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ABSTRACT The effect of in vivo administration of ste-
roid hormones on the endogenous phosphorylation of indi-
vidual proteins in cell sap from several target tissues has
been studied using the technique of discontinuous sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The hor-
mones studied (and their respective target organs) were: 17#-
estradiol [1,3,5(10)estratriene-3, 17#-diol] (uterus); testoster-
one (17#-hydroxy4androsten-3-one) (ventral prostate and
seminal vesicle); cortisol (11#,17a, 21-trihydroxy4pregnene-
3,2-dione) (liver); aldosterone (the 18,11-hemiacetal of
11,,21-dihydroxy-3,20-dioxo4-pregnen-18-al) (toad bladder).
In each of the five target organs studied, pretreatment with
the appropriate hormone reduced the amount of 32P incorpo-
rated from ['Y-32PJATP into an apparently common protein
band present in the cytosol fraction. The endogenous phos-
phorylation and dephosphorylation of this protein was also
regulated by cAMP. This protein, designated SCARP (steroid
and cyclic adenosine 3':5' monophosphate regulated phos-
phoprotein), was estimated to have an apparent molecular
weight of 54,000 in the gel electrophoresis system used. The
effect of the steroid hormones in decreasing the phosphoryl-
ation of SCARP was specific for their respective target
tissues. The effect of 17#-estradiol and of testosterone on
SCARP could be observed as early as two hours after a single
dose of the steroid. A protein synthesis inhibitor, cyclohexi-
mide, abolished the effect of the steroid hormones, but not
that of cAMP, on the endogenous phosphorylation of SCARP.
The results suggest that steroid hormones regulate either the
amount of SCARP or its ability to become phosphorylated.
This regulation of a single species of protein by several types
of steroid hormones in different target organs raises the pos-
sibility that this common biochemical action may be a com-
ponent of the mechanism by which these steroids achieve
some of their biological effects.

Antidiuretic hormone (vasopressin), cyclic adenosine 3':5'-
monophosphate (cAMP) and its derivatives, and aldosterone
(the 18,11-hemiacetal of 11f3,21-dihydroxy-3,20-dioxo-4-
pregnen-18-al) each cause an increase in the sodium perme-
ability of toad bladder epithelium (1-3) and also cause a de-
crease in the level of phosphorylation of a specific protein in
this tissue (4-7). A variety of evidence (4-7) suggests that the
actions of antidiuretic hormone, cAMP, and aldosterone on
sodium permeability may be related to their actions on pro-
tein phosphorylation. The possible involvement of protein
phosphorylation in the physiological action of aldosterone
led us to examine other steroid hormones for effects on phos-
phorylation of specific proteins in their respective target
tissues.

METHODS
Preparation of Animals. Charles River rats weighing

150-250 g were used. Females were bilaterally ovariecto-

mized via the dorsal route, and males were bilaterally cas-
trated via the scrotal route under pentobarbital anesthesia
(40 mg per kg, i.p.). Steroids were administered as solutions
in 1 nil of sesame oil. Control animals received sesame oil
only. In experiments in which the effect of a single dose of
estrogen or androgen was studied, females were ovariecto-
mized 1 week and males were castrated 3 days before sacri-
fice; 17f3-estradiol [1,3,5(10)-estratriene-3,17fdiol] (20 ,Ig
per rat) was administered i.p. to females and testosterone ac-
etate [17f-hydroxy-4-androsten-3-one] (2 mg per rat) was
administered i.p. to males 2 hr before sacrifice [the higher
dose of testosterone acetate than of 17f3-estradiol is based on
the difference in potency of these two steroids (8)]. In exper-
iments in which the effect of chronic steroid treatment was
studied, animals were given 20,ug of 17,B-estradiol or 2 mg
of testosterone acetate at 0, 25, and 50 hr after surgery, and
were sacrificed 2 hr after the third injection. Cycloheximide,
when used, was injected i.p. (300 tig, dissolved in 0.5 ml of
0.9% NaCl solution) 30 min prior to each administration of
steroid. Adrenalectomized male rats, obtained from Charles
River, were sacrificed 5 days after surgery; half of these rats
were given hydrocortisone 21-sodium sdccinate (cortisol suc-
cinate; 113,17a,21-trihydroxy-4-pregnene-3,20-dione 21-
succinate) (10 mg per rat) in 1 ml of 0.9% NaCl at 24, 22, 19,
15, and 2 hr prior to sacrifice.

