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5*1* INTRODUCTION

§«1A« Apical meristem and plant development*

In the early stages oat tha development of embryo all the 
cells undergo divisions* but during tha further oouraa of 
eubryogeny call division becomes restricted to special parts of 
tha embryo* Such typical tlaauaa remain embryonic in nature 
exhibiting vary little differentiation and tha cells retain the 
ability to divide* These embryonic tissues are called aeristeos# v 
Tha cells of meristem continue to divide indefinitely and aa a 
result new calla are continuously addsd to tha /.plant body (Fahn* 
i98a)*

Apical meristems Initiated in the embryo of higher plants* 
function directly and indiractly through the formation of other 
meristema to produce tha entire body of the plant* Tha 
indeterminate pattern of growth of higher plants by tha 
continuous activity of tha apical meriatem leada to tha steady 
accretion cut mature tissue in the older parts of tha plant body* 
/while the meristeaatic activity ia maintained at the ehoot and 
root apicea* She overall structure and organisation of the 
constituent units of tha shoot art established during the 
seriatamatie phase of development at which stage the prinorflf* 
of the various units are quite smell • of the order of few

/
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^■flliseters or «o (warning* 1982a)* However, the cellular 
differentiation in plant appears to depend sort on the position 
that a call occupies in the plant than on the clonal lineage of 
the call (Sussex* 1935)* But for tbs foraation of regular and 
heritable pattern at any level of organisation tbs ceil require* 
positional signals whose nature* mode of transmission and origin 
is still obscure* Moreover* once the cell ie beckoned* it can 
embark on differential gene expression resulting in cell 
specialization (Sachs* 1978). Walker and Bruch (1985)# iron the 
series of experiments using ths epidermal layer of citrus 
advocated ths inv&venent of aorphogsns * other than ths osier 
phytohormonas*

5*13* problems in studies on molecular aspects of plant 
development*

She installation and subsequent organisation of seriate* 
oatic function in localised groups of cells at specific sites 
is a saior aveat in establishing the pattern of continuous and 
sequential pattern of plant development. still very little is 
known of the sGieci&ar end genetic events underlying the 
developments! pathway of seriated formation or how exactly 
these events are related to observable changes in cellular end 
tissue structures (Msinke end Sussex* 1979J Ssnchs^iartlnsz 
at a^** 1936). One of the aaior reasons responsible for 
paucity of such knowledge is the lack of appropriate experimental 
system (Thorpe* 1978j Mehta* 1980t Tran Thanh Van and Trinh* 
1986)*
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Shoot meristeiao of most of the angiospenoic plants are 
very snail Of the order of 40*60 M (shah and Umikriehnan, 1969s 
Shah and Ba$it 19751 Shah and Yasudeva Bao# 1977)* So that it 
Is difficult to got sufficient experimental tissue for molecular 
analysis* Bosidos their small also* number of aaristsms par
plant art limited hy ths umber of nodss psr plant* Further*

\

the ceristems of different parts of a plant as well as of 
different plants are not highly aynchronous in their development* 
Moreover# the multiplicity of correlation between organs# tissues 
and cells in intact plants render the studies on morphogenetic 
pattern leading to differentiation# difficult to locate precisely 
the recognition sites as well as the cells (Tran Thanh Van and 
Irinh* 1986). since the demonstration of steward at •!. (1958) 
and Belnert 1959) of induced somatic esbzyogeneals froa
isolated explants and subsequently from cultured cells as well 
as presentation of induction of shoot and root marlatems on 
tobacoo pith explant by manipulating auxin/cytokinln ratio by 
Shoog and Miller (1957)* these systems have emerged as alternative 
systems for information on suoh fundamental studies on plant 
development (Kornur* and Komamine* 1936)# But* such systems 
suffer from the common drawback of artificial triggers# where 
a stimulation for morphogenetic differentiation with the initial 
reverse process - from differentiation to dedifferentiation 
(Sanches de Mimses and Fernandes* 1985) seems to be an 
external source* Apart from this* there is an intervention of 
callus phase in between giving more heterogeneity to the system*
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and nonsynchronous response (Thorpe* 1978} Mehta# 1980}* The 
use of thin sell layers as an experimental system has been 
emphasized due to the direct formation of wide range of morpho­
genetic patterns from homogenous differentiated cells (Tran Thanh 
Van* 1973 a and hi 1931}* However* such superficial explaate 
suffer from their own problems* They include the exacting 
conditions required to grow the donor plants and very large 
number of explants and meticulous handling of explants required to 
carry out investigations (Thorpe and Biondi* 1581) including the 
lack of synchrony between the developing merlstemoids (niche* 1980)

5* 1C* Model system for molecular studies on plant developments 
Of; ’ '

In search a model system to study molecular events of plant
nshoot meristems* one sets following criteria (Thorpe* 1979)*

1) easy accessibility
, /2) availability in large quantity

3) synchronous and rapid growth vivo and as well as vitro
4) precise location*

/

, In this regard* the epiphyllous bud meristems of Kalanchoe 
app* fulfills am the above criteria* Earlier* Bicfcs (1980) in 
his review on patterns in organ development conclusively 
suggested the us# of simpler systems such as meristems or organ 
primordia for studies on the determination in plant development*
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5*1&t Plant developmental studies and gene expression*

It is well documented that plant development involves a 
progressive differentiation of tissues and organs giving rise to 
a vide range of different types of cells (warsing and Phillips* 
1982) • Further* the procsss of development involves a controlled 
gene expression* thereby right genes are expressed in the right 
©die in sequential manner as saltier proposed by Haldane (1932) 
is now well accepted (Grierson and Smith* 1982)* But* for 
establishing end maintaining specific developmental statue in 
higher plants a differential gene expression is required* For 
example* en anther has at least 11000 diverse vBBAb that are 
absent from the pdysoaee of other organ systems* with the root 
having atleast 7000 organ • specific sBHAs* Further* both 
transcriptional end post ** transcriptional processes are known to 
regulate the sequence composition and prevalence distribution of 
each developmental - specific siRBA set (Goldberg* 1986)* At the 
same time* the end product of gene expression are biologically 
active proteins (Hover* 1982)* thus different types of special* 
ized cells or tissues in a multicellular organism exhibit 
different protein complements in spite of the fact that all have
the same genetic constitution* This reflects that various kinds

