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Abstract-Plant phytases (myoinositol hexaphosphate phosphohydrolase, EC 3.1.3.8) were inhibited by phloroglu- 
cinol(1,3$benzenetriol) in vitro. The inhibition of the Cucurbita maxima phytase was found to be non-competitive 
and pH dependent with an apparent inhibition constant (Ki) value of 2.3 x lo-’ M at optimum pH (4.8) and tem- 
perature (SO’). The apparent number of inhibitor molecules (n) bound per enzyme molecule was found to be 2.2 
suggesting that the positive cooperativity phenomenon may be present. 

INTRODUCTION 

Polyphenols occur widely in plants and are known to 
inhibit seed germination [l, 21 and many enzyme systems 
[3-71. Phytase (myoinositol hexaphosphate phospho- 
hydrolase, EC 3.1.3.8) occurs widely in germinating seeds 
and plays a vital role in mobilizing the phytate phosphor- 
us during seed germination [8-lo]. Its interaction with 
phenolic compounds was, therefore, considered to be 
of physiological significance, especially from the germina- 
tion point of view. These considerations prompted us to 
ascertain the significance of polyphenol-phytase inter- 
action in seed metabolism. This paper deals with the 
interaction of phloroglucinol (1,3,5_benzenetriol) with 
pumpkin seed phytase. 

RESULTS 

The results given in Table 1 showed that phloroglucin- 
01 was a potential inhibitor of plant phytases though the 
extent of inhibition varied from source to source. The 
inhibition of pumpkin seed phytase was maximal fol- 
lowed by barley, maize and peanut enzymes. Surprisingly, 
however, the wheat and chick pea enzymes were only 
poorly inhibited. 

Table 2 shows the relative effects of some structurally 

Table 1. Inhibition of phytases by phloroglucinol 

Enzyme source and inhibition (%) 
Inhibitor Pump- 

concn (mM) kin Maize Barley Peanut Wheat Chick 
seed Pea 

20 25.0 13.0 16.6 10.0 3.5 1.5 
30 45.0 25.0 26.6 18.0 7.5 4.0 
40 55.0 38.0 40.0 27.2 13.0 8.5 
50 60.0 45.0 50.8 38.6 18.5 11.0 
60 68.5 50.0 57.0 54.5 22.5 12.0 
70 - 53.0 60.0 59.0 25.0 12.5 

t To whom correspondence should be addressed. 

Table 2. Effect of some structurally related phenols on the de- 
phosphorylation of phytic acid by phytase in uitro 

Reaction system* 

Control 
+ Phloroglucinol 
+ Resorcinol 
+ Orcinol 

Relative activity 
(% of control) 

100 
40 

100 
89.5 

* The final concentration of the added phenols was 50 mM. 
Control was without added phenols. The reaction mixture and 
conditions for enzyme assay were those as described in the text. 

related phenols (phloroglucinol, orcinol and resorcinol) 
on the activity of pumpkin phytase in vitro. The effect 
of phloroglucinol was significantly greater compared 
to orcinol and resorcinol. In fact, the effect of both orcinol 
and resorcinol appeared to be insignificant. In view of 
the strong inhibitory activity of phloroglucinol towards 
pumpkin seed phytase, the interaction between the two 
has been investigated in detail. 

Effect of pH 

Fig. 1 shows the effect of pH on the inhibition of phy- 
tase by phloroglucinol. The maximum inhibition occurr- 
ed around optimum pH (4.8). On either side of the pH 
optimum, the inhibition decreased rather sharply. For 
instance, the inhibition at pH 4.8 was SO’%, but it de- 
creased to nearly 11% both at pH 4 and 6.5. From the 
inhibition constant (Ki) data at various pH values (Fig. 
1) it is apparent that the affinity ( l/Ki) of phloroglucinol 
for the enzyme and enzyme-substrate complex to form 
inactive enzyme-inhibitor (EI), and enzyme-substrate- 
inhibitor (ESI) complexes was the highest at pH opti- 
mum, 4.8, while on either side of this pH it decreased 
sharply. Thus, the ionic state of the enzyme appears to 
be critical for the formation of inactive EI and ES1 
complexes. The decreased inhibition at higher pHs 
indicates the involvement of a positively charged imi- 
dazole group of the protein in the binding of phloro- 
glucinol [ 11 J. 
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Fig. 1. Inhibitory activity of phloroglucinol towards pumpkin 
seed phytase and apparent inhibition constant (KJ as a func- 
tion of pH. x, Inhibition (-+-•--) and Ki (~-O---O-_). 

