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Regulation of Tyrosine Aminotransferase in Foetal Rat Liver
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A specific tyrosine aminotransferase, separate from the aspartate aminotransferases, is
present in low concentration in foetal rat liver at the 21st day of gestation.
Intraperitoneal injections of tyrosine methyl ester into the foetuses in utero increase the
activity 2-fold, whereas glucose injections decrease it. Tyrosine, dexamethasone and
dibutyryl cyclic AMP induce the enzyme activity in organ culture to the same extent as
in adult rat liver in vivo.

Transient neonatal tyrosinaemia is one of the
commonest disturbances of amino acid metabolism,
affecting 0.5% of all human infants, and there is
evidence that this condition is harmful to the central
nervous system (Mamunes et al., 1976). The
metabolic fault underlying this condition remains
unknown. The first enzyme in the main metabolic
pathway of tyrosine, L-tyrosine-2-oxoglutarate
aminotransferase (EC 2.6.1.5), has a very compli-
cated regulation in adult rat liver (Ohisalo, 1977b),
and it is probable that this enzyme is also rate-
limiting in foetal liver (Coufalik & Monder, 1978).
The regulation of this enzyme in the foetus has been
considered in some detail (Yeung et al., 1967;
Greengard, 1969; Raiha et al., 1971; Raiha &
Schwartz, 1973; Kirby & Hahn, 1973, 1976;
DiMarco et al., 1976; Delvalle & Greengard, 1977;
DiMarco & Oliver, 1978), but the possibility that
tyrosine itself might be involved in the regulation has
not been investigated; neither has the foetal enzyme
been characterized. In the present paper we report
an induction of tyrosine aminotransferase activity by
tyrosine both in vivo and in organ culture. This may
prove to be helpful in elucidating the mechanisms of
perinatal disturbances of tyrosine metabolism.

Materials and Methods

Sprague-Dawley rats were mated for 18h so that
the gestational age of the foetuses was known within
+9 h. At 20 days of gestation laparatomy was per-
formed on the pregnant rats under ether anaesthesia
by using a median opening thereby exposing the
uteri. The foetuses were then injected intraperi-
toneally with 50 or 75,1 of iso-osmotic NaCl
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solution. The peritoneum and the superficial layers
were closed separately with silk sutures. In each
experiment, only one pregnant female was used, and
the foetuses in one uterine horn were used as
controls and those in the other horn as the
experimental group. After 6-18 h, the rats were
killed, the foetuses were removed and their livers
were homogenized in ice-cold 100mM-potassium
phosphate buffer, pH7.4, with a Potter-Elvehjem
glass homogenizer. The homogenates were centri-
fuged at 3000g for 10min and the supernatants were
used in assays.
The organ-culture system used has been des-

cribed earlier (Raihh et al., 1971). Foetal rat liver
explants were cut under a stereoscopic microscope
by using injection needles. Explants of about 1 mm
in diameter were cultured at 370C in Petri dishes, on
filtration papers placed over steel grids so that their
lower edges were at the surface level of the
incubation medium. The medium was Eagle's mini-
mum essential medium in Hank's balanced salt
solution with twice the normal concentrations of
glucose and bicarbonate, and with 100i.u. of peni-
cillin and lOO1g of streptomycin/ml. The system was
equilibrated with 02/C02 (19: 1) constantly blown
through the incubator. The pH of the medium was
7.6 and it was checked at the end of the incubation.
After 24h of incubation, the papers were removed
and washed gently with 100mM-potassium phos-
phate buffer, pH 7.4. The explants were homo-
genized with a small glass homogenizer and handled
as described above. Isoelectric focusing was per-
formed as described earlier (Ohisalo & Pispa, 1976),
by using a gravity-mixed glycerol density gradient.
Tyrosine aminotransferase was assayed by a modifi-
cation (Ohisalo & Pispa, 1976) of the method of
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Diamondstone (1966). The protein concentration in
the supernatant fractions was assayed by the method
of Lowry et al. (1951), with bovine serum albumin
as standard. Aspartate aminotransferase activity
was determined as described earlier (Reitman &
Frankel, 1957). The culture medium was prepared
by Orion, Helsinki, Finland. L-Tyrosine methyl ester
hydrochloride was from Fluka and N602-dibutyryl
cyclic AMP was from Sigma Chemical Co. Ampho-
lines for isoelectric-focusing experiments were
purchased from LKB, Bromma, Sweden.