Animals were killed by cervical dislocation. The uterus,
ventral prostate, and seminal vesicle were quickly removed,
cleaned of secretions, dissected free of adhering fat and con-
nective tissue, and placed in a solution of 0.32 M sucrose-10
mM Tris-HCI, pH 7.5 (sucrose-Tris medium), at 00. Livers
were perfused with 20 ml of sucrose-Tris medium in situ,
then quickly removed and placed in sucrose-Tris medium.

Preparation of Cytosol Fractions. All procedures were
carried out at 4°. Tissues from five to six animals were
pooled, weighed, and chopped thoroughly with a McIlwain
tissue chopper (200-,um setting). The resulting pieces were
suspended in 5-10 volumes of sucrose-Tris medium and ho-
mogenized at 2000 rpm with a glass-Teflon homogenizer.
The homogenate was centrifuged at 11,500 X g for 10 min,
and the precipitate was washed once and recentrifuged. The
combined supernatants were filtered through cheese cloth
and centrifuged at 100,000 X g for 60 min. The 100,000 X g
supernatant was used as the cell sap. Protein was determined
by the method of Lowry et al. (9) with bovine serum albu-
min as standard, prior to carrying out the phosphorylation
assay.

Standard Assay. The standard reaction mixture used for
studying endogenous protein phosphorylation contained 50
mM 2-(N-morpholino)ethanesulfonic acid (Mes) (pH 6.2), 5
mM ZnCl2, 2-4 ,uM [ y-32P]ATP [specific activity 10-20 Ci/
mmol, prepared by the method of Post and Sen (10)], and
200,jg of cytosol protein, with or without 10,uM cAMP, in a
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Abbreviations: cAMP, cyclic adenosine 3':5'-monophosphate;
SCARP, steroid and cyclic adenosine 3':5'-monophosphate regulat-
ed phosphoprotein; NaDodSO4, sodium dodecyl sulfate; Mr, molec-
ular weight.
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final volume of 100 Ml. The phosphorylation reaction was in-
itiated by the addition of ['y-32P]ATP, and was carried out at
300 for 1 min in a Dubnoff metabolic shaker. The reaction
was terminated by the addition of 20 Al of a sodium dodecyl
sulfate (NaDodSO4)-containing stop solution and heating at
1000 as described previously (6).

In preliminary experiments it was found that the dephos-
phorylation, but not the phosphorylation, of the protein of
interest was abolished in the presence of 5 mM Zn++, in sub-
cellular fractions from both steroid-treated and untreated
animals, in agreement with earlier studies on normal tissues
(11, 12). Therefore, the standard assay system for studying
the effects of steroid hormones and of cAMP on endogenous
protein phosphorylation included 5 mM ZnCl2, since any ef-
fects observed in the presence of this metal ion are not at-
tributable to actions on protein phosphatase. Where speci-
fied, assays were carried out in the presence of 10 mM
MgCl2 rather than 5 mM ZnCl2. The absolute level of phos-
phorylation was greater in the presence of Mg++ than in the
presence of Zn++. However, in the presence of Mg++, both
protein kinase and protein phosphatase activity were
present, complicating the interpretation of results.

Gel Electrophoresis and Autoradiography. Following
termination of the phosphorylation reaction, the entire sam-
ple was subject to polyacrylamide gel electrophoresis and
autoradiography in order to determine the amount of phos-
phate incorporated into individual protein bands. The stan-
dard NaDodSO4 polyacrylamide gel electrophoresis system
used was the discontinuous, high pH system of Maizel (13)
with modifications (14). Gels, prepared from a stock solution
of 30% acrylamide-0.8% N,N'-bismethylene acrylamide,
were polymerized chemically in the presence of 0.05% (vol/
vol) N,N,N',N'-tetraethylmethylenediamine and 0.01% am-
monium persulfate. The separation gel contained 0,375 M
Tris (pH 8.9), 0.1% NaDodSO4, and 10% acrylamide in
0.125 M sucrose, and the slabs were 1.6 mm thick and 16 cm
in length. [In a few experiments, the results were confirmed
using a gradient gel system in which the separation gel con-
tained 0.375 M Tris (pH 8.9), 0.1% NaDodSO4, and a linear
gradient prepared from 5% acrylamide-0. 125 M sucrose and
15% acrylamide-0.5 M sucrose, and the slabs were 1.1 mm
thick and 20 cm in length. ] The stacking gel (4-5 cm length)
contained 0.06 M Tris (pH 6.7), 0.1% NaDodSO4, and 3%
acrylamide, and was polymerized in the presence of 0.05%
N,N,N',N'-tetraethylmethylenediamine-0. 1% ammonium
persulfate. The electrode buffer contained 0.05 M Tris (pH
8.6), 0.192 M glycine, and 0.1% NaDodSO4. Electrophoresis
was carried out at a total current of 50 mA until the tracking
dye pyronin Y reached the bottom of the gel.

