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ABSTRACT

Auxin  protectors isolated from Zizyphus
gall tissue prevent the horse radish peroxidase-
cataly zed indole-3-acetic acid oxidation. The
possible mechanism of auxin protecior induced
lag in indole-3-acetic acid oxidation and the
influence of cofactors is described here.  In
absence of auxin protectors, the rate of the
oxidation was directly proportional to the
enzyme concentration. The preincubation of
auxin protectors with manganese decreased the
lag period. . At lower concentration of 2, 4-
dichlorophenol, the indole-3-acetic acid oxida-
tion was enhanced and protector induced lag
was reduced. However, higher concentrations
were inhibitory. Both hydrogen peroxide and
riboflavin abolished the auxin protector indu-
ced lag.

Introduction

A large number of insects and mites incite
the tissue of the host plant to initiate galls.
These galls may be simple, volving single
organ or may be compound where two or more
plant organs are concernzd in the production
of the gall. The insect galls are considered
to be highly spescialized overgrowths that
represent good examples of dependent differ-
entiation.  In contrast  to  non-self-limiting
plant galls with etiological factors like bacteria
viruses, and genetic constitution, the insect and
mite-incited galls are reported to ba self-limi-
ting (Braun, 1969). One feature, that is
common to all types of plant galls is their
abnormal growth hormone metabolism (Stonier
1972 ; Butcher, 1973 ; Arya et al., 1975 : Tan-
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don and Arya, 1980a, 1982 ; Weiler and
Spanier, 1981 ; Amasino and Miller, 1982).
Eriophyes cernuus incited galls on Zizyphus
Jujuba are of non-self-limiting type, possess
tumefacient properties (Tandon er
1976) and show hyperauxinity and auxin auto-
trophy (Tandon and Arya, 1980a).

There are many reports regarding the gall
tissue as showing low indole-3-acetic acid (IAA)
oxidase activity compared to the normal,
resulting in  hyperauxinity of the former (ref.
Tandon and Arya, 1982). On the other hand
IAA-oxidase inhibitors have also been reported
from gall tissues. The naturally occurring
IAA oxidase inhibitors of phenolic nature
range free low molecular weight com-
pounds such as chlorogenic, ferulic and pro-
toctechuic acids to high molecular weight
auxin protectors (Schneider and Wightman,
1974). Auxin protectors have been isolated
~ from crown-gall on sunflower stem (Stonier,
1969 ; Atsumi and Hayashi, 1978), Synchy-
trium incited galls in potato (Haard, 1978)
and Eriophyes incited Zizyphus galls (Tandon
and Arya, 1980b). The unregulated synthesis
of auxin protectors is considered to be respon-
sible for auxin-autotrophy and hyperauxinity in
gall tissues. The auxin protectors are O-dihy-
droxyphenols (Stonier, 1972 ; Tandon and
Arya, 1980 b and c¢) which prevent 1AA-des-
truction by maskicg I[AA-oxidase (Stonier et
al., 1979).
peroxidase, 1AA-oxidase  and  polyphenol
oxidase has been established in Zizyphus gall
tissue (Tandon and Arya, 1982). The present
paper deals with the mechanism of auxin pro-
tector action on lAA-oxidation as influenced
by different cofactors.

MATERIALS AND METHODS
Separation of Auxin Protectors

The auxin protectors from Eriophyes cer-

from

An association of auxin protectors,

.
R
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nuus Massee incited Zizyphus jujuba Lamk.
gall tissue were separated by using Sephadex
G-200, G-50 and G-15 as described earlier
(Tandon and Arya, 1980c). Three auxin pro-
tectors, Pr-1 (mol. wt. exceeding 2x 105 dal-
tons), Pr-1l (mol. wt. ca 10* daltons) and Pr-
I (mol. wt. ca 2x10* daltons) were isolated.

