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I. Introduction 

It is now generally agreed that the 2 types of 
cyclic AMP-dependent protein kinases (PK I and 
PK II) are distinct mostly with respect to their regula- 
tory subunits (R), which have different physico- 
chemical (e.g., charge, Mr-value ) and immunological 
properties [1-6]. Their peptide maps are entirely 
different [7]. The catalytic subunits (C) are, however, 
considered as almost identical, since they have similar, 
if not identical, Mr-values, enzymatic characteristics, 
substrate specificities and immunological determinants 
[ 1,6,8-12]. In spite of this great similarity, isoelec- 
tric points of catalytic subunits arising from both PK 
are heterogenous [9,13-15]. A very small difference 
was also noted in their amino acid composition and 
primary structure [7]. Some data suggest that the 
2 PK from several organs could have different stabil- 
ity upon hormonal and other treatments [16-19], 
but it is not known whether this is due to the proper- 
ties of regulatory or catalytic subunits. 

Here, we have studied the stability of the catalytic 
activity after dissociation of the 2 PK with cAMP. 
Data are presented showing the heterogeneity con- 
cerning the stability of the catalytic subunit popula- 
tion arising from PK II after dissociation of holoen- 
zyme by cAMP. 

2. Materials and methods 

2.1. Preparation o f  protein kinases 
Glands from 5-7 male Sprague Dawley rats were 

Abbreviations: TSH, thyrotropin; DBC, dibutyryl cyclic AMP; 
EDTA, ethylene diaminotetraacetic acid; EGTA, ethylene- 
bis-(~-amino-ethyl-ether)-N,N'-t etraacetic acid 

homogenized in an all glass homogenizer (Potter Dual 
22) in 15 vol. (w/v) of either TKM buffer (50 mM 
Tris-HC1 (pH 7.4) containing 5 mM MgC12, 25 mM 
KC1, 6 mM/3-mercaptoethanol and 0.25 M sucrose) or 
TEM buffer (5 mM Tris-HC1 (pH 7.4), 3 mM EDTA 
and 6 mM/3-mercaptoethanol). Homogenates were 
centrifuged for 2 h at 50 000 rev./min and superna- 
tants representing the cytosolic fraction, were removed 
and analyzed either directly or after fractionation by 
sucrose gradient ultracentrifugation. 

2.2. Fractionation o f  protein kinases by sucrose 
gradient ultracen tri[ugation 

The samples of cytosols (1-4 mg protein in 1 ml) 
were layered on the top of a 12 ml linear sucrose 
gradient (11-22% sucrose) and centrifuged in a Spinco 
rotor SW 40Ti at 38 000 rev./min for 41 h at 0°C; 
gradients were fractionated automatically into 0.3 ml 
fractions by a density gradient fractionator. Under 
these conditions thyroidal cAMP-dependent protein 
kinases were recovered in 2 peaks: type I kinase cor- 
responds to peak 1 which sediments at 4.9 S; type II 
kinase corresponds to peak 2, which sediments at 
6.2 S [ 18,20]. For the estimation of sedimentation 
coefficients, myoglobin (S2o,w = 2) and glucose-oxi- 
dase (S2o,w = 7.93) were used as internal markers. The 
yield of protein kinase activity after sucrose gradient 
centrifugation was 80-120%. 

2.3. Estimation o f  protein kinase activity 
Aliquots of cytosolic enzymes (10-30/A) or of 

sucrose gradient fractions (50-80 gl) were incubated 
in 200 gl (final vol.) of medium containing: 50 mM 
/3-glycerophosphate; 0.3 mM EGTA; 2 mM theophyl- 
line and 10 mM magnesium acetate in 1 mM potassium 
phosphate buffer (pH 7.4); [7-32P]ATP was added at 
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0.1 mM (spec. act. 9 0 - 1 0 0  cpm/pmol) .  Histones 
were at 4 mg/ml,  when added,  cyclic AMP, at 5/aM, 
and DBC at 0.25 mM. In all assays with cAMP, 
methyl isobutylxanthine was added at 0.1 mM. Incu- 
bations were done at 30°C for 5 or 10 min. At  the 
end of  the incubation 150/al of  the incubation mix- 
ture was spot ted onto 2 cm discs of  Whatmann 3 MM 
filter paper,  which were thereafter processed as in [ 18]. 

Since we have found that  rat thyroid  cytosol  con- 
tains a substantial amount  of  cAMP-independent 
histone kinase [20], we estimated both  cAMP-depen- 
dent and cAMP-independent activities in parallel 
throughout  this study. Cyclic AMP-independent his- 
tone kinase activity was evaluated i n t h e  presence of  
the heat-stable inhibitor o f  cAMP-dependent enzymes 
[21 ] which was prepared in the laboratory  from hog 
or sheep brains and purified up to the Sephadex G-75 
filtration step [22]. 

2.4. Expression of results 
The cAMP-dependent activity described here refers 

to the net  activity which was calculated as follows: 
activity measured in the presence of  cAMP from which 
the cAMP-independent activity was subtracted.  