\

of differentiated cells differ qualitatively and quantitatively
in proteins including enzymes (scandalios* 1983)*

, /

Using various techniques* extensive changes in the flffiHA 
population during differentiation of many different anlaai cell 
types have been reported* Cooperatively* variation in gene
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expression during higher plant development ban only baan 
studied vary recently CYalllant at ai»« 1983} Kainke, 1986)•
Da Vries at al« (1982. 1983) studied the changes in abundant - 

aBNA population in paa aaadlinga and showed the presence of snail 

nuaber of shoot apaeifie nRNAs* Sloilariy* Kauaiay and Goldberg 
(1980) demonstrated that the gene expression is highly regulated 

in different but fully differentiated organs of the tobacco 

Plant* Analysis of esobryogenesis has shown large scale changes 
in the concentration of afiXiAa during development in cotton seed 
(Cure and (Man, 19811 Bure and Galau* 1981 )* soybean (Goldberg 
£&&•* 1981) and ghaseolua vulgaris (Klara and Bewiey, 1985). 

Gene expression has also bean studied* likewise* during leaf 
development in various plants like barley (Viro and Kloppstecb* 
1980)* wheat (Dean and Leach* 1982)* oats (Taylor and Maoktnder* 

1977)* seize (f^ay field and Saylor* 1984) Kartineau and Saylor* 
1985) and Lollua (Oughan *1«» 1937)* Changes in specific 

proteins synthesised has been reported in elongating hypocotyl 
of soybean Uurfluh and Guilfoyle* 1980* 1982)* in tobacco 
loaves induction of pathogenesis * related proteins (M&tauoka 

and Cbaebl* 1986) and during germination of fern (Ono&lea) 

spores (Huckaby and filler* 1984)*

Due to the sore complicated norphologlcal structure of 
shoot than that of root - apices (Barlow* 1982} Coletasa and 
Thorpe* 1985)* the later Is the widely used experimental material 

for studies on molecular mechanisms involved in plant deveiopoant 
(fiohm and Werner $ 1987} Vaillant jt * 1983) Feldman and Gil daw*
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190% Hohan Ran* 1980) Vartanian » 1987$ £&&&*!&&•#
19@7)» However# except for fax studies on floral transition of 
vegetative apex (stiles and Davies# 1976$ Fierard j£ &•# 1980} 
no comparable studies are available for oeristem initiation and 
development# in spite of the occurrence of characteristic 
developmental plasticity of apical mariettas (HeiUke# 1986)*

Based upon these reasonings and the wall documentation of 
central role of proteins in detensining the specific morphogenstie 
structure in plants* an attempt was made to examine the quantitate 
ive and qualitative< composition of proteins in the mariettas of 
epiphylious buds during their resting *► dormant stage* Further 
any change (e) in such composition was also traced when they are 
reactivated to form now plantlets vitro by culturing then on 
simple medium*

5*2* MATERIALS AMD METHODS '

S*2A* Extraction and quantification of nucleic acids*

The method described by Cherry (1982) was followed for 
extraction and quantification of UNA* A known weight (600 mg) 
of sampled notches were homogenized in cold 60 % methanol 
(112 w/v)# The insoluble material was sedimented by centrifugate 
ion (8000 g$ 10 min)* The sedimented material was subjected to 
reextraction (two times) with 0*2 M HCIQ^ (8*0 si) and followed 
by ethanol (3*0 si)* The residue was then extracted with 10 XL 
ethanol s ether (2st) at 50 *C (30 Bin)* The leftout residue
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after centrifugation (10,000 g) was incubated with § ml of 
HCiO^ ( 5 v/v) at 70 *C (40 min) in waterbath* The Hd04 
bydroiyeate was kept in refrigerator overnight* Absorption 
difference at 260 and 290 run of the cleared supernatant was used 
to find out total nucleic acid gaing similarly treated Torula 
Yeast RNA (sigma) as ftandard*

Total £$*A content was determined using diphenylamlna (DPa) 
reaction (Burton, 1956)*

Briefly, an aliquote of nucleic acid extract supernatant 
was diluted to 2*0 ml with HdO^ (0*5 N) and mixed with 4*0 mL 
of dfa reagent* The mixture was incubated overnight (12 hr) in 
waterbath (30 *C)* The absorbancy of the coloured solution was 
measured at 600 nm and compared with the standard OKA (Calf 
thymaa) (Sigma) to calculate total BHA content*

The total RftA content waa determined by sUbstracting total 
DNA content from total nucleic acid*

Preparation of DPA reagent

1*3 gm of purified DPA waa dissolved in glacial acetic acid 
(100 ml)* concentrated H^SO^ (1*5 ml) waa added to the mixture 
and stored in dark* At the time of use# 0*1 oi of aqueoue 
acetaldehyde (16 mg/nfl.) was added for eaoh 20 si of reagent* 
required#
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5*2B* Changes in ENase activity during bud outgrow tilt

To understand the decline In total ENA content after an 
aarly increase* changes in ENase activity during the course of 
hud outgrowth was studied* fhe extraction of the engyae was 
done as described in chapter tX*

fhe engyae ENase \ was aasayad by a modified procedure of 
McDonald (1925)# fhe reaction mixture comprised 1*8 ML Na • 
acetate buffer (10 mN, pH 3*0) containing yeast ENA (2 mg) and 
engyse extract (0*2 ML)* fhe reaction mixture was incubated at 
57 *C (do min) and afterwards reaction was stopped by adding 3
volunea of billed ethanol* Aftar overnight storage (5 *C)* the

w:reaction mixture was filtered through Whatman No* 1 filter paper* 
Absorption difference* of the resulted fliterate* at 260 and 
280 am was used to calculate the activity of ENase after deduct* 
ing the blank valuta* An easyme unit was defined as the amount 
of enzyme required to inerease the absorption by 0*1 par mg 
protein per hr* Protein quantification in ensyas sample waa 
dona by dye binding method (Bradford* 1976)*