After electrophoresis, the slab gels were stained for pro-
tein with 0.025% Coomassie blue, destained, and dried, and
autoradiography was carried out as described previously
(15). Autoradiographs were scanned with a Canalco G-II mi-
crodensitometer and the peak heights of the optical density
tracings were used as a quantitative measure of the incorpo-
ration of 32P into individual protein bands. All results are
representative of at least three separate experiments.

RESULTS

Effect of Acute Pretreatment with Steroid Hormone on
Phosphorylation of Cytosol Proteins. When the cytosol
fraction of rat uterus was incubated in the presence of ['y-
32P]ATP for 1 min, a major radioactive band seen on autora-
diographs was a protein with an apparent molecular weight
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FIG. 1. Time course of endogenous phosphorylation of SCARP
present in the cytosol fraction from uterus of normal rats, ovariec-
tomized rats, and ovariectomized rats treated 2 hr prior to sacrifice
with a single dose of 17,B-estradiol. The cytosol preparations were
incubated at 300 with [y-32PJATP for the indicated times in the
absence or presence of 10 ,uM cAMP in the standard reaction mix-
ture. Cytosol fraction prepared from uterus of normal rats (0.),
ovariectomized rats (x) or ovariectomized rats treated with 17j3-
estradiol (A) was incubated in the absence (broken lines) or pres-
ence (solid lines) of cAMP. The scale of arbitrary units used was
the same under all conditions.

of 54,000, designated SCARP for reasons discussed below. In
a typical experiment, after 1 min of phosphorylation under
standard conditions, the amount of 32P incorporated into
SCARP in the cytosol fractions of uterus (and of ventral
prostate and seminal vesicle) was approximately 1000-2000
cpm per gel slot. The effect of ovariectomy and of acute es-
trogen pretreatment on the incorporation of 32p from [y-
32P]ATP into SCARP in the cytosol fraction of rat uterus is
shown as a function of incubation time in Fig. 1. Under stan-
-dard assay conditions, [32P]phosphate in SCARP reached a
maximum level within 30 sec of incubation and remained at
that level for incubation periods up to 2 mmn. Ovariectomy
caused an increase in the maximal level of phosphorylated
SCARP, and this effect was partially reversed by treatment,
2 hr prior to sacrifice, with a single 20 ,ug dose of 17fl-estra-
diol. The effects of ovariectomy and 17f3-estradiol treatment
were observed whether the assays were carried out in the
absence or in the presence of 10,MM cAMP. In addition,
cAMP caused a substantial reduction in the extent of phos-
phate incorporation into SCARP.

Effects of castration, of acute pretreatment with testoster-
one acetate, and of incubation with cAMP, qualitatively
similar to those shown in Fig. 1, were observed on SCARP
phosphorylation in cytosol fractions from ventral prostate
and seminal vesicle of male rats. However, the magnitude of
the effect of testosterone (also given 2 hr prior to sacrifice)
was smaller than that o~f 17f3-estradiol.
The effect of cAMP, but not that of steroid administra-

tion, on SCARP phosphorylation was dependent on the na-
ture of the cation present in the reaction mixture. Thus,
cAMP caused an inhibition of SCARP phosphorylation in
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FIG. 2. Autoradiograph illustrating endogenous phosphoryl-
ation of cytosol proteins from uterus of ovariectomized rats
(OVEX) and ovariectomized rats treated 2 hr prior to sacrifice
with a single dose of 17fl-estradiol (OVEX + ESTR). The cytosol
preparations were incubated at 300 for 1 min with [y-32P]ATP in
the absence or presence of 10 gM cAMP, in the standard reaction
mixture except that 10 mM MgC12 was used instead of 5 mM
ZnCl2. The arrows identify the position on the gel of phosphorylat-
ed SCARP. Mr is molecular weight.

