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ABSTRACT. One of the myoinositol trisphosphates produced by the phytag®inositol hexakisphosphate
(InsPk) reaction is Ins(2,4,5 That Ins(2,4,5)Pcan elicit C&" mobilization from intracellular stores in
plants [Samanta, S., Dalal, B., Biswas, S., & Biswas, B. B.(1#8¢hem. Biophys. Res. Commun. 191

427] prompted us to elucidate the mechanism. TheJffilsi3(1,4,5)R/Ins(2,4,5)B] —phytase complex

has been found to interact with the receptor for yisRitro forming a ternary complex, and a nanomolar
concentration of Insfs required. For enzymatic cleavage of lgdy phytase, micromolar concentrations

are needed, and the affinities of the phytase for different myoinositol phosphates have been found to
depend upon the number of phosphate groups present in the substrate. Fraction accessibility of tryptophan
residues to a neutral fluorescence quencher, acrylamide in free and myoinositol phosphate bound phytase,
as determined by SterrVolmer plot, records a progressive decrease starting froms blasPsP with the
notable exceptions of both Ins(1,4,5)}hd Ins(2,4,5)F This deviation from the trend of change in the
accessibility of tryptophan residues in myoinositol phosphate bound phytase is recorded from the fact
that there is a high affinity (dissociation constant of the nanomolar order) and noncatalytic binding site
in phytase for the two isomers of InsPIn the nanomolar range of concentrations, both isomers ogInsP
bind to a second site of phytase having about 40-fold higher affinity than the normal substrate binding
site. InsR, when bound to noncatalytic site in phytase is not hydrolyzed but induces a significant change
in the conformation of phytase as assayed from the relative accessibility of tryptophan residues. This
conformational change in phytase is recognized by the receptor fos, Ibs€ause in absence of Ingid
interaction between the receptor and phytase is detected. Howeves-pigRase complex is a better
elicitor of Ca&* efflux from microsomal/vacuolar fractions than free lpsF his is further confirmed by

the fact that when Ins(1,3,49Pphytase complex can elicit €aefflux from the intracellular stores, Ins-
(1,3,4)R per seis minimally effective.

Phytase or myoinositol hexakisphosphate phosphohydro-et al., 1988). The reported myoinositol trisphosphate inter-
lase, which hydrolyzes myoinositol hexakisphosphate gAsP mediates are Ins(2,4,%Rnd Ins(1,2,3)Pin the stepwise
to myoinositol and inorganic phosphate, is an enzyme that dephosphorylation by phytase in germinating mung bean
has varied characteristics from different sources (Loewus & seeds and in pollen, respectively (Maitra et al. 1988; Loewus
Loewus, 1983; Biswas et al., 1984; Drobak, 1992). It has et al., 1990). Ins(1,4,5¥Hs now established as an intrac-
not been detected in the cotyledons of ungerminated seedsellular second messenger in plants (Trewavas & Gilroy, 1991;
but it appears upon germination (Biswas et al., 1984). dnsP Drobak, 1992). Ins(2,4,5}Pone of the intermediary prod-
accumulates in the seeds and other storage tissues in verycts of phytase and IngFhas also been found to be effective
significant amounts (Biswas et al., 1984; Loewus et al., in stimulating release of C§, though to a lesser extent than
1990). Earlier studies from this laboratory (Maiti et al., Ins(1,4,5)B (Samanta et al., 1993). The presence of low
1974) showed the following pathway of degradation for amounts of ptdinsPalong with large amounts of IngP
InsRs: Insk — Insk; — InsPy, — InsP; — Insk, — InsP, — suggests an alternative pathway for generation of dnisP
Ins. The nature of the different isomers in terms of the animal systems, other homologs of Igsite formed as a
position of phosphate residues formed as intermediates andsequence of specific phosphorylation and dephosphorylation
their relative distribution are not yet well established (Maitra of Ins(1,4,5)R, though their physiological role is not known
(Shears et al., 1987). IngPthe transient product of the
* Author to whom correspondence should be addressed. Fax: 091-reaction involving phytase and InsRould lead to mobiliza-

03?3&\1/2?3% (I)Ef—rg:liguggbiswas@cubmb.ernet.in. tion of C&*. Preliminary observations reported from our
$ Saha Institute of Nuclear Physics. laboratory suggtast the possibility of an alternative pathway
'Bose Institute. . for InsR; generation, particularly Ins(2,4,%)Rhat might play
¢ Abstract published irhdvance ACS Abstractdfarch 1, 1996. an important role in C& release from intracellular stores

