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6* INVOLVEMENT OF IM OXIDASE IN EPIPUYLLOUS BUD OUTGROWTH 

6*1 INTRODUCTION

6,1A* Plant growth hormones ana enzymes during developments

®hiX* progressive development ia manifest by form changes 

and associated alterations in structural element* functional 

activity of newly formed organs becomes possible only throujfr 

biochemical mechanisms* Thus* enzyme involved in a function 

'will attain maximum activity in appropriate spatial configurations 

prior to or simultaneously with functional maturation* Since 

all enzymes are proteins* the synthesis of enzymes mist be linked 

to the synthesis of specific proteins necessary for the initiation 

of functionally significant structures* The genetic control of

enzyme synthesis so well documented in microorganisms end in
»

eukaryotes indicates that absnece or presence of an enzyme at 

a given site or tine may provide information on differential 

gene activity during progressive development (Haghavan*1976)•

It is now a well documented fact that hormones influence 

the enzyme status or level in a plant (Datko and Na&achlan* 1968| 

hasamo and Yamaki, 1S74j Varner and Ho* 1S7&S Barendae* 1983| 

Xoukkari and v,'arde*1S3i?), through qualitative alteration in the 

®RNA molecules (Sen, 1984). Ho (1979) suggested that hormones 

can also modify existing enzyme systems in the target tissue* 

in order to increase their metabolic efficiency to meet the
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physiological demands* Hormones can thus# also act as inducers 
of differentiation in target tissue ( Hof 1979} Parting 1932a)* 

However# the biochemical mechanisms underlying any stimuli 
Induced morphogenetic events are still unknown (Halperin#1986)* 

Thus, an attempt was made to detect any change in selected 
enzymes inducing/ during bud outgrowth frost isolated notches*

6«1B Phenolic metabolism during plant growths

Phenolic metabolism has been shown to intimately 
associated with growth* She occurrence of phenolic compounds 
in 1dte vacuoles (Harborne# 1984) is the main factor causing 

varied physiological roles of these phenolice in relation to 

plant growth and development (Keieli and Kutacek#19?7} Sembdner 

gt <0,** 1980)* their accumulation causes cessation of growth 
(Hash and Davies 1972} Lae and street#1977} Heyeer and Hpft#

1980} Patti 1984} Kuhiteh and Fletcher# 1989)• their

influence is mediated through hormonal action# as they are 

known to impinge upon Iaa oxidase activity and thus regulating 
Xaa metabolism* (Lee and Skoog# 1965} fooaazewski and thiaasn# 

1966} Haiesig# 1974} wolf g^*# 1976} Schneider and nightman# 

1978)* Humorous reports indicate that monophenols and o-diphenois 

act as cofactors or activators while o~ and p-diphenols and 
polyphenols inhibit Iaa oxidase activity or induce a lag period 
(Lee and skoog# 1965} Stonier and Yoneda# 1967} Yoneda and 

Stonier# 1967} Janssen#1970} Van der Hast# 1970} Xahert and 
Wilson, 1972} Bunkova et al«,lS72t Hamilton fft al*.1976i
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Machackova and Zarhal* 1976f Hobart al.,1976). Thus, o» 

and p-dlphenols and polyphenol a act aa growth promoters as 
they inhibit 1AA oxidase activity whereas taonophenols and 

fiw-dlphenols are eofaetora for IAA decarboxylation and so growth 
inhibitors (Stafford* 1974$ Boarder* 1980$ sen* 1984)* liany 

workers have deaonstrated the oceurrancs of high molecular 
weight-auxin protectors from tobacco (Phipps* 1969}# Pharfrltii 
(stonier and Yang* 1971 *19731 Stonier and Yoneda*196^/i; These are 

extremely high molecular weight substances (Mato and Vieitez# 
1986) which are partly proteinaceous (Novak and Galatea* 1971) 

and polymers of o-dihydroxyphenylpropanoids (Griffin and 
stonier*1973) with an active site of o^dihydroxyphenol (stonier

and Yang* 1971 $ 1973)#
\

Apart from acting m inhibitors/activators of IAA oxidase 
those phenolas 'are theaaelvee very-ehaoeptible to enayeiatio 

oxidation due to tho specific phenol a se mzymts (Butt* 19791 

Duke and Vaughn*1982$ Rarboras, 1984)* Earlier# Houck and 
Hieaeborg (1983) observed a strong etio&atoxy effect of 

P-couaaric acid (?Ca) on the epiphyllcus bud activation In case

of a*calvcinua * these authors suggested that the otitnulatoiy
■ '<)effect of pca on th« bud growth is due to the activation of 

I.aa oxidase enzyme* although no data was given on the actual 

ensyae activity* in this context* the following sequence was 
hypothesised in the resumption of growth of dormant epiphyllous 

buds in K*aort«fiel*
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(1) Removal of leaf from the plant causes stress in/near 
the merlstematlc region of epiphyllous buds.

