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Latency studies on rat liver microsomal glucose-6-phosphatase. Correlation of
membrane modification and solubilization by Triton X-114 with the enzymatic
activity *
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Interrelationships between the catalytic properties of glucose-6-phosphatase and the membrane structure of
rat liver microsomes were investigated. (1) Membrane modification and solubilization employing the nonionic
surfactant Triton X-114 were standardized and analysed by ultracentrifugation, surface tension- and turbidity
measurements. (2) The effect of Triton X-114 on the glucose-6-phosphatase activity was studied systemati-
cally and the whole magnitude of time- and temperature-dependent inactivation of this enzyme has been
demonstrated. The results show that the activity measured is always a resultant of two processes, the
beginning of inactivation and the release of latency. Maximal activation of about 600% (83% of apparent
latency) was obtained at 0°C. (3) A correlation between membrane modification and solubilization and the
conditions under preincubation and test incubation reveals that studies on detergent-disrupted microsomes
are performed on structures reassembled from solubilizates and this implies a modified microenvironment in
the reconstitutes. (4) Kinetic analyses suggest interrelationships between Triton X-114 and the permeability
barrier of the glucose-6-phosphatase system. (5) At 0°C 2-propanol and ethanol are more potent tools for
membrane modification than Triton X-114 and release 88% and 86% latent activity corresponding to an
activation of the glucose-6-phosphatase of about 850% and 700%, respectively. These observations suggest
that detergent treatment of microsomes could not preserve the functional integrity of the glucose-6-phosphate
phosphohydrolase, which is one dogma of the substrate-transport hypothesis developed by Arion and his
co-workers (Arion, W.J., et al. (1975) Mol. Cell. Biochem. 6, 75-83).

Introduction branes, is very well documented and characterized

both by an increase of V,,,, and a decrease of K,

The latency ** of rat liver glucose-6-phos-
phatase, an integral enzyme protein, localized
mainly within the endoplasmic reticulum mem-

* Dedicated to Professor Dr. Hj. Staudinger on the occasion
of his 70th birthday.
** Latency is calculated as 100 X (activity in disrupted micro-
somes — activity in untreated microsomes)/activity in dis-
rupted microsomes {2].

[1,2]. Consequently, the activation of this enzyme
observed in the presence of a broad variety of
detergents is a function of the substrate concentra-
tion. At 30°C, it was estimated as approximately
150%-210%, respectively [3-10]. The latency has
been rationalized with an activation of the glucose-
6-phosphatase as an expression of changes in the
conformational status of the enzyme protein
[1,4,11] or with the involvement of a substrate
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carrier either penetrating the microsomal mem-
brane as an independent protein (see, for example,
Refs. 2 and 10) or being constitutive with the
enzyme and situated on the cytoplasmic surface
[9,12], limiting the hydrolysis on the luminal side
{2,10] or within the membrane [9,12] and bypassed
as a result of detergent treatment.

However, all tensides tested up to now were
found to be able not only to release the latent
activity of glucose-6-phosphatase but also to
solubilize rat liver microsomal membranes which
process is concomitant with inactivation of this
enzyme in all cases [1,4,13].

In order to analyse the apparent biphasic effect
of detergents and to optimize the conditions re-
leasing maximal latency, we investigated the corre-
lation between these two phenomena. Further-
more, this systematic study has become necessary,
because previously there has been insufficient con-
sideration of the fact that activation of glucose-6-
phosphatase is superimposed by temperature and
time-dependent inactivation, even if very low
amounts of detergent are used. Therefore, the en-
zyme activity measured for the time being is al-
ways a resultant of both processes which implies
that the real degree of latency has not yet been
discovered.

An additional aim of the present communica-
tion was to point out the equally important and
likewise inadequately appreciated fact that many
meticulous kinetic measurements performed on
detergent-disrupted microsomes reflect the proper-
ties of a partially inactivated enzyme protein in a
substantially modified membrane microenviron-
ment.

In our study, we estimated the maximal latency
of glucose-6-phosphatase at substrate saturation
and at 0°C using Triton X-114 and organic solvents
to 83% and 88% corresponding to an activation of
up to about 600% and 850% of untreated micro-
somes, respectively. The nonionic surfactant Tri-
ton X-114 was chosen since Triton X-114 was
found to be one of the most mildly acting tensides
[14].

