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SUMMARY

Isoproterenol injection produces cardiac hypertrophy and salivary gland
enlargement in rats. After subcutaneous injection (5 mg/kg) twice daily for
10 days, the soluble extracts from these and other tissues were subjected to
DEAE-cellulose chromatography and the activity of isozymes I and II of cyclic
AMP-dependent protein kinase was measured. The activity of isozyme I is de-
creased 80% in salivary gland and 40% in liver. No significant changes were
observed in kidney, brain or skeletal muscle. 1In contrast to a previous
report, no change was observed in the amount of isozyme I in hypertrophied
heart. Furthermore, no changes were observed in the activity of isozyme II
in response to isoproterenol injection in any of these tissues.

Cyclic 3',5'-adenosine monophosphate (cAMP)-dependent protein kinase
catalyzes the phosphorylation of polypeptidic serine and threonine residues.
This class of enzymes is implicated in the regulation of a large number of
physiological processes (1). The mechanism of activation by cAMP is shown
by the equation R,C, + 2 cAMP = (R-cAMP)2 + 2C where R,C, represents the
inactive holoenzyme and R and C represent the regulatory subunit and active
catalytic subunit, respectively (2-7). We previously proposed that the R
subunit inhibits the C subunit by shielding - either physically or func-
tionally - the active site (8).

Corbin et al. {(9) reported that there are two protein kinase isozymes
which can be distinguished on the basis of their DEAE-cellulose elution profiles
among other criteria. Isozyme I elutes at a lower ionic strength than isozyme
II. The isozymes share a common C subunit, but differ in the R subunit (7).
The physiological significance of the two enzyme forms is presently unknown.

Costa et al. (10) have reported cell cycle specific changes in the activity
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of the two isozymes in Chinese hamster ovary cells. Lee et al. (11) have
also reported developmental changes in the activity of the two enzyme forms
during rat testis development.

Byus et al. (12) examined the rat heart protein kinase DEAE-cellulose
elution profiles in isoproterenol-induced cardiac hypertrophy. They found an
increase in the activity of isozyme I and no change in that of isozyme II.
After isoprotereno]l administration, there is an increase in heart cell
size, but no increase in cell number (13). These investigators propose that
the relative increase in isozyme I may play an important role in the trophic
response. Isoproterenol injection also stimulates DNA synthesis in salivary
gland (14) and kidney {15). We measured the cAMP-dependent protein kinase
profiles in several rat tissues. We find that the elevation of isozyme I in
heart is not a consistent finding. We report, furthermore, that there is a
significant decrease in isozyme I activity in liver and in the grossly

enlarged salivary gland.

MATERIALS AND METHODS

Isoproterenol Injection. The protocol of Byus et al. (12) for injection,
tissue homogenization and chromatography was followed. Six male Sprague
Dawley rats (160-210 g) received 5 mg/kg isoproterenol subcutaneously twice
daily for 10 days. Six control animals received an equivalent amount of 0.9%
NaC1 vehicle. The rats were sacrificed by cervical dislocation 12 h after the
last injection and the specified tissues were removed, weighed, and stored at
-20° C. Pilot experiments showed that protein kinase activity is stable for
at least 2 months under these conditions.

DEAE-Cellulose Chromatography. The tissues were disrupted in 3 vol of
cold (0-4° for all steps unless otherwise specified) 5 mM Tris-HC1 and 1 mM EDTA
(pH 7.5) with four 10-sec bursts with a Tekman Tissumizer (Cincinnati, Ohio).
After centrifugation at 27,000 xg for 10 min, the supernatant protein was meas-
ured by the procedure of Bradford (16) using bovine serum albumin as standard.
Then 3.0 mg of protein was applied to a DE-52 cellulose column (0.5 x 4 cm)
fabricated from a siliconized Pasteur pipet and 0.3 ml fractions were col-
lected. Protein was eluted with 2 m1 of homogenizing buffer followed by an
8 ml (total) linear gradient (0-0.4 M KC1) in buffer. Experimental and con-
trol samples were processed tandomly and the order was randomized. Fractions
were assayed for protein kinase activity with histone as substrate by the
phosphocellulose procedure of Witt and Roskoski (17) except that distilled
water was used to elute ATP and metabolites. Since enzyme activity varies
with the histone II-A (Sigma Chemical Co.) used, the same lot was used in a
given experiment. The [y-32PJATP was prepared by the method of Schendell and
Wells (18) from carrier free Tabeled phosphate which was obtained from New
England Nuclear.

