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A~~-Fructose-1,6iphosphatase (FDPase) Erom unripe mango was separated into two components by 
ammonium sulfate fractionation, one active at pH 6 (acidic FDPase) and the other at pH 8.5 (alkaline F’DPase). 
The alkaline component had a lower K, (0.15 x 10m3 M) than the acidic component (1.7 x 10e3 M) towards 
the substrate (FDP) and the allosteric inhibitor AMP. It also showed greater heat stability and higher activation 
in the presence of EDTA as compared to the acidic FDPase. Both components showed a higher activation with 
Mn2 ’ ions than with Mg2+ ions. 

INTRODUCTION 

Fructose-l,&diphosphatase (EC 3.1.3.11) is an allosteric 
regulatory enzyme of gluconeogenesis [l] and it cata- 
lyses the hydrolysis of fructose-l,B-diphosphate to form 
fixctose-6-P and Pi. In addition to control of synthesis 
and activity [2], rapid loss of activity was observed when 
glucose was added to a yeast culture exhibit@g high 
levels of FDPase. Here, the observed inactiv@ion of the 
enzyme was attributed to a proteolytic process [3,4]. 
FDPase is also involved in the ‘“futile cycle” with 
phosphoftiokinase, to regulate the hydrolysis of ATP 
in animal tissues [S--7]. The net result of these two enzy- 
mic reactions is the hydrolysis of ATP as shown below: 

Mg ATP + Fructose-B-P --3 Fructose-l&P2 + MgADP 

Fructose-1,6-Pz ---* Fructose$-P + Pi 
(1) 

(2) 

Thus, in a cell where both enzymes are present, regula- 
tion of the activities of these two enzymes is needed to 
prevent waste of energy. This is probably achieved by 
the presence of AMP which shows reciprocal activator- 
inhibitor relationship with these enzymes. FDPase is in- 
hibited by AMP [S-11] and activated by PEP [12]. 
Pogell et al. [13] have shown that the activity of crude 
FDPa& is stimulated by pure muscle phosphofructo- 
kinase. 

Two enzymic components of FDPase showing activity 
in acid (pH 6.6) and alkali (‘pH 8.8) were demonstrated 
in irradiated preclimacteric dwarf Cavendish banana 
[14]. These acidic and alkaline FDPases were quite dif- 
ferent with regard to sensitivity towards concentration 
of FDP, activation by disulfide reagents and EDTA, and 
to allosteric inhibition by AMP. In this paper we de- 
scribe some of the properties of FDPase of mango. 

RIBWLTS AND DISCUSSION 

Levels of FDPase in ripening mango 

Mature, unripe mango showed two peaks for FDPase 
activity, one at pH 6 and the other at pH 8.5, the activity 

of the alkaline fraction being quite low. It was observed 
that the activity of the acidic FDPase *as maximum 
in the unripe stage of the fruit (3.0~01 Pi/mg pro- 
tein/hr), diminished (x 0.74) during the early stage of 
ripening and then increased ( x 0.80) slightly towards the 
end of ripening. However, the enzyme was most active 
in the ripe fruit, when measured at pH 7 [16]. 

The two FDPases were separated on tiactionation 
with ammonium sulfate (Table 1). Attempts to separate 
the activities employing calcium phosphate gel adsorp- 
tion as describexl earlier in the case of banana FDPase 
[14] were unsuccessful. The acidic FDPase activity was 
precipitated in the 2nd ammonium sulfate fraction with 
cu 44”/, recovery of total activity whereas the alkaline 
enzyme was recovered in the 3rd and 4th ammonium 
sulfate titions. The sp act of the alkaline component 
was higher (x 2) in the 2nd ammonium stite fraction 
than in the 4th fraction. The alkaline FDPase was puri- 
fied ca 4-fold and the acidic FDPase was purified cu 
3-fold (Table 1). 

The activity of both preparations was tested in pH 
ranges 310. The pH optimum was 6 in the case of acidic 
FDPase and 8.5 in the case of alkaline FDPase, confirm- 
ing the presence of two well separable FDPase activities 
in mango. 

Substrute specijicity 

The two activities separated from mango were specific 
for FDP. They did not hydrolyse G-6-P, G-l-P, F-6-P, 
F-l-P, /I-glycerophosphate or pyrophosphate under the 
assay conditions described. The two FDPases differed 
in their response towards the substrate FDP, the alkaline 
form showing maximum activity at 0.3 mM FDP and 
the acidic form at 0.2mM FDP. The affinity towards 
FDP was greater with alkaline FDPase (Km = 0.154 x 
1O-3 M) than with acidic FDPase (Km = 1.67 x lO-3 M). 
However the acidic form showed a higher rate of reaG 
tion (vWx = 25 ~01 Pi/mg protein/lx) as compared to 
the alkaline form (V,, = 10~01 Pi/mg protein/hr). 
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Tabie 1. lotion of FDPase From mango 

FIaCtiQli 

Crude homogenate 
Magnesium acetate-supernatant 
Ammonium sulfate fractionation: 
1st jktion 

&lO% saturation 
2nd fraction 

10-30X saturation 

Volume 
W) 

100 
98 

25 

10 
3rd jkaciian 

30450% Wuration 
4th fWtio?l 

6&90x saturation 

10 

10 

Protein 
mg/ml Acidic Alkaline Acidic Alkaline 

0.85 4.2 I.9 360 162 
0.82 4.3 2.0 346 162 

0.54 6.8 4.9 

0.92 0 7.8 

1.01 14.5 0 

1.25 7.3 0 

*Specific activity Total activity (units) 

92 66 

0 72 

145 0 

92 0 

* sp. act refers to units of enzyme activity per mg protein. 