Materials and Methods

Glucose 6-phosphate, mannose 6-phosphate and
reduced pyridine nucleotides are obtained from

Boehringer Mannheim GmbH (F.R.G.), and Tri-
ton X-114 from Serva (Heidelberg, F.R.G.).
Organic solvents and all the other reagents were of
analytical and HPLC grade, respectively. Trypsin-
solubilized cytochrome b was isolated as an elec-
trophoretically pure protein [15] from pig liver
microsomes according to the technique of Stritt-
matter [16].

Preparation of microsomes. Male Wistar rats
(AF /Han.) weighing about 250 g and fasted for 15
h were used. Microsomes were prepared by dif-
ferential centrifugation in a solution containing
0.25 M sucrose, 1| mM EDTA buffered at pH 7.4
with 20 mM Tris-HCI, washed in 1.18% KCl,
resuspended in 0.1 M Tris-HCI (pH 7.4) [17] and
employed immediately for all experiments. ‘Intact-
ness’ of the microsomal preparations was assessed
by the latency of the ‘low-K ' mannose-6-phos-
phate phosphohydrolase activity [18] using 2 mM
substrate.

Surface tension measurements. Surface tension
measurements were performed at 0°C, 15°C and
30°C using a Lecomte du Nouy thermostatized
interfacial tensiometer (Kruss, Hamburg, F.R.G.).
All samples were suspended in deionized and dou-
ble-distilled water (final volume of 20 ml), allowed
to equilibrate with the tensiometer ring for 3 min
after gentle stirring as soon as the temperature
chosen was reached. Prolonged equilibration has
no significant effect on the surface tension mea-
sured throughout the range of the surfactant con-
centrations employed.

Enzyme assays. The activity of the NADH : fer-
ricytochrome-bs oxidoreductase was measured at
30°C as described previously {19]. Glucose-6-phos-
phatase activities were determined in 175 mM
imidazole-HCI buffer (pH 6.5, measured at 20°C)
[20] containing 12.5 mM Tris-HCI, 0.2 mg micro-
somal protein, and, if not otherwise stated, 20 mM
glucose 6-phosphate in a final volume of 0.8 ml.
Triton X-114 concentrations are specified in the
figures. Product production was a linear function
of incubation time under all the conditions re-
ported. The specific enzyme activities (nmol -
min "' - (mg protein) ') are expressed as oxidized
NADH and released inorganic phosphorus, re-
spectively.

Analytical procedures. Protein was assayed by
the biuret method of Bode et al. [21]. The phos-



pholipids were extracted with chloroform/
methanol (2:1, v/v) [22] and determined by in-
organic phosphate analysis [23]. Experimental de-
tails are described in Ref. 24. High performance
‘liquid chromatography was carried out with a Pye
Unicam Liquid Chromatograph (Serie PU 4000)
equipped with a computing integrator CD P4 from
Philips. The column used was a 4 mm i.d. X 25 cm
LiChrospher Si 100 (10 pm) from Merck, Darm-
stadt, F.R.G. The solvents were filtered and de-
gassed through Schleicher and Schill filters (RC
55, 0.45 pm). The water was deionized and
double-distilled before use.

Reproducibility. All experiments were repeated
at least six times. The results presented in Fig. 1B,
in Figs. 4 and 6 and in the individual ones of Figs.
5, 7, 8 were always obtained from a single micro-
somal preparation and are therefore directly com-
parable. The lines of Fig. 1A are strongly repro-
ducible with one charge of Triton X-114, but small
differences of the critical micelle concentration
(CMC) estimated [25] were observed in compari-
son with other charges of the same tenside [14] and
with different microsomal preparations. Fig. 3
contains typical chromatograms obtained with the
ring film material of the experiments presented in
Fig. 1B. Figs. 1B, 4 and 6 represent typical results
and the curves of Figs. 5, 7, 8 are obtained from
data of that experiment of a series performed with
microsomes more than 97% intact, which released
the greatest latency. In principle, experiments with
microsomes less than 97% intact under our condi-
tions were omitted.