(2) This stress triggers ethylene biosynthesis*
(2>) Increased ethylene triggers Induction of XAA oxidase*
(4) Augmented 1M oxidase level brings down the endogenous 

XAA content* thereby reducing auxln/cytoklnin ratio 
favourable for resuaption of bud growth*

Evidence In favour of the first two events have been 
presented in chapter 5 and 4. In the present chapter evidence 
for event# 5 and 4 are elaborated*

Because of the availability of numerous epiphyllous buds 
end their rapid and synchronous manner of development* they 
provide an excellent experimental materiel for studies on bio- 
chemical end molecular analytes of underlying physiological 
processes* A large number of factors have been found to trigger 
growth of these dormant buds* The detachment of leaves from 
mother plant has been found to break the dormant state of buds in 
most of the Kalonchoe species (Resende,l959)* In Sr/osfr/llua 
diagremontianum and a.tublfiorua. the activation of buds on 
attacked leaves is under photoperlodic control (Heide* 1965)*

f

long day being stimulatory* However* bud activation is possible 
also in short days mdse high temperature regimes In 
B*tublfleru» and with klnetin treatment he B.dlagremontlanum 
(Heide* 1965).

Karl lor, Loeb (1915) demonstrated that la S^oaXycinum 
leaf detachment of injury promoted the dormant buds to develop
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into plantlets# This was presumed to bo due to a block in the 

How of am inhibitory substance away from the notches in the 

leaf« Later on* this inhibiting substance was assumed to be 

a hormone tLoob,1917).

la recent past* It was suggested that idle trigger of bud 
outgrowth could be brought about by a decrease In the auxin/

cytokinin ratio within the buds as the exogenously applied
- «auxin suppressed the growth and cytokinin treatment stimulated 

the bud growth jin vitro (Vardar and Acarer, 1957? Helde, 1965? 

Yas&gan and Vardar,1ST?5 Henson and wareing, 1977| Karpoff*1981; 

Houck and Eleseberg* 1933), Thus* the knowledge on the 

biochemical mechanism that could decrease auxin/cytokinin ratio 

in or around the buds prior to their growth could provide © 

fundamental support to this idea# This chapter outlines the 

changes in IAA oxidase levels in the dormant buds during their 

induction and course of outgrowth# The enzyme IAA oxidase has 

been implicated to reduce the endogenous IAA level in various 

systems ( Gaiston and Hillman* 1961; Lee and 5kocg*19S5j 

Lee* 1S72| Thimann, 1972; Caspar at el.. 1975* Walter and Gordon* 

1975).

Anatomical studies made during the ontogenesis of 

epiphylious buds indicated that eventhough the buds are present 

on young leaf located on the first node from the plant apex* 

they attain capability to grow only when the subtending leaf 

attains the 4th node position* Therefore* in first part of

y
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this chapter* changes in endogenous levels of XM and XAA 
Oxidase in the leaves located on different nodal positions in 
ft plant are presented in order to relate their levels with the 
changes in the ability of epiphyllous buds to grow* In the second 

part* changes in the level of XM oxidase were studied in the 
excised epiphyllous buds that were induced to grow vitro* Two 
groups of inhibitory compounds • one of protein synthesis and 
the other of IM oxidase activity* were found to suppress the 
growth of the buds vitro* Changes in XM oxidase activity 
in these two treatments would provide a due to establish a 
cause and effect relationship between the changes in 1&& oxidase 
activity and the reactivation o£ bud outgrowth* Further* <§& novo 
synthesis of IM oxidase was confirmed using L- (^C)Cserins 

during the course of bud outgrowth*

6*2 i'uVi'ErUuaLa AHD ik/x&QJd

6«2a Experimental material )
/

The fourth nodal leaves from clonal stock of Kalanchoo 

mortagel plants were taken and washed thoroughly as mentioned 

earlier* For all blocheraical analysis during bud development,
pleaf notches measuring 1 cm were excised from the middle

portion of the leaves* They were incubated on filter paper soaked
with diet water (or otherwise mentioned at respective places)* All

test solutions including diet water were adjusted to pH 5*8 £ 0*1
before use* The cultures were kept in a culture room at'25 & 2 *C

**2
v/ith 15 hr photoperiod of 10*6 m from 10 w fluorescent tidies ,
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(philips India Ltd*)* Sosa notches (20-30) ware removed every 
24 hr (or otherwise mentioned) and the bud meristeaaatic zone 

measuring 6 tsar (approximately) were dissected out precisely 
with a sharp scalpel iron the notch region* Care was taken to 
avoid any damage to the actual meriateoatic point* Such 

neriatefiiatic points were used lor all biochemical investigations#

6*23# ^nsyne extraction

The aerletems weighing 0*3 gm were homogenized in 2*3 <& 
coin 0*2 *a borate buffer (pH 9*0)» with insoluble yw (2 £* w/w) 

and a pinch of glass powder in chilled pestle and mortar* The 
homogenate was left on a magnetic stirrer (30 min)# cell debris 

from the slurry was removed by centrifugation at 13*000 g 
(13 min)* She re evil tent supernatant was mixed with 3 volumes of 

chilled acetone and kept on lee (30 min)# the precipitated 

proteins were pelleted by centrifugation at 20*000 g for 3® min 

and vacuum dried to remove traces of acetone* The resulting 
precipitated proteins were dissolved in respective buffers end 

used as an enzyme source* All these steps were carried out at 
0-10 *C temperature*

