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SUMMARY

The induction of a-aminoisobutyrate (AIB) transport and
tyrosine aminotransferase was studied in hepatomas and host
livers of rats bearing Morris hepatomas 5123C, 7793, 7794A,
77948,7800, 9098, 9109,9121, 9618A,9618B, and 66, with
the use of the following agents: TV*,02'-dibutyryl cyclic
adenosine 3',5'-monophosphate, epinephrine, glucagon, iso-

proterenol, and theophylline. Tyrosine aminotransferase and
AIB transport in hepatomas and host livers responded to the
inducing agents in varying degrees from widely different basal
levels. Thus, a wide diversity in patterns of induction was
observed, with no two hepatoma lines responding identically
to all inducing agents.

The basal levels of enzymic and transport activities were
postively correlated in both tissues. However, the correlation
in the hepatomas was more pronounced than in the host livers.
The activities of both parameters in hepatomas were more
sensitive than those in host liver to the endocrine state of the
animal. Bilateral adrenalectomy resulted in marked reductions
in the basal activities of tyrosine aminotransferase and AIB
transport in hepatomas 5123C, 7794B, and 9108, but not in
the basal activities of host livers. Differences in levels of AIB
uptake were also noted for hepatomas carried in both sexes.

Although the responses elicited by .A/6,02'-dibutyryl cyclic
adenosine 3',5'-monopliosphate mimicked those elicited by the
hormones, the data obtained suggest that A^.i?2'-dibutyryl
cyclic adenosine 3',5'-monophosphate is not an obligatory

intermediate in the induction of either tyrosine
aminotransferase or AIB transport.

INTRODUCTION

A positive correlation has been noted between the activities
of the TS6 and cycloleucine amino acid transport system or
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dibutyryl cyclic AMP, jV',02'-dibutyryl cyclic adenosine 3'.5'-mono-

systems and tyrosine aminotransferase in livers of rats on
controlled feeding schedules (1, 13, 19, 20, 23), and in 5
transplantable hepatomas7 (2, 3, 17, 24). Since we had

previously suggested (20) that the amino acid transport
system(s) was a contributing factor in the maintenance of
enzymes with short half-lives (e.g.. tyrosine aminotransferase),
we wanted to determine whether the apparent relationship
between these parameters would hold in a more extensive
survey of the available Morris hepatomas. For this purpose, we
have measured the basal levels of activity of both processes in
rats bearing 1 of 11 different hepatoma lines. Moreover, we
have focused attention on the responses of TS and tyrosine
aminotransferase after treatment with glucagon, adrenergic
agents, theophylline, and dibutyryl cyclic AMP in an attempt
to evaluate the role proposed for cyclic AMP (4, 7, 10, 11, 17,
19, 20, 22, 25, 26) in the regulation of these activities in liver
and in hepatomas. The following paper (6) presents the results
obtained for the effects of the 1st 3 agents on the levels of
cyclic AMP in the same series of hepatomas. This report
summarizes the interrelationship of TS and tyrosine
aminotransferase under basal conditions, in addition to our
findings regarding the role of cyclic AMP in the regulation of
their activities.

MATERIALS AND METHODS

The hepatomas were carried by i.m. transplantation into
one or both hind legs of male or female Buffalo rats and of
female A X C rats at Howard University, Washington, D. C.,
before they were shipped by air to the McArdle Laboratory,
Madison, Wis. The following hepatomas were used for these
studies. In the Buffalo strain, we used Morris hepatomas
5123C (generation 84, males killed 49 days p.i., and

phosphate; cyclic AMP, cyclic adenosine 3',5'-monophosphate; p.i.,

postimplantation; AIB, a-aminoisobutyrate.
'Although our results on the transport of AIB are qualitatively the

same, we have been unable to confirm the distribution ratios (host
liver/blood and hepatoma/blood) for AIB reported earlier (2, 3) which
were higher than the ratios given in this report and in that by Reynolds
et al. (17). Attempts to find a systematic calculation or procedural
difference have been unsuccessful. Decomposition of the radioactive
AIB was suspected. However, mixed samples of 3H- and '4C-labeled
AIB give identical distribution ratios, and a sample of repurified AIB
gave the same distribution ratio as the other samples used in this study.
It seems probable that a dilution factor was responsible for the earlier
values.
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generation 85, females killed 42 days p.i.); 7793 (generation
35, females killed 42, days p.i.)'. 7794A (generation 35,