Results and Discussion

Treatment of rat liver microsomes with Triton X-114

Modification and solubilization of rat liver mi-
crosomal membranes by the nonionic surfactant
Triton X-114 is dependent on temperature, the
concentration of detergent, and the Triton/ protein
ratio used. A significant increase of the CMC with
decreasing temperature, as obtained by surface
tension measurements, is illustrated in Fig. 1A and
in agreement with results reported for other
tensides and measured by other methods [25,26].
Fig. 1B shows the influence of microsomes, ex-
pressed as the protein concentration, on the surface
tension and the actual CMC of Triton X-114
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Fig. 1. Critical micelle concentrations (CMC) of Triton X-114
solutions. Semilog plot of the surface tension in aqueous solu-
tions as a function of surfactant concentration. The CMC
values are established where the change of surface tension with
surfactant concentration approaches zero [25] and indicated by
vertical dotted lines. (A) At different temperatures (°C); ®, 0;
X 15; +, 30. (B) At 0°C in the presence of various amounts of
microsomes (mg protein/ml) employing the supernatant after
centrifugation (60 min; 106000Xx g,_. ): @, 0; W, 0.15; ¢, 0.25;
A, 05.

solutions at 0°C. The data permit at least rough
estimation of the amount of tenside incorporated
into the membranes and bound to proteins and
lipids already released from them and the propor-
tion remaining free in solution at every partition
equilibrivm below CMC of the detergent (Fig. 2).
The admissibility of this approach is demonstrated
by high performance liquid chromatograms (Fig.
3) of the ring film material which verify the de-
crease of the free detergent concentration in the
presence of microsomes up to values of the corre-
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Fig. 2. Binding of Triton X-114 to microsomal components at
0°C. Isotherms at various amounts of microsomes correspond-
ing to 0.15 (m), 0.25 (¢) and 0.5 (a) mg microsomal protein/ml.
The calculations were performed from the data of Fig. 1B
assuming that the surface tension measured below the discon-
tinuity reflect, at least approximately, the free monomer equi-

librium concentration of surfactant in the presence of micro-’

somes. According to this approach, at each surface tension the
difference of the Triton X-114 concentrations with and without
microsomes corresponds to the amount of detergent incorpo-
rated into the membranes and used for the formation of mixed
micelles of the microsomal material already released. The
dashed lines, reflecting the same degree of membrane modifica-
tion, intersect the isotherms at decreasing Triton/protein ratios;
line a at 1.6, 1.2, 0.95 and line b at 0.55, 0.4, 0.32, respectively.
The Triton/protein ratio was determined to standardized the
Triton,/membrane ratio.

sponding surface tension of the pure tenside. As
expected, the microsomal components change the
course of the trace progressively with increasing
solubilization and the rather narrow concentration
range of the CMC of Triton X-114 becomes wider,
the higher the proportion of solubilized material in
the surface phase.

It can be seen from Fig. 2 that the same degree
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Fig. 3. High performance liquid chromatograms of Triton
X-114. Eluent, hexane/2-propanol/water (7:2.5:0.25, v/v);
flow rate, 1 ml/min; detection, ultraviolet-absorption at 206
nm at 0.03 units full scale; loaded volume, 7 ul; calibration,
107°-10"% mol Triton X-114 in water; samples, ring film
material of the experiments presented in Fig. 1B, supernatant
of Triton X-114 suspensions: a, 4-107* M: b, 1.6-107* M
without and ¢, 4-10™* M with microsomes (0.25 mg/ml) after
centrifugation (60 min, 106000X g_...).

of membrane modification induced by any given
amount of detergent incorporated is achieved at
different Triton/ protein ratios and the values de-
crease with increasing concentration of micro-
somes (dashed lines). Hence it follows that for
evaluation and reproduction of experiments result-
ing in changes of the molecular organization within
the membrane structure, such as latency studies on



glucose-6-phosphatase, the detergent/ protein ratio
should be taken into consideration and stated in
additional to the detergent concentration em-
ployed.