6*20*1 Iaa oxidase assay

l'he enzyme 1M oxidase was assayed using the modified
/

procedure of Gordon and Weber (1931)# The reaction mixture 

consisted of 0*3 el each of partially purified ensysie extract* 
0*2 M citrate phosphate buffer (pH 3*0)* manganous chloride
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(1*0 aM)» 2.4-dichloro phenol (1*0 oH) and iaa (1*14 n£4)* The 
mix!sure was incubated in dark at 30 #C (30 min) • After lariat* 
ion* $ d :-■ salkowski reagent (1 el 0*3 mt FeCij added to 30 UL 
of 3396 perchloric add) was added to the reaction mixture and 
mixed thoroughly and left for 23 min at room temperature* 3%te 
absorption of the resulting solution was measured at 330 mm 
wavelength* The unit of IAA oxidase activity was defined as 
the amount of enzyme necessary for oxidising 1 ^g IAA* Specific 
activity of the enzyme was calculated as unit activity h~* ag~* 
progein*

To study th# change# in IAA oxidase levels during leaf 
development* leaves from 1*6 nodts of six month eld plants wsre 
sxeissd snd washed thoroughly# Immediately* bud seriates 
measuring approximately 6 as? were dissected from Hie middle 
notches and ussd for ensyms assay as mentioned earlier*

6*2B*2| Peroxidase assay

Peroxidase enzyme was analysed according to Shannon el> 
(1966)* She assay mixture contained 2*6 *L of o~di*ni»idin* 
buffer (1*6 al of 0*3 % o*dianieldine in H& (1 M) ♦ 4*8 ml 
Ha«acetate buffer (0*6 M, pH 3*4) ♦ 43*6 si diet water) * 0*1 wL 
HgOg (1 %9 v/v) and 0*1 ml of enayms extract* The absorption 
of resulting solution was recorded spectrophotoaetrically 
(Shlmadzu* Japan) at 460 nm at every 30 sec interval upto total 
90 sec* The amount of enzyme required to change the absorption 
by 0*001 per min per mg protein was taken aa unit ensyme activity*
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6*2B*3* Polyphenol oxidate (ppo) assay

PPO was asseyed according to the Method described by 
Stafford and Galatea (1970)* She Assay systen included 
ohlerogenic acid (0*1 «M)f EDSA (1*0 MK) and enzyme extract in 
phosphate buffer (100 AM* pH 6*0). the absorption of resulting 
solution was recorded at 326 na at every 30 sec interval upto 
total 120 see* She unit activity was the aaount of ensyne 
necessary toincrease the absorption by 0*001 under the assay
conditions* me specific activity was the unit activity per m$

/

protein*

Protein quantification i

She protein content in the ensyse source was estiaaiAd by 
the dye binding method (Bradford* 1976) using B«3A as standard*

6*2C* Extraction and quantification of XAA during leaf 
developments

XAA was extracted and quantified fluoriaetrically (Stoessi 
and Veftis* 1970) in tha developing leavea* 13*20 ga frozen 
tissua (Biddle part of the devalued leavea) waa honogenized in 
80 % (v/v) cold Methanol (1HG* w/v) as suggested!:-"' by Morgan 
and iAtrhaa (1983) using butylated bydroxytoluene (1 ng/ol)
(Xiao g^** 1980) 9 glass powder in chilled pestle and sorter*

She slurry was kept on Magnetic stirrer for 12 hr* vacuum 
filtered and reextracted far further 12 hr using sane solvent*
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The coabined fllterate was centrifuged (10*000 $$ 15 ala) to 
remove cell debris* The methanol ic supernatant was reduced to 
aqueous phase under vacuum (57 *C)» and left overnight in 
freezer* The frozen extract was thawed and mixed with (EH^^SO^ 
(0*76 ga/aiL) and kept on magnetic stirrer (1*0 hr)* The 
precipitated proteins were removed by centrifugation (10,000 g|
15 min)* The clear supernatant was adjusted to pB 2*5 (with 
cone HgSO^) and extracted thrice with diethyl ether* The 
combined ether phase was .reduced partly and stored overnight in 
deep freezer to remove traces of water* The ether phase was then 
taken to dryness and the residue was rediss&ved in absolute 
ethanol* The total xaa in this extract was determined ftuoro* 
metrically.