1 Abbreviations: InsR(n = 1—6), b-myoinositol phosphate where
n denotes the number of phosphate groups; ptd|nsifosphatidyl- (Samanta et al., 1993).
inositol-4,5-bisphosphate; PVP, polyvinylpyrrolidone; Quin-2, (2-[2- Mobilization of C&* from microsomal/vacuolar fractions

bis-[carboxymethyl]lamino-5-methylphenoxy)methyl]-6-methoxy-8-bis- ;
[carboxymethylJaminoquinolineBME, [-mercaptoethanol; PMSF, was detected when a mixture of Isihd phytase was added

phenylmethanesulfony! fluoride; ELISA, enzyme-linked immunosorbent a_lfter a deﬁnite_ time of hydrolysis that coincides with the
assay. time of production of Insp(Samanta et al., 1993). Another
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notable observation from ligand competition experiment was  Preparation of Antibody for PhytaseRolyclonal antibody
that a mixture of Ins(1,4,5or Ins(2,4,5)R and phytase  was raised in rabbits by injecting 1@@ of purified phytase
was more effective than Ins(1,4,%)Br Ins(2,4,5)R alone in Freund's complete adjuvant subcutaneously. Booster
in displacing fH]Ins(1,4,5)R bound to microsomal/vacuolar injections of 10Qug of protein were given at intervals of 3
fractions containing the putative receptor for Insmt was weeks in Freund’s incomplete adjuvant. The titers of sera
also noticed that addition of a mixture of Ins(1,4,50P Ins- were tested by immunoprecipitation. The immunoglobulin
(2,4,5)R and phytase leads to enhanced'Galease relative  fraction was isolated by ammonium sulfate precipitation and
to that observed with free IngPSamanta et al., 1993). Both purified by DEAE-Cellulose (Pal et al., 1990).
Ins(1,4,5)R and Ins(2,4,5)P showed similar trends in Fluorescence Spectroscopic Studiesll fluorescence
competition and C4 release from the microsomes/vacuoles. spectra were recorded with either a Hitachi F-4010 in
Initially these observations gave an indication that those Computer Average Time scan mode for each spectrum or a
InsR—phytase complexeper semight interact with the ~ Shimadzu F-540 spectrofluorometer. For evaluation of the
putative receptor for IngRassociated with the microsomal/  dissociation constants between phytase and its substrates,
vacuolar membrane. Though Ins(2,4,5)B the phytase  small aliquots of myoinositol phosphate were added to a fixed
product, Ins(1,4,5)Pwas used for the receptor binding and concentration of phytase. That the interaction between the
other complex formation for comparison. The present studies enzyme and respective substrate had attained equilibrium was
aim to provide experimental data to verify the above indicated from the absence of any change in the emission
proposition for the role of phytase in intracellular a  spectrum of the enzyme with time. Excitation wavelengths
mobilization in plants. were 278 or 295 nm (selective excitation of the tryptophan
residues). All studies were carried out in 50 mM Tris-HCI

MATERIALS AND METHODS buffer, pH 7.0, at 14°C. Appropriate subtraction of the

Insk;, Ins(1,3,4)R, and Ins(1,3,4,5)Rvere purchased from  contribution from the buffer was done. Correction due to
Sigma Chemical Co. Ins(1,4,3®as obtained from Cal- the inner filter effect was not made because the absorbance
biochem. $H]Ins(1,4,5)B was obtained from NEN, DuPont.  of the samples did not exceed 0.03. Any dilution effect was
Ins(2,4,5)R and Ins(4,5)Pwere from Boehringer Manheim.  considered for the estimation of the substrate induced
All other reagents were of analytical grade and purchasedquenching in fluorescence of the enzyme. The dissociation
from local markets. Mung bearVigna radiataB;) seeds constant for enzymesubstrate interaction was calculated
were obtained from Seed Multiplication Farm, Behrampur, from the following equation:
West Bengal, India.

Isolation of Phytase Phytase was isolated from cotyledons VAR = 1AF o+ Ky (AF 5, IS]) (1)
of 72 h old germinating seeds as described earlier (Mandal

etal., 1972). About 200 g of cotyledons was homogenized \nere [S] denotes the concentration of the substrae.is
with 50 mM Tris-HCI buffer, pH 7.0. The homogenate was ¢ extent of quenching of the enzyme fluorescence at 340
filtered through cheese cloth, and the filtrate was centrifuged .,y as a function of the input concentration of the substrate.

at 1000@ for 25 min. The supermnatant was subjected 10 e rafio of the slope and intercept of the straight line from
heat_treatment at 57C for_ 6 min, cooled, and then 4 plot of 1AF against 1/[S] gives the value & (Wang
centrifuged at 10 0Gffor 20 min. The supernatant was 50% ¢ Edelman 1971).

