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6. INVOLVEMENT OF Ia4 OXIDASE IN EPIFPHYLLOUS BUD OQUTGROWTH
6.1  INTRODUCTION

6,14+ . Plant growth hormones and enzymes during desvelopments

while progressive deveiopmant is manifest by form changes
ané assoclated alterations in structural element, functional
activity of newly formed Organs becomes poasible cnly through
blochemical mechanisns, Thus, enzymwe involved in a functiom
will attain maximum activity in appropriate spatiel configurations
prioy to or similtaneously with functional maturation. Since
all enzymes are proteins, the synthesls of enzymes must hé 1inked
to the synthesis of specific proteins necesssry for the initiation
oi functionally signif;canz structurecss The genetic control of
enzyme synthesgis &0 well cocumented in'micraargahinma aﬁd in |
sukaryotes indica;as that absnege or presence ol an enzyre at
a g;ven site or time may provide information on differential
gene activity during progresaive developoent (Haghavan,1976).

It is noew a well documented fact that hormones iniluence
the enzyme status or Level in a plant (Datko and fiaclachlan, 1968}
Kagamo and Yawmaki, 1574y Varneyr and Ho, 19763 Barendae, 15833
Aoukkari and varde,19¢85), through épalitatiVe alteration in the
@ilA molaecules (Sen, 1584). Ho (1979) suggestaed that hormones |
can also modify eiisting enzyne systems in the target tissue,
in order to increase their metabilic effiéiency to zeet the
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physiological decands. aarmnnea can thus, also act as inducers
of differentiation in target tissue ( Ho, 1975; Wareing 1962},
However, the biochemical mechanisms underlying any stimdi
induced mbrphaaemt&o events are pt.i.il mknwﬁ (Halperin,1686).
Thus, an attempt was sade to detect any change in selegted
enzyaei inducing/ during bud outgrowth from isolated notches.

6418 Fhenolic metabolism during plant growths

Phenolic aetabolisz has been shown to mtxtéately
associated with growth. The occurrance of phenolic compounds
in the vaguoles (Harborne, 1984) is the main factor causing
varied physiol.ogicni roles of thege phenolics in relation to
plant growth and developrsnt (Kefeld and Kutacek,1977; Sesbdner
2t al., 1980), Their accumilation causes cessation of growth
(Nash and Davies 19725 Lam and Street,1577; Hieyser snd kpft,
19803 patel ¢t al., 15843 Muhitch and Fletcher,1985)« Their
influence is sediated through hormenal action, as they are
- known to impinge wpon IAA oxidase activity and thus regul ating
IAA metabolism, (Lee aend skoog, 1965 Tocaszewski and Thimann,
19663 Haissig, 1574§ wolf et ale., 1976} Schuelder and sightuan,
1578)+ Numerous uraperte indicate that mnophéml# and mediphencls
act as cofactors or activators while o~ and p=diphencls and
polyphenols inhibit 144 oxidase activity or induce a laé périnc
(Lee and skoog, 19655 Stonier and Yoneda, 19673 Yoneda and
‘stonier, 19673 Janssen,15703 Van der Hast, 19703 Imbert and
W}iaon,‘iﬁﬂﬁ; Runkova et 8l.,1972; Hamilton gt al.,19763
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Machackova and Zmrhal, 19763 Robert gt al.,1576), Thus, 0e
and pediphenols and poly-phencls act as growth promoters as
they inhibit IAA oxidase activity whereas sonophenols and
sediphenols are gofactora Lor IAA dcqarboxylatinn and s0 growth.
Anhibstors (stafford, 1974 Bearder,1980) Sen,1584). Many
wébkars have dezonstrated the occurrance of high molecularx
veighteauxin protectors from tobacc® (Phipps,1965), Ehﬁtﬁ&ﬁ&l
(Stanitr‘and Yang,1571,1973; Stonier and Yon&du.i?ﬁZE»Thesc are
extremely high molecular weight substances (Hato and Vieitez,
1986) which are partly proteinaceous (Novak and Gelaton, 1971)
and polymers of oedihydroxyphenylpropanocids (Griffin end
Stonier,1575) with an active aite of oedihydroxyphenol (Stonier
end Yang, 15713 1573). | |

\

Apart from acting as inhibitora/activators of TAA axildase
thene phcnales’uéa themaelves very susceptible to eﬂayméuin
oxldatian due to ﬁhe gpecific phenolass engyaes (Butt, 1379
Duke and Vaughn,1982§ Harbomme, 1584). Qarlier. Houck and
Rieseberpy (1583) observed a shrong ét}mulataxy pifegt of
pwcouzaric acld (PCa) on the epipghyllous bud activation in ocase
of Degalycinum ¢ These authors suggested that the stioulatory
aifect of PéA,%"th@ bud growth ig due to the actlivation of
1.4 oxldase enzyme, alihough no data was given on the actuml
enzyne activity. In this context, the following sequence was
‘hypothesized in the regumptlion of growth of dorasnt epiphyllous

buda In H.gortazel.
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(1) RKemoval of leaf from the plant causes stress in/nesr
| the merisiematic region of epiphyllous buds. ,
(2) This strass triggers ethylene bioayntheaiea
(3) increased ethylene triggers induction of IAA oxidose.
(&) Augmented 144 oxidase level bringa down the endogenous
Ih4 content, thereby reducing auxin/cytokinin ratio
favoursble for reauaétton of bud growthe

