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Summary

SDS gel electrophoresis has been employed to examine the changes in distribution
of three major classes of nuclear proteins extracted from isolated liver nuclei in
response to refeeding of starved rats with a fat-free high carbohydrate diet and
following insulin injection into streptozotocin-diabetic rats. The relative quantity of
electrophoretically separated proteins in the fraction showed marked changes with
0.14M NaCl extracts, but not with histones and phenol soluble non-histone proteins.
During 48h starvation at least five proteins ranging in molecular weight from 50, 000
to 180, 000 daltons decreased relative to normal controls while a protein with 36, 000
daltons was increased. Refeeding the starved rats with a high carbohydrate diet re-
versed these changes over 24 h. Insulin injection into streptozotocin-diabetic rats
increased levels of the set of five 0.14 M NaCl soluble proteins identified from re-
feeding experiment of starved rats. The 36,000 daltons protein was also diminished.
These results indicate that changes in distribution of certain nuclear proteins in 0.14
M NaCl extracts are associated with the control of nuclear activity ralated to known

insulin-signalled modulation and induction of cytosolic lipogenic enzymes.

Introduction

It has been established that starvation and
insulin deficiency in animals are associated with
impaired lipogenesis in liver and adipose tissue
and that refeeding and insulin administration
restore the ability of these tissues to from

triglyceride and cholesterol from ingested car-

bohydrates and other acetyl precursors. ™%
Gibson et al.® have shown that the meta-
bolic adaptation of the liver tissue is closely
linked to the regulation of the synthesis and
degradation of the lipogenic set of enzymes
and that insulin is the primary signal in vivo
for initiating the induction of the key enzy-
mes for lipogenesis.® Thus induction of

enzymes in eucaryotic cells is ultimately con-
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trolled by the selective transcription.
A number of evidences suggest that the

selective transcription in higher eucaryotes is
regulated by nuclear proteins, in particular,
the tightly bound non-histone proteins.®™2
Recent studies “® have also pointed out the
importance of the loosely bound non-histone
proteins, which are dissociated from chromatin
at low salt concentrations since loosely bound
non-histone proteins also bind to DNA and
stimulate the transci‘iption of DNA. However,
it has not been intensively investigated how
insulin signal is correlated to the qualitative
or quantitative changes of the major nuclear
proteins such as nuclear sap proteins, histones
and phenol soluble non-histone proteins.

The present investigation was undertaken
to examine the unclear protein profiles on SDS
gel electrophoresis in relation to the change of
insulin environment in the cells caused by the
variation of nutritional states of animals and
insulin injection to diabetic animals.

The SDS gel electrophoresis analysis demo-
nstrate that the marked concentration change
of the nuclear proteins is associated with 0,14
M NaCl soluble proteins during the refeeding
of starved rats with a high sucrose diet and
following insulin injection into fed streptozo

tocin-diabetic rats.

Materials and Methods

Materials, Electrophoresis reagents were
purchased from Bio-Rad laboratories. The sta-
ndard proteins for the estimation of molecular
weights were obtained from Calbiochem. Suc-
rose and urea were supplied by Schwarz-Mann.
Other biochemicals were obtained from Sigma.

Animals., Male Wistar rats, 200 to 250g in
weight, were used. Rats from normal feeding
group were given free access to water and
Purina balanced stock diet. Rats for starvation
experiments were fasted for 48 h. For refeed-
ing experiments rats starved for 48 h were fed

ad libitum with fat free high carbohydrate diet

(General Biochemicals) for 24 h and 48 h. To
induce diabetes, rats were fasted for 24 h and
65mg/kg of body
in 0,1 M citrate buffer, pH4.5 was

