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Identification of metallothionein isoforms on capillary zone
electrophoresis by adding anti-metallothionein antibody
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Abstract

The aim of this study was to identify metallothionein (MT) isoforms in mouse liver by using capillary zone
electrophoresis (CZE). Purified MT-1 and MT-2 isoforms were completely separated by CZE using a polyacrylamide-coated
tube at physiologic pH. There were two peaks in the cytosol fraction prepared from zinc-injected mouse liver, in which the
migration times corresponded with those of purified MT-1 and MT-2 isoforms. When anti-MT monoclonal antibody was
added with the purified MT-1 or MT-2 solution, the peaks decreased. Furthermore, the two peaks in the cytosol prepared
from Zn-injected mouse liver decreased in a time-dependent manner from the electropherogram after the addition of the
antibody. Therefore, those peaks were identified as MT-1 and MT-2 isoforms, respectively. In conclusion, the addition of
anti-MT monoclonal antibody to the cytosol fraction of tissues is an effective method for identification of MT isoforms after
separation using CZE.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction identify the constituents. Since a micro volume of
specimen is used for CZE analysis, methods for

Capillary zone electrophoresis (CZE) is useful for detection are limited. UV absorption is generally
the separation of substances in specimens. CZE has used for detection, and the method for identification
several advantages, such as rapid analysis, high used is the migration time corresponding with that of
resolution, and microsampling, in comparison with the standard specimen. The metallothionein (MT)
the other methods [1,2]. However, CZE also has protein is inducible by various stimuli like metals
several drawbacks. One major problem is how to and stress [3], and it has four major isoforms and

several sub-isoforms [4–6]. However, it is difficult to
identify the isoforms in tissue samples on CZE*Corresponding author. Tel.: 181-796-22-6361; fax: 181-796-22-
analysis. Although, we previously identified the MT6366.
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migration times with those of purified MT isoforms (50 mM, pH 7.4) served as the running buffer, and
[7], the matrix components in the specimen, the the samples were loaded onto the column by gravity.
viscosity, and the life span of the tube affect the The inlet polarity was that of cathode. The analysis
migration time. In addition, it is very difficult to was performed at 20 kV and 26618C. The MT
identify sub-isoforms [8] from their migration times isoforms were monitored at 214 nm.
without purified sub-isoforms. Therefore, we
attempted at first to identify the MT isoforms by 2.4. Animal treatment
adding anti-MT monoclonal antibody to the CZE
column. The mice were given subcutaneous injections of

50 mg/kg of zinc in the form of zinc sulfate.
Twenty-four hours later, the mice were decapitated

2. Experimental and their livers were removed. The livers were
homogenized to make a 10% homogenate with 100

2.1. Materials mM Tris–HCl buffer at pH 7.4. After centrifugation
at 100 000 g for 60 min, the cytosol fraction was

The purified MT-1 and MT-2 isoforms were obtained.
prepared from the liver of Cd-injected mice. The
details of purification and separation were described 2.5. Addition of purified MT isoforms into liver
in our previous report [7]. The anti-MT monoclonal cytosol fraction
antibody (Dako-MT, E9) solution was purchased
from Dako (CA, USA). The concentration of im- The cytosol fraction was prepared from Zn-
munogloblin G in the solution was 122 mg/ml and a injected mouse liver and boiled at 1008C for 1 min.
large amount of albumin was added in the solution The supernatant was obtained after a centrifugation
for stabilization. Tris(hydroxymethyl)aminomethane at 10 000 g for 5 min. The supernatant was passed
(Tris) was purchased from Wako Pure Chemicals through a 0.45-mm filter and added to the same
(Osaka, Japan), and N-2-hydroxyethylpiperazin-N9- volume of purified isoform (0.1 mg/ml) before CZE
2-ethanesulfonic acid (HEPES) from Dojindo Lab- analysis.
oratories (Kumamoto, Japan). A fused-silica capil-
lary tube (75 mm I.D.) was prepared by Otsuka 2.6. Reaction of purified MT isoforms with
Electronics (Osaka, Japan). The other reagents were antibody
purchased from Wako Pure Chemicals.