5«2C« Extraction and quantification of total soluble proteinst

fhe extraction of soluble proteins was done as reported 
earlier (Jaerai eft aj*. 1985)*

Briefly* sampled notches (500 mg) ware homogenised In
0*1 N NaOH (2*0 ML) with a pinch of neutral glass powder and

■ \

Insoluble PVP (2 %$ w/w) and kept on magnetic stirrer (15 min)*
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She mtilting slurry was centrifuged at 10*000 g (10 An)*
Equal volume of cold SCA <13 % w/v) was added to the clear 
supernatant and tubes were kept «» Ice (30 An)* The precipit­
ated proteins were pelleted by centrifugation for 13 An 
(12*000 g)* She resulted protein pellet was washed twice with 
water saturated diethyl ether and dissolved in 0*1 U NaOH (0*75 
A)* She protein in the resultant solution was assayed by 
modified lowly* e procedure (Hertree* 1972) using SSA as standard* 
All these steps were conducted at 0*10 *C teopemture*

5*2D* Qualitative analysis of soluble proteins during 
epiphylious bud outgrowths

3*20*1* Extraction of proteinas
During the preliminary studies on protein analysis in the 

present investigations* extensive proteolytic degradation in 
the leaf protein samples was observed* The detailed analysis 
of protease was done to avoid this artifact! details are given 
in section * 3*20* of this chapter* Number of extraction 
procedures were tried to select the one in which a&nleua or no 
proteese artifacts were observed* Finally* the procedure given 
by Karl (1931) was found to be satisfactory with slight 
modifications*

Briefly* sampled notches (300 mg) were homogenized in cold 
extraction buffer (2*3 A) with a pinch of glass powder end 
Insoluble PVP (2 # w/w)# She extraction buffer contained K^CO^ 
(3 mM) * urea (9*3 M)* dlthiothrelotel (0*3 %)§ NP»40 detergent
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(2 % v/v)» L-lysine (0*05 #) and Aoph&lnes (pH range 3*5 to 
10* 5 to 7 and 9 to 11| 2 % v/v each) dissolved in borate 
buffer (0*2 M, pH 9*0)«

The hoaogenate was left on magnetic stirrer (30 aln) and
*>

centrifuged at 10*000 g (15 aln)* The resulting supernatant vaa 
nixnd with three volumes of chiliad acatona (7*5 d) and kapt 
on lea (30 min)* She precipitated pnoteine ware collected by 
centrifugation at 20*000 g (20 ain) * and washad with cold 
acetone (90 % v/v) containing oercaptoethanol (0*1 if)* She 
protaina ware than vaeetim dried to remove trace* el acetone and 
dissolved in extraction buffer and diatrlbuted aa different 
aliquotee and atorad in refrigerator till further uaa*

5*2P*2* Isoelectric focusing (in?) of extracted proteins

XHP was done in a horizontal polyacrylamide slab gal 
(0*3 aa thick) on IKS 2117 MiAtiphore * IX Electrophoresis unit 
(LKB* Sweden)* She composition of stock aolutiona for gal 
preparation are given as follows (1KB Application Hot# 320* 
1381)-

a) Aerylaalda solution - Acrylaaida (22*2 get) and oethylene- 
blsacrylaoida (1*4 ga) wara dissolved in dist water to a 
final volume to 100 d* filtarad and stored in brown 
coloured bottle*

b> Ameanlum persulfate solution {AW3) • AMPS (400 mg) was 
dissolved in dist water and final volume made to 1*0 d* 
Always praparad freshly*
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C> CO»pOSltiO» Of tot gel S&Utifin *

solutions
Urea
WGllidet MtO 
Xesad

1*8 *1 

8*4 ga 
0*2 ail,
10.0

/

Aapholtoe

3*8 to 10*0 pH 0*3 ad.
8 to 7.0 pH 0*28 aO.
9 to 11 pH 0*28 afl.

toe given ingredients were mixed thoroughly and final v&uae 
was made to 10 si with diet water*

a) Anodic solution * 0*1 ol of O-phoaphoric aoid was diluted 
to 10 si with diet water*

«) Cathodic solution - 0*2 saL of ethylene diamine diluted to 
c 10 d with diet water*

10 ^il of ahps solution (B) was added to the deaerated gel 

solution (c) prior to pouring to gel could* Gel stotild waa 
prepared by keeping teflon spacers (0*8 «m thick) on toe three 
sides* bstween two glass plates* which were then seeled by 
agarose (1 % w/v>* toe gel solution in the could was allowed 
to p&yoerlze (about 80 sin) at room temperature*

toe gel plate was then kept on toe cooling plate (10 *C) 
of toe aultiphore electrophoresis unit* with a few drops of 
kerosene in between the two surfaces* Care was taken to remove
any air bubble trapped in between toe glass plate and cooling
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plate* Each absorbent electrode strip* soaked with respective 
electrode solution* vat blotted with tissue paper and applied 
to the corresponding sitetrode sites on the gel*

N

The protein samples (eorreeponding to $00 Hg each) 
dissolved in extraction buffer were applied to the cathodle aide 
of the gel using application pieces (0*5 x iv<cb) cut fro® Whatman 
filter paper (fto* 42) • The two platinum electrodes were lowered 
on the two electrode stripe and electrical circuit was completed 
by giving connections to constant power supply* The current 
supplied for the run was as follows!