the presence of Zn++ (Fig. 1), whereas it caused a stimula-
tion of SCARP phosphorylation in the presence of Mg++
(Fig. 2), under otherwise standard assay conditions, in agree-
ment with previous observations on various mammalian
tissues (12). In contrast, pretreatment with 17fl-estradiol
caused a decrease in SCARP phosphorylation when assays

were carried out in the presence of either Zn++ (Fig. 1) or

Mg++ (Fig. 2), in the absence or presence of 10 ,gM cAMP.
Effect of Chronic Pretreatment with Steroid Hormone

on Phosphorylation of Cytosol Proteins. The effect of
chronic administration of 17/3-estradiol, testosterone acetate,
or hydrocortisone 21-sodium succinate on the incorporation
of 32p from [y-32P]ATP into cytosol proteins from four tar-
get tissues is shown in Fig. 3. In every instance, steroid pre-
treatment caused a decrease in SCARP phosphorylation in
the absence or presence of cAMP. Moreover, cAMP inhibit-
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FIG. 3. Autoradiograph illustrating effect of chronic steroid
pretreatment on the endogenous phosphorylation of cytosol pro-
teins from four different rat tissues. The effect of 17fl-estradiol on

uterus of ovariectomized rats, of testosterone on ventral prostate
(V. Pros.) and seminal vesicle (Sem. Ves.) of castrated rats, and of
hydrocortisone on liver of adrenalectomized male rats was studied
as described under Methods. The cytosol preparations were incu-
bated at 300 for 1 min with [L-32P]ATP in the absence or presence
of 10 giM cAMP in the standard reaction mixture. The arrows

identify the position on the gel of phosphorylated SCARP.
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FIG. 4. Effect of chronic steroid pretreatment on the endoge-
nous phosphorylation of SCARP present in the cytosol fraction of
various rat tissues. The effect of 17fl-estradiol on uterus (A) of
ovariectomized rats, and of testosterone acetate on ventral pros-

tate (B), seminal vesicle (C), and liver (D) of castrated rats was

studied as described under Methods. Cytosol fractions prepared
from tissues of untreated (X) or steroid-treated (ti) rats were incu-

bated at 300 for the indicated times in the absence (broken lines)
or presence (solid lines) of 10 gM cAMP in the standard reaction
mixture. The scale of arbitrary units used was the same under all
conditions for a given tissue. The data represent mean i SEM for
three separate determinations.

ed SCARP phosphorylation in cytosol fractions prepared ei-
ther from steroid-treated or nontreated animals. The effects
of chronic treatment with steroid hormone were qualitative-
ly similar to, but greater in magnitude than, those obtained
upon acute steroid administration: the effect of ovariectomy,
of castration, and of adrenalectomy on SCARP phosphoryl-
ation could be completely reversed by the chronic adminis-
tration of 17f-estradiol, testosterone, and hydrocortisone, re-

spectively (data not shown), in contrast to the partial rever-

sal in the acute steroid experiments.
The effect of chronic pretreatment with 17f3-estradiol or

with testosterone on SCARP phosphorylation in cytosol frac-
tions from uterus, ventral prostate, and seminal vesicle was

studied as a function of incubation time. In these time-
course experiments, liver was used as a control tissue to
study the specificity of the effect of 173-estradiol and testos-
terone. Under the standard assay conditions, maximal phos-
phorylation of SCARP in the cytosol fraction of all four
tissues was achieved within 30 sec after initiation of the
phosphorylation reaction (Fig. 4). In each case, steroid pre-
treatment caused a significant reduction in the level of
SCARP phosphorylation in the target tissues at all incubation
times studied, both in the absence and presence of cAMP. In
contrast to these effects of 17fl-estradiol and testosterone
(Fig. 3; Fig. 4A, B, and C), and the action of hydrocortisone
on SCARP phosphorylation in liver cytosol (Fig. 3; A. Liu, J.
Sporn, and P. Greengard, manuscript in preparation), nei-
ther testosterone (Fig. 4D) nor 1703-estradiol pretreatment
affected SCARP phosphorylation in the cytosol fraction
from liver, nor did hydrocortisone pretreatment affect
SCARP phosphorylation in the cytosol fraction of seminal
vesicle. In addition, none of those three steroids affected the
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Table 1. Blockade by cycloheximide of steroid-induced
decrease in amount of phosphorylated SCARP in various

rat tissues

cAMP

Steroid Steroid
_ + _ +

[32P ] phosphate incorporated, %

Uterus
-Cycloheximide 100 58 50 29
+Cycloheximide 100 97 53 49

Prostate
-Cycloheximide 100 64 24 17
+Cycloheximide 112 99 29 28

Seminal vesicle
-Cycloheximide 100 55 41 22
+Cycloheximide 86 78 31 32

The effect of 17f-estradiol on uterus of ovariectomized rats and of
testosterone acetate on ventral prostate and seminal vesicle of cas-
trated rats was studied as described under Methods. Cytosol frac-
tions were incubated at 300 for 1 min with [y-32P]ATP in the ab-
sence or presence of 10 qM cAMP in the standard reaction mix-
ture. The scale of arbitrary units used was the same under all con-
ditions for a given tissue.

phosphorylation of a similar species of protein present in the
cytosol fraction of heart that is also regulated by cAMP.

