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Wu showed previously that glucose-6.phosphalasc activity was charactcriscd in intact liver microsomcs by a hysurctic transition between a rapid 
and a slower c;ltalytic rorm of the enzyme. We have now further investigated the substrate specificity of thcsc two kinetic forms. It was found that 
the prc-incubutiolj of intact microsomes with mannose.Qphosphatc or glucose-G-phosphate (50pM for 30 a) suppressed the burst in glueoscd- 
phosphatasc xtiuity. that the hysteretic transition was rcvcrsiblc and that mannosc-6-phosphate inhibited &cased-phosphate hydrolysis during 
the first seconds of incubation, but not anymore uftcr the burst. Our results indicate (i) that mannose-6.phosphate is rccogniscd by the enzyme 

and can promote the hystcrctic transition and (ii) that the transient phase is part of the catalytic mechanism itsclr. 

Liver; Glucose-6.phosphatasc; Microsomc: Hysteresis: Mannosc-6.phosphate 

I, INTRODUCTION 

Since its discovery in 1949 [l] the kinetics, regulation 
and molecular organisation of microsomal glucose-6 
phosphatase (GbPase) have been widely studied (see [2] 
for a review). Permeabilisation of the microsomal mem- 
brane by detergent treatment results in a loss of specifity 
of G6Pase for glucose-&phosphate (G6P) associated 
with a marked increase in the catalytic rate of the en- 
zyme [3,4]. This apparent latency of GbPase has been 
ta.ken as evidence for the concept of a specific, rate- 
limiting transport of G6P across the microsomal mem- 
brane [&6]. However, several authors have also consid- 
ered that the difference in GBPase activity between in- 
tact and pcrmeabilised microsomes might result from 
detergent-induced modifications in the conformation 
and thus in the properties of the enzyme protein [2,7- 
101. The conformational model implies that G6Pase 
binds its substrate at the outer face of the microsomal 
membrane, hydrolyses it and releases the products in 
the cisternae. In a recent study [I l] we have described 
the rapid kinetics of G6P hydrolysis in fasted rat liver 
microsomes and shown that both glucose and phos- 
phate productions are characterised by a burst of activ- 
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ity in intact vesicles. Solubilisation of the microsomal 
membrane by detergent resulted in a loss of this prop 
erty, Moreover. the initial rates of G6P hydrolysis were 
equal when measured in intact microsomes (initial rate 
of the burst) or in deoxycholate-treated vesicles, indicat- 
ing that the substrate has similar access to GQPase either 
in intact or in permeabilised microsomes during the first 
seconds of incubation. However, over the first S-fO s of 
incubation the rate of GbPase decreased in intact micro- 
somes to achieve a lower steady-state rate [l I]. From 
these results we have concluded (i) that there is no sep- 
arate and rate-limiting transport of G6P in imact micro- 
somes, (ii) that the latency of G6Pase in intact micro- 
somes is compatible with the concept of a slow hyster- 
etic transition and (iii) that solubilisation of the micro- 
somal membrane by detergent treatment precludes the 
hysteretic relaxation process. In the present study we 
investigated the substrate specificity of the two kinetic 
forms of GGPase involved in the hysteretic transition 
observed during the catalytic process of the enzyme in 
intact microsomes of fasted rat liver. 

2. MATERIALS AND METHODS 

Proccdurcs for preparing and perrneabilising rdt liver microsomes. 
rapid kinetics, analytical methodsand sources or chemicals wcrc fully 
dcscribcd in our previous report [I I]. Mannose-6.phosphate (M6P). 
free of G6P contamination (#M 6876). was from Sigma. 