saturated with ammonium sulfate and then centrifuged for 1o affinity of Ins(1,4,5)§Ins(2,4,5)R for its receptor was
20 min at 10 009. The supermatant fraction was made 70% g\ 4jyated from the ligand-induced quenching of the fluo-
saturated with ammonium sulfate and centrifuged at 1@000 |oscence of the receptor Ak = 295 nm. The emission

for 20 min._The pellet was dissolved in 50 mM Tris-HCl iiensity of the receptor at 340 nm was plotted as a function
buffer, pH°7'O' and dialyzed overnight. An equal volume ¢ innt concentration of the ligand to obtain the binding
of cold (4 °C) acetone was added to the dialyzed fraction isqtherm. The affinity of Ins(L,4,5)Hor the receptor was

and centrifuged after being kept on .ice for 5 min. The 450 determined by the filter binding assay usifig][ns-
supernatant was made to 80% (v/v) with respect to acetone,(l 4,5)R

and the mixture was kept on ice for 30 min. It was ~ A neytral fluorescence quencher, such as acrylamide
centrifuged and the resulting pellet was dissolved in the same o crystallized, Sigma Chemical Co.) was used as a probe

buffer and dialyzed. The fraction was subjected to 5% native {4 ayaluate the accessibility of the tryptophan residues in

PAGE. The protein from the major band out of three rae ang inositol phosphate bound enzyme. Fluorescence
corresponding to phytase was eluted, dialyzed, and tested ,enching data were analyzed according to the Stern
for activity from estimation of liberated phosphate from the yoimer equation:Fo/F = 1 + K<[Q], whereFo andF are
substrate, Insfat 37°C (Chen et al., 1956). Purity of the  itia| and final fluorescence intensities of the protein,

protein was confirmed by means of SBBAGE from the aqpeciively. Ky, is the quenching constant, and [Q] denotes
presence of a single band of 160 kDa. Contamination of e input concentration of acrylamide. A modified Stern

nonspecific phosphatase in the purified enzyme was notyqimer piot (Lehrer & Laevis, 1978) was also done with a
detected because the preparation does not hydrolyze glucosgia,, to estimating the fraction of accessibfg (ryptophan

6-phosphate ang-nitrophenyl phosphate, substrates for regjgues that was evaluated from the following equation:
phosphatase. For fluorescence spectroscopic studies, protein

was eluted from a 5% nondenaturing gel, and then it was Fo/(Fo — F) = LK f[Q]) + 1/, 2
passed through Sephadex G-75 (Superfine) to remove

possible contaminants from the gel. The ratio of fluorescence Preparation of Microsomes/Vacuoleslypocotyl from the
intensities at 340 and 400 nrif = 295 nm) of the enzyme 48 h germinating seeds were homogenized in buffer A
was monitored as an index of removal. containing 25 mM Tris-HCI buffer, pH 8.0, 0.25 M sucrose,



4996 Biochemistry, Vol. 35, No. 15, 1996

3 mM EDTA, 10 mMSME, 1 mM PMSF, 1 mM benza-
midine, and 10 g/L PVP. The homogenate was passed
through two layers of cheese cloth. It was then centrifuged
at 1000@ for 40 min at 4°C. The supernatant was
centrifuged at 8000pfor 55 min at 4°C. The microsomal/
vacuolar pellet after centrifugation was suspended in buffer
B, 2.5 mM Tris-MOPS, pH 7.2, containing 0.25 M sorbitol
and layered on a discontinuous gradient of 7% and 12%
dextran in buffer B, respectively. This was centrifuged in a
SW55 rotor at 80009 for 2 h at 4°C. The layer between
7% and 12% was collected and mixed with 4 volumes of
buffer C (4 mM Tris-HCI buffer, pH 7.2, 100 mM KCI, 0.25
M sucrose, and 2 mM Mg and pelleted at 800@for 45
min at 4°C. This pellet was resuspended in buffer C for
C&" uptake and release experiments.

Assay of C& Release.The concentration of free €a
in the incubation medium was determined using thé*Ca
indicator fluorescent dye Quin-2 in a Hitachi F-3010 spec-
trofluorometer. The medium consisted of a suspension of
microsomal/vacuolar fraction in buffer C (124y/mL of
protein), 3 mM sodium azide, 1QM Quin-2, and 10Q«M
CaCL. This was incubated at 25C, and ATP was added
to a final concentration of 2 mM to initiate the uptake of
C&" by the microsomes/vacuoles. The uptake was moni-
tored from the decrease in fluorescence of Quirkg €
339 nm,Aem = 492 nm). After the process of uptake had
reached equilibrium as indicated from the absence of any
further significant change in the fluorescence, y@HNSR—
phytase complex was added to stimulate thé*Galease.
InsP—phytase complex was made separately by incubating
appropriate concentrations of the two components &5
Concentration of Cd was calculated from the following
relation (Mazorow & Millar, 1990):