Briefly* small aliquots of sample was taken to dryness in 
test tube* The sample was then darivatisad with a mixture of 
trifluoroacetic acid and acetic anhydride (1*1* v/v) at 0*10 *C 

tes*perature* After 15 min the reaction was stopped with 
chilled ha^CO^ (556 w/v). The fluoraacence of resulting 
solution was measured at 500 xra using 450 net as excitation 
wavelength (systrcnics# India)* Correction for background 
fluoraacence was obtained by adding Ka^CO^ to the sample piror 
to derivatizing mixture* The total £AA in the extract was
calculated from reference line prepared using lndole*>»cetle

«

acid as standard* The value was corrected for loses during 
purification* by running the ease procedure using authentic 
XAA (Sigma)*
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6#2D* Extraction and quantification of phenols:

Phenolic compounds ware extracted by homogenizing sampled 
and dried (50 mg) notch explants (6 mo?) In chilled mortar with 

cold methanol (80 v/v) and a pinch of glass powder* She 

homogenate was centrifuged at 8000 g (10 min)* The supernatant 

was collected and the residual pellet was reextracted (twice) 
with same solvent* She supernatants of all three extractions 

were pooled and final volume was made to 25 nl with same solvent*

The total phenolics in the pooled extract was quantified 
using the method of Swain and Hlilig (1959)* An appropriate 
aiiquote was diluted to 7*0 ml with dist water and 0*5 ml of 
FdLin-phenol reagent was added and mixed thoroughly* After an 
incubation (3 min)» saturated Na^CO^ ( 1 mLv 33 # v/v in water) 

was added* vortexed and left at room termperature (60 min)*

The absorption of resulting solution was read at 725 nm and 

total phenols were calculated using chlorogenic acid as standard*

6*2E* In vivo labeling of IAA oxidase during bud outgrowth*

Total 65-70 notch explanta measuring (0*25 cm2) were 

induced for bud outgrowth by keeping on filtarpaper soaked with 

dist water* cyc&ohexisiide (.10 ^5)* BAP (1 KM) and pyro catechol 
(0*1 n)M) each containing (1^c)serlae (105 mCi/mnibl) at 13*5 

KrCi/al in petridish* After incubation (12 hr) the plants war 

taken out and washed thoroughly with dist water containing cold 

serine*
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6*2F* Qualitative analysis of XAA oxidases

She labeled explants were homogenised in 0*2 H borate 
buffer fpa 9*0) and left on stirrer for 30 sin* followed by 
centrifugation at If*000 g (15 min)* The dear supernatant was

N

aixed with three volumes of cold acetone and left on ice (30 min)* 
The precipitated proteins were pelleted by centrifugation at 
20*000 g (20 min)* The resultant pellet was vacuum dried to 
remove traces of acetone and later on dissolved in Tris-HCl 
buffer (o*9 Mg pH 6*8} • Total 60 Mg of cleared and partially 
purified protein samples ware applied to ncndenatured polyacryi- 
amide (S % or 10-18 %) vertical dab gel \PAGH0*5 mm thick) * 
Proteins were separated with Tris-gLycine buffer 0*25 M* pH 8*3 
at 190 volts and 25 m&mp current (for approximately 3-4 hr)*
These all analytical steps were conducted in odd (0-10 *C)«

The separated proteins were stained for XAA oxidase using 
the modified method as described by Hoyle (1977)*

XAA oxidase staining solution -

A t Past Wsm B8 salt (10 mg) dissolved in ethand 
(2*5 d) |

B t A mixture of 2 each of p-courser! c acid* XAA 
and HgQg* dissolved with few drops of ethand in 
diet water*

C 8 2 M Ha-acetate buffer (pH 3*8) •

i
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The working staining solution wss prepared by nixing 
solutions* At B and C in the ratio of 1t2#l*

She isosymes U*e) of XAA oxidase detected* were cut from 
the gel and solubilised individually in acientUation fluid 
(10 ml) using ilg02 (few drops) end the radioactivity counts were 
taken on scientilatioa counter (LK8, Sweden) • Similarly* 
allquotes were taken from earliest clear supernatants* and 
protein samples for radioactivity counts to calculate uptake and 
incorporation of (^c)serine in soluble proteins*

6.22. Statistical analysis!

Various parameters were subjected to student*s test
f

for any correlation between them* as described by Bedel (1982)# 

6.3* RESULTS
/

6*3A* Changes In IAA content during leaf developments

Compared to the leaves of other nodes* the first nodal 
leaves contained the maximum amount of XAA (Fig* 6.1*)« With 
the progressive maturity of the leaf* the XM levels declined 
rapidly upto the 4th nodal leaf position which registered 

- (0*31 >i g) almost el^it*'.times less than that of the first nodal 
leaf* In the leaves of subsequent lower nodes (towards the 
base of the plant). the IM levels maintained almost the same 
value as that of the 4th nodal leaf*
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6*3B* Kinetic analysis of XM oxidase*

For kinetic analysis of XM oxidase# the partially purified 
enzyme source (acetone precipitation) was assayed at various pH 
(£•10) and over a raage of substrate (XM# 0*2?»t#5jf8t£) and 

enzyaaa concentrations (10*50 $)* She optima activity of the 
enzyme (20 &# w/v) Mas found at pH 5*0 (Fig* 6*1b)« Xhe 
value for 1M as calcinated from Lineweever*£urk double reciprocal 
plot is 0*66 ai4 (Fig* 6*1c).

6.30* Changes in XM oxidase levels during leaf ontogenesis!