females killed 62 days p.i.); 7794B (generation 22, males killed
52 days p.i.; and generation 232, females killed 78 days p.i.);
7800 (generation 55, males killed 36 days p.i.); 96ISA
(generation 64, males killed 214 days p.i.); 9618B (generation
6, males killed 193 days p.i.); 9633 (generation 12, males
killed 141 and 351 days p.i.); and 66 (generation 3, males
killed 239 days p.i.) Used in the A X C rats were Morris
hepatoma 9098 (generation 52, females killed 26 days p.i.);
9108 (generation 37, females killed 58 and 63 days p.i.); and
9121 (generation 42, females killed 33 days p.i.). The p.i. time
at which the animals were killed gives a rough measure of the
growth rate. Bilateral adrenalectomy of rats bearing hepatomas
5123C (generation 85, males); 7794B (generation 232,
females); and 9108 (generation 37, females) was performed by
Altech Laboratories, Madison, Wis. The adrenalectomized
animals were maintained on 0.9% NaCl solution for drinking
water until they were used for experimentation 4 or 5 days
later.

On arrival, all rats were housed in a windowless room
equipped with lighting regulated to provide alternating 12-hr
periods of light and darkness. Food, a chemically defined (23),
pelleted diet containing 30% casein and 61% glucose (General
Biochemicals, Inc., Chagrin Falls, Ohio), was available only
during the 1st 8 hr of the dark period which was between 8:30
a.m. and 8:30 p.m. All rats were conditioned to the controlled
feeding schedule for at least 2 weeks before being used in these
studies. In order to avoid the imposition of the normal diurnal
fluctuations of the activities of AIB uptake and tyrosine
aminotransferase which occur in response to food intake, the
rats were not fed on the day of the experiment (20). During
the feeding period of the preceding day, either AIB-1-'*C, 1
Â¿tCi,0.080 Aimole/100 g body weight; or AIB-3H, 2.5 Â¿iCi,

0.036 /Limole/100 g body weight (New England Nuclear,
Boston, Mass.) was injected s.c.

The following drugs (Sigma Chemical Co., St. Louis, Mo.)
were dissolved in 0.154 M NaCl at concentrations appropriate
to give the indicated doses per 100 g body weight in 0.5 ml by
s.c. injection: glucagon, 0.4 mg; epincphrine, 0.2 mg; and
isoproterenol, 1 mg. Theophylline and dibutyryl cyclic AMP
(Schwarz BioResearch, Orangeburg, N. Y.) were dissolved in
0.154 M NaCl at 7.5 and 10 mg/ml, respectively. Theophylline
was given i.p. at a dose of 7.5 mg/100 g body weight 15 min
prior to the injection of the hormonss. Dibutyryl cyclic AMP
was injected s.c. at a dose of 5 mg/100 g body weight. All
injections were given at the beginning of the dark period at
about 8:30 a.m. Animals killed at that time yielded control or
basal values.

The animals were killed by decapitation 3.5 hr after
hormone injection. After the blood was collected in
heparinized beakers, the livers and tumors were removed,
chilled quickly, weighed, and homogenized in 4 volumes of
0.154 M NaCl with a Polytron PT10 homogenizer (Kinematics
GMBH, Lucerne, Switzerland). After being centrifuged at
104,000 X g for 15 min, supernatant fractions were stored at
-70Â° until they were assayed for tyrosine aminotransferase

activity, as described in previous reports (17). Protein levels

were determined by the Biuret procedure. Levels of AIB were
determined as acid-soluble radioactivity after the
centrifugation of mixtures of 1 volume of 6.1 M
trichloroacetic acid and 10 volumes of plasma or tissue
homogenates. All radioactivity determinations were done with
Packard Tri-Carb liquid scintillation spectrometers with
automatic external standardization. The activity of the TS is
expressed as the distribution of AIB between the tissues and
the plasma.

Since our control animals (i.e., tumor-bearing animals that
did not receive injections at zero time for injection of
hormones) were the same as those used for later cyclic AMP
studies (6), the control tissues (host livers and hepatomas)
were frozen in liquid nitrogen and pulverized before
homogenization and subsequent manipulations, as described
above. The experimental groups were not the same as those
used for the cyclic AMP studies, because those assays were
performed on animals that were killed 15 min after treatment
(6).