In intact microsomes. the timc-depcndcnt production of[U-“Clplu- 
case liom [U-‘*CJGBP was fitted to equation 1 by non-lincdr rcL;I’%- 
rion analysis of the data points, as previously justified [I I], 
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Fig. I. Effects of the pre-incubation of microsomes with G6P or M6P on the kinetic behavior of GbPase, Microsomes were presincubatcd for 30 
s at 30°C with either 0.05 mM G6P (IdI panel) or 0.05 mM M6P (right pan& before measuring the production of[U-“‘C]glucosr from [U-“C]GBP 
(0.2 mM) using ;I fast-sampling, rapid-filtration apparatus [I I]. (0) Control microsomes; (0) microsomes pre-incubated with the indicutcd 

phosphorylatcd sugar. 

2 = L3f + A( I-c-“‘) (11 

Equation I allows the simultaneous determination of the kinetic 
parumeters, A (amplitude of the burst), CL (inverse ofthc time constant 
of the burst) und B (steady state rate of glucose production), which 
charactcrisc the time-dependent production of glucose rrom CXP. 

Tile initial rate of glucose production (nmollsmg of protein) can 
then be estimated by calculating the slope of the zero-time tanpnt to 
the fitted curve using the zero-time derivative of equation I. given by 
equiltion 2. 

vi = B+(A*@ (2) 

Alternatively, the time-dependent hydrolysis of G6? was fitted by 
non-linear regression to equation 3 which applies to any mechanism 
of hysteresis as shown by Ncct and Ainslie [I 21. 

v,- vi 
P = If,, t - y- I I (I -P) (3) 

In this equation. L’,, stands for the steady-state rtite of hydrolysis 
(and is thus equivalent to f.# in equation I), V, is the initial rate of 
enzyme activity BY described above and a has the same meaning as ill 
equation I (inverse of the time constant of the transient phase). Equu. 
tions I and 3 arc equivalent but equation 3 allows V, to be directly 
determined with its corresponding standard error for regression, The 
amplitude term can then be calculated according IO equation 4. 

(4) 

When equation 3 was used, V,. was first detcrmincd by linear rcgrcs- 
sion of the linear part of the time curves 0r &IWSI: producliori anbi 
fixed thitcafter IO this value during the fit to equation 3 in order to 
get a better estimate of the two other paramctcrs (y. and a). 

Computer aided linenr and non-linear regression unalyscs were pcr- 

formed with commercially available software (EnzBrtcr. Elsevicr Bio- 
s0rh Cambridge, UK). 

3. RESULTS AND DISCUSSION 

3.1. Effect of M6P ad G6P otz the bwst of GdPuse 
acrivity in intucr tt7icrosotms 

From the left panel of Fig. 1 it can be seen that the 
burst in glucose production observed before [ll] and 
measured with 0.2 mM [U-“C]GBP (open symbols) was 
completely suppressed (closed symbols) when the mi- 
crosomes had been pre-incubated for 30 s at 30°C with 
50 PM GBP prior to the addition of 0.2 mM [U- 
“C3G6P. Most interestingly, if the pre-incubation with 
50 ,uM G6P was prolonged up to 30 min at 20°C in 
order to completely hydrolyse the a*!ailable substrate, 
and then 0.2 mM [U-W]GBP was added, although the 
rate of glucose production was decreased, a burst with 
a similar time cnnstant was still recovered (Fig. 2). 
These observations thus indicate that the hysteretic 
transition is related to the catalytic process itself, that 
it is closely linked to substrate hydrolysis and that it is 
reversible. 

Since our results suggest that GbPase exists under the 
same conformational state in intact microsomes as in 
permeabilised vesicles at the start of the catalysis [Ill, 
one may expect that the enzyme would be able to rrcog- 
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Fig. 2. Reversibility ol’ the hysteretic transition in GGPasc itetivity. 
Microsomcs were pre-Incubated for 30 min at ?O°C with 0.0s mM 
G6P bcforc measuring the production of ~LJ-l’C]glucosc rrom 
[U.“C]G6P (0,2 mM) using a Pttst-sampling, rapid4ltration appzatus 

[I 11. 

nise MGP over the first few seconds of incubaticn in 
intact vesicles. This seems indeed to be the case as pre- 
incubation with M6P (free of G6P contamination) (Fig. 
1, right panel), as with G6D (left panel), suppressed the 
burst in [‘4C]glucosr production. 

