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SUMMARY: We studied the effects of various glucocorticoids, 
glucagon and insulin on the activity of rat liver microsomal 
glucose-6-phosphatase.Preincubation of microsomes with cortico- 
sterone,cortisone,cortisol and dexamethasone as well as glucagon 
increased the rate of glucose-6-phosphate hydrolysis by about 
1.5 fold relative to the controls.The maximum activation occurred 
at about 10 r&l steroids and 0.3 nM glucagon,respectively.On the 
other hand,increasing concentrations (8.3 - 50 nM) of insulin 
progressively inhibited glucose-6-phosphatase up to 26%;the 
activity of which,however,remains completely in a latent state 
within the microsomal membrane and can be released from it by 
Triton treatment.In terms of the substrate transport hypothesis, 
the results are interpreted as evidence that regulation of 
glucose-6-phosphate hydrolysis is achieved by direct interactions 
either of the hormones themselves or of a possible second 
messenger with the carrier moiety of the rat liver microsomal 
glucose-6-phosphatase system. 

Several lines of evidence suggest that the functional 

glucose-6-phosphatase of rat liver endoplasmic membranes is a 

two-component system consisting of a glucose-6-phosphate-specific 

transporter and a nonspecific phosphohydrolase localized within 

the luminal surface of the membrane (1,2).Furthermore,the substrate 

transport across the microsomal membrane from the cytoplasmic 

side to the hydrolase has been demonstrated to be the rate-con- 

trolling process of microsomal glucose-6-phosphate hydrolysis 

and in terms of the substrate transport hypothesis this kinetic 

feature is assumed to be the reason of the considerable latency 

of glucose-6-phosphatase activity which is released by treatment 

of microsomes with detergents (1). 
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In accordance with this view,Arion et a1.(3) have postulated 

that glucocorticoid treatment of rats increases the concentration 

of the proposed translocase.However,it would be expected that 

changes in the enzymatic activity of glucose-6-phosphatase in 

response to various metabolic and hormonal regulations should be 

caused,at first,by direct effector-dependent modulations of the 

transport capacity before inductive adaptation of the amounts of 

glucose-6-phosphatase compounds could occur. 

In this study,we have therefore investigated the influence 

of various steroids,glucagon and insulin on the activity of rat 

liver microsomal glucose-6-phosphatase in vitro.The results 

indicate that glucocorticoids and glucagon produce a stimulation 

of the glucose-6-phosphate hydrolysis in general,comparable to 

that produced by detergents,whereas insulin inhibits the 

glucose-6-phosphatase activity which has remained essentially 

latent within the microsomal membrane,however. 

MATERIALS AND METHODS 

Glucose-6-phosphate was obtained from Boehringer Mannheim 
GmbH (FRG);cortisone,cortisol,ll-deoxycorticosterone,ll-deoxy- 
cortisol,progesterone and aldosterone from Merck,Dannstadt (FRG); 
50-dihydrocortisone,34,5D-tetrahydrocorticosterone and 
50-dihydrocortisol from Ikapharm,Ramat-Gan (Israel);cortico- 
sterone and 17a-hydroxyprogesterone from Serva,Heidelberg (FRG); 
dexamethasone from Hoechst AG,Frankfurt .(FRG);rat insulin 
(lyophilized with 1 mg of human albumin per 0.1 mg insulin) and 
porcine glucagon (1yophilized;containing 0.001% insulin) from 
Novo Research Institute,Bagsvaerd (Denmark).All the other reagents 
were of analytical grade. 

Male Wistar rats (AF/Han.) weighing about 200 g and fasted 
for 14 h were used.Microsomes were prepared by differential 
centrifugation in the presence of 1 mM EDTA,washed in 1.18% KC1 
and resuspended in 0.1 M Tris-HCl pH 7.4 (4). 

