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Association of uuxin protectors in Cinnamomum tamala Fr. Nees leaf gall
formation

S ClJoshi* & P Tundon
Depariment of Botany, Sehool of Life Sciences, North-Eastern Hill University, Shillong 793 014, India
Recewved 8 March 1989

A gradient of auxin protection activity was observed in C. tumala leaf-gall from young to brown
stage. Three auxin protectors, protector-1 (mol wi approx. 200,000 daltons), protector-I1 (mol wi ap-
prox. 8,000 dalions) and protector-111 (mol wi approx. 2,000 dalons), were isolated from pall tissues
using Sephadex gel filtration. Protectors appeared 1o be oligomers or polymers of lower molecular
weight phenolic substances. A possible role of these protectors in gadl formation is discussed.

One feature that is common 10 almost all plant
tumors 1s their abnormal growth hormone meta-
bolism'. Elevated levels of growth hormones, pir-
teubarly auxing as compared 1o their normal coun-
terparts have been reported in several tamor tis-
sues®~*. On the other hand, in certain cases high-
er levels of growth hormones were not essential
for the unorganized growth of plant wmors®®,
Bouckaceri-Urban  and  Vendrig? suggested  that
growth regulators  possibly affect a  mewbolic
pathway that leads 1o the synthesis of other (co)
factor(s) which may be ipvolved in the tumor for-
mation. The discovery of auxin protector sub-
stauces in sunflower internode inoculated with a
virulent strain of Agrobacterium wimefaciens by
Stonier® has given a new direction in the ficld of
auxin metabolism in tumor tissues. These sub-
stances prevent the peroxiduse-catalysed oxidation
of indole-3-ucetic acid (IAA) by inducing a lag
period prior to LA A oxidation.

The induction of a lag period by Cinnarmomum
tamala leaf-gall tissue extract prior 10 IAA oxida-
uon by horse radish peroxidase (HRP) and nor-
mal tissue enzyme led us 1o investigate the pres-
ence of protectors in the gall tissues.

Materials and Methods

Fresh ussues, from Cinnamomum tamala Fr.
Nees leaf-galls (different developmental stages,
viz. young gall, green mature. gall, completely
transformed leaf and brown gall) incited by a mite
and normal leaf, were used as experimental mate-
rial. .

Tissue extraction—"Tissue  extracts were ob-
tained by grinding separately S g each of the tis-
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sues mentioned above in 20 ml cold potassium
phosphate’ buffer (20 mA;, pH 6.1) in a chilled
mortar and pestle. Homogenates were filiered
through cheese cloth and centrifuged at 12,000
rpm for 15 min at 4°C,

Desiruction of 1AA by crude extracts— Crude
extracts of normal (0.3 and 0.5 mg fresh wi cquiv-
ulent) and gall tissue (0.3 mg fresh wi cquivalent)
were added separately in IAA oxidation mixture
10 study destruction of TAA. HRP (SI1SCO) was
added at 1.25 pg/ml final concentration of the
reaction mixture in order to speed up the reac-
ton. Gall tissue extract (0.3 mg) was also added
in ussay mixture of IAA destruction in presence
of normal tissue extract, Gall tissue extructs from
different stages of its Yevelopment in concentra-
tion ranging from 0.01-0.5 mg fresh weight equiv-
alent were added in LAA incubation mixture.

IAA oxidation mixture contained dichlorophe-
nol (DCP), mangunese chloride (MnCl,) and 1AA,
cach at a final concentration of 0.1 mM in 20 ml
reaction muxture. All reactions were buffered at
PH 6.1 with 20 mM potassium phosphate. Oxida-
ton of IAA was followed by removing 1 ml of
sample from reaction mixture at various time in-
tervals, mixed with 4 ml of Salkowski reagent,
and following 1 hr wait, the absorbance of mix-
ture was measured at 530 nm®.

Separation of awxin protectors and assay - The
separation of auxin protectors has been deseribed
carlier™ tollowing basically the method of Yondeda
and Stonier''. Dextran gels, Sephadex G-200 and
G-50 were used 10 filter gall tissue extracts using
Pharmacia Frac-100 fruction collector. Dextran
blue 2000 and Pyronin G with a mol wt of about
2000,000 and 300 respectively were used as dye
maikers 1o delimit the mol wi. For assay of auxin
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protection, reaction mixture as described above
for destruction of IAA was used except for HRP
which was used at a final concentration of 0.375,
0.25, and 0.10 pg/ml for protector-l, protector-1
and protector-11L, respectively in 20 ml reaction
mistwre,  Reaction mixture  was  shaken  in
25x 200 mm test tubes in a water bath at 30°C.
To prevent IAA destruction, 0.2 ml protector was
added. Oxidation of IAA was followed by remov-
ing samples from reaction mixture at various time
intervals and assaying by mcans of Salkowski rea-
gent. The presence of protectors manifested as a
lag period prior 1o IAA oxidation. Absorbanee of
fracuons collected were also taken ar 280 nm.,

