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VELICHKOVA, A. A. Phosphorylation of nuclear proteins in a chronic, uncontrollable stress model. PHARMACOL
BIOCHEM BEHAV 51(2/3) 231-233, 1995.—The changes in the phosphorylation of nuclear proteins isolated from cell
nuclei of hypothalamus, cerebral cortex, and hippocampus of rats subjected for varying times to a chronic uncontrollable
stress model were investigated. A brief duration (24 h) induced a substantial increase of the phosphorylation of nuclear
proteins isolated from hypothalamus (270%), from the cerebral cortex (ca. 230%), and from the hippocampus (ca. 160%).
More extended durations (96 and 168 h) were accompanied by a statistically significant decrease in the degree of phosphoryla-

tion of proteins.

Phosphorylation Nuclear proteins Quercetin

THE PHOSPHORYLATION of protein molecules is a mech-
anism responsible for the posttranslational regulation of their
functions. This process leads to changes in the activities of
many enzymes and receptors; it changes the permeability of
the ionic channels and influences gene expression. Protein
phosphorylation is accompanied by dephosphorylation pro-
cesses through which the original structure and activity of the
protein molecules are restored. The rate of the processes in
both directions is very high, which also determines their signif-
icance for the physiologic response of the cell (2,3,10). Protein
phosphorylation is substantially influenced by the concentra-
tion of the second messengers (1).

Changes in protein phosphorylation are observed when the
functional state of the organism is changed — for example, as
a result of hunger or intensive motor loading (14,15,17). Be-
cause many enzymes participate in the processes of protein
phosphorylation, different inhibitors, including quercetin, are
used to determine the action of various protein kinases. Quer-
cetin inhibits cAMP-independent protein kinases, protein ki-
nase C, the transfer of calcium ions, and protein biosynthesis
(9,13). However, it has no effect on the activity of cAMP-
dependent protein kinase (13).

Chronic, uncontrollable stress is produce by REM-sleep
deprivation, which causes changes in some physiologic, endo-
crine, and neurochemical values (7,11).

The aim of the present study was to determine what
changes take place in the phosphorylation of nuclear proteins
when a chronic, uncontrollable stress model is used, as well to
identify the probable factors responsible for the processes.

METHOD

The experiments were carried out on Wistar rats weighing
180-200 g. The rats were randomized into four groups accord-
ing to on the experimental conditions: a) 24, b) 96, and c) 168
h exposure, and d) control. The experimental groups con-
tained six rats each. The animals were bred in an air-
conditioned room with an ambient temperature of 24°C and
on a 14 L: 10 D cycle (lights on at 0700 h). The experimental
animals were placed in cages containing a 5-cm-thick water
layer. The phosphorylation of nuclear proteins was carried
out after uncontrollable stress lasting 24, 96, and 168 h, be-
cause previous investigations demonstrated that these periods
are associated with critical changes in the adaptive capabilities
of the CNS (7,11).

Preparation of the Nuclei

The rats were decapitated and their brains were immedi-
ately removed, then washed in 0.32 M sucrose; the following
structures were separated in the cold: hypothalamus, cerebral
cortex, and hippocampus. The tissue was homogenized in 1.6
M sucrose (10 mM MgCl,, 10 mM Tris HCIl, pH 7.4) and the
cell nuclei were sedimented by centrifugation for 1 h at 22,000
X g, using a Janetzki K 24 centrifuge [(15) Dresden, Ger-
many]. The phosphorylation of proteins was studied by incu-
bating the nuclei in the following mixture: 0.32 M sucrose, 1
mM MgCl,, 50 mM KCl, 50 mM NacCl, 5 mM Na,S,0,, 2 mM
2-mercaptoethanol, 50 mM Tris HCI, pH 7.4, 10 mM ATP,
and ¥P-NaH,PO, (5 xCi/50 ug DNA) [(10), with some modi-
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fications). Incubation was carried out with or without querce-
tin for 5 min at 37°C. The quercetin was added in the incuba-
tion medium at a concentration of 0.15 mM. The reaction was
terminated by spotting aliquots of the reaction mixture (20 ul)
onto Whatman CF/A filter paper (Whatman International
Ltd, Maidstone, England) followed by precipitation in 10%
CL,CCOOH containing 1% Na,P,0,. After extensive washing
with 5% CL,CCOOH containing 1% Na/P,0,, the papers were
washed with ethanol and dried in diethylether before determi-
nation of the radioactivity in a Beckman LS 3801 liquid-
scintillation system (Fullerton, CA).