The type I and II isozymes eluted at approximately 0.10 M and 0.20 M
salt, respectively. Activity was 80-95% dependent on exogenous cAMP. The
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total number of units (1 nmol 32P/min) derived from the 3.0 mg protein was
calculated by addition.
D,L-isoproterenol hydrochloride was obtained from Sigma Chemical Co.
The sources of other chemicals has been previously documented (8, 17).
Student's t test was used to determine statistical significance (19).

RESULTS

Wet Weight Responses to Isoproterenol Injection. Isoproterenol injection

produced a significant 62% increase in heart weight to body weight ratio (Table
1). Isoproterenol also produced a significant 279% increase in salivary gland
weight (Table 1). There was no change, however, in the kidney or liver weights
The increase in cardiac and salivary gland wet weight indicate that the injec-
tion of 5 mg/kg isoproterenol (twice daily for 10 days) was effective and the
magnitude of cardiac hypertrophy, moreover, was comparable to that reported

by Byus et al. (12).

Protein Kinase Profiles in Heart. In agreement with Corbin et al. (9)

and Byus et al. (12), isozyme I is the chief form of protein kinase in rat
heart. Although isoproterenol injection produced cardiac hypertrophy, we
were unable to demonstrate an increase in the activity of isozyme I.

To test the notion that strain differences might account for the result,

the experiment was also performed with Wistar rats as reported by Byus and
coworkers (12). Although a pilot study was suggestive, we failed to find an
increase in the isozyme content in Wistar rats even though there was a com-
parable degree of cardiac hypertrophy. Using a surgical intervention to
produce cardiac hypertrophy, under ether anesthesia, a constricting silk
Tigature was tied around the aorta in one group of six rats. A comparable
group received sham surgery consisting of an identical dissection, appli-
cation, and then removal of the ligature. After 10 days the animals were
sacrificed and the heart weight to body weight ratio was significantly

(p < 0.05) increased 40%. There was no difference, however, in the protein
kinase activity profile in response to this intervention (not shown).

Protein Kinase Profiles in Salivary Gland and Liver. In addition to

the large increase in weight, isoproterenol injection alters the salivary
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Units Activity Per Fraction

Fraction

Figure 1. Salivary gland protein kinase profile. Supernatant protein
(3.0 mg) was applied to DEAE-cellulose columns, eluted and assayed as des-
cribed in MATERIALS AND METHODS. The units (nmol/min) per 0.3 ml fraction
are plotted. (O0-0), control; (0 -- 0) isoproterenol; (---)}, salt concen-
tration. The total activity associated with isozymes I and II was computed
by addition of the activity of the corresponding fractions. The salivary
gland isozyme activity was determined from five additional independent
measurements to obtain the results given in Table 2.

TABLE 1

ORGAN WEIGHT TO BODY WEIGHT RATIOS

Isoprel
Control  mg/Kg Injection

Heart 3.11 + 0.14 5.04 + 0.14°
Salivary Gland 1.74 + 0.046 6.57 + 0.25°
Liver 35.7 + 0.56 36.5 + 1.29
Kidney 8.11 + 0.076 9.12 + 0.85

The data are the mean + S.E.M. for 6 animals in
each group. The experiment was performed as described
in MATERIALS AND METHODS.