All results were expressed either as cpm or pmol  
32p incorporated into h i s tone ,  mg gland (wet wt)  -1 . 
min -1 or 5 min -1 incubation, or as activity ratio 
(--cAMP/+cAMP activity). 

3. Results 

The stabili ty of  the catalytic activity was studied 
in enzyme samples at different t ime intervals after 
dissociation. 
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Fig.l. Maintenance of the dissociation of cytosolic cAMP- 
dependent protein kinases. Cytosols prepared either in TKM 
or TEM buffer were incubated with: (a) none; (b) cAMP 
(5 X 10 -6 M) + 1-methyl-3-isobutylxanthine (10 -4 M); 
(c) DBC (2.5 X 10 -4 M) at 4°C. Protein kinase activities were 
estimated after 1 h and 48 h incubation. Results are expressed 
as activity ratios. Mean ± SEM of 3-8 separate expt; for each 
experiment cytosols from 5-10 glands were pooled. 

3.1. Maintenance of dissociation 
The maintenance of  dissociation can be followed 

by  determination of  the activity ratios upon treatment  
o f  enzymes by cAMP. By using 2 different buffers 
(TEM and TKM) the dissociated state can be main- 
tained indefinitely (fig.l) .  In TEM buffer the dissoci- 
ation was well preserved for up to 48 h, while in TKM 
buffer it  was less stable and led to the reassociation of  
regulatory and catalytic subunits into the inactive 
complex (R2C2), probably because of  the lower sta- 
bil i ty of  cAMP in this buffer. However, if  cAMP was 

Table 1 
Protein kinase activities and activity ratios 48 h after dissociation of cytosols by 

cAMP and DBC 

Dissociating TKM buffer TEM buffer 
agent 

PK activity a Activity ratio b PK activity Activity ratio 

None 100 ± 14 c 0.13 ± 0.05 100 ± 28 0.06 ± 0.03 
cAMP 77 ± 12 0.18 -+ 0.04 45 ± 11 e 0.82 ± 0.03 
DBC 52 ± 5 d 0.94 ± 0.03 45 ± 4 e 0.79 ± 0.14 

a Protein kinase activity (pmol 3~p. mg-i. min-~) was expressed in % of control 
b Activity ratio = -cAMP/+cAMP activity 
c Mean + SEM of 3-8 separate expt: for each experiment cytosol from 5-10 

glands were pooled 
d p <  0 .02 ;ep<  0.001 
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replaced by DBC, the dissociation can be maintained 
for >148 h in both buffers. 

3.2. Loss of  activity after dissociation 
Aliquots of  cytosol prepared either in TKM or 

TEM buffer were activated with cAMP or DBC and 
their total activity was measured 48 h after dissocia- 
tion. As can be seen from table 1, the total activity 
was significantly decreased (~50%) in all samples in 
which the dissociation was maintained (high activity 
ratios) throughout the period of  observation. In sam- 
ples in which the dissociation was not maintained 
(low activity ratios; samples incubated with cAMP in 
TKM buffer), the total activity was almost unchanged 
with respect to control, non-treated assays. It seems 
therefore that there is a parallelism between the main- 
tenance of  the high activity ratios and the loss of  the 
enzyme activity. 

To see if the decrease of  kinase activities, observed 
after dissociation of  enzymes is due to the loss of  
activity of  both, or only of  1 of  the 2 types of  pro- 
tein kinases, the following experiments were designed: 

3.2.1. Sucrose gradient ultracentrifugation pattern of  
reassociated enzymes 

Cytosol, prepared in TKM was activated by cAMP 
and analyzed by sucrose gradient ultracentrifugation. 
During centrifugation all protein kinase activity was 
reassociated, i.e., found in the form of  holoenzymes. 
As can be seen in fig.2, the pattern of  cytosol, dissoci- 
ated before centrifugation, was different from the 
pattern of  control, non-dissociated aliquot. While the 
activity of  the PK I was not changed in cytosol sub- 

mitted to the action of  cAMP (104 -+ 22% with 
respect to control), a visible decrease of  the second 
peak was noted (46 -+ 10% with respect to control), 
suggesting that it may have a lower stability upon 
dissociation. 

3.2.2. Dissociation of  the individual peaks of  PK I 
and PK II 

The stability of  the catalytic activity arising from 
PK I and PK II was evaluated upon their activation by 
cAMP or DBC. The analysis of  samples of  individual 
peaks, showed that after dissociation, PK I lost only 
~10% of  activity in 48 h, while the activity of  PK II 
decreased >30% (table 2). 

In the next type of  experiment the stability of  the 
catalytic activities arising from the 2 types of  kinases 
was evaluated during activation of  enzymes with 
increasing concentrations of  cAMP. Aliquots of  type I 
and II were incubated in TEM buffer for 1 h at 4°C 
with cAMP. Total activity and activity ratios were 
measured after further incubation of  aliquots for 
5 min at 30°C in the presence of  histones. 

