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Recent studies have demonstrated the 
autophosphorylation of the regulatory sub- 
units of cyclic AMP1-dependent protein ki- 
nase purified from bovine cardiac muscle 
(1) and bovine brain synaptic membranes 
(2). The suggestion has been made that the 
phosphorylation of the protein may play a 
role in the regulation of kinase activity by 
facilitating the dissociation of the protein 
kinase into its regulatory and catalytic units 
(1). It would be interesting to know if auto- 
phosphorylation is a generalized phenome- 
non or limited to protein kinases from 
certain organs and/or species. We have per- 
formed experiments designed to detect the 
presence of autophosphorylation of partially 
purified protein kinase from a second type 
of bovine muscle, tracheobronchial smooth 
muscle. Our findings suggest that there is no 
autophosphorylation of either the regulatory 
or catalytic subunits of protein kinase from 
this organ. 

Materials and Methods. Partially purified 
bovine tracheobronchial smooth muscle pro- 
tein kinase was prepared by the method 
previously described (3). Phosphoprotein 
phosphatase was prepared from bovine tra- 
cheobronchial smooth muscle using the 
method described for the purification of this 
enzyme from rabbit skeletal muscle (4). The 
protein p h osp ha tase was purified through 
the DE-cellulose procedure (4). 

Proteins were resolved by electrophoresis 
on 10 % polyacrylamide gels containing 0.1 % 
SDS according to the method of Weber and 
Osborn ( 5 ) .  All gels were stained and de- 
stained by the method of Fairbanks et al. 
(6), scanned with a Gilford linear gel scanner 

'The abbreviations used are: cyclic AMP, cyclic 
adenosine 3': 5' monophosphate; SDS, sodium do- 
decyl sulfate; EGTA, ethylene glycol-bis-(p amino- 
ethyl), N,N'-tetraacetic acid; TCA, trichloroacetic 
acid. 

at  560 nm, and sliced into 1-mm thick 
pieces; incorporation of 32P was determined 
by liquid scintillation techniques. 

In order to phosphorylate calf thymus 
mixed histone (20 pg) and/or protein kinase 
(22 pg), the proteins were incubated for 30 
min at 30" in a reaction mixture containing 
the following (Buffer A); 10 m M  NaF, 2 
m M  theophylline, 3.3 m M  EGTA, 10 m M  
MgC1, 3.3 pM [32P]-ATP Containing (1000- 
2000 cpm/pmole), and, when present, cyclic 
AMP at M .  The reaction was stopped 
by the addition of SDS (final concentration 
0.13 70) and the mixture resolved on polya- 
crylamide gels. Each slice of the gel con- 
tained 69.6 rt 3.1 (SE) cpm if no protein 
kinase was added to the reaction mixture. 

For the protein phosphatase experiments 
500 pg of calf thymus mixed histone were 
phosphorylated by incubation at  30" in Buf- 
fer A containing purified protein kinase. 
After 30 min of incubation the reaction 
mixture (0.5 ml) was dialyzed overnight 
against 4 liters of 50 m M  Tris pH 7.4, 5 
m M  MnC12, 1 m M  EDTA, 10 m M  0-mer- 
captoethanol (Buffer B) at  4". Two hundred 
micrograms of this phosphorylated histone 
were then incubated in Buffer B with 75 pg 
of the protein phosphatase. After 2 hr at  
30" the reaction mixture (0.42 ml) was dia- 
lyzed overnight at  4" against 4 liters of 5 
m M  sodium glycerol phosphate pH 6.5, 10 
m M  NaF. Ninety-five micrograms of the 
dephosphorylated histone were then rephos- 
phorylated by incubation with 44 pg of 
protein kinase in Buffer A. After 30 min of 
incubation at 30" the reaction was slowed 
by chilling the tube to 4". Aliquots of the 
phosphorylated, dephosphorylated, and re- 
phosphorylated histone containing approxi- 
mately 20 pg of protein were precipitated 
with 30% TCA. The precipitate was col- 
lected on 0.45 nm Millipore filters and 
washed with 50 ml of 5 % TCA. The amount 
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of radioactivity on the filter was determined 
in a liquid scintillation spectrometer. 

The protein kinase (440 pg)  was incubated 
with 75 pg of protein phosphatase as de- 
scribed above and “rephosphorylated” (191 
pg of protein kinase) by incubation for 30 
min at 30” with 44 pg of additional protein 
kinase. The reaction was stopped by the 
addition of SDS and an aliquot resolved on 
polyacrylamide gels. 

Protein was determined by the method of 
Lowry et al. (7). y-32P ATP was purchased 
from ICN and calf thymus mixed histone 
was purchased from the Sigma Chemical Co. 

