View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Okayama University Scientific Achievement Repository

Acta Medica Okayama

Volume 41, Issue 6 1987 Article 7
DECEMBER 1987

Transamination of L-cysteine sulfinate in the
growing rat.

Shuichiro Akahori* Kohei Ejiri' Hirofumi Kanemori*
Takafumi Kudo** Kaoru Sekiba'
Toshihiko Ubuka** Reiko Akagi®

*Okayama University,
fOkayama University,
fOkayama University,
**QOkayama University,
1 Okayama University,
#Okayama University,
$Okayama Prefectural Junior College,

Copyright ©1999 OKAYAMA UNIVERSITY MEDICAL SCHOOL. All rights reserved.


https://core.ac.uk/display/12548637?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Transamination of L-cysteine sulfinate in the
growing rat.”

Shuichiro Akahori, Kohei Ejiri, Hirofumi Kanemori, Takafumi Kudo, Kaoru
Sekiba, Toshihiko Ubuka, and Reiko Akagi

Abstract

The enzyme activities involved in the transamination of L-cysteine sulfinate (L-alanine 3-
sulfinic acid), L-aspartate and L-cysteine were examined in fetal, neonatal and maternal rat liver
and placenta. In fetal and neonatal rat liver, aminotransferase activity was most active with L-
cysteine sulfinate as a substrate and was also active with L-aspartate, while activity with L-cysteine
was very low. The activity of transamination of L-cysteine sulfinate in rat liver developed in
parallel with that of L-aspartate and L-cysteine. The aminotransferase activity markedly increased
after the 19th day of gestation, reaching the same value as adult liver on the 3rd day after birth. The
ratios of transamination of L-cysteine sulfinate to that of L-aspartate and to that of L-cysteine were
constant during development. These observations suggest that L-cysteine sulfinate, L-aspartate
and L-cysteine are transaminated by the same enzyme in the rat liver during development. Since
placental aminotransferase activity was extremely low compared with that of the liver, it was
suggested that the placenta did not play an important role in the transamination of these amino
acids during pregnancy.
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The enzyme activities involved in the transamination of L-cysteine sulfinate ( L-alanine 3-sul-
finic acid), L-aspartate and L-cysteine were examined in fetal, neonatal and maternal rat liver
and placenta. In fetal and neonatal rat liver, aminotransferase activity was most active with L-
cysteine sulfinate as a substrate and was also active with L-aspartate, while activity with L-
cysteine was very low. The activity of transamination of L-cysteine sulfinate in rat liver devel-
oped in parallel with that of L-aspartate and L-cysteine. The aminotransferase activity marked-
ly increased after the 19th day of gestation, reaching the same value as adult liver on the 3rd
day after birth. The ratios of transamination of L-cysteine sulfinate to that of L-aspartate and
to that of L-cysteine were constant during development. These observations suggest that L-cys-
teine sulfinate, L-aspartate and L-cysteine are transaminated by the same enzyme in the rat
liver during development.

Since placental aminotransferase activity was extremely low compared with that of the liver,
it was suggested that the placenta did not play an important role in the transamination of these
amino acids during pregnancy.

Key words : L-cysteine sulfinate, transamination, rat liver, developmental change, placenta

The transaminative pathway of cysteine
metabolism functions in various rat tissues,
though it is not very active(1). The first
step of the pathway is cysteine transamina-
tion which is catalyzed by cysteine amino-
transferase (EC 2. 6. 1. 3). Cysteine amino-
transferase purified from rat liver exhibit-
ed the highest activity with L-cysteine sul-
finate ( L-alanine 3-sulfinate) as a substrate
and the second highest with L-aspartate. It
was concluded that cysteine aminotransfer-
ase was identical with aspartate aminotrans-
ferase (EC 2.6.1.1)(2,3).

