
PhYt~hermstry, 1972, Vol 11. pp 119 to 125 Pergamon Press ~rmtcd m England 

PROPERTIES OF ACIDIC AND ALKALINE FRUCTOSE- 
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In&a 
(Recerved 20 Apnll971) 

Abstract-bradration of prechmacteric Dwarf Cavendish bananas at 35 Icrad caused a gradual activation 
of fructose-l$-diphosphase, which reached a msxnnaI 5-fold mu-ease m actrvlty m 3 days. Two eazymic 
components showing activity m acid (pH 6 6) and alkali (pH 8 8) were separated by calcmm phosphate gel 
adsorption and elutron Both the enzymes requrred Mg*+ lolls for actrvlty The catalytic propertres of acldrc 
and aIka.hne FDPase were quite different The alkalme enzyme was more sensitwe towards the concen- 
tratlon of substrate, and allostenc mhlbltor AMP Actlvatlon by d&fide reagent and EDTA was observed 
only m the case of alkaline enzyme 

INTRODUCTION 
IN BANANAS, there IS a rapid change m carbohydrate metabolism durmg ripening Tager 
and Biale’ have reported a shift from the pentose phosphate pathway to the glycolytic 
pathway of carbohydrate dissimilation m ripenmg bananas The most sigmficant change 
observed, was the increase m the concentration of fructose-1,6-diphosphate, which closely 
followed the chmacteric rise m respiration, as a result of activation of phosphofructokmase z 
In our laboratory, Thomas et al 3 have successfully demonstrated a delay m npenmg of 
Dwarf Cavendish banana, when they were subjected to y-irradiation at prechmacteric state. 
Smce it was estabhshed that a close relationship exists between npenmg and fructose-1,6- 
diphosphate content m banana, we examined the status of fructose-1,6-diphosphatase 
(FDPase) m umrradiated and irradiated banana It was observed that y-n-radiation caused 
an increase m FDPase activity m Dwarf Cavendish bananas. We now describe the purtfica- 
tion, separation and some properties of banana FDPases 

RESULTS 

Eflect of y-Irradtatlon on FDPase Actmrty m Banana 
Umrradiated, fresh, 80 % mature Dwarf Cavendish banana showed two FDPase active- 

ties, one of which had a maximum activity at acidic pH, and the other at alkalme pH, al- 
though these activities were quite low There was no change m these activities durmg seven 
days storage after harvest But 35 krad y-u-radiation, wluch delayed the onset of chmactertc 
for about 4 days, caused an appreciable and very consistent increase m these two activities 
within 3 days of n-radiation. On the thud day, both activities showed 5-fold increase com- 
pared to those of an umrradiated sample On further storage, there was a slight decrease in 
these activities, even though on the seventh day these activities were considerably more than 

1 J M TAGER and J B BIALE, Physrol Plant lo,79 (1957). 
2 J BARKER and T SOLOMAS, Nature, ~2nd 196, 189 (1962) 
3 P THOMAS, S D DHARKAR and A SREENNASAN, J Food Scr 36,243 (1971). 
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DAYS AFTER 

FIG 1 EFFECT OF Y-IRRADIATION ON THE ACTIVATION OF FRUCTOSE-1,6-DIPHOSPHATASE IN DWARF 
CAvENDIsIi BANANA. 

Spmfic actlvlty of acidic (pH 6 6) and alkalme (pH 8 8) FDPase after trradlatlon of DwarfCaven- 
dish banana at prechmacterlc state, was determmed at different time mtervals Crude homogenate 
was used as enzyme preparation Protem concentration m the reaction mixture m these experiments 
varied from 1 to 1 5 mg Curves (A) acl&c enzyme u-radiated, (B) alkaline enzyme, Irradiated, (C) 

acldlc enzyme, control, (D) alkaline control 

that of umrradlated sample (Fig 1) A perusal of the data on pH dependance clearly mdl- 
cates that unfractlonated enzyme showed two pH opttma for FDPase activity This result 
indicates the presence of two enzyme components 