Volt (V) Current
(mA)

Power (w) Time (Kin/) Comment

600 250 10 30 Prefocussing
600 250 10 30 Focussing with 

application pieces* 
containing protein 
sample*

1200 250 15 180 Focussing of proteins

After prefocussing (30 min) the application pieces loaded 
with protein sample were applied to the gel and focussing was 
done (30 min}* Afterwards application pieces were relieved end 
focussing was continued (160 min}* Temperature (10 *C) wee 
maintained (haring the run using circulating water*

The composition of staining and deataining solutions ara 
given belowi
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(1) Staining stock solutions «

(A) Coenaasie brilliant blue 0250 (CBB G-250) (300 ag) 
was dissolved in SO «l of methanol and diluted to 
100 d with diet water*

(B) CuS04,S%0 (l#Oge ) was dissolved in 80 al of diet 
water and diluted to 100 si with glacial acetic aoid*

ii) staining solution *

solution A and B were nixed in eq.ua! proportion duet 
at the time of use*

iii) Destalnlng solution «•
CuSG^.SHgO (1*0 go) was dissolved in dist water (130 

sH) and diluted to 200 ml with gleoiei acetic acid (20 A) . 
and methanol (50 A)*

iv) Preserving sOLution «
ethanol (70 %* v/v) and glycerol (10% v/v) in 

dist water*

She eeperated proteins were fixed with cold TCA (20 w/v) 
and localised with CBS G-250 stain (solution*]^) for overnight*

i

The nonspecific stain was removed with three changes of deetaining 
aolution-*]iV at every 6o min interval • The destained gel was 
stored in solution Iv. till their scanning* The separated proteins 
were densitoaetrlcaUy scanned at 800 ns on UV**240 spectrophoto- 
meter (shloadxu9 Japan)*

The pH gradient of the gel was seasured using a surface pH 
sicroelectrode (LKBt Sweden) at same temperature (10 *C) * before 
the gel waa fixed*
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5*2E* Determination of tin* for d£ novo synthesis of proteins*

Isolated notches (measuring 1 cm2 from middle pert of the 
4th nodal leaves) were Incubated in the presence of transcript* 
land and translational inhibitors * sctinoaycin-D (ACTD) and 
cyclohexisaide (CYCLO) respectively at 1*100 )&H concentrations* 
After incubation of 14 days* bud outgrowth response was noted 
and calculated as percent bud outgrowth*

$e determine the period during which new proteins are 
synthesismed that are Involved In the process of bud outgrowth* 
isolated dormant buds incubated In the Induction medium (diet 
water) were transferred at every 4 hr intervals to the 
inhibitory medium (oydohexlmlde) and observed for bud outgrowth*

5#2F* Determination of vivo, rate of protein synthesis during 
bud outgrowth:

Notch explants measuring 0*5 cm2 were induced for bud 
outgrowth by keeping on filter paper soaked with diet water in 
petridish* Every 12 hr interval (upto total 84 hr) explants 
were transferred to medium (diet water) containing (l4C)serine 
(specific activity 108 mCl/atmol) at 1*0 mCl/ml concentration* 
After incubation of 3 hr the labelled explants were taken out 
and washed thoroughly (three times) with diet water containing 
cold serine and divided into two sets*

One set of labelled notches was homogenised in sclenti* 
llation fluid directly to determine the uptake of (t^e)serine*
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the acienUnation fluid consisted of naphthalene (15 g®}*
(1*0 gn) and POFOP (0*05 ga) dissolved In dioxane (250 «L)* 

mother set of labelled notches were homogenised as per the 
procedure employed for protein extraction and quantification* 
to estimate the incorporation in total soluble proteins* the 
aliquotes of the supernatant of both the sets were used for 
radioactivity counts on scientlllation counter (USB* Sweden) •

5*£G* Analysis of protease and ita partial characterisations

5*20*1* Assay system

Eventhough the protein extraction was performed at sub sere 
temperature* non-reproducibility of the eleetrophoretic separate 
ion of protein was a problem* this prompted to undertake detail 
analysis of protease of £,* mortaaei. the modified protease 
assay system U-askowski, 1955) contained 0*5 si each of enzyme 
extract* 0*2 M phosphate buffer (pH 8 or 3) and ovalbumin (2 # 
w/v) as the substrate* the reaction was carried out in water**

s■bath (47 *C temperature) (6o min)* the reaction was terminated 
by the addition of 0*3 si of chilled trichloroacetic acid (18 % 
w/v)# the mixture was kept on ice (30 min) to precipitate 
proteins* the precipitated proteins were discarded after 
centrifugation (1pQ00 g) for 15 min and the amount of liberated 
aromatic amino acids in the supernatant was determined by 
modified iowry*s procedure (Hartree* 1972)* Control reaction 
did not include the substrate ovalbumin (which was added after
the termination of the reaction)* the unit activity of the

/
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•nsyne protease was defined aa the ensyae protein equivalent to 
release 10^g tyrosine par far in tfaa aaaay conditions* fhe 
specific activity ia tfaa unit activity par m protein*

5*2G.2* characterisation of Protease

Tfaa off act of pH on proteolytic activity wee studied using 
various buffers* They are ; 0*2 K KOI • E& (for pH 1*0 to 2*0),-fhoSpH^fe.
0*1 M citrate Phosphate (3#0 to 7*0)* 0*2 tt Hiosphate^ipH 6*0) 
and 0*2 M Glycine - HaOH (9*0 to 10*0) • Sbe study tfaa effect 
of temperature on protease activity* the assay moo carried out 
with 0*2 M Phosphate buffer (pH 8*0) at 27 /•£* 37f* faWf§ STjJ and 
67 »C. '

fo characterise the nature of protease* the foil owing 
inhibitors in the range 0*1 to 10 aft were used* Ethylene diamine 
tatra acatic acid {3m) $ p-hydr©xyssercuribe»s»ate (Hi!©) and! A ,
phenyl methane sulfonyl fluoride (PKSF)» Before initiating the 
reaction* the easy me extract was incubated in the presence of 
inhibitor (2*5 >*l/atL) for 30 tain*

■ 5*3* RESULTS

5*3A* Quantitative analysis of nucleic acids*

During the process of epiphylloue bud outgrowth* total RHA 
content displayed maximum accumulation till day**1 after isolation 
of the notches free the leaves* demonstrating about 1*3 fold 
enhancement over 0 hr value (Fig* 5*1 )«.with further developments* 
the HhA content remained earns throughout* On the day of visual
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appearance of buds# the MA content was approximately tha sum 
as 'tiiat of the dey-9 content* The constancy at RKA content with 

the initial rise indicates the possibility of identical rates of
synthesis and degradation with rapid turnover*

