The Effect of Insulin on Protein Synthesis in
Primary Monolayer Culture of Adult Rat
Hepatorcytes
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Table 1. Composition of modified Waymouth's MB 752/1 (HI/WQOs/BAzoo0)

Component (mg/)
Inorganic salts
NaCl 6000.0
KCl 150.0
CaClz(anhyd) 90.6
MgSO4{anhyd) 239.8
Naz HPO4 300.0
NaHCO; 1120.0
KH:POq4 80.0
Amino acids
I-Arginine-HCl 75.0
lAspartic Acid 60.0
ICysteine- HCl- H20 100.3
[Cystine 15.0
tGlutamic Acid 150.0
[Glutamine 350.0
Glycine 50.0
FHistidine HCI+ H.O 164.1
Hsoleucine 25.0
FLeucine 50.0
[Lysine-HCl 240.0
IMethionine 50.0
-Phenylalanine 50.0
LProline 50.0

- Threonine 75.0
FTryptophan 40.0
I Tyrosine 40.0
-Valine 65.0
Vitamins
Glutathione 15.0
Ascorbic Acid 17.5
d-Biotin 0.02
Choline Chloride 250.0
Folic Acid 0.4
Hypoxanthine 25.0
[Inositol 1.0
Nicotinamide 1.0
d-Pantothenate (CaSalt) 1.0
Pyridoxine+HCI 1.0
Riboflavin 1.0
Thiamime-HCl 10.0
Vitamin B2 0.2
Other components
Glucose 5000.0
Bovine Albumin(Fatty Acid Free) 2000.0
Phenol Red (Na Salt) 20.0
Oleic Acid (Na Salt) 5.4
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Fig.1. Time course of synthesis of TCA insoluble
proteins and albumin by rat hepatocytes in
primary monolayer culture prepared from
control rat (—@) and STZ-induced diabetic rat
(0—0). A, [*C]-leucine incorporation to TCA
insoluble proteins; B, [**C]-leucine incorporation
to albumin.

Table 2. Plating efficiency of inoculated rat hepatocytes to plastic dishes coated by various methods

Fibronectin

+Collagen I Fibronectin Collagen IV Collagen Il
Control 60.6£9.7 18.6x7.2 54.8+11.6 2.2+0.9
Rat (27.6&1.2*"
. . 4. 7X2.3 2.0%£1.1
STZ diabetic 36.5%7.4 8.1%4.5 5.7 .
Rat (36.4%9.8)

HI/WOs/BAze0 was a culture medium.

All values are expressed in percent

STZDM Rat: Diabetic rat induced by injecting STZ a week before.

* Insulin (10-8M) was added to culture medium.

**Collagen was dissolved according to the method of Rubin et al.tV

Each value is the mean of 3 experiments®S.D.
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Fig.2. Effect of insulin (10-®M) on ['*C]-leucine
incorporation to TCA insoluble proteins in
cultured hepatocytes prepared from control rat
(A) and STZ-induced diabetic (B). O0—o0O,
insulin (10~*M) added ; ® —®, insulin free.
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Fig.3. Effect of insulin (10-®M) on [“C]-leucine
incorporation to albumin synthesized in cultured
hepatocytes prepared from STZ-induced diabetic
rat. O—O, insulin added; ® —®, insulin free.

Table 3. Plating efficiency, and synthesis of TCA insoluble protein and albumin, of cultured hepatocytes
prepared from a control rat and STZ-induced diabetic rat

Plating Effciiciency

TCA Precipitate Albmin Synthesis

Insulin(+) Insulin(—) Insulin(+) Insulin(—) Insulin(+) Insulin(—)
Control Rat 134.4%7.2 100 113.1%+8.9 100 117.6%£9.0 100
STZ diabetic Rat - 41.9%£4.9 36.8+5.2  40.3%7.4  28.6%2.9 36.5%4.0 30.9%t3.6

All values are expressed in percent.