The activity of  the PK I remains stable up to 50% 
activation (activity ratio = 0.5); thereafter a slight loss 
of  activity was observed, which was <~10% when total 
activation was reached (activity ratio = 1). On the 
contrary, the activity of  PK II starts to decrease very 
early, as soon as the enzyme undergoes the action of  
cAMP (activity ratio = 0.2). After total activation 
(activity ratio = 1) the PK II lost ~30% of  its activity 
(fig.3). These values are very similar to those obtained 
48 h after dissociation (table 2). It seems therefore, 
that the activation of  the 2 forms of  PK induces a loss 
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Fig.2. Sucrose gradient ultracentrifugation patterns of cyto- 
sols incubated without (A) and with cAMP (B). Cytosols 
were incubated with or without cAMP for 1 h at 4 ° C prior to 
centrifugation. In the assay incubated with cAMP protein 
kinases were completely activated (activity ratio = 0.96) 
before centrifugation. After centrifugation they were, how- 
ever, found in the reassociated form. 

Table 2 
Loss of protein kinase activity measured 48 h after 
dissociation of individual peaks of PK I and PK II 

Sample Activity (% of control) 

PK I PK II 

Control 
(non-dissociated) 100 ± 15 (5) a 100 -+ 14 (6) 
Dissociated b 
with cAMP orDBC 88± 5(5) 67± 3(6) 

a Mean -+ SEM of 5-10 separate expt: for each experiment 
glands from 5-10 rats were pooled 

b Aliquots of PK I and PK II in TEM buffer were dissociated 
either by cAMP or DBC. Dissociation was maintained for 
48 h (activity ratios = 0.93-0.95) and protein kinase activ- 
ity was then evaluated 
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Fig.3. Differential loss of  catalytic activity upon dissociation 
of  PK I and PK II with increasing doses o f  cAMP. Results are 
represented with respect to the degree of  dissociation, and 
expressed in % of  control  non-dissociated aliquots. The same 
number of  units were used for each one o f  enzymes.  The 
dose of  cAMP necessary for the half-maximal activation 
(activity ratio = 0.5) was the same (3 × 10 -s M) for both  
PK I and PK II. The differences between the PK I and PK II 
became highly significant (P < 0.02) as soon as the activity 
ratios reached the value of  0.3. 

of activity, which is obviously more important for the 
catalytic subunits arising from PK II than from PK I. 
According to our results, the loss is apparently 
achieved almost in totality after 1 h incubation, since 
it was not further increased between 1 h (fig.3) and 
48 h (table 2) of dissociation. 

4. Discussion 

Our previous data had suggested that in thyroid 
glands PK II has apparently a greater instability than 
PK I; however from these data it was not possible to 
know if the more rapid decrease of PK II after some 
treatments was due to the selective degradation of the 
regulatory or of the catalytic subunits [18]. These 
results show that, upon dissociation, a part of the 
catalytic activity arising from PK II is selectively lost. 
This loss which represents ~30% of the total activity, 
was observed as soon as the enzyme was exposed to 
low doses of cyclic nucleotide (activity ratio = 
0.2-0.3) and its maximum was reached already during 
the first 1 h following dissociation. It was not signifi- 
cantly enhanced when dissociation was maintained 
for 48 h or more. 

In spite of the belief that the catalytic subunits 
from the 2 PK isoenzymes are not distinct, our results 
suggest that the catalytic activity from PK II may be 
heterogenous and contain a population of subunits 
which is inactivated rapidly upon dissociation. In the 
purified preparations this population was not found 
probably because of its high lability, which led to its 
selective loss from the first steps of purification. 
Because of its high instability, it is difficult to know 
whether this population of catalytic subunits has the 
same enzymatic and immunological properties as 
those described for the pure preparation, but even if 
so, its rapid turnover could be ascribed to some other 
minor differences either in its primary structure or 
configuration which are difficult to detect. The 
observed heterogeneity of the isoelectric points, is, 
for example not well understood [6]. 

The mechanism of this selective inactivation is also 
unknown. Whether it is due to the action of the heat 
stable regulator [21,23] or some very specific prote- 
ase [24] is hard to say, and it will be very difficult to 
find. It could be, however, interesting to point out 
that this factor(s) copufifies with PK II and may even 
be intrinsic to the enzyme. 

However, independent of the mechanism of its 
inactivation, this population of catalytic subunits 
may have a very important role in the cell in the f'me 
regulation of some phosphorylation. Its effect being 
very brief, and taking place at very low concentra- 
tions of cAMP, may signify that this kinase is involved 
in the maintenance and regulation of the basal activ- 
ity of some cellular processes. Indeed, in thyroid 
glands the 'tonic effect' of very low doses of TSH was 
reported [25]. It was found that the regulation of 
resting thyroid function by TSH apparently involves 
parallel changes in adenylate cyclase and protein 
kinase activities. Therefore these enzymes may well 
be the primary loci for the observed tonic effect of 
TSH [25]. In addition, the necessity of the permanent 
presence of very low doses of TSH in thyroid cell cul- 
ture system, for a good response to higher, stimulatory 
doses of TSH, has been reported [26]. 
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