injected intraperitoneally to rats anesthetized

streptozotocin (Upjohn),
weight

under ether. Animals were further starved for
24 h after injection of streptozotocin and the-
reafter fed ad [libitum with balanced Purina
diet. Glucose content of urine was determined
with Diastix (Miles Laboratories) 48 h after
injection of streptozotocin and periodically.
Prior to injection of insulin diabetic rats were
fasted for 24 h. The mixture of regular Iletin
insulin (I unit/100g body weigh) and protam-
ine-zinc insulin (3 units/100g body weight) in
saline solution was subcutaneously injected to
diabetic rats anesthetized under ether every
12 h until animals were sacrificed. Immediately
after insulin injection the animals were allo-
wed to be fed with fat-free high carbohydrate
diet ad libilum. For the control diabetic rats
saline solution without insulin was injected
In all

sacrificed by decaptitation just before use.

instead. experiments the rats were

Preparation of nuclei and cytoscl. Nuclei
from rat livers were isolated by the procedure
of Teng et al..® The cytosol for the assay
of malic enzyme was obtained by the centrif-
ugation of crude homegenate of rat liver at
100,000x g for 1 h.

Extraction of nuclear proteins. Nuclear pr-
oteins were extracted from purified nuclei as
described by Teng ef al..® The nuclear sap
proteins were extracted with 6 to 10 ml of
0.14 M NaCl for purified nuclei pellets obtai-
ned from one rat liver. The procedure above
was repeated once more for further extraction
of nuclear sap proteins and the two extracts
were combined. Histone and other basic prot-
eins were extracted by two: extractions of the
nuclear residue with 6 to 10ml of 0.25 N HCI.
Prior to extraction of phenol soluble proteins
lipid was removed by two subsequent washes
of the nuclear residue with 7ml of 1:1 (v/v)

chloroform:methanol containing 0.2 N HCI and
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Tml of 2:1 (v/v) chloroform:methanol con
taining 0.2 N HCI. The nuclei pellet was sus-
pended in 5m/ of cold ether for further lipid
extraction. Phenol soluble non-histone proteins
were extracted twice from the lipid removed
nuclei pellet with the mixture of 5m/ of 0.1M
Tris-HCl, pH8.4 containing 10mM ethylenedi-
amine tetraacetic acid (EDTA) and 0.14M 2-
mercaptoethanol (buffer A) and 5mi of phenol
saturated with buffer A. The subsequent pro-
cedure described by Teng et «l.* was emp-
loyed to restore phenol soluble proteins to
aqueous phase.

Sodium dodecyl suifate (SDS)-polyacryl-
amide gel electrophoresis systems. Two diff-
erent SDS-polyacrylamide gel electrophoresis
systems were employed for this investigation.
One of the electrophoresis systems was a modi-
fied method of Laemm!i®® for histone fractions.
Resolving gels for histone fractions were com-
posed of 15% acrylamide and 0.25% bisacryl-
amide instead. Electrophoresis buffer was 0.1
25 M Tris-0.192M glycine buffer, pH 8.9. His-
tone samples for electrophoresis were dialyzed
against cold deionized water overnight at cold
room. The second electrophoresis system used
for all other protein fractions was a slightly
modified method described by Weber and Os-
born,®®  The gels

acrylamide and 0.39% bisacrylamide in 0.1M

were consisted of 109

sodium phosphate, pH 7.4 containing 0.1%
SDS. Prior to application of protein samples
for electrophoresis protein fractions; nuclear

sap proteins, phenol soluble non-histone prote-

ins and cytosolic proteins were dialyzed agai-
nst 0.0IM sodium phosphate, pH 7.4, 0.14 M
2-mercaptoethanol-0.29% soodium dodecyl sulf-
Gels were stained
with 0.2% Coomassie blue R250 in 5095 met-

hanol-79% acetic acid solution for 5h and dest-

ate at room temperature.

ained in methanol-acetic acid-water (100: 140:
1760, v/v/v.) Destained gels were scanned
at 600nm by Gilford Gel Scanner, Model 2500.
The standard protein used for estimation of
molecular weight were: Y-globulin (human)
(160,000 daltons); bovine serum albumin (68,
000 daltons); ovalbumin (43,000 daltons); chy-
motrypsinogen A (26,000 daltons); myoglobin
(17,200 daltons) and cytochrome C (12,400 da-
Itons).