An operational criterion for the complex pro-
cess of membrane solubilization is the gradual
dissociation of lipids and proteins, if the Triton/
protein ratio is continuously increased. Fig. 4A
shows the separation of microsomal membrane
components by ultracentrifugation as estimated by
analysing the sedimentable material. Whereas low
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Fig. 4. Modification and solubilization of microsomal
membranes by Triton X-114. Microsomes (30 mg protein) were
preincubated for 10 min at 0°C in 0.1 M Tris-HCI (pH 7.4)
(final volume of 120 ml) containing amounts of Triton X-114 to
give the surfactant concentrations and the corresponding Tri-
ton/protein ratios as indicated. Thereafter, the samples were
centrifuged at 106000X g, for 60 min in a Spinco ultra-
centrifuge (rotor 30). The supernatants were collected, the
pellets carefully rinsed and resuspended in 0.1 M Tris-HCI (pH
7.4). (A) Dissociation of proteins (H) and phospholipids (@) was
determined by analysing the pellets. (B) Solubilization of
NADH : ferricytochrome-b, oxidoreductase activity in the pel-
let (a) and the supernatant ().
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concentrations of detergent solubilize relatively
more proteins, higher concentrations of detergent
solubilize relatively more phospholipids. The point
of intersection of both curves (Triton / protein ratio
of approx. 3.7 for 0.25 mg protein/ml) coincides
with the range of the CMC (approx. 1.7 mM, Fig.
1B) for Triton X-114 at 0°C in the presence of the
same amount of microsomes and is interpreted to
indicate that the complete disintegration of the
membrane structures is just taking place. The end
point of solubilization is obtained at a Triton/
protein ratio of 10; almost all of the phospholipids
are in the supernatant and no significant addi-
tional release of membrane proteins is observed
upon further addition of detergent. About 15% of
the microsomal membrane proteins are not to be
solubilized by Triton X-114, presumably because
isoelectric precipitation is unaffected by the non-
ionic detergent under the pH and ionic strength
used [27].

Fig. 4B shows the solubilization of NADH : fer-
ricytochrome-bs oxidoreductase which is a typical
integral membrane protein of the endoplasmic re-
ticulum [16]. The results are plotted as percentage
of the total enzyme activity and a correlation with
the solubilization of the membrane itself is strin-
gent.

Effects of Triton X-114 on the glucose-6-phos-
phatase activity

The results of this series of experiments are
presented in Fig. 5. It can be seen that latency of
glucose-6-phosphatase at optimal Triton/ protein
ratio varied from 0 to 83% depending on the
temperature and time of preincubation. In princi-
ple, prolonged preincubation continuously de-
creased the activation achieved with Triton X-114
for any given temperature. On the other hand, at
the same time of preincubation, the activation
increased with decreasing temperature. Thus, a
maximal latency of 83% corresponding an activa-
tion of 600% compared to the untreated controls is
released at 0°C * and short-time preincubation.

* It should be mentioned here that Arion and Walls [28]

recently published similar results. However, these were ob-
tained indirectly correcting the low degree of intactness of
the guinea pig liver microsomes used. The apparent latency
directly measured was only approx. 66%.
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Fig. 5. Effects of Triton X-114 on the glucose-6-phosphatase activity. Microsomes (2 mg protein/ml) were preincubated at 0°C and
(for times indicated) in 0.1 M Tris-HCI (pH 7.4) containing varying concentrations of Triton X-114 corresponding to Triton/protein
ratios given in the abscissae 1 and 3, respectively. Aliquots (0.1 ml) were transferred to assay tubes containing 0.7 ml of a medium
composed to 16 pmol of glucose 6-phosphate and 0.2 M imidazole-HCl (pH 6.5). (Triton concentrations during test incubation in the
final volume of 0.8 ml are given in abscissa 2.) Thereafter, the enzyme activity was measured at temperatures indicated for 15 min (at
0°C for 60 min). Upper abscissae for solid line curves and lower abscissae for dashed line curves reflecting the Triton/protein ratios
up to 1.0 and from 0.5 to 25, respectively. Ordinates: note the different scale. Untreated controls are microsomes without Triton
supplementation but treated in the same way as the samples. 100% activity corresponds to 7 (0°C), 25 (10°C). 48 (15°C), 90 (20°C),
162 (25°C), 240 (30°C), 490 (37°C) mU /mg protein at 15 min of preincubation.




Furthermore, the Triton/protein ratio releasing
maximal latency at any temperature measured,
decreased progressively with increasing time of
preincubation. The same tendency was observed
with increasing temperature at any time of prein-
cubation.