Separation of Acidic and Alkalrne FDPases 
The presence of two different fractions m the crude enzyme preparation was further 

established by their separation on punficatlon Typical purlficatlon data are presented m 
Table 1 Calcium phosphate gel adsorbed the alkaline enzyme preferentially under the 
condltlons employed. pH adjustment m the purlficatlon procedure IS very critical, m the 
sense that no adsorption was observed at pH 6-O or above At pH’s below 5 0, the alkahne 
enzyme was completely precipitated and inactivated By followmg the procedure described 

TABLE 1. PROGRESS OF PURIFICATION OF FDPase FROM Y-IRRADIATED DWARF CA~ENDI~H BANANA 

Fraction 
Volume 

(ml) 
Protem 
&g/ml) 

SpecIfiC activity 
Acldlc Alkahne 

Total actlvlty 
ACI&C Alkahne 

Crude homogenate 
(NH&SO4 fraction 
Calcium phosphate 

gel supematant 
Calcium phosphate 

gel eluate 

100 280 857 714 24.000 20,000 
40 68 2941 2500 8000 6800 

35 7 20,730 0 7000 0 

20 8 0 12,320 0 3400 
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above, a 20-fold punficatlon of both enzymes with about 20 y0 recovery of total activity can 
be achieved The purified enzyme was unstable. Storagt even at -30” for 1 week caused 
almost complete macttvatron of alkaline phosphatase and 60 0/0 macttvatlon of actdlc 
phosphatase 

pH Optimum 
The effect of pH on the actlvtty of both the purified preparations was tested at pH ranges 

from 5 4 to 10 and this confirmed the presence of two dlstmct, well seperable FDPase m 
banana. The optimum pH for acidic and alkaline FDPases was 6 6 and 8 8 respectively 

Stolchiometry and Substrate Requirements for the Reactton 
The two acttvitles isolated from banana are established as C-l fructose-l ,ddtphosphatase 

by convertmg the product of the reaction to G-6-P with phosphoglucorsomerase, and 
estimating G-6-P using G-6-P dehydrogenase and NADP. A strict one to one mole stolchto- 
metry between Pi liberated and F-6-P formed was obtained m both cases. 

The enzyme was specific for fructose-1,6-drphosphate. It did not hydrolyse F-6-P, F-l-P, 
G-6-P, G-l-P and /3-glycerophosphate or pyrophosphate with PI assay system. The substrate 
FDP has a pronounced effect on the enzyme acttvlty Maxtmum actlvtty was obtained for 
both FDPases at a substrate concentratton of 0.2 mM. Higher substrate concentrations m- 
habited both actlvttres, although alkahne phosphatase was more susceptible to higher 
concentratton of substrate (Fig 2). 

Metal Requirement 
Mg2+ ions were essential for the acttvrty. The omtsston of Mgz+ from the reaction mix- 

ture abolished enzyme activity Both the enzyme acttvlttes responded to the same extent to 
the concentration of Mgz+ present m the reaction mixture. Optimum Mg2+ requirement 
was 20 pmoles m both cases. These enzymes showed a preference for Mg2+ ions Mn2+ 
ions were not as effective as Mg2+ m activating the reaction Even at 40 pmoles Mn2+ 
showed only about 60% of the actlvtty achieved by Mg”+ ions 

FIG 2. EFFETE OF p~u~ros~ 1,6-DIPHOWHATE CONCENTRATION ON THE A~MTY OF ACIDIC AND 
ALKALINE ~)PASE FROM DWARF CAVENLXSH BANANA 

Expermental detads are same as gwen under ExperImental except dtfferent concentrations of 
F l&&phosphate as mentioned m the figures are mcluded m the reaction nuxture. Curves (A) 

acldlc FDPase, (B) alkaline FDPase 
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TABLE 2 EFFECT OF DIFFERENT CONCENTRATION OF AMP ON ACIDIC AND 
ALKALME FDPase 