Evidence in favour of the first two events have been
presented in chaptor 5 end 4. In the present chapter evidence
for svents 7 and & are elazborated. '

Begause 0f the avallability of numerous epirhyllous buds
and thelr rapid and synchronous sennesy ’of development, they
provide an excellent experimental material for studies on Hioe
chenical and molecular analyses of underlyinz physiological
processess A large nunber of factors have been found to trigger
grevth of these dormant bude. The detachment of leaves from
&éther plant has been found to break the dormant siate of huds in
most of the Kalemchoe species (Resende,1959). In Sryochyllum
diagremontianum and 3.tubiflorum, the activation of buds on
attached leaves is under photoperiodic control (Heide, 1965),
long day b,aing stimulatory. However, bud activation is possible
‘also in ghort days under high temparature regines in
Betubiflorus and with kinetin treatment in 3.diacremontianum
(Hetde, 1965). ~

Farliap, Loeb (1915) demonstrated that in D.calyginus
leaf detachment of injury promoted the dormant buds to develep
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s

into plentletss This was presumsd to be due to a block in the
flow ¢ on imiibitary substance away from the notches in "chzxe
leafs Later on, this inhibliting substence was assumed %o be
a horsone {Losh,1917). |

in recent past, it was suggested that the trigger of bud

outgrmntﬁ could be brought abqut\ by a decrease in the auxin/
cytokinin ratio within the buds as the exogenously applied
auxin suppressed the grewth and cytckwh; treatment stimulated

the bud growth in vitrg (varder and aAcarer, 1557; Helde, 19653
' Yazgan and Vardar,1977; Henson and wareing, 19773 Karpoff, 19823
Houck and Rieseberg, 1983), Thus, the knovledge on the
biochenical mochanisn that could decrease auxin/cytokinin ratio
4n or around the buds prior to their growth could provide a
Fundanental support to this ideas This chapter gutlines the
¢changes in IAs oxidase levels in the dormant budg during thedr
‘mduct;kan and course of outgrowthe The enzyme IAA oxidase has
been impl_icated 1o reduce the endogencius IAA level in various
systess { Calsgton and Hillman, 19613 Lee and skaeg,\wﬁﬁ;
Lee, 1572} Thimenn, 15725 Gospar g% al., 1975; Wolter and Gorden,
1975) » | | 4
Anatomicnl ntudles made during the ontogemsia of
epiphyllous buds indicated that eventhough the buds are present
on young Leaf located on the f£irst node from the plant apex,
they attain capability to grow only when the 'nuhte_nds.ng leat
ettains the 4th node position., Therefore, in first part of

-

7
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this chapter, changes in endogenocus levels of 1aA and IAs

oxidage in the leaves laeaécd on differant nodel positions in

a plant are presented in f;rder to relate thaif levein with the
ghanges in the ability of epiphyllous buds to grows iiz the second

\ part, changes in the lgvax of IAA oxidase were studied in the

exciaed epiphyllous buds thaf vers induced to grow in vitro. Iwo

groups of inhibitory compounds = one of protein synthesis and

tha other of Ilw oxidase activity, wore found {0 suppress he

.growth of the buds jn vitro. Changes in IiA oxidase aciivity

in these two treatments would provide a clue to establish a

cause and eiiect relationshlp between the changes in Iid oxidase

activity und the reactivation of bud cutgrowths IFurther, ge nove

synthesis of Iii oxidase was confirmed using L~ (“‘G)ﬁ’i%rmo

during the course of bud outgrowthe -

Ge2 HATERLALS AND HuTHODS

642A . Experinental materiel 3

-’

The fourth nodal leaves Ifrom clonal stock of Kalanchos
gortagel plants were taken and washed thoroughly as mentioned
aarllers For all blochemical analysis during bud development,
“enf notches measuring 1 cma were excised fron the midde
portion of the leaves. They were incubated on filter paper soaked
with dist waetcr (or otherwise nentloned at respective places)s alk
teat solutions Includdng dist weter were adjusted to pH 5.8 & 0.9
defore use. The cul tures were kept in a culture roon at 25 3 2 *°C

with 15 hr photoperdod of 10,6 Yo fronm 40 W fiuorescent tubes
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{phﬂ.ips' India Ltd.)» Some notches (20«30) were removed every

24 hr {or otherwise mentioned) and the bud merisi:emmi.a z0ne
neasuring 6 mma (marax&mtely) vwere dissected out precisely
with a sharp scalpel £rom the motch region, Care was taken to
avolid any camaze to the éctml meristematic polint, Such
meristematic points were ueed for all biochemical inveetigationse

