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Variation of Esterase Isozyme in the Bedford’s
Red-backed Vole, Clethrionomys rufocanus

bedfordiae (THOMAS)

By

Atsushi NAKATSUY

Summary : By means of starch-gel electrophoresis, esterases in four organs and plasma
of the Bedford’s red-backed vole, Clethrionomys rufocanus bedfordiae (THOMAS) were sepa-
rated, and the esterase zymograms were demonstrated by a chemical method with a-naphtyle
acetate as a substrate and using eserine and EDTA as inhibitors. All samples used in
the present investigation were taken from fourty-two adult voles (21 females and 21 males)
captured at three different habitats. The esterase zymograms consisted of twenty-five
bands numbered in order of their appearance from the fastest mobility to the latest on
the anodal side. No esterase band was observed on the cathodal side. These esterase
bands showed different electrophoretic patterns among the organs and plasma. The es-
terase bands in the liver, kidneys and plasma were cleérly more both in total number of
isozyme bands and in number per individual than those in the heart and lungs. The liver
and kidney esterase bands, however, showed a higher tendency in occurrence frequency
than did the plasma ones. For that reason, it is considered that the plasma esterase
patterns are more suitable for the purpose of making a comparison among individuals and
populations as a genetic marker than the others.

When 1075 M eserine and 10*M EDTA were used as inhibitors to classify non-specific
esterasz bands into three types, eserine did not inhibit so clearly ths specific bands in
the four organs as those in the plasma. The plasma esterases inhibited by eserine were
Es-13 and Es-15 which both were considered to be cholinesterase, wherease EDTA was
not effective in inhibiting the esterases in each organ and plasma.

Introduction

Population fluctuation of the Bedford’s red-backed vole, Clethrionomys rufocanus bedfodiae
(Thuomas) is considered to be greatly influenced by the population constitution and reproductive
conditions such as litter size and duration between pregnancies, etc. In Hokkaido, the popula-
tion constitution and reproductive conditions of the vole vary with regions®®1 having different
environmental conditions. Therefore, it is suggested that the vole population fluctuation also
varies with regions®. Two factors, i. e., environmental (exogenous) and genetic (endogenous)
aspects must be involved in the regional difference of the population fluctuation. As for the
former, several reports have been published up to the present®101418&  Ag to the latter,
Lowever, no research has been made except for a paper by Kuwanara ef al. (1974) in Japan?.
In some foreign countries, Kress ef al.” and Semeonorr ef al1% have already engaged in such an
investigation.

As the first step of this study, it should be taken into consideration whether the quality

of the vole populations which brings about such different fluctuations varies genetically with
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regions or not. Accordingly, the author took up esterase isozymes separated by electrophoresis
as a genetic marker, for the purpose of inquiring into possibility of the regional difference in
vole population quality?. The aim of this study was to make glear the esterase isozyme pat-
terns in four organs and blood plasma of this species, and hereby to find out which parts
will be suitable for making a comparison of esterase isozyme patterns among individuals and

populations.
Materials and methods

A total of 42 adult voles (21 females and 21 males) of C. r. bedfordiae were used in the

present study. These were collected at three localities of Hokkaido in 1979. The collection
localities, tapping date, sample size and the habitat characterization are summarized in Table 1.

After the voles were brought back to the author’s laboratory, each of them was killed by
cervical decapitation and drawn blood quickly by means of a heparinized capillary tube with
a maximum capacity of 75ul. Soon after, the blood plasma was spun down at 3,500 r, p, m. for
5 minutes, and the heart, lungs, liver and kidneys were homogenized with three volumes of
deionized water, respectively. Each suspension was centrifuged at 10,000 r,p.m. (9,200 X g)
for 30 minutes at 0°C and the supernatant was used for electrophoresis. All samples were
kept frozen at —20°C until used for electrophoresis.

Electrophoresis was carried out in a horizontal starch-gel system in accordance with a
modification of the method by Eowaros ef al.®, using hydrolysed starch (Connaught Co., Canada)
at a concentration of 119, The electrode buffer contained lithium hydroxide (2.5 g) and boric
acid (14.2 g per 1litre of deionized water) at pH 850. The gel buffer was mixed with 54
volumes of the solution containing citric acid (1.5 g) and tris aminomethane (9.6 g per 1 litre
of deionized water) at pH 8.50, to one volume of the electrode buffer.

Electrophoresis was performed with a constant current of 2.2 mA/cm of gel width for 5 hours
at about 5°C. After electrophoresis, esterases of plasma and organs were detected chemically
by incubation of the gel (37°C) for 1 hour and 25 minutes, respectively, in a mixture containing
a-naphtyl acetate, as a substrate, with Fast Blue RR salt in a phosphate buffer at pH 6.30.
Inhibition experiments were carried out only in the male for 60 minutes in a phosphate buffer
(pH 6.80) containing 10§ M eserine and 10-3M EDTA (ethylenediamine-tetraacetic acid) sepa-

rately at a room temperature, before staining.

