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Introduction

A number of evidence have accumulted that
the phosphorylation of nuclear proteins™?
may regulate the availability of gene sequences
for transcription in eucaryotes. The early
studies suggest that various hormones induce

the phosphorylation of nulear proteins, in



particular, non-histone proteins -and conse-
quently influence gene regulation®~'®, In liver,
insulin promotes glycogenesis and lipogenesis
through short term regulation of key enzymes
such as acetyl carboxylase® and fatty acid
synthetase complex“;"primarily by signalling
the dephosphorylation of these enzymes. By
contrast glucagon affects net phosphorylation.
Recent studies'™?® also indicate that insulin
is the primary signal in wivo for initiating
the synthesis of the lipogenic set of enzymes.
In the other words, controled by insulin and
glucagon is exerted though long term induc-
tion and repression of enzyme synthesis.
Since reversible phosphorylation of chroma-
tin proteins may be prerequisite for gene
transcription we decided to examine the state
of protein phosphorylation in liver nuclei
from rats in starvation and following high
sucrose refeeding, or from rats injected with
insulin,
enzymes are reversibly phosphorylated. With
this approach, it will be of interest to test
the possibility that insulin and glucagon may
control both enzymes and chromatin protein ph-

osphorylation through a concerted mechanism.

Materials and Methods

Unless stéted otherwise here, all materials
and methods employed for the experiments
were same as those described in the previous
publication.®

Phosphorylation experiment of nuclear
proteins in isolated liver nuclei. The
purified nuclei was washed with 2m/ of 0, 25M
sucrose ImM CaCl, buffer twice. The phos-
phorylation of nuclear proteins was carried
out by the slightly modified method of Thom-
son et @l*». The washed nuclei pellet was
suspended in incubation medium buffer con-
taining 0.25M sucrose-40 mM Tris-HCl, pH8-20
mM MgCl,-1mM CaCl,-25mM NaCl. The incu-
bation mixture for phosphorylation conta-
ined nuclei suspension equivalent to 10mg of

nuclear protein and #Ci [32P]-ATP in the

that is, under conditions in which

final volume of 2ml. Immediately after the
addition of [32P]-ATP,
incubated at 37°C by shaking for 5min. The

the suspension was
phosphorylation reaction was stopped . by
adding 2m/ of ice cold washing buffer which
was consisted of phosphorylation reaction
medium containing augmented concentration
of APT to 5mM with cold ATP instead- The
nuclei was pelleted by centrifugation at 100xG-
for 10min. The supernatant was decanted off
and the pellet was washed with an additional
1m! of washing buffer before extraction of
nuclear proteins. The nuclear sap proteins were
extracted twice with Im/ of 0.14M NaClL
Histone fractions were obtained by washing
the residue with lm! of 0.25N HCI twice.
Lipid extractions from the residue were
performed subsequently with 2ml of chloro-
form: methanol (1:1, v/v) containing 0,2N
HCl, 2ml of chloroform: methanol (2:1, v/v)
containing 0.2N HCI and ether. Phenol soluble
non-histone proteins were extracted with 2m/
of phenol saturated with 0.1M Tris-HCl, pH 8.
4, containing . 01 methylenediamine tetraacetic
acid and 0.14M 2-mercaptoethanol (buffer A)
and 2m! of buffer A. The additional extrac-
tions were repeated twice with each 2ml of
phenol saturated with buffer A.
Determination of 32P. After scanning the
protein bands on the destained polyacrylamide
gel, the gel was cut into lmm thick slice by
a gel slicer. Each sliced gel was transferred
to a counting vial. One milliliter of NCS solu
bilizer (Amersham Product) was added toa
counting vial. The vials were tightly capped
and incubated at 50°C for 2 hours. Then the
vials containing the sliced gel were cooled. The
radioactivity of the solubilized gel was deter-
mined with 10ml/ of OCS counting solvent
(Amersham Product) by a liquid scintillation

spectrophotometer.