/

Total IMA content during bud outgrowth displayed continuous 
decreasing trend (Fig* 5*1)a Cto the day o£ leaf detachment (day-O) 
in the dormant buds the IMA content registered was 138 )jg gn**1 

fresh weight* with subaeisuent progress in the process* the IBA 

content showed decline which was rapid upto day-2* On the day of 
bud appearance the SNA content registered was only 100Jig gaT1 

fresh weight-almOst 45 % loss than that of the dormant buds* The 

continuous decline in-I&sA levels implies the rapid turnover of 
DM probably due to the active growth in absence of any nutrient 

medium*

5*3@* Changes in Rlbo nuclease (KKase) t

During the course of bud development# the Bllase activity 

displayed increasing trend upto day-2 after leaf isolation 
(Fig* 5*1b)« The activity registered on day-2 was higher than 

that of the day-9 activity* Thereafter the HKaae displayed 
rapid and sharp decline* On day-4# the activity noted was 
about 3*1 fold lower than that of peak value on day-2 of leaf 
isolation* with further advance in the bud release process* the 

BJIaee activity enhanced again*
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5*3G* Protease and it* characterisations

Soluble protein content in a Kalanohce mortage! leaf was 
found to be extremely low (0«12 mg gm"1 freah weight)* For 
biochemical (qualitative) analysis 9 it is mandatory that protein 
is maintained to a certain minimum concentration* Buffer extract* 
able proteins were* therefore# concentrated by precipit­
ation* Desalting cf precipitated proteins was performed by dialysis* 
On overnight dialysis in refrigerator most of the proteins (93 
were found to be lost (fable 3*1)* This indicated a strong 
proteolylic activity occurring even at low temperature* so partial 
characterisation of protease was dene*

3*3C*1• Partial characterisation of Protease

the proteolytic activity displayed diphasic pattern over the 
pH rangs from acidic to basic (2 to 9) (Fig* 5* 2a) * In ths acidic 
side# the peak value of protease was noted at pH 3*0# whereas on 
alkaline range the activity was maximum at pH 8*0* On the other 
hand at pH 9*0 there was very low proteolytic activity* Ho 
precipitation was observed during the pH studies# at any of the 
pH tested*

From the range of temperature regime (27 <;$ to 67 °Q) tested .. 
at pH 8*o, the maximum activity was observed at 47 *C temperature*
It was also found that even at low temperature (27 *C) there was 

a proteolytic activity C fig. & 2 b).

To determine the nature of protease* further characterisation
■ t

was accomplished using various specific inhibitors* The proteolytic
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activity at pH 8*0 was found to Os coopletely inhibited by PHI® 
at 10 concentration (Table 5*2)* On the other hand# at pH 
3*0# PHI© caused 90 % inhibition# however# whan the coneentrot- 
ion was raised to 50 aH# the protease activity was completely 
repressed*

The other protease inhibitor*. PM9F failed to eupprees the 
protease at both the pH optima* However# in the presence of 
MMA (10 «M} there was a partial inhibition of proteolytic 
activity | the reduction in the activity being 54 and 57 $ at 
pH 3*o and 8*0 respectively* It appears that there are two 
protease in Kalanchoe leaf with pH optima 3*0 end 8*0* These 
enzymes are seem to be of sULfhydryl type* Subsequently for all 
biochemical analysis involving protein quantitative and quallt- 
ative analyser# PHHB was incorporated In the extraction and 
subsequent steps*

5*3C*2* Changes in proteases during bud outgrowth

Proteases were also analysed during bud development*
i

Proteolytic activity demonstrated a decline after attaining a 
significant initial rise (Fig* 53a}* On day**? the protease 
activity registered was 1*6 fold higher compared to the day-0 
value (dormant buds)« Further development in the bud outgrowth 
process caused pronounced but gradual decrease in the protease 
activity* On the day of bud appearance (4th) the activity found 
was 4*5 tines lower than that of peak value# But with further 
progress in bud development the protease exhibited increasing 
tread*



98

. $f5D* Quantitative analysis of soluble proteins*

Quantitative analysis of soluble protein contsnt was 
followed during the course of epiphylloue bud outgrowth* On 
day-0 the total protein content wee found to be 0*12 eg gsT* 

fresh weight of notch explants (Fig* 5* 3b) with the progress 
of bud development process* the protein content exhibited 
continuous increasing trend* Sill day-3 after leaf isolation 
a rapid accumulation of protein content was noted* On the day 
4th of visual appearance of buds* the protein content recorded 
was 0*32 ag gaT* fresh weight which is almost ZS tinges higher 

than that of day«Q value* After 5 days of notch incubation 
<24 hr after visible bud appearance)* the total protein content 
registered was 0*37 sag gsT* fresh weight* Me continuous 

augmentation of protein content indicates that during bud develop- 
sent, there is continuous and rapid synthesis of soluble proteins*

$*3E* Qualitative analysis of total soluble proteinas

triced Ganges In the protein pattern of notch region 
(!*,) and nonnotch part (*i£) were observed (Fig* 9*4f* For better 

comparison* each separated protein band was numbered serially 
starting from the cathodic to enodic end* In all total (47 and 
37 bonds were noted In Hj and J§g samples respectively (Fig* 5*4)* 
Most of the Conges in protein pattern were observed in the pH 
range 5*3 to 10*0* Zn the £& range 7*0 to 9*2 the proteins 
from Hg displayed dense staining when coshered to M|* the 
prominent being those numbered 26 to 36 proteins* On the other
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hand, proteins numbered 8-13 (in the pH range 3*3 to 0*0) 
exhibited sore dense staining in sample than that of proteins*

More specifically* hand nuntoered 37-41 in the pH range 9*2 
to 9*7 Kara exclusively present in protein sample* being
absent in samples*

\

During the course car epiphyilous bud outgrowth iron isolated 
notehasi protsina ware Xractioned by I|F technique at every 24 hr 
interval upto total 120 hr*

