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SUMMARY

INTRODUCTION

Treatmentof Mice. Animalswere kept in a roomwith an
artificial rhythm of dark and light periods (dark from 4 a.m.
to 4 p.m.). The back skin oftheanimalswas shaved, and the
animals used for experimentation were that which did not
show a regrowth of hair over 7 days. Shaved areas of mdi
vidual mice were treated with croton oil [0.2 ml of a 0.5% (v/
v) solution in acetone] or with TPA (17 nmoles in 0.2 ml
acetone); control animals were treated with 0.2 ml acetone.

Preparationof EpidermalExtracts.Solubleextractsfor

assay of protein kinase activity were prepared as described
A number of recent publications have described changes
before (24) but in 10 m@iN-2-hydroxyethylpiperazine-N'-2in epidermal cyclic nucleotide metabolism following the
ethanesulfonic acid buffer (pH 7.45) containing 5 mrvi 2treatment of mouse skin with carcinogens or tumor pro
mercaptoethanol. Extracts for the assay of ornithine decar
moters (4, 16, 17, 23-25). Alterations are observed both in boxylase activity were prepared in 50 mM sodium phosphate
the hormone responsiveness of epidermal adenylate cy
(pH 7.2)-O.1 mM pyridoxal phosphate-O.1 mM EDTA.
clase and in the basal levels of cyclic AMP.2 Interpretation of
Experiments were also carried out to determine the effect
such data requires information on possible changes in of TPA on the soluble protein and DNA content of defined
cyclic
AMP-stimulatedprotein
kinases(22).
Ithas previously
areas of skin. Skin was pinned on a cork board (epidermis
been shown that the epidermis from a number of animal
down), and acircleoftissuewascutwith
a punch (17.@mm
species contains cyclic AMP-dependent protein kinase ac
in diameter; 2.4 sq cm). The epidermis was separated from
tivity (7-10, 13). As part of a continuing program to charac
the dermis by brief heat treatment (12). Epidermis so ob
terize the molecular changes occurring during epidermal
tamed from 2 mice was homogenized in 1.5 ml of the above
carcinogenesis, the effect of tumor promoters on the activ
described buffer. An aliquot (1 ml) was removed to cold 10%
ity of epidermal protein kinases has been studied and the
(w/v) trichloroacetic acid (1 ml) for the determination of
results are presented in this paper.
DNA (17); the remainder was centrifuged at 100,000 x g (20
mm) to give a soluble extract.
Protein was measured by the method of Lowry et al. (11).
MATERIALS AND METHODS

Assay of Protein Kinase Activities. Assayscontained
Materials. Female Swissalbino mice were used at ap
proximately 3 months of age.
Whole calf thymus histone (Type 2A) and croton oil were
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5 @molesN-2-hydroxyethylpiperazine-N â€˜-2-ethanesulfonic
acid buffer (pH 7.45), 1 @moleof MgCI2, 4.7 to 5.1 nmoles
[y-32P]ATP (specific activity greater than 0.06 mCi/j@moIe),
0.1 mg histone or 0.33 mg casein, and epidermal extract (5
to25 /.Lg
protein)
ina final
volume of 100 @I.
Where appro
priate, assays included 0.2 nmole cyclic AMP and/or 25 @g
of rabbitmuscle proteinkinaseinhibitor.
Assayswere car
ned out for 15 mm at 37Â°.Reactions were terminated and
incorporation of 32P into protein was measured as de
scribed before (14).
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Cyclic adenosine 3':5'-monophosphate (cyclic AMP)-de
pendent and -independent protein kinases were detected
and partially characterized in soluble extracts from mouse
epidermis. Cyclic AMP-dependent histone kinase activity
was separated from cyclic AMP-independent casein kinase
activity by DEAE-Sephadex chromatography. The applica
tion of the tumor promoters croton oil or 12-O-tetradeca
noyl-phorbol-13-acetate to mouse skin caused a rapid in
crease in the soluble protein extractable from the epidermis
resulting in a decrease in the specific activity of both
classes of protein kinase when expressed on a protein
basis. No change in the activities of either the cyclic AMP
dependent or -independent enzymes was observed when
expressed relative to the DNA content.

obtained from the Sigma Chemical Co. , St. Louis, Mo. , and
TPA was from Cambrian Chemicals, Croydon, England. DL
[1-'4C]Ornithine (specific activity, 61 mCi/mole) and [83H]cyclic AMP (specific activity, 27 Ci/mole) were obtained
from the Radiochemical Centre, Amersham, England. [â€˜y
32P]ATPwas prepared as described by Glynn and Chappell
(3).
The heat-stable inhibitor of cyclic AMP-dependent protein
kinases was prepared from rabbit muscle as described be
fore (26).

