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Abstract

Metallothionein (MT) isoforms, MT-1 and MT-2, in biological specimens are clearly separated by capillary zone
electrophoresis (CZE) using a polyacrylamide-coated capillary. The effectiveness of CZE analysis in the study of MT
isoforms in biological specimens is discussed. We did two experiments to determine the MT-1/MT-2 ratio in biological
specimens. The ratio of MT-1/MT-2 can be determined by CZE under a neutral pH without any detergents. One of these
studies is time-dependent changes of the MT-1/MT-2 ratio in the cytosol of the pancreas and liver in mice after Zn or Cd
injection. In the pancreas, both isoforms were detected in the control mice and the ratio of MT-1/MT-2 was below 1.0. When
Zn was injected, the maximum peak areas of both isoforms were obtained at 24 h, and the ratios increased over a value of
1.0 at 3 h and peaked at 10 h. However, in the Cd-injected mice, the peak areas of both isoforms increased up to 72 h, and
the ratios were below 1.0 up to 72 h. On the contrary, neither isoform was detected in the livers of control mice. The ratios
of Zn-injected mice liver were near the value 1.0 between 6 and 72 h, although the areas of both isoforms showed peaks at
48 h. The ratios of Cd-injected mice livers were detected to be over 1.0 from 10 h, but there were no significant difference
between 10 and 72 h, and the areas of both isoforms showed peaks at 24 h. The other experiment investigated the ratio in
each fraction of cell fractionation. Cell fractionation was done in the livers of Zn-treated mice. Twenty-four hours after the
injection, the ratio of MT-1/MT-2 was 0.800.12 and 1.190.21 (meart SD) in nuclear and cytosol fractions, respectively.
Neither isoform was detected in mitochondrial or microsomal fraction. From the present results, CZE analysis is a suitable
method for observation of the ratio of MT-1/MT-2 in biological specimens, and dynamic changes in both isoforms can be
detected.
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1. Introduction

Metallothionein (MT), an inducible protein in
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and cell growth [1-3]. MT has four major isoforms,
and MT-1 and MT-2 are induced in same organs by

2. Experimental

the same stimuli. Both isoforms in the mouse have 2.1. Animals

61 amino acids with 20 conserved cysteine residues,
and are able to bind seven divalent metal atoms like
zinc in a two-domain structure, although the se-
quence of the 12 amino acids differs between mouse
MT-1 and MT-2 [4,5]. The difference in functions of
MT-1 and MT-2 is still not clear, although it is
reported that MT-1 acts mainly on detoxification of
metals while MT-2 acts on cell metabolism [6].
There are several methods for separating MT-1 and
MT-2 such as ion-exchange chromatography, high-
performance liquid chromatography (HPLC) and
capillary zone electrophoresis (CZE). Both isoforms
can be identified by UV absorption, atomic absorp-
tion spectrometry (AAS) or mass spectrometry (MS)
after separation [7]. Although enzyme-linked im-
munosorbent assay (ELISA) [7,8] can be used for
identification without a separation technique, tech-
niques to determine each isoform are not yet widely
used. MT analysis using CZE has been reported

Male ddY strain mice, 6 weeks old, were pur-
chased from Japan SLC (Shizuoka, Japan) and used
in the experiments 1 week later. Animals were fed a

standard diet (MF, Oriental Yeast, Tokyo, Japan)
with free access to tap water.

2.2. Materials

Zinc sulfate, cadmium chloride, and Tris-
(hydroxymethyl) aminomethane (Tris) were pur-
chased from Wako Pure Chemicals (Osaka, Japan)
ahd2-hydroxyethylpiperazimN’-2-ethanesulfonic
acid (Hepes) from Dojindo Laboratories (Kuma-

moto, Japan). Fused-silica capillary tubgurir5

I.D.) was obtained from Otsuka Electronics (Osaka).
The other reagents were purchased from Wako Pure
Chemicals.

since the early 1990s. Beattie and co-workers [9-12] 2.3. Animal treatment

and Virtanen and co-workers [13—15] have presented
many reports about the condition for separation of
the isoforms using CZE. We are also studying the
separation of MT isoforms using CZE, and have
observed that MT isoforms were well separated on
CZE analysis using a polyacrylamide-coated capil-
lary at neutral pH [16—19]. CZE has many benefits
such as rapid analysis, micro sampling, high sen-
sitivity, and high resolution. However, CZE also has
several drawbacks. The matrix components in the
specimen, the viscosity and the stability of the
capillary affect the separation of substances. Also, as
non-specific adsorption influences the separation of
substances using an un-coated capillary for CZE
analysis, substances are separated in acidic and basic
pH and/or detergents. However, observation at
neutral pH without any detergents is required to
assess the properties of substances. In addition, since
there are no pure proteins of commercially available
MT isoforms [16], it is difficult to quantify them in
biological specimens using CZE. Therefore, we tried
to clarify the best method of CZE analysis on MT
isoforms in biological specimens. Here, we present
one method for CZE analysis on the study of MT
isoforms in biological specimens.