Results
Phosphorylation patterns of 0.14M NaCl
soluble proteins. Figure 1 indicates that 0. 14

M NaCl soluble proteins in the range of
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. Phosphorylation patterns of 0,14 M NaCl soluble proteins extracted from nuclel

incubated in phosphorylation medium containing [7-32P]1-ATP of rats with different
nutritional states. The details of the experiments are given in the text. An aliquot of
50 ug protein was electrophorized on a tube- Figure I1A: normal feeding rats. Figure
1B: 48h starved rats. Figure 1C: 12h after refeeding of 48h starved rats. The molecular
weights of the five major peaks with phosphorylation are: 1;200 kilodaltons, 25130
kilodaltons, 3;100 kilodaltons, 4;53 kilodaltons, and 5341 kilodaltons. The standard
proteins used for estimation of molecular weight were: 7-globulinChuman) (160,000
daltons), bovine serum albumin (68,000 daltons), ovalbumin (43,000 daltons), chymo-
trypsinogen A (26,000 daltons), myoglobin (17,200 daltons) and cytochrome C (12, 400
daltons).
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Fig. 2. Effect of insulin injection on the change of phosphorylation pattern of 0.14M NaCl

soluble proteins extracted from nuclei incubated in phosphorylation medium containing
{7-32P]-ATP of streptozotocin-diabetic rats. The details of the experiments are given
in the text. An aliquot of 50ug protein was electrophorized on a tube. Figure 2A: 6h
after saline injection into streptozotocin-diabetic rats. Figure 2B:6h after insulin
injection  into streptoztocin-diabetic rats. The molecular weights of the five [major
peaks with phosphorylation are: 1;200 kilodaltons, 2;130 kilodaltons, 3;100 kilodaltons,
and 5;41 kilodaltons.
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Fig. 3. Phosphorylation patterns of phenol soluble non-histone proteins extracted from nuclei
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incubated in phosphorylation medium containing [7-32P]-ATP of rats with different
nutritional states. The details of the experiments are given in the text. An aliquot of
50xg protein was electrophorized on a tube. Figure 3A: normal feeding rats. Figure
3B: 48h starved rats. Figure 3C: 12h after refeeding of 48h starved rats. The mole-
cular weights of the five major peaks with phosphorylation are: 1;155 kilodaltons,
25100 kilodaltons, 3:65 kilodaltons, 4;59 kilodaltons, and 5;41 kilodaltons.
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Fig. 4. Effect of insulin injection on the change of phosphorylation pattern of phenol soluble

non-histone proteins extracted from nuclei incubated in phosphorylation medium con-
taining [7-32P]-ATP of streptozotocin-diabetic rats. The details of the experiments are
given in the text. An aliquot of 50ug protein was electrophorized on a tube. Figure
4A: 6h after saline injection into streptozotocin-diabetic rats. Figure 4B: 6h after
insulin injection into streptozotocin-diabetic rats. The molecular weights of the five
major peaks with phosphorylation are: 1;155 kilodaltons, 2;100 kilodaltons, 3;65
kilodaltons, 4;59 kilodaltons, and 41 kilodaltons.
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Fig. 5. Phosphorylation patterns of histone !fractions 7extracted from nuclei incubated in
phosphorylation medium containing [7-32P]-ATP of rats with different nutritional
states. The details of the experiments are given in the text. . An aliquot of 100xg
protein was electrophorized on a tube. Figure 5A: normal feeding rats. Figure 5B:
48h starved rats. Figure 3C: 12h after refeeding of 48h starved rats.

