PROCEEDINGS OF TIIE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 145,

504-507 (1974)

The Kinetics of Synthesis and Degradation of Aspartate

Aminotransferase Isozymes in Rat Peripheral Red Blood
Cells During Cytodifferentiation! (37840)

LEvy KOPELOVICH AND JEROME S. NISSELBAUM
(Introduced by M. Lipkin)

Division of Biological Chemistry, Memorial Sloan—Kettering Institute
for Cancer Research, New York, New York 10021

Aspartate aminotransferase  (L-aspar-
tate: 2-oxoglutarate aminotransferase, EC
2.6.1.1) has been characterized and purified
from various mammalian tissues. It consists
of two electrophoretically distinct isozymes:
a cationic, mitochondrial isozyme and an
anionic, superpatant isozyme. As part of a
study of the regulation of rat liver aspartate
aminotransferase (AAT), we demonstrated
(1-4) that erythrose 4-phosphate, glycer-
aldehyde 3-phosphate, and glycolaldehyde
phosphate inhibit both the cationic and
anionic isozymes. These compounds may be
involved in the regulation of key metabolic
pathways in vivo by modifying the activity
of AAT isozymes (1-4). This short-term
regulation would complement the long-term
changes in the isozymes’ level that occur as
a result of dietary and hormonal alterations
(5-8). It is also possible to effect an in-
crease in the level of AAT isozymes in pe-
ripheral red blood cells by inducing reticulo-
cytosis (9).

In this report we have followed quanti-
tatively the levels of AAT isozymes in rat
peripheral red blood cells during the in-
duction and recovery from phenylhydrazine-
induced reticulocytosis. Study of red blood
cells during cytodifferentiation provides a
unique system which, for the first time, per-
mitted a comparison of the isozymes’ turn-
over rates in vivo.
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Materials and Methods. Tissue prepara-
tion and analytical methods. Materials were
obtained from sources previously described
(1). Female buffalo rats (Simonsen), weigh-
ing 150-200 g, were fed a diet of Purina
Laboratory Chow and water ad Ilib. Rats
were made reticulocytotic by sc injections
with phenylhydrazine (PH) (4 mg/100 g)
on Days 0, 1, and 3 (10). At intervals,
blood samples were taken in heparin by a
direct cardiac puncture. These were cen-
trifuged for 10 min at 600g to remove the
plasma and the buffy coat. The packed RBC
were washed twice with 0.9% saline, then
lysed in 10 vol of double-distilled water, and
sonicated 15 sec at 4 mA in a 60-A 20-kHz
MSE ultrasonic disintegrator. The lysates
were centrifuged for 20 min at 20,000g,
and the supernatants were used for all sub-
sequent aspartate aminotransferase (AAT)
assays. The activity of the AAT isozymes
was determined as described previously (1)
except that 0.1 M Tris buffer, pH 7.4, was
used instead of barbital buffer. All enzyme
units were expressed as pmoles/ml RBC/
min.

Immunochemical procedures. For the
preparation of specific antisera, 1 mg of each
purified rat liver isozyme (1) was emulsified
in 2.5 ml of complete Freund’s adjuvant
(Difco) and injected subcutancously into
the two hindfoot pads and neck of female
(New Zealand) rabbits. At 4, 5, and 6
weeks following the single treatment, blood
was collected, allowed to clot, and the super-
natants containing the antiserum were
pooled. Ouchterlony double-diffusion precip-
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itin analysis, on an agar matrix (Hyland),
showed that each antiserum formed a single
precipitin line with its homologous isozyme
and did not cross-react with the heterologous
isozyme. Appropriately diluted lysates were
incubated with either the antianionic or the
anticationic antiserum in amounts which had
been determined to result in complete in-
activation of the homologous isozyme. After
90 min at 37°, followed by 2 hr at 4°, the
mixtures were centrifuged, and the residual
AAT activity in the supernatant was de-
termined.

Computations. The rate constants for syn-
thesis (K,) and degradation (K;) were
determined as described by Segal and Kim
(11) and Schimke and Doyle (12). The
rate of change in the enzyme level is ex-
pressed as the algebraic sum of the zero-
order rate of synthesis and the first-order
rate of breakdown, d(E) /dt = K, — K4(E),
where (E) is the enzyme level at any time,
t. This equation when integrated and rear-
ranged yields In(E — E,) = In(E’, — E,)
— K4t for the phase of decline in enzyme
activity, where E, denotes the steady-state
level of the enzyme under basal conditions,
and E’, denotes the elevated steady-state
level of the enzyme following PH treatment.
The values of K; were calculated from the
slopes of plots of In(E — E,) against time
using the least-squares method. Values of K|
were calculated by substituting the experi-
mentally determined values for K; and E,
into the equation K, = K,(E,) where d(E)/
dt = 0. The half-life for enzyme degradation
was calculated from the following expres-
sion: ,, = 0.693/K,. The various assump-
tions involved in the use of the methods
described herein were delineated by Schimke
and Doyle (12).