[Ca*] = Ky(F — o)/ (Frnax— F) &)

whereKy, Fmax and Fmin denote the dissociation constant
(115 nM) for Quin2-Ca&" interaction, maximum fluores-
cence in the presence of 2 mM CaChnd minimum
fluorescence in the presence of 5 mM EGTA, respectively.
F is the observed fluorescence upon addition of ATP and
the Ca&" mobilizing agents. The release of Tawas
monitored after a time period of 20 s. The concentration of

max

Ca&" released was expressed as nanomolar (nM)/mg of

protein to make it independent of the volume of the assay
medium.

Purification of Putatie Ins(1,4,5)Rreceptor (InsPR).The
receptor was isolated from the microsomal/vacuolar fraction
of mungbean hypocotyl and purified as described (Biswas
etal., 1995). The receptor activity was monitored fréhi]{
Ins(1,4,5)R binding to the receptor (Miyanaki et al., 1991).

Evaluation of Dissociation ConstantDifferent concen-
trations of PH]Ins(1,4,5)R (specific activity, 0.67ZCi/nmol)
were incubated with a fixed concentration of phytase (100
nM) in 50 mM Tris-HCI buffer, pH 8.0, plus 25 mM NacCl
at 5°C. After 15 min, the incubation mixture was passed
through Whatman GF/C filter paper to separate the free
ligand from enzyme-bound ligand. The filter paper was
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Ficure 1: Fluorescence emission spectrum of phytase 4043:
alone () and in the presence of Ingi2 uM, - - - and 8.7uM,
—-+—) corresponding to excitation wavelengths of (a) 295 nm and
(b) 278 nm in 50 mM Tris-HCI buffer, pH 7.0, at 14C.
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The binding of InsRto purified receptor isolated from
microsomes /vacuoles was estimated as follows. Different
concentrations of®H]Ins(1,4,5)R (specific activity, 0.677

uCi/nmol) were added to the receptor (250 nM) in a total

volume of 100ul in 50 mM Tris-HCI buffer, pH 8.0,
containing 1 mMSME, 1 mM EDTA, and 1 mM PMSF. It
was incubated at 8C for 15 min. Extent of binding was
monitored by filter binding assay as described above.
In Vitro Formation of a Ternary Complex between
Receptor and InsP-Phytase ComplexThis was determined
as follows. The mixture of three componentsi]ins(1,4,5)-
P; (0.3 uM; specific activity, 1.54uCi/nmol), putative
receptor (0.3«tM), and phytase (0.2M), was incubated in
50 mM Tris-HCI buffer, pH 8.0, containing 10 mpgME, 3
mM EDTA, and 25 mM NacCl for 15 min at 8C. It was
passed through Sephadex G-200 (column size: 1xcB0
cm; fractionation range: -5600 kDa) in order to detect the
formation of the ternary complex. Formation of ternary
complex was also checked by fluorescence detection of the
peaks at an emission wavelength of 340 nm. This was
particularly useful to detect the formation of ternary complex
in the case of nonradioactive Ins(2,4,58nd Ins(1,3,4)R
Formation of the ternary complex was also determined
by fluorescence spectroscopy, e.g., phytase (100 nM) was
added to an equilibrium mixture of the receptor (20 nM)
and Ins(1,4,5)Por Ins(2,4,5)R (400 nM) because the above
concentration of the ligand is necessary to bind the receptor.
Fluorescence of the mixture was compared with that for the
free phytase at the same concentration in 50 mM Tris-HCI
buffer, pH 8.0, containing 25 mM NaCl at 3C after
appropriate subtraction of any contribution from IgpsP
InsPR complex. As a control experiment, the same con-
centration of the receptor was added to the phytase to check
its effect upon the fluorescence spectrum of phytase.

RESULTS AND DISCUSSION

Interaction of Myoinositol Phosphates with Phytase.