3t I & §}
Q‘D
13 13
8 L
- | £
S| 4 2
,‘§2 p% g
2 ! B
L A :
2 Mj‘ _
1+ L 2%

Gel Distance of Migration (cm) 3 Gel Distance of Migration {em )

TFig. 6. Effect of insulin injection on the change of phosphorylation pattern of histone fractions
extracted from nuclei incubated in phosphorylation medium ;containing [7-32P]-ATP
of streptozotocin-diabeticrats. The details of the experiments are given in the text. An
aliquot of 100ug protein was electrophorized on a tube. Figure 6A: 6h after saline
injection into streptozotocin-diabetic rats. [Figure 6B: 6h after insulin injection into
streptozotocin-diabetic rats.



molecular weights between 41,000 and 200,
000 daltons were sensitive to phosphorylation.
With 48 h starved rats the level of phospho-
rylation for 0.14M NaCl soluble proteins
extracted from liver nuclei was considerably
decreased relative to normal controls. Howe-
ver, it can be noticed that the decrease of
phosphorylation level may be attributable to
the decreased concentration of phosphorylation
sensitive proteins. Refeeding the starved rats
reversed the change of phosphorylation
pattern and protein concentrations over 12
hours. The electrophoretic patterns of 0.14M
NaCl soluble proteins obtained from phospho-
rylation experiment is not similar to the
results reported previously?V. The dissimilarity
may be due to the involvement of the addi-
tional washings of purified nuclei with the
phosphorylation incubation buffer before and
after the incubation of the purified nuclei at
37°C in phosphorylation experiment.

The experiment with insulin injection into
fed streptozotocin diabetic rats showed the
tendency to increase phosphorylation level of
a protein with molecular weight of approxi-
mately 130,000 daltons which is most sensitive
to phospholation in 0.14M NaCl soluble protein
fractions (Fig. 2). Unlike Fig. 1, there was
no noticable change in the relative concentra-
tions of 0.14M NaCl soluble proteins between
diabetic rats and diabetic rats with insulin
injection 6 hours before sacrifice of animals.

Phlosphorylation patterns of phenol solu-
ble non-histone proteins. Figure 3 shows that
48h starvation of rats decreased the levels of
phosphorylation for five non-histone proteins
with molecular weights of 41,59,65, 100, and
155 kilodaltons, respectively. Unlike the case
of 0.14M NaCl soluble proteins, refeeding the
starved rats did not reverse the change of
phosphorylation pattern over 12 hours.
into fed streptozotocin
diabetic rats had no significant effect on the

Insulin injection

phosphorylation of phenol soluble non-histone

proteins with lower molecular weight than

155,000 daltons under the conditions employed
here (Fig. 4). This result is very similar to
that of refeedings 48h starved rats as observed
in Fig. 3.

Phosphorylation paiterns of histones. As
observed in the experiment with 0.14M NaCl
soluble proteins starvation caused the noticable:
decrease in 32P incoporation into five major
histones; H,, H,, Hy, H,,, and H,, The dras-
tic change of phosphorylation level by star-
vation was observed with A, histone. Refee-
ding starved rats almost reversed the change
in the level of phosphorylation with H, over
12 hours.
phosphorylation by refeeding was much less.
with the rest of histones; Hs;, H, H,.,, and
H, as compared with that of H;, (Fig. 5).

However, the degree of increased

Unlike the results obtained from nutritional
state changes, the phosphorylation level of
histones was not significantly varied with.
insulin injection into diabetic rats 6 hours
before sacrifice of animals relative to diabetic

controls (Fig. 6).

Discussion

The effect of ‘insulin or glucagon on phos-
phorylation of histones has been intensively
investigated with isolated perfused liver in
vitro®® or in wvivo®®, It has been found
that these hormones cause a marked increase
in the phosphorylation of a specific amino-
acid residue of histones.
Riddle®

nuclear protein phosphorylation significantly

Turkington and

have shown that insulin stimulates.

in mouse mammary epithelial cell culture. To-
date there has not been any report concerning-
the effect of elevation of insulin or glucagon
concentration in liver cell caused by change of
nutritional states of animal on phosphorylation
of nuclear proteins in the isolated nucleus.
The results presented here demonstrate that
phosphorylation pattern of three major nuclear
proteins is not qualitatively, but quantitatively
in response to the variation of nutritionak

states when analyzed by polyacrylamide gek



electrophoresis in the presence of sodium
dodecyl sulfate. The levels of phosphorqution
of nuclear sap proteins appear to be consi-
derably dependent upon the concentration of
phosphorylation-sensitive proteins while those
of phenol soluble non-histone proteins and
histones reflect the phosphorylation state of
the nuclear proteins.