Absorpiion spectra of proteciors— UV and visi-
ble scanning (200 to 700 nm) of diluted protee-
wrs were conducted using Hitaehi 220 spectro-
photometer. Some  phenolics  like  calfeie  acid,
catechol, chlorogenic acid, protocatechuic acid,
pyrogallol and  p-coumaric acid were ulso
scanned.

Effect of proteciors and o-dihydroxyphenols on
peroxidase catalysed IAA oxidation—1AA incuba-
tion mixture of 3 ml containing 0.3 mM IAA, S0
UM cuch of DCP and MnCl,, 50 mA{ potassium
phosphate buffer (pH 6.0) and 50 pg HRP at fi-
nal concentrations was used 1o study the effect of
protectors and  o-dihydroxyphenols (caffeic acid,
catechol and chlorogenic acid) on the time course
oxidation of [AA at 261 nm. Protectors and
phenolics were added prior 1o addition of HRP.

For all experiments AR grade chemiculs were
used.

Results

Destruction of 1AA by crude exwracts = Cinnam-
omum normal leaf tissue extract destroyed 1AA
when the two were incubated together (Fig. 1),
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On the other hand, with gall tissue extract, IAA
destruction occurred only following 4 lag of sever-
al hours. Also, if gall tissue extract was added in
incubation mixture of LAA destruction by normal
leaf tissue extract, a lag was observed prior 1o
IAA oxidation (Fig. 1). Young gall tissue showed
maximum auxin protection activity followed by
green mature gall, completely transformed lcaf
and brown gall (Table 1).

Separation of awxin proteciors—By means of

'Scphadcx G-200 and G-50 it was possible 1o se-

parite auxin protecting substances, In Sephadex
G-200 cluates, the peak ol activity protecting the
destruction of 1AA by HRP was recovered in
fraction 6-10 (volume of effluent 30-50 ml). Pro-
tector-l, the larger peak around fraction 8, was
light brown in colour and its weight exceeded
200,000 dalions since it migrated as rapidly
through Sephadex G-200 column as the high mol
wi marker (dextran blue 2,000). Dextran blue ap-
peared in fraction 3-5 (Fig. 2A). In Scphadex
G-50, the bulk of protector activity was recovered
in two scparate peaks (Fig. 2B). Protector-11, the
lurger peak (fractions 6-9; volume of cffluent 30-
45 ml) moved as rapidly as the high mol
wi  markers, indicative of having a mol
wi approximately 8,000 dalions. Protector-111,
the smaller peak around fraction" (volume of
effluent 50-55 ml), was colourless and had a
mol wt of approximately 2,000 daltons. Dex-
tran bluc appeared in fractions 3-5, and pyronin
G in fractions 14-17 when passed through Scpha-
dex G+50 column. These peaks were comparable
with the absorption curves recorded at 280 nm
(Fig. 2).

Absorpiion spectra of protectors= Protectors did
not show any absorption in the visible range.
Therefore, the results of scanning between 200
and 400 nm only are given in Fig. 3. All protcc-
tors showed two absorption maxima, one at 235

Table | = Effect of various concentrations of different stages of
gall nssue extracts on IAA oxidation

Fissue Concentration (my)

b0l 005 0l 0.3

Length of lag penod (min)

0.5

*Control <1

Young gall 6 26 70 260 >300
Green mature gall 4 10 20 120 240
Completely

transformed leal <l 1 5 60 120
Brown gall <l 40 100

<l 1

*No gall tissue extract
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Fig. 2 = Protecuon of IAA destruction by various fractions (5

ml cach) obtained by filiration of 1 mi of gall tssue extract

through (A) Sephadex G-200 column and (B) Sephadex G-50

column. For composition of reaction nusure, see Materials &

Methods seciion, Doued line represems absorbance of frac-
tions at 280 nm
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Fig. 3= Absorpiion specira of protecior-l, protector-ll and
protecior- 1l in UV light
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nm (a smaller peak) and another at 210 am (larg-
er peak). The phenolics tested also showed ub-
sorption maxini in the runge of 200-290 nm (not
shown here).