In the very young leaves of first node# the activity of 
Xaa oxidase enzyme was minimum (Fig* 6* 1a) • During leaf meturat* 
ion the enzyme activity displayed a progressive increasing tread 
with rapid rise upto 3rd nodal leaves and thereafter the pace 
declined* The enzyme activity in the 4th nodal leaves# In which
the eplphyllous buds are physiologically mature to germinate on

' \

isolation# was 3*0 times higher than the youngest leaves*

6*3D* XM oxidase activity during eplphyllous bud outgrowths

In the dormant buds (on attached leaves - 0 hr) the XM 
oxidase activity was low (Fig* 6*2)* when these buds were 
dissected with their subtending notches from leaves and incubated' 
in diet water# the enzyme activity rapidly increased till 24 hr 
incubation registering almost 6 fold rise (Fig* 6*2)* visible 
appearance of bud# on the other hand# was noted only on the 4th 
day* as the growth process progressed# the enzyme activity
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began to decline upt© 72 hr aad later on it stabilised around 
the Initial value ©1 the dormant buds after attaining a alight 
riae m the 4th day*

i. iEpiphyllou® bubs* in notch explsats* incubated in BAP 
also showed growth* A elight stimulation over control was

■ i * ,

observed in the geminating buds* However* notches incubated 
in BAP ( 1 H) displayed only 2 fold increase in l&A oxidase 
activity upto 24 hr* this is in toatraat to the six fold increase 
observed in the control* In the presence of pyroeateehol and 
cycicfceodmlde* the mzym activity did not increase and remained 
at the sane level as that of o hr value throughout the period of 
incubation ( Fig* 6*2)} during this period and 'thereafter none 
of the buds showed growth*

6*315* uuailtatlvo analysis of IM oxidase during epiphylloua 
bud outgrowths

on 10*18 % gradient nondenaturing PAG* dormant
t

epiphyllcus buds showed & very faint band for IM oxidase* llie 
ib^LatPd notice incubated in diet water for 12 hr displayed 
a very intense band (Fig* 6»3&}* However* m B% aondeaaturing 
PAG a total of three icozymos measly &* S and C of 2M oxidase

i

mm noted with B as the e&dor hand (Fig* 6*3&)* Ca the other 
hand* buds incubated in pyrocetechel and BAP displayed »©re ataiss 
intensity in band G than B and A* Cydohexinide treatment to the 
buds caused very slight staining intensity of all the three
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isosyces suggesting §Sl novo synthesis of all the isoiyse**

to confira this novo synthesis of IAA oxidase during the 
activation of bud growth* the ensyffiea were pulse labelled with 
0\) serine for 12 hr immediately after excision of notches froa 
the leaves* In control* almost 13 % of total incorporation of 
proteins was noted only in Iaa oxidase with most of the 
incorporation in bands B and A» Cyclohexlmlde treatment showed 
ohly 3 % incorporation almost 61*5 % lees than that of the control* 
treatment with pyrocetechdi and SAP, exhibited almost 10 and 
? » incorporation of t1 ^serine in total IAA oxidase with acre 

relative abundance in isoryme C (fable $*1)*
/

6*3F« Changes in Polyphenol oxidase (PPG) activity*

After an initial slight rise* the PPG activity showed 
declining trend upto day 3 preceding the actual day 0£ bud 
appearance (Fig* 6*4)* On dey«*1 the PPG activity found was 
slightly higher than day«0 value* with further development* the 
PPG activity declined rapidly* the activity being 2*8 times 
lower compared to activity in dormant buds*

Afterwards PFG registered increasing trend again* however 
‘the increase being very slight on the day of appearance of buds 
from isolated notches*

6*3G» changes in peroxidase activity during bud outgrowth*
Dormant buds exhibited very hi$h activity of peroxidase* 

However* the activity continued to decrease during the process
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ox bud outgrowth (Fig* 6*5) * On day-3 the enzyme activity

\

registered was almost 30 times lower than the activity in 
dormant buds* After attaining this lowest activity, the

peroxidase showed increasing trend registering 5*5 fold rise on
\

the day of bud appearance# compared to the day-3 activity*
On subsequent days the activity continued to decline again#

v

6*3B« Changes in phenolic contents during bud outgrowths

The dormant ©piphyllous bud contains 13*67 mg phenolic*
. per g© dry weight* The phenolic content declined on very first 
day of incubation* However# it begin to increase afterward and 
attained maximum value on day-3 prior to visual appearance of 
bud outgrowth (Fig* 6.6)*

6*4* DISCUSSION
The physiological and biochemical evaats occurring during 

the early stages oX in vitro development in higher plant systems 
are not well documented (tlmto g£ «JL»* 1981). Nevertheless# the 
activation ox cell leading to differential gene action# includes 
the cellular events of replication, transcription and translat­
ion (Thorpe and ainadi* 1981)* This causes a shift in isetabolism

t

leading to changes in structural and enzymatic proteins* In 
fact, there is an apparent need for the synthesis of specific 
protein** e*g* in Douglas for (Hasegava et d*« 19791 Y&silda jjrfc afc*. 
1960)* Since, these change* precede organized development, 
then as Bonner (1965) pointed out, such changes# in which new
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ensyaes originally absent art synthesized or which are present 
show increased synthesis and/or activity;a priori mat be 
cause rather than a result of differentiation*

