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Mammalian small intestinal phytase (EC 3 . 1  . 3 . 8 )  
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I .  Phytase (EC 3.  1 .3 .8)  concentration has been measured in the small intestine of rat, rabbit, guinea-pig and 
hamster. Levels vaned from 0.12 units (jg phosphorus released/min)/mg protein in the rat to 0.03 units/mg 
protein in the rabbit. 

2. The enzyme is localized in the brush border of the small intestine of the rat. 
3. It is suggested that the levels and location of phytase are an important factor in the uptake of metals from 

metal-phytate complexes. Metal ions released in the immediate vicinity of the absorptive surface of the intestine 
could be absorbed before being rendered insoluble by competing reactions such as hydrolysis. 

Phytate (myo-inositol hexakisphosphate) is a common constituent of many foodstuffs 
including peas (Pisum sativum), bread and potatoes (Maga, 1982). It complexes a variety 
of essential minerals such as calcium, zinc, manganese and iron (Vohra et al. 1965). 
However, there is controversy over the absorption characteristics of metals ingested as their 
phytate complexes (Cheryan, 1980). For example, species-specific differences in the 
gastrointestinal uptake of plutonium phytate have been demonstrated (Cooper & Harrison, 
1982). 

It is possible that variations in the levels of small intestinal phytase (EC 3 .  1 .3 .8)  could 
influence the uptake of metals. It has been suggested that phytase facilitates the 
gastrointestinal absorption of metals by breaking down the metal-phytate complex (Rackis 
& Anderson, 1977). However, the opposite view that phytase has no effect has also been 
advanced (Morris & Ellis, 1976). In an attempt to resolve this question the present work 
studies the levels of phytase and its subcellular distribution in the small intestinal mucosa 
of rat, rabbit, guinea-pig and hamster. 

M A T E R I A L S  A N D  METHODS 

Preparation of brush borders 
The rats used were 3 to 4-month-old females (HMT strain; MRC Radiobiology Unit, 
Harwell), the rabbits were I-year-old females (New Zealand Whites; Hop Rabbits, 
Canterbury, Kent), the guinea-pigs were I-year-old males (MRC Radiobiology Unit, 
Harwell) and the hamsters were 15-month-old males (DSN strain; Intersimian Ltd, 
Abingdon). 

After killing with diethyl ether, the small intestine was removed, washed with icecold 
saline (9 g sodium chloride/]) and the mucosa expressed with a glass slide. The mucosa was 
suspended in 100 vol. of a medium containing 50mM-sucrose and 2mw2-amino-2- 
(hydroxymethyl)-propane-1,3-diol (Tris)-hydrochloric acid (PH 7.1) and the brush borders 
isolated by the method of Schmitz & Preiser (1973) but with magnesium chloride substituted 
for calcium chloride. For determination of phytase, the mucosa was homogenized in 30 vol. 
50 mM-sucrose plus 2 mM-Tris-HC1 (pH 7.1) using g Waring blender at full speed for 2 min. 

Enzyme and chemical assays 
Phytase was estimated by the method of Cooper & Gowing (1983). Briefly, enzyme, zinc 
chloride (0.4 p o l ) ,  MgCI, (4 p o l ) ,  sodium phytate (3 p o l )  and Tris-HC1 buffer 
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Table 1. Phytase levels (units (e phosphorus released/min)/rng protein) in the small 
intestinal mucosa 

(Phytase levels in small intestinal mucosal homogenates were determined as described on p. 673. The 
results are expressed as mean values and standard deviations; no. of determinations given in parentheses) 

Phytase level 

Species Mean SD 

Rat 0.115 0.02 (5) 
Rabbit 0.033 0.016 (4) 
Guinea-pig 0.046 0.014 (3) 
Hamster 0.072 0.002 (3) 

Table 2. Phytate hydrolysis by isolated intestinal segments 
(The results are expressed as mean values and standard deviations with the no. of determinations on 
different animals given in parentheses. Sections (350 mm) of isolated proximal small intestine were filled 
with 1 mM-sodium phytate and 0.154 M-sodium chloride, pH 7.5, and then incubated at 37" for 3 h. The 
phytate remaining in the intestine was estimated by ion-exchange chromatography as described by 
Cosgrove (1980)) 

Phytate recovered (%) 

Species Mean SD 

Rat 10.5 2.5 (3) 

Rabbit 84.7 4 (3) 
Guinea-pig 79.2 18.8 (3) 

(40 pn-101) in a final volume of 2-0 ml were incubated at 37O for 1 h. The reaction was stopped 
by addition of 2 mlO.3 M-trichloracetic acid and protein removed by centrifugation. Then 
0.5 ml ammonium molybdate (50 g/l) and 0.5 ml 3 M-sulphurk acid were added while 
mixing. To prevent interference from phytate the phospho-molybdate complex was ex- 
tracted into 2-5 ml n-butanol-heptane (3 : 2, v/v). The organic layer was then added to 4 ml 
aqueous ascorbic acid (10 g/l) and the colour allowed to develop at 37O for 2 h. The optical 
density of the lower aqueous layer was measured in a Beckman Model 25 spectrophotometer 
(Beckman Instruments Inc., Irvine, USA) at 820 nm. 