Basic Assay for Protector Activity

The reaction mixture used to
auxin protectors consisted of a mixture of

2, 4-dichlorophenol (DCP), manganese chloride
and IAA, each at a final concentration of 0.1

mM and horse radish peroxidase (HRP) ata
final concentration of 0.5 ug, 0.2 pg, and 0.1
pg per ml for Pr-1, P-11 and Pr-I11, respecti-
vely. The final volume of the reaction miature
was 10 ml ; all reactions were buffered at pH
6.1 with 20mM potassium phosphate. The
reaction mixture was shaken in 25x200 mm
test tubes in a shaker at 30°C. To prevent
IAA destruction, 0.05 ml of auxin protector
was added. 0.5 ml aliquots were drawn from
the reaction mixture at various time intervals
and mixed with 2.0 ml of Salkowski reagent.
The absorbance of the reaction was measured
at 530 nm after one hour (Gordon and Weber
1951).

assay

Enzyme Concentration

Different HRP concentrations (final con-
centrations 0,25 to 1.0 ug/ml) were used to
study the lag in JAA-oxidation induced by
the gall tissue extract.  HRP final concentra-
tions ranging from 0.25 to 1.0 pg/ml for Pr-l,
and 0.05 to 0.20 pg/ml for Pr-1l and Pr-111,
were used to study the lagin [AA-oxidation.

Mangancse

Effect of manganesc on HRP-catalyzed
IAA-oxidation in presence and absence of

auxin protectors was studied. The auxin
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protectors were preincubated with MnCly in
air and in nitrogen separately for 120 min and
then auxin protector induced lag was studied.

Dichlorophenol, hydrogen peroxide
and riboflavin

The effects of DCP (0.025 to 0.4 mM),
H,0; (0.01 mM) and riboflavin (0.2 mM in
the light and dark) were studied on HRP-
catalyzed TAA-oxidation and on auxin protec-
tor induced lag.

RESULTS
Effects of different concentrations of HRP

The results  presented in Figs.
4 show that the rate of

|, 26 Jeamd
TAA-oxidation is

directly proportional to the concentration of

HRP in the absence of the gall tissue extract
or auxin protectors.  However, in their pre-
sence, there was a corresponding decrease or
increase in the lag period.

Effect of Manganese

The TAA-oxidation was slow in the absence
of Mn** when compared to the reaction mix-
ture containing it. Addition of Mn** reduced
the auxin protector induced lag (Figs. 5, 6 and
7). The table-1 shows that auxin protector
induced lag was greatly reduced when auxin
protectors were preincubated with Mn®' in air
and in nitrogen as compared to their preincu-
bations in absence of Mn**,

Effect of DCP, H,0,, andRiboflaven

A1 0.05 mM DCP (I mole of DCP per 2
mole of IAA), maximum destruction occurred
in the absence of auxin protectors. The auxin
protectors induced lags were also lowest at
this concentration of DCP (Table 2). Addition
of 0.0l mM H,0,in the reaction mixture
completely eliminated  the

auxin protector
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induced lag. The H,0, alone did not oxidize
IAA during the incubation period tested (Figs.
8, 9 and 10). Riboflavin (0.2 mM) in light
eliminated the auxin protector induced lag.
The destruction of [AA by riboflavin in light
wis increased in the presence of auxin protec-
tors.  However in dark no destrucion occurred
(Fig. 11).

DISCUSSION

Auxin protectors are substances that pre-
vent peroxidase-catalyzed oxidation of TAA,
rather than changing the rate of oxidation,
The shape of the curves in Figs. 2 and 3 show
that oxidation of 1AA by HRP was delayed
by the presence of auxin protectors and once
the lag period was over the normal oxidation
of IAA proceeded. It seems that auxin pro-
tectors are themselves  oxidized first, and dur-
ing this period a lag in 1AA oxidation is
observed. Thus, the auxin protectors are not
enzyme inhibitors per se.

Manganese has been found to be a cofactor
for many IAA-oxidase systems (Galston and
Hillman, 1961) and the manganese nutrition of
cotton altered the levels of [AA-oxidase.
The preincubation of pea-homo-genates with
Mn*' -resulted in an in lAA-oxidase
activity, probably due to the inactivation of
IAA- oxidase inhibitor (Furuya and Galston,
1961). At toxic levels of manganese, IAA-
oxidase activity in cotton plants increased and
IAA-oxidase inhibitor activity was decreased
(Morgan et al., 1966). The manganese status of
plant may therefore, affect TAA-oxidase activity
directly or via its effects on natural cofactors
inhibitors — of the system. In  present
studies, the preincubation of auxin protectors
with manganese in air decreased the lag time
in IAA-oxidation.  Stoni cr et ul. (1968a, b)
reported that auxin  protectors interacted
divectly  with manganese and not  with 1AA,