washed with the same buffer and dried for determination of Phytase has fluorescence with an emission peak at 335 nm
radioactivity. Nonspecific binding was checked in the for excitation wavelengths of 278 and 295 nm. Progressive
presence of an excess of unlabeled naRd the appropriate  quenching of the fluorescence upon addition of myoinositol
value was subtracted from the total counts to construct the phosphate(s), as shown for the representative example with
binding isotherm. Insk; (Figure 1a,b), indicates binding of the substrate with
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5 Ficure 3: Plot of tryptophan accessibility of phytase against
0.20f different myoinositol phosphates: The symha) @lenotes the value
- for Ins(2,4,5)R. In all cases acrylamide was added to an equilibrium
o mixture of phytase (0.&M) and myoinositol phosphate (28V)
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FIGURE 2: Plot of YAF against 1/[S] for the interactions of phytase ~phosphate bound phytase with a view to checking whether
with different ligands: InsP(x) and Ins(1,4,5)P(a) corresponding there is any ligand-induced change in the conformation of
to an excitatitzn wavelength of 295 nm in 50 mM Tris-HCI buffer, the enzyme. SterAVolmer plots were constructed from
pH 7.0, at 14°C. progressive quenching of fluorescence of enzyiigand
complex as a function of the concentration of acrylamide
(data not shown). Knowledge of the dissociation constants
for different phytase InsR, interactions (Table 1) helped us

Table 1: Dissociation Constant&d) for Interactions of Phytase
with Different Myoinositol Phosphatés

ligand dissociation constantit) to fix the concentration of InsPsuch that there was a
Ins(1,2,3,4,5,6)P 17.7(22.1) homogeneous population of enzyrlgand complex to start
:228232)?9 g'g with. The slopes of the resultant plots were different;
Ins(L.4.5)B 3.1(3.1) therefore, modified forms of the SteriVolmer plots, as
Ins(2,4,5)B 5.3 stated under Materials and Methods, were drawn with the
Ins(4,5)R 21 same set of data. A graphical representation of accessibility

aValues in 50 mM Tris-HCI buffer, pH 7.0, at 1€ as calculated ~ as a function of the number of phosphate groups in the
from fluorescence ftitration atex = 295 nm. Mean of three sets of  myoinositol phosphate is presented in Figure 3. The notable
estimation with standard deviation of 20% are mentioned above. featyre is that there is a progressive decrease in accessibility
Fluorescence titration was done/a = 278 nm. starting from InsRto InsP with the exceptions of both Ins-
(1,4,5)R and Ins(2,4,5)P (other InsR not tested). The
the enzyme. The extent of quenching depends upon thechange in accessibility could originate from a conformational
nature of myoinositol phosphates (data not shown). A single change in the enzyme.
crossover point characterizes the set of spectra (Figure 1) Detection of a High Affinity Binding Site in Phytase
and indicates the formation of a single type of complex Specific for InsR. Having established that the conforma-
between the enzyme and myoinositol phosphates over thetional change of phytase by Inséoes not follow the general
range of ligand concentrations used in this study. Quenchingtrend shown for other Insfn = 3), we attempted to check
of fluorescence corresponding to an excitation wavelength the possibility that there was a second high affinity non-
of 295 nm originates from either a change in the conforma- catalytic binding site in phytase for Ins(1,4,5)Pn fact, a
tion of the enzyme induced by myoinositol phosphates and/ second high affinity site for Ins(1,4,5)kh the enzyme was
or the presence of electronegative phosphate groups in thejetected. Figure 4 shows the relevant binding isotherm for
vicinity of the tryptophan residues. The release of inorganic the high affinity binding between the enzyme and Ins(1,4,5)-
phosphate from the substrates due to interaction with phytasep,, as monitored from the filter binding assay usifgiJF
is insignificant over the time in which the fluorescence Ins(1,4,5)B. The dissociation constant evaluated by this
change has been recorded at°Ct. method was 75t 10 nM. The noncatalytic nature of the
The dissociation constantsy, for the association of  site was tested from the absence of any phosphate release
phytase with myoinositol phosphates were evaluated from under the above conditions at 3€. The binding of Ins-
the quenching of fluorescence of the enzyme. Representative(1,4,5)R to this site did not perturb the fluorescence spectrum
plots of 1AF against 1/[S] are plotted according to eq 1 for of phytase to a major degree; hence the association could
Insks and Ins(1,4,5)P(Figure 2). Results are summarized not be detected by the fluorescence assay. The specificity
in Table 1. Values of the dissociation constants for a of Ins(1,4,5)R for this site is demonstrated from the
particular set of phytaseinositol phosphate interactions are observation that a 50-fold excess of Igshs(1,3,4,5)R
independent of the excitation wavelengths. On the other Ins(4,5)B, and Ins-2-P did not displace Ins(1,4,5)iFom
hand, these values are dependent on the nature of thehytase (Table 2). The presence of such a high affinity site
myoinositol phosphates. The dissociation constant decreasein phytase for Ins(2,4,5¥ns(1,3,4)R was detected from
with the decrease in number of phosphate residues. similar competition experiments in which displacement of
Conformational Change of Phytasae compared the  prebound jH]Ins(1,4,5)R from phytase upon addition of
accessibilities of tryptophan residues in free and myoinositol unlabeled Ins(2,4,5¥Ans(1,3,4)R was monitored. The
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Ficure 4: High affinity and noncatalytic binding of myoinositol
trisphosphate to phytase: Representative binding isotherm for the T
interaction of phytase (0.AM) and Ins(1,4,5)Pin 50 mM Tris-
HCI buffer, pH 8.0, plus 25 mM NaCl at 8C. The dissociation L 1 |
constant was calculated from the concentration of Ins(1,4,5)P 10 20 30 40
corresponding to half of the bound cpm. 1
@l
Table 2: Competition of Other Myoinositol Phosphates for Ficure 5: Comparison of the accessibilities of tryptophan residues
Ins(1,4,5)R Binding to Phytase in free and ligand bound (at high affinity site) phytase: Modified
- Stern—Volmer plots ofFy/(Fo — F) against 1/[Q] for free phytase
. cpm of FH]Ins(1,4,5)R displaced (0.15 uM, ®) and Ins(2,4,5)p (0.3 uM)—phytase (0.15«M)
ligand (M) by the ligand complex () in 50 mM Tris-HCI buffer, pH 8.0, plus 25 mM NaCl
none 408+ 51° at 5°C. The concentration of Ins(1,3,4)R 1 uM for the detection
Ins(1,2,3,4,5,6)P(15) 423+ 17 of change in the accessibility of tryptophan residues in Ins(1,3,4)-
Ins(1,3,4,5)R(0.3) 4134 37 P; bound phytase (data not shown).
Ins(1,4,5)R (0.3) 278+ 20
:Ezggigggggg gfgi %g affinity binding site in phytase for Ins(2,4,%&nd Ins(1,4,5)-
,ns(4’555 (15)' 469+ 40 Ps, we checked the possibility of the formation of a ternary
Ins-2-P (15) 426+ 19 complex. The gel elution profile of the mixture in the
a[*H]Ins(1,4,5)R—phytase complex was obtained by mixing phytase C@S€ of IUS(1'4’5)P \_Nhen the three compone_n_ts were
(0.1 M) with the radiolabeled Ins(1,4,5)F0.3 xM; specific activity, incubated is shown in Figure 6a,b. Peak positions were