After 24 hr incubation of isolated notches* the nunber of
uproteins found was only 12 (rig* 9*4)* The prouinent one mostly 

in the central part of the gel (pH range 5*3 to 7*2) ware those 
numbered 7-10, 12 and 17* In the extrcas cathodic aide of the gel* 
the aa^or bonds were 3* 5 and 6* gone nlnor faint bands were ■ 
noted in few away anodic side, namely 35 and 42* In the pH range 
7*3 to 8*0 many new bands without clear aeparation were observed* 
Only one of the 6 unique proteins of day 0 notches was found to 
be present after 1 day of incubation*

With further advancement in the bud development process 
total 16 and 11 proteins were registered on 2nd and 3rd day 
respectively* Qn day-2, four new bands reappeared in the pH 
range 7.5 and 10* They were 25, 30* 33 and 41* On 3rd day of 
explant incubation, the protein numbered 7 showed intense 
staining* She proteins mustered 11-15 also showed enhanced 
staining intensity*
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, i

On the 4th day of leaf explant incubation# concomitant 
with tha visual appearance of buds* total 22 protein* war* seen* 

The csa^or bands were In the pH range 5*3 to 8*2* The most 
prominent being 7-11, 13*15# 25 and 26# On the extrema anodic 

side, there %;ere six dear but faint protein bands ^numbered 
35*42) all of which except numbered 35 were not found on 3rd 

day of incubation.
/

5«3F«' Determination of the time of novo $?nthesl& of
i

proteinsi

Application of CYCLO and ACTD inhibited the development 
of dormant buds in isolated notohes (Fig* 5*5*)* Both CYCLO and 
ACTS exhibited complete inhibition of bud outgrowth at 100 Rh 

concentration.

In later studies with pule* application of protein synthesis 
inhibitor- CYCLO it was fudged that the bud outgrowth specific 

proteins are being synthesized during the first 12 hr of 
isolation (Fig* 5*5b) #and subsequent edtura of the notch 

explants# Hence# the proteins ware extracted and fractioned 
from notches incubated for 6 and 12 hr*

On day-0 there ware 42 protein bands# but after 6 hrs of
incubation# total 23 m$or proteins ware identified (Fig* 5*6) •

/

Thus after isolation and subsequent incubation of notches# tha 
number of protein bands was reduced to almost half* However# 
still the unique proteins bands (37*41) were retained in the



101
6 hr incubated notches* But proteins numbered 37**39 were found 
nore prominent compared to the rest of the unique proteins* She 
acidic proteins (13 end 14) were more president with high 
staining intensity* She protein (numbered 7) at pH 3*0 was more 

conspicuous colored to day«0 protein pattern*

On subsequent interval* protein namely S*1Q (pH 5 to 6) 19 x 
and 30 exhibited prominent staining comparatively* On the other 
hand* bands 13 and 14# which were more pronounced at 6 hr interval* 
represented proportionally faint staining* Bane was the case with 
those proteins numbered 38 and 39 (pH 9*02 to 10*0)*

3#3G* Determination of jy& vivo rate of protein synthesist

Uptake of C^c) serine by the notch ©xpiaats registered a
t

biphaaie trend (Fig* 5*7)* An increase in the uptake was noted 
uptp 24 hr of isolation* followed by a alow dad in* upto 60 hr 
incubation* Subsequently# the uptake of serine shewed 
increasing trend upto 72 hr followed by decline again*

a rapid'increase in the incorporation of (*^C)serine in 

proteins was registered upto first 12 Mrs of incubation (Big* 5*7)* 
With further advances in the bud growth* the incorporation 
declined upto 36 hr* luring successive stages* the incorporation 
began to increase* A very rapid rate of incorporation was 
achieved between 36 to 60 hr incubation period* Ewenthough, 
uptake and incorporation of (1*C)serine displayed decline during 
the bud outgrowth process# the protein accumulation continued 
with high rate throughout the development*
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5*4. DISCUSSION

\

It is now Known that slant differentiation and development 
result fron changes in gene expression, the visible differences 
in structure of various cell types or tissues and their specific 
and significant metabolic characteristics result from the 
possession of unique patterns of proteins and the enzymes 
(Trevawaa, 1982b) the concentrations of which are controlled at 
transcriptional or posttranscriptional levels (Wareing, iS82a).

Curing bud outgrowth from Isolated notches of mortagel 
a continuous decline in IMA content was observed, fhis is in 
contrast to those studies that ENA synthesis takes place prior 
to differentiation and that hormones affect this synthesis 
(Roberts, 1976). However, the maximum amount of ISA observed in 
dormant epiphylious bud of &« mortagel coULd be due to two 
possibilities! Firstly, it is Known that most of the cells of 
leaf are highly differentiated and moreover such cells are found 
to be polyploid (Foeket, 1963$ Torrey, 1961). Such polyploid 
cells could have contributed in the ENA analysis of epiphylious 
dormant buds, their extreme smell size at this stage would have 
inevitably included some amount of mesophyli cells. Secondly, 
the cells in the dormant meristems in the notches, probably are 
not spared to divide further due to their arrest ot the early 
mitotic phase G^» Tn support of the latter possibility, it has 
been shown that in the Inhibited buds of pea, group of ceils were 
characterized by 2C,'jWA and subsequently on activation (decapitat­
ion) they underwent cell division and exhibited decreased WA/
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histone ratio (Dwividi and Naylor* 1968)*

la pea* It has been proved that m& synthesis Is required 
for the Induced growth at lateral buds (Sharpe and Schaeffer* 
197o)* Inhibition of bud outgrowth by actlnosycliW) in the 

present study supports the role of rka synthesis for the Induction 
of bud outgrowth* Our data show that a blight rise In total RNA 
content was taking place during day-t of isolation and thereafter 
almost the same amount was maintained throughout the process*
This alight decrease in RNA Content on day«£ and maintainence 
of same levels on subsequent days indicates rapid turnover of 
HSA fractions*

A decrease in the amount of RiA can only be observed if 
fiHA breakdown has taken place due to RRase activity* iil-iaee 
activity shows a clearcut correlation with growth and different- 
iation (Vetter, 1974)* This is true in the sense that KN&ae 
activity found to be usually lew in the young meristsssatic cells 
and with cell age (maturity) gradually increases (Filet and 
Braun, 197Gj Trebal £& &»* 1979) •