The solution of anti-MT monoclonal antibody was
2.2. Animals passed through the column of an affinity chromato-

graphy kit for isolation of IgG (MabTrap GII,
Male ddY mice, 6-weeks-old, were obtained from Pharmacia Biotech, Sweden). The IgG fraction was

Japan SLC (Shizuoka, Japan) and housed for 1 week centrifuged by using a molecular cut filter (Ultrafree-
before the experiment. Animals were fed a standard MC Centrifugal Filter Units, 10 000 MWL, Japan
diet (MF, Oriental Yeast, Tokyo, Japan) with free Millipore, Tokyo) and high molecular weight frac-
access to tap water. tion was collected. After desalting, lyophilized pow-

der was dissolved with 2.5 ml of each purified MT
2.3. Zone electrophoresis on a polyacrylamide- isoform (0.1 mg/ml) and 2.5 ml of distilled water,
coated tube and reacted for 30 min at room temperature. Finally,

20.7 mg of IgG was included in the reacting solution.
We used a 33-cm polyacrylamide-coated capillary

tube. The coating method was described in our 2.7. Reaction of cytosol fraction with antibody
previous report [9]. The tube was installed in a
capillary electrophoresis system (Waters Quanta Liver cytosol fraction obtained from Zn-injected
4000, Japan Millipore, Tokyo). HEPES–Tris buffer mouse was passed through a 0.45-mm filter. A 2 ml
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aliquot of filtrated solution was added to 18 ml of min after starting. Peaks were well separated each
antibody solution (122 mg IgG/ml) without heat other at a neutral pH condition and the baseline was
treatment and applied to CZE analysis time-depen- relatively stable (Fig. 1a). When purified MT-1 was
dently. added to the boiled cytosol solution, one peak

migrated at 7.2 min increased (Fig. 1b). The other
peak migrated at 5.0 min increased after the addition

3. Results of purified MT-2 to the cytosol solution (Fig. 1c).
Purified MT-1 showed a single peak at 7.1 min

Fig. 1 shows an electropherogram of a cytosol (Fig. 2a). The peak disappeared 30 min after the
fraction of Zn-injected mouse liver after heat treat- addition of the IgG fraction prepared from the anti-
ment. There were many peaks detected during 10 MT monoclonal antibody (Fig. 2b). Purified MT-2 as

well as MT-1 was detected as a peak at 5.0 min and
very small peak was also detected at 7.1 min (Fig.
2c). Thirty minutes after the addition of the IgG
fraction to the purified MT-2 solution, the peak
migrated at 5.0 min decreased and the peak migrated
at 7.1 min disappeared (Fig. 2d).

When anti-MT monoclonal antibody solution was
directly applied to CZE analysis, one large and two
small peaks were shown during 13 min after starting
(Fig. 3a). On the contrary, non-boiled cytosol solu-
tion prepared from Zn-injected mouse liver showed
one large and several small peaks including two
peaks migrated at 5.0 and 7.1 min (Fig. 3b). Two
minutes after the addition of antibody to the cytosol
solution, the peak shown at 5.0 min migrated a little
faster than the original peak. On the contrary, the
peak shown at 7.1 min was overlapped with the
former small peak of the antibody, and the peak area
increased (Fig. 3c). The peak of cytosol solution that
had migrated at 5.0 min decreased gradually in the
time-dependent manner after the addition of anti-
body, but had not disappeared until 60 min. After 15
min, the peak of cytosol that had migrated at 7.1 min
also decreased in comparison with the peak shown 2
min after the addition of antibody. The peak area of
cytosol 30 min after the addition of the antibody was
not different from the area shown 60 min after (Fig.
3d and e).