- ©42Bs Enzyme extraction

The meristems weighing 0.5 gn w&e homogenized in 2,5 &l
Col® O.2 M borate butfer (pH 9,0), with inscluble ¥Vi (2 %, w/w)
and & piach of glaes pawdu in chilled peatla and pOYtars The
hozogzenate was Left on a sagnetic stirrer (30 win), Cell debrls
from the slurry was reooved by centrifugation at 15,000 g
(15 min), The resdl tant supernatant was mixed with 3 volumes of
chilled acetone znd kept on ice (30 minj, The pmciprsated
proteins were pcueted by centrifugstion at 204000 g ior 50 win
and vacuum dried to remove {races of aeetenu The resuliing
Precipitated proteins were diseolved in reupeoczvc buiZers and
used as an enzyme scurce, All these steps were carried out at
0=10 *C tesmperature,

6,2341 Az oxidase asoay

The enzyme IAA oxidase was assayed ueing the modified
procedure of Gordon and h‘eber/h%‘!). The reaction mixture
consicted of 0.5 »l each of partially puriffied engyme extract,
0.2 M citrate phosphate bufler (pH 3.0), manganous ghloride
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(140 M), 2,4ncicklorophencl (1.0 k) and IAA (1414 mi)s The
nixture was incubated in dark at 30 ¢C (30 min)s After incubate
ton, 5 ol - Salkowski reagent (1 ol 0.5 mi Fecl, added to 50 ul
of 35% perchloric acid) was added to the reaction mixture and
"mixed thoroughly and left for 25 min at room temperatures The
absorption of the resulting solution was measured at 520 nm
wavelengthe The unit of I1AA oxidase activity was defined as

the amount of anzyme necessary for oxidizing 1 M8 LAAs Specific .
activity of the enzyme vas calculated as unit activity h™' my™?
progein, o

i

To study the changes in IAA oxidase levels during leaf
devel opment, leaves from 1«6 nodes of six month old plants were
excised and washed thoroughly, Immediately, bud meristem -
messuring approximately 6 ax® were dlissected from the middle
notches and used for enzyme assay as mentioned earlier,

6¢2Ea23 Pearoxidase assay

Perox&dﬁn enzyme was analyzed according to sShannon gt al.
(1966)s The assay mixture contained 2.8 sl of o~dimisidine
buffer (1.6 ol of 0.5 % o-dianisidine in HCL (1 N) + 46 ol
Haeacetate buffer (06 M, pH 5.4) + 43.6 il dist water), O.1 ml
H,0, (1 %, v/v) and 0.1 ol of enzyme extract. The absorption
of r&sultins‘ solution was recorded spectrophotometrically
(Shimedzu, Japan) at 460 nm at every 30 sec interval upto total
90 secs The amount of enzyme required to change the absorption
by 0.001 per min per mg protein was teken as unit enzyme activity.
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6e28¢3s Polyphenol oxidase (PPO) assay

PP0 was sasssyed according to the method described by
stafford and Galaton (1970). The assey aystem included
ﬁ\lorost;ue acid (0«1 mi), EDTA (1,0 mM) and enzyoe extract in
phosphate buffer (100 mM, ph 6.0). The absprption of resul ting
sclution was recorded at 326 nm at every 30 sec interval upto
total 120 sece The unit activity was the amtunt of enzyme
necessary to:increase the absorption by 0.001 under the assay
. conditions, The specific activity was ‘the unit activity per ng
protein, ‘

Protein quantiffcationt

The protein content in the enzyre scurce was estimated dy
the dye binding method (Bradford, 1576) ueing D3A as standard,

642Cs Extraction and quantification of IAA during leaf
developments

m#(vn extracted and quantified fluorimetrically (Stoeasl
and Venin, 1570) in the developing leavess 15-20 gn Lrozen
tissue (middle part of the devained Leaves) was hoaogenized in
80 % {v/¥) cola methanal (1310, w/v) as smnteéa:“%: by Horgan
and Durhea (1583) using butylated hydroxytoluens (1 mg/md)
(X100 gt al.s 1530), glass powder in chilled pestie and mortar,

The slugry was kept on magnetic stirrer for 12 hr, vacuum
filtered and yesxtracted fer turthei' 12 hr using same solvent,
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The combined filterate was centrifuged (10,000 g8 15 min) %o
remove cell debris. The methenolic supernatent was reduced to
aquecus phase under vacuum (37 *C), and left overnight in
freczers The frozen extract was thawed and mixed with (NiH,) 80y,
(Cu76 gm/ml) and kept on magnetic stirrer (1,0 hr)y The -
precipitated proteins vere remoﬁd by centrifugaticn (w,aoo &3
15 min)s The cleer supernatant was sdjusted to pH 2,5 (with
cong K,S0,) and extracted thrice with diethyl ethers The
combined ether phase was reduced partly and stored overnight in
desp freezer to remove traces ¢f water. The sther phase was then
teken to dryness and the residue was redissolved in absolute
ethancl, 7ihe total I4ii in this extract was determined fluoroe
metrically, | | ‘

Briefly, amall aliquote of sample was taken to dryness in
test tubes The seuple was then derivatized with a mixture of
trifluoroacetic acld and acetic anhydride (131, v/¥) at Oet0 *C
tenperature. _After 15 uin the reaction was stopped with
chilled NayCOy (5% w/V)s The fluorescence of resulting
sdlution was measured at 500 na using 450 no as excitation
wavelength (Systronics, India). Correction for baakarmd
_fluorescence was cotained by adding Na,COy to the sanple piror
to derivatizing sixture, The total IAA in the extract wes
calculated fron rcferinct line prepared using indole«3«pceatic
acid as standarde The va'lue was corrected for loxes during -
purification, by rumning tﬁe sace procedure using aut;aenué
IaA (Signa).