Each value is the mean of 3 experiments + S.D.
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Fig. 4. Effect of increasing concentrations of
insulin on- the [**C]-leucine incorporation to
albumin synthesized in cultured hepatocytes
prepared from STZ-induced diabetic rat. =
s synthesis of albumin of cultured hepatocytes
prepared from a STZ-induced diabetic rat
incubated with insulin for 12 hr; e—e,
Synthesis of albumin of cultured hepatocytes
prepared from a STZ-induced diabetic rat
incubated with insulin for 6 hr.
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Fig.5. Effect of increasing concentrations non-
labelled insulin on ['?*I]-insulin binding to isolat-
ed hepatocytes prepared from STZ-induced
diabetic rat.
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Fig.6. Scatchard analysis of insulin binding to
isolated hepatocytes prepared from STZ induced
diabetic rat and control rat. Scatchard plots
were constructed by determining the ratio of
bound (B) to free (F) ligand and plotting this
versus the amount of bound ligand.
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Fig.7. Degradation of [***I]-insulin. Degradation
of [**I]-insulin (10-'°M) was determined by
precipitation in 109% TCA. In each experiment,
appropriate control tubes were prepared that
were identical to experimental tubes in all
respects except that hepatocytes were omitted.
e—@, degradation curve in cultured hepatocytes
prepared from control rat; O--- O, degradation
curve in cultured hepatocytes prepared from
STZ-induced diabetic rat.
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Fig.8. The effect of insulin on protein synthesis in
the cultured hepatocytes. The adult rat hepato-
cytes prepared from the STZ-induced diabetic rat
were cultured with increasing concentrations of
native insulin or insulin-dextran complexes in the
medium containing ['*C]-leucine for 12 hours.
The rate of protein synthesis was measured by
the radioactivities incorporated into TCA in-
soluble protein. ®-—@, native insulin; 0—o0,
insulin-dextran complex I (T-40); A--A, insulin-
dextran complex II (T-70); ®---®, insulin-
dextran complex III (T-2000).
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Fig.9. The effect of insulin or insulin-dextran
complexes on the albumin synthesis in the
cultured hepatocytes. The adult rat hepatocytes
prepared from the STZ-induced diabetic rat were
cultured with increasing concentrations of native
or insulin-dextran complexes in the medium
containing [*C]-leucine for 12 hours. The rate
of protein synthesis was measured by the radio-
activities incorporated into immunoprecipitates
by anti-rat albumin rabbit serum and antirabbit
v-globulin goat serum. Symbols are the same as
in Fig. 8.
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Fig.10. Phase contrast micrographs of the cultur-
ed hepatocytes 12 hr after incubation. The adult
rat hepatocytes prepared from STZ-induced
diabetic rat were cultured without insulin (A),
with insulin (B) and with insulin-dextran complex
©).
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Table 4. Relative potencies of three kinds of insulin-dextran complexes in the stimulation of protein
synthesis in the cultured rat hepatocytes as compared with native insulin

Insulin and Insulin-Dextran

Molecular Weight of
Complexes Dextran

Relative Potencies in the
Stimulation of Protein Synthesis

Native insulin
Complex I,  T-40
Complex II, T-70
Complex III, T-2000

150,000
450,000
2.000.000

100%

94.2%3.5%
67.5+4.8%
30.0£5.2%

The adult rat hepatocytes prepared from the STZ-induced qiabetic rat were cultured with native or
insulin-dextran complexes in the medium containing [*C]-leucine for 12 hours. The rate of protein synthe-
sis was measured by the radioactivities incorporated into TCA insoluble protein. Each value is the mean

of 3 experiments £S.D.
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Abstract

The purpose of the present study was to examine the mechanisms of the long-term effects of
insulin on protein synthesis in the cultured hepatocytes.

Isolated liver parenchymal cells were prepared from an abult normal rat (control rat) and/or a
streptozotocin induced diabetic rat (diabetic rat). To avoid the effects of serum factors, the he-
patocytes were cultured in the complete synthetic serum free media HI/WO5/BAsg00 under 5%
C0,/95% air at 37°C. The optimum condition for cell attachment to plastic dishes (60 mm )
was determined. The cultured hepatocytes well maintained the metabolic and morphological
characteristics of the adult rat liver during first 24 hours after cell inoculation. The incorporation
of ['*C]-leucine into trichloroacetic acid (TCA)-insoluble proteins and immunoprecipitates
by anti-rat albumin serum were measured in cultured hepatocytes prepared from the diabetic rat
and the control rat.

Time course of TCA-insoluble protein and albumin synthesis in cultured hepatocytes from dia-
betic and control rats indicated that the symthesis was found to be linear over the incubation
period of 24 hours. However, synthesis of TCA-insoluble protein and albumin by hepatocytes
prepared from the diabetic rat was markedly decreased as compared with that of the control rat.

Total protein synthesis was not affected by insulin in cultured hepatocytes prepared from the
control rat. When 10®M insulin was added to the medium of hepatocytes prepared from the
diabetic rat, the initial rate (0—6 hr) of protein synthesis was increased approximately 4 times.

Scatchard analysis revealed that both cultured hepatocytes from the diabetic rat and the
control rat had a major insulin-binding sites with Kd of approximate 4.4-5.7X 10°M. Cultured
hepatocytes from the diabetic rat, however, had twice as many receptors per cell as control
hepatocytes. Furthermore, insulin degradation was rapider in cultured hepatocytes from the
diabetic rat than that from the control rat. In contrast, cultured hepatocytes from the diabetic
rat was much more sensitive to the hormones. This increase in sensitivity of cultured hepato-
cytes from the diabetic rat most likely reflects an increase in the number of insulin receptors
present.
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Finally, it was demonstrated that protein synthesis of cultured hepatocytes was induced by
the extracellulary incubated insulin-dextran complexes as well as native insulin. Three kinds of
soluble and stable insulin-dextran complexes (I, Mr 150,000; I, Mr 450,000; I, Mr 2,000,000)
were prepared. The maximal effect of insulin-dextran complex (I) on protein synthesis was
comparable to native insulin. However, insulin-dextran complex (II) caused a 67% stimulation of
native insulin. Insulin-dextran complex (HII) induced only a slight increase in protein synthesis.
These results support the view that the stimulation by insulin of protein synthesis in rat hepato-
cytes does not require the entry of insulin into cell.