Taken together, the results clearly indicate the
whole magnitude of time- and temperature-depen-
dent inactivation of glucose-6-phosphatase by Tri-
ton X-114 as a function of the detergent/protein
ratio; some details have been known for other
amphiphiles since the work of Stetten and Burnett
[4] and differently evaluated in the subsequent
literature (e.g., Refs. 1, 5, 9). The activity of glu-
cose-6-phosphatase measured in the presence of
detergent is always a resultant of two processes,
the beginning of inactivation and the release of
latency. These result in a modest activation under
the conditions usually used (pH 6.0-6.5, 30°C,
5--20 min). Therefore, studies on detergent-treated
microsomes are at all events performed on a more
or less altered enzyme protein.

In order to minimize the significant detergent-
dependent inactivation of glucose-6-phosphatase
during prolonged preincubation (Fig. 5) at pH 6.5,
the microsomes are pretreated throughout with
Triton X-114 (concentrations given in Fig. 5) at
pH 7.4. For the enzyme test, the detergent-supple-
mented microsomes are added to the assay medium
(pH 6.5) with the result that both microsomes and
detergent are diluted 8-fold. After dilution, a large
part of detergent required to reach the equilibrium
monomer concentration in the test medium releases
the co-micelles of already solubilized material and,
if still existent, the membranes themselves, result-
ing necessarily in reconstitution of intermediate
structures corresponding to the drastically lowered
detergent concentration. The line b in Fig. 2 re-
veals that at a Triton/protein ratio of 0.4, releas-
ing maximal latency at 0°C in the test medium
(0.19 mM Triton X-114, 0.25 mg protein/ml, Fig.
5), about 0.2 mg Triton/mg protein are incorpo-
rated into the microsomes whilst under preincuba-
tion (1.5 mM Triton X-114, 2 mg protein/ml, Fig.
5) it should be significantly more. This is a com-
pelling consequence of the ‘membrane-modifica-
tion isotherm’ (dashed line b in Fig. 2) which
convincingly demonstrates that the Triton/protein
ratio decreases if the protein concentration in-
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Fig. 6. Turbidity measurements. The turbidity of microsomal
suspensions (0.1 M Tris-HC, pH 7.4) was measured (15°C. 5
min equilibration, 10 mm (A) and 5 mm (B, C) cuvettes) as a
function of surfactant concentration at 546 nm. Triton X-114:
0.25 mg protein/ml (A) and 2 mg protein/ml (B). Taurocho-
late: 1.8 mg protein/ml (C).

creases and a result of turbidity measurements
presented in Fig. 6. The coincidence of the curves
of Fig. 4A and 6A can be taken as evidence for the
correlation between turbidity of microsomal sus-
pensions and membrane solubilization. The data
therefore corroborate the low degree of modifica-
tion of the microsomes during test incubation (0.19
mM Triton X-114, Fig. 6A). On the other hand,
they disclose the advanced disintegration process
under the conditions of preincubation (1.5 mM
Triton X-114, Fig. 6B) which corresponds with a
situation near the breakdown of the membrane
(Fig. 4A). When, however, at a dilution of 10-times
starting with a sample containing 1.8 mg protein/
ml and 0.4% taurocholate (indicated in Fig. 6C) 10
mg defatted albumin per ml test solution are addi-
tionally present (e.g. Ref. 18) and the detergent/
protein ratio is decreased, the loss of detergent
from the microsomal components must be much
greater and finally a more complete reconstitution
occurs probably including the insertion of mixed
detergent-albumin micelles.

This analysis demonstrates that studies on glu-
cose-6-phosphatase measured in this way (as is
mostly the case) are performed on structures ran-
domly reassembled from solubilizates without nec-
essarily regaining the original orientation of the
molecules. In addition to earlier considerations of
Nordlie [1] and Gunderson and Nordlie [11], it
suggests that the results might indeed reflect
changed properties of the enzyme in such a virtu-
ally modified microenvironment.
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Kinetic analyses of Triton-treated microsomes

Fig. 7 represents the results of kinetic experi-
ments in which the apparent Michaelis constants,
K. and the values for maximal velocity, V,,,, of
glucose-6-phosphatase are compared as a function
of Triton/protein ratio over the whole range of
detergent concentrations used in solubilization and
latency studies and at different temperatures. In
contrast to Fig. 5, the data have been obtained
without preincubation; the assay was started by
addition of microsomes to the test medium con-
taining different levels of Triton X-114 which im-
mediately {26]) modifies the membranes devoid of
reconstitution. The rapid process of modification
was controlled by means of turbidity measure-
ments (data not shown).