Alkaline phosphatase (EC 3.1 . 3 . 1 )  was estimated by the method of Forstner et al. 
(1968), arylsulphatase (EC 3.1 .6.1) by the method of Dodgson & Spencer (1957) and 
succinic dehydrogenase (EC 1 .3.99.1) as described by Chambers & Rickwood (1978). 

Protein was determined by the Biuret method (Layne, 1957) and DNA by the method 
of Burton (1956). Phytic acid was estimated as inorganic phosphorus following purification 
by ion-exchange chromatography, according to the method of Cosgrove (1980). 

RESULTS 

Table 1 shows that the small intestinal mucosa of each of the four species studied contained 
measurable amounts of phytase. The levels ranged from 0.03 to 0.12 units (pg P 
released/min)/mg protein in the rabbit and rat respectively. The loss of phytate from 
isolated intestinal segments is shown in Table 2. The greatest loss was from the rat and the 
lowest from the rabbit. 
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Table 3 .  The composition of isolated rat small intestinal brush borders 
(The results are expressed as mean values and standard deviations for three 

separate brush-border preparations) 

90 

675 

- ' .. 

Component 
Organelle in - 

which localized 

Amount present (%)* 

Mean SD 

Alkaline phosphatase (EC 3. 1.3.1) Brush border 36-3 5 
Phytase (EC 3.1 .3.8) - 35.0 8 
Arylsulphatase (EC 3.1 . 6 .  I )  Ly sosomes 1.3 0.5 
Succinic dehydrogenase (EC 1 .3.99.1) Mitochondria 4.0 1 
Protein - 3.0 1.4 
DNA Nuclei 9.6 1.1 

* The percentage recovery in the isolated brush-border preparation when compared with the initial mucosal 
homogenate. 
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Fig. 1. pH dependence of phytase (EC 3.1 .3.8) activity in intestinal homogenates. Portions of mucosal 
homogenate were assayed as described on p. 673. Tris-hydrochloric acid buffer was used in the pH range 
7.CF9.0 and glycine-sodium hydroxide for pH values of 9.5 and 10.0. (x), Rat; (O), rabbit; (A), 
hamster; (o), guinea-pig. 

The subcellular distribution of the enzyme was studied in the rat. Brush-border vesicles 
were prepared and their purity determined by the use of the following marker enzymes: 
alkaline phosphatase (brush border), succinate dehydrogenase (mitochondria) and aryl- 
sulphatase (lysosomes). DNA was also measured as an index of contamination by nuclei. 
The results (Table 3) show that brush borders were prepared in 36% yield, in a relatively 
high state of purity and that phytase was localized in this membrane. 
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Table 4. Efect of metal ions on rat small intestinal phytase (EC 3 . 1  . 3 . 8 )  

Effect of Zn2+ Effect of Mgz+ 

Added Znz+ Added Mg*+ 
concentration (mM) concentration (m) 
(2 mwMgz+ added) Enzyme activity* (0.2 mM-Znz+ added) Enzyme activity* 

0 
0.1 
0.2 
0.4 

146 
26 1 
29 1 
183 

106 
269 
29 1 
115 

* Expressed as a percentage of the activity when no ions were added. Portions of rat intestinal homogenate 
were assayed as described on p. 673 but with metal ions added as shown in the table. 

Phytate concentration (rnrn) 
Fig. 2. The variation of phytase (EC 3 .1  . 3 . 8 )  activity (units (pg phosphorus released/min)/mg protein) 
with substrate concentration in intestinal homogenates. Portions of mucosal homogenate were assayed 
using increasing concentrations of sodium phytate. The assays were performed at the pH optima for 
each species (for details, see p. 673). (D), Rat; (a), rabbit; (O), guinea-pig; ( x ) ,  hamster. 

Some of the properties of phytase were investigated using intestinal homogenates. Enzyme 
activity was pH dependent (Fig. 1). The maximum activities with rabbit and rat enzymes 
were at pH 7.5 and 8.0 respectively. Both hamster and guinea-pig enzymes had their optima 
at pH 9.0 but the latter two species exhibited broader pH-activity curves than the rabbit 
or rat. The effect of metal ions on enzyme activity is shown in Table 4. The results are given 
for the rat but the same dependence was exhibited in the other three species. 