-
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6,2Ds Extraction and quantification of phenols: |

Phenolic compounds were extracted by homogenizing aamyl:d
and dried (50 mg) notch explants (6 mz®) in chilled mortar with
cold methanol (80 %, v/v) and a pinch of glass powder. The
homogenate was centrifuged at 8000 a:‘ (10 min), The superaatant
was coliectéd and the residual pellet was reextracted (twice)
with game solvent* The qupeinatanta of ail. three extractions
were pooled and final volume was made to 25 m with sane solvent, '

The total phénplica in the pooled extraqt was quantified
using thé methdd of Swaln and Hillis (1959). An appropriate
aliquote was diluteé to 7.0 ml with dist water and 0.5 ml of
Felinephenol resgent was added and mixed thorougﬁly. © After an ,
incubation (3 min), seturated Na,COy ( 1 ml, 33 5 w/V in water)
vwas 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 chl orOgénic acld ag standard.

6425, 1p yive labeling of IAA oxidase during bud cutgrowths

Total 65-70 notch explants maasurmg (0,25 cu®) were ‘
induced for bud cutgrowth by keeping on filterpaper soaked with
dist water, cyiloheximide (-10/;1\1), BAP (1, M) end pyrocatechol
(0.1 mM) emch containing (Mc)scrine (105 oCi/mmol) at 1345
MCi/ml in petridishe After incubation (12 hr) the explants wer
_ taken out and washed thoroughly with dist water containing cold

serine.

\/
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6.2F, Cualitative analysis of IAA oxidases

The labsled explants were homogenized in 0.2 i borate
buffer {pH 9.0) and Left on stirrer for 30 min, followed by
centrifugation at 15,000 g {15 min), The clear supernatant was
®ixed with three volumes of cold acetone and left on Lce (30 min).
The precipitated proteins were pelleted by centrifugation at
20,000 g (20 min)e The resultant pellet was vacuum dried to
remove traces of acetone and later on dissclved in TriseHCL
buffor (0.5 M pH 6.8). Total 60 lg of clearsd and partially
purified protein sacples ware applied to nondenatured polyacryle
anide (8 % or 1018 %) vertical slab gel (PAG)(0.5 mm thick).
Protein.s were aaparate& h;ith Trigeglycine buffer C.25 M, phi 843
at 150 volts and 25 mAmp current (for approximately 3e4 hrj.
These all analytical steps were conducted in cold. (O=10 ‘(:)‘.

The separated proteins were stained for IAA Gxidase using
the modified method as described by Hoyle (1977)e

1A4 oxidase staining solution =

A 3 Fast Blue BB @alt (10 ng) diseolvad in ethanol
(2.5 m1) ‘ ‘
B 1 A mixture of 2 uM each of pecounmaric acid, IAA
and H050 dissolved with few drops of ethancl in
. dist water. )
C % 2 M Naencetate buffer (pH 3.8),

i
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The worki.ns staining soclution was prepared by sixing
solutions, 4, B and C in the ratioc of 1t2:1,

The isogyues (s=8) of IAA oxidase detected, wers cut from
the gel and solubilized individually in sclentilation fluid
(10 ml) using H0, (few drops) and the radisactivity counts were
taken on scientilation counter (LKB, Sweden)s Similarly,
aliquoteé were taken £romw earliest clear supernatants, and
protein samples £5r radicactivity counts tn celculaste uptake and
Ancorporation of (1C)serine in sdluble proteins.

6,26, Statistical enalysis:

Varicus paramsters were subjected to atudm'é‘n test
for any correlation batween them, ms described by Redel (1982).

6.3« RESULTS

£

Ge3As Changes in IAA content during laaf developments

_Compared to the leaves of other nodes, the first nodal
leaves contained the maximum amount 0f IAa (Figo Celk). Uith
the progressive maturity of the leaf, the Ia4 levels declined
rapidly upto the 4th nodal leaf position which registered
- (0e31 4 g) alrost eight times Less than that of the firet nodal
leaf, In the lemves of subsequent lower nodes (towards the
baze of the plant). the IAA levels muintuined slmost the sune
value as that of the 4th nodal leaf, |



126

6s38¢ Kinetic analysis of IsA oxidases

For kinetic enalysis of IaA Ooxidame, the partially purified
enzyme source (acehone pracipitatim) vas assayed at various pH
(210) and over a range of substrate (IAa, o.z@mﬁ‘;ém) and
snzyme concentrationg (10«50 %). The optioum activity of the
enzyne (20 %, w/v) vas found at pH 340 (Fige Getb)a The Kg
value for IAA as caloulated from Linewcaver-surk double reciprocal
. PLOt 45 0466 mi (Fige 6e1C)s | o

64503 Changes in IAA oxidase levels during leaf cntogenesdss

In the very young leaves of first node, the a.utivﬁ;y of
Isa oxidese enzyme was minimum (Fige 6.12)¢ During loaf meturate
ion the ensyme activity displayed a prugreséive inoressing trend
- with rapic rise upto 3rd nodal leaves and th¢_reafter the pace = —
declined. The enzyme activity in the 4th nodél leaves, in which
the epipbyllous buds are physiologically mature to gerninate o
isclation, was 3.6 times higher than the youngest lerves,