Concentrauon of AMP Per cent mhlbmon 
(M) Acldlc enzyme Alkahne enzyme 

1 x 10-S 125 33 5 
5 x 10-e 25 50 0 
1 x 10-S 37 63 5 
5 x 10-S Z 74 0 
1 x 1o-4 98 0 

The enzyme was premcubated for 2 mm wnh different concentration 
of AMP before the addition of substrate A control without AMP was also 
done parallel with this experiment 

Effect of AMP, EDTA and Disulfide Reagents 

In recent years the function of FDPase as a regulatory enzyme m gluconeogenesis m 
ammal and microbial system is well established. 4-8 FDPase is an allostenc enzyme and 
AMP functions as the allosteric effector In photosynthetic tissue it can be regulated by 
ferredoxm also ’ Most of the purified preparations of FDPase showed little activity m the 
physiological pH range Pontremoh et al lo have reported that various sulfhydryl reagents 
can stimulate the activity of hver FDPase at neutral pH Treatment of the enzyme with EDTA 
also brought about an additional peak of activity m the case of Dlctyostekum dwoldwm 
FDPase.” In order to determme the catalytic nature of acidic and alkaline FDPases from 
banana, the effect of the above reagents on enzyme activity was examined The results 

TABLE 3 EFFECT OF SULFHYDRYL REAGENTS AND EDTA ON ACIDIC AND 
ALKALINE FDPase 

Additions 
Relative act&y 

Acldlc Alkaline 

None 
Cystamme 
Ethylenednunme 

tetraacetate (EDTA) 
55’-Dlthlohs-(2 mtro 

benzolc acid) (DTNB) 

100 100 
102 374 

114 284 

92 152 

These compounds were added at 0 2 pmoles/ml concentration the 
standard assay mixture Enzyme m this experiment was premcubated for 
2 mm with the actrvatlon before the addmon of substrate 

4 D G FRAENKAL, S PONTREMOLI and B L HORECK~R, Arch Bzochem Bzophys 114,4 (1966) 
’ H A KREXIS and M WOODFORD, Bzochern J 94,436 (1965) 
6 0 M ROSEN, Arch Bzochem Bzophys 114, 31 (1966) 
’ 0 M ROSEN, S M RISEN and B L HORECKER, Arch Bzochem Bzophys 112,411 (1965) 
’ K TAKETA and B M POOELL, J BzoI Gem 240,651 (1965) 
9 B B BUCHANAN, P P KABERER and D I ARNON, Bzochem Bzophys Res Commun 29, 74 (1967) 

lo S PONTREMOLI, S TARANIELLO, N ENSER, S SHAPIRO and B L HORECKER, Proc Nati Acad Scz US 
55, 286 (1967) 

I1 P BAUMANN and B T WRIGHT, Bzochemrstry 8, 1655 (1969) 
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TABLE 4. ACX-MTY OF ALKALINE FDPase AT DIFF’EltENT pH VALUJB IN THE 
PRESENCE OF CY~TAMINE OR EDTA 

Actlvrty m mmoles of PI hberated 
PH EDTA Cystamme 

54 0 
zi 0 0 

00 

66 10 u” 
7 05 15 33 
75 22 45 

s”: 112 55 108 170 

I\: 178 100 210 158 
94 49 64 

The enzyme was premcubated at various pHs either wth 0 2 pmoles/ 
ml of EDTA or cystamme for 2 mm before the ad&tlon of substrate 

(Table 2) show that both the banana FDPases were sensmve to AMP concentratrons, but 
the degree of mhlbmon 1s greater with alkahne phosphatase AMP, as low as 10V6 M, 
mhrbrted alkaline phosphatase to 33 y0 whereas acldrc phosphatase was mhrblted by about 
only 12 5 ‘A. AMP (10e4 M) mhrblted the alkaline enzyme completely At this concentratron 
AMP exhrbrted only 75% mhlbmon with acidic enzyme. Studies with drsulfide reagents 
showed (Table 3) that only the alkaline enzyme actrvrty was strmulated by these reagents. 
The effect of EDTA was also srmrlar to that of sulfhydryl reagents. But these reagents have 
failed to Induce the actrvlty at neutral pH for the alkaline enzyme, although there was about 
2-fold increase m actlvrty at pH 8 8 (Table 4). 