The enzyme activity v.  substrate concentration curves are shown in Fig. 2. To calculate 
kinetic factors, values for the velocity of the enzyme reaction at zero time are required. 
In the present experiments the velocity of the enzyme reaction was measured by stopping 
it at various times (1 5,30 or 60 min) which were determined by the sensitivity of the method 
for estimating released phosphate. Therefore, in Fig. 2 the values for units/mg protein only 
approximate to the initial enzyme velocity. Nevertheless, for each species the enzyme activity 
appears to follow Michaelis-Menten kinetics. The values for the Michaelis constant (K,) 
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determined using double-reciprocal plots were 0.12,0.11,0.82 and 0.03 mM for rat, rabbit, 
guinea-pig and hamster respectively. For the reasons outlined above these values must be 
considered approximate. 

DISCUSSION 

It is sometimes stated (Cheryan, 1980) that animals with one stomach do not possess an 
intestinal phytase. This is not so. The present results, together with those of Bitar & 
Reinhold (1972), showed that phytase did occur in the small intestine although the 
concentrations varied between different species (Table 1). The rate of loss of phytate from 
isolated intestinal segments (Table 2)  was directly related to phytase concentration and so 
phytate in the lumen of the intestine was accessible to the enzyme. When 32P-labelled phytate 
is fed to various mammals (Canals et al. 1954), the greatest uptake of 32P and hence digestion 
of phytate is seen in the rat. A lower uptake occurred in the mouse and the rabbit, with 
the lowest being in the cat. The work by Canals et al. (1954) has been criticized because 
release of 32P may have occurred by an exchange reaction rather than by digestion (Gillis 
et al. 1957). However, the conclusion that more digestion of phytate occurred in the rat 
than in the rabbit is confirmed by the present study. 

Of the four species examined, phytase concentration has been measured previously only 
in the rat (Davies & Flett, 1978). The latter workers found 0-274 units/mg protein in the 
duodenal mucosa. This value compares with the present value of 0.11 5 units/mg protein 
for entire small intestinal homogenate (Table 1). However, the levels of the enzyme are 
higher in the duodenum than in other regions of the intestine (Davies & Flett, 1978) and 
this may account for the difference. The pH optimum for the rat enzyme (pH 8 ;  Fig. 1) 
reported here is also similar to the values reported previously (Roberts & Yudkin, 1961 ; 
Bitar & Reinhold, 1972). 

The dependence of enzyme activity on the presence of Zn2+ (Table 4) is similar to that 
reported by Davies & Flett (1978). The effect of Mg2+ has not been previously studied 
extensively; however, Roberts & Yudkin (1961) report that the enzyme activity is maximum 
at about 1 mM-Mg2+ in the rat. This compares with the present maximum at 2 mM (Table 4). 

The phytase of all four species apparently obeys Michaelis-Menten kinetics (Fig. 2). Bitar 
& Reinhold (1972) obtained similar results for the rat but reported that the phytase of 
chicken and calf was inhibited by substrate. However, it is important to note that the 
methods they used for estimating phytase may have influenced the results. Phytase was 
determined by measuring the phosphate released from the substrate. Any remaining phytate 
could interfere in the determination of phosphate by methods using the reduction of a 
phosphc-molybdate complex (Irving & Cosgrove, 1970; Cooper & Gowing, 1983). The 
methodology used in the present study overcomes this problem by using a solvent-extraction 
step to separate the phosphate from the phytate. 

The K ,  values of 0.03-04 mM obtained are similar to those reported for a variety of plant 
and microbial phytases (0.013465 mM; Irving, 1980). 

The subcellular localization of phytase is an important factor when its role in the uptake 
of metals bound to phytate is considered. Morris & Ellis (1976) have argued that phytase 
is of little significance in aiding Fe absorption from soluble monoferric phytate because the 
metal ions released by the action of the enzyme would be rapidly hydrolysed at the pH of 
fluids in the small intestine to insoluble ferric hydroxide. This may be so if phytase is only 
present in the lumen of the small intestine. But in fact it is present at the surface of the 
mucosa (Table 3). Here it is proposed that it releases Fe from Fe-phytate in the immediate 
proximity of the absorptive surface. Thus absorption could occur before the competing 
reaction to form insoluble ferric hydroxide. Such a mechanism may explain the absorption 
pattern of plutonium when ingested as the plutonium(1V)-phytate complex. This metal 
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resembles Fe(II1) in some of its properties; for example, in its common tetravalent form 
it is readily hydrolysed at the small-intestinal pH. When plutonium(1V)-phytate was fed 
to rats and rabbits of the same age and sex as used in the present study, the uptake of 
plutonium was higher (0.1 3 %) in the former than in the latter (0.01 %) species (Cooper & 
Harrison, 1982). The result is consistent with the levels of phytase (Table 1) and digestion 
of phytate (Table 2) in the two species. 

It is concluded that phytase is present in a variety of mammalian species and that the 
enzyme may have an important role in the availability of metals from soluble metal-phytate 
complexes. 
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