It has been shown that taurine, the most
abundant amino acid in fetal and newhorn
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rats, is not synthesized in these stages of
development (4). The present paper deals
with the developmental pattern of the trans-
amination of sulfur amino acids, with special
reference to L-cysteine sulfinate, in the rat
liver and placenta.

Materials and Methods

Animals. Female Wistar rats weighing about
200 g were paired with male animals for 12 h (the
first day of gestation). Pregnant animals were
isolated and allowed commercial rat chow (MF of
Oriental Yeast Co. Litd., Tokyo, Japan) and water
ad libitum. The pregnant rats were killed by decapi-
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tation at the apropriate gestational age, and the
whole fetus, fetal liver, placenta and maternal
liver were quickly removed. The liver of the neo-
natal rats, on the appropriate postnatal day, and
of nonpregnant rats weighing about 200 g were
removed in the same manner.

Materials.  L-Cysteine sulfinate was prepared
according to a previously reported method (5). L-
Aspartate, L-cysteine, monosodium 2-oxoglutarate
and pyridoxal 5'-phosphat (PLP) were obtained
from Sigma Chemical Company, St. Louis, Mo.,
U. S. A. Nicotinamide adenine dinucleotide (NAD*)
and adenosine 5diphosphate (ADP) were products
of Oriental Yeast Co. Ltd., Tokyo, Japan. Glu-
tamate dehydrogenase (EC 1.4. 1. 3)(in 50% glyc-
erol) was purchased from Boehringer Manheim
GmbH, West Germany.

Enzyme assay. All steps were carried out at
4°C. The fetal, neonatal and maternal rat liver
and placenta were washed with cold saline (0.9%
NaCl containing 1 mM EDTA) immediately after
they were removed. These organs were homoge-
nized with 3 volumes of 20 mM potassium phos-
phate buffer (pH 7.4) using a Potter-Elvehjem ho-
mogenizer equipped with a Teflon pestle. The
aminotransferase activities in the homogenate were
assayed by determining the amount of L-glutamate
(6) formed from 2-oxoglutarate in the presence of
L-cysteine sulfinate,

(2).

L-aspartate or L-cysteine
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Results

Developmental patterns of aminotransfer-
ase activities with L-alanine sulfinate, L-as-
partate and L-cysteine as substrates. Figure
1 shows the aminotransferase activities in
rat liver determined with L-cysteine sulfi-
nate, L-aspartate and L-cysteine during
development. The transamination of L-cys-
teine sulfinate was highest among these three
substrates, followed by that of L-aspartate,
throughout the fetal and neonatal period.
The aminotransferase activity with L-cys-
teine as a substrate was about 0.3% of that
with L-cysteine sulfinate.

Changes in the transamination of these
three amino acids during development show-
ed a similar pattern. Aminotransferase ac-
tivity with L-cysteine sulfinate as a sub-
strate increased approximately three-fold
through the developmental stages studied.
Significant increase in the activity started
on the 19th day of gestation reaching the
adult level one day after birth. The activity
of the transamination of L-aspartate in-
creased about three times during the same
period. The ratio of the aminotransferase
activity with L-cysteine sulfinate as a sub-
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strate to that with L-aspartate did not
change from around 3.0 during the period
studied.

Although L-cysteine transamination was
very low compared with that of the other two
amino acids, the developmental pattern was
similar.

Aminotransferase activity with L-cysteine
sulfinate as a substrate in the placenta dur-
ing pregnancy. Aminotransferase activity
with L-cysteine sulfinate as a substrate was
much lower in the placenta than in the liver.
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Fig. 2
cysteine sulfinate as a substrate in the rat placenta during
pregnancy. Activities are expressed as umoles of L-glu-
tamate formed/60 min. Values are the meanst SEM of 5
determinations of 15 pooled placentas from the pregnant
rats. Activity was expressed per gram wet weight (@)
or as total activity in the whole placenta (<) %: Signifi-
cantly different from the activities on 17th day of gesta-
tion as evaluated by Student’s t test (p < 0.05).

