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1. Introduction 

Of many biochemical alterations observed during 
amphibian metamorphosis, changes in carbohydrate 
metabolism have not been extensively investigated. It 
has been reported that glycogen is stored in the liver 
prior to tail resorption and catabolized during the re- 
sorptive processes [l-3]. Blood glucose concentration 
[4], activities of hepatic glucose 6-phosphatase [5] and 
glycogen synthetase [6] have been observed to increase 
during metamorphosis of frogs. Studies with thyroidec- 
tomized toads [7] have shown that thyroxine appeared 
to lower the content of hepatic glycogen and increase 
blood glucose, liver glycolysis and glucose 6.phos- 
phatase activity. 

The purpose of this study is to survey changes in 
PEP carboxykinase (EC 4.1.1.32) activity during 
metamorphosis of the bullfrog, Rana catesbeiana. 

This enzyme is a marker for gluconeogenesis. In this 
paper, we report that i) bullfrog hepatic PEP carboxy- 

kinase activity increases transiently during both spon- 
taneous and Ta-induced metamorphosis; ii) the ele- 
vated activity is found in the supernatant fraction; 
iii) the increases in cytosolic PEP carboxykinase activ- 
ity are due to fasting and metamorphosis itself; iv) 
metamorphic variations in the activity of this enzyme 

in the mitochondrial fraction are observed. 

2. Methods and materials 

The monosodium salt of PEP, the trisodium salt of 
IDP and pig heart malate dehydrogenase were obtained 

Abbreviations: 
PEP, phosphoenolpyruvate;T3, 3,3’,5 Triiodo-Lthyronine. 
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from Bohringer Mannheim GmbH. T3 and NADH were 
from Sigma Chemical Company and Oriental Yeast Co., 
Ltd., respectively. [14C]Sodium bicarbonate was pur- 
chased from Daiichi Pure Chemicals Co., Ltd. Tadpoles 
and adult bullfrogs collected in the surroundings of 
Tokyo, were commercially obtained. 

Cell fractionation was performed according to the 
method of Schneider [8], using 4 vol of 0.25 M sucrose 
and about 10 tadpole livers. Particulate material was 
resuspended in 0.25 M sucrose prior to assay. 

PEP carboxykinase activity was determined by in- 
corporation of bicarbonate into malate in the presence 
of NADH and malate dehydrogenase. Reaction mix- 
ture contains 0.27 M imidazole HCl buffer pH 6.3, 
13.4 mM PEP, 2.7 mM IDP, 10 mM mercaptoethanol, 
10 mM MnClz, 64 mM NaHC03 (0.3 /-Xi), 10 mM 
NADH, 4 I-18 of malate dehydrogenase and the appro- 
priate amount of the enzyme solution in a total vol- 

ume of 0.05 ml. After a 5 min incubation at 37”C, the 
reaction was terminated by addition of 0.05 ml of 1 N 
HCl. An aliquot (0.05 ml) was applied on a paper disc 
and the acid stable radioactivity was determined by 
using a toluene base scintillator and an Aloka liquid 

scintillation counter model 20 1. One unit of enzyme 
activity represents the formation of 1 nmole of malate 
per min. 

Transcaudal injection of 0.2 ml of a saline solution 
containing 5 pg of T3 was made into the intraperito- 
neal cavity of tadpoles at the premetamorphic stage. 
As a control, tadpoles were similarly treated with 
0.2 ml of a saline solution. The animals were main- 
tained at 20”-22’C without feeding. The treated tad- 
pole metamorphosed to the froglet at the 9th day. 
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3. Results 

3.1. Increases in PEP carboxykinase activity during 
spontaneous metamorphosis 

Table 1 indicates the results of studies on changes 

in PEP carboxykinase activity in liver subcellular frac- 
tions during spontaneous metamorphosis. The follow- 
ing points are apparent: i) The activity detected in the 
homogenate begins to increase at stage XIX-XX and 
the maximal increase (2.Sfold) is observed at stage 
XXIII. Thereafter, the activity decreases. ii) PEP carb- 
oxykinase activity is mainly present in the cytosol frac- 
tion. The activities found in the homogenate and cyto- 
sol fractions increase almost simultaneously. The per- 
centage of the cytosolic activity to the total activity 
is 65% at stage X-XI and 90% at stage XXIII. iii) The 
PEP carboxykinase activity located in the mitochon- 
drial fraction decreases continuously during metamor- 
phosis to about 20% of the activity detected in stage 
X-XI. The relative activity found in the mitochondrial 
fraction is 17% at stage X-XI and 1.5% at stage XXIII. 

3.2. Changes in PEP carboxykinase activity during Ts- 
induced metamorphosis 

As shown in fig. 1 A, a transient increase in PEP 
carboxykinase activity in liver homogenates is detected 
between 6 to 10 days after T3-treatment. Fig. 1 A also 
shows that the activity of the control tadpoles which 

were not fed during the experimental period increases 
in parallel with that of the treated tadpoles until the 
6th day. At the 8th day, about 20 and 10 units per 
mg liver are found in T3-treated and control tadpole 
liver homogenates, respectively. These results indicate 

that there are two factors responsible for the increase 
in the PEP carboxykinase activity of T3-treated tad- 
poles; one is fasting, the other is action of T3 itself. 