Experiments with and without inhibitor (80 mM) at each pH 
were carried out simultaneously and the enzyme activity without 
inhibitor was used as 100%. Buffer was 0.05 M acetate for pH 
range 3.5-5.6, and the pH between 6 and 7 was adjusted by 2M 

NaOH. Assay conditions were as described in the text. 

Effect qf PVP on the phloroglucinol inhibition of‘ phytase 

The results of the reactivation of the inactive EI and 

ES1 complexes are given in Table 3. It was found that 

over 90 “/d of enzyme activity was restored by the addition 

of PVP (3 mg/ml) to the reaction mixture. 

Kinetic studies 

The Lineweaver--Burk plots with and without the in- 
hibitor (Fig. 2) indicated that the inhibition was of the 
non-competitive type. The value of K,, was 23 mM. The 
plots of relative enzyme activity agamst the inhibitor 
concentration (Fig. 34 gave a sigmoid-shaped curve 
rather than a rectangular hyperbola suggesting that more 
than one inhibitor molecule per enzyme molecule 
participated in the formation of inactive enzyme-- 
inhibitor complex [ll, 121. As expected. the plots l/V 
vs inhibitor concentration (Fig. 4) wcrc non-linear. 

Table 3. Effect of PVP on phloroglucinol inhibition of phytase* 

Additions (final concn) 
Relative activity 
( ?’ I” of control) 

None (control) 
Phloroglucinol(40 mM) 
Phloroglucinol(40 mM) 

+ PVP (1 mg/ml) 
Phloroglucinol (40 mM) 

+ PVP (2 mg/ml) 
Phloroglucinol (40 mM) 

+ PVP (3 mg/ml) 

100 
45 I 3 

66 _+ 4 

X5+ 4 

94 * 4 

*Reaction mixture and conditions of enzyme assay were 
as described in the text except that enzyme--inhibitor complex 
was pre-incubated for 30 min with PVP before the addition of 
the substrate. 
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Fig. 2. LineweaverrBurk plots showing the non-competitive 
type of inhibition of pumpkin seed phytase by phloroglucinol. 
(- 6-- e--k (-A-A---), (----O---O-) and ( --O-- -W-) are with 

and without 20,40 and 60 mM phloroglucinol. respectively. 

These were concave upward at low inhibitor concentra- 
tions (C-25 mM), but above this range (between 25 and 
30 mM) the plots were quite linear. Thus, the sigmoidal 
saturation function seems to limit the inhibitor control 
to a narrow and selected range of inhibitor concentra- 
tions. 

From the inhibition data, a linear Hill plot of log 
(V’ - I;,): 7 vs log phloroglucinol concentration (Fig. 
3B), where Pi and < are the reaction velocities without 
and with phloroglucinol at a fixed substrate concen- 
tration, respectively, was ~1 straight line with a slope of 

0 20 40 60 

Inhibitor, mM 

Fig. 3. (A) Plot of “,, inhibition vs phloroglucinol concentration 

showing sigmoid-shaped curve. (B) Hill plot of log (V - “;)!y 
vs log phloroglucinol concn, where VO and t; are the velocities 
of the enzyme catalysed reaction without and with inhibitor, 
respectively. The slope of this plot is Hill coefficient (n) and is 
a measure of the ‘sigmoidicity’ of the overall reaction between 
phloroglucinol and the enzyme. Conditions of enzyme assay 

were the same as described m the text. 
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the plots were non-linear. but above this concn (between 25 9. Sobolev, A. M. (1962) Soo. Plant Physinl. 9, 263. 

and 50 mM) the plots were quite linear (Fig. 4). It was extended 10. Albaum, H. G. and Umbreit, W. W. (1943) Am. /. Botany30, 

backwards to obtain the values of K,. The K, values so obtained 553. 

were in agreement with those obtained by replotting the slopes 11. Taketa, K. and Pogell, B. M. (1965) J. Biol. Chem. 240. 

of double reciprocal plots (Fig. 2) vs inhibitor concns [23]. 651. 

Interaction constant (n) was determined by the method of ref. 12. Atkinson, D. E., Hathaway, J. A. and Smith, E. C. (1965) 

c241. J. Biol. Chem. 240,26%X 
13. Monod, J., Changeux. J. P. and Jacob. F. (1963) J. M&c. 
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