Mouse Epiderma! Protein Kinases

Assay of OrnithineDecarboxylase.Assayswere carried heat-stable inhibitor; the difference between the 2 values is
out as described by O'Brien eta!. (19) but contained 0.2 @Ci referred to as cyclic AMP-dependent protein kinase activity.
of labeled ornithine. incubations were continued for 30 mm
Separate experiments established that the concentration of
at 37Â°.
protein kinase inhibitor used resulted in maximum inhibi
tion of histone phosphorylation. However, the phosphoryla
tion of casein was insensitive to both cyclic AMP (2 x 106
RESULTS

M) and to the protein

kinase

inhibitor,

suggesting

that

as

Chart 1. DEAE-Sephadex chromatography of epidermal extracts.
Extract (6.8 mg protein) was fractionated on a column (1.7 x 9 cm) as
described before (6). Fractions (1.3 ml) were collected and every 3rd
fraction was assayed for protein kinase activity as described in â€œMate
rials and Methodsâ€•with histone ( 0) or casein (5) as a substrate.
Assays with histone contained 2 x 10@ M cyclic AMP.
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says with this substrate measured the separate cyclic AMP
General Characteristicsof EpidermalProtein Klnases. independent kinase activity identified in Chart 1. The speci
ficity was not complete, however, as a residual kinase activ
Although most ofthe studies to be reported used crude cell
ity with histone remained in the presence of an excess of the
free extracts from epidermis (see below), preliminary exper
proteinkinaseinhibitor.
iments were carried out to characterize the kinases present.
Consequently, it is felt that assays of crude extracts car
Fractionation of extracts by DEAE-Sephadex chromatogra
ned out as described with casein and histone primarily
phy (Chart 1) resulted in the elution of 2 peaks of activity
which catalyzed the phosphorylation of histone. These 2 detect different molecular species of protein kinase.
Protein kinase activity in crude epidermal extracts mea
peaks could be resolved more distinctly when assays of
each fraction were carried out (data not shown). The his
sured with either casein or histone as a substrate was linear
tone kinase activities were followed by a more diffuse peak
with increasing concentrations of protein (up to 30 @g/
of casein kinase activity. Both histone kinase activities were
assay) and with time of incubation (up to 30 mm). Routinely,
strongly inhibited by the inclusion of the rabbit muscle
assays were carried out for 15 mm and contained less than
of protein. The phosphorylated product formed when
proteinkinaseinhibitor
inassays(greater
than 80% inhibi 25 @g
either casein or histone was used as a substrate was alkali
tion); casein kinase activity was not inhibited by this inhibi
tor. Consequently, it is concluded that histone phosphoryl
labile (73 and 75%, respectively; 0.1 M NaOH; 100Â°;20 mm)
ation is catalyzed predominantly by cyclic AMP-dependent
and stable in acid (90 and 100%, respectively; 0.1 M HCI;
enzymes, and that of casein, by cyclic AMP-independent
100Â°;20 mm).
enzymes. The protein kinase pattern present in epidermal
Effectof TumorPromoterson EpidermalProteinKinase
extracts closely resembled that reported in soluble extracts
Activity. As shown in Table 1, croton oil induced a decrease
from human lymphocytes (6).
in the specific activity of both cyclic AMP-independent (ca
A series of experiments established that the activities of
sein) and cyclic AMP-dependent kinase activity in epidermal
these separate histone and casein kinase enzymes could be
extracts. Significant decreases (p < 0.05 at 2 and 4 hr; p <
adequately distinguished in assays with crude epidermal
0.001 at other time intervals) were maintained for at least 48
hr. A significant depression in cyclic AMP-dependent activ
extracts. Thus the phosphorylation of histone by crude ex
tractswas stimulatedby cyclicAMP and inhibited
by the ity (p < 0.02) was observed 2 hr after application
of croton
heat-stable inhibitor from rabbit muscle (to about 16% of
oil, although there was no significant effect on casein ki
nase activity at this time (p > 0.1). Maximum depression of
the activity measured in the presence of 2 x 106 M cyclic
AMP). Routinely, assays were carried out with histone both
both specific activities was observed 4 hr after treatment.
in the presence of cyclic AMP and in the presence of the
As discussed before (2), the decrease in protein kinase
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ornithine decarboxylase activity were determined. The ac
tivity of this enzyme has been reported to increase rapidly in
epidermal extracts following promoter treatment (18-20). In
these experiments, extracts were prepared as described in
â€œMaterialsand Methods,â€• and, within each treatment
group, extracts were prepared from the pooled scrapings
from 6animals; enzyme assays were carried out in tripli
cate.
The activity of the epidermal cyclic AMP-dependent ki
nase was reduced from 182 (acetone control) to 36.5
pmoles/min/mg protein,
6 hr aftercrotonoiltreatment.
In
the same extracts, casein kinase activities were 482 and
85.4 pmoles/min/mg protein, respectively, and ornithine
decarboxylase activities were 4.1 and 25.9 pmoles/min/mg
protein , respectively.

