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terminal sequences of PKI (Glass et al., 1986). Nevertheless, 
Cy is distinctly  different from Ca regarding PKI peptide 
sensitivity. The  PKI insensitivity of Cy is not dependent  on 
the presence of the  mutant RI or normal RII subunit, since 
Cy histone kinase activity was not significantly inhibited 
when  tested as a free Cy subunit  after S-300 gel filtration nor 
as a CAMP-dependent Kin-8  mutant type  I holoenzyme or a 
Kin-8 type I1 holoenzyme after DEAE-Sepharose chromatog- 
raphy. It is of interest  to determine if recombinant Cy pro- 
duced in other cells or in  bacteria is also insensitive to  PKI 
and  to determine if the  PKI proteins from skeletal muscle 
and  testis inhibit Cy activity. The presence of a unique PKA 
Cy subunit and a unique PKA  inhibitor  in the  testis (Beale 
et al., 1977; Van Patten et al., 1991) suggests the possibility 
for  distinct Cy PKA-mediated roles in reproductive function. 

Other Cy properties also distinguish it from Ca.  Cy bound 
more tightly than Ca did to  the  Kin-8  mutant R  subunit, and 
full  activation of Cy required different conditions. Cy required 
micromolar concentrations of cAMP for activation  in the 
presence of histone and millimolar cAMP  concentrations  in 
the absence of histone. Preliminary data indicate that histone, 
but  not Kemptide, promotes the dissociation of Cy holoen- 
zyme.' This is, in part, responsible for the relatively poor 
phosphorylation of Kemptide by Cy. It is possible that  the 
tight binding of Cy to  mutant  Kin-8 RI subunit is primarily 
responsible for the successful expression of Cy since Cy 
expression in mouse L-cells and COS cells was of limited 
success? Unlike Ca,  Cy did not accumulate above the levels 
of endogenous R subunits in  the  Kin-8 cell as  indicated by 
low cAMP activity  ratios in crude extracts  and  the absence 
of free Cy subunit  in  DEAE-Sepharose flow-through and CM- 
Sepharose elution fractions. Furthermore, only two out of 11 
Cy clones expressed sufficient Cy activity to  warrant  further 
study, but all three Ca clones tested overexpressed free Ca 
subunit in the presence of zinc. Taken together  these data 
suggest that free Cy subunit may be unstable or rapidly turned 
over in the  intact cell. 

For all clones tested Ca expression appeared to be greater 
than Cy expression based on total protein kinase activity. 
However, full Cy expression may not occur under  present 
assay  conditions because of the  tight binding to  the  mutant 
RI subunit. Nevertheless, the induction of immunoreactive C 
subunit  and  the  return of the  mutant Kin-8 cell to  the 
rounding Y1 cell phenotype (wild type) were more readily 
elicited in the Ca2 clone than in any of the Cy clones tested. 
This suggests that Cy may bind more tightly to  the  mutant 
RI subunit  in the  intact cell. However, it is possible that some 
of the differences in Cy and C a  expression are caused by the 
expression vector constructs rather  than differences between 
the Cy and C a  proteins. The Cy expression vector contained 
more  3"untranslated sequences than  the Ca construct,  but 
we did not directly study Cy mRNA expression. Nevertheless, 
it  is clear that differences do exist between the Cy and C a  
proteins, and some of these may account  for some of the 
differences in the expression in  the Cy7 and Ca2 clones. If 
Cy does have a  distinct substrate  and protein/peptide  binding 
specificity, as suggested by differences in Cy and C a  PKI 
sensitivity, the timely phosphorylation of some functionally 
relevant substrate by a rapidly turned-over CAMP-dependent, 
Cy-mediated mechanism could provide tight control of the 
phosphorylation of some temporally important phosphopro- 
tein.  In addition, tight binding of Cy to R subunits could also 
serve to target some temporally important phosphorylation 
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event(s)  that require relatively high cAMP levels. It will  be 
important  to characterize Cy expression more fully in tissues, 
cells, and  tumors  to determine Cy substrate specificity and  to 
determine if Cy binds more tightly than C a  does to wild type 
R  subunits. 

The Cy type  I holoenzyme eluted at higher salt concentra- 
tions from DEAE-Sepharose than C a  type I holoenzyme did. 
This property and  the  tight binding of Cy to  mutant  Kin-8 
RI  subunit provided a  means to separate Cy from endogenous 
Kin-8 C subunits completely. After Western  blotting an  anti- 
C subunit antibody specifically identified C subunit  bands at 
42 kDa for purified bovine heart, 41-42 kDa in Ca2 and 
parent  Kin-8 extracts, and two bands at 41-42 kDa and 39- 
40 kDa  in Cy7 extracts. The smaller band was identified as 
Cy because when the isozymes  were separated the smaller 
band, but  not  the larger band, was observed in the CAMP- 
dependent,  PKI-insensitive  fraction. Although the smaller 
immunoreactive Cy band was identified in crude extracts as 
well as partially purified preparations, it  has  not been ruled 
out  that  it may result from proteolysis rather  than from a 
difference in the migration of the  intact Cy isozyme. The Cy 
expression vector construct  contained  a 27-base pair exten- 
sion at  the 5' end of the Cy cDNA, which potentially codes 
for 9  additional  amino-terminal residues (Beebe et al., 1990). 
Therefore, Cy could be expected to be larger than Ca. How- 
ever, the  translation  start site for Cy has  not been identified 
specifically, and  it is not known if these residues are part of 
the recombinant Cy protein.  Phosphorylation is known to 
slow the migration of some proteins, including the RII  subunit 
(Robinson-Steiner et al., 1984), so the 39-40-kDa Cy band 
could result from a dephosphorylated enzyme, but  the pres- 
ence or absence of Cy autophosphorylation  has not been 
studied, and  the effect of autophosphorylation on C subunit 
migration after SDS-polyacrylamide gel electrophoresis is not 
clear presently. 

