-like proteins was detected in the

ME pellet extract as Cu,Zn,Pb,Hg MT-like protein, where the presence of Cu was the
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most marked. Fig.1 (A,B and C) depicts the elution profiles of the ME extract of  pellet

on a calibrated Sephadex G-75 column where the cytochrome c molecular weight range

is characteristic of MT. UV absorbances were determined at 280 and 254 nm. The lack

of absorbance at 280 (the absence of aromatic amino acids) and a peak at 254 nm (the

presence of metallo-mercaptide bonds) in the range of cytochrome c are additional

characteristics of MT. The absence of a peak at 254 nm is the consequence of the low

concentration of protein. Fig.1 (A,B,C) shows the elution profiles of mercury, lead, and

the essential elements Zn and Cu. The distribution of the measured elements is mutually

unlike, but in the molecular range of cytochrome c the peaks of all elements are present,

although their concentrations found in this range are different in the order: Cu >Zn > Pb

>Hg.

The major Hg and Zn peaks correspond to very low MW substances (< 3000),

Fig.1 (A, B). The strong UV absorbance of ME (at 254 nm) can probably account for

the absorbance peak detected in the same region [15]. In the study of Roesiajadi and

Drum [15] related to ME buffer and mercury-binding proteins in Mytilus gills, they

showed that ME can shift mercury from mercury binding proteins to low molecular

weight substances.  The same conclusion could also be valid in our case. It is possible

that ME removed part of the bound Hg and Zn from MT-like proteins and shifted both

elements to substances with very low MW (Mr < 3000, i.e. the last peaks on the

chromatogram, Fig. 1 A,C). The same phenomenon is not obvious for Cu. MTs bind Cu

atoms cooperatively and tenaciously [16].

Table 2: Element concentrations in tissue and cell fractions from nucleus dentatus of                retired
mercury miner.1

NUCLEUS DENTATUS Hg         Hg
ìg/g    %

Se
ìg/g

Cu
ìg/
g

Zn
ìg/
g

Tissue (2g) 2.36 100 1.02 6.33 4.45

100 000 g supernatant (11g) 0.003 ~0.7 <0.01 0.44 0.46

Pellet (1.95g, 1.72g*) 2.35 100 1.09 - -

100 000 g pellet ME extract (5.5g) 0.034 ~3 0.034 - -

1 - separation data are described in materials and methods, - - no data,
* -  mass of the pellet used for extraction
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Fig. 1 Gel filtration on Sephadex G-75 of the 2-mercaptoethanol extract of the
pellet (particulate fraction) obtained from human nucleus dentatus.
The ME extract was applied to a Sephadex G-75 column, 1.6 x. 60 cm, and eluted with
10 mm Tris HCl (pH 7.6).  4 ml fractions were collected and analyzed for Hg (A), Cu
and Zn (B) and Pb (C). UV absorbance was measured at 280 and 254nm. The positions
of cytochrome c (cyt) and ovoalbumin (ov) are shown by arrows.
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DISCUSSION

Our investigation revealed that buffer (10 mM Tris HCl) containing 10%

mercaptoethanol (ME) dissolved only a small proportion of retained Hg and Se from

nucleus dentatus pellet, about 3% and 7%. We found a similar result for a thyroid pellet

sample from a retired  mercury mine worker where the buffer contained 1% SDS

(sodium dodecyl sulphate) (our unpublished data).  These low extraction results are in

concordance with  another extraction study of the kidney of a deceased dentist

where a buffer (10 mm Tris HCl) containing  a mixture of two reagents,

5 ìmol/ml ME and 1% SDS was used [3]. But considering the Hg

extraction efficiencies of different buffers used for dolphin liver samples

[17] it would be sensible to repeat the procedure with 20 mm ammonium acetate

containing 4% SDS. In any case it is evident that in tissues from subjects with former

exposure to Hg the deposits of Hg and Se are almost insoluble by mild extraction

procedures. Regarding these data the suggestion that both elements can be present as

insoluble Hg selenide polymers [4] seems more convincing than storage in aggregated

metallothioneins [5].

In the ME pellet extract MT-like proteins were identified  as Cu,Zn,Pb,Hg MT-

LP. The binding of copper was outstanding and Hg was present only in traces, as seen

from Fig. 1 (A,B,C). In view of literature data about liver granular Cu MT  [8,9,10]and a

study of granular forms of MTs  accumulated in astrocytoma cells in the presence of

interleukin-1 and heavy metals [18], we suppose that the nucleus dentatus cell pellet

contained MT aggregates, which were dissolved by mercaptoethanol (S-S bond

cleavage). As ME can act both as a reductant and a chelating agent, it is possible that the

height of the Hg and Zn MT peaks might be diminished (discussed in Results).

Despite some procedural uncertainties connected with the effects of 

mercaptoethanol on Hg and Zn, it is significant that this is the first observation of nucleus

dentatus MT-like proteins by gel-filtration chromatography and subsequent metal

analysis of the MT fractions. Until now they were noticed and localized only by

immunohistochemical techniques in nucleus dentatus of macaca fascicularis [18], and in

nucleus dentatus of human brain  [20, 11, 21] in the nuclei, cytoplasm and vascular feet
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of  astrocytes. In brain three MT isoforms (MT-I, MT-II, MT-III) exist, but in

astrocytes MT-I and MT-II appear to be abundant and MT-III conspicuously absent

[22]. In recent discussions about MT-I and MT-II isoforms within astrocytes, both forms

have been associated with compartmentalization of zinc, and other metals (Cu) between

neurons and astrocytes, regulation of metal intracellular concentrations and with

tolerance to heavy metal and free radical neurotoxicity [22, 23, 24]. The data from our

investigation indicate that MT in nucleus dentatus could be involved in Cu, Zn

metabolism and in short term heavy metal detoxification (Pb, Hg) (Fig.1). Their

involvement in the long term storage of Hg seems very questionable.

Undoubtedly it should be pointed out that it is becoming more difficult to operate

with only a partial characterisation of Cu MTs, as recently (1997) a new family of Cu

proteins has been discovered. Within the cell, Cu appears to be distributed among Cu-

requiring proteins (enzymes) through the use of so-called Cu chaperons [16]. Until now

in humans chaperons have been identified as cytosolic soluble copper binding low

molecular weight proteins with cysteine residues (HAH 1 with 68 amino acids, COX 17

with 63 amino acids) [16, 25]. It could be said that MTs are important for Cu

sequestration in a nonexchangeable form and chaperons are involved in intracellular Cu

distribution [16]. As the connection of chaperons with Cu storage or aggregation in

cellular organelles is not known, we suppose that their discovery does not affect the

interpretation of results made in our investigation.
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