DISCUSSION 

FDPase Isolated from banana after y-uradratron showed certain dlstmct and different 
characterrstrcs from other FDPases reported from plant and animal sources. The fact that 
this enzyme IS dormant m umrradrated banana, and can be actrvated by y-uradratron sug- 
gests that this enzyme plays a regulatory role m the banana. One of the factors whrch IS 
known to regulate the actrvrty of rabbit liver FDPase, IS the action of dtsulfide reagents on 
the enzyme protein, which modify one or more sulfhydryl groups l2 The enzyme thus actr- 
vated exhibited actlvrty at neutral pH, which was absent m the native enzyme Since gamma 
rrradratron IS known to alter the sulfhydryl groups of proteins this actrvatron of banana 
FDPase with y-uradlatron may be due to the modrficatron of sulfhydryl groups of the enzyme 
protein wrth correspondmg conformatronal changes. Little et ~1.‘~ have reported that X-rays 
modify the catalytrc actlvrty of rabbit liver FDPase. The dose response on zn vztro rrradratlon 
of the enzyme with X-rays showed an mrtral actlvatron, followed by subsequent exponentral 
mactrvatron The loss m actrvlty can be partially reversed by treating the exposed enzyme 
with cystamme. These observatrons also suggest a possible functron of sulfhydryl groups m 
radiation Induced strmulatlon of FDPase. Apart from thrs report, there IS no other inform- 
ation avarlable on the effect of y-lrradratron or X-rays on FDPase Our finding IS novel m 

I2 C LIITLZ, T. SANNER and A PHIL, Europ J Bzochem 8,229 (1969) 
I3 C Lrrr~~, T SANNER and A. PHIL, Bzochzm Bzophys Actu 178,83 (1969) 
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the sense that the actlvatlon of banana FDPase occurred only on zn vzoo lrradlatlon Irradla- 
tlon of the crude enzyme isolated from umrradlated banana to 35 krad caused complete 
mactlvatlon of both enzyme actlvltles The slow and gradual actlvatlon of these actlvltles on 
irradiation of the banana fruit may be due to delay m the alteration of sulfhydryl groups 
Recently Scala et al l4 have suggested that, m germinating castor beans, glbberelhc acid 
induced the de nouo synthesis of a neutral FDPase Hence the posslblhty of a de nova synthe- 
SIS of these enzyme proteins induced by lrradlatlon cannot be excluded 

Radiation induced FDPase showed two pH optima and the enzyme components res- 
ponsible for this can be resolved Their responses to substrate, AMP and dlsulfide reagents 
differed considerably. These differences mdlcate that they have altogether different catalytic 
properties Another important difference of banana alkaline FDPase from other known 
FDPases, hke rabbit liver enzyme or Dictyostebum dzscodzzzm enzyme, IS Its failure to induce 
actlvlty at neutral pH on treatment with either cystamme or EDTA (Table 4) 

EXPERIMENTAL 
Banana used m this study was Dwarf Cavendlsh (Muss cuoendrsh~~) variety Frmts were harvested and 

fingers of known maturity were uradlated on the same day after the latex ilow had ceased Irra&ation was 
carried out m a gamma cell 220 m au at 25”. at a dose rate of 2 76 kradlmm The fruits received 35 krad dose 

Assay of FcPase actzvlty The eruyme.assay with the crude extract was camed out at pH 6 6 (0 05 M 
sodium maleate buffer) and 8 8 (0 05 M trls-HCI buffer). The reaction mixture consisted of 25 pmoles buffer, 
20 pmoles MgCI,, 0 4 ~moles FDP and appropriate amount of enzyme (150 pg protein for the crude 
enzyme and 3 pg for purmed preparation) ma total vol of 2 ml The reaction mixture was incubated for 20 mm 
at 37” 