Malate enzyme. (E£.C. 1.1.1.38) assay. The
enzyme activity of the cytosol fraction was
measured spectrophotometrically according to
the method of Hsu and Lardy®Y, The assay
contained: 0.1 M Tris-HCl, pH 7.4, 5mM malic
acid, 0.5mM NADP* and 1mM dithiothreitol.

Biochemical analysis. The protein content
was determined by either biuret method@®
or the method of Lowry ef al.®®, The pr-
otein samples dialyzed against 0.01M sodium
phosphate, pH 7.4, 0.14M 2-mercaptoethanol-
0.2%sodium dodecyl sulfate were precipitated
in 10% trichloroacetic acid containing 2mM
silicotungstic acid®® and the precipitate was
solubilized in 1IN NaOH. The amount of DNA

was estimated by a modified method of Burton

(23)

Table 1. Content of protein and DNA in purified nuclei isolated from liver of rats
maintained under different experimental conditions.

Experimental ,

Fraction onditions NF 48hS  24hRF 48hRF  DIAB  DI&INS
Vol. (ml) 55 32 118 102 93 90
Crude Protein (mg) 746 480 1180 1163 1153 1386
homogenate DNA (mg) 11.4 9.6 19.2 19.2 16 16.9
Protein -
BNA 65.4 50 61.5 60.6 72 82
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Vol ( D) 4
Protein (mg) 27.2
DNA (mg) 7.09
Protein

DNA 3. 84
Yield (%)* 62

4 10 10 5 10

17 37 34 34 35
4.7 10.2 10.8 9.72 8.88
3.62 3.63 3.15 3.5 3.94
49 53 56 60 53

a: NF indicates normal feeding rat group, 48hS; 48h starved rat, 24hRF; refed 48h starved rats
with a fat-free diet for 24h, 48hRF; refed 48h starved rats with a fat-free diet for 48h, DIAB;
diabetic rats maintained on normal regular diet for 4 days since diabetes was induced by
streptozotocin, DI&INS; diabetic rats with insulin treatment for 24h. ;

b: yield of nuclei=100Xratio of DNA content of crude homogenate to DNA content of purified

nuclei.

Results and Diccussion

Table 1 presents a representative data on
DNA and protein contents of crude homogenate
and purified nuclei fractions isolated from liver
of rats maintained under different experimen-
tal conditions. A significant result was obser-
ved as the ratios of protein to DNA were
compared. Starvation led the ratio of protein
to DNA for crude homogenate to marked dec-
rease and refeeding of starved rats reversed
the change in the ratio to the comparable level
to norma! feeding controls over 24h. However,
any consistent trend were not observed with
the change in the ratio of protein to DNA for
purified nuclei fractions during starvation and
refeeding of starved rats. Similarly, insulin
injection into streptozotocin-diabetic rats en-
hanced significantly the ratio of protein to DNA
for crude homogenate fraction, but there was
no observable change with the ratios of protein
to DNA for purified nuclet fractions. In the
case of diabetic rats the ratio of protein to
DNA for crude homogenate was usually higher
as compared with that obtained from normal
feeding rats. In the present investigation dia-
betic rats were sacrificed 72h after injection
of streptozotocin to rats. The timing of sacri-
ficing animals is coincident to the period that
the highest level of lipogenic enzyme concen-
trations is maintained in liver cells in respon-
se to refeeding of starved rats®, Thus the
increased protein concentration in diabetic
rats may be ascribed to a ‘temporary shoot up

of protein biosynthesis caused by refeeding
of starved rats after streptozotocin injection
which was manipulated for inducing diabetes