ap < .001 compared with the control

gland protein kinase profile. It decreases the activity of isozyme I by

about 80% (Fig. 1; Table 2). Isozyme II activity, however, remains unchanged.
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TABLE 2
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PROTEIN KINASE ISOZYME ACTIVITY IN RESPONSE TO ISOPROTERENOL INJECTION

Tissue Isozyme I Isozyme II
Control Experimental Control Experimental

Heart 2.72 +0.08 2.50 +0.18 0.97 +0.1 1.07 +0.10
Salivary Gland 0.690 + 0.053 0.089 + 0.017% 2.14 +0.27 1.83 +0.22
Liver 0.348 + 0.04 0.209 1_0.02b 0.459 + 0.152 0.358 + 0.017
Skeletal Muscle 1.16 + 0.04 0.938 + 0.082 0.572 + 0.050 0.537 + 0.039
Kidney 0.267 + 0.020 0.289 + 0.032 0.884 + 0.078 0.916 + 0.011
Brain 0.213 + 0.023 0.278 + 0.050 1.47 +0.22 1.49 + 0.29

The results are expressed as nmols/min per 3.0 mg protein applied to the
DEAE-cellulose column.

The mean + S.E.M. were obtained from 6 animals.

Isoproterenol injection and

protein kinase activity were performed as described in MATERIALS AND METHODS.

a p < 0.001
bp<0.05

Although the wet weight of the liver is unchanged, isoproterenol injection also
produces a 40% decline in the activity of isozyme I. The activity of isozyme
11, however, is also unchanged.

Protein Kinase Profiles in Other Tissues. The activity of isozyme I and

I1 remained unchanged in brain (Table 2). Since isoproterenol fails to cross
the blood brain barrier, we anticipated that this activity would be unaltered.
Isoproterenol injection also failed to significantly alter activity in kidney
and skeletal muscle.
DISCUSSION

We draw two conclusions from the present experiments. First, the develop-
ment of cardiac hypertrophy in response to isoproterenol injection is not
jnvariably associated with an elevation of soluble heart isozyme I activity as

determined by DEAE-cellulose chromatography elution profiles. The failure to
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find an increase is not the result of dissociation of holoenzyme since there is
1ittle activity eluting as free catalytic subunit (prior to isoczyme I1}. In
addition to soluble protein kinase activity, possible activity associated with
the membrane fraction was solubilized with Triton X-100 using the methodology
of Corbin et al. (20). Less than 10% of total activity was associated with
this fraction. In agreement with these investigators, moreover, most of it
was eluted from DEAE-cellulose columns in fractions corresponding to isozyme
I1I. Although we obtained similar results with Sprague Dawley and Wistar rats,
other unidentified physiologic parameters may be responsible for the difference
between our results and those of Byus et al. (12). Since isoproterenol
injection, for example, produces localized heart cell neurosis and tissue

death within 24 h (21), some heart regions or some animals may not exhibit

an elevation of soluble isozyme I activity. It is possible that isozyme I

is appreciably activated in vivo, but the activity ratios (+ cAMP) would

have to be measured under conditions corresponding to those in situ (22) to
demonstrate this possibility. That the protein kinase profiles are the result
of complex regulatory phenomena is suggested by species variability. Rat
heart, for example, contains mainly isozyme I; steer, isozyme II; and rabbit
about 50% of each (22).

The second finding is that isozyme I declines in salivary gland and
liver after isoproterenol injection. The former undergoes hypertrophy
and hyperplasia. There is no change in the weight of the latter tissue.

Even though there is an increase in DNA synthesis in kidney (15), no

alterations in enzyme profiles were observed. Similarly, no changes

were seen in brain. These findings were consistently found in Wistar
as well as Sprague-Dawley rats.

Additional experimentation will be required to Tearn the mechanism
whereby isoproterenol injection and the subsequent B-adrenergic receptor
stimulation mediate a decrease in the relative specific activity of
protein kinase isozyme I in some tissues and its failure to alter that of
isozyme II.
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