specific activity could have a number of explanations, one
of which is an increase in total soluble protein without a
corresponding increase in protein kinase synthesis. An in
crease in the incorporation of tritiated leucine into soluble
protein has been observed 2 hr after the application of
tumor promoters (5). As shown in Table 2, the decrease in
protein kinase-specific activity following TPA or croton oil
treatment was solely due to an increase in soluble protein;
no decrease was observed when enzyme activities were
expressed on a DNA basis. In separate experiments (Table
3), it was confirmed that TPA induced a marked increase in
the soluble protein extractable from a fixed area of epider
mis, with no change in the DNA content.
In view of the lack of effect of both TPA and croton oil on
protein kinase activity, the effects of these materials on

Extracts were prepared and assayed for cyclic AMP-dependent histone kinase and casein kinase activity as
described in â€œMaterials
and Methods.â€•
Treatment

and activity

measured

Protein

0 hr
Experiment

kinase activity

6hr

l5hr

(pmoles/min/mg

24hr

protein)

3Ohr

48hr

1

Acetone
Cyclic AMP-dependent

Casein
Crotonoil
Cyclic
AMP-dependent
Casein

180Â± 14a

192Â± 17

179 Â±16

539Â± 36

561Â±28

594Â±70

80Â±17
229 Â±46
2hr

Experiment

4

132Â±16
359 Â±60

114Â± 9
389 Â±58

103Â± 8 99Â± 7
401 Â±47 358 Â±39

6hr

hr

2

Acetone
586Â± 48
830Â± 26

Cyclic AMP-dependent

Casein
Croton oil
Cyclic AMP-dependent

381 Â± 55
637 Â±116

Casein
a Each

value

represents

the

mean

Â± SE.

of

168 Â±30
280 Â±57

determinations

195 Â±27
364 Â±48

carried

out

on

6

separate

preparations.

Table 2
Effect of TPA and croton oil on epidermal protein kinase activities expressed relative to
soluble protein or to total DNA
AMP-dependenthistone
Extracts for enzymic assay were prepared and assayed for cyclic
InExperiment
kinase and casein kinase activity as described in â€œ
Materials and Methods.' â€˜
inExperiment 1 , extracts were prepared 4 hr after the application of 17 nmoles of TPA;
oilin
2, extracts were prepared 27 hr after the application of 0.2 ml 0.5% croton
acetone.Protein
activityCyclic

CaseinTreatment

kinase

AMP-dependent

basisâ€•Experiment Protein

basisâ€•

DNA basisâ€•

Protein

basisâ€•

1Acetone
0.28TPA
8.03Â±0.73p

322 Â±32e
109Â± 5

4.75 Â±0.40
5.33Â±0.77

429 Â±27
174Â±21

<0.1Experiment

<0.001

>0.1

<0.001

128 Â±15
32 Â± 5

2.77 Â±0.53
1 .91 Â±0.26

255 Â± 7
95 Â±15

<0.001

>0.1

<0.001

2Acetone
0.43Croton
0.37p
oil
a pmoles

phosphate

transferred

per

b pmoles

phosphate

transferred

per mm per

e Each

value

represents

the

mean

mm

Â± S.E.

per

of

mg

DNA
6.33 Â±

5.33 Â±
5.51 Â±

>0.1

protein.

@gDNA.
determinations

carried

out

on

6

separate

preparations.
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Table1
Effect of croton oil on protein kinase activities in mouse epidermal extracts

Mouse Epiderma! Protein Kinases
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