Cy binds to both the  Kin-8  mutant RI subunit and  the 
apparently  normal  RII  subunit since two peaks of CAMP- 
dependent,  PKI-insensitive  histone  kinase activity were sep- 
arated by DEAE-Sepharose chromatography. Most of the Cy 
activity was associated with type I, but in all experiments 
more type I1 holoenzyme was found in the Cy7 clone than in 
either the  Kin-8  parent or the Ca2 clone. In  contrast  to Cy 
expression in  Kin-8 cells, expression of Ca and CP in 3T3 
fibroblasts and AtT-20 cells resulted in elevated levels of RI 
subunit but not  RII subunit  (Uhler and McKnight, 1987). 
These  data suggest that in  spite of the  tight association of Cy 
with mutant  Kin-8 RI  subunit, Cy may more readily associate 
with RII  subunit than Ca does. Further studies  are  in progress 
to confirm these findings and  to determine if Cy induces and/ 
or binds to  RIIa  and/or RIIP. 

The expression of the Cy isozyme of PKA, as well as Ca 
(Clegg et al., 1989),  in the Y1 adrenal  Kin-8 mutant restores 
the normal, CAMP-induced rounding phenotype to  the  mutant 
cell and results in  the morphology changes that are caused by 
CAMP  and PKA. This suggests that Cy is an active phospho- 
transferase in the  intact cell as predicted by the deduced 
amino acid sequence, which contains highly conserved motifs 
that  are common to serine/threonine kinases (Hanks  and 
Quinn, 1991). This was not necessarily expected since, unlike 
ca expression, Cy expression results  in  tight binding to 
mutant RI and does not appear to produce an excess of free 
C subunit. However, if the rounding response is like many 
other cAMP effects, very low levels of PKA  activation  are 
sufficient to induce the response. Like the C a  clones, Cy 
clones contained higher levels of total PKA activity, which 
could shift the cAMP activation equilibrium to  the right, and 
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the enzyme  may be more readily activated. Alternatively, 
higher kinase levels  could induce the expression or  formation 
of  wild type I or type I1 holoenzymes, which are activated 
more readily than  the  mutant type I holoenzyme. This is not 
unreasonable since the Cy7 clone appeared to express higher 
levels of the type I1 holoenzyme than Kin-8 did. 

It is most likely that Cy subunit is responsible for the 
rounding phenotype. First zinc induced the rounding pheno- 
type in the Cy clone in  a  concentration-dependent  manner. 
PKI-insensitive activity generally accounted for 65-85% of 
the PKA activity in Cy7, and in some experiments Cy7 
essentially replaced or diminished endogenous Kin-8 C sub- 
units. Since type I1 PKA activity was primarily PKI-insensi- 
tive, had a low cAMP activation constant,  and was elevated 
in  the Cy7 clone compared with Kin-8, it  is quite possible 
that  the zinc-CAMP-induced rounding response in  the Cy7 
clone was caused by Cy activation from type I1 PKA. Never- 
theless, since Cy binds more tightly to mutant  RI  subunit, a t  
present  it  cannot be ruled out  totally that endogenous C 
subunits  are displaced to wild type RI  subunit  and  they 
mediate the rounding response in  the Cy7 clone.  However, no 
data are available to indicate that wild type RI subunit  or 
wild type I holoenzyme is elevated, especially in the presence 
of mutant RI subunit. In fact, expression of mutant  RI subunit 
has been shown to reduce and replace endogenous R  subunits 
in several cell types (Clegg et al., 1987). 

In summary, transfection of Kin-8  adrenal cells with a Cy 
expression vector results in the expression of a unique Cy 
subunit of PKA that  is CAMP-dependent when associated 
with  a  mutant RI or normal RII  subunit  and  appears to 
bypass the RI subunit  mutation  in the Kin-8 cell restoring 
the cell to  the wild phenotype, at least in  part. However, in 
contrast to Ca and Cp,  Cy it not inhibited by the  PKI peptide. 
The presence of a PKA that is insensitive to this  inhibitor 
has not been reported previously. The  PKI has been a valuable 
tool for PKA analysis, but  the  data presented here indicate 
that some cautions may be required when utilizing PKI  as a 
PKA diagnostic. Although Cy mRNA has been detected only 
in human testis,  a thorough analysis of human ovary, human 
brain,  and tissues from other species has  not been conducted. 
The Cy subunit functions as  a  PKA  phosphotransferase in 
vitro and in intact cells but may have a unique substrate 
specificity and different recognition determinants than C a  or 
Cp. The potential for a unique role for C r  in cAMP signal 
transduction requires further study. 
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