Table 1, Collection localities of the voles and their
habitat characterization

Localities : Date No. of samples Habitat characterization
I ’
Toyohoro Nov. 29 (16, 13) Snow break forest for railway and
(Ebetsu City) ‘ 7~10 '79 ’ its vicinity
‘ Au
. - g. Todo-fir planted forest of the second
Islet in Lake Doya 8- 9 79 6 (3, 3) age class
Nakashibetsu 1 Oct. Thicket of bamboo grass along a
(K SU , 7 (2, 5) A
onsen Districts) 15~19 '79 mountain stream
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Results

Esterase activity in the four organs and blood plasma of all materials from three different
regional populations was examined, and twenty-five esterase bands were revealed on the starch
gel (Fig. 1). These bands were numbered consecutively in the decreasing order of anodal
mobility. But, the esterase bands of organs placed between Es-5 and 6, and between Es-9 and
10 of plasma esterase bands were expressed as Es-5(6) and Es-9(10), respectively in the fol-
lowing, No band was detected toward the cathode.

The total numbers of esterase bands observed in the heart, lungs, liver, kidneys and plasma
were 14, 13, 19, 18 and 21, respectively. Among these organs and plasma,\ the bands in the
liver, kidneys and plasma were relatively more in number than those in the heart and lungs.
The bands of Es-20 to 23 were highly concentrated in all samples examined, except for the
plasma. The staining intensity of the bands in the plasma was strong in five parts, that is,
Es-1 and 2, Es-8 to 10, Es-12 and 13, Es-14 and 15, and Es-20 to 22. The rest varied with
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Fig. 1 Schematic representation of the esterase zymograms separated
by starch-gel electrophoresis on the four organs and blood
plasma of the vole, Clethrionomys rufocanus bedfordiae.
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Table 2. The vole numbers used for starch-gel electrophoresis
and individual variation in number of esterase bands

Numbers
of esterase Heart Lungs Liver Kidneys Plasma
bands

2 1 2
3 o} 0
4 5 4
5 2 8
6 8 [
7 9 8 1
8 7 3 0
9 3 4 2 5
10 5 3 3 6
11 2 1 1 4 8
12 1 11 9
13 11 7
14 12 5 7
15 11 2
16 9 1
17 4 1
18 1

Total 42 t 40 42 41 42

Average* 7.1k 2.1 L 6,6 + 2.3 14,9 £ 1.4 12,4 4+ 1.9 11,7+ 1,4

% Mean + 5. D,

Table 3. Uncommon esterase bands in the four organs
and blood plasma of the vole

Band no, Heart Lungs Liver Kidneys Plasma
2 - - + + +
3 - - + + +
4 - - + + +
7 - + + + -
8 - - + - +
9 +

10 + + - + +
11 - — + + -
12 + - - - +
16 + - + + +
18 — - - - +
19 — - - - +
24 — - + + -
25 + + + - -

+ : present, — : absent
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Table 4. Occurrence frequencies of the 25 esterase bands in
the four organs and blood plasma of the vole

Band no. Heart (%) Lungs (%) Liver (%) Kidneys (%) Plasma (%)
1 31.0 27.5 100.0 97.6 100.0
2 95,2 73.2 100.0
3 11,9 14,6 7.1
4 78.6 46,3 26,2
5 38.1
6 14,3 15.0 100.0 78.0 16.7
7 12,5 97.6 95.1
8 64,3 59.5
9 78.6
10 16.7 17.5 17,1 73.8
11 52,4 22,0
12 11,9 100.0
13 16.7 17.5 47,6 58,5 100,0
14 23.8 45,0 76,2 82,9 14,3
15 73.8 75,0 100,0 95,1 95.2
16 81.0 81,0 82,9 38.1
17 61.9 80.0 85,7 78,0 7.1
18 19.0
19 14.3

20 97.6 95.0 100, 0 100, 0 81.0
21 95.7 97.5 100,0 100,0 85,7
22 97.6 95,0 100.0 100, 0 97.6
23 85.7 82.5 100,0 92.7 14,3
24 4.8 2.4

25 2.4 2,5 90,5

individuals in concentration. The esterace bands_ in the liver and kidneys, on the whole, were
concentrated a little more than those of the heart, lungs and plasma.

Individual variation in occurrence frequency of esterase bands in the zymograms of the
four organs and plasma is shown in Table 2, The average numbers of esterase bands per
each individual were 7.1 £2.1 in the heart, 6.6 +2.3 in the lungs, 149+ 14 in the liver, 12.4
+1.9 in the kidneys and 11.7 + 14 in the plasma.