Protein was determined quantitatively after (8). The results
presented are the averaged data of six observations from three
experiments, and were evaluated using the Mann-Whitney
test.

RESULTS

The chronic, uncontrolied stress model used caused
changes in the phosphorylation of the total nuclear proteins
isolated from the hypothalamus, cerebral cortex, and hippo-
campus. The observed changes depended on the duration of
the experiment (Fig. 1). A brief exposure (24 h) induced a
substantial increase in phosphorylation of the nucler proteins
isolated from the hypothalamus (270%), cerebral cortex (ca.
230%), and hippocampus {ca. 160%).

The effect of quercetin was demonstrated by an decrease in
the protein kinase activity of the control animals by about
43% in the hippocampus and about 54% in the cerebral cortex
(Figs. 2 and 3). After a short exposure (24 h), there was an
approximately 20% increase in protein phosphorylation in the
presence of the inhibitor, in both the hippocampus and cere-
bral cortex. The prolongation of the state of stress induced an
increase in the phosphorylation of the nuclear proteins iso-
lated from the hippocampus by another 10%, whereas no
substantial changes were observed in proteins isolated from
the cerebral cortex.

400 LEGEND
contin!

| [P
96h expasure

S
i\\\\ 168h expusure

100

hippocampus

hypothalamus

crartex

FIG. 1. Changes in phosphorylation of nuclear proteins isolated
from the hypothalamus, cerebral cortex, and hippocampus of rats
subjected to chronic, uncontrollable stress model for 24, 96, and 168
h exposure. Data represent percent changes from control values. *Sig-
nificantly different, p < 0.05.
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FIG. 2. Effect of quercetin on the phosphorylation of nuclear pro-
teins isolated from hippocampus after 24, 96, and 168 h exposure.
Data represent mean percent changes from control values. *Signifi-
cantly different, p < 0.05.

DISCUSSION

Our data suggest a definite regional dependence in the
brain on nuclear protein phosphorylation, which reflects a
specificity of the functions and metabolic processes taking
place in the structures studied. It should be pointed out that
in experimental animals, the highest protein phosphorylation
values were found in the hypothalamus, whereas in the control
animals the highest phosphorylation level was obtained in the
cerebral cortex (18). The data are in agreement with the sharp
increase in the phosphorylation of membrane proteins isolated
from the brain of animals subjected to intensive motor loading
(16,17). The experimental duration (96 and 168 h) was accom-
panied by a statistically significant decrease of the degree of
phosphorylation of the nuclear proteins, compared with the
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FIG. 3. Effect of quercetin on the phosphorylation of nuclear pro-
teins isolated from cerebral cortex after 24, 96, and 168 h exposure.
Data represent mean percent changes from control values. *Signifi-
cantly different, p < 0.05.
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control values. Similar changes were also observed in the hun-
ger model, but in the uncontrollable stress model the phos-
phorylation we observed was much more pronounced (14).

The observed changes in the phosphorylation of nuclear
proteins in the presence of quercetin are probably due to the
increased activity of the cAMP-dependent protein kinase, re-
sulting from higher cAMP concentrations in the nuclei caused
by the changed external conditions. On the other hand, cAMP
stimulates the phosphorylation of the protein phosphatase in-
hibitor I-1 (4,19). The phosphorylated inhibitor I-1 suppresses
the activity of protein phosphatase PP-1 (2,5,6).

In conclusion, the observed changes in phosphorylation
of the total nuclear proteins in the chronic uncontrollable
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stress model are influenced by the concentration of second
messengers in the cell nucleus (Ca** and cAMP). When the
experimental impact is brief, the effect of the calcium ions pre-
dominates and consists of a strong activation of the Ca’*-
dependent protein kinases (protein kinase C and Ca**-calmod-
ulin dependent). The processes of protein phosphorylation
predominate over those of dephosphorylation. Prolongation of
the experiment is probably paralleled by lowering of the con-
centration of the calcium ions, which determines the decrease
in Ca’*-dependent phosphorylation. The effect of cAMP was
less manifest in the reported experimental model. A slight
increase in phosphorylation and an inhibition of dephosphor-
ylation occurred under the effect of the cyclic nucleotide.