The dosages of the various drugs and the times of sacrifice
were carefully chosen on the basis of considerable prior
research in this laboratory with the use of one or more of the
parameters herein studied (Refs. 4, 6, 16, 17, 19, 20; see also
references cited in Refs. 16 and 19). Special attention had
been previously given to the differences between the s.c. and
i.p. routes of glucagon injection, and the much greater effect
produced by s.c. injection has been emphasized (5). Earlier
reports have given data for non-tumor-bearing control rats
under similar protocols, but those were without AMP
measurements (16, 17). Data on cyclic AMP in control rats
under similar protocols have also been published (4, 5). In
determining the duration of the glycogenolytic effect in rats,
Sokal (21) previously used glucagon in the dose range of 0.02
to 0.5 mg/100 g body weight, and he cited the lower level as
the lowest effective dose. Salter et al. (18) referred to the
"pathological" effect of 0.2 mg glucagon per 100 g body

weight when this dose was given to rats every 6 hr for 5 days,
but a single injection of 0.66 mg/100 g body weight gave only
a transient increase in blood glucose for 30 min, returning to
control values in 3 hr, although there was a fall in blood amino
acid nitrogen that persisted to the end of the experiment at 5
hr. Glucagon dosages may be considered in terms of cyclic
AMP accumulation, glycogenolysis, or protein catabolism,
with the latter correlated with the induction of catabolic
enzymes for amino acids. The dose used in this study was 0.4
mg/100 g body weight, which is sufficient to give near
maximal responses for all systems presently known. Further
work is needed to determine thresholds for each parameter for
normal liver and for individual hepatomas and their
corresponding host livers.

The data on host livers show the response obtained in liver
tissue of the same animal from which the hepatoma
(transplanted in leg muscle) was obtained, at the same drug
dosage and combination and at the same time. With the s.c.
injection of glucagon, the livers and hepatomas received the
drug from the same arterial blood supply. The indications of
nonuniform responses in the host livers from different tumor
lines provide evidence that host-tumor interaction occurred.
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RESULTS

Basal Levels of Tyrosine Aminotransferase and TS. In
agreement with the earlier reports from this laboratory (3, 17),
the range of basal or control activities of tyrosine
aminotransferase and TS at 8:30 a.m. prior to injections was
much broader in the hepatomas than in the host liver. Charts 1
and 2 give the basal levels of tyrosine aminotransferase and TS
and show that the correlation between the parameters is
significant for both tissues, regardless of the endocrine state of
the host. Adrenalectomy results in a reduction of the activity
of both parameters in the hepatomas but not in the host livers.
Also shown are the lower levels of TS in the host liver and in
hepatoma 7794B when that hepatoma is carried in female
instead of male rats. In Chart 2, the mean basal value for
normal male rats falls on the indicated line of correlation, with
a tyrosine aminotransferase value of 0.5 and an AIB
distribution ratio of 3.0. The points with S.E. shown in Charts
1 and 2 in each dimension are repeated without S.E. as the
points of origin in the subsequent charts showing the responses
to various stimuli.

Response to Adrenergic Agents. By the type of graphic
presentation used in Charts 3 to 8, with 1 parameter on the
abscissa (the AIB distribution ratio) and a 2nd parameter on
the ordinate (in this report, tyrosine aminotransferase; in the
accompanying report cyclic AMP) we can see the slope of the
vectors showing the response to a stimulating agent in these
and subsequent charts. While the magnitude of the response
varies over a wide range, there is a remarkable correlation
between the 2 parameters, as indicated by the overall trend of

the data. This relationship is not obvious from the tabulation
of these data (Table 1).

The data obtained from animals treated with isoproterenol
or epinephrine and theophylline are presented in Charts 3 and
4. Both treatments resulted in increased tyrosine
aminotransferase levels in all hepatomas except 9121.
Isoproterenol was ineffective as a stimulus for TS in each of
the 3 hepatomas, whereas the combination of epinephrine and
theophylline resulted in elevations of TS in all hepatomas
except 9098. All of the host livers responded to each
treatment with increased TS levels. Except for
adrenalectomized rats bearing hepatoma 5123C, hepatic
tyrosine aminotransferase levels were also increased following
the injection of the adrenergic agents. The lack of response in
hepatoma 5123C adrenalectomized host liver is in agreement
with the report of Fuller and Snoddy (8) that adrenalectomy
abolished the hepatic induction of tyrosine aminotransferase
by epinephrine.