Ge3De 144 oxj.c;iaae éctivlty during epiphyllous bugd outgrowihs

In the dormant bude (on attached leaves = 0 hr) the 1aA
oxidase activity was low (Fig. 6.2), Vhen these buds ware
dissected with thelr subtending notches from leaves and incubated-
in diet water, the enzyme activity rapidly increased till 24 hp
incubation registering almost © fold rise (Fig. 6.2)¢ Visible
sppearanee of bud, en the other hand, was noted only on the 4th
day. A8 the growth process progressed, the enzyme activity
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began t0 declins upto 72 hr and later on it stabilized arcund
the initial value of the dormant budas after attaining a alight
rise on the 4th day.

' Epiphyllous buds, in motch axplants, m:;ubaéeé in BAP
also showaed growthe A aiight stimilation over gontral vwas
observad in the gersinating hude, lowever, notches incvbated
in BAP ( 1 W\ H) displayed only 2 fold incraase in Iahs oxidase
activity upto 24 hre This is in tontrast to the six Zold increass
&bsnﬂ‘ed in the controls In the presence of pyrocatechol and
~cyc1aheximde. the enzyme activity did not :&nemnae and m'm:lned
at the same level as that of O hr value 'mrﬂug;hmt the perioda of
incubation ( Flg. 6.2)3 during this period and thereaftor ntne
of the buds showed growth, '

GuJie “ualitative analysis of IAA oxidase during epiphyllous
bud outgrowths |

On 10#18 % pradient nondenaturing PAG, Gorment
epliphylleus buds showed & very fajnt band for Iah oxiduge. Lhe
isolated notches incubated in dlst water for 12 hr displayed
' a very intense pend (Fige Ge3a). However, on 8 & aam&mﬁarms
Fit & sotsl of three lpozymes nmmely 4, 2 sad ¢ of IA4 oxldase
were noted witk B py the majer band (Fﬁs;‘ Go3b)e On the other
hand, buds incubated in pyrocetechol and DAP displayed wore stain
intensity in band ¢ than 8 and Ao Cycloheximide trestment to the
buds covsed very tsligm: staining Intensity c£ &il the Shree
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lsozyses suggesting fe novo synthesis of all the icozyces,

To confirm this de novo synthesis of IAA oxidese during the
activation of bud growth, the enzymes were pulse labelled with
(““c} eerine for 12 hr Lfscedlately efter excision of noiches fron
the leaves, In control, almost 13 % of total incorporation of
_ proteins was noted only in IAA oxidase with mosd of the
incorporation in bands B and A, Cycloheximide trectreny shoved
‘orly 5 % incorporation almost 6145 % less then that of the contrel,
Treatmnt with pyrocatewol and SAP. exh:.b.iteé almost 10 and
7 % incorporation of G“c)aerzne in' total IiA oxidese with more
relative abundance in isozyme C (Table $e1)e

7’

6.3F. Chengas in Polyphencl oxidmse (PFO) activitys

After an inlitisl alight rise, the PFO activity chowed
declining trend upty day 3 precsding the awtua; day of bud
eppeavance (Fige 6.4)« On dayel the PPO activity found was
slightly higher than dageQ value. With further develuprent, the
PPO activity declinsd repidly, the activity being 2.8 times
lowsr compared to activity in dormant buds. ‘

Afterwards FEC registered increasging trend again, im;saver
the increase being vexy slight on the day of appaarance of buds
Iros isolated notches,

6.3G. Changes in parcxidase activity éuring bud outgrowths
Dorzant buds exhiblited very higzh activity of peroxidases
Howovery the activity continued to decrease during the process
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13

of bud outgrowth (Fige Ga5)e On day~3 the enzyme activity
regliatered was alnpst 30 times iewer than the sctivity in .
dormant buds, After atiaining this lovest activity, the

' percxidaéa showed meréaaing trend rogiwe;'ins 53 fold rice on
the day of bud appearance, compared 1o the daye«3 m\tivztyc
On subgequent days the activity cunt;i.nued to decime againe

G434, Changes in phaenclic contents during bud outgrowihi

The dormant epiphyllous bud containg 13,67 mg phenciics

. per gm dry velght, The phenolic content dechined an very first

day of incubation, Howsver, 1% begén 1o incresse alitesward and

attained meximup value On day=3 prior to visuel sppearsnce of
bud euigrouth (Fige Seb)e '

Holiy DIBCUSBION

The physiological and blochemical evanta occurring during
the oarly stages of in vitro development in higher plant aystems
éra not well decumented (Rato ot gk, 1581). Noverthcless, the
activation of cell leading to dtfferential ‘@ene mction, includes |
the cellular events of replicaticn, transériptzm and translate
ton (Thorpe and Bipmat, 1981), This causes a shift in retabclisa

' leading to changes in structural and enzyrmatic proteins. In j
\x‘act,_ there is en apparent need for the synthesis of epecific
Proteins, e.g. in Douglas for (Hasegava et al., 1979y Yasuda gi QL-,'
1580). Since, theme changes precede orgenized davel opment, J
then as Benner (1965) pointed out, such changes, in which xew