The product of the reaction was determined either by estlmatmg PI liberated” after stoppmg the reaction 
with 10% TCA, or by usmg the spectrophotometnc methodi which estimates the fructose-6-phosphate 
formed Spectrophotometnc assay was camed out as follows 0 7 ml of FDPase assay mixture was added to 
a reaction mixture m a cuvette contammg 100 pmoles tns-HCl buffer pH 7 5, 10 pmoles MgCIZ, 1 75 pmoles 
EDTA, 12 mg of mung bean phosphoglucolsomerase, prepared by the method of Ramasarma and Gm,” 
25 pg of glucose-6-phosphate dehydrogenase This mixture was Incubated for 5 mm at room temp and 
0 2 pmoles of NADP was added and change m absorbancy at 340 nm was measured 

For routme assay PI liberated was estimated A urut of enzyme actwlty was defined as the amount of 
enzyme which liberates 1 pmole of Pi under standard assay condmons Specific activity refers to units per 
mrlhgram of protein Protein determmatlons were carried out according to the Lowry method I8 

Punjicatron of FDPase 35 krad irradiated banana were stored at 20” and RH 85-90% for 3 days to get 
maximum activation of FDPase Samples were then deskmned, the pulp tissue was cut mto small pieces and 
quickly frozen with hqmd Nz The frozen samples were stored at -30” and used as the source of the enzyme 

Acetone powder prepuratron The frozen banana was blended m a precooled Waring blender \nth five 
times its we&t of cold acetone (-30”) for 1 mm at O-4” The slurry was filtered through a Buchner funnel 
and the residue was again blended with half the original amount of cold acetone and filtered again This 
process was repeated once more The powder was dned at O-4” and stored at -30” All operations here- 
after were carried out at O-4” 

35 g of acetone powder was mixed with 125 ml of 0 1 M tns-buffer pH 7 5 m a precooled mortar and 
pestle This mixture was allowed to freeze at -30” and thawed out by grmdmg During thu process the 
temperature of the mixture was not allowed to exceed 5” The ground mass was filtered through a double 
layer of cheese cloth and the filtrate was centrifuged at 20,000 g for 20 mm The supernatant was used as 
the crude enzyme preparation 

To 100 ml of crude homogenate 17 6 g of solid (NH&SO.+ was dissolved wnh stnrmg The solution was 
held for 10 mm for complete precipltatlon The preclpnate formed was collected by centrlfugmg at 20,000 g 
for 20 mm The residue was dusolved m 40 ml 0 1 M tns-buffer pH 7 5 Dlalysls for 4 hr resulted m con- 
siderable inactivation of both FDPase activities, so this step was omitted The pH of 35 ml (NH&SO4 

I4 J SCALA, C PATRICK and G MACBETH, Phytochem 8, 37 (1969) 
Is C H FISKE and Y SUBBARROW, J BzoZ Chem 66, 375 (1925) 
I6 E RACKER, zn Methods m Enzymolonv (edited by S P COLOWICK and N 0 KAPLAN). Vol 5. D 272. 

Academic Press, New York (1563) __ _ 
,, _ _ 

I7 T RAMASARMA and K V GIRI, Arch Btochem Blophys 62,91 (1956) 
I8 0 H LOWRY, N J ROSEBROUGH, A L FARR and R J RANDALL, J B~ol Chem 193,265 (1959) 
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fraction was adjusted to 5 4 with ddute HOAc and the solution was treated with calaum phosphate gel in 
protem to gel ratlo (1 7) The mucture was stirred for 30 mm for complete adsorptlon of alkahne phosphatase 
On centrfugmg this slurry for 10 mm at 10,000 g, the supematant obtained contamed all acldlc phosphatase 
activity The residue was umformly suspended m 20 ml 0 1 M tns-buffer pH 7 5 and the mixture was kept 
with stlrrmg for 30 mm for complete elutlon The supematant obtained on centrifuging the mixture showed 
only alkaline phosphatase actlvlty 
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