arId d~trrgetzt-treated microsontes 
A corollary to the recognition of M6P by GbPase in 

intact microsomes is that G6P hydrolysis should be in- 
hibited by M6P during the first seconds of incubation. 
We therefore investigated the competitive effect of in- 
creasing concentrations of M6P (0.05-60 mM) on the 
two phases, initial velocity of the burst (Vi) and steady- 
state rate (v,,J of 0.2 mM [U-‘4C]G6P hydrolysis in 
intact microsomes and on G6Pase activity (V,,,,,.) in de- 
oxycholate-permeabilised vesicles. Fig. 3 shows that 
M6P addition had virtually no effect on I’0 but almost 
completely inhibited V,,,,,, as reported before [3,4]. The 
salient observation, however, was that the initial veloc- 
ity of the burst (Vi) in intact microsomes was also inhib- 
ited by M6P. The inhibition ofG6Pase by Ivi6? corre- 
sponds to the disappearance of the burst, and the rate 
of glucose production is then linear with time and simi- 

I l 
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Fig, 3. Inhibition by M6P of the production of [U-“C~lucosc from 
[U-“C]G6P in intact and pcrmcubiliscd microsomcs. [U-“CjG6P (0.2 
mM) hydrolysis wus mcasurLd at 2YC in the prcscncc cfthc indicated 
conccntrtttions of unlabcllcd M6P. using a hsksamp)ing, rapid-fillra- 
tion uppuratus [I I]. Stcrody.statc rates (V,J (V) wcrc dctcrmincd by 
non-linear rcgrcssion lrnalysis as described in section 2. Initial vcloci- 
tics ( it,) (0) ol’glucosc production in intact microsomes wcrc caLuLtcd 
from the kinetic paramctcrs according to equation 2 and rates of 
hydrolysis in dctcrgcnt-trcatcd microaomcs ( VA,,.) (0) were dctcrmincd 
by linear rcgrcssion of the data points. The results arc expressed as the 
prccntagc of the cnzynxttic vclocitics measured in the absence of 
M6P. The cxpcrimcnt shown is one out of a series of experiments 
giving similar rcsulls ( V,, intact microsoms = 0.097. V, intact micro- 
somcs = 0.181. and VA,, dctcrgcnt.trcatcd microsomcs = 0.181 nmoY 

lar to L’V.V. M6P is thus accessible to the enzyme in tightly 
sealed microsomes, supporting our previous conclusion 
that a kinetic form of the enzyme similar to that in 
deoxycholate-treated vesicles is present in intact micro- 
somes upon mixing with substrate [I I]. Some isomerisa- 
tion step must exist between the M6P- and G6P-gener- 
ated forms of the enzyme, or alternatively, two different 
enzyme configurations, both accessible to G6P, are pro- 
duced upon incubation with either M6P or G6P. 

Taken together, our previous report [I l] and the pres- 
ent results demonstrate: (i) that the apparent latency of 
G6Pase in intact liver microsomes cannot be explained 
by a rate-limiting transport of substrate into the in- 
travesicular compartment [l I]; (ii) that this latency ac- 
tually depends on a transiet phase in the molecular 
mechanism of hydrolysis itself and that the transition is 
reversible; (iii) that binding of substrate in intact ,:?icro- 
somes initially involves a free enzyme form with kinetic 
properties indistinguishable from those of the enzyme 
in detergent-trcatcd membranes, including a lack of 
specificity for G6P; (iv) that further ligand binding must 
occur on (an)other conformational state(s) of the pro- 
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tein which is (are) induced upon ligand binding and/or 
the formation of the protein-phosphate complex during 
the first enzyme turnovers; and (v) that this second con- 
formational state retains some ‘memory of the first 
bound substrate since the conformational change can be 
induced by M6P which is not further hydrolysed. 

nclr/lo,~,/~~~nr?~~~~~~~ This work was supponcd by Grants ME-10783 
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