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SUMMARY :

The relative rate of synthesis of glucose-6-P dehydrogenase increases
up to 8-fold when fasted rats are fed a 60% carbohydrate, fat-free diet for
3 days but the specific activity of the enzyme only increases 2 to 3 fold.
This suggests that the high carbohydrate diet also causes a 2 to 3 fold
increase in the rate of glucose-6-P dehydrogenase degradation. The nutri-
tional induction of this enzyme in adipose tissue is primarily due to a large
increase in the rate of its synthesis.

Mechanisms regulating the induction of lipogenic enzymes have been
studied extensively in rat liver, yet there is a lack of consensus as
to the nature of the hormonal and/or metabolic signals which regulate the
levels of this class of enzymes. Insulin has been implicated in this regula-
tion because diabetic rats do not show the normal induction of lipogenic
enzymes (1,2). However, in normal animals there does not appear to be a
correlation between insulin levels and the levels of lipogenic enzymes in
liver (3). Cyclic AMP can repress the synthesis of some lipogenic enzymes
(4,5) but has no effect on 6~phosphogluconate dehydrogenase synthesis and
only a two fold effect on glycose-6-phosphate dehydrogenase synthesis (6).

Hypophysectomy decreases lipogenic enzyme levels (7) and thyroxine is syner—

gestic with insulin in inducing malic enzyme in cultures of chick liver (5).

Abbreviations: SDS, sodium dodecyl sulfate.
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However, thyroxine may only play a permissive role in lipogenic enzyme
induction in this system (5).

Adipose tissue, like 1liver, shows an induction of lipogenic enzymes
during fasting-refeeding experiments but there are differences between the
two tissues which might give some important insight into mechanisms regulating
the induction of these enzymes. Insulin levels in blood correlate well with
the induction of lipogenic enzymes in adipose tissue but not in liver (3).
This may be due to a requirement for insulin in glucose transport in adipose
tissue but not in liver (8). Dietary fructose is more effective than glucose
in lipogenic enzyme induction in liver but less effective than dietary
glucose in adipose tissue (3,9). This could be due to a specific fructokinase
in liver which allows a very rapid utilization of fructose (10) and the
absence of this enzyme in adipose tissue (9). Thyroxine effects lipogenic
enzyme levels in opposite directions in the two tissues (l1l). Thus there are
interesting differences between liver and adipose tissue in how dietary and
hormonal factors regulate levels of lipogenic enzymes.

A comparison of the mechanisms regulating the induction of a specific
lipogenic enzyme in these two tissues might provide some insight into the
nature of the signals regulating lipogenic enzyme synthesis. This paper
provides evidence that glucose-6-phosphate dehydrogenase synthesis (G6PD;
E.C. 1.1.1.49) changes as much as 8 fold in adipose tissue when rats are
fasted and then fed a high carbohydrate~fat free diet. This enzyme would
therefore be an excellent model system for further study in both liver and

adipose tissue.

Methods: Assays for G6PD and protein and composition of the diets were as
previously described (12). Young male Sprague-Dawley rats (100-150 g) were
fed Purina rat chow (pellet fed rats), fasted for 3 days (fasted rats) or
fasted for 3 days and fed a 60% carbohydrate (fructose or glucose) fat free
diet for 3 days (induced rats). One unit of G6PD is that amount of enzyme
which will produce lu mole of NADPH/min at 30° and pH 8. Specific activity
is expressed as units of enzyme/mg protein.

Preparation and incubation of adipose cells. Epididymal adipose tissues
were dissected, placed in saline at room temperature and connective tissue
and blood vessels were removed. Tissues were minced, incubated in digestion
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buffer (9 ml/g tissue) for 1 hr at 37° in a shaking water bath (120 cycles/
min) while being continually gassed with 5% C02/9SZ 0,. The digestion buffer
contained 3.2% bovine albumin (fatty acid free), o.iiz collagenase in Krebs
original Ringer phosphate media supplemented with glucose (0.005 M), pyruvate
(0.005 M), and NaHCO, (0.025 M). The cells were harvested by centrifugation
at 50 x g for 2 min ‘and washed twice with Krebs media. The cells were taken
up in Krebs media (15 ml/g tissue) containing 3.6% Bovine albumin (fatty acid
free) and insulin (1 mu/ml). Radioactivity was incorporated by adding 20 uCi
of L-{4,5-"H]leucine (60 Ci/mmol). Each of the other 19 common amino acids
were added at a final concentration of 80 uM. The cells were incubated in a
shaking water bath at 37° for 1 hr while being continually gassed with 5%
C0,./95%2 0,. They were then harvested by centrifugation at 50 x g for 2 min
ang washeg twice with Krebs media. Cells were sonicated in an equal volume
of cold 0.15 M KCl and centrifuged at 100,000 x g for 45 min. The supernatant
fraction was assayed for G6PD and the enzyme was isolated by specific immuno-
precipitation. Immunoprecipitation of G6PD and SDS polyacrylamide disc gel
electrophoresis of the immunoprecipitate were as described previously (13).
The radioactivity in G6PD was taken as the sum of the radioactivity in the
peak which migrated with the G6PD subunit (see Figure 2). Total soluble
protein radioactivity was determined as before (13) except that radioactive
protein was extracted from cellulose discs by heating with protosol for 4 hr
at 50°C.
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Figure 1. Quantitative immunotitration of adipose tissue G6PD from fasted
and glucose induced rats. Twenty U1 of antiserum was added to increasing

amounts of supernatant fractions from adipose tissue of fasted (O ) and
induced (O) rats. The specific activity of G6PD was 0.16 and 0.40 units of
enzyme/mg protein in fasted dnd induced animals respectively. The final
reaction volume was constant at 59 pl. The supernatnat fraction from the
fasted rat was concentrated by ultrafiltration to an enzyme concentration
equivalent to that from the induced rat. Reactions were incubated at 30° for
30 min and then placed on ice for 1 hr prior to centrifugation to remove the
immunoprecipitate and assay of the supernatant fraction for unreacted G6PD.
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Results and Discussion