She greatest amount of xaa in the first nodal leaves 
(youngest leaves) and its gradual decline with leaf maturity 
indicates the differential requirement of XM during leaf 
development* Aa auch leavas are Known to contain auxin* 
particularly* the young leaves being the site of auxin synthesis 
(Moore* 1969$ Schneider and Nightman* 1976# 1978). Further* the 
rapid decline in XM centmt with the progressive leaf age 
denotes the role of XM in the growth of leaf which on attainment 
of maturity shows decline in auxin levels (Sheldrake* 1972$
Wareing and Phillips* 1982$ Degroote and Muir*1977)*

A continuous increase in XM oxidase activity during 
leaf development in present studies is In agreement with the 
observation of Galeton and Hillman (1961) that the XM oxidase 
activity shows increasing gradient from actively growing 
(young) to nongrowing (old) tissues* being highest in the mature 
ones* Further* a significant negative correlation was 
established between the XM content and XM oxidase levels in 
the leaves ( r «* • 0*93 and p<0*01)* Similar* conclusions were - 
made for these two parameters during abscission In bean seedlings 
(Jain &U» 1969)* light induced hook opening of pea seedlings 
(De Greef al..l977). in apple callus (Epstein and 2#avee*1975) 
and dive leaf (Epstein and Lavee* 1977)*
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Very low xa* oxidase activity in the dormant buds and 
several told Induction as early as 4 br (Fig* 6*2b) after 
incubation indicates its rde in controlling epiphyllous bud 
outgrowth* Many workers have repeated consistent increase in 
1AA oxidase during ripening of fruits and suggested that 
oxidative degradation may represent a mechanism for the 
inactivation of endogenous IAA in tbe fruit and thus promoting 
ripening (Frenkel,1972* 1975§ Frenkel and Baard, 1972)*

a very quick augmentation as gnarly as 4 hr and upte 
12 hr in IAA oxidase activity (Fig* 6*2b) and then marked 
decline in the activity coinciding with tbe bud appearance# 
implies tbe differential requirement of IAA for growth of 
primordla than for their induction* similar, conclusions were 
drawn for initiation and growth of root prlmordia (Druart $£ &*, 
1982* Moncousin and Caspar,1983), Jasdanwaia (1977)
have also demonstrated the diacritical demand of XMila 
developing cotton hairs during elongation phase and secondary 
thickening and demonstrated the role of IAA oxidase in these

sevents* Xhe rapid decline in the XM oxidase activity during 
the later stages of bud appearance seems to be due to the 
accumulation of phenolic inhibitors* A direct negative 
correlation (r « -0*75| p<0*t) was obtained between the XM 
oxidase level and total phenolic content during the course of 
epiphyllous but outgrowth, implying inhibitory effects on IAA 
oxidase activity (wolf ££&*»19?6» Keyn&ds, 1978| Boarder, 1980)*
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To^ clarify whether me increase in XM oxidase activity 
is the cause/consequence ex' the Cud growth process* three seta 
of chem were performed*

In the first meek* effect of exogenous cytokinin on the 
level of IAA oxidase was examined* Zt was hypothesised that 
me function of increased activity of IAA oxidase is to degrade 
endogenous inhibitory IAA levels so as to reduce the auxin/ 
cytokinin ratio favourable for hud growth* The decrease in 
auxin/cytokinin ratio within/around me buds can else he 
brought about by me exogenous cytokinin* In this situation# 
one would not expect azy increase in IAA oxidase in me buds 
undergoing growth. As expected# mere was en extresely scall 
increase in me activity of IAA oxidase (Fig* 6*2b) in me 
induced buds in the presence of BAP (1 )u>!) * similarly# in 
tobacco callus also# increased levels of kinetin caused a 
decrease in me specific activity of IAA oxidase with alaoet 
60 % decline in cytoplasoic fraction (Lee, 1974)* similarly 
low IAA oxidase activity was reported in kinetin grown cells 
of syearners Cweaton Qt aj«.1978)»

In a second set of control# me application of pyrocatechol 
caused inhibition of epiphyllous bud growth* pyrocatechol 
(1 #2^dihydrexyhenzene) is a specific inhibitor of IAA oxidase 
(Caspar £& gy^*#1964)« As such diphsnols are known for their 
inhibitory effects on IAA oxidase activity (Schneider and 
Nightman# 1974)* Kone of me cultured buds (in pyrocatechol #o* 1
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could show any increase in the activity of the eniyne (Fig* 6*2b)»