Omission of either Mgz+ or Mn2+ ions froln the reac- 
tion mixture resulted in loss of enzyme activity. Both 
FDPases showed similar responses towards the divalent 
metal ions. M$+ gave less activation than Mn’+ 
( x 0.5), and Ba + was intermediate. Maximum response 
was observed at 15 mol concn of the metal ions in the 
reaction mixture (2ml). A reduction in FDPase activity 
was noted when either Zn2+ or C’02+ was included in 
the assay system. Both forms of mango FDPases are 
thus different from banana FDPases, for which Mg” 
ions were more effective than Mna+ ions in activating 
the reaction [14]. 

FDPase is an allosteric enzyme and AMP functions 
as a negative allosteric effector in regulating the enzyme 
activity in vivo. Treatme& of the enzyme with EDTA 
also brought about an additional peak of activity in the 
case of Dktyostelium discoidium FDPase [19]. In order 
to compare the catalytic nature of acidic and alkaline 
FDPases from mango, the effect of these two reagents 
was tested. The acidic FDPase of mango showed a lesser 
degree of inhibition with increasing concentration of 
AMP, whereas the inhibition observed with respect to 
the alkaline form was greater. An inhibition of activity 
as high as 93% was observed in the case of alkaline 
FDPase as compared to a value of 68% in the case of 
acidic FDPase, when the AMP concentration was 
lo-“M in the reaction mixture. A similar observation 
has been made by other workers [14] that the two 
FDPase activities observed in irradiated banana res- 
ponded differentially to AMP in vitro. 

Preincubation of alkaline FDPase with EDI’A before 
the addition of the substrate FDP, resulted in a greater 
activation (7P/$ whereas only a .loO/, activation was 
observed in the case of acidic FDPase. 

Temperature stability 

The temperature stabilities of the two FDPases have 
been mmpared at 50”. The acidic FDPase showed a 
sharp fkll in activity (48% residual activity) within 20min 
of holding at 50”, whereas the alkaline component 
showed ca 90% retention in activity during the same 
period. 

Alfonso mangoes (h&ng@ru in&g) used for this study were 
obtained horn the local market. F’DPase assay with the crude 
extract was carried out at pH 6 (Tris-maieate buffer), accord- 
ing to the procedure OF reE Its], omitting cysteine and MnC12 
from the reaction mixture. The reaction mixture consisted of 
5 ~01 M&I, and appropriate amount of enzyme (100-125 ,ag 
protein for the crude enzyme and 25 clg for the putied prep- 
aration) in a total vol of 2 ml. The reaction mixture was incu- 
bated for 1 hr at 37”. The product of the reaction was deter- 
mined by estimating Pi [17] liberated a&er stopping the reac- 
tion with lo% TCA. A unit of enzyme activity was defined 
as the amount of enzyme which liberates 1 /.unol of Pi under 
standard assay conditions. Sp act refers to units per mg pro- 
tein Protein determinations were carried out accordmg to the 
method of ref. [18]. 

P~~~cation of FDFase. Fresh pre&macteric mangoes wem 
frozen at -20” after the removal of peel and stones and 
ground with So/, PVP in a precooled mortar. A homogeneous 
slurrv was then made usins an eoual vol of 0.1 M Tris buffer, 
pHj.5 and it was centt@uged it 1OoOg for 3Omin. The 
supernatant was used as the crude enzyme preparation. The 
extraction procedure was conducted between 0 and 5”. To 
the crude extract, solid Mg (OAc), was added to a final concn 
of 10mM. The extract was cooled to O-5” for 30 min and 
centrifuged at lOW g For 15 min. To the supernatant, solid 
(NH&WI was added to give a final concn of lOoi,. The soln 
was left for 2hr and then centrifuged at 15OOOg for 15min. 
The ppt (1st fraction) was collected and dissolved in 25ml 
of 0.1 M Tris buffer, pH 7.5 (see Table 1). The supematant was 
treated in a similar way each time the salt conen was raised, 
the ppt was collected and dissolved in buffer. The 4 fractions 
were then dialysed against 5OmM Tris buffer, pH 7.5 For 2 hr. 

Effect of fnrctose I,&diphosphate concn on the activity of 
FDPases. Experimental details are the same as described 
above except differeat conens of F-i&.liphosphate 
(0.1-W umol) were included in the reaction mixture. 

E$& of AMP and EDTA. The enzyme was preincubated 
for 5min with different concn3 of AMP (10-6-10-4M) 
before the addition of the substrate and subsequent determim~ 
tion of enzyme activity. A control without AMP was also 
set up. To study the et&et of EDTA on the enzyme activity, 
preincubation of the enzyme with OSmM EDTA for 5 min 
was carried out followed by assay of the enzyme activity. 

Thermal stability. The two purified FDPases were held at 
SO” and residual activities were measured at various time inter- 
vah up to lOOmin. 
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