Response to Glucagon. Charts 5 and 6 summarize the data
obtained from animals treated with glucagon. The response of
the hepatoma lines was variable witli respect to both
parameters. Except for 9108, all hepatomas carried in intact
rats exhibited significant elevations of tyrosine
aminotransferase following glucagon treatment. Tyrosine
aminotransferase levels in hepatoma 9108 Were unresponsive
to glucagon in both intact and adrenalectomized rats. A similar
lack of response to glucagon was observed for tyrosine
aminotransferase in hepatoma 7794B in adrenalectomized
animals. However, tyrosine aminotransferase induction was
found in hepatoma 5123C in adrenalectomized rats. The TS
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Chart 1 (left). Correlation between the basal levels of tyrosine aminotransferase and AIB uptake in Morris hepatomas. Charts 1 through 8,
enzyme activity is presented as MinÃ³lesp-hyroxyphenylpyruvate formed per hr per mg supernatant protein. Points, mean Â±S.E. from 3 animals.
The correlation coefficient, r, was +0.87 with 43 d.f. ADREX, adrenalectomized.

Chart 2 (right). Correlation between the basal levels of tyrosine aminotransferase and AIB uptake in the livers of rats bearing the Morris
hepatomas presented in Chart 1. Points, mean Â±S.E. derived from 3 animals. The correlation coefficient was +0.64 with 43 d.f. The ordinate scale
is 4 times that of Chart l.and the abscissa scale is 2 times that of Chart 1. ADREX, adrenalectomized.
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Table 1
Variable coinducibility oftyrosine aminotransferase AIB transport, and cyclic AMP

in Morris /Â¡epatamosand host livers

Ratio (treated/control0)
in hostliversHepatoma5123C5123CAdrex77937794A7794B7794BAdrex7800909891089108Adrex91219618A9618B66Tyrosine

Treatment aminotransferaseTSG

+TCE
+TTDibutyryl

cyclicAMPGIPRDibutyryl

cyclicAMPGIPRDibutyryl

cyclicAMPGIPRDibutyryl

cyclicAMPG

+TE
+TTGG

+TE
+TTG

+TE
+TTGGGIPRDibutyryl

cyclicAMPG

+TGIPRDibutyryl

cyclicAMPGDibutyryl

cyclicAMP10.79.97.27.86.90.64.16.05.64.22.7n.s.2.68.75.26.82.26.05.56.75.36.95.216.56.43.72.34.09.75.02.65.84.44.94.23.14.57.43.06.43.73.32.73.12.52.24.03.53.14.15.25.34.72.63.42.63.33.32.03.02.15.44.93.74.83.2Cyclic

AMPb44.51.017.71.03.310.16.7n.s.26.71.411.443.61.45.5n.s.15.67.66.6n.s.18.48.7n.s.10.7Ratio

(treated/control0)
in hepatomasTyrosine

aminotransferaseTS1.802.02.71.81.91.51.81.82.31.85.93.32.01.51.91.7n.s.1.71.61.61.61.7n.s.n.s.n.s.10.1n.s.2.021.128.816.75.12.8n.s.1.21.31.01.3n.s.1.31.1n.s.n.s.1.51.41.40.91.11.01.31.31.41.51.2n.s.n.s.n.s.n.s.n.s.n.s.n.s.3.74.62.24.02.5CyclicAMPb2.3n.s.0.70.8n.s.n.s.98.3n.s.1.91.51.31.4n.s.n.s.n.s.1.4n.s.2.844.327.41.65.3

" The control values that form the denominators for the ratios given here are shown with S.E. in Charts
1 and 2. The numerators are presented in Charts 3 to 8.

b Ratios for cyclic AMP in treated/control tissues are calculated from absolute values given in the
accompanying report (6).

c The abbreviations used are: G, glucagon; T, theophylline; E, epinephrine; Adrex, adrenalectomized;
IPR, isoproterenol; and n.s., not significant. These "n.s." ratios were near 1.0. but variability did not

permit a conclusion that the values were different from 1.0.
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Chart 3 (left). Effects of adrenergic agents on tyrosine aminotransferasc and AIB uptake in Morris hepatomas. Rats were killed 3.5 hr after
treatment at approximately 1:00 p.m. Â»,control animals; o and A, treated animals. A, animals treated with isoproterenol; o and â€¢¿�,animals treated
with epinephrine plus theophyllinc. Points (Charts 3 through 8), mean derived from 3 animals. ADREX, adrcnalcctomized.

Chart 4 (right). Effect of adrenergic agents on tyrosine aminotransferase and AIB uptake in livers of rats bearing the Morris hepatomas
presented in Chart 3 (the same legend applies). The ordinate scale is 2 times that of Chart 3; the abscissa scales arc the same in Charts 3 and 4.
ADREX, adrenalectomized.