4
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enzywes originaily abseni are synthesized or which are prcdint
show incremsed synthesis and/or activity:)a prioph must be
cause rather than a result of differentimticn, ‘ , )

The greatest anount of 1AA in the firat nodal leaves
(youngest Leaves) and its gradusl decline with leaf maturity
ingicates the differential requirecent of IAA during leaf
developoent. As such leaves are known to contain auxin,
particularly, the young leaves being the site of auxin synthesis
(Moore, 19695 Schnelder and wightmen, 1974, 1978). Further, the
‘rapid decline in 14A canntent with the pénsresaive ieat Age “
denotes the role of 1A in the growth of leaf which mn attainvent
of maturity shows deciine in auxin levels (Sheldrake,1573
Wareing and Phillips, 19823 Degroote and Kuir,1977).

A continuous ilncrease in IAA oxidase act:.#&ty during
lenf development in present studies is in agreement with the
observation of Galstom and Hillman (1961) that the IAA oxidase
activity shows increasing gradient from actively growing
(young) to nongrowing (old) tissuss, being highest in the mature
ones. Further, a significant negative correlation was
established between the I4A content and 14A oxidase levels in
the leaves ( r w = 0,93 and p <0.01). Similar, cmclusions were - -
zade for these two parancters during abscission in bean seedlings
(Jein gt gl... 1965) y 11ght induced hook opening of pem seedlings
(De Greef gt aleo1977), in apple callus (Epstein and Laves,1975)
and olive leal (Epstein end Lavee, 1977).
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Very low 14s oxidase activity in the dormant buds and
several fold induction az early as 4 hr (Fig. 6.2b) arter
incubation indicates its role in controlling epiphyllous bud
outgrowth., Many workers have reported consistant increase in
1AL oxidase during ripening of fruits and suggested that
oxidative degradation may represent a mechanisa for the
inactivation of endogencus IAA in the fruit and thus promoting
ripening {(Frenkel,1972, 1575 Frenkel and Haard, 1975)e

A very gquiek ausmentaﬁan as ﬁ%arly as 4 hr gnd upto
12 hp in IAs oxidase activity (Fige Ge2b) and then marked
decline in the activity coinclding with the bud appearance,
ioplies the differentlial requirement of IAA for growth of -
primordia than for their induction, Similar, conclusicns were
- drawn for wt:.atmn and growth of root primordiam (Druart g% Sles
15823 Moncousin and Gaspar,1983). Jasoanwala gt al (1977)
have also demonstrated the diacritical demand of IAAlin
developing cotton hairs during elongation phase and aecondary
thickening and deponstrated the role of IAs oxidese in these
events, ‘me\x{apad decline in the IAA oxidase activity during
the later stages of bud appearance seenmg to be due to the
aceumlelt&gn of phenolic inhibitors, A direct negaﬁw
correlation (r = 0,755 p<041) was obtained beotween the I4A
oxidase level and total phenclic content during the course of
epiphyllous but outgrowth, implying inhibitory effects o IAA
~oxidase activity (wolf et al.,1976, Heyndlds, 197Bf Bearder,1980).
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Zo_clarify whét!;ur the increase in 1iA oxildase activity
is the cause/ cciwnquenéa oL the bud growth processs three sets
of check uwere performed,

In the first check, effegt of exogenous cytokinin on the
level of IAA oxidase was examined. It was hypothesized fhnt
the function of mcreaaed activity oz‘ IAA oxidese is to degruce
endogenous inhibitory IAA levels s0 as to reduce the tux&n/
cytokinin ratio favourable for bud growth, The dacrcau :l.n
auxin/cytokinin ratie within/arcund the buds can also be
brought about by the exogenous cytokinin. In this situation,
one would not expect any incremse in IAA Oxidase in the buds
undergoing growths As expegted, %herc vas an oxtremely szall
increase in the activity of IAa oxidase (Fige 6.2}3) in the
induced buds in the presence of BAP (1 M)e Similarly, in .=
tobacco callus also, incremsed levels of kinetin caused a
d¢crease in the ;pemze activity of IAA oxddase with almost
60 % decline in cytoplasamic fraction (Lee, 197&)» Sindlarly
low 144 oxidase activity wvas reported in kinetin grown cells
of sycamere (wWeston et 8le,1978). '

In a second set of control, the application of pyrocatechol
caused inhidbiticon of epiphyllous bud growth. Pyrocatechol
(142#dihydroxybenzens) 18 a specific inhibitor of IAA oxidase
(Caspar 2t al.,1564), As such diphenols are known for their
inhibitory cffects on IAA oxidase activity (Schneider and
Ef&ghtm. 1974). iwna of the cul tured buds (in pymcatachol #0et mM)
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~ ¢ould show any increane in the activity of the enzyme (Figg Ge2b)e