increase

and



72

DCP or enzyme when these reagents were
preincubated singly with the protector. It
appears that Mn*" not only oxidizes auxin
protectors but also speeds up transfer of
electrons from IAA to the electron acceptor
DCP in a HRP-catalyzed reaction.  These
findings are in line with the work by Morgan
et al. (1966) for cotton plant, Furuya and
Galston (1961) for pea seedlings and Stonier
et al. (1968a) for morning glory protectors.
The auxin protectors donate electrons more
readily than IAA thus causing delay in [AA-
oxidation or replenish electrons lost by IAA in
a reversible step leading to its oxidation (Stonier
et al., 1968b). The factors that speeded the
transfer of electrons during the process of
IAA-oxidation caused a decrease in the lag
period prior to oxidation. As soon as the
auxin protectors were depleted of their eclec-
trons, they were rendered inactive, and then
normal [AA-oxidation proceeded. On the
other hand, any substance which could slow
the flow of electrons might result in decreased
rate of electron transfer from auxin protectors.
As a consequence, a lag period would be
observed. In present studies, the decrease in
HRP concentration resulted in enhancement
of the lag period (Figs. 1, 2 and 3). With the
increase in- molecular weight ol auxin protec-
tors their activity enhanced.

The role of HyO, in peroxidase catalyzed
degradation of IAA has been extensively
studied (Grambow, 1982, Grambow and Lan-
genbeck-Schwich, 1983). The auxin protec-

tors were rendered inactive, in present investi-
gations, upon incubation with low concentra-
tion of H,0, which otherwise had no effect
on the rate of HRP-catalyzed oxidation of
IAA in absence of auxin protectors. Similarly
auxin protector inactivation was also obtained
by incubating them with riboflavin in light
but not in dark.

L

PEROXIDASE-CATALYSED [IAA-OXIDATION

The involvement ol
in IAA oxidation has been studied in detail
(Lee, 1977 : Lee et al., 1982)...The activities
of peroxidase and IAA-oxidase can be altered
by phenols (both free and bound) and many
naturally occurring compounds (Schneider and
Wightman, 1974). While monophenols are
known to promote IAA-oxidation, the diphe-
nols and polyhydroxyphenols inhibited it. In
present studies, at low concentration of DCP,
the IAA-oxidation was promoted and the lag
period induced by auxin protectors was decrea-
sed. However, the IAA-oxidation was inhibited
at higher concentrations. Scopoletin, a naturally
occurring coumarin, was shown to inhibit sweet
potato IAA-oxidase at higher concentrations,
whereas lower concentrations of it were stimu-
latory (Imbert and Wilson, 1970). Sabater et
al. (1983) reported that DCP, although a very
efficient cofactor, promoted inhibition of
oxidation of TAA after a few minutes when
the enzyme/substrate ratio was high, presum-
ably through the formulation of a phenol-
derivative inhibitor. The inhibitory effect
was eliminated by a low concentration of the
enzyme. It was further reported that though
Mn** was a weak inhibitor, it synergized the
catalytic effect of DCP, perhaps by preventing

phenolic compounds

the formation ol inhibitor.

It is quite clear that indole compounds are
oxidised by peroxidase and this system is
regulated by phenolic compounds. The latter,
in turn, are regulated by polyphenol oxidase
which is able to convert monophenols (electron
acceptors) to O-diphenols (electrons donors)
to O-quinones (strong electron acceplors). An
increase in polyphenol oxidase activity was
reported in Zizyphus  gall development (Tan-
don and Arya, 1982). To conclude, it may
be pointed out lhul,’\b:}oncemrations of auxin
protectors in Zizyphus gall tissue favour the
high clectronegativity, and prevent peroxidase
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catalyzed oxidations required for dilferentia-
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thus are associated with hyperauxinity and

tion (Kevers et al., 1984). Auxin protectors,  abnormal growth resulting in gall formation,

TABLE 1

Effect of Manganese on auxin protector induced lag in IAA-oxidation.

