5. QUALITATIVE AND QUANTITATIVE
STUDIES OF PROTEINS
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Sele INTRODUCTECH

Selhe Apical meristem and plant developments

" In the early stages of the development of emdryo all the
cells undergo divisicns, but during the further course of ’
enbryogeny cell diviaion becomes restrictad to special parts of
the embryos Such typical tissues rexain subryonic in nature
exhibiting very 1ittle differentiation and the cells retain the
ability to divides  These sabryonic tissues are celled meristess.
The cells of meristea continue to divide mdeﬁg:;tely and as a

result new cells are cantinuously added to the splant body (Fehn,
1982), “ ’

Apical meristens initiated in the embryo of higher plants,
Zunction directly and indirectly through the formation of other®
meristens to produce the entire body of the plants The
indeterminate pattern of growth of higher plants by the
c‘ent&nuaua activity of the apical meristenm leads to the steady
aceretion of mature tissus in the older parts of the plant body,
while the meristematic activity is maintained at the shoot and
'Poot apices. The overall structure and organisation of the
constituent units of the shoot are established during the
maristematic phase of development at which stage the primcrafa
of the various units are quite amll « of the order of few



ggl.zmtox"a or so (Wareing, 1982a). Hoﬁwm the cellular
differentiation in plint appears to depend more on the position ’
that a cell occup&n in the plant than on the clom linsage of
the cell (Sussex, 1585)« But for the zomtzon of regular and
heritable pattern at any level of organisation the cell requires
positional signals whose nature, mode of transmission and origin
48 still cbsoure, aioroovar. once the cell is bwkomd. it can
erbark on differential gene expression reaultmg .’m cell’
specialization (Sacha. 1578), Velker and Bruck (19853. from the
series of cxpariam’cs using the epidernal layer of citrus

. advocated the involvement of morphogens « other than the major

phytohormmm

5,13, Probleme in studies on aclecular aspects of plant
developments

The instaliatxon and subsequent orgnnﬁatim of meriste~
zatic function in lacalized groups of cells at specific sites
iz é sajor event in aatabli;hm the pattern of continucus and
sequentisl pattern of plant development. Still very littie 4»

known of the molecular and genetic events underlying the
" developmental pathway of meristem formation or how exactly
these svents are related to cbservable changes in cellular and |
- tissue structures (Feinke and Sussex, 15793 Sancherwfartinesz
et al., 1986)s One of the zajor reasons responsible for
paucity of such knowledge is the lack of appropriate experimcntal -
system (Thorpe, 1578; Mehta, 19803 Tran Thanh Van and Trinh,
1986) o
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Shoot meristems of most of the anglospermic plants are
very sumll of the order of 4080 M (Shah and Umnikrishnan, 15693
Shah and Raju, 1575 Shéh and Vasudeva Rao, 1977). S0 that it
ie difficult to get sufficient experimental tissue for molecular
snalysis. Besides their snall size, number of weristens per
pPlant are limited by the nuxber of nodes per plankt, Further,
~ the meristems of dif;t;arent parts of a bl.ant as well as of
different plants are not highly synchroncus in their development,
Moreoveyr, the miltiplicity of correlation between organs, tissusas
and cells in intact plants render the atudiai on morphogenatic
pattern leading to differentiation, difficult to locate preciasly
the recognition sites as well as the cells (Tran Thanh Van and
Trinh, 1986). Since the deconstration of Steward g% al. (1958)
and Reinert (5% 4559) of induced somatic eobryogenesis froa
igolated explants and subsequently Zrom cultured cella as well
as presentation of induction of ghood nné. root cexlstens on
tobacco pith explant by manipulating auxin/cytokinin ratio by
Skoog and Miller (1957), these systems have ezerged as ﬂ.‘enmﬂve
systens for information on such fundamentsl studies on plant
devel opaent (hosurs and Komamine, 1986), But, such systens
auiier from the common drawback at{ artifticial triggers, whare
a stimulation for anrph'ogamt&e differentistion with the initisl
Yevarse process = zrnm aizferentiation to dadirzemntuﬂon
- {Sanchez de .nmea and Fernandegz, 1983) seems to be an
external sources Apart from this, there is an intervention of
callus phase in betwesn glving more heterogeneity to the system,