For observation of time-dependent change in the
MT-1/MT-2 ratio, the mice were given subcuta-
neous injections of 50 mg/kg of Zn in the form of
zinc sulfate or 2.5 mg/kg of Cd in the form of
cadmium chloride, and decapitated at 3, 6, 10, 24,
48, and 78 h. Then, the liver and pancreas were
removed and homogenized to make a 10% homoge-
nate with 100 firis—HCI buffer at pH 7.4. After
centrifugation at 106 G600 60 min, a cytosol
fraction was obtained, and this was boiled°&t 100
for 1 min. After centrifugation ag&06d0 min,
the supernatant was applied to CZE analysis.

For observation of the ratio of isoforms in cell

fractionation, the mice were given a subcutaneou:
injection of 50 mg/kg of Zn in the form of zinc
sulfate. Twenty-four hours after the injection, the

liver (ca. 1 g) was homogenized to make a 10%
homogenate withN).8dcrose and 3 M MgCl,

according to the method of Widnell and Tata [20],

and nuclear, mitochondria, microsomal and cytosol

fractions were obtained, respectively. The method is

illustrated in Fig. 1. Each fraction was treated for 40

s at 9 W with a sonicator (Handy Sonic UR-20P,
Tomy Seiko, Japan), and boiled atQ.@@r 1 min.
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Fig. 1. Protocol of cell fractionation.

After centrifugation at 806@ for 10 min, the and 261°C. The MT isoforms were monitored at
supernatant was applied to CZE analysis. 214 nm.

2.4. Zone electrophoresis on a polyacrylamide-

coated capillary
3. Results

We used a 33-cm polyacrylamide-coated capillary
tube. The coating method was described in our Fig. 2 shows electropherograms of heat-treated
previous report [17]. The capillary was installed in a cytosol fractions from the pancreas and liver of Zn-
capillary electrophoresis system (Waters Quanta or Cd-injected mice. MT-1 migrated at 8.0 min and
4000, Japan Millipore, Tokyo). A Hepes—Tris buffer MT-2 at 5.5 min. In the pancreas, MT-1 and -2 were
(50 mM, pH 7.4) served as the running buffer. The detected in control mice, and both peaks increased
cytosol fraction was boiled for 1 min at 106G, and after Zn- or Cd-injection. On the contrary, neither
after centrifugation, the supernatant was loaded onto isoform was detected in the livers of control mice.
the column by gravity. The inlet of the capillary was Furthermore, one peak migrated in front of the MT-2

at the cathode. The analysis was performed at 20 kV peak, but it was confirmed that the peak was not an
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Fig. 2. Electropherograms of MT isoforms in cytosol fraction of mouse pancreas and liver. (a) Control mouse pancreas. (b) Mouse pancreas
24 h after Zn injection. (c) Mouse pancreas 24 h after Cd injection. (d) Control mouse liver. (e) Mouse liver 24 h after Zn injection. (f)

Mouse liver 24 h after Cd injection.

isoforms in the pancreas of mice after the injection
of Zn or Cd. In the pancreas, the areas increased
time-dependently after Zn injection. Both isoforms

MT isoform as it did not disappear with the addition

of EDTA [21].
Fig. 3 shows the peak areas of MT-1 and MT-2



215

T. Minami et al. / J. Chromatogr. B 779 (2002) 211-219

(a)

MT-1
MT-2

A

(((((

3h 6h 10h 24h 48 h

control

.....................

(((((

40000+

30000+

20000

(095,1{0A0I01W) B3R Yead

10000

5000

40004

(=]

3000
2000
1000

(095,3]0A0I0IW) BAJE NEDd

72h

6h

3h

control

Fig. 3. Peak areas of MT isoforms in the cytosol fraction of the pancreas on CZE analysis after Zn or Cd injection. (a) Zn injection, (b) Cd

injection.
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showed peaks at 24 h. When Cd was injected, the
peak area of both isoforms increased up to 72 h,
although the values were about 5-fold lower than
those of Zn-injected pancreas specimens.