Table 3 shows the esterase bands not observed commonly in the four organs and plasma,
As shown in this table, the esterase patterns of the heart and lungs are similar to each other,
and those of the liver and kidneys are also alike. The plasma esterase pattern resembles the
latter, especially on the anodal side of the starch gel. The band of Es-25 in the liver was
apparently broader and more concentrated than in the others (Fig. 1). The occurrence fre-
quency of this band in the liver was 90.5 percent in all individuals (cf. Table 4).

Occurrence frequencies of twenty-five esterase bands in every organ and the plasma are
shown in Table 4. Among eleven esterase bands (Es-1, 5, 6, 13 to 15, 17 and 20 to 23) which
appeared commonly in the respective organs and plasma, the occurrence frequencies of five
anodal bands (Es-1, 5(6), 13 and 14) in the zymograms of the heart and lungs were lower
than those of six other bands (Es-15, 17 and 20 to 23), but those of the liver and kidney
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esterases were all alike. The plasma esterases varied individually in occurrence frequency.
The occurrence frequencies of Es-20 to 22 bands were very high in each organ and the plasma.
On the other hand, occurrence frequencies of fourteen esterase bands (Es-2 to 4, 7 to 12, 16,
18, 19, 24 and 25) not observed commonly were different from each other among the four organs
and plasma. Es-25 in the heart and lungs was remarkably lower in occurrence frequency than
that in the liver,

The bands of Es-13 and 15 were almost completely inhibited (92.3%) by 10%M eserine
only in the plasma and so these were assumed to be cholinesterases. All the esterase bands
observed in the present study were not vividly inhibited by 103 M EDTA, showing resistibility
to it.

Discussion

All the adult specimens used here were autoptically normal; among them the females
were all non-pregnant. Thus, uniformity of physiological conditions seemed to be kept in all
the specimens. Noticeable sexual difference was not observed about twenty-five esterase bands
in the four organs and plasma using e-naphtyl acetate substrate. The variation in esterase
isozyme pattern and in occurance frequency of the esterase bands among the organs and
plasma was remarkable, and the number of esterase bands in the liver, kidneys and plasma
was larger than in the heart and lungs. The esterase bands with a high occurence frequency
were abundant in the liver and kidneys as compared with those in the plasma (Table 4).
Therefore, it is suggested that the esterase bands of the liver and kidneys are unsuitable,
compared with those of the plasma, as a marker gene for the purpose of making a comparison
among individuals or populations of this kind of vole.

Accordingly, as an example, occurrence frequencies of the plasma esterase bands in the
specimens obtained from three parts are shown in Fig. 2. Although the result was obtained
from a small number of populations, it is assumed that occurrence frequencies of Es-10, 14 to
17, 19 and 21 of plasma esterase bands vary regionaily. Further, there were some parts where

the voles lacked such esterase bands in the plasma as Es-3 to 6 and 23 in Ddya populations
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Fig. 2 Occurence frequencies of the blood plasma esterase bands
in the voles obtained from three regions.
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Table 5. Substrate specificity and inhibition of the esterase
bands in starch-gels

Esterase types

Substrates and inhibitors
A-esterase ‘ B-esterase C-esterase
a-Naphtyl acetate : + J + +
g-Carbonaphthoxy-choline iodide* - ‘ - +
Eserine 1075 M | + + -
|
EDTA 103M - + +
Tetraethyl pyrophosphate (TEPP) 105 M* + | - -
|
+ @ presence of staining reaction, — : absence of staining reaction.

* ! after Manpa ef al. (1969) (in mouse and rat).

and Es-8, 18 and 23 in Nakashibetsu ones.

Esterase bands separated by e-naphtyle acetate are classified into three types, i. e. A-es-
terase (Arylesterase), B-esterase (Ali-esterase) and C-esterase (Cholinesterase)?. As shown
in Table 5, each of those three types is determined by the substrate-specificity and the sus-
ceptibility to the selective inhibitors’®. Since both Es-13 and 15 in the plasma were inhibited
by eserine at the rate of 92.3 percent, these bands were considered to be a type of C-esterase,
being located at the same middle part of the zymogram as reported by Kuwanata ef al®. The
esterase bands in the four organs, however, were not so sensitive to eserine as those of the
plasma. Further, the inhibitive response of esterase to the EDTA was hardly shown in each
organ and the plasma. Therefore, it was difficult to divide completely the non-specific esterase
bands examined into three types in the present study.

It has been demonstrated that some of the electrophoretically distinguishable esterases of
animals, especially in sera, are genetically controlled by autosomal allelic genes®1V181D,  Thuys,
it is considered that the esterase bands in the plasma of C. r. bedfordiae (Tuomas) also are

regulated by genes.
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