0.677 uCilnmol) in 50 mM Tris-HCI buffer, pH 8.0, containing 25  detected by both fluorescence and radioactivity. The elu-
mM NaCl at 5°C for 15 min. It was then competed with various  tjgn profile shows the presence of four peaks (Figure 6b).

myoinositol phosphates at the concentrations mentioned above. After
15 min of incubation, the samples were spotted on GF/C filter paper, The three peaks (II, 1ll, and IV) correspond to the InsP

dried, and counted for radioactivity. Nonspecific binding was deter- INSPR 90mplex1 th? IngPphytase Comp|§'X, and_ IngsP.
mined by using 100-fold excess of cold Ins(1,45)Ris value was respectively, as evidenced from the elution profile coin-

subtracted from total binding to obtain the specific bindihiylean ciding with that when InsPR, phytase, and Ipsre run
value obtained from three sets of experiments with different batches separately through the column. The presence of a peak | to
of phytase. . .
the left of peak Il suggests the elution of a component with
higher molecular mass than that of the IpshsPR com-
results (Table 2) show that Ins(2,4,5)Rs(1,3,4)R could plex (molecular mass 400 kDa, peak Il). The same elution
displace Ins(1,4,5}from its high affinity binding site in  profile was detected from the fluorescence at 340 nm of
phytase. It further indicates a comparable affinity constant the protein. The absence of peak IV is obvious because
of Ins(2,4,5)R for the high affinity binding site in phytase  Insk; is not fluorescent. For Ins(2,4,5%Ms(1,3,4)B, the
and a relatively lower value for Ins(1,3,4)P detection of the peaks was done only by fluorescence,
The binding of either of the two IngAsomers to the because radio labeled isomers were not available. The
noncatalytic site leads to a significant change in the number and position of the peaks were the same as obtained
conformation of phytase. This was demonstrated from the in the case of fluorescence detection of the peaks for Ins-
change in the accessibility of tryptophan residues of the (1,4,5)R.

