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SUMMARY-The capacity of adrenal steroid hormones to accelerate synthesis of 
alanine transaminase (L-alanine-2-oxoglutarate aminotransferase, E. C. 2.6. 1.2) 
in cultured cells of th&H-35 hepatoma was investigated. The transaminase of 
these cells was immunologically identical to the rat liver enzyme. By use of an 
isotopic-immunochemical method, it was found that transaminase synthesis was 

increased 150%, 24 hr after hydrocortisone was added to the medium. We con- 
clude that the induction of this enzyme by glucocorticoids in vivo is due to direct 
action of the hormones of hepatic cells. Lactic dehydrogenase levels were un- 
changed by the steroids tested. The responses of alanine transaminase to various 
concentrations of hydrocortisone and to modifications of the steroid structure were 
like those of tyrosine transaminase in H-35 cells, except that synthesis of the 
latter enzyme is stimulated to a much larger extent. 

It is well-known that the rat liver enzyme alanine transaminase (&-alanine- 

2-oxoglutarate aminotransferase, E.C. 2.6. 1.2) is inducible by glucocorticoids 

in vivo (1, 2). Maximum increase in the enzyme level is attained only after 

prolonged steroid treatment, reflecting the slow turnover rate of this enzyme 

relative to other glucocorticoid-inducible enzymes in liver (2-4). This slow 

response has hitherto made it impossible to distinguish (e.g., by perfusion analyses) 

whether glucocorticoids act directly on hepatic cells to effect induction of this 

enzyme. In this report we will show that hydrocortisone and other adrenal steroids 

act directly on cultured cells of the Reuber (H-35) hepotoma to accelerate synthesis 

of this enzyme. 

MATERIALS AND METHODS 

Reuber (H-35) cells were grown in monolayer at 37°C in plastic tissue 

culture flasks (Falcon, 76 cm2). The growth medium was Eagle’s basal medium 
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enriched fourfold with amino acids and vitamins and supplemented with 20% 

fetal calf serum and 5% calf serum. All experiments were performed with early 

stationary phase (8- to 9-day) cultures in serum-free medium. Tissue culture 

materials were purchased from Grand Island Biological Company. 

Cells were lysed in 0.15 M KCI-0.001 M EDTA-0.005 M cr-ketoglutarate 

(pH 7.8) by alternately freeze-thawing three times in liquid nitrogen and a 

37O C water bath. The cell lysates were centrifuged at 40,000 rpm for 35 min. 

Alanine transaminase of supernatant solutions was assayed as described by Segal 

et al. (5). A unit of enzyme is defined as the amount which produces 0.55 

pmoles pyruvate per min (5). Lactic dehydrogenase was measured by the 

method of Kornberg (6). Protein was determined by the procedure of Lowry 

et al. (7) with bovine serum albumin used as standard. 

RESULTS AND DISCUSSION 

The soluble alanine transaminase of H-35 cells was elevated by the addition 

of hydrocortisone (5 X 10m7 ,M) to the medium, with a clearly significant change 

being detected 24 hr after hormone addition (Fig. 1). Enzyme continued to 

accumulate for 48 hr and then was maintained at a level 70 to 100% greater 

than the basal or uninduced level. The rate of increase in enzyme level during 
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FIG. 1. Induction of alanine transaminose by hydrocortisone in H-35 cells. 
At zero time, growth medium was replaced with serum-free medium without 
(u) or with 5 X 10e7 E hydrocortisone (O---a). The medium was 
changed every 36 hr. Each point is the average of three similarly treated 

monolayer cultures. 
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the first 48 hr is comparable to that observed in vivo, but in the latter case 

enzyme continues to increase and reaches a new steady state after 4 to 5 days of 

hormone treatment (2). That the induction process appears to cease after 48 hr 

in these cultures probably reflects a cytotoxic effect of long-term glucocorticoid 

treatment. Such an effect is apparent in loss of total protein adhering to the 

surface of culture flasks after several days of glucocorticoid treatment. 

TABLE 1 

Effects of Various Steroids on Alanine Transaminase Activity 

Cells were exposed to the indicated steroid for 48 hr in serum-free medium. 
Data are the average + standard error of three similarly treated monolayer 
cultures. 

Addition Concentration 
Alanine 

transaminase 
Lactic 

dehydrogenase 

None 

Hydrocortisone 

Corticosterone 

q-Aldosterone 

Progesterone 

M units/mg protein 

0.40 l 0.001 2.33 + 0.09 

5 x 10-7 0.63 f 0.014 2.56+ 0.17 

5 x 10-7 0.64+ 0.001 2.42* 0.17 

1 x 10-6 0.69* 0.002 2.5Oi 0.17 

5 x 10-6 0.40 f 0.010 2.58 f 0.14 

Induction of alanine transaminase showed the same dependency on hydro- 

cortisone concentration as that previously found for induction of tyrosine 

transaminase in these cells (8); a significant stimulation was detected at 10m8M 

hydrocortisone, and 5 X 10m7 M was optimal. - Corticosterone and &aldosterone 

were also effective as inducers of alanine transaminase, while progesterone was 

inactive (Table 1). In this regard, too, results with induction of alanine 

tranxrminase parallel previous results wherein the structural requirements of 

the steroid inducer were analyzed for induction of tyrosine tmnsaminase (9). 