In a third set of control* endogenous protein synthesis 
was inhibited by cyclo hexiaide* As a consequence* the buds 
cultured in cydohexisdde (10 failed to show any growth*
1*© increase in 2M oxidase activity was noted in ths butIs 
treated with cyclohexialde in the present studies (Fig*6*2b)* ,
The result along with in vivo labelling of ensyae with lustrine 

implies that dg, novo synthesis of IM oxidase is necessary for 
bud outgrowth* E&j&ier work has shown that the f enaction of IAA 
oxidase was inhibited by cycloheximide suggesting a requirement 
of protein synthesis in tobacco callus (Lee* 1371* 1372) for 
organ formation*

these results clearly show that the epiphyllous buds 
achieve the competence for growth when there is an increase 
in IAA oxidase activity with concomitant decrease in their IM 
content* A diphend pyrocatcchol, the inhibitor of Iaa oxidase 
suppresses the growth of buds and the inhibitor of protein 
synthesis inhibits induction of bud growth per JSe m well as 
the rise in the activity of IM oxidase*

Earlier* based on the stimulatory effects Of fCA (p~eouaarie 
acid) on the growth of epiphyllous buds of B*calycinuat Houck and 
Hleseberg (1383) suggested the possible involvement of IAA■ 
oxidase in the reduction of auxin/cytokinin ratio to favour bud 
growth* At this juncture* it is necesoaxy to mention tliat in

/
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a.dlaEreBoatlanua bud growth was associated with lower rather 
than higher extractable eytokinins levels (Henson and -arcing, 
1977)* This is in line with the presumption that isolation of 
leaf (stress) induces g| novo synthesis of IAA oxidase which 
brings down the inhibitory levels of auxin to an optimum 
auxin/eytokinin ratio without any appreciable changes in cytoklnin 
levels (%nson and Wareing#1977)* In this context# water stress 
enhanced IAA oxidase activity In etiolated pea seedlings and 
toaato leaves has been reported (Derbyshire# 19?1 a and b)#
Sesfcdner £& al*(196Q) also emphasised the rde of nutritional 
conditions end physical factors in regulating the IAA oxidase 
activity, either directly or by influencing hormonal and other 
chemical effectors*

through (^C) serine labelling# it was noted that 17 % of 

the total incorporation attributed to proteins* Of the total 
incorporation in proteins# 13 % alone was found in IAA oxidase 
thus confirming the hypothesis that IM oxidase is being £& novo 
synthesised which in turn induces the bud growth by lowering 
the Iaa levels*

Further# it was also noted that laoxyae 3 comprised almost 
half of the total incorporation in total IAA oxidase* and 
therefore could be the main source for IAA. decarboxylation In 
the leaf notchas* In this context# there are reports of increased 
IAA oxidase isozymes during fruit ripening# bringing down the 
supraoptimal auxin level thereby promoting ripening (Frenkel #19751 
Frenkel and Haard#1973>*
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Burlier studies (chapter 2 and 3) implicated the role 
of ethylene in Inducing epiphyiloue bud outgrowth in K»mortsgel.
It seems that# stress induced ethylene triggers the synthesis 
of IM oxidase# thereby stimulating the bud growls* Recently § 
Bro^Lie |$£, (1585) have isolated# characterized several 
chitinase K$A clones and demonstrated the induction of easy me 
chitinase by ethylene with transcriptional control in bean leaves* 
Similarly# Grierson, et dL (1986) also reported ethylene induced 
accumulation of new aRHA* for polygalacturonase in tomato fruit 1 
during mature green stage and implicated its role in fruit 
ripening*

ihe slightly higher level of PPG enzyme in the early 
phase of bud development# may be producing enough quantity of 
inhibitor o-diphenol (Duke and Vaulin# 1932) of IAA oxidase to 
sustain bud growth during later stages of actual bud appearance 
in the notches* In this regard* Baesuk f£,« (1931) have reported. 
involvement of PPG in the synthesis of phenolle cofactors which 
promote rooting by acting as auxin protectors (Balasioha and 
Subrsusonian# 1S83)* Barllor* Griffin and Stonier (1975) had also 
reported the involvement of PPG in auxin protector production 
in the developing coffee fruits*

It has been also demonstrated that PPG catalyzes ortho- 
hydroxyl atlon of p*coumaric acid to caffiec add (Butt* 1979$
Duke and Vaughn# 1982) which is a potent inhibitor of XAA oxidase 
(Boarder# 1980)* fhis reaction has been suggested to occur in vivo 

also (Halliwell # 1575) # From those* it is quite apparent that PPG
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has Its effect m bud outgrowth proses© by controlling xm 
• oxidase levels through Its ability to catalyse the formation • 
of o^diphenols sod polyphenol* Partially purified PPG has been 

reported to fora aldehydes using aelm acids and diphenoia 
(Srlvaetava* 1986)» thus regulating the netabOsUaa> of phenols 
which can be synthesised rapidly and at rates which twould 
appear to impost plant metabolic capacity (,Gma»y.* 1S67}*'