Changes in subcellular distribution of PEP carboxy 
kinase during TJ-induced metamorphosis (fig. 1 B) are 

essentially the same as those of spontaneous metamor- 
phosis, shown in table 1. Fig. 1B also indicates that the 
activity in the mitochondrial fraction decreases con- 
tinuously after T3 injection. The activity in the mito- 
chondrial fraction at the first day is 0.5 unit/mg liver 
and 7% of the total activity. However, at the 15th day, 
only 0.06 unit/mg liver and 0.5% are detected. Although 
not shown in fig. I B, the activities in nuclear and micro- 
somal fractions do not change and are about 1.5 units/ 
mg and 0.1 unit/mg liver, respectively, throughout the 
experiments. 

Fig. 1C. shows an intracellular distribution of hepatic 
PEP carboxykinase activity of control tadpoles. The in- 
creases in the cytosol fraction of PEP carboxykinase 
activity during fasting explain the elevation of total 
activity. In this case, the activity in the mitochondrial 
fraction (about 0.5 unit/mg) liver) does not change. 

4. Discussion 

In this paper, we have shown that hepatic PEP 
carboxykinase activity increases in the cytosol frac- 
tion and decreases in the mitochondrial fraction dur- 
ing both spontaneous and T3-induced metamorpho- 

sis of bullfrogs. Elevation of the activity in the cytosol 
fraction has been observed with fasting, diabetic and 
variously treated animals such as glucagon, cortisone 
and 3’,5’ cyclic AMP [lo- 161. This is the first report 
showing similar increases during metamorphosis. 

Table 1 
Subcellular distribution of PEP carboxykinase activity in tadpole liver at various metamorphic stages.* 

Metamorphic stage? X-XI XII-XV XVI-XVIII XIX-XX XXI XXII XXIII Froglet 

Nuclear fraction 2.7 3.3 3.4 3.9 3.6 2.7 4.6 6.5 
Mitochondrial fraction 2.1 1.3 1.1 0.7 0.8 0.3 0.4 0.4 
Microsomal fraction 0.3 0.3 0.4 0.4 0.4 0.3 0.9 0.5 
Cytosol fraction 7.4 8.2 7.5 11.5 12.5 17.2 24.6 17.6 
Homogenate 11.6 11.6 10.6 15.8 18.8 21.8 26.7 21.8 

These experiments were carried out in July and August, 1972. 
* Activity is expressed as nmoles of malate produced per min per mg liver using 10 pooled tadpole livers. 
t Metamorphic stages were classified according to the method of Taylor and Kollros [ 91. 
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Fig. 1. Changes in tadpole hepatic PEP carboxykinase activity by treatment with Ts or saline, The ordinate numbers indicate en- 
zyme activity expressed as units/mg liver. These experiments were carried out in September, 1972. A) Changes in PEP carboxy- 
kinase activity in liver homogenates of Ts-induced metamorphosing tadpoles (o-o-o) and of saline-treated tadpoles (o-e-e). 
B) Changes in PEP carboxykinase activity of liver cytosol (a-a-a) and mitochondrial fraction (o-o-o) from Ts-induced 
metamorphosing tadpoles. C) Changes in PEP carboxykinase activity from liver supernatant (A-A-A) and mitochondrial fraction 
(0 -*-•) of saline-treated tadpoles. 

It has been previously suggested that glycogenolysis 
causes the high blood glucose concentration during 
metamorphosis [4]. Based on the following evidences, 
we suggest that at least part of the increased blood 
glucose level in metamorphosis is due to the gluconeo- 
genie pathway: i) Increased hepatic PEP carboxykinase 
which functions in gluconeogenesis. ii) Increases glu- 
cose 6-phosphatase during metamorphosis [5]. It 
seems, however, that further evidence is required to 

support our hypothesis. 
Our experiments (fig. 1) show that two factors are 

involved in the increase of cytosolic PEP carboxykinase 

during Ta-induced metamorphosis. One factor is fast- 
ing which occurs up to about the 6th day and the other 
is Ta-dependent and occurs from the 6th to 10th days. 
Elevated PEP carboxykinase due to fasting has been 
previously noted [ lo- 12, 15, 161. During spontaneous 
metamorphosis, we cannot measure the specific con- 
tribution of fasting to increased PEP carboxykinase 
because the metamorphosing tadpole ceases to take 
food. However, since fasting causes parallel increased 
hepatic PEP carboxykinase in control and Ts -treated 
tadpoles up to about day 6, we conclude that fasting 
also contributes to increased cytosolic PEP carboxy- 
kinase during spontaneous metamorphosis. Mitochon- 
drial PEP carboxykinase activity decreases during Ts- 

induced metamorphosis (fig. 1B) and remains constant 
during starvation (fig. 1C). The decrease in mitochon- 
drial activity during metamorphosis corresponds to a 
similar decrease described in the newborn rat [ 171. The 
slow response to fasting shown in fig. 1C is due to the 
slow utilization of intestinal contents in the tadpole. 

The differences of this enzyme’s activities in the pre- 
metamorphic tadpole livers between table 1 and in fig. 1 
may come from the season when the experiments were 
performed. The physiological roles of the seasonal vari- 
ations of PEP carboxykinase activities remains to be 
answered. Similar seasonal variations have been observ- 
ed in blood glucose level [18-211, fat and carbohydrate 
content [ 18, 191. The systematic studies on the season- 
al changes of PEP carboxykinase are now in progress. 
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