from normal rats.
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Figure 1. Effect of the change in nutritional
states (Figure A) and insulin injection
(Figure B) on the activity of malic enzyme
from rat liver cytosol. The details of the
enzyme preparation and assay system are
given in the text. The ordinate is expressed
in terms of 40D at 340nm x100/min/mg of
protein. Rats previously maintained on a.
balanced diet (N)were starved for 2 days(S,,
and S;) and then refed a fat-free high carb-
ohydrate diet for 2 days (F, and F,)(Figure:
A). Diabetic rats induced with streptozotocin
were maintained on a balanced diet for 3 days.
(DF 3). Insulin was injected to diabetic
rats starved for 1 day (IJ) and then. fed
with a fat-free high carbohydrate diet. for
1 day (DIy.5 and DI;) (FigureB). Each point
is the average value of the enzyme activity
in three or more rat livers.
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The ratios of protein to DNA for purified
nuclei fractions varied from 2.7 to 4.4, alth-
ough Teng et al.® observed that the ratio of
total nuclear protein to DNA is 4.2 in highly
purified rat liver nuclei. Their experimental
value is based on the result obtained from a
typical nuclei preparation. Yields of nuclei
shown in Table 1 are close to the value, 529%
as reported by Teng et @l.®, These results
suggest that our nuclei preparations were
comparable to those obtained by Teng et al.
(9).

To make sure that animals used for the
experiment were in the proper adaptive resp-
onse, malic enzyme activity ‘was measured for

Mol Wt 107
5 68 L3 26 72 i
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Figure 2. Electropnoretic patterns of 0.14M
NaCl soluble proteins extracted from liver
nuclei of rats with different nutritional states.
The details of the experiments are given in
the text. An aliquot of 35ug protein was
electrophorized on a tube. The capital letters
of alphabet indicate the nutritional states of
rat: A-normal feeding, B-48 h starvation,  C-
24h after refeeding of 48h starved rat,
and D-48 h after refeeding of 48h starved
rat. The small letters of alphabet indicate the
molecular weights of the major protein
peaks: a-180 kilodaltons, b-100 kilodaltons,

<-b0 kilodaltons, and d-36 kilodaltens.

the centrifugal supernatant. (100,000X g for
1 h) obtained from livers of rats under the
different experimental conditions. The results
shown in Fig. 1 are in good agreement with
the earlier report® that malic enzyme acti-

vity of cytosol rises or falls in response to
insulin signal.

Figure 2 shows the SDS gel electrophoresis
pattern of (.14M NaCl soluble proteins extrac-
ted from purified liver nuclei of rats with
different nutritional states. The salient feature
is that the relative concentrations of (.14M
NaCl soluble

during starvation and refeeding of rats. During

proteins change significantly
48 h starvation at least five protein bands with
molecular weights of 59,100, 105, 160, and 180
kilodaltons decreased in 0.14M NaCl extract
fraction relative to normal controls, while a
single peak at 36 kilodaltons was increased.
Refeeding the starved rats with a fat-free
high sucrose diet reversed these changes over
24h, Further refeeding of starved rats for 48h
intensified the change in the quantities of the
proteins sensitive to the nutritional states.
The electrophoretic patterns of histones and
phenol soluble non-histone protein fractions
were also examined during the refeeding of
starved rats with a fat-free high sucrose diet.
But it was found that the variation of nutri-
tional states for rats did not bring about con-
sistent and significant changes in the electrop-
horetic patterns qualitatively and quantitative-
Iy (not shown). Our observation is somewhat
different from the finding that the striking
changes of the electrophoretic profile occur in
phenol soluble non-histone proteins in response
to staryation with Physarum polycephalum
and Hela cells growing exponentially in the
culture medium. ?%22 The discrepancy may
be ascribed to the different experimental sub-
jects employed. In other words, it is conceiv-
able that the composition ratio of proteins such
as structural proteins, metabolic proteins and
regulatory proteins in chromatin may be grea-
tly variable among different cells. In case that
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phenol soluble non-histone protein fractions
contain negligibly small amount of regulatory
proteins as compared with concentrations of
structural proteins, in particular, the electro-
phoretic analy sis method may not be able to
pick up the qualitatively or quantitatively
delicate changes of regulatory proteins most
sensitive to cell adaptation unless regulatory
proteins are selectively concentrated using
purification techniques.