A alow increase noted in RRase activity with the lag 
period (24 hr) followed by a decline and subsequent rise again 
Indicates its putative role in active turnover and differential 
requirement of bha fractions for bud outgrowth and its subiequent 
development (Dove* 1971) • I’he physiological significance of 
such an enzyme which is very sensitive to stress conditions 
(Laurlere* 1983) could be the selection of specific r&As which
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are needed at particular stages during bad development aa 
concluded by Farkas (1962) in addition to the probable regulation 
of BKA at transcriptional level (Jacobson* 1977)* Apart from ail 
these poaaibiiitiaa» wound inducad HHase activity aiao ean not ba 
ruled out with the probable involvement of ethylene and/or ABA

which are known to be synthesized in injured sells* Stioulatiiig
/

effect of ethylene on the induction of wound RHase in turnip root 
tissue haa been reported (Saeher at si*, 1979)* similarly, ABA 
induced rise in RHase activity has been found in fiheo leaves 
(Da Deo and Sachar* 1970)* Avana (Wyen g£ &•* 1972)*

Proteolysis plays critical roles in various cellular 
processes such aa ceil differentiation including activation or 
inactivation of specific ensymee (north* 1982)* A considexable 
interest in the nclecular beeie of entogenetieal proceesoe has 
led to the realisation that proteaae are intrioately involved in 
plant oetabolisB (storey and Wagner* 1986)* In fact* in hitter 
plant ceils* intracellular protein breakdown is a fundamental 
process which has important ispiicatiens in biochemical regulation 
and physiological events (Davies* 1962) Daurlere* 1963$ Gamut 
1985) • However* in plant tissues* proteolytic analysis hae 
cantered »os&y on the role of proteases in mobilizing reserve 
proteins* sainiy during seed gemination and subsecguant seedling 
development (Ashton* 1976$ Ryan and walker»Siiaffioaa# 1961$ 
i-iikkonen, 1966) and in leaf tiaauaa during senescence (dabster* 
1964).

Very high activity cf protease (alkaline) in the early
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stages of bud growth Indicates rapid changes in proteins for 
the sustained and active growth in the notches* In thia regard 

Cariberg a^,, (1904) have shown that protease activity during 
differentiation increases and this seems to be a general phenomenon 
(Rorth, 19821 Huffaker and Petersen, 1S74)# The proteolytic 
enzymes are found to be present in leaves in relatively inactive 
form (Davies, 1982)• An increase in protease activity was noted 
in bean leaves (Eacusen and Foote, 1970)? and Its developmental 

role was suggested in the control of selective protein levels* 
damsel j>t a^* (1984) has correlated the loss of isocitratelyase 
activity with the appearance of proteinase in flax seeds during 
germination* Suoh a mechanism in turn may also be supplying 
metabolised product (reduced nitrogen) to the developing points 
~(Ragster and Chrispeels, 1979) in the excised notches*

The decline in the proteolytic activity observed in the 
later stages coinciding with bud appearance could be due to the 
presence of protease inhibitor which are abundant in higher plants 
(Byan, 1973)* and known to accumulate even during the growth of 
tobacco callus (feong jg£ gl*, 1975) •

< fRelatively no change in the acidic protease during tha
. course of bud development indicates the differential role of the 
two proteases* . Earlier, Ragster and Chrispeels (1S79) have also 
reported two proteases? one occurring in young leaf during 
expansion and maturation end other one during leaf senescence* 
Similar differential roles and activities were ascribed to 

proteinoses during germination in kidney bean (l-Sikkonen, 1966)*
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Both the transcriptional and transnational inhibitors, 
completely inhibited the bud growth in Kalanchoe mortagei. 
indicating tiie necessity of <|g, novo synthesis of proteins for 
bud outgrowth.

A continuous increase in total soluble protein content 
during the course of hud growth indicates active growth of the 
pritaordia* In fact# substantial increase in the rate of protein 
synthesis has been reported to aceonpany the activation of growth 
of quiscent ceils in a cany plant systems (Byrne and Setterfidd# 
1977S Celia ,§£ al*# 1976} Kahl and Wielgat# 1976} Elamagopal at ai*« 
1977# Sparkuhl 5* al*. 197% Veraa and Marcus# 1974} Fosket, 1961)# 
She substantial increase in toted, protein content reflects the 
active growth of the epiphyllous hud upon isolation* fhie is in 
contrast to the reports that in detached leaves and leaf discs 
there is a large decrease in total protein content (Martin and 
fhitaann# 19731 Thomas# 1978} Davies, 1982} Lamattiaa et al*.
1987) and stress (Cooke <§£ al** 1979a and h)«

In present studies# time course experiments using cycle* 
heximlde suggested that the new proteinCs) necessary for the 
induction of growth ere being synthesized within first 12 hr of
incubation. Sung and Okimoto (1981) reported the synthesis

in
of embryogenic nsarker proteins in ceils withA4 hr after the 
onset of esabryogenesis, appearing several days prior to 
detectable morphological changes* the present studies clearly 
indicates that even though the visible appearance of buds 
occur on 4th day# the synthesis of new protein(s) mandatory for
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growth induction am being synthesised in first 12.1 hr of 
isolation* However* direct deaonstxmtion of £& mm syathesised 
proteine by 2-dioenslonal gal separation followed hy Xluoro- 
graphy in the prasant notarial posad savaral technical probleiuu 
fha foranost baing extremely low eontant of pretax par ga fresh 
waight of tissua ootigled with high protaasa activity diatributad 
ovar a wida pH range batwaan 2 and 9* Phenolic* and organic adds 
of tissues also rendered electrophoretic separation difficult 
(Hari* 1981 f Barger &* * 1985)* However* the qualitative

i

analysis of soluble proteins using XEF technique was possible*

Comparison of urea extracted protein profiles of notch and 
nonnotch region revealed that the notch region having doraant 
bud priaordia harbours fsw unique proteins ( 37*41) which were not 
soon in nonnotch i*s* nesephyll rsgicn of loaf* this ia in 
confirmation with oany darlior observations a*g* spacifio protains 
arc known to occur In different floral parts of toaato^awhnsy 