- and nonsynchponous response (Thox;pa. 1978; kehta, 1980). The

vge of thin cell layers as an expersmental system has been
ecphasized due taﬂ the direct formation of wide range of morpho-
genetic pattéms from haaiogenm duferenmted colls (Tran Thanh
var, 1973 & and b} 1581). However, such superficial explants

" suffer from their own probhems, They include the exacting
conditions required to grow the donor plants and very large

rusber of expl.am&s and meticulous handling of explants required %
carry out investigzations (Thorpe and Biondi, 1581) including the
lack 0f synchrony between the developing meristemcids (iicks, 1980)e

5,1C. Model syste: for molecular studies on plant development:

. of. . C \

- In search a model system to study molecular events of plant - .-
~

shoot meristens, one sets following criteria (Thorpe, 1579)e

1) easy sccessibility

2) availability in large quantity
3) synchronous and rapid growth A Yiyec and as well as in vitro
4) precise Locations ‘

/

N
/

. In this regard, the epiphyllous bud neristems of W
spps fWL£A11s MMl the sbove criterie. Earlier, Hicks (1980) in
his review on patterns in organ development eonclusively
suggested the usp of simpler systems such as meristems or organ
primordia for studies on the determination in plant development,



Se1Dy Plant developmental studies and gene expressions

It is well documented that plant development involves a
progressive differentiation of tissues and organs giving rise to
a wide rinse of different types of cells (Wareing and FPhillips,
1582)« Further, the process of development involves & contrelled
- gene expraasion, vhersby right genes are expressed in the right
cells in sequentisl manner as earlier proposed by Haldane (1932)
is nov well accepted (Crierson and Smith, 1$82). But, for
establishing end meintaining specific developmentsl status in
higher plants a differentisl gene expreaéioh is recquired. For.
example, an anther has at least ’11000 diverse miliAs that are
absent from the polysomes of other orgen systems, with the root
having atleast 7000 organ - specific mRNas, Further, both |
transcriptional and post « transcriptionsl processes are known to
regulate the sequence composition and prevalence distribution of
each developmental = specific miNA set (Coldberg, 1'986) « At the
seme time, the end product of gene expression are biologieally
active proteins (Nover, 1982), fThus different types of specisle
ized cells or tissues in a milticellular organise exhibit
different protein complements in spite of the fact that all have
the same genstic constitution, This reflects that various kinds
of dixfere:itznt;d cells differ qualitstively and quantitatively
in proteins including enzymes (Scandalios, 1983).

 Using varicus techniques, extensive changes in the mRNA
population during differentintion of many different animal cell
types have been reported. Comparatively, wariation in gene
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expression during higher plant development has only been
studied very roéemly {Vatllant gt al., 1983; Mainke, 1986) .'
De Vries g% ghe (1982, 1563) studied the changes in abundant -
2RNA population in pea seedlings and showed the presence of small
 nusber of shoot ;pcazzié aRliAs. Similarlye Kanalay and Goldberg
(1980) demonstrated that the gene expression is highly regulated
in different but fully diiferentiated organs of the tobaceo
flant, Anslysis of embryogenesis has shown large scele changes
in the concentration of mRlNAs during development in cotton ,iead
{Dure and Chlan, 1481; lure and Galau, 1581), soybean (Goldberg
gt ghey 1981) end Phaseclus vulgarig (Misre and Dewley, 1985)

" Gene expression has also besn studied, lLikewlse, during leaf
development in varicus plants like barley (Viro and Kloppstech,
1980), wheat (Dean and Leech, 1582), oats (Taylor and Mackender,
1977) » malize (riayfield and Taylor, 19843 Martineau and Taylor,
1985) and Lolium (Cugham _11 8)es 1987)» Changes in specific
proteins synthesized has been reporied in elongating hypocotyl

o goybean (Zurfluh and Guilfoyle, 1980, 1982), in tobacco
leaves induction of pathogenesis - related proteins (Matsuoka
and Chashi, 1966) and during geraination of fern (Qnoglea)
gpores (Huckat;y and Miller, 1980).

