Phytochemurry. Yol 26. No 3. pp 611-614, 1987 0031 -942237 $3 00 + 0 00
Pninted in Great Bntain € 1987 Pergamon Journak Lid

INORGANIC PHOSPHATE MIMICS THE SPECIFIC ACTION OF
GIBBERELLIC ACID IN REGULATING THE ACTIVITY OF
MONOPHENOLASE IN EMBRYO-LESS HALF-SEEDS OF WHEAT

DAMAN SALUIA, MEERA BERRY and R. C. SACHAR®
Biochemustry and Molecular Beology Laboratory, Department of Botany, Univeruty of Delhi, Deiti 110007, India

(Revised received 14 August 1986)

Key Word Index Tricum aestivum. Gramuneae, embryo-less wheat half-seeds. monophenolase. enzyme
regulation, inorganic phosphate mumxs GA; action

Abstract The GA,-mediated activation of monophenolase (about 12-fold sumulation) in embryo-less half-seeds of
wheat was mumicked by the addition of inorganic phosphate (Pi, S0 mM). Similarly, the hormone-induced altered
molecular properties of monophenolase, such as the shift in the pH opumum towards alkalinity (pH 9 0), the retatively
increased thermostability of the enzyme at $5° and the changed pattern of multiple forms of the enzyme, were also seen
in Pi-treated half-seeds. Furthermore, the simultaneous addition of GA, and P1 to wheat half-seeds showed no
cumulative effect on the enhancement of monophenolase activity. This indicated that both GA, and Pi regulated
monophenolase activity through a common mechanism. Abscisc acd effectively blocked the GA,- and Pi-directed
stimulation of monophenolase. Since GA, treatment of half-seeds increased the free pool of Pi (2.5-fold). we envisage
that the Pi-mediated acuivation of monophenolase 1s of physiological relevance in our system. However, the in titro
addition of Py (50 mM) to water-imbibed coatrol half-seeds (48 hr) dunng enzyme extraction faled to activate
monophenolase. We thus consider that the high pool of Pi, generated by GA ; in half-seeds, or even the direct addition of
Py 10 half-seeds in vivo, scems necessary for some metabolic events which eventually tngger the acuvation of
monophenolase.

INTRODLCTION some covalent modification of the performed eazyme that

The activation of phenolases has been reported by the in E?r‘(:;]e responsible for the acuvation of monophenolase
z;:fnigel:lméuofhmzmzmzo:‘&l ;anouf In thé present investigation, we have observed that the
ations to acid (pH 3.0-3.5)and alkali (pH 11.5) resulted in ’".'““‘::g‘t‘, °; '“°°°P"“‘°“d‘;l. ?‘“"‘IYPI_‘”SOGA““"‘J"
the acuvation of latent phenolases in Vicia faba [2,3) 'mcked by the exogenous addition of Py (50 mM) under
Activation of phenolases has also been observed by in vivo condiions. Absasxc acd eflecuvely blocked the
treating the enzyme fractions with detergents [4], trypsin ;c""‘éo: of ':2"0”?0;“‘ cltc:lledr t:lh by GA’dmd':‘
(5] and urea (6], It has been suggested that conforma- 7% 203 €0 “;’“' e e con er that
tional changes in the preformed enzyme molecule could ;“"..‘cu"l ‘n'so:lsg dmo::gfm o?x the ;: gh ?:::fsn;}":ld
be responsible for the activation of phenolases (7]. In pe ’
mushroom and avocado tyrosinase was activated by the
addition of hydrogen peroxde (6 mM) and hydroxy-
lamine (1 $ mM) during the assay of the enzyme. Both
chemucals are responsible for reducing the lag period of Stumulation of monophenolase actitity by inorganic phos-
tyrosine hydroxylation (8,9). phate ions
Phytohormones (GA, and auxin) have been implicated 10 our earber communications [ 11, 12], we reported the
Earber, we showod thar the sumulation of monophe.  Lourion of monophenalase (7--fold at pH 9.0 by the
. © vivo applcation o to embryo-less - o
nolase acuvity by GA, was brought about by the activ- wbeu.pe\/e have now observed that the enhancement of
ation of preformed enzyme molecules invivo [10-12). The  monophenolase activity, elicited by GA,. can also be
acuvated monophenolase extubited altered molecular  gchieved by imbibing half-seeds of wheat 1n a medium
properties, such as a shift in the pH opumum, relatively  containiag inorganic phosphate (Pi. 50 mM; Table 1)
hlsh 'Mmo’ubll"y of cnzyme and .«lw“ emrophO’ nu& Pl “m"l’ mimics the acuon of ph"ohomona
retic mobility of 1ts multiple forms (11]. Subsequently, we  jn regulating the activity of monophenolase in wheat
Ob‘é;“’d two ‘C‘W:{dl’e:lh of “_‘°°°Pb¢f:°hl:? n 'el’ol“z* system. Figure | depicts the activity profiles of monophe-
10 GA-treatment and only one in contro -sceds [12).  nolase as a function of the Pi concentration. A significant
Hormone treatment of half-seeds possibly brings aboul  enhancement of monophenolase (12-13-fold) was ob-
scrved 1n half-seeds imbibed 10 40mM Py (Fig 1)
However, addition of P to control half-seeds (50 mM)
*To whom correspondence should be addressed dunng enzyme extraction, or its presence dunng the assay