HEPATOMA HOST LIVER
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RESPONSE TO
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Chart 5 (left). Effect of glucagon on tyrosine aminotransferase and AIB uptake in Morris hepatomas. Underlined hepatoma numbers,
hepatomas from rats given both theophylline and glucagon 15 min apart. Legend to Chart 3 applies. ADREX, adrenalectomized.

Chart 6 (right). Effect of glucagon on tyrosine aminotransferase and AIB uptake in livers of rats bearing the Morris hepatomas presented in
Chart 5 (the same legend applies). ADREX, adrenalectomized.
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RESPONSE TO
|- DIBUTYRYL

CYCLIC AMP
2 5123 C

5123 C
ADREX

_L _L J_ _L

<r
Lu 4
u,
2

ff

0 -,

T T

RESPONSE TO
DIBUTYRYL
CYCLIC AMP

10 20 30

AIB DISTRIBUTION

40 5 10 15

AIB DISTRIBUTION

20

Chart 7 (left). Effect of dibutyryl cyclic AMP on tyrosine aminotransferase and AIB uptake in Morris hepatomas. Legend of Chart 3 applies.
ADRKX, adrenalectomized.

Chart 8 (right). Effect of dibutyryl cyclic AMP on tyrosine aminotransferase and AIB uptake in livers of rats bearing the Morris hepatomas
presented in Chart 7 (the same legend applies). The ordinate and ahscissa scales are each 2 times that of Chart 7. ADRh'X. adrenalectomized.

was increased in response to glucagon treatment in fewer
hepatomas. No increase in TS was observed in hepatomas
9121, 7793, and 7794B, and only slight increases were found
for hepatomas 7794A and 9098. All host livers had increased
levels of both TS and tyrosine aminotransferase in response to
glucagon. For normal male rats, there were mean values after
glucagon of approximately 5.0 for tyrosine aminotransferase
and 16 for AIB distribution, almost in the middle of the range
for all host livers and right on the mean vector for all host
livers.

Response to Dibutyryl Cyclic AMP. The results derived
from animals treated with dibutyryl cyclic AMP are given in
Charts 7 and 8. In general, the responses to dibutyryl cyclic
AMP and to glucagon were similar in the hepatomas and host
livers, although responses to dibutyryl cyclic AMP were less
pronounced. The data may be compared with earlier reports of
studies with normal rats (20, 26).

DISCUSSION

Covariance of TS and Tyrosine Aminotransferase. The
results of the present study support the concept that the
maintenance of enzymes with short half-lives is influenced by
the amino acid transport system(s) through its regulation of
intracellular amino acid pools. Whether the contribution of TS
is a nonspecific effect on protein synthesis and/or protein
degradation remains to be determined. The latter possibility

seems more plausible, i.e., the high levels of tyrosine
aminotransferase found in hepatomas with high levels of TS
are likely to be a consequence of a more sluggish intracellular
protein degradation in the presence of high levels of amino
acids. This question should be resolved by studies of the
kinetics of tyrosine aminotransferase changes in hepatoma
lines with different basal levels of TS.

Striking evidence of tumor-host interactions (9) (Chart 1)
indicated that differences in the endocrine state of the host
had pronounced effects on the basal activities of tyrosine
aminotransferase and TS, as seen at 8:30 a.m. From our
previous studies (2, 3, 17, 24), we had anticipated the
diminished levels of activity for both parameters following
adrenalectomy. However, the marked reductions in TS and
tyrosine aminotransferase observed in hepatoma 7794B when
carried by female rather than male rats were not anticipated,
since Potter et al. (15) found no significant differences in
levels of tyrosine aminotransferase from hepatomas 5123C and
7800 carried by both male and female rats. Table 2 is a
compilation of levels of TS that have been determined in
hepatoma lines under more than one endocrine state. Despite
the fact that not all hepatoma lines exhibit the sex difference
seen with hepatoma 7794B, it now appears important to
specify the sex of the host in addition to other information
regarding the tumor line. Also, levels of TS do not seem to
change appreciably from generation to generation. Therefore,
we suggest monitoring TS activity as a convenient means of
checking for lack of tumor progression in any given line.
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Table 2
Influence of endocrine stare of host on basal levels ofAIB

uptake bv Morris hepatomas

Hepatoma5123C5123C5123C5123C779377937794B7794B7794B7794B780078007800910891089108Generation80a81,"84852723519a2223223248,52"55313737SexAdrenalsF