enzyme upon binding of Ins(2,4,%Ro its high affinity The position of elution for peak | indicates that it
binding site in phytase (Figure 5). The accessibility of corresponds to the ternary complex (massass of phytase,
tryptophan residues to acrylamide for free phytdse (0.98) 160 kDa+ mass of InsPR, 400 kDas 560 kDa). This is
changed in the presence of Ins(2,4 5= 0.55) and Ins-  gso indicated from a standard calibration curve for molecular
(1,3,4)R (fo = 0.65). A similar change in the accessibility weight determination from elution volume (Figure 6c). It
took place when Ins(1,4,5®ound to the high affinity site \as further confirmed from the following properties of peak
in phytase f = 0.62). The accessibilityfd values were | (j) the nature of its fluorescence spectruibg(= 295 nm)
different when low affinity (Figure 3) and high affinity  characteristic of a protein, (ii) its phytase activity devoid of
(Figure 5) binding sites of IngHn phytase are saturated. any nonspecific phosphatase activity measured from standard
The high affinity binding and its effect upon the conformation assays, (ijii) the presence of phytase as detected by means of
of phytase may account for the exceptional influence ofdnsP g |sa (Ausonm= 0.27 for antibody blank and 0.35 for peak
in terms of the substrate induced conformational change in 1) using phytase antibody, (iv) the presence3f][ns(1,4,5)-
phytase (Figure 3). Ps, and (v) the receptor activity as indicated from its ability
Formation of a Ternary Complexinlving Phytase, Insg to bind Ins(1,4,5)R The InsPR activity was measured by
and InsPR. Having established the presence of a high [®H]Ins(1,4,5)R binding assay after subjecting the peak to
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FIGURE 6: Formation of ternary complex IngPInsPR-phytase: of phytase (0.1M, - - -) alone and in the presence of an equilibrium
Gel filtration (Sephadex G-200) of a mixture Qf InsPR (QM), mixture of InsPR (0.02«M) and Ins(1,4,5)P(0.4 uM) (——) in
phytase (0.3(M), and PH]Ins(1,4,5)R (0.3 M) incubated in 50 50 mM Tris-HCI buffer, pH 8.0, plus 25 mM NaCl at &C.
mM Tris-HCI, pH 8.0, containing 10 mMEME, 3 mM EDTA, Spectrum of phytase in the presence of receptor alone overlaps with
and 25 mM NaCl, for 15 min at 5C. Peaks |, 1, Ill, and IV refer  pat for free phytase, hence it is not shown here. Contribution to

to Ins(1,4,5)B—InsPR-phytase complex, Ins(1,4,%PInsPR com-

plex. Ins(1.4 5)B-phytase complex. and Ins(1 4 5)respectively. ;Tﬁ)tsl’gi?g;.m from InsPR or Ins(1,4,5)@nsPR complex have been
(a) Plot of fluorescence (at 340 nm correspondingldp= 295

nm) for each fraction against elution volume. Arrows indicate the

positions of the markers, 400 and 160 kDa. (b) Plot of radioactivity

for each fraction against elution volume. (c) Molecular mass 50 |
determination of ternary complex by the size exclusion chroma-
tography on Sephadex G-200 (fractionation range:6@0 kDa).
Standard proteins were apoferritin (440 kDa), InsPR (400 kDa),
pod coat protein fronimpatiens balsaminé300 kDa), phytase (160
kDa), and aldolase (154 kDa). The arrow indicates the position of
elution for the ternary complex corresponding to a mass of 560
kDa.

SDS-PAGE and elution of the band corresponding to 100
kDa (because the receptor is a homotetramer of 100 kDa).
In a control experiment, a mixture of phytase and the
receptor, after incubation for 15 min at°&, was passed

through the same column and monitored by fluorescence for 40 5 Nﬁ] 2500
the presence of a third peak corresponding to a binary [105(2,4 S)sz (M)

complex of higher molecular mass, but no such complex o T o
formation was found. This indicates that in the absence of FIGURE8: Binding of myoinositol trisphosphate to InsPR: Binding

; : : isotherm in 50 mM Tris-HCI buffer, pH 8.0, plus 25 mM NaCl at
InsPs there is no interaction between InsPR and phytase (dat °C for the interaction of Ins(2,4,5)Rvith InsPR (42 nM) purified

not shown). from the microsomes/vacuoles. The emission intensity of the
Figure 7 shows the quenching in the fluorescence of receptor at 340 nmig, = 295 nm) is plotted against the input

phytase upon addition of the equilibrium mixture of Ins- concentration of Ins(2,4,5)PApparent dissociation constant was

(1,4,5)R and InsPR. The absence of a significant change calculated as followsKq = (¢ — 0.53), wherec anda denote the

) concentrations of Ins(2,4,5)Rnd receptor corresponding to half

in thg_ fluor_escence spectrum of phytase under the same e total change in fluorescence.

conditions in the presence of InsPR alone also shows the

absence of any nonspecific association (data not shown).isotherm was 116 5 nM. The corresponding value for