RESLLTS

611



612

Tabk | Sumulauon of monophenolase activity by GA, and
inorganx phosphate and its inhibition by ABA 1n embryo-less
half-seeds of wheat

Monophenolase activity

Ay:a units Relatve
Additrons mg protein  activity
Control 004 10
GA, (10 *'M) 050 125
Py (50 mM) 0s2 130
GAL(10 * M)+ Py (0 mM) 04% 120
GAL(10° M)+ ABA ($x 10 *M) 009 228
Pi(SOmM)+ABA (Sx 10 *M) 009 228

The half-sceds were imbibed in the presence of GA . Pi. GA,
+ Pr. GA, + ABA and Py + ABA for 48 hr at 25 in dark Ihe
enzyme activity was assayed 1n 8 desalted (NH,). SO, fraction
precipitate {30- 50°, satn)
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o—o PH 7
9

(440 unty/Q Oy wt)
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Concontration of P (mdd)

tig 1 Sumulation of monophenolase activity as a function of
Py concentration The half-seeds were imbibed in the presence of
different concentrations of P (0 SO mM) for 48 hr The enzyme
activity was assayed 1n dualysed crude extracts at pH 70and 90

of enzyme. failed 10 sumulate the acuvity of monophe-
nolase over that of the controls. On the other hand.
enzyme extract (30 50°, ammonium sulphate fraction
precipitate) prepared from Pi-imbibed half-seeds retained
high monophenolase activity even aflter removal of P by
exhaustive dialysis against Trnis-HCl buffer (20 mM,
pH 7.0). These expenments clearly demonstrated that Piis
not directly responsible for the enzyme actisation. We
speculate that the in viro addition of Pi to haif-seeds 1s
necessary for some metabolic events that eventually result
in the activation of monophenolase

Altered molecular properuies of monophenviase in Pi-
treated half-seeds

Since Py mimicked the action of GA, in sumulating
monophenolase activity in wheat hait-seeds, our next

D Satusaer ol

cxpenment was to compare the molecular properties of
theenzyme in GA,- and Pi-treated half-seeds. The activity
profiles of monophenolase as a function of pH were
remarkably similar in GA - and Pr-treated half-seeds (Fig
2). In both, there was a shift in the pH optimum towards
alkahinity (pH 9.0) in companison with the controls (pH
70. Fig. 2). We also compared the pattesn of muluple
forms of monophenolase 1n GA,- and Pi-treated half-
seeds. In both, two multiple forms of monophenolase
could be physically separated by Sephacryl S-200 (Fig 3)
The clution profile of two activity peaks (peak I, peak 1)
by molecular sieving was identscal in GA - and Pi-treated
half-seeds. This 1s 1n contrast to control half-seeds where
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Fig 2 The pH activity profiles of monophenolase in the control,

GA,- and Pr-treated half-seeds The (NH,),SO, fracuon pre-

apitate (30 50°, satn) was used for the assay of monophenolase
activity at different pH values (pH 60-10)
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Fig 3 Muluplke forms of monophenolase in GA,- and Pv-

treated half-seeds of wheat. An alquot (2ml. 30mg) of

(NH,),;SO, fraction precipatate (30 S0°, satn) was loaded on the

Sephacryl $-200 for the separation of multiple forms of mono-

phenolase The arrow indicates the void volume (# | = 68 ml) of
the column



Inorganx phosphate mumics GA, action in activating monophenolase

only a single molecular form (peak 1) was reported by us
{12] The M, of peak 11s 180000, while that of peak I11s
45000. Thus, in control half-seeds, only the low M, form
was observed [ 12] whule in GA - and Pi-treated half-seeds
both the low and tugh M, forms were present. Peak |
appears to be a tetramen form and is possibly formed by
the oligomerization of the low M, form. Since both the
activity peaks in GA - and Pi-treated half-seeds showed a
shuft in pH optimum (data not presented, [12]1 we
consider that the enzyme in both GA,- and Pi-treated
half-seeds has possibly undergone a similar covalent
modification