Detergegt-modified microsomes were prepared,if not otherwise 
stated,at 0 C by the addition of 0.05 vol. of 1% (w/v) Triton 
X-114 in 0.1 M Tris-HCl pH 7.4 to 0.95 vol. of untreated (fntact) 
microsomes at a protein concentration of 2 mg/ml to give a 
Triton/microsomal protein ratio of 0.25 and a final Triton 
concentration of 0.05% (2). 

The activity o,f glucose-6-phosphatase (EC 3.1.3.9) was 
measured as described by Harper (5) using 0.2 M imidazole-HCl 
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Table 1. The latency of glucose-6-phosphatase as a function 
of preincubation. 

Time of 
preincubation 

Enzyme activity in % of untreated microsomes 

Triton X-114 Cortisone 

37Oc o”c 

5 105 50 125 101 

10 115 22 130 94 

30 135 4 136 100 

60 155 - 137 101 

180 170 2 147 103 

300 176 148 104 

Microsomes were treated with Triton X-114 as described in 
Materials and Methods and with cortisone (50 nmol/2 mg protein 
in a final volume of loml 0.1 5 Tris-HCl pff 7.4),respectively, 
then preincubated at 0 C or 37 C for times given in the Table 
an$ the enzyme activities were subsequently measured (10 min, 
37 C).The assays were initiated by adding aliquots of the 
preincubation mixtures to the test medium.Glucose-6-phosphatase 
activity of untreated microsames was 452-543 mU/mg protein. 
Typical results representative of 4 similar experiments. 

buffer pH 6.5.The enzyme activity (mU/mg protein) is expressed 
as inorganic phosphorus released.Protein was assayed by the 
biuret method of Bode et a1.(6). 

RESULTS AND DISCUSSION 

We first investigated the conditions which provide maximal 

stimulation of glucose-6-phosphate hydrolysis by steroids.The 

results of typical experiments are summarized in Table 1 and 2, 

where effects of Triton X-114 on glucose-6-phosphatase are also 

included for comparison.It can be seen that prolonged prein- 

cubation of rat liver microsomes with cortisone at O°C following 

a short term test incubation at 37'C released most of the latent 

glucose-6-phosphatase activity even though detergent-induced 

modifications of the microsomal membranes liberated much more 

latent activity,especially if the subsequent test incubation 

was carried out at lower temperatures.The time course studies 
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Table 2. The latency of glucose-6-phosphatase as a function 
of temperature during the test incubation. 

Temperatue of the Enzyme activity in % of untreated microsomes 
test incubation 
mixture 

OC Triton X-114 Cortisone 

8 271 105 

15 230 108 

30 196 129 

37 183 151 

Microsomes were treated with Triton X-114 or cortisone as 
described in the legend of Table 1,then preincubated at O°C 
for 3 h and the enzyme activities were subsequently measured 
(10 min of test incubation) for temperatures indicated in the 
Table.Further details are given in the legend of Table 1. 
Typical results which are representative of 3 similar ex- 
periments. 

of preincubation at 37'C indicate that latency could no longer 

be observed;without substrate protection Triton X-114 denatured 

the glucose-6-phosphatase very quickly.On the other hand,corti- 

sone is presumably bound under these conditions to the proposed 

nuclear acceptor (7) which is assumed to contaminate our 

microsomal preparation. 

The latency of glucose-6-phosphatase as a function of C2*- 
I 

steroids and dexamethasone concentration is illustrated and 

compared in Fig.l.Half-maximal activation occurred at about 

1 nM corticosterone,cortisol and cortisone as well and almost 

no activation was present at 0.1 nM;lO nM was near saturation. 

