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1. Introduction 

Mammalian liver and kidney fructose 1,6-diphos- 
phatase (EC 3.1.3.11) (FDPase) has been shown to 
catalyze the hydrolysis of the 1-phosphate from fruc- 
tose 1,6-diphosphate and the next higher homolog, 
sedoheptulose 1,7-diphosphate [ 1 ]. During the last 
few years it has also been shown that FDPase cata- 
lyzes the hydrolysis of other structurally unrelated 
substrates, such as/3-glycerophosphate [2], phosphoe- 
nol pyruvate [3], and p-nitrophenyl phosphate [4]. 
However, little attention has been given to earlier in- 
dications pointing out that rabbit liver [5] and pig 
kidney FDPase [6] show some activity with fructose- 
1-P. Since fructose-l-P is formed by fructokinase in 
those tissues (e.g. liver and kidney) metabolizing fruc- 
tose [7, 8], it was deemed important to study some 
parameters of the hydrolysis of  fructose-1-P by 
FDPase, because the concurrent function of both 
fructokinase (Fructose + ATP ~ Fructose-1-P + ADP) 
and of FDPase (Fructose-l-P -+ Fructose + Pi) within 
a single cell compartment could lead to a futile cycle 
of carbon and a nethydrolysis of ATP. 

2. Methods 

FDPase activity was measured by the rate of forma- 
tion of inorganic phosphate either from fructose 1,6- 
diphosphate or fructose-l-P at 30°C, as previously de- 
scribed [9]. Unless otherwise stated, the incubation 
mixture of  1 ml contained 50 mM Tris-HC1 (pH 7.5), 
0.1 mM EDTA, 5 mM MgSO4, 0.10 ml of  a solution 
containing FDPase, and the substrate as indicated in 
the figure legends. Enzyme dilutions were always 

made in 20 mM Tris-HC1 (pH 7.5), containing 2 mM 
MgSO 4 and 0.1 mM EDTA. A unit of FDPase activity 
is defined as that amount of  enzyme which catalyzes 
the formation of 1/~mole of  inorganic phosphate per 
min under the described conditions. Specific activity 
is expressed in terms of units per mg of protein. 
FDPase concentration was determined by its absor- 
bance at 280 nm using a value of 0.755 for the absor- 
bance per mg per ml [10]. 

Pig Kidney FDPase with maximal activity at neu- 
tral pH was prepared as previously described [ 11 ]. Its 
specific activity, measured as described above, using 
0.5 mM fructose 1,6-diphosphate as substrate and 
75 mM K2SO4, was 30.2. When K + was omitted from 
the ass-ay s-ystern~ the specific activity diminished to 
10.1. 

Modification of FDPase with pyridoxal-P and 
NaBH 4 reduction was carried out as previously de- 
scribed under preparation of pyridoxyl-P FDPase (see 
ref. [ 12] ) except that the modification was carried 
out at 4°C and 2.5 mM AMP was added to the incuba- 
tion system. 

3. Results 

Purified pig kidney FDPase hydrolyzed fructose- 1- 
P. The formation of inorganic phosphate was linear 
with time up to a consumption of 50% of the sub- 
strate, and was proportional to enzyme concentration. 
Clearly contrasting with our previous findings show- 
hag that K + is an activator of FDPase when fructose 
1,6-diphosphate is the substrate of the reaction [11, 
13], the activity with fructose-l-P was significantly 
lower in the presence of 150 mM K + than in its 
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Fig. 1. Effect of K + on the activity of FDPase with fructose- 
1-P as the substrate. Except for the variable concentration of 
potassium ions (added as K2SO4) , the assays were performed 
at 1.34 mM fructose-l@ as described under Methods. 

absence. The inhibitory effect of  K ÷ on hydrolysis of  
fructose-l-P is shown in fig. 1. 

