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1. Introduction’

~ The action of many polypeptide hormones and of
catecholamines is at least partly mediated by changes
in the level of Ado-3",5"-P in the target cells {1]. The
m.tmn of parathormone 1# s |r|ed13ted by an in-
¢rease in concentration of Ado-3',5"-P in kidney
[2,3]. [t has been suggested that the second messen-
ger Ado-3",5"-P acts by aclivation of specific protein
kinases [4] and a widespread occurtence of protein
kinase supports this hypothesis [5] .
The study reported here shows the exisience of at

least two Ado-3',5'-P dependent protein kinases in rat
kidney.

2. Mnlenals and mctltods

[‘r-nP]ATP (spec:ﬁc activity: 2—10 Ci/mmole)
and [3H]Ado-3",5"-P (specific activity: 24.1 Cifmmole)
obtained from NEN-GiBmicals. Ado-3'5'-P from
Boehringer (Mannhe i), histone (calf thymus) from
Roth (Karlsruhe), bovine serum albumin from
Behring A.G. (Marburg) and DEAE-Sephadex A-25
from Phamlaci.a (Uppsala, Sweden).

2.1. Ha.rein k‘ma:pe assay

‘Actvity was assayed in an incubation volume of
04 ml, The standard assay mivture, unless Gtherwise
lﬂdlcaled, contained 50 mM Tris-HCI, pH 7.4, 8 mM
theophyllin, 31 nM Ado-3',5-P, 2.5 nM MgCl,, 250
g histone and 175 nM [1-3'~P]ATP The reaction
was stertod by the addition of [y-32P]ATP. The
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incubation was carried out for 5 min at 30° in a shak-
ing water bath. The reaction was terminated by the
addition of 0.5 ml icecold 12% trichloracetic acid
and 0.2 ml of 0.5% bovine albumin solutdon was

added immediately.
‘The technique is then the same as describad by

De Lange et al. [6]. One unit of kinase activity is de-
fined as the number of pmoles of y32-P transferred
frotn ATP to the substrate histone in 5 min at 30°
per mg prolein.

2.2. Ado-3.5"-P binding activity

Ado-3',5'-P binding activity was assayed by the
method of Wombacher and Ka:ber [7]. The buffer
contained 50 mM Tris-HCl, pH 7.4, 8 mM theophyl-
lin, 6 mM 2-mercaptoethanol and 0.25% bovine se-
rum albumin. The unit of Adeo-3',5"-P binding activity
is defined as the number of pmoles of Ado-3",5"-P
bound to 1 mg protein.

2.3. Protein determination

The method of Lowry et al. [8] was used to deler-
mine proiein in suitable diluted aliquots. Electropho-
retically pure bovine serum albumin was used as a
standard.

2.4. Procedure

10 Female wistar rats weighing 150—200 g were
fasted overnight, then anesthetized with ether. Their
kidneys were quickly removed and chilled in ice-cold
buffer medium: 0.25 M sucrose, 50 mM Tris-HC),
pH 7.4, 25 mM KCl, 5 mM MgCl,.
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Fig. 1. DEAE Sephadex A-25 column chromatography of pro-
1cin Kinases. A) Proteln kinase activity in absence of '
Ado-Y.5"-P (c0-0). Protein kinase activity in presence of
Adu-3_5°-P (e-e-8) (in fractions | —30: 310 nM Ado-3',5"-P;
in fractions 30—-100: 31 nM Ado-3'.5"-P was used ax saturat-
ing concentration for activalion). B) Ado-3",5'-P binding xc-
tivity {x-x-x)}. The column was devetaped with a linear grads-
ent of sodum chlorde (0—-0.4 M) in the stari-buffer (— - ).
Total volume of the gradient was 300 ml, fractions of 5 m!
each were collected. Protein conceniration (—). Prolein kin-

ase activity and Ado-3',5'-P binding activity wére determined

under conditions described in Materists and methods.

After mincing, the tissue was homogenized in threc
volumes of ice-cold solution of 0.25 M sucrose, 1 mM
EDTA, 5 mM Tris-HCI, pH 7.4 and 8 mM 2-mercapto-
clhanol with 11 up and down stokes at 800 rpm in 2
plass homogenizer with teflon pesile (Potter S, Fa.
Braun). The homogenate was fil tered through two
layers of gauze fo remove clumps of homogenizrd Lis-
sue, then centrifuged for 10 min at 1475 ¢,.., ina
refrigeraled centrifuge. The pellet was subjected to a
subsequent treatment as in Fitzpatrick et al. [9}.
This technigue yields nuciei, mitochondria and plas-
ma membranes. The supernatant was pouvred off and
centrifuged for 90 min at 145 000 g 1o produce a mi-
crosomal fraction and supernatant.