REFERENCES

1. Browing, M.; Huganir, R.; Greengard, P. Protein phosphoryla-
tion and neuronal function. J. Neurochem. 45:11-23; 1985.

2. Cohen, P. The structure and regulation of protein phosphatases.
Ann. Rev. Biochem. 58:453-508; 1989.

3. Cohen, P.; Klump, S.; Schelling, D. An improved procedure for
identifying and quantitating protein phosphatases in mammalian
tissues. FEBS Lett; 250:596-600; 1989.

4. Ingerbritstein, T.; Stevart, A.; Cohen, P. The protein phospha-
tases involved in the cellular regulation. 6: Measurement of type-1
and type-2 protein phosphatases in extracts of mammalian tis-
sues: An assessment of their physiological role. Eur. J. Biochem.
132:297-307; 1983.

5. Jakes, S.; Melgren, R.; Schiender, K. Isolation and characteriza-
tion of an inhibitor sensitive and a polycationstimulated protein
phosphatases from rat liver nuclei. Biochim. Biophys. Acta 888:
138-142; 1986.

6. Kuret, J.; Bell, H.; Cohen, P. Identification of high levels of protein
phosphatases in rat liver nuclei. FEBS Lett. 203:197-202; 1986.

7. Lissichkova, E.; Pandova, B.; Pachev, V. Capacity changes in
p-opioid binding sites in rat hypothalamus and hippocampus dur-
ing chronic uncontrollable stress. Compt. Rend. Acad. Bulg. Sci.
46:103-104; 1993.

8. Lowry, O.; Rosenbrough, N.; Farr, A.; Randal, R. Protein mea-
surement in the folin phenol reagent. J. Biol. Chem. 193:265-
275; 1951.

9. Mitev, V.; Siracov, L. Insulin action in vivo on a growth-related
protein kinase in lactating mouse mammary gland. Int. J. Bio-
chem. 20:97-100; 1988.

10. Nairn, A.; Hemmings, H. Jr.; Greengard, P. Protein kinases in
the brain. Annu. Rev. Biochem. 54:931-976; 1985.
11. Patchev, V.; Felszeghy, K.; Koranyi. L. Neuroendocrine and neu-

rochemical consequences of long-term sleep deprivation in rats:
Similarities to some features of depression. Homeostasis 33:97-
108; 1991.

12. Serra, 1.; Avola, R.; Condorelli, D.; Surrentino, S.; Renis, M.;
Kamiyama, M.; Hashim, G.; Guiffrida, A. Acetylation and phos-
phorylation of histones and nonhistone chromosomal proteins in
neuronal and glial nuclei purified from cerebral hemispheres of
developing rat brain. J. Neurochem. 46:1881-1887; 1986.

13. Srivastava, A. Inhibition of phosphorylase kinase and tirosine
protein kinase activities by quercetin. Biochem. Biophys. Res.
Commun. 31; 1-5; 1985.

14. Velichkova, A.; Tencheva, Z. Phosphorylation of nuclear pro-
teins isolated from brain structures of rats subjected to food dep-
rivation: Structure and functions of the brain 19:11-16; 1991.

15. Velichkova, A.; Tencheva, Z. Effect of the convulsant DL-
allylglycine on the phosphorylation of nuclear proteins: Structure
and functions of the brain. 19:21-27; 1991.

16. Vitvitsky, V. Biosynthesis and phosphorylation of chromatin, cy-
toplasm and cell membrane proteins from the rat neocortex neu-
rons and glial cells under different functional influences and in
normal state. Cytology 24:1205-1214; 1982.

17. Vitvitzky, V. In vivo phosphorylation of cytoplasm, cell mem-
brane and chromatin proteins of rat brain and liver in different
functional states. J. Gen. Biol. 44:83-93; 1983.

18. Walaas, S.; Nairn, A.; Greengard, P. Regional distribution of
calcium- and cyclic adenosine 3’ : 5’-monophosphate regulated
protein phosphorylation systems in mammalian brain. J. Neu-
rosci. 3:291-301; 1983,

19. Yang, S.; Fong, Y. Identification and characterization of the
ATP-Mg-dependent protein phosphatase from pig brain. J. Biol.
Chem. 260:13464-13470; 1985.