Kinetic studies with fructose-l-P as substrate for 
FDPase demonstrated that the enzyme displays 
Michaelis-Menten kinetics either in the presence of  
150 mM K ÷ or in its absence, with no indication of  
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Fig. 2. Double reciprocal plots for the hydrolysis of  fructose- 
1-P by FDPase, in the presence ( o - - o - - o )  and absence 
( o - - o - - o )  of  150 mM K ÷. V = umoles of  inorganic phosphate 
formed per min per mg of enzyme. 
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Fig. 3. Inhibition by AMP of  FDPase activity with fructose-1- 
P as the substrate. The assays were performed at 1.34 mM 
fructose-l-P in the absence of K ÷, as described under Methods, 
except that AMP was added as indicated. The inset shows the 
Hill plots according to Taketa and Pogell [ 14] of  data from 
this figure, n Represents the slope of the straight line. 
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inhibition by excess substrate. Lineweaver-Burk plots 
are shown in fig. 2. The extrapolated Michaelis con- 
stants (KM) for fructose-l-P are 2.3 mM in the ab- 
sence of  K +, and 11.1 mM in the presence of  150 mM 
K +. Vma x decreased 2.2-fold due to the presence of  
150 mM K +. 

The characteristic allosteric AMP inhibition of  
FDPase [ 14] was also observed when fructose-l-P was 
the substrate of  the reaction (fig. 3). The K i and n val- 
ues, 0.02 mM and 2.8, respectively, obtained from 
Hill plots (inset fig. 3) were in good agreement with 
those reported for fructose 1,6-diphosphate as the 
substrate of the reaction [ 11 ] .  

Although the structural similarity of  the substrates, 
fructose-1-P and fructose 1,6-diphosphate, as well as 
the similar effect of  AMP on enzyme activity with 
both substrates, indicate that both are probably hy- 
drolyzed at the same active site, chemical modifica- 
tion of  the enzyme was also carried out to provide ad- 
ditional evidence in favour of  the above hypothesis. 
The results shown in fig. 4 indicate that modification 
of the enzyme with pyridoxal-P, under conditions 
which appear to be selective for modification of  
FDPase at the active site region [15],  results in a simi- 
lar pat tern of  loss of  both activities. 
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Fig. 4. Inactivation of FDPase activities by modification with 
pyridoxal-P. After modification with the indicated concentra- 
tions of pyridoxal-P (see Methods), enzyme activity was 
measured with 0.5 mM fructose 1,6-diphosphate and 150 
mM K + ( o - - o - - o ) ,  as well as with 1.34 mM fructose-l-P 
( s - - e - - s ) ,  as described under Methods. 

4. Discussion 

(fructose-l-P) which is a normal intermediate of  
another metabolic pathway. For  instance, when using 
the FDPase activity values at 0.5 mM fructose 1,6- 
diphosphate and 1.34 mM fructose-l-P, the fructose 
1,6-diphosphate/fructose-l-P activity ratio increases 
from 25 to 500 due to the antagonistic effect o f K  + 
on both activities; ii) the inhibitory effect of  K ÷ on 

fructose- 1-P hydrolyt ic  activity of  FDPase also estab- 

lishes an antagonistic effect on the first reaction of 
fructose metabolism, since fructokinase (EC 2.7.1.3) 
is activated by K + [16, 17].  Thus, the possibility of  
an 'in vivo' futile cycle (see Introduct ion)  is greatly 
diminished. 
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The results presented in this paper show that fruc- 
tose-l-P is a substrate for pig kidney FDPase, and sug- 
gest that  both fructose 1,6-diphosphate and fructose-1- 
P are hydrolyzed  at the same active site. Since the ki- 
netics of  the reaction are simple, with no additional 
complications such as the excess substrate inhibition 
and the very low K M values (approx.  0.002 mM) of  
the reaction with fructose 1,6-diphosphate as the sub- 
strate, fructose-1-P would make a particularly useful 
substrate in future studies on the mechanism of  the 
reaction. It may also be a useful tool  for following the 
results of  chemical modification studies at the active 
site of  FDPase (i.e., to differentiate a 6-P binding site 
from a 1-P binding site). 

The activation of  fructose 1,6-diphosphate hydro-  
lytic activity by K ÷ on one side, and the inhibitory ef- 
fect of  K + on fructose-l-P hydrolysis  on the other, ap- 
peared at first sight rather puzzling. However, two ex- 
planations which may have a physiological basis can 
be given: i) the antagonistic effects o f K  + on both ac- 
tivities represent a considerable gain in FDPase speci- 
ficity for its normal substrate (fructose 1,6-diphos- 
phate),  and reduces activity for an analog substrate 
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