Results and Discussion. The pattern of 
staining and 32P incorporation shown in 
Fig. 1A and B clearly demonstrates that the 
enzyme studied is a cyclic AMP-dependent 
protein kinase and that the preparation is 
not significantly contaminated with either a 
protein phosphatase or kinase inhibitor. The 
identification of the protein kinase subunits 
was based on the previously published mo- 
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lecular weights (3). Figure 1C and D repre- 
sent the corresponding data for the “auto- 
phosphorylation” of the smooth muscle 
protein kinase. The predicted incorporation 
of 32P into the regulatory unit of the smooth 
muscle protein kinase is indicated in Fig. ID. 
This predicted value is based on the follow- 
ing calculation: twenty-two micrograms of 
protein were placed on each gel. If we assume 
(based on the protein staining of the gels) 
that the protein kinase is 50% pure, then in 
fact 11 pg of protein kinase were placed on 
each gel. Based on published molecular 
weights of the protein kinase subunits (3) 
we can assume that 7 pg of the 11 pg corre- 
spond to regulatory subunits. If each regula- 
tory subunit incorporated two phosphate 
groups [as reported for the bovine cardiac 
muscle protein kinase ( l ) ] ,  a total of 146 
pmoles of 32P would be incorporated. If only 
25% of the regulatory units were phos- 
phorylated, 37 pmoles of 32P or 37,000 cpm 
would be incorporated into the region of the 
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FIG. lA,  B. Resolution on polyacrylamide gels of 20 pg of calf thymus histone phosphorylated by incuba- 
tion with 22 pg of smooth muscle protein kinase in the absence (A) and presence (B) of 10-6 M cyclic AMP. 
R = regulatory subunit. C = catalytic subunit. H = histone protein. C ,  D. Resolution on polyacrylamide gels 
of 22 pg of “autophosphorylated” smooth muscle protein kinase in the absence (C) and presence (D) of 1W6 M 
cyclic AMP. R = regulatory subunit. C = catalytic subunit. 
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FIG. 2. Resolution on polyacrylamide gels of 36 pg of “rephosphorylated” smooth muscle protein kinase. 
R = regulatory subunit. C = catalytic subunit. 

regulatory unit on the gel. Figure ID dem- 
onstrates that the incorporation of 32P was 
essentially nil. The results were similar to 
that shown in Fig. 2 where the scale was not 
compressed. Even if the assumptions made 
in the above calculation were off by a factor 
of ten the predicted incorporation of 32P 
would be severalfold higher than shown in 
Fig. 2. 

I t  is possible that the smooth muscle protein 
kinase did not incorporate 32P into its regu- 
latory subunit because it was already fully 
phosphorylated. To explore this possibility, 
the smooth muscle protein kinase was incu- 
bated with phosphoprotein phosphatase pre- 
pared from bovine tracheobronchial smooth 
muscle. Erlichman et al. ( 1 )  have shown that 
this enzyme, isolated from rabbit skeletal 
muscle, is capable of dephosphorylating the 
regulatory subunit of the bovine cardiac 
muscle protein kinase. Table I shows the 
result of incubating the protein phosphatase 
with phosphorylated histone for 2 hr. Most 
of the 32P previously incorporated was re- 
moved. By incubating the dephosphorylated 
histone with the protein kinase the 32P was 
reincorporated. This series of experiments 
showed that the protein phosphatase was 
active and that the incubation and dialysis 
conditions used were sufficient to inhibit 
the actions of the phosphatase during the 
rephosphorylation procedure. 

The gel profile shown in Fig. 2 resulted 
from treating the purified protein kinase 

with the phosphoprotein phosphatase under 
similar conditions to those used to dephos- 
phorylate histone and then incubating it with 
additional protein kinase, T ~ ~ P - A T P ,  and 
cyclic AMP: essentially no 32P was incor- 
porated into either subunit of the protein 
kinase; the profile resembles that presented 
in Fig. 1D. 

The results presented here are evidence 
against the autophosphorylation of the regu- 
latory subunit of the bovine tracheobron- 
chial smooth muscle protein kinase. This 
result contrasts with the ability of the bovine 
cardiac protein kinase to phosphorylate 
itself. While the two enzymes are similar in 
many respects they differ in the size of their 
regulatory subunits. The regulatory subunit 
of the cardiac muscle kinase has been re- 
ported to be a dimer of two units with a 
molecular weight of 49,000 each (8). The 
molecular weight of the smooth muscle 
kinase has been reported to be 88,500 (3); 
at  this time there is no evidence from gel 
electrophoresis, that this subunit is itself a 
dimer. The difference in the ability of the 
enzyme to phosphorylate its own regulatory 

TABLE 1. DEPHOSPHORYLATION AND REPHOS- 
PHORYLATION OF HISTONE. 

~~~ 

Phosphorylated Dephosphory- Rephosphory- 
his tone lated histone lated histone 

cpm/pg protein 
675 6 1283 



60 SMOOTH MUSCLE 

unit may be related to these differences in the 
size and composition of the regulatory sub- 
units, and may indicate a fundamental dif- 
ference in regulation of kinase activity in 
vivo. 

Summary. The data presented in this 
report are evidence against the autophos- 
phorylation of the cyclic AMP-dependent 
protein kinase isolated from bovine tracheo- 
bronchial smooth muscle. This suggests that 
there may be a fundamental difference in the 
regulation in vivo of the protein kinases from 
bovine heart and tracheobronchial smooth 
muscle. 

This work was supported by Research Grant HL- 
14964 from the National Institutes of Health, United 
States Public Health Service. 
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