Effect of protectors and o-dihydroxyphenols on
peroxidase  catalysed 1AA  oxidation=Data  ob-
tuned tor protector-l only are given here because
during expenimentation it became  evident that
protectors are oligomers or polymers of the same
sub-units. Similarly only the effect of catechol on
IAA oxidaton s given here. In both cases the
height of curves was identical, confirming that in-
hibiion of 1AA oxidation was only temporary.
The lag was direetly proportional 1o the concen-
travion of protectors/dihydroxyphenols (Fig. 4).

Discussion

The results presented here imply the existence
of protcciors of IAA destruction by enzymes nor-
mally found in the normal tissue und commercial-
ly prepared peroxidase (HRP). Using Sephadex
G-50 and G-200, three protcctor substances were
isolated from the C. tamala leaf gall tissue. Earlier
studies on protectors from morning glory', fungal
incited tumors on potato', and mite-incited stem
galls on Zizyphus" indicated that the active sites
on the protector molecules were probably o-dihy-
droxyphenolic in nature. In case of C. tamala pro-
tector molecules also appeared 1o be o-dihydrox-
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Fig. 4= Inhibition of IAA oxidation by different concentr-
utions of (A) protector-l and (B) catechol
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yphenols based on: (i) paper chromatography,
protecton showed blue ﬂuorqscmg spots in UV
light. On spraying the spots with sucrose suspen-
sion the spots gave a lllght brown color charucllcr-
istic. of diphenols'; (ii) protectors show_cq pink
colour with Arnow's reagent (characu;nstnc of
u-dil1ydruxyplwnuls); (u{) protectors nflcclqd the
rate of in virro enzymic .IAA oxidation in the
same fashion as did the dxphenol_(cat;ehol); and
(iv) the absorption spectra of gel filiration cl'uums
of C. wumnala gall tssue extract shou"cd maximum
absorption in the UV light resembling the ones
obtained with dihydroxyphenols. Further, scann-
ing of equally diluted protectors in the UV range
(200-400 nm) clearly indicate that they are same
substances having similar busic units (Fig. 4). This
suggests that the protectors are oligomers or po-
lymers of lower mol wt phenolic substances.

The addition of various amounts ol different
stages of gull tissuc extracts in IAA oxidation
reaction mixture showed that (i) a gradient of pro-
tection activity cxisted amongst the various stages
of gall tissues, and (i1) the destruction of 1AA
correlated directly with the quantity of the tissue
extract: Young gall tissue extract showed maxi-
mum auxin protection activity which diminished
as the gall tissue matured. Higher protector activ-
ity has alxo been reported in juvenile tissues of
cotton plants', obacco leaves™ and Japanese
morning glory'? as compared to their mature tis-
sues. Presence of more auxin protecting activity in
young gall tissue, which represents developing
state of ubnormal growth, may be responsible for
its continuous uabnormal growth. On the other
hand, the brown gall which represents the last
stage of gall development contained low protec-
tion acuivity. It is well known that actively growing
cells remain in the reduced state, whereas the ma-
ture cells in oxidized and this redox potential is 1o
an extent regulated by auxin protectors'?,

It is interesting to  note  that  like o
dihydroxyphenols the addition of auxin protectors
in HRP-catalysed IAA oxidation mixture induce a
temporary lug in IAA oxidation. The possible me-
chanisms of action of these protectors could be
that (a) they donate electrons more rapidly than
lAA or replenish electrons lost by 1AA, thus be-
come oxidized", and (b) they react preferentially
With spectroscopically distinct forms of peroxi-
dase known as compount Il and compound 11l in-
volved in 1AA oxidation by peroxidase. Addi-
uon of protectors, in reaction mixtures of peroxi-
dase and A A-oxidasc enzymes of normal and gall
Ussues, greatly reduced the activitics of these en-

zymes®. Thus, protectors can influence the
amount of auxin in a system by influencing the
acuivities of auxin degradative enzymes, viz, per-
oxidase and 1AA-oxidase. Studies on the level of
peroxidase and 1A A-oxidase activities in C. tama-
la gall tissues showed their very low activity in
them®. Stonier'? suggested that higher levels of
auxin protectors are sufficient to explain the hy-
perauxinic state in crown gall. Tandon and Arya'®
reported that the higher levels of protectors re-
sponsible for auxin autotrophy and hyperauxinity
in Zizyphus stem gall tissues.

It may be concluded that higher levels of auxin
protectors in C. Tumala gall tissues favour the
high electronegativity, prevent peroxidase cata-
lysed IAA oxidation and thus are associated with

hyperauxinity and abnormal growth resulting in

gall formation.
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