In the case of insulin injection to feed diabetic
rats the electrophoretic profile of 0.14M NaCl
soluble proteins shows the essentially identical
pattern to that observed during refeeding of
starved rats. Levels of the set of five nuclear

Mol Wt x10%
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Figure 3. Effect of insulin injection on the
change of the electrophoretic patterns of
0.14 M NaCl soluble proteins extracted from
liver nuclei of diabetic rats. The details of
the experiments are given in the text. An
aliquot of 35ug protein was electrophorizéd
on a tube. A and B indicate the electropho-
retic pettern obtained from fed streptozo-
tocin-diabetic rats without and with insulin
injection, respectively. The small letters of
alphabet indicate the molecular weights of
the major protein peaks: a-180 kilodaltons,
b-100 kilodaltons, c-50 kilodaltons, and d-36
kilodaltons.

proteins identified earlier increased significan--
tly, while the 36 kilodalton protein was dimi--
nished (Fig.3). The histone and phenol soluble,
non-histone proteins appeared to be invariant.
as observed with the experiments using the.
variation of nutritional states (not shown).

The electrophoretic -analysis of ¢ytosolic
proteins was also performed to find quantita--
tive or qualitative changes during the refeeding-
of starved rats with a high sucrose diet and:
following insulin injection into fed streptozot--
ocin-diabetic rats. Some quantitative changes
of protein bands are anticipated from cytosol’
fractions since cytosol contains metabolic enz-
ymes such as som’e of lipogenic enzymes sens-
itive to metabolic adaptation. However, cytosol
fraction did not exhibit any cosistent trend of -
changes in proteins as judged by SDS gel.
electrophoresis.

The change in the concentration of nucleop--
lasmic proteins in response to nutritional states.
and insulin injection may result from the.
following possibilities; redistribution of nucl--
ear proteins, particularly non-histone proteins.,
through non-random movement of proteins bet--
ween cytoplasm and nucleus, the change in.
the rate of synthesis or degradation of nuclear-
proteins in nucleus, and modification of affinity
properties of nuclear proteins to chromatin..
However, there is evidence that most of nuc--
lear proteins including histones are not synth--
esized in the nucleus of most cells.®® The,
change in the affinity of nucleoplasmic proteins,
to chromatin may be insignificant to effect a
marked change of concentration of nuclear sap-
proteins since our data indicate that - phenol
soluble non-histone proteins appeared to be,
invariant with the wvariation of nutritional,
states. Considerable information has been acc--
umulated to support that non-random movem--
ent of proteins betwéen cytoplasm and nucleus,
accompanies a general change in nuclear act-
ivity.“® In addition, there have been a nu-.
mber of studies on the transport of hormone

receptor proteins into nucleus in response . to,
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bormone action. ¥ In view of these evi-
dences, it seems likely that the translocation
of the shuttling proteins between Cytoplasm
and nucleus results in the observed quantitative
changes in nucleoplasmic proteins in response
to glucagon and insulin signals.

Recently, it has been shown that genome
regulating proteins have an appreciable non-
specific affinity for other DNA regions as well
as for their specific target DNA sequences,
@23 The non-specific binding property of
genome regulating proteins implies the impo-
rtance of dynamic equilibrium of nucleoplasmic
proteins between chromatin and nucleoplasm

in the nucleus. Consequently, the regulation

of gene expression may be influenced by the
relative concentration of nucleoplasmic non-
Thus the present results
indicate that changes in the relative concent-

histone proteins.

ration of individual nuclear sap proteins may
be associated with the regulation of nuclear

activity related to induction of cytosolic lipo-
genic enzymes.
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