Results and Discussion

Total tyrosine aminotransferase activity was
relatively low in foetal rat liver at the 20th day of
gestation, in the range 2-3 nmol of p-hydroxy-
phenylpyruvate formed/min per mg of protein,
which is about 10% of that of adult rat liver (Ohisalo
& Pispa, 1976). This is in accordance with previous
reports (Greengard, 1969; Raiha et al., 197 1; Kirby
& Hahn, 1976). Subcellular fractionation of the liver
homogenate revealed that at this stage about 40% of
the total activity was associated with the mito-
chondrial fraction prepared from a 10% (w/v)
homogenate in 100mM-potassium phosphate by
removing the nuclei by centrifugation at 800g for
10min and then precipitating the mitochondria from
the supernatant fraction by centrifuging for 10000g
for 10min. This activity was depressed by high
2-oxoglutarate concentrations (above 3 mM). Oxalo-
acetate was inhibitory, and isoelectric focusing
revealed most of the activity to be around pH9.
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These findings strongly suggest that this enzyme is
actually mitochondrial aspartate aminotransferase
(Miller & Litwack, 1971; Ohisalo & Pispa, 1976).
Only about 30% of the total activity was found in
the cytoplasmic fraction obtained by centrifugation
at 10000Og for 30min. Isoelectric focusing of liver
cytosol from 21-day foetuses in shown in Fig. 1.
Here, too, some of the activity was located at pH 9
together with aspartate aminotransferase activity.
However, a separate peak was found at pH 5.5,
which had no aspartate aminotransferase activity
and was not inhibited by 2-oxoglutarate or oxalo-
acetate. The isoelectric point is in the range reported
for the adult rat liver tyrosine aminotransferase
(Ohisalo & Pispa, 1976). A Lineweaver-Burk plot
revealed the Km for tyrosine to be 1 mm, which is the
same as that of the adult liver enzyme. Thus we
conclude that the specific tyrosine aminotransferase
is present in the liver of 21-day rat foetuses, even
though the specific activity is relatively low. These
results are in contrast with those reported by
Coufalik & Monder (1978), who found no tyrosine
aminotransferase activity in prenatal rat livers. Yeoh
et al. (1979) have reported that 19-day foetuses do
have low tyrosine aminotransferase activity. Using
techniques different from ours, they showed that this
activity can be ascribed to aspartate aminotrans-
ferase. They did not detect any specific tyrosine
aminotransferase, possibly because they did not
study foetuses older than 19 days of gestation. Our
results demonstrate that the specific enzyme does
appear prenatally. On the 21st day of gestation,
however, most of the activity is due to aspartate
aminotransferase, which is in good agreement with
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Fig. 1. Isoelectricfocusing in thepH range 3.5-10 ofliver cytosolfrom ratfoetuses at 21 days ofgestation