In & third set of control, endogenous protein synthesis
vas iohibited by cpolo heximide, As & consequence, the buda
cultured in cyclohexisdde (10 ;xsE) £ailed t0 show any growth, -
Ho increase in I4A oxddsee activity was noted in the buds
troated with cycloheximide in the present studies (FigeSs2b), .
The result along with in vivo labelling of enzyme with (“gserine
implies thet de novo synthesis of I4A oxidase is necessery for
bud outgrowth, Zarlier work has shown that the formation of IaA
oxidase was inhibited by cycloheximide suggesting & requirement
of protein synthesis m‘ tobaceo callus (Lee, 1971, 1972) for
argaﬁ Tormations ' '

~The§e results elearly show that the Qp&phylima buds
aghlave the cémpetance for growth when tﬁert is an increase
in Ins oxidase activity with concomitant decrease in thedr IA4
contents A diphencl pyrocatechol, the inhibitor of IAA oxidase
suppresses the growth of buds and the inhibitor of protein
synthesisp .tnhibita induction er bud growth per je as well as
the rise in thc setivity of IaA oxidase. -

Earlier, based on the stimilatory effects 0f FCA (pecoumaric
Rcld) on the growth of epiphyllous buds of Bicalyginus, Houck and
Hi.eaeberg (1983) auggestad the paas.t&lc involveaent of TAa-
oxidase in the reduction of auun/cytekinin ratio to favour bud
gromth, At this Juncture, it is necesgary to sention that in
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Ssdiapremontianum bud gt‘awth vas assoclated with lower rather
than higher extractabl:e gytokinins levels (Henson and Sareing,
1977)« This iz in line with the presusption that isolation of
leaf (stress) m&ueea de povo synthesis of IAA oxidase which
brings down the inhibitory levels of auxin to an optinum
auxin/cytokinin ratie withaﬁt any appreclable changes in ‘cyto'kmm
ievels (Henson ang Wareing,1977)e In this contexts vater stress
enhanced 1AA oxiduse activity in etilolated pem seedlings and
tomato leaves has been reported (Dai*byahira.*l??‘i & and b)e
Sembdner st pl.(19680) also esphasised the role of putritional
conditions and phys!.cal. factors in regulating the I4a oxidase

activity, elther directly or by influencing horucnal end other
chemicel efiectors. |

Through (14c)serine labelling, it was noted that 17 % of
the totel incorporation attributed to proteins. Of the total
incorporation in proteins, 13 % eléne was found in IAA oxidase
thus confirming the hypothesis that IAs oxidese is being de nove
synthesized which in turn induces the bud growth by lowering
the Ia4 levelss

Further, it was also noted that isozyme B comprisad slmost
half of the total incorporation in totel IAA oxidese, and
therefore could be the main source for IAA 'deaar‘:sexymtian in
the leaf notchoa, In this ecmtm, there are reports of increased
L1AA oxidase isozynes during frudt ripeaing, bringing down the
supraoptimal auxin level thereby promoting ripsning (Frenkel ;19753
Frenkel and Haard,1573). |

N
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Zarlier studies (chapter 2 and 3) implicated the rale
of ethylene in inducing epiphyllous bud outgrowth in &.m.
It scems that, stress induced ethylene triggers the synthesis
of Iaa oxldaze, thereby stimilating the bud growthe Recently,
Broglie gt gl (1985) have isolated, characterized several
chitinase LA clones and demonstrated the induction of enzyme
chitinage by ethylene with transcriptionsl control in bean leaves,
Similarly, Grierson gf gl,(1986) also reported ethylene induced
accumilation of new siliss for polygslactufenase in' tomsto frudt -
during mature green stage and implicated its role in frult '
ripeninges

‘the slightly highey lavel of FPFO enzyme in the early
phase 0f bud develapmént, may be producing snough quantidy of
inhiblitor c=-diphencl (Duke and Vaughn,1982) of IaA oxicuse 0
sustain bud growth during later stages of actual bud appesrance
in the notches, In this regard, Bassuk g% al.(1981) have reported .
dnvolvement of PPC in the synthesis of phmni:.c cofactors which
promote réotina by scting as auxin protectors (3alapicha and
Subramonian,1963)s Zarlier, Griffin and Stonier (1575) had alse
reported the inyalvement of PPO in auxin protegtor Wa&mﬁ&m
in the developing coffee frults. B

It has been also denmonstrated that PPU catalyzes orthow
hydroxylation of pecoumaric acid ©o cafflec acid (Butt,1979;
Duke and Vaughn,19682) which is a potent inhibitor of IiA oxidase
(Bearder, 1980 )« Thir reaction has besn suggested to ocour in wive
also (Hnll._iwcll.i?’iﬁ)»;?rm these, it is quite apparent that FFO

5
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has its effect o bud outgrowth prodess by coutrolling Iss
-oxidese levels through its ability to catalysze he formation
of owdiphencls snd polyphensls Partially purified FPO hag been
reported to form sldehydes using amdne acide and diphencis
(Srivastava, 1986}, thus regulating the metaboliom of phenols
which can be synthesized rapidly and at rates which wonld
appaar to impost plant motabolic cagacuy‘(.(:freanyg 15671

Yeoroxidass - an engyue regulating numerdus f&mw o8
erowth and ,ai:ﬁ:{’aermtmﬁan (Thorpe and éaspar,‘: ﬁ’a‘i‘s; Epstein
end Lamport, 19843 Lempors,1308), dus 4o its offect on
endogencus auxdn including Lignificatien (Barlow,1982; Kdcard
and Job 1974; Cosper gt 8l.,1585; Goldberg et al. 1583
Secbdner gt pl.,1580)« Normal developmentel prosess demand
ligniiication for wylem formations Further, growth prucesses
sleo include cell wall changes vhers Lignin plays an importent
role meinly through rigiaification (Talz,1584), It Lg likely
that percxideses are responsible for tho asseshly of pulmem
(1ignin, polysaccharides and proteins) in the cell well and
are therofore, quVe§ in the diiferentiaticn process
(Epstein and Laspors,1984).