It is of interest to find that refeeding star-
ved rats for 12h did not have the comparable
reversal of phosphorylation level of phenol
soluble . non-histone proteins and histones
except H, to the phosphorylation level of
normal controls. This finding suggests the
possibility that it may take more than 12
hours for these nuclear proteins to reach the
same or higher level of phosphorylation as
-observed in normal feeding controls. Also, the
results indicate that the phosphorylation of
0.14M NaCl soluble proteins and H, histone
may precede that of other chromatin associated
nuclear proteins.

In case that the effect of insulin injection
.into diabetic rats on endogenous phospho-
rylation capability of isolated liver nuclei
was examined, the phosphorylation patterns
shown here indicate that insulin acts as a
mediator to change the phosphorylation capa-
bility of specific proteins in isolated nuclei
-among 0.14M NaCl soluble proteins and phenol
-soluble non-histone proteins while the phos-
is little affected. The
results are somewhat [different from the pre-

phorylation of histones

vious findings that insulin causes significantly
increased phosphorylation of histones in in
vivo studies® and mouse mammary epithe-
The discre-
pancy may be due to involvement of cytosolic

dical cells in organ culture ©,

factors in phosphorylation of nuclear proteins

with both iz vivo and cell culture studies.

Less marked increase in phosphorylation of
nuclear proteins (Fig. 4 and Fig. 6) may be
-associated with short period (6h) of insulin
-administration not enough to activate phos-

Dhorylation system of rat liver nuclei. Tur-

kington and Riddle® reported that incor-
poration of {32P into acid soluble nuclear
proteins is signiﬁcan‘cly stimulated 8h after
the addition of insulin to the cell culture
medium.

Perhaps most interesting results obtained
from phosphorylation studies are related to
the state of phosphorylation-dephosphorylation
of nuclear proteins modulated by glucagon
and insulin signals. In other words, the switch
from the gluconeogenic state in starvation to
the lipogenic state by refeeding of the liver
(insulin signal) was correlated to phosphory-
lation of nuclear proteins while glucagon
signal dephosphorylated nuclear proteins.
These results are opposite to the findings
with cytosolic enzymes related to gluconeo-
genic and lipogenic metabolism on the basis
of the state of phosphorylation-dephosphoryla-
tion of proteins modulated by glucagon and

insulin signals.
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Abstract

Labelling of chromatin proteins with 32P
was observed after incubating isolated liver
nuclei with [Y-32P] ATP for 5 minutes at
37°C. The pattern of labelling with 32P was
examined on SDS polyacrylamide gel electro-
phoresis with nuclei from rats maintained in
a starvation state for 48 hours, following
refeeding for 12 hours; and from fed strepto-
zotocin-diabetic rats with insulin injection 6
hours before sacrifice.

With 48h starved rat liver nuclei the level
of phosphorylation for 0.14M NaCl soluble
proteins was decreased in' the molecular
weights between 41,000 and 200,000 daltons
relative to normal controls. Refeeding the
starved rats reversed the change of phospho-

rylation pattern over 12 hour. The level of



phosphorylation for five phenol soluble non-
histone proteins with molecular weights above
59,000 daltons was somewhat decreased with
48h starved rat liver nuclei as compared with
that of normal controls. Starvation also
decreased the phosphorylation level of major
histones in relation to normal controls. The
experiment with insulin injection into fed
streptozotocin-diabetic rats showed the ten-
dency to increase phosphorylation of 0,14M
NaCl soluble proteins (130,000 dalton protein)

and phenol soluble non-histone proteins (155,

000 dalton protein). The phosphorylation level .

of histones appeared to be invariant under
the experimental conditoins employed here.
These results suggest the possibility that
the phosphorylation and dephosphorylation of
0.14M NaCl soluble proteins and H, histone
precede those of other chromatin associated
nuclear proteins, It is of interest to find that
insulin signal was correlated to phosphoryla-
tion of nuclear proteins while glucagon signel
dephosphorylated nuclear proteins.
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