The relevant data are summarized: (1) Low
concentrations of Triton X-114 around 0.2 mM
(Triton/protein ratio of approx. 0.4) increase the
K, to maximal values while ¥, is almost simul-
taneously depressed to a minimum (at approx.
0.14 mM), which is also recognizabie in Fig. 5 and
was partly observed previously for other tensides
[4.29]. (2) Increasing concentrations up to approx.
0.32 mM (Triton/protein ratio of approx. 0.7)
result in very fast acceleration of V__ concom-
itant with retarded slope of K, to reach minimal
values close to 0.5 mM (Triton/protein ratio of
approx. 1). (3) Between approx. 0.5 mM and 2.5
mM (including the Triton/protein ratio of 3.7,
= CMC, Fig. 1B) V. is quite quickly lowered by
about 30% while K increases slightly. Finally, (4)
the interval up to 12 mM (Triton/ protein ratio of
approx. 25) is characterized by slow but continu-
ous decrease of V., and nearly constant K. The
results suggest the following sequence of events as
the equilibrium concentration of Triton X-114 is
increased. (1) The detergent influences the permea-
bility barrier (carrier moiety) and diminishes the
substrate transport as the rate-limiting step of
microsomal glucose 6-phosphate hydrolysis and
the affinity for glucose 6-phosphate as well. (2)
The obstruction of the barrier (inhibited carrier) is
progressively eliminated (bypassed), the latency
released up to the catalytic rate of the substrate-
saturated hydrolase and its higher or changed sub-
strate affinity are measured. (3) Along with in-
creasing micellization (Figs. 1B, 4, 6) of membrane
components, the hydrolase is (mixed) inhibited.
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Fig. 7. Kinetic analyses of Triton X-114-treated microsomes.
Incubations were carried out at 0°C (60 min), 15°C (15 min),
and 30°C (15 min) and started by the addition of 0.1 ml
microsomes (0.2 mg of protein) in 0.1 M Tris-HCI (pH 7.4) to
the assay medium containing in a final volume of 0.8 ml 175
mM imidazole-HCI (pH 6.5) Triton X-114 between 0 (control)
and 12.1 mM as indicated, and 1, 1.5, 2, 3, 5, 10, and 20 mM
glucose 6-phosphate, respectively. Upper abscissae for solid
line curves and lower abscissae for dashed line curves reflecting
the Triton/protein ratios up to 2.0 and from 1 to 25, respec-
tively. Ordinates: K, (®) and V_, (O).
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Since the affinity is initially still increased, the
inhibition apparently starts before the full latency
is released. The inhibition is reversible for some
time, at least partially, as demonstrated by al-
bumin supplementation [5] and ultrafiltration ex-
periments (Schulze, unpublished results). (4)
Micellar concentrations of detergent (> 1.8 mM)
solubilizing completely the membranes (Fig. 4)
resulted in formal noncompetitive inhibition al-
though a marked enzyme protection within the
mixed tenside-lipid-protein micelles occurs which
is also seen in Fig. 5 with short-term preincuba-
tion, especially at lower temperatures. This indi-
cates that the unspecific phosphohydrolase as
created by interactions of detergent with (97%
intact) microsomes is, in principle, independent of
a fixed membrane structure itself; mixed micelles
as occurring in microsomal solubilizates are obvi-
ously capable of serving as matrix for a catalytic
active enzyme protein, at least for a limited time.
It should be noted too that the K in such an
unphysiological microenvironment is nearly un-
changed compared to the K, in reconstituted
structures obtained after dilution of the prein-
cubated microsomes for the enzyme test (as in Fig.
5; Schulze, unpublished resuits).