Preincubation Duration of lag period (min)

mixture No preincubation Preincubation in

(Duration—120 min) Nitrogen Air
Pr-1 ; 180

Pr-1 160 135

Pr-1-+ MnCl, 40 10
Pe-1l ;120

Pr-11 100 85

P-11 | MaCl, W s
Pr-111 ; 80

Pr-111 55 30

Pr-1114 MnCl, 15 3

TABLE 2

Effect of DCP on 1AA-oxidation rate and auxin
protector induced lag period

Concentration Time required for Duration of lag period induced
of DCP (mM) 509 IAA by auxin protectors (min)
destruction in
absence of auxin Pr-1 Pr-11 Pr-111
protectors (min)
0.025 12 55 33 15
0.05 10 28 20 8
0.10 11 30 20 10
0.20 15 635 45 17
0.40 25 120 75 22
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Fig. 1. Effect of HRP concentration on the gall tissue extract induced lag

in 1AA-oxidation. HRP at a final concentration of 0.25 pg/ml
(0), 0.5 pg/ml (A) and 1.0 pg/ml ([J). Solid symbols, represent
the corresponding enzyme concentration in presence of gall tissue
extract (0.1 mg fresh wt. of the tissue).
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Fig. 2. Effect of HRP concentration on the Pr-l induced lag in [AA-oxi-

dation. HRP at a final concentration of 0.25 ug/ml (0), 0.5
pg/ml (A) and 1.0 pg/ml ([J). Solid symbols irepresent the
corresponding enzyme concentration in presence of Pr-I.
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Fig. 3. Effect of HRP concentration on the Pr-ll induced lag in IAA-

oxidation. HRP at a final concentration of 0.05 ug/ml (0), 0.1
pe/ml (A) and 0.2 pg/ml (). Solid symbois represent the
corresponding enzyme concentration in presence of Pr-1L.
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Effect of HRP concentration on Pr-111 induced lag in IAA-
oxidation. HRP at a final concentration of 0.05 gg/ml (0),
0.1 pg/ml (A) and 0.2 ug/ml ([_]). Solid symbols represent the
corresponding enzyme concentration in presence of Pr-Il11.
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Fig. 5. Effect of manganese on HRP (0.5 pg/ml final concentration)
catalyzed 1AA-oxidation in presence and absence of Pr-I. 0 :
+Mn,-Pr-1; 0 :—Mn,-Pr-I1; A :4+Mn,-+Pr-l; A :—Mn,+Pr-1.
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Fig. 6. Effect of manganese on HRP (0.2 pg/ml final concentration)
catalyzed 1AA-oxidation in presence and absence of Pr-II. 0 :
-+Mn,-Pr- 11 ;»: -Mn,-Pr-11 ;A:+4Mn,+Pr-1I ;A: -Mn,+Pr-11.
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Fig. 7. Effect of Manganese on HRP (0.1 pg/ml final concentration)
catalyzed 1AA-oxidation in presence or absence of Pr-111. 0 :
+Mn,-Pr-illl . @ : -Mn,-Pr-lll; A: +Mn, + Pr-1ll ; A :

Fig. 8. Effect of hydrogen peroxide on Pr-1 induced lag in IAA-
oxidation. 0: HRP only ; @ : HRP{ H,O, ; A : HRP | Pr-
1; A : HRP+4PrI4+H,0, ;] — HRP, -Pr-I ; m :-HRP,-
Pr-1,-+ H;0,.
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Fig. 9. Effect of hydrogen peroxide on Pr-II induced lag in [AA-oxida-
tion. 0 : HRP only ; @ : HRP4 H;0; ; A : HRP+Pr-ll ;
A : HRP- Pr-1l | H,0,; [ :-HRP, -Pr-1l; @ :-HRP,-Pr-1I,
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Fig. 10. Effect of hydrogen peroxide on Pr-11I induced lag in IAA-oxi-
dation. 0: HRP only ; @ : HRP-| H,Oy: A : HRP | Pr-1IT ;
A : HRP4Pr-1l14 HyO4 ; [0 ¢ -HRP, -Pr-111 ; m : -HRP,
-Pr-11l, +H,0,.
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Fig. 11. Effect of riboflavin on auxin protector tinduced lag in 1AA-
oxidation in light and in dark. Ribollavin added in the pre-
sence of light (0), and in dark (@) : ribolkivin and auxin pro-
tector in light ([}), and in dark (m). Auxin protector (Pr-1,
Pr-ll and Pr-l11  separutely) induced lag is abolished by
riboflavin in presence of light.
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