+FM

+MM

+F
+F
+M
+F
+FF

+M
+M
+M
+F
+FAIBdistribution

ratio36.3

5.011.226.59.539.122.618.830.414.19.530.912.510.232.920.01.81.40.52.40.73.41.30.50.93.40.70.32.81.211.2

1.4

0 Data are from the study by Reynolds et al. (17).

The influence of the hepatomas on the host livers can be
seen in Chart 2. At first there seemed to be a reciprocal
relationship between the activities of tyrosine
aminotransferase in the host liver and the hepatoma (15).
However, with the inclusion of more hepatoma lines, the
relationship was not without exceptions (e.g., hepatoma
7794B in both sexes). Statements regarding the mechanisms of
the enhancement of tyrosine aminotransferase and TS
activities in the liver of some hepatoma-bearing rats are
unwarranted without further study.

The higher correlation between the basal levels of TS and
tyrosine aminotransferase obtained from the hepatomas is
consistent with the concept that malignant tissues are more
autonomous than normal tissues. However, as shown in Charts
1 and 2, the hepatomas appear to be more sensitive to
adrenalectomy than are host livers. A similar report on the
hypersensitivity of hepatomas to the hormonal milieu of the
host has been made by Wu and Morris (27). It seems likely
that the lower correlation between the parameters in host liver
is due in part to sensitivities of the 2 processes to tumor-host
interactions differential.

Induction of TS and Tyrosine Aminotransferase. The
present study was designed to determine whether the
hepatomas would respond to the various treatments with
increased levels of TS and tyrosine aminotransferase and also
was designed to relate the data obtained to the observed
responses of cyclic AMP levels reported in the following paper
(6). Thus, little significance should be ascribed to quantitative
differences in levels of induction among the hepatomas. To do
this would require detailed studies of the time course of
induction for each hepatoma line. The time interval of 3.5 hr,
which is before the peak of induction for normal rats (20), was
chosen to avoid missing an enhancement of short duration,
while still allowing sufficient time for a more conventional
response to be observed. These remarks should serve to
emphasize the utility of comparisons between host liver and
hepatoma in this and in similar studies.

Except for hepatoma 9121, all of the hepatoma lines

responded to the adrenergic agents with increases of tyrosine
aminotransferase. Whereas adrenalectomy did not abolish the
increase of tyrosine aminotransferase in hepatoma 5123C, it
did abolish the increase for the host liver. The lack of response
by host liver is in accord with the report by Fuller and Snoddy
(8) that the hepatic induction of tyrosine aminotransferase by
epinephrine was inoperative following adrenalectomy. Since
they showed that epinephrine induced tyrosine
aminotransferase without affecting plasma corticosterone
levels, our results may be a manifestation of a difference in the
levels of glucocorticoids in the 2 tissues and a subsequent
difference in the times required for the 2 tissues to be free of
steroid. Thus, some hepatomas might be considered to trap
steroids as well as other lipids and nitrogen (12).

Role of Cyclic AMP in Regulating TS and Tyrosine
Aminotransferase. The duplication of the effects of hormones
on TS and tyrosine aminotransferase by dibutyryl cyclic AMP
suggests that cyclic AMP mediates the effects of the hormones.
Thus, it would appear that the responses obtained with
hepatoma 5123C in intact and adrenalectomized rats and with
hepatomas 7793, 7794A, 9121, and 9618B were mediated by
cyclic AMP. However, this does not mean that the cyclic
nucleotide is obligatory for the responses to occur. Indeed, the
data of the current report, coupled with that of the following
paper (see Ref. 6, Chart 1), indicate that cyclic AMP is not an
obligatory intermediate for the induction of tyrosine
aminotransferase because marked increases in levels of tyrosine
aminotransferase occurred without any appreciable alteration
in the cyclic AMP levels of many of the hepatomas. A similar
conclusion appears to be warranted for the involvement of
cyclic AMP in the induction of TS, although its induction
seems to be better correlated with perturbations in the level of
cyclic AMP.

The overall significance of the findings with tyrosine
aminotransferase and the transport system is best appreciated
in combination with the data in the following paper (6). There
is a broad diversity of naturally occurring and induced levels of
tyrosine aminotransferase that correlate with the AIB
transport system to a high degree, while the data in the
following paper (see Ref. 6, Chart 1) show that the hepatoma
series appears to include both those hepatomas that can
accumulate cyclic AMP under the influence of glucagon and
those that cannot.
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