Changes in aminotransferase activity with L-

The total aminotransferase activity with L-
cysteine sulfinate in the whole placenta was
constant irrespective of the age of the pla-
centa. However, when expressed with re-
spect to tissue weight, there was a signifi-
cant decrease on the 20th day of gestation
(Fig. 2). The ratio of the aminotransferase
activity with L-cysteine sulfinate as a sub-
strate to that with L-aspartate was higher in
the placenta (5.0) than the ratio in the liver
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Fig. 3 Changes in the total aminotransferase activity
with l-cysteine sulfinate as a substrate in the whole pla-

centa (@), fetal liver (7)) and maternal liver () of rats
during pregnancy. Activities are expressed as umoles of
L-glutamate formed/60 min. Values are the means+SEM

of 5 determinations.

of either fetal or pregnant rats.

Total transamination of L-cysteine sulfi-
nate in the placenta and liver during preg-
nancy. Total aminotransferase activity
with L-cysteine sulfinate as a substrate in
the placenta, and fetal and maternal liver
homogenates is summarized in Fig. 3.

On the 17th day of gestation, the total
transamination of L-cysteine sulfinate per
fetal liver was equal to that per placenta.
Approximately 100 #mol of L-glutamate was
formed per organ per 60 min. With the de-
velopment of the fetus, the total transamina-
tion per fetal rat liver significantly increased
approximately 8-fold by the 21st day of preg-
nancy. The increase may have been due to
either the increase in the liver weight or the
increase per unit weight, or both. The total
transamination per placenta did not change
during the same period of pregnancy. Like-
wise, the total transamination of L-cysteine
sulfinate in maternal liver did not change
during pregnacy.
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Discussion

Recasens et al. reported that L-cysteine
sulfinate aminotransferase may play a role in
the regulation of the L-cysteine sulfinate lev-
el (7). Their findings prompted us to study
the transamination of L-cysteine sulfinate
during the development of rats.

In the present study, the transamination
of L-cysteine sulfinate was detected at a
high level in the homogenate of developing
rat liver. Aminotransferase activities with
L-cysteine sulfinate, L-aspartate or L-cys-
teine as a substrate were compared. The
activity was highest with L-cysteine sulfi-
nate, and was also high with L-aspartate
(Fig. 1). The ratio of the aminotransferase
activity with L-cysteine sulfinate as a sub-
strate to that with L-aspartate was constant
during development, suggesting that the
transamination of these amino acids is cata-
lyzed by the same enzyme. The present re-
sults agree with other reports(2,3,8). The
identity of aspartate aminotransferase and
cysteine aminotransferase in rat liver has
been reported (2,3). In the present study,
aminotransferase activity with L-cysteine as
a substrate paralleled that with L-aspartate.

Aminotransferase activity with L-cyste-
ine sulfinate was lower in the placenta than
in the liver. The activity in the placenta
tended to decrease with age. This result is
in agreement with the report that aspartate
aminotransferase activity decreased with age
(9,10). However, total transamination of L-
cysteine sulfinate in the placenta did not
change during pregnancy.

The reason why the ratio of the amino-
transferase activity with L-cysteine sulfinate
as a substrate to that with L-aspartate in
the placenta was higher than that in the liver
remains unknown. It might be presumed that
aspartate aminotransferase in the rat pla-
centa has different properties from that in
the liver. Further investigations, especially
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on the purification of aspartate aminotrans-
ferase from the placenta, are necessary.
The total aminotransferase activity with
L-cysteine sulfinate as a substrate did not
change in the placenta during pregnancy, but
in the fetal rat liver, the activity increased
significantly during the same period of preg-
nancy. On the 18th day of gestation, the
total aminotransferase activity of the fetal
rat liver exceeded that of the placenta.
These results suggest that the placenta does
not play an important role in the transamina-
tion of L-cysteine sulfinate during pregnancy.
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