Fig. 4 shows the peak areas of both isoforms in
the livers of mice after Zn or Cd injection. When Zn
was injected, the peaks were detected from 6 h and
reached a maximum at 48 h. On the contrary, both
peaks were detected from 10 h after Cd injection,
and were at a maximum at 24 h. There were no
differences in the areas of maximum peaks between
Zn and Cd injections.

The ratios of MT-1/MT-2 in the pancreas and
liver were observed after Zn or Cd injection (Fig. 5).
In the pancreas, the ratio reached a maximum at 10 h
after Zn injection, and at 3 h after Cd injection. The
ratio showed a value over 1.0 between 3 and 72 h
after Zn injection, and when Cd was injected, the

ratio was 1.0 between 3 and 10 h, and decreased up

to 24 h, but recovered to 1.0 by 72 h. In the liver, the
ratio reached a value of 1.0 at 10 h after Zn injection
and maintained this value up to 72 h. On the
contrary, the ratio exceeded 2.0 at 10 h after Cd
injection and maintained a value over 1.0 up to 72 h,
although neither isoform was detected until 6 h after
Cd injection.

Table 1 shows the ratio of each fraction in the
mouse liver 24 h after the injection of Zn. In the
nuclear fraction, the peak area of MT-1 was less than
the area of MT-2. On the contrary, the area of MT-1
was much greater than that of MT-2 in the cytosol
fraction. There was a significant difference in the
ratio between the nuclear and cytosol fractions.
Furthermore, neither isoform was detected in mito-
chondrial or microsomal fractions.

4. Discussion

It is well known that MT has four isoforms, and
that in the isoforms, MT-1 and MT-2 are induced in
the same organs by same stimuli [1-3]. Many
studies have tried to observe the properties of each
isoform induced in the organs using HPLC-AAS,
HPLC-UV absorption, ion-exchange chromatog-
raphy—AAS, and ELISA [7], but the evaluations
have not been conclusive. For example, Kloth et al.
[22] observed that MT-1 was predominantly syn-
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thesized in the livers of mice after metal injections or
of tumor-bearing mice. Suzuki and Yamamura [23]
and Lehman-McKeeman et al. [24] reported that
MT-2 compared with MT-1 increased in the liver of
rats after Zn treatment. On the contrary, Kobayashi
and Sayato-Suzuki [6] observed that the induction of
MT-2 was greater in the liver of Zn-treated mice or
tumor cells. Chassaigne and Lobinski [25] reported
that commercially available standards were detected
as sub-isoforms by HPLC—-MS; MT isoforms have
sub-isoforms, but their functions are still unclear.
CZE can analyze micro-specimens and separate
substances that have small structural differences. In
addition, most analyses, for example in the present
study, can be done within 15 min. Therefore, CZE is
suitable for analysis of MT isoforms. However, CZE
has several drawbacks and it is necessary to resolve
these problems and/or clarify the most suitable
analysis of MT isoforms. At first, we made a
polyacrylamide-coated capillary. The inner surface
of the capillary is neutral, and most non-specific
adsorption of substances is absent. Thus, we can
separate MT isoforms at neutral pH without any
detergents, which allows clarifying the properties of
MT isoforms in biological specimens. Secondly, we
need to know how to identify MT isoforms. As only
a micro-sample is needed for CZE analysis, UV
absorption is generally used for identification after
separation. An identification method in which the
migration times are compared with those of purified
isoforms is generally used. However, the matrix
component of the specimen, the viscosity and stabili-
ty of the capillary affect the migration time. Beattie
et al. [10] used CZE—-MS for identification and they
confirmed the structure of MT-1, MT-2 and a non-
acetylated form of MT-2. This is a suitable method
for identification using a CZE—-MS system, but we
could not use these instruments. Therefore, we
identified isoforms using an anti-MT antibody [26]
and confirmed that the addition of EDTA to the
specimen could identify isoforms as well as the
anti-MT antibody [21]. Next, there are several
problems in quantifying each isoform in the speci-
men. One major problem is to get a standard
substance. As was previously reported [16], commer-
cially available isoforms include lots of unknown
substances. Another possibility is to use an internal
standard. We reported quantification of MT isoforms
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Fig. 4. Peak areas of MT isoforms in the cytosol fractions of the liver on CZE analysis after Zn or Cd injection. (a) Zn injection, (b) Cd
injection.
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