The microsomal fraction was washed twice with
the buffer for homogenization. The microsomal
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_ ’pe]let was resuspended by gentle homogenizat:on in

a huﬂ'er cont&mlng 50 mM Tns—HCI pH 74,6 mM

‘ ;!mercaplueﬂmnol 0.1 mM MgClz and 0 5 M NH,CL

The microsomal supemat:mt was d!luled with buff.

er (50 wiM Tris$ICl,pH 7.4, S mM MEC arid 1 mb1

EDTA) i0'a protein conc. of approx.: 20 mg/ml, and
then applied to a DEAE Sephadex A-25 columnn [25

cm X 2.6 cm| equilibratéd with the same buﬂ‘er

3. Re.sultsaml dmmsion

-The 145 000 g supemnatant was resclved on a
DEAE Sephadex A-25 column into two peaks of pro-
tein kinase activity (fig. 1). As can be seen in fig. iA
and B, the first peak of Ado-3' 5P binding activity
coincides with the first peak of kinase activity, but
the second binding peak lies between the two
Ado-3°5°-P dependent kinase peaks. Only a shouider
of the secand Ado-3',5"-P binding activity peak coin-
cides with the second Ado-3",5'-P dependent kinase
peak. The slight kinase activity found between the
first and second Ado-3’,5"-P dependent kinase peak
does not show Ado-3",5"-P dependence.

The above results are similar to those of Gill and
Garren |10} found in bovine adrenal glands and
those of Tao et al. [11] obtained with rabbit reticule
cyles. These authors inferpret the resulls as indicat-
ing the presence of dissociable subunits. The enzyme
wotld contain a regulatory (inhibitory) and a catalyt-
ic subunit which would dissociate in the presence of
Ado-3",5"-P to de-inhibit the aclivity. This interpreia-
tion is also supported by Reimann el al. [12] with
rabbit skeletal muscle protein kinase. The evidence
presented here indicates the existénce of two forms
of Ada-3',5"-P dependent protein kinases. They are
located almost entirely in the cytosol fraction of
kidney. )

This supports the unifying hypothesis proposed
by Greengard and Kuo [4}, that a wide variety of ¢f-
fects, clicited by a second messenger Ado-3' 5P are
mediated through regulation of activity of protein
kinases. As at least two Ado-3",5"-P dependent pro-
tein kinases can be detected by chromatography on
DEAE-Sephadex, the question arises whether isoen-
zywmes initiate the variqus k'ldncy metabaolic functions
that are mediated by Ado-3',5"-P. This idea is
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Table 1

Adn—3 5P b[admsact:ﬂty in some kidnoy fractions (units,
as defined in Materials and meﬂmd:) -

Flasma membranes 013
Humugl:natn supernatant '_
(JGﬂOOB' 1hr) 1.28
Postmicrosomal, stipernatant

(145000 g, 1.5 hr) 0.74

discussed fur hepatic pratein kinases by Chen and
walsh [13] and Kumonr ct al [14]. The finding of
multiple forms of the kidney ‘Ado-3',5"-P dependeni
protein kinases may lead to a partial explanation of
the multiplicity of action of this nuclectide. The in-
crease of renal gluconeogenesis {15] as well as other
known effects of parathormone and Ado-3',5"-P sug-
gest that these aspects of kidney metabolism involve
the regulation by Ado-3',5'-P dependent protein
kinases.

Since histones are very effective subsirates of pro-
tein kinases from a variety of systems, it had been
suggestad earlier that a mechanism of control of gene

. expression might involve Ado-3',5™-P dependent pro-
tein kinases. Although it seems that many effects of
Ado-3',5"-P are mediated through the phosphoryla-
lion of key cellufar proteins, the true substrate pro-
leins for Ado-3',5'-P dependent kinases are still
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Fig. 2. A Scatchard plot. The amount of nucleotide bound to
membranes {B) is plotted az a function of the ratio of the con-
centration of bound to free nudeotida (B/F), Separation of
free Ado-3',5"-P and membrane-bound Ado-3",5' P and their
deiermination was performed as described eadior [7]. Con-
centralion of binding membrane was 240 ug pmtem Affinity
constant calcumed from slopa: K =0.53nM "

a_d _a 1 .a a 1 -l
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) Table 2
Protain kinase activity in some kidney Iractions {units, as de-
fined in Malerials and methods).

—Ado-3 5P +Ado-3'.5-P

FPlasma membranes 0.92 No difference
Homogenalte,
supemutant
{30000 g, L nr) 043 No difference
Postmicrosomal.
supematant
{14500 g, L.S hn) .56 0.63
DEAE-3Sephadex
chromatography

fraction 8 3473 65

fmcuun 56 38.2 143

unknown. Another aspect of Ado-3",5"-P effect is, as
can be seen in table I, the relatively high Ado-3',5"-P
bindiny activity of plasma membrane and microsomes.

A relatively high intriz.sic association constant was
obtained from a Scatchard-plot (fiz. 2).

On the other hand, the plasma inembranes possess
a high protewn kinase activity [table 2|, but ro stimu-
kation with Ado-3',5'-P is observed, in spite of the re-
latively high Ado-3",5°-P binding uctivity.

Ancther result of potential importance is the in-
creasc of protein kinase a:tivity after the separation
of microsomes from the homogenate (table 2) and
the deceease of Ado-3',5'-P binding activity (1able 1).
The higher Ado-3",5"-P binding activity of the premi-
crosomal supernatant homogenate could be related
to the high Ado-3",5"-P binding activity of micro-
somal fraction. Recently, Donovan and Oliver | 16)
have reported a very high association constant for a
protein in ribosomes of rat liver. Therefore the in-
crease of protein kinase activity of the posmllcro-
somal supermatant could be explained by the higher
level of Ado-3',5™-P available to stimulate the protein
kinase activity. Finalty, Ada-3'.5"-P has been impli-
cated in 2 wide range of actions in the control of Kid-
ney function and there are many potential sites for a
role for Ado-3",5"-P dependent protein kmnses in reg-
ulation of kidney function.
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