Similar results were obtained when Ins (2,4 5)Rs used Ins(1,4,5)Rwas 904 10 nM. The filter binding assay also

instead of Ins(1,4,5under identical conditions. gave a comparable dissociation constant, 100 nM, for the
Phytase binds to InsPR in the presence of Ins(1,4,5)P same system. The above values for the dissociation constant

leading to the formation of a ternary complex. Ins(2,4;5)P are comparable to those characteristic of the high affinity,

can substitute for Ins(1,4,5P An essential prerequisite for  noncatalytic binding between Ins(1,4,5)/(2,4 5 Rd phytase

the formation of such a ternary complex is that both isomers (75 + 10 nM). The possibility of transfer of free IngP

of InsP; should have comparable affinities for the phytase from the transient InsP-phytase complex to InsPR ap-

and InsPR. Therefore, the affinity of Insfor the purified pears to be minimal. The results thus far obtained support

receptor was estimated. The binding isotherm for its the idea that a ternary complex could, in principle, be formed

association with Ins(2,4,5)rt 5°C is shown in Figure 8,  at leastin vitro. The binding of Ins[(1,4,5)/(2,4,5)/(1,3,4)]-

and the dissociation constant calculated from the binding P; to the high affinity site leads to a significant change in
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InsB—phytase complex coming into proximity with the
InsPRin vivo? The localization of phytase in the cell has
15| not been studied in detail. However, phytase has been found
to be distributed in the cytosol and in membraneous structures
of the cell in several plant systems (Loewus et al., 1990).
10k Further, Insk synthesis takes place in the cytoplasm prior
to its deposition within protein bodies (Greenwood &
Bewley, 1984). That the microsomes/vacuoles contain the
receptor sites with different affinities and densities has
been reported from several laboratories (Biswas et al., 1995).
Of the 20 possible IngPisomers, the following three
. N have been identified as phytase products: Ins(1,2,3)B-

0 50 100 (1,2,6)R, and Ins(2,4,5)F The first two are formed as

[Ins (2,4,5) P3](NM) intermediates in the acid phytase catalyzed hydrolysis of

FiGURe 9: Intracellular C&' release: C# efflux from microsomes/ Insk (Cosgrove, 1980). Ins(1,2,3Ras also been shown

vacuoles by Ins(2,4,5)R0) and Ins(2,4,5)P-phytase complex) to be a product of alkaline phytase from lilly pollen
was monitored as described under Materials and Methods. Each(Barrientos et al., 1994). Ins(2,4,%)&s one of the products

point shown with standard error was obtained from three indepen- of phytase has been reported from mung bean (Maitra et al.,
dent experiments with different batches of microsomes/vacuoles. 1988).

Ca” lrelease(nMX10%)/ mg protein
[Ca®] (nMX 10%) i

Table 3: Effect of Insp-Phytase Complex on the Release ofCa Interest in Ins(1,4,5)Pas a second messenger has led to

from Microsomes/Vacuoles at 22 the investigations of its metabolism in a number of tissues
Ca release (Drobak, 1992). Pattern of degradation indicates that plant
ligand (M) (nM/mg of protein) cells contam_enzymes t_h_at selectwely_ remove phosphate
Ins(1,4,5)R (0.1) 1080% 120 group from dlffergnt positions. The ratios of mter_medlate
phytésl&|ns(1',4‘5)8comp|ex 0.1) 2580 180 InsFﬁla}nld InsB varied .Wlth tissue as did thg pH optima and
Ins(2,4,5)R (0.1) 785+ 115 sensitivity to metal ions such as Ffg Li*, and C&"
phytase-Ins(2,4,5)Rcomplex (0.1) 1415 68 suggesting that the enzyme(s) in these systems might contain
:Jnhsy('[];:sgg}l)rl?s((%:]é)4)Bcomplex ©0.1) 1624O§tt igs multiple kinases and phosphatases acting onslns$® the

mung bean system, the distribution of phytase and the InsPR
@Release of Cd from microsomes/vacuoles was followed from s not known. The specific additional role the IgsfhsPR-

increase in fluorescence of Quin-2 (as described under Materials and : : o
Methods) after a time period of 20 s since the addition of irsRhe phytase complex in the cell is perhaps to utilize nsP

InsP—phytase complex. The complex was made by incubatintyll ge_n_efated either by phytase or differl_ant Pathways as an
each Inspand phytase for 2 min at 25C. Fifty microliters of the elicitor of intracellular C&" efflux. Thus in the light of the

complex was then added to a final volume of 5000f microsomes/  above observations it is speculated that other inositol
vacuoles suspension containing the remaining components. Mean Va'“%risphosphates whicher secan not trigger C# release at
+ i i . . .
\?Vfag:aéakr:illz?esg from three different batches of microsomes/vacuoles physiological concentrations may do so when complexed
with the phytase.
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Physiological Significance of the Ternary Complex lnsP
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the question arises whether this has any relevémeévo.
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