Results and Discussion. Figure 1 shows
the time course of changes in the activity
of AAT isozymes and of the hematocrit and
reticulocyte count in PH-treated rats. The
hematocrit fell to its lowest value, about
26%, on Day 3 and attained a value equal
to that found in untreated animals, about
50%, on Day 7 (Fig. 1A). The reticulocyte
count increased progressively to a value of
about 50% on Day 5, attaining a value of
essentially 100% on Day 7. Thereafter, there
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Fic. 1. Effect of PH on hematocrit, reticulocyte
count and AAT isozyme activity. (A) Hemato-
crit, open circles, and reticulocyte count, closed
circles. (B) Activity of the anionic isozyme, open
circles, and the cationic isozyme, closed circles.
Arrows denote days at which PH was injected.

was a decline in the count to a value of
about 3% which is similar to that observed
in untreated animals (Fig. 1A). The activity
pattern of AAT isozymes changed from pre-
dominantly anionic in untreated rats to pre-
dominantly cationic on the 5th day following
PH treatment. Thereafter, there was a pro-
gressive change towards a value similar to
the ratio of the two isozymes that was ob-
served in untreated rats (Fig. 1B). Total
AAT activity was maximal on Day 5, about
10 umoles/ml RBC/min, which is about
10-fold higher than the control value (Fig.
1B). RNA content was also maximal on
Day 5, about 4.5 mg/ml RBC. The increase
in total AAT activity on Day 5 was due
primarily to a 47-fold increase in the activity
of the cationic isozyme. The activity of the
anionic isozyme became maximal on the
8th day, about 3 times its control value (Fig.
1B). This was followed by a continuous de-
cline of the activities of both isozymes from
their respective maxima to control levels.
On the assumption that reticulocytes in
untreated rats contained the same amount of
cationic isozyme as that present on the Sth
day after initiation of PH treatment, we in-
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ferred that the value of 0.18 umoles/ml!
RBC/min for the cationic isozyme in un-
treated rats (Fig. 1) is due to the presence
of 2.5% reticulocytes. This value is in good
agreement with the microscopic determina-
tion of reticulocytes present in untreated rats
(Fig. 1A). Mature erythrocytes, therefore,
unlike all other tissues thus far investigated
(1-8), contain only the anionic isozyme.
The metabolic significance of this observa-
tion, with regard to the inhibition of AAT
isozymes by glyceraldehyde 3-phosphate in
particular (1-4), remains to be established.

The use of antiserum directed against each
of the AAT isozymes in reticulocytotic rats
has enabled us to compare, for the first time,
the rate constants of synthesis and degrada-
tion and the turnover rates for both iso-
zymes. The slope, K4, of plots of In(E — E,)
against time was about six-fold higher for
the cationic than for the anionic isozyme
(Fig. 2, Table I). The calculated rate con-
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FiG. 2. Logarithmic plot of the decrease in AAT
isozymes toward basal levels after their elevation
by PH treatment. Open circles denote anionic iso-
zyme, and closed circles denote cationic isozyme.
Data were taken from Fig. 1. Numbers in paren-
theses indicate hours after treatment at which
initial measurements were taken.

stants for synthesis, K, were similar for the
two isozymes (Table I). The calculated
turnover rates, f,, show that the cationic
isozyme is about six-fold less stable than the
anionic isozyme (Table I). It would appear
that the shorter half-life of the cationic
isozyme is related to its rapid rate of
degradation.

Since the cationic isozyme is a mitochon-
drial enzyme, it is possible that the rate
constant for its degradation in reticulocytes
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TABLE I. The Rates of Synthesis and Degradation
of AAT Isozymes in Phenylhydrazine-Treated Rats.

E° Ky t°,, Calculated K
Isozyme  (units/hr)  (hr™)  (hr) (units/hr)
Cationic 0.18 0.028 24.6 0.0050
Anionic 0.96 0.0044 1549 0.0043

“E, is the basal state level for the isozymes in
untreated rats.
¥ K, is the experimental value for the rate con-
stants of enzyme degradation from data presented
in Figs. 1 and 2.
0.603 ; K, = K, (E,).
12 = K,

c

may reflect the rate of elimination of the
mitochondrial fraction during the maturation
process (13). In this respect, the K, of
mitochondrial DNA in the maturing reticu-
locytes was 0.03 (hr') with a #,, of about
20 hr. These values are similar to those
found for the cationic isozyme. Whether syn-
thesis of the cationic isozyme, i.e., transcrip-
tion and translation during RBC cytodiffer-
entiation, occurs in the mitochondrial
fraction or is carried out on the cytoribo-
somes whereupon the cationic isozyme is
then transported to the mitochondria is cur-
rently under investigation.

An increase in the cationic isozyme could
possibly be used as a sensitive measure in
the diagnosis of diseases associated with an
abnormal increase in the population of
young red blood cells.

Summary. The kinetics of synthesis and
degradation of aspartate aminotransferase
(EC 2.6.1.1) isozymes were investigated in
peripheral red blood cells of rats made
reticulocytotic with phenylhydrazine. Im-
munochemical studies showed that reticulo-
cytes contain predominantly the cationic iso-
zyme, whereas mature erythrocytes contain
only the anionic isozyme. Following initia-
tion of phenythydrazine treatment, the ca-
tionic isozyme increased 47-fold above its
control level on Day 5, and the anionic iso-
zyme increased threefold above its control
level on the 8th day. The half-lives were
24.6 and 154.9 hr for the cationic and
anionic isozyme, respectively. The faster
turnover of the cationic isozyme appears to
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be related to its rapid rate of degradation.

We thank Miss Frances Grainger for her ex-
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