This value shows the largest stimulation by glucocorticoids 

observed in the course of these experiments and relative to the 

controls the maximum latency released was in the range of 

40 - 50%,respectively.Preincubation of rat liver microsomes with 

11-deoxycorticosterone and 11-deoxycortisol enhanced the rate of 

glucose-6-phosphate hydrolysis by about 30 - 40% (relative to 

the controls),whereas progesterone and 17ti-hydroxyprogesterone 
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Fig.1. Effects of steroids on the latency of rat liver micro- 
somal glucose-6-phosphatase.Microsomes (2 mg protein) were 
preincubated (3 h at O'C) in 1 ml 0.1 M Tris-HCl pH 7.4 with 
steroid concentrations indicated in the Figure and then the 
enzyme activities were measured (10 min, 37'C).The assays were 
initiated by adding 0.05 ml of the preincubation mixtures to 
the test medium.Glucose-6-phosphatase activity of control 
microsomes (treated identically as the test,but without steroids) 
was 472-554 mU/mg protein.Typical results representing 3 similar 
experiments,respectively. a) corticosterone (o),ll-deoxycortico- 
sterone (o),progesterone (e),3x,50-tetrahydrocorticosterone (0); 
b) cortisol (o),ll-deoxycortisol (o),l7&-hydroxyprogesterone 
(m) ,5R-dihydrocortisol (0); c) cortisone (e),50-dihydrocortisone 
(o),dexamethasone (A),aldosterone (a). 

as well as the 5B-reduced steroids were completely ineffective 

in releasing any latency of the glucose-6-phosphatase activity, 

even if large amounts of these compounds were added under the 

conditions employed.Aldosterone and dexamethasone again stimulated 

glucose-6-phosphate hydrolysis and together with the results 

presented above,this could suggest that both the 4'-structure of 

ring A and the 21-hydroxy group are essential for the effects of 

steroid hormones on the microsomal glucose-6-phosphate transport 

system. 
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Glucagon I mol I I I - 

Fig.2. Effects of glucagon on the latency of rat liver 
microsomal glucose-6-phosphatase. Experimental details as for 
Fig.l,except that glucagon was used. Typical results repre- 
senting 3 similar experiments. 

The dose response curve depicted in Fig.2 shows the influence 

of glucagon concentration on microsomal glucose-6-phosphatase 

activity.& expected and providing some evidence for the hypo- 

thesis that glucagon could lead to a short-term functional 

activation of glucose-6-phosphatase in perfused liver of fetal 

guinea pigs (8),the stimulatory effect of this hormone is com- 

parable to that of glucocorticoids.The maximum release of latency 

is achieved with 0.3 nM glucagon. 

Fig.3 shows the results of typical experiments in which rat 

liver microsomes were first preincubated with varying amounts of 

rat insulin and then treated with or without Triton X-114 as 

described under Materials and Methods.It can be seen that insulin 

drastically decreased the glucose-6-phosphate hydrolysis and that 

the subsequent Triton treatment released the full activity which 

had remained in a completely latent state within the hormone- 

specific altered membrane. 

Taken together,the experiments described here clearly indicate 

that regulation of glucose-6-phosphate hydrolysis occurs by direct 

interaction of hormonal effecters with a substrate transport 

system and thus our results provide additional support for the 

carrier model of rat liver microsomal glucose-6-phosphatase 

developed by Arion et al.(l) and recently confirmed again by 

Schulze and Speth (Z).The apparent inhibition of glucose-6-phos- 

phatase by insulin and the subsequent detergent-induced release 
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Fig.3. Effects of rat insulin on the latency of rat liver 
microsomal glucose-6-phosphatase. Microsomes (2 mg protein) 
were preincubated (15 min at O°C) in 1 ml 0.1 M Tris-HCl pH 7.4 
with rat insulin concentrations indicated in the Fi IT 

re and 
then the enzyme activities were measured (15 min,l5 C) (2) 
on preparations both without (0) and with (0) applying a 
Triton X-114 treatment (15-16 h at O'C) according to Materials 
and Methods.The assays were initiated by adding 0.1 ml of the 
preincubation mixtures to the test medium.Glucose-6-phosphatase 
activity of control microsomes (treated identically as the test, 
but without insulin and/or Triton) was 64-85 mU/mg protein. 
Typical results representing 3 similar experiments. 