In some experiments, the effects of chronic steroid admin-
istration and of cAMP were studied in the presence of
MgCl2, rather than ZnC12, using cytosol fractions from uter-
us, ventral prostate, seminal vesicle, and liver. For all four
tissues, the results obtained in the presence of this cation
were qualitatively similar to those observed in the acute ex-
periments with uterus (Fig. 2), i.e., administration of the ap-
propriate steroid hormone decreased, whereas cAMP in-
creased, SCARP phosphorylation.
SCARP was the only protein band whose phosphorylation

was found to be altered by the appropriate steroid in each of
the four mammalian target tissues studied. In addition to
this common effect on SCARP, certain other bands present
in only one target tissue, or common to two or three of the
four target tissues, were also affected by the appropriate ste-
roid. Steroid pretreatment caused increased phosphorylation
of some of these bands and decreased phosphorylation of
others. However, the total amount of 32p incorporated into
cytosol protein, as measured by trichloroacetic acid precipi-
tation, was not significantly affected by steroid pretreat-
ment.

In some experiments, phosphorylated cytosol samples
from uterus, ventral prostate, seminal vesicle, and liver of
steroid-treated and untreated animals were incubated with
Pronase (0.2 mg per ml, 15 min at room temperature) before
the standard procedures of electrophoresis and autoradiogra-
phy were performed. When this was done, neither protein-
staining bands nor radioactive bands were observed in the
gels, whereas ribonuclease treatment (0.2 mg per ml, 15 min
at room temperature) had no effect. These results indicate
that the radioactive bands studied, including SCARP, repre-
sent phosphoproteins on the gels.
The effects of 17,B-estradiol and testosterone in lowering

SCARP phosphorylation cannot be ascribed to a steroid-in-
duced alteration in ATPase activity or ATP level in the cyto-
sol (manuscript in preparation).

Ability of Cycloheximide to Abolish the Effect of Ste-
roid Hormones on the Incorporation of 32P into SCARP.
Steroid hormones appear to exert many of their effects
through control of the synthesis of RNA and protein in their
target organs (16). In the present study, cycloheximide, a
protein synthesis inhibitor, was found to abolish the inhibito-
ry effect of 17f,-estradiol and of testosterone on the incorpo-
ration of 32P into SCARP in the cytosol fractions of uterus,
ventral prostate and seminal vesicle, both in the absence and
presence of 10 gM cAMP (Table 1). In contrast, cyclohexi-
mide did not alter the inhibitory effect of cAMP on SCARP
phosphorylation. In accordance with the idea that protein
synthesis is required for the effect of the steroids on SCARP
phosphorylation, addition of 17f-estradiol, testosterone, or
hydrocortisone to the standard reaction mixture did not af-
fect SCARP phosphorylation.

DISCUSSION

The protein whose phosphorylation was markedly affected
by cAMP and by steroid pretreatment, in all target tissues
studied, had an apparent molecular weight (Mr) of 54,000 in
the discontinuous pH gel electrophoresis system employed in
the present experiments. In some experiments, for compara-
tive purposes, the NaDodSO4-polyacrylamide gel system de-
scribed by Fairbanks et al. (17) was also employed, and gave
an apparent Mr of 49,000 for this protein (data not shown).
A protein with the same electrophoretic mobility in the sys-
tem of Fairbanks et al., whose endogenous phosphorylation
and dephosphorylation were affected by cAMP, was found
in both the soluble and microsomal fractions from each of 15
vertebrate tissues examined (12). In both the previous (12)
and present studies, in all of the tissues examined, this phos-
phoprotein contained a substantial proportion of the ra-
dioactive phosphate observed on NaDodSO4-polyacrylamide
gels. cAMP inhibited the endogenous phosphorylation of this
protein when assays were carried out in the presence of
Zn and cAMP stimulated the endogenous phosphoryl-
ation of this protein when assays were carried out in the
presence of Mg++. Moreover, in both the previous investiga-
tion (12) and in the present study (data not shown), the de-
phosphorylation of this protein by an endogenous protein
phosphatase was markedly stimulated by cAMP in the cyto-
sol and microsomal fractions of all tissues studied. Although
the higher resolution gel electrophoresis system used in most
experiments of the present study gave an apparent molecu-
lar weight for this protein different than the one given by
the Fairbanks system used previously, it is clear that the
same species of protein was examined in both studies. The
fact that the apparent Mr of this protein depends upon the
gel electrophoresis system used makes it no longer appropri-
ate to use a terminology (12) for this protein based upon its
apparent Mr. Until more is established about the molecular
properties and functional significance of this protein, we
propose to refer to it by the acronym SCARP, representing
"steroid and cyclic adenosine 3':5'-monophosphate regulat-
ed phosphoprotein."