2&&»t 1985)i root noddles in soybean (Lsgocki end Vsras* 1980)* 
pathogsnssis rSlatsd proteins (Pierpoint* 1986$ Parent &•* 
1985t Antoni* £fe&** 1983$ Hatsuoica and Chashi* 1986)* Recently* 
Choi £&&•*( 1987) reported the occurrence of 50 hD protein which 
waa correlated with eabryogenie ability in cultures cf csrrot 
including cereals*

these particular protcine (37*41) specific to only notch 
region tensed as notch specific proteins* The prsssncs of such 
specific proteins could be due to the ettainnent of certain 
Physiological atate-ful fledged priaordia in tha exSct notch
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ration* Recently# the comparison of three different ceil types 
in the root of pea have shown that a few noristanatic abundant 
aRHA were lacking in both elongating ana nature stages* fhere* 
fore# they were regarded as oerleteoatic-atage specific and 
suggested that they code for proteins involved in cell division 
(Vaillant £&&•» 1933)* She other possibility could be the 
differential net protein synthesis in the two sites (HuCkaby and 
Miller* 1984) of the leaf* Proteins in noanotch mesophyli region ' 
namely 22# 23# and 26*28 displayed higher content which may be 

the m$or proteins involved in the photosynthetic metabolise 
(i#lnk &•# 1S79| Viro and Kloppetech# 1980$ De Vries 
1983) end partly therefore of aubleco protein (Des Frances j& a),.» 
1985).

During the course of eplphyllous bud outgrowth gradual 
disappearance of many proteins and reappearance of new proteins 
reflects their active turnover during the process* However# 
possibility of senescence induced alight changes also cannot be 
ruled out as already shown for senescence induced aodifleations 
in protein patterns (Shindsa £&&*# 1986)* Earlier# during 
gradual ageing of pea leaves# e decline in certain proteins with 
increase in others has been reported (Malik and Barrie# 1977). 
Sinilarly# slight changes in protein profile of apple seeds 
during stratification (Eictahcitz j& &** 1983)» spore germination 
and rhlsold differentiation in Qnoele* fern (Hushaby and Miller# 
1984)# cold acclimation and desiccation stress in wheat end rye 
(Cloutier# 1983)# alfalfa (Mohapatra £&&*» 1987a and b) and
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induction of frost tolerance In brosegraes cultured cells 
(Robertson j& gj^>* 1987) and boat ahoek la various aystsas 
(Cooler and HO* 1987| Necchi gfc &•* 1987)*

The sexious uptake of C^c) serine by the explant was noted 

upto first 24 hr of isolation and subsequent incubation# However* 
the incorporation of labelled serine Into SCA precipitabie protein 
was aaxiaua till first 12 hr of incubation# Ibis coincides
exactly with the enhancement and peak attainment of XM oxidase

1 !

in tha aplphyllous buds (chaptsr VX)f and with the knowledge using 
cyclohexiai.de that new proteins are synthesised within first 12 
hr of isolation of the loaf# kith further advances in the bud 
growth process* milt tbs uptsks and incorporation of (*^c) sarins 

rsdueed with rapid pact In tha lattsr# tha protein accueulation 
continued throughout growth# Similar psttexns of protein 
accumulation with low rats of incorporation was reportsd during 
cytodifferentlation of tracheary element (Sinpson and Torrsy*
1977) In pea cortical explants# Shis low rate of Incorporation 
and continuous accumulation of proteins indicates vary lew 
degradation which was substantiated by proteolytic studies# 
However* kith subsequent progress In bud growth process* a 
continuous accumulation of protein including rapid incorporation 
(protein synthesis) was noted#

Surprisingly* even though the isportsncs of correlative 
inhibition has been realized long bade in agricultural and 
ecological interests (Tucker* 1979) and many factors have been
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shorn to affect the process* s stquencs of events bstvean tbs 
induction sod hud growth has not yet hsen understood (Rtfciastein

i

and Nagao, 1976) Hillman* I984j Sanest 1937)# She sain reasons 
for ths lack of such information are already discussed in the 
introduction of this chapter* It seeos that the studies of 
molecular mechanisms involving identification and characterisat­
ion of proteins synthesised at various stages of budgro*th, 
induction and subsequent development as reported here using 
simple experimental system of epiphyllous hude of ftalaochoe 
sortagel* say help in understanding the process of correlative 
inhibition and thus ultimately plant development*
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Fig. 5.1 . Changes in RIM A (O) and ENA (•) 
content (a) and RNase enzyme (b) 
during the course of epiphyllous 
bud outgrowth.
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Fig. 5.2. Effect of pH (a) and temperature (fc>) 

on proteolytic activity from 
Kalanchoe mortaaei leaf.
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a) Comparison of notch (N^ 5 and nonnotch (Ng) 

part of a leaf.
Note the notch specific proteins in the 
extreme right.of the scan.
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proteins from reactivated dormant buds 
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Fig. 5.7, Changes in ( ^C) serine uptake and

incorporation in soluble proteins and 
accumulation of proteins during 
reactivation and subsequent growth of 
dormant buds.
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Table 5*1 Soluble Protein lose during dialysis after 
precipitation

V

Protein
concentration
(»£/£» fresh weight)*

protein
loss

Before precipitation 0.135 *»

After precipitation.
’

0.009 93.53
and dialysis

* Extracted in eitrate-pbosphate buffer pH 7*6 and
quantified by modified Lowry’s procedure (Hartrao,1972)*



T»bl« • ^ • Effect' of inhibitor* m proteolytic activity 

of crudt ensyoe from MMStm mXMdk *****

Control /inhibitor Conctntration 
uaed («M) II *§ Mm am m

3*0 8*0

Control m 2*42 4*14
ECTA 0.1 1*86 2*60

10*0 2*06 2*33
i

Alcohol Control 25.0 1*28 1*92

wmy 0*1 1*3 1*92
1*0 0*96 1.92

10*0 0*96 1*27

MrtM control 1*0 1*23 0*64

mm 0*1 1*28 0*64

1*0 0*64 0*64
10*0 0*64 0*64
50*0 0 0