As a preliminary step in determining the effect of dietary carbohydrate
on the synthesis of G6PD in adipose tissue, we determined if the antiserum to
liver G6PD would react equally well with the enzyme from adipose tissue.
Figure 1 shows a quantitative titration of adipose tissue G6PD from fasted
rats and rats fasted and refed a 60% glucose, fat-free diet for 3 days. The
antiserum had been raised against pure liver G6PD and had a titer of
150 units/ml against liver G6PD. Figure 1 shows that this antiserum had an
identical titer of 150 units/ml when titered against G6PD from the adipose
tissue of fasted or induced rats. This antiserum therefore reacts in a
quantitatively identical way with either liver or adipose G6PD and gives an
identical titer for G6PD from the adipose tissue of induced or fasted rats.
This demonstrates that the 2.5 fold induction of G6PD in adipose tissue was
due to a corresponding 2.5 fold increase in the amount of G6PD protein.

Figure 2 illustrates the specificity of the antiserum in immunoprecipi-

tating G6PD from adipose tissue. In this experiment rats in three different
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Figure 2. Polyacrylamide SDS disc gel electrophoresis of G6PD immunoprecipi-
tated from adipocytes of rgfs in three different nutritional states. Adipo-
cytes were labeled with [“H]leucine for 60 min prior to sonification and
centrifugation. Four units of carrier liver G6PD were added prior to immuno-
precipitation. The counts in the G6PD have not been normalized to a uniform
amount of radioactivity in total protein. The three nutritional states are
glucose induced (0 ), pellet fed (A ) and fasted (@®).
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nutritional states were used to prepare adipocytes from epididymal fat pads.
These were then incubated with [3H]leucine for 1 hr, sonicated and centrifuged
to produce a supernatant fraction. The specific activity of the G6PD was
determined and the enzyme was immunoprecipitated as described in the Methods
section. The washed immunoprecipitate was electrophoresed on an SDS poly-
acrylamide gel which was then sliced and counted for [3H]proteins. The
data in Figure 2 show that there is one major band which is immunoprecipitated
and that this band migrates with the subunit of pure G6PD. The small peak of
relative mobility 0.58-0.6 may represent a small amount of G6PD nascent chain
(14) and is not included in calculating the radioactivity in G6PD. The G6PD
immunoprecipitated by the antiserum was shown previously to produce cyanogen
bromide fragments of the same molecular weight as pure G6PD (15). Together

these data demonstrate that this antiserum is specific for G6PD.

The data in Figure 2 also suggests that the amount of radiocactive G6PD
synthesized in adipose tissue increases in animals which are fasted and then
fed a 60% glucose diet. We have therefore used this technique to determine
the relative rate of G6PD synthesis in rats in four different nutritional
states and the data are presented in Table 1. When a fasted rat is fed a
high carbohydrate, fat free diet for 3 days, G6PD increases 2 to 3 fold in
specific activity. In these same animals there is a 5 to 8 fold increase in
the relative rate of G6PD synthesis. Animals fed a Purina chow diet fall
somewhere between fasted and induced animals both in the amount of G6PD
present and in its relative rate of synthesis. These data demonstrate that
the dietary induction of G6PD in adipose tissue, like the induction of this
enzyme in liver, is due to a large change in the rate of enzyme synthesis.

The fact that the increase in G6PD synthesis is larger than the change in
enzyme specific activity suggests that the rate of degradation increases in
induced animals. We can calculate a relative rate of degradation of G6PD
from the relationship E = Ks/Kd (16) where E is the enzyme concentration at

any steady state level of enzyme and Ks and Kd are the rate constants for
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synthesis and degradation at the steady state. If we substitute the specific
activity for E and the relative rate of synthesis (RRS) for Ks we can calculate
a relative rate of degradation (17). When this is done the relative rate of
degradation is 0.5, 0.39, 0.29 and 0.17 for glucose induced, fructose induced,
pellet fed and fasted rats respectively. Our data therefore suggest that the
induction of G6PD in adipose tissue is primarily due to changes in the rate
of enzyme synthesis but that there may also be a 2 to 3 fold increase in the

rate of G6PD degradation in the induced rat.

We have recently shown that dietary fat may decrease the rate of degra-
dation of G6PD in liver (17) and this is consistent with an increase in G6PD
degradation in adipose tissue when rats are fed a fat free diet. Geisler,
Roggeveen and Hansen (18) have recently shown that adipose cells incubated
with insulin degrade G6PD 2 to 3 times more slowly than cells incubated
without insulin so adipose tissue appears to regulate G6PD synthesis within
an 8 fold range and G6PD degradation within a 2 to 3 fold range. These
differences are large enough to make adipose G6PD an attractive model for
providing additional insight into the types of nutritional and hormonal

signals which regulate the indcution of this enzyme in lipogenic tissues.
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