Since GA -treatment of half-seeds 1s known to confer
heat stability to monophenolase enzyme activity [11], we
compared the thermostability of this enzyme in Pi- and
GA,-treated half-seeds from thewr heat nactivation
curves. In both treatments, the enzyme was relatively
thermostable at 55° There was no substanual decrease in
the enzyme activity 1n Pi- and GA ,-treated (8 10°,) half-
seeds of wheat, while the enzyme 1solated from control
half-seeds showed a significant loss (70 ) of activity (data
not presented, {11]). Thus, 1t 1s evident that the altered
molecular properties of monophenolase reported earlier
i GA -treated half-seeds [11, 12] are also seen mn Pi-
treated half-seeds.

Levels of Piin GA,-treated half-seeds

We then went on to determine whether GA ,-mediated
activation of monophenolase activity could be achieved
through the modulation of P1 levels in rivo. This aspect
was tested by measuring the free pool of Piin the
imbibition medium of control and GA,-treated half-
seeds We observed a consistent increase 1n the free pool of
Pi(2 S-fold) over that of the controls. Thus, i1t appears that
sumulation of monophenolase by GA, is mediated by the
nise in the levels of Py This is quite tenable since Pi alone
can mumic the action of GA; in  activauing
monophenolase

Stumulation of phosphatases by GA, in wheat half-seeds

Since GA, 13 known to enhance the activity of many
hydrolytic enzymes 1n wheat and bariey half-seeds [15].
we thought that the hugh pool of P in hormone-treated
tissue couid be due to increased acuvity of phosphatases
GA,; treatment of half-seeds did enhance the activities of
acid phosphatase (3-fold) and also that of alkalhine phos-
phatase (7-fold). The GA,-clicited phosphatase activity
could thus account for the increased levels of Py in wheat
half-seeds. However, exogenous addition of Py (SOmMj to
the imbibition medium showed no increase in the levels of
phosphatases over those of the controls

Inhibition of monophenolase activuy by ABA

Abscisk acid (5 x 10°° M) not only inhubsted the GA,-
sumulated monophenolase acuwity (82 %,) but was equally
potent in blocking the Pi-activated monophenolase ac-
tvity in wheat half-seeds (Table 1). We also checked the
cffect of ABA on the activity of phosphatases. A sigmifi-
cant inhibstion of both acyd and alkaline phosphatase was
observed in the presence of ABA (data not presented)
Concomutantly ABA also brought about a considerable
dechine (729, inlubition) in the free pool of Pi in GA;-
treated haif-seeds. Thus, it appears that ABA can block
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the activation of monophenolase by operating at multiple
sites.

DISCUSSION

The present investigation provides a further clue to the
understanding of the mode of action of GA, in the
regulation of monophenolase activity in embryo-less half-
seeds of wheat. Earlier, we showed that the sumulation of
monophenolase acivity by GA in wheat half-seeds was
associated with the altered molecular properties of the
enzyme. The activation of monophenolase by GA,
possibly occurs through some post-translational modifi-
cation of the preformed enzyme The precise nature of the
structural modification of monophenolase 1s so far not
known [11,12].

The present finding has revealed that imbibition of half-
seeds 1in a medium contamning Pt (50 mM) remarkably
mimxcs the acton of GA, in stimulating the acuvity of
monophenolase. The enhancement of monophenolase
activity In Pr-treated haif-seeds also represents a case of
enzyme activation. This contention 1s supported by the
fact that the enzyme exhibited altered molecular pro-
perues, such as a shft 1in the pH opumum towards
alkalimty (pH 9.0}, relative thermostability of the enzyme
and an altered pattern of multiple forms 1n a manner
simular to that observed in GA,-treated half-seeds Thus,
the molecular properties of the monophenolase in Pi-
treated half-seeds were in no way different from those
witnessed sn GA ,-treated half-seeds.