~N

Peroxidase - on ensyae regulating nuaereua facets of 
growth and differentiation (shorpe and Gsspar*1S78§ Epstein 
and Lamport* 1904s Lamport* 1986}* duo to its effect m, 
endogenous auxin including lignin cation (Barlow*! 232 }• Hi card 
and Job 1974$ Gasper ^,**19051 Goldberg et el**19&3l 
Seahdner et pl»*l980)* floras! developmental process deaand 
iignlficatfon for ayl©® formation* further* growth processes 
also Include cell wall changes where lignin plays an Important 
role mainly through rigldlflcatlon (tais*1S04)* It ie likely 
that peroxidases are responsible for the assembly of polymers 
(lignin* polysaccharide© end proteins) in i&* cell veil and 
are therefore* involved in the differentiation process 
(Epstein end Lamport*1934)*

She high levels of peroxidase in dormant buds could be 
due to the inhibitory levels of auxin* which is known to 
maintain and promote peroxidase activity (Richard && si .4 976)* 
In a germinating pollen of lily* the peroxidase activity was 
found distributed only throughout the older region and not
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within the growing tip or region immediate subjacent to it

* i

(basbek gfc §& ,1979) •

So correlation was observed between the IM oxidase level 
and peroxidase activity during the course ©£ bud devdopssentg 
nullifying the possibility of peroxidative degradation of IAA* 
Similar conclusions were drawn by Haa (1371) for any role of 
peroxidase iii IM degradation* The differential effects of eifaret 
on I/iA oxidase and peroxidases in Irlgonella seedlings indicated 
that two enzymes are functionally different, (Megfca and laLoraya* 
1978}*Httwevart there are reports of cationic peroxidase which 
serve as IM oxidases (Gove and Hoyle *1375 > Richard ai 
halts jima and Ycimisabi*l979j Hoyle 1977| hawal and Mehta* 1982$ 
Brooks# 1986) even in vivo (Boyer et al*1979)« But many workers 
have reported the separation of Ink oxidase which were devoid 
of any peroxidase activity (Seqeira and Min©0#1966i Bjpyant and 
lane* 1979* falwar jgt ^.**1983}*

In a photoeynthotically active metabolism in a nertsal leaf 
such a high level of this enzymatic system cold be involved 
mainly la regulating the inhibitory levels of H£Og (Goldberg f$.,» 
1367) throng oxidation of various substrates (Scandalios * 1974 j 
Brennan et el«* 1979s Thaker aI».lSB6) Including diamines 
and polyaainas (Bareli and Murray* 1982)*

The possibility of lower per oxidative activity during the 
bud growth process could be due to the pool of peroxidase in 
transit from cytoplasm to the cell wall (Askerlund jgj. 2&,*»1987)t
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sinea peroxidase readily binds to the asmbrenee by adsorption. 
Thus, catalysing lignifioation and taking care of any 
possibility of pathogens* entry (Caspar £& ££.*,1985) thus 
exhibiting very low cy topi aside activity*

* i '

The opticas® activity of IAA oxidase found at pE 3*0 is in 
sfeaip contrast to earlier reports of this enayse fro® young 
leaves of locations (Kenner and Nenda, 1986) and cotton fibre 
(Ra®a Kao <gfc «£,.. 1982), where the oaxiiaus activity was reported 
at near neutral pH* In present studies the Kffi of partially 
purified enayoe is 0*66 asM as calculated fro® Lincweaver^Burk 
double reciprocal plot (Lelminger, 1975)• On the other band 
Tail war gt ^,.,(1985) reported Km value of 0,78 of purified IM 
oxidase (non-peroxi dative) fro® sung bean cotyledons# Thus, this 
study indicates that the easy®* iaa oxidase of K«nartasei is 
unique than other plants so far reported la having a very acidic 
pE optima for its activity and still of greater affinity towards 
the substrate-lAA,



3-2

Fig. 6.1. (a) Changes in endogenous IAA and IAA oxidase
in leaves at various stages of leaf develop- 

- ment.
(b) & (c) Enzyme kinetics of IAA oxidase.
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Fig. 6.2. a & b. . Changes in IAA oxidase 
levels during the outgrowth of 
dormant epiphyllous buds from 

* notches incubated in dist water CO)» 
1 BAP (A), CYCLO (•) and pyro- 

catchol (A)«
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Fig* 6*3* Qualitative analysis of 1M oxidase 
during bud outgrowth.
(a) Induction of XAA oxidase during 

very ea*ly stages of dud outgrowth*
(b) Effect of inhibitors cm the pattern 
of XA& oxidase isossyo* after 12 hr of 
incubation*
a * dist water control 
b - pyrocatechol 
e - BAP
d - cydohexiiside 
e - 0 hr control*
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Fig# 6#4# Changes in polyphenol oxidase activity 
in developing buds.

Fig. 6.5. Peroxidase activity during bud outgrowth.

Fig. 6.6. Changes in phenolic content in comparison 
to IAA oxidase levels during bud outgrowth.
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fat&a 6.1 Incorporation Of (^c)eerlao in. XM eadUtaftei

Xreatiaent Band-A
% Incorporation 

Band-B 3and«C i’otal

Control (water) 4.89 5.88 1*93 12*74

Cydohcxioide 2.49 1.58 1.20 05.37

Pyrocateehcl 3.62 3*01 2.89 09.52

Bensyladenine 2.95 1.31 2.98 07.29