Effect of organic solvents on the glucose-6-phos-
phatase activity

Owing to their ability to separate membrane
lipids from protein [30], organic solvents have
been utilized for the modification of microsomal
membranes. Fig. 8 shows the effects of several
alcohols on the activity of glucose-6-phosphatase
including the pattern of behavior at different tem-
peratures as a function of concentration at fixed
protein content. In comparison with Triton X-114,
two conspicuous differences should be em-
phasized. First of all, 2-propanol and ethanol at
0°C are more potent tools for releasing latency
than Triton X-114. This provides further evidence
for the instability of glucose-6-phosphatase in the
presence of detergents even at lower temperatures,
unless one wishes to take into account some
changes in the active conformational status of the
enzyme protein, e.g. by weakening of intramolecu-
lar hydrophobic bonds. Secondly, as the profiles in
Fig. 8 also show, low concentrations of the al-
cohols used give a more differentiated response;
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Fig. 8. Effects of organic solvents on the glucose-6-phosphatase
activity. Incubations were carried out at 0°C (60 min), 15°C
(15 min), and 30°C (15 min) and started by the addition of 10
11 microsomes (0.2 mg of protein) in 0.1 M Tris-HCI (pH 7.4)
to the assay medium containing in a final volume of 0.8 ml 20
mM glucose 6-phosphate and with increasing concentrations of
organic solvents as indicated from 0.2 M to 0.1 M decreasing
concentrations of imidazole-HCl (pH 6.5). Ethanol (@), 2-pro-
panol (O), n-propanol (a). Acetone provided curves nearly
identical to ethanol and is therefore not shown.

some of them elicit a small but reproducible en-
hancement of the glucose-6-phosphatase activity,
others have a depressing effect like that evoked by
very low concentrations of detergent. Incubation
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of solvent-supplemented microsomes at 30°C
rapidly destroys the enzymatic activity of glucose-
6-phosphatase. However, the weak initial activa-
tion mentioned is retained. These characteristic
features could reflect. as already suggested above
for tensides, interactions of the solvents with the
permeability barrier (carrier moiety) of micro-
somal glucose-6-phosphatase.

Conclusion

The application of detergents to disrupt the
microsomal membrane in order to characterize
glucose-6-phosphatase kinetically and to analyse
its molecular organization has become a com-
monly used technique. The interactions of deter-
gents with the components studied, however, are
frequently negated or at least neglected. The re-
sults obtained are interpreted as the properties of
the natural protein itself. Our studies reveal the
high sensitivity of glucose-6-phosphatase to the
nonionic surfactant Triton X-114. This is probably
a consequence both of the high affinity of the
glucose-6-phosphatase system to detergents with
direct actions of the surfactants on the compo-
nents and the drastic changes within the microen-
vironment around the enzyme protein caused by
nearly complete solubilization under preincuba-
tion and subsequent reconstitution in the test
medium including possible changes in the natural
orientation of the molecules. The very high affinity
site of the glucose-6-phosphatase system to Triton
X-114 (10 * M to give a Triton/protein ratio of
0.25) as revealed by kinetic analyses might suggest
the interaction of detergent with phospholipids
which as a permeability barrier limit the substrate
flux to the integral hydrolase. The results obtained
with organic solvents (Fig. 8) and earlier observa-
tions [9], especially the effects of controlled pro-
teolysis, phospholipase C action, and the use of
antibodies to microsomes indicating that phos-
pholipids may be involved in glucose-6-phosphate
hydrolysis as well as transport are easily reconciled
with this interpretation.

The substrate transport model of the multifunc-
tional glucose-6-phosphatase developed by Arion
and his group [2], which culminates in the presen-
tation of a miniature metabolic system [10], is a
fascinating alternative to the conformational con-

cept of Stetten and Burnett [4] as well as Nordlie
and his co-workers [1,13] and is likewise consistent
with a large body of existing data, especially mani-
fold differences in the kinetic properties of the
enzyme of intact and detergent-treated micro-
somes. However, two of the most important prere-
quisites of this attractive hypothesis favored at
present have still not been proved experimentally.
On the contrary, immunological studies have sug-
gested that the phosphohydrolase is not attached
to the luminal membrane surface rather than bur-
ried within the microsomal membrane [9,12] and
from the results of the present investigation it is at
least dubious whether detergent induced structural
modifications in the membrane do indeed preserve
the functional integrity of the enzyme protein.
Therefore, the discussion, which of the offered
concepts [1,13,2,9] describes the real molecular
organisation of the glucose-6-phosphatase system
in the microsomal membrane should be left open
at this time.
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