Due -to the more complicated morphological structure of
shoot than that of root - apices (Barlow, 1582§ Coleman and
Thorpe, 1985}, the iater iz the widely used experimenial material
for studies on molecular mechanisus invelved in plant development

* (fichm and Werner, 19873 Vaillant gt sl., 15833 Felduan and Gildow,



’

19845 Hohan Ram, 1980} Vartanian ef sl., 1967; Chindsa gt al.,

1987)« Howaver,; except for few studies on floral transition of
vegetative apex {Stiles and Davies, 19763 Pierard gt ale, 1980)
no comparable studies are availaile for meristem initiation and.
devﬂ.apmgut, ir ap;.t. of the occurrance of characteristic

fevel opmentel plasticity of apical meristems (Meinke, 19566). ~

Baged upon these reasonings and the i:e}.l documentation of
central role -af—‘ grnt}e&ns in determining the specific rorphogenstic
structure in plants, an attempt was made to examine the gquantitate
ive and /quali’cativm compogition of proteins in the meristeas of
epiphyllous buds during their resting - dormaut stage. /Further
any change(s) in such eanpéai.tim was 'aléc tuéed when they are
reactivated to form now plantlets in _\,r__.lx;_, by culturing them on
sduople medium,

5.2¢ MATERIALS AND METHODS ,
5424, Extraction and quantification of mucleic acidss

The method described by Cherry (1962) was followed for
extraction and quantification of INA, A known welght (600 mg)
of sampled notches were homogenized in cold 80 % methanol
{182 w/v)+ The insoluble saterisl was sedimented by centrifugate
don (BOOO g3 10\ zin) s The sedimented waterial was subjected fo
reextraction (tws times) with 0.2 M HCLO, (8.0 il) and followed
by ethanol (8.0 ml}. The residue was then extracted with 10 ml
‘ethancl : ether (2:1) at 50 *C (30 min), The leftout residue



‘after centrifugation (10,000 g) was incubated with 5 ml of
HCLO,, (5 %, v/¥) at 70 ¢C (40 min) 1n waterbath, \m HC1O,
hydrolysate was kept in refrigerator overnight. Absorption
difference at 260 and 290 nm of the cleared supernatant was used
to £ind out total nucleic acid ysing similarly treated Torulg
Yeast RiA (sigua) as gtandard, |

/ Total LNA content was determined uas.ng diphenylamine (DPA)
ranction (Burton, 1956).

Briefly, an aliquote of nucleic acid extract supernatant
was diluted to 2,0 ml with HCLO, (0,5 N) and mixed with 440 nl
of DPA reagent. The mixture was incubated overnight (12 hr) in
vaterbath (30 *C), The absorbancy of the coloured sclution was
measured at 600 nm and compared with the standard DNA (Calf
thymas) (Sigma) to0 calculate total DNA content.

~ The total RNA content was determined by substracting total
INA content from total nucleic acdd.

Preparation of OFA reagent

15 gn of purified DPA was dissolved in glscial acetic acid

(100 m). Concentrated H,80, (15 nl) was added to the mixture
and stored in darke At the time of use, O.1 ml of aqueocus
abeteldehydo (16 mg/ml) was added for each Z0 ol of reagent.
required,



5¢2Be Changes in HNase activity during bud ocutgrowth:

To understand the decline in total RNA content after an
enrly increase, changes in Riase activity during the course of
bud outyﬁth was studied, The extraction of the enzyae was
‘dona as described in Chapter Vi,

The enzyme Riase © was assayed by a modified procedure of
McDonald (13535)s The reaction mixture comprised 1.5 ml Na «
ercetate buffer (10 o, pH 3.0) containing yeast RiA (2 mg) and
enzyme extract (9.2 Ml)., The reaction mixture was incubated at
37 ¢C (60 min) a:;d afterwards reaction was stopped by addin; a8
volumes of chilled ethanol. After wemight storage (5 *c). the

reaction mixture was filtered through whatmau Noe 1 Lilter papers -

Absorption differsnce, of the resulted filterate, at 260 and
280 nm was used to calculate the activity of Rﬁuo after deducte
ing the blank velues. An enzyme unit was defined as the amount
of enzyme required to increase the absorption by 0,9 fnr ng
protein per hys FErotein quantificaticn in enzyne sanple was
done by dye binding method (Bradford, 1576).