The in vitro addition of P to water-imbibed half-seeds
{control) dunng enzyme extraction, however, failed to
activate or alter the molecular properties of the enzyme
Clearly, P1 does not seem to directly activate the pre-
formed enzyme. In contrast, enzyme extracts, isolated
from Pi-imbibed haif-seeds, remained in an activated
form even though Pi was removed by exhaustive dialysis
aganst Tns- HCI buffer. Apparently, the presence of P
under in ivo conditions 1s responsible for some modifi-
cation of the preformed enzyme molecules that could be
responsible for enzyme activation and altered molecular
properties of monophenolase. It was further observed
that the extent of activation of monophenolase by GA,
and Prin wheat half-seeds was almost identical. However,
1n no mstance did the simultancous addition of GA; and
Py 10 half-seeds showed any additive effect on monophe-
nolase activity. We therefore infer that both GA, and Py
regulate monophenolase activity through a common
mechanism. The sumulation of monophenolase activity
by GA; in embryo-less half-seeds of wheat represents a
true wological response, since a similar enhancement of
enzyme aclivity was also witnessed 1n half-seeds dissected
from water-imbibed intact seedlings (48 hr). In this case,
the source of GA, 1s the embryoni tissue of the seedling.
Since the exogenous addition of Py mimucs the action of
GA, in modulating monophenolase activity, we now
propose that the stmulation of monophenolase activity
by GA , 1s mediated through the rise in the levels of Pi In
fact a ignificant increase in the free pool of Pr (2.5-fold)
has been observed in GA,-treated half-seeds over that of
the controls. Thus the enhancement of monophenolase
acuvity by P1in wheat half-seeds also depicts a course of
events which normally occurs during the imbibition of
seeds.

The GA ;-sumulated monophenolase activity was bloc-
ked by ABA. Cunously, ABA was equally effective in
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curtashing the Pi-sumulated monophenolase activity. Thus
then leads us to speculate that Py atself 1s not directly
responsible for enzyme activation, but must participate in
some metabolic pathway before 1t can activate monophe-
nolase enzyme

Finally, we now put forth a bypothesis to explain the
regulation of monophenolase by GA, in wheat half-seeds.
The course of events appears to be as follows: to begin
with, GA, activates phosphatases i1n the embryo-less half-
seeds of wheat. The hormone-<lbated acuwity of phos-
phatases 1s responsble for the increased build up of the
free pool of P1 through the degradation of polyphos-
phates. The GA,-induced nse in the levels of Py seems
crucal for the activation of monophenolase. The main
support for thus postulate 1s denved from the fact that
exogenous addiion of Pr mumics the action of GA, 1n
sumulating and altening the molecular properties of
mooophenolase.

Expenments are in progress to punfy monophenolase
so that we can eventually determine the nature of the
modifications to monophenolase elicited by GA, and Py
in embryo-less half-seeds of wheat.

EXPERIMENTAL

Material Wheat soods | Triticum aestiium L var HD 2009)
were procured from the Division of Seed Technology. Indian
Agricultural Research Institute, New Delhs-110012, India

Imbibition of half-seeds The embryo-less half-seeds of wheat
were imbibed for 48 hr in a medium containing 10 *M GA,. $
x 10 *M ABA and 5-50 mM P (as K Py, pH 6 6). The haif-seeds
were imbibed under asepixc coodsions in dark et 25" for 48 hr
(11.12) The effect of these substances was tested on the activities
of monophenolase, acxd and alkaline phosphatases

Preparation of the enzyme fraciion The imbibed half-soeds
were homogenuzed (1 S w:v)in Py buffer (50 mM, pH 6 6) and
subjected to (NH,),S0, fraction precipitation (30-50°, satn) as
descnibed in ref. [12). The desalted enzyme preparation was used
for the assay of monophenolase

Sephacryl $-200 CC The (NH,),SO, ppt (30-50°, satn, 30 mg
protein), prepared from Pi- and GA,-treated wheat half-seeds.
was fractionated on a Sephacryl $-200 column (70 x | 8 cm)at 6°
The fractions (25 ml each) were collected immedsately after the
voud volume (1, = 68 mi) Tns-HQCl buffer (25 mM. pH 70) was
used for the equilibration of the column and for the elution of the
protein (ractions Protein was determined 1n each fraction by the
procedure gven in ref {16)

Determunation of P levels. The procedure of ref [17] was
adopted for the determination of Py released into the imbibition

D Saitui et al.

medium of control and GA,-treated half-soeds

Assa) of phosphatases Acxd and alkahine phosphatase activities
were determined as descnbed in refs (18, 19).

Assay of monophenolase acticity The incubstion muxture
contaned tyramine base (2 ml; 8 mM). Py buffer (S0 mM, pH 7.0)
and enzyme fracton {1 mg protein) in a final vol. of 4 mL The
assay muxture was incubated for 1hr at 37 and A,;, was
measured. The Py buffer was subsuituted by Tris- HCl buffer
(SO mM, pH 90) when the enzyme was assayed at pH 90. The
tyramune base was dissolved in distilled water. The enzyme
activity was also assayed at different pH values (6.0-100) The
buffers were prepared as descnbed in ref (20])
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