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SUMMARY

Effect of insulin on amino acid incorporation into protein by isolated
rat Tiver hepa%gcytes was studied, A two to three-fold increase in the incor-
poration of U-1*C-Leucine and U-14C-Pheny1a]anine into protein by insulin
(100 uUnits) was observed in isolated hepatocytes containing hggh glycogen.
This effect was abolished by the addition of glucagon (3 x 107°M). No
stimulation in amino acid incorporation by insulin was observed when iso-
lated hepatocytes contained low or no glycogen. Electron micrographs of
incubated cells show that in the presence of insulin more normal parallel
strands of polyribosomes are maintained as compared to control cell prepara-
tion.

Insulin is generally accepted as a protein-anabolic hormone. The rate
of protein synthesis measured in several ways is subnormal in tissues of
diabetic animals and can be restored to normal by treatment of animals with
insulin (1, 2). However, the primary site of this metabolic defect is not
known. In the present studies we report an interrelationship between glycogen
levels and stimulation of amino acid incorporation into protein by insulin

in isolated hepatocytes.

*Supported by a grant from E1i Lilly and Co. and the Human Growth Hormone
Foundation.

**Present address: E1i Lilly and Company, Indianapolis, Indiana.

72
Copyright © 1975 by Academic Press, Inc.

All rights of reproduction in any form reserved.



Vol. 64, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

MATERIAL AND METHODS

Male rats weighing 180-200 g, fed or fasted (6-8 hrs; 16-18 hrs),

were used in all studies reported here. A1l rats were maintained on Purina
Laboratory Chow and tap water fed ad Tibitum. The rats received their food
in a dish that was placed on the floor. It was previously observed (3) that
liver glycogen was significantly increased in animals that had easy access

to the food as compared to those rats that had to obtain their food from
suspended wire baskets. Rat lTiver cells were isolated by collagenase in
vitno perfusion technique as described previously (4). Approximately 55-70
mg cells were incubated in 3 ml of Umbreit R1nger 25 mM NaHCO3 buffer (5)
containing 7, 2 mM glucose, 5 TM lactate and 5 mM amino acids (containing
0.5 uC of u-14c- 1euc1ne or U-l4c- pheny]a]an1ne) and with various concentrations
of hormones at 37°C and at 90 oscillations per minute for 1-3 hrs. The vials
were gassed with 95% 0o and 5% CO2 for 5 min. at time zero and after each

1 hr of incubation. Insulin, 50 uUnits, was added on t1mg zero and 25 uUnits
was added at the end of one and two hours. Glucagon ( was added at
time zero, one and two hrs. At the end of the incubat1on per1od the reaction
was stopped by the addition of trichloracetic acid and radioactivity in the
protein was assayed as described previously (6,7). Cellular glycogen was
precipitated by the method of Good et al. (8), hydrolyzed and assayed by
glucose oxidase method (9). The ultrastructure studies were carried out by
thin section electron microscopy on the Sieman IA polarizing electron micro-
scope. Cells after incubation (1 hr) were fixed overnight at 0°C with

2% glutaraldehyde in 0.1 M Na phosphate (pH 7.3) buffer. The cells were
rinsed twice with 0.1 M Na phosphate buffer and post- f1xed with 2% osmium
tetroxide in 0.05 m Na phosphate buffer for one hour at 0°c. They were
rinsed again in 0.05 M Na phosphate buffer and dehydrated in a graded ethanol
series to 100% ethanol. Infiltration was completed with propylene oxide

and samples were embedded in Epon-812 resin. Thin sections were cut with

LKB ultratome. They were stained with 2% uranyl acetate in absolute ethanol
and post-stained with Reynolds Jead citrate (10).

RESULTS AND DISCUSSION

The incorporation of U—14C-1eucine and U-14C-pheny1a1anine into protein
by isolated hepatocytes is summarized in Table I. The incorporation of labeled
leucine and phenylalanine increased proportionately with incubation time in
the presence of 7.5 mM glucose, 5 mM lactate and 5 mM amino acids mixture.
Treatment with insulin (100 uUnits) showed a progressive increase in the
incorporation of these amino acids into protein at various incubation periods
studied, reaching an increase of almost three-fold by the end of three hours.
Addition of glucagon (3 x 10"6M) had no effect on the incorporation of
these amino acids into protein. Insulin-stimulated amino acid incorporation
into protein by isolated hepatocytes was abolished by glucagon when cells
were incubated with combinations of insulin (100 uUnits) and glucagon

(3 x 10_6M). No stimulatory effect by added insulin was obServed in isolated
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Figure 1-A: Electron micrograph (22,400 x mag) of isolated hepatocytes
(control} incubated for one hour as described in Table I.

hepatocytes obtained from fasted rats or when glycogen content was low as
is evidenced in Table II. Hepatocytes obtained from fasted rats (16-18 hrs)
show a small decrease in the incorporation of amino acids into protein (Table
II). This is in agreement with our previous observation (3) where a signi-
ficant decrease in amino acids incorporation into protein was observed in
hepatocytes obtained from 24 hr fasted animals. These studies suggest that
the stimulatory effect of insulin on amino acid incorporation into protein is
observed only in hepatocytes that contain high concentration of glycogen.
Studies on ultrastructure of incubated cells (1 hr) under various con-

ditions are summarized in Figure I (A-D). Cells incubated with insulin showed
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Figure I-B: FElectron micrograph {22,400 x mag) of isolated hepatocytes

[control + Insulin (50 wUnits)] i
described in Table §. u )] incubated for 1 hour as

high intracellular glycogen, associated with more normal parallel strands of
polyribosomes (Fig. 1-B) as compared with control (A), or glucagon (C), and
glucagon and insulin treated cells (D). In the absence of insulin (Fig. 1-A)
there is an increase in free ribosomes and a decrease in polysome strands and
similar ultrastructural changes are also seen in the presence of glucagon (Fig.
1-C) and insulin and glucagon treated cells (Fig. 1-D). The resuits presented
here suggest that insulin is involved directly both in glycogen and protein

synthesis and that this synthesis may be mediated by a common messenger or

77



Vol. 64, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Figure 1-C: Electron micrograph (22,000 x mag) of isolated hepatocytes
(control + glucagon 10-6 M) incubated for one hour as
described in Table I.

that glycogen may act as the stabilizing factor to maintain polyribosome
strands.

Crane and Miller (11) have shown that insulin and cortisol succinate
both stimulated plasma protein synthesis by isolated hepatocytes. We have
observed in our previous studies (12, 13) that insulin stimulated glycogen
synthesis in isolated hepatocytes and also activated glycogen synthase by
16-40%. Pain et al. (14) have shown previously that administration of insulin

to a diabetic rat resulted in reversion of rough endoplasmic reticulum to
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Figure I-D: Electron micrograph (22,400 x mag) of isolated hepatocytes
(control + Insulin, 50 uUnits, + glucagon, 1 x 1076 M)
incubated for one hour as described in Table I.

parallel arrangement characteristic of the normal cell with a concommitant
decrease in the amount of smooth endoplasmic reticulum and glycogen content
was greatly increased. A decrease in amino acid incorporation into protein
by isolated hepatocytes in insulin-deficient animals has been previously re-
ported {15). The studies presented here show that addition of insulin to
normal cells not only stimulates amino acid incorporation into protein but
also helps to maintain normal parallel strands of polyribosomes and this
effect requires high intracellular glycogen.

We are grateful to Mrs. V. Phelps and Ms. Ann Schwab for the preparation

of cells and their expert technical assistance.
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