4. Discussion

Fig. 1. Electropherogram of the cytosol fraction of Zn-injected MT has several functions including the storage of
mouse liver after boil treatment. (a) Boiled cytosol with distilled essential metals, detoxification of heavy metals, and
water, (b) boiled cytosol with purified MT-1 isoform (0.1 mg/ml)

the scavenging of free radicals [3]. MT has fourand (c) boiled cytosol with purified MT-2 isoform (0.1 mg/ml).
major isoforms and several sub-isoforms. The struc-The specimen was loaded onto the column for 5 s by gravity and

monitored at 214 nm. ture of MT-1 is very similar to MT-2, and these
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Fig. 2. Effect of the addition of the IgG fraction prepared from the antibody on the CZE chromatogram of purified MT isoforms. (a) Purified
MT-1 isoform, (b) purified MT-1 isoform with IgG, (c) purified MT-2 isoform and (d) purified MT-2 isoform with IgG. The specimen was
loaded onto the column for 10 s by gravity and monitored at 214 nm.

isoforms are induced coordinately in most organs induced X-ray emission detector for the identification
[5,10]. Nevertheless, Kobayashi and Sayato-Suzuki of MT isoforms separated by CZE analysis. How-
[11] reported that MT-1 functioned mainly in metal ever, we have only an UV detector for the identifica-
metabolism and MT-2 in cell growth. Kumari et al. tion of each isoform. It is necessary to use the
[12] also reported that MT-1 had a higher affinity for previous methods for the identification of high
free radicals than MT-2. Therefore, it is of interest to concentrations of MT isoforms using CZE analysis.
distinguish between the actions of MT-1 and MT-2 Interestingly, Knudsen and Beattie [22] detected MT
isoforms in the organs. Although it is known that isoforms by using an on-line solid-phase extraction–
MT has sub-isoforms [6], the functions of its sub- CZE system, and measured the concentrations of MT
isoforms are still not clear because it is very difficult isoforms in the sheep fetal liver from their UV
to identify them and to measure their concentrations absorption. We separated MT isoforms, extracted
in organs. MT-1 and MT-2 isoforms are generally from mouse liver, at a neutral pH by CZE using a
measured using the ELISA method [13] or atomic polyacrylamide-coated tube. We previously identified
absorption spectrometry, fluorometry, and ICP–MS the isoforms from their migration times corre-
methods after separation by HPLC [14–17]. CZE sponding with those of the purified isoforms. [7]. As
analysis is also used for the separation of MT shown in Fig. 1, the peaks of the MT isoforms in the
isoforms [18], and Richards and Beattie [19] de- cytosol fraction were confirmed from the migration
veloped the method of using HPLC in combination times corresponding to those of the purified MT
with CZE. Recently, Lu et al. [20] developed the isoforms. This technique is useful for identification
method of CZE–ICP–MS for the detection of each of these proteins. However, it is difficult to get those
isoform, while Wittrisch et al. [21] used a proton- pure isoforms. Commercially available MT isoforms
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Fig. 3. CZE electropherograms of the mouse liver cytosol fraction after the addition of the anti-MT monoclonal antibody. (a) Anti-MT
monoclonal antibody, (b) cytosol fraction without heat treatment, (c) cytosol fraction 2 min after the addition of the antibody, (d) cytosol
fraction 15 min after the addition of the antibody, (e) cytosol fraction 30 min after the addition of antibody and (f) cytosol fraction 60 min
after the addition of antibody. The specimen was loaded onto the column for 10 s by gravity and monitored at 214 nm.

have many contaminants in them as shown in the is not suitable that the IgG fraction is routinely used
previous report [7], and are not suitable for using in for the identification of MT isoforms. Therefore, we
this method, although the main peak of MT-1 may recommend using it together with the two methods
be detected. Therefore, we tried to identify the MT for the identification of MT-1 isoform in the cytosol
isoforms by the addition of the anti-MT antibody. fraction. One is to be coincided with the peak of
Purified MT-1 was shown more reactive with the either purified MT-1 or commercial available stan-
IgG of the antibody than MT-2 (Fig. 2). In addition, dard MT-1 and the other is to decrease the peak after
from the results that the peak of MT-2 in the cytosol addition of the antibody. A large peak shown in the
decreased time-dependently after the addition of the antibody analysis was albumin.
antibody (Fig. 3), the peak of MT-2 in the cytosol Based on these findings, the MT-1 and MT-2
could be detected by using the present method. In isoforms in Zn-injected mouse liver can be separated
contrast, the peak of MT-1 migrated faster after the using CZE analysis at a physiologic pH and iden-
addition of the antibody and the peak was overlapped tified by the addition of the antibody.
with the former small peak of the antibody and the
peak area increased temporary. Although the peak
area decreased time-dependently 15 min after the
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