of the full latency strongly demonstrate that insulin influences 

the carrier moiety rather than the hydrolase itself.Furthermore, 

it shows that substrate transport is indeed the rate-limiting 

process in microsomal glucose-6-phosphate hydrolysis,as required 

by the model proposed (l).Consequently,glucocorticoFds and gluca- 

gon should raise the transport capacity by activation of the 

preformed carrier in vitro.Assuming that this conclusion is valid, 

activation and induction of the catalytic component alone without 

concomitant enhancement of the substrate transport potential 

cannot stimulate glucose-6-phosphate hydrolysis in vivo,as 

suggested for glucocorticoid administration (9,lO) and illustrated 

for fasted and alloxan-diabetic rats (1,3),respectively. 

However,whether glucocorticoids,glucagon and insulin acting 

in amounts comparable to physiological concentrations (11-15) 

are themselves capable of causing the effects on the glucose-6- 

phosphate carrier described in this paper or whether these effects 

are caused by a second messenger released in response to inter- 

actions between those hormones and a specific receptor of the 

plasma membranes (16) present in our microsomal preparation 

remains to be investigated. 

140 



Vol. 99, No. 1,198l BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ACKNOWLEDGEMENTS 

We wish to thank Prof.Dr.V.Graef for the samples of the 
various steroids.We also thank Miss Renate Kannler for the 
excellent technical assistance.This work was supported by the 
Deutsche Forschungsgemeinschaft (Schu 54/l and 54/7). 

REFERENCES 

1. 

2. 
3. 

4. 

5. 

6. 

7. 
8. 
9. 

Arion,W.J.,Wallin,B.K.,Lange,A.J. and Ballas,L.M. (1975) 
Mol.Cell.Biochem. 6,75-83. 
Schulze,H.-U. and Speth,M. (1980) Eur.J.Biochem. 106,505-514. 
Arion,W.J.,Lange,A.J. and Ballas,L.M. (1976) J.Biol.Chem. 
251,6784-6790. 
Schulze,H.-U. and Staudinger,Hj. (1971) Hoppe-Seyler's Z. 
Physiol.Chem. 352,1659-1674. 
Harper,A.E. (1962) Methoden der Enzymatischen Analyse 
(Bergmeyer,H.-U.,ed.) pp.788-792, Verlag Chemie, Weinheim/ 
Bergstr., FRG. 
Bode,Ch.,Goebell,H. and Stahler,E. (1968) Z.Klin.Chem.Klin. 
Biochem. 6,418-422. 
Munck,A. and Wira,Ch. (1975) Methods Enzymol. 36,255-264. 
Band,G.C. and Jones,C.T. (1980) FEBS Letters 119,190-194. 
Nordlie,R.C.,Arion,W.J. and Glende,Jr.,E.A. (1965) J.Biol. 
Chem. 240,3479-3484. 

10. Arion,W.J. and Nordlie,R.C. (1967) J.Biol.Chem. 242,2207-2210. 
11. Wicks,W.D.,Barnett,C.A. and McKibbin,J.B. (1974) Fed.Proc. 

Fed.Am.Soc.Exp.Biol. 32,1105-1111. 
12. Allera,A.,Rao,G.S. and Breuer,H. (1980) J.Steroid Biochem. 

12,259-266. 
13. Blackard,W.G. and Nelson,N.C. (1970) Diabetes 19,302-306. 
14. Blackard,W.G.,Nelson,N.C. and Andrews,S.S. (1974) Diabetes 

23,199-202. 
15. Felig,P.,Sherwin,R.S.,Soman,V.,Wahren,J.,Hendler,R.,Sacca,L. 

Eigler,N.,Goldberg,D. and Walesky,M. (1979) Rec.Progr. 
Hormone Res. 35,501-532. 

16. Popp,D.A.,Kiechle,F.L.,Kotagal,N. and Jarett,L. (1980) 
J.Biol.Chem. 255,7540-7543. 

141 