0, Tyrosine aminotransferase activity (nmol of p-hydroxyphenylpyruvate formed/min per ml); 0, aspartate
aminotransferase activity (,umol of oxaloacetate formed/min per ml); ..., pH.
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the results of Yeoh et al. (1979). Tyrosine amino-
transferase activity in adult rat liver can be induced
by adrenaline, insulin, glucagon, dibutyryl cyclic
AMP and corticosteroids (for references, see
Ohisalo, 1977b). The enzyme activity has been
reported to increase severalfold after birth (DiMarco
et al., 1976). It has been proposed that neonatal
hypoglycaemia and subsequent stimulation of pan-
creatic glucagon secretion lead to an increase in the
intracellular cyclic AMP concentration, which in
turn triggers the synthesis of the enzyme (DiMarco
& Oliver, 1978). On the other hand, tyrosine can
also increase hepatic tyrosine aminotransferase
activity (Ohisalo & Pispa, 1975), and it has been
shown that the appearance of the enzyme in the
frog Xenopus laevis coincides with an increase in
the concentration of free tyrosine (Ohisalo & Pispa,
1977). It is thus possible that tyrosine itself
regulates the perinatal changes in the enzyme
activity. Tyrosine methyl ester (750,ug in 75,ul of
iso-osmotic NaCl) or 75,u1 of iso-osmotic NaCl was
injected intraperitoneally into 20-day rat foetuses in
utero as described in the Materials and Methods
section. After 18 h, tyrosine aminotransferase activi-
ties in the liver cytoplasm were 1.25 + 0.13
(mean + S.D. for five determinations) and 3.06 + 1.69
(mean + S.D. for four determinations) nmol of
p-hydroxyphenylpyruvate formed/min per mg of
protein in the control and tyrosine-injected groups
respectively. This difference was statistically sig-
nificant at P <0.05. To find out if the effect of
tyrosine is direct or hormonally mediated, addi-
tional studies were performed by using organ-culture
techniques (Table 1). Dexamethasone and dibutyryl
cyclic AMP were found to increase the activity
severalfold, as has been previously reported (Raiha
& Schwartz, 1973). Addition of 1 mM-tyrosine to the
basal medium induced the enzyme to the same
extent as in utero. It must be noted here that the
control incubations contained tyrosine at a con-
centration of 200pM, which is the concentration
present in the basal incubation medium. This is
necessary to ensure that protein synthesis is not
inhibited as a result of lack of tyrosine in the control
incubations; also, this mimics the physiological
situation, where tyrosine is always present. It is thus
concluded that tyrosine can induce the enzyme by a
direct mechanism. The concentration at which
induction occurs is below that seen in human
transient neonatal tyrosinaemia (Mamunes et al.,
1976).
Glucose is known to decrease tyrosine amino-

transferase activity in adult rat liver (Peraino et al.,
1966; Hanoune et al., 1971; Ohisalo, 1977a), but
there has been much debate on the role of this sugar
in the foetal and neonatal liver (see DiMarco &
Oliver, 1978). In further experiments, we injected
SOl of 5% glucose (13.5pmol) or 0.9% NaCl into

Table 1. Induction of tyrosine aminotransferase activity
in organ culture offoetal rat livers

Rat foetuses (gestational age 17 or 21 days) were
used. Tyrosine was present at a final concentration
of 1.2mm. The tyrosine content of the basal culture
medium was 0.2mm. The concentrations of dexa-
methasone and dibutyryl cyclic AMP were 2,UM
and 0.5mm respectively. The incubation time was
24h. Tyrosine aminotransferase activity is given as
nmol of p-hydroxyphenylpyruvate formed/min
per mg of protein, and results are means ± S.D. N,
Number of determinations.

Tyrosine
Foetal age aminotransferase

(days) Addition N activity
17 Control 3 2.08 + 0.27
17 Tyrosine 5 9.19 +2.63*
17 Dexamethasone 3 6.40 ±1.04*
21 Control 4 6.84 + 2.04
21 Tyrosine 6 14.89 + 3.41*
21 Dexamethasone 6 23.39 + 3.36*
21 Cyclic AMP 3 28.79 + 4.99*

* Different from control at P < 0.01.

19-day foetuses in utero. After 6 h, the tyrosine
aminotransferase activities in the liver cytoplasm
were 1.60 + 0.35 (mean + S.D. for six determina-
tions) and 0.94 + 0.23 (mean + S.D. for five deter-
minations) nmol of p-hydroxyphenylpyruvate
formed/min per mg of protein in the control and
glucose-injected groups respectively. The difference
was statistically significant at P < 0.01. This re-
pression by glucose may be important in triggering
the decrease in tyrosine aminotransferase activity
after the postnatal peak (Riiha & Schwartz, 1973).
Summing up, we propose that the increase in

tyrosine aminotransferase activity seen after birth is
not due to the appearance of a new enzyme but of an
enzyme similar to that of adult liver. Tyrosine is
capable of inducing the enzyme directly and it may
be important in the postnatal regulation of the
activity.
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