) ike high levele of geroxt:mw in dormant Suce oould be
due to the inhibitory levols of auxin, whilch is known to
maintain and promote peroxidsss activity (Richavd gk &d,1976).
In a germin&tms; pollen of 14ly ' the peroxidase activity was
Zound distributed only thruugh?é-@ the older reglom snd not
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 within the grewing tip or region iunediate subjacent 1o it
(Dashek of gles1579)e

-

o correlation was cbserved between the Ias oxldese Level
end peroxidase activity during the course of bud development,
nullifying the possibility of peroxidative degradation of IAbe
Similar conclusions were drawn by Raa (1571} for any role of
éeraxxéase in im& Gegradation, The dlfferentisl effects of ethrel
on Iid exidase and percuidases in Irisonella seedilngs indicated
that two enzymos are functicnally different (Fegha and Lalorays,
1578) JHibvevar, thers are roports of cationic percxidase widch
serve as Ia4 oxidases (Gove and xloylo.‘l'::?ﬁ; at.eham &% ghe 15724
Nalajioa and Yamazakl,1979y Hoyle 1577 hawal and me:.:‘ka. 15827
Broocks, 1980) even in vivo (Boyer gb alei979)« But meny workers
have reported the seperation of lia oxidass which wera devoid
of any peroxicace activity (Seqeira and wm%&; Lyyant and
Lane, 19793 Taluar St al,,1585).

- In a photogynthetically active metabolism in a normal leef
such a high level of this. enzyoatic system ocould be involved
mainly in regulating the inhibitory levels of H,0, (Goldverg gt gle
1967) through oxSdation of various substrates (Scendalios,15743
Brernan .¢t ale, 19793 Thaker gt al,,1586) including dimmines
and polyaminss (Hazell and Murray, 1582),

The possibility of lower peroxidative activity durivg the
bud growth pracess could be due to the pool of peroxidase in
transdit from cytoplasm to the cell wall (Agkerlund gt ale,1967),
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since peroxidase resdily binds to the msmbranes by sdsorptiom,
Thus, catalyzing 1ignificaticn and teking cere of asy
posaibility of pathogens' entry (Gasper et 81,1585} ‘shuai
exhibiting very low cytoplasnic activity. '

!

The optimusi ectivity of IAA oxddase found 2t il 2.0 ia in
sharp contrast 40 earlier reports of this enzyse from young
teaves of lmpetiens (Kanwn\r’and Nenda, 19686) and cottem fibre
(Rama Heo et al.,y 1982), where the maxioum activity wes reported
at near neutrel pH, in‘ pregent studies the K, of pamuy
purified enzyme ig (.66 oM as calcwlated from Lineweaver-Burk
double reciprécel plot (Lehninger,i1975). On the other hand
Talwar ot s8l.,(1985) 'mportea Km value of Co78 of purified 14A
oxidase (noneperoxidative) from mmg bean cotyledons, Tlius, this
study indicetes thet the énzyme 1aA oxidase of kemorbagel de
unique than other plunts so far yeported in having & very acldic

H optiza for its activity and still of g,x;ﬁa;her afficity touards
the substrateslile
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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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Qualitative analysis of I4as oxldase
during bud cutgrowth, .

(a) Induction of IAA oxidase during
very earily stages of bud ocutgrowth,

{bd) Bffect of inhibitors on the pattem
of IAA oxidase isozyme after 12 hr of
incubation,

& « diat water control
b = pyrocatechol

¢ = BAP

d = eyclioheximide

& - O hr control,



12



6.4,

8 |
z
g
-
4T
L -
LY
2
¢ L L |
- 0 2 ‘4
Incubation (days)
6.5.
4
f
4t
-
-
R4
<
L
=
=a2r
¥
0

{ncubat fon {gays}

6.6.

B

{

1AA oxidase {wunits mg protein) -O-

12¢

gheholscs (mg/gm dry welgnt) -@-
L

(o] 4
A
N

Incubation (oays)

Fig. 6.4. Changes in polyphenol oxidase activity -
in developing buds..
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Fig., 6.5, Peroxidase activity during bud outgrowth.

Fig. 6.6, Changes in phenolic content in comparison
-t0 IAA oxidase levels during bud outgrowth.



Tabhle 0.1 Incorporation of (Mcz) serine in Iah oxddemer

o

% incorporaticn

Treatuent BandeA BandeB  BandeC . Yotal
Contrel {(water) 4,89 5,88 1+93 12,74
Cyclohexinide 2449 158 1,28 05.37
Pyrocatechol 3.62 301 2,89 0% 52
Benzyladenine 2495 131 0725

2,98

e