Antidiuretic hormone, monobutyryl cAMP, and aldoste-
rone, applied to intact cell preparations of toad bladder epi-
thelial tissue, and cAMP, applied to subcellular fractions of
this tissue, each caused a decrease in the level of phosphoryl-
ation of a protein with the characteristics of SCARP (4-7).
Interestingly, in this amphibian tissue aldosterone caused
only a slight (10%) but consistent decrease in SCARP phos-
phorylation and a several-fold increase in rate of SCARP de-
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phosphorylation, in contrast to the marked decrease in
SCARP phosphorylation observed in mammalian tissues in
the present study in response to steroid hormones. The ef-
fects of aldosterone pretreatment and of cAMP on SCARP
phosphorylation and dephosphorylation in toad bladder
were confirmed in the present study (unpublished observa-
tions), using the discontinuous pH NaDodSO4-polyacryla-
mide gel electrophoresis system. Thus, it is clear that steroids
can decrease the level of phosphorylated SCARP via either
of two phenomenologically distinct mechanisms, i.e., a de-
crease in phosphorylation or an increase in dephospho-
rylation. It was not possible in the present study to evaluate
accurately the effect of steroid pretreatment on SCARP de-
phosphorylation in mammalian target tissues because of the
large difference in level of phosphorylated SCARP in ste-
roid-treated versus control tissues.
The mechanism(s) by which steroid hormones affect

SCARP metabolism is not yet known. One fact which must
be taken into account is that ovariectomy, castration, and
steroid pretreatment affect the final level of phosphoryl-
ation of SCARP, even under conditions in which protein
phosphatase activity is abolished (Figs. 1 and 4). These re-
sults suggest that steroid hormones regulate either the
amount of SCARP or its ability to become phosphorylated.
Certain considerations discussed elsewhere (12) suggest that
SCARP may be the regulatory subunit of a cAMP-depen-
dent protein kinase and that it may undergo autophospho-
rylation catalyzed by the catalytic subunit of the enzyme.
[Such an autophosphorylation reaction has been shown for
purified protein kinase from heart (18) and brain (19).] In
view of this possibility, it would seem important to deter-
mine whether administration of steroid hormones might
lead to an alteration in the regulatory subunit and/or cata-
lytic subunit of the kinase, or whether it might have some
other effect on the interaction between the two subunits. It
is important to emphasize that the steroid hormones also af-
fect the phosphorylation of protein bands other than SCARP
in various target tissues. It would be of interest to elucidate
the mechanism by which the steroids exert their effects on
those other phosphoproteins, and to study the possible physi-
ological significance of these effects.
cAMP (and presumably those hormones that work

through cAMP) is able to regulate the phosphorylation and
dephosphorylation of SCARP (ref. 12, present results). The
effect of cAMP on SCARP phosphorylation in the presence
of Mg++ can be either stimulatory or inhibitory, depending
on a variety of experimental conditions (12, 20). It now ap-
pears that steroid hormones are also capable of regulating
the SCARP system. These combined results suggest the pos-
sibility of a widespread and significant role for the SCARP
kinase/SCARP/SCARP phosphatase system in biological
regulation. It would be premature to speculate in detail
about whether the SCARP system is a direct link in the pri-
mary chain of molecular events by which steroids elicit their

biological effects, or whether this system is involved, instead,
in some secondary role in the target tissue, such as regulation
of metabolic rate or feedback control of steroid hormone ac-
tion. However, the possibility should at least be mentioned
that the well-documented synergism (21, 22) between the
biological actions of the steroid hormones and the biological
actions of those hormones whose effects are mediated
through cAMP may be related to their common action on
the SCARP system.

This work was supported by U.S. Public Health Service Grants
NS-08440 and MH-17387.
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