None of these steroids altered lactic dehydrogenase of the hepatoma cells 

(Table 1). 

By double diffusion analysis in agar gel, we found the alanine transaminase 

of H-35 cells to be immunologically identical to the rat liver enzyme (Fig. 2). 
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FIG. 2. Double diffusion onalysis of the reaction of antitransaminase with 
various transaminase preparations. The central well contained 5 pl of rabbit 
antitransaminase serum (titer, 42.5 units/ml). To well 1 was added 0.46 
unit of alanine transaminase from H-35 cells treated with hydrocortisone for 
65 hr. To well 2 was added 0.3 unit of enzyme from untreated H-35 cells. 
Well 3 contained 0.7 unit of transominase from adult rat liver. Preparations 
from H-35 cells were concentrated by 50% (NH4)2S04 precipitation and had 
specific activities of 0.891 and 2.055 units/mg protein for untreated and 
hydrocortisone-treated enzymes, respectively. Specific activity of the 
partially purified liver enzyme was 2.04 units/mg protein. 

A sharp precipitin line showing identity was formed when antiserum prepared 

against purified enzyme from glucocorticoid-treated rats was tested against 

partially purified enzyme from rat liver or from H-35 cells before and after hydro- 

cortisone treatment; there was also an ill-defined reaction with the rat liver 

extract that was absent from H-35 cells. Titration of crude preparations from 

these three sources against the antiserum yielded the same equivalence paints, 

confirming immunological identity of the enzymes and showing that increased 

transaminase activity following induction in H-35 cells reflects increased trans- 

aminase protein (Fig. 3). 

Segal and Kim (2) have demonstrated that glucocorticoids increase the rate 

of synthesis of alanine transaminase in rat liver. A comparable experiment with 

H-35 cells is presented in Table 2. In this experiment the transaminase level 
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FIG. 3. Immunochemical titration of alanine transaminase preparations from 
rat liver and H-35 cells. Each tube contained 1.7 antitmnsaminase units and 
varying amounts of crude soluble fractions from adult liver (A), untreated H-35 
cells (I ), or hydrocortisone-treated H-35 cells (0) as indicated. After 
18 hr at 4°C the tubes were centrifuged and the soluble tmnsaminase activity 

was determined. Specific activities (units/mg protein) of the enzyme prepara- 
tions were 0. 18, 0.65, and 0.32 for liver, hydrocortisone-treated cells, and 
control cells, respectively. 

TABLE 2 

Effect of Hydrocortisone on Synthesis of Alanine Transaminase in H-35 Cells 

Cells were pretreated for 22 hr with serum-free medium with or without added 
hydrocortisone (5 X 10m7 M). At 22 hr, 75 pCi of ‘H-leucine (56 Ci/mmole) 
was added to each flask an2 the cells were collected 2 hr later. For each ex- 
periment 14 similarly treated monolayer cultures were pooled. Alanine trans- 
aminase was partially purified from soluble fractions by heat denaturation and 
ammonium sulfate fractionation (5) before immunochemical precipitation (10). 
Data are the averages from two sepclrate experiments; variation was 5% or less 
in all values. 

Treatment 
Transaminase 

activity 

Radioactivity in 

Transaminase Soluble proteins 

units/mg protein cpm cpm/mg X 10m3 

None 0.407 1,117 94.5 

Hydrocortisone 0.499 2,742 105.5 
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was increased about 20%, 24 hr after steroid addition to the medium; pulse- 

labeling measurements of the rate of enzyme synthesis showed this parameter to 

be increased about 150% at this time. In comparable experiments measurements 

of the rate of synthesis of tyrosine transaminase have shown that synthesis of this 

enzyme is elevated IO- to 12-fold 24 hr after hydrocortisone treatment of H-35 

cells (8). Steroid treatment caused a small increase in the rate of synthesis of 

total soluble proteins (Table 2); this effect is variable and in many experiments 

no change can be detected in this parameter (8). 

From these results it can be concluded, with reasonable assurance, that the 

reported induction of alanine transaminase in rat liver after glucocorticoid treat- 

ment is due to direct steroid action on hepatic cells, as is the case for inductions 

of tyrosine transaminase (11, 12) and tryptophan pyrrolase (12). Both trans- 

aminases are inducible in cultured hepatoma cells as well, but tryptophan pyrrolase 

is not detectable in H-35 cells and cannot be induced by glucocorticoid treatment 

(13). 

The similarity of the responses of tyrosine and alanine transaminases to varied 

steroid concentrations and modifications of the steroid structure suggests that the 

same mechanism is involved in induction of these two enzymes. If this is so, 

the difference in extent of response is of special interest: at 24 hr after addition 

of the steroid inducer, synthesis of tyrosine transaminase is elevated IO- to 12-fold, 

whereas that of alanine transaminase is approximately doubled. Kim (14) has 

presented evidence that synthesis of these two enzymes in rat liver is stimulated 

in sequential, rather than coordinate, fashion after glucocorticoid treatment. 

These observations are reminiscent of the polarity phenomenon associated with 

transcription of polycistronic messenger RNA’s in bacteria (15). 
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