5e2Ce Extraction and cuantification of total scluble proteinss

The extraction of soluble proteins was done as reported
eariier (Jasrai gf gle, 1985)

Briefly, sampled notches (500 mg) were homogenized in
Os1 K NaOH (240 nl} with a pinch of mutm glass powder and
inscluble PVP (2 %, w/w) and kept on mgnet:&c stirrer (15 min).
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The resulting alurry was centrifuged at 10,000 g (10 ain)e

Equal volume of cold TCA (18 % w/v) was added to the clear
supernatant and tubes were kept on ice (30 nmin), The precipite

" ated proteius were pelleted by centrifugation for 15 min

(12,000 g)s The resulted protein pellet was washed twice with

" water saturated dlethyl ether and dissolved in Ol B NaOH (0.75
M), The protein in the résitant solution was assayed by
modified Lowry's procedure (Hartres, 1972) using 554 as standard,
'All these steps were conducted at 0«10 ¢C temperature.

5,2Ds Gualitative analysis of soluble proteins during
epiphyllous bud outgrowths |

Se2Dele Extraction of proteinss

During the prelisinary studies on proteznv analysis in the
Present investigations, extensive proteclytic degradation in
the leaf protein ssuples was cbserved, The detalled analysis
ofj protease was done to avoid this artifact; deteils are given
in gection « 5;26* of this chapter, Number of extraction \

" procedures were tried to select the one in which minimun or no
proteass artifacts were observed. ?Miy, the procedure given
by Harh (1981) was found to be satisfactory with slight
modifications,

Briefly, sampled notches (500 mg) were homogenized in cold
txtmctihn buffer (2.5 m) with a pinch of glass powder and
inscluble PVP (2 % u/w)s The extraction buffer contained K COy
(5 mif), urea (9.5 M), dithiothreiotol (0.5 %), NP«4O detergent
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(2 % v/v), Lelyaine (0405 %) and Aupholines (pH rangé 3.5 to

10, 5 to 7 and © to 113 2 % v/v each) dissolved in borate
butfer (Qe2 My PH Sa0)e

The homogenate was left on magnetic stirrer (30 nin) and
ccntrmgod at 10,000 g (15 min)s The ra;ultin; supernatant was
Rized with three volnnin of chilled acetone (7.5 ol) and kept
on ice (30 min). The precipitated proteins were collected by
_ centrifugation at 20,000 g (20 min), and washed with cold
acetons (90 % v/v) containing mercaptosthanol (0.9 11)e The
proteins were then vaccum dried to remove traces o6f acetone and
dissclved in extracticn buffer and distributed as different
aliquotes and stored in refrigerator tiil further uas.

Se2De2¢ Imocelectric foousing (IEF) of extracted proteins

LEF was done in a horizontal polyacrylamide slab gel
(0e5 mm thick) on LKB 2117 Multiphore ~ II Electrophoresis unit
(LEB, Sweden). The composition of stock solutions for gel
preparation are given as follows (ﬁxa Application Note 320,
1581 )=

a) Acrylamide solution < Acrylamide (22.2 gu) and methylene-
bisacrylacide (1.4 gn) were digsolved in dist water to a
final voluse to 100 zl, filtered and stored in brown
coloured bottle, R

b) Amsonium persulfate solution (AMPS) =~ ANPS (40O mg) was
dissclved in dist water and final volume made t0 1.0 nml.
Always prepared freshly.



©) Composition 0f the gel sclution «

s::lution,é S 1.8 nl
 Urea . 5.4 g
Nonidet Peld 0.2 @l
Temed 10,052
Ampholine ‘

3¢5 0 10,0 B 0u5 8l
5 to0 7.0 pH 0425 ml
9 to 1t 025 ml

The given ingradients were mixed thoroughly and finsl volume
was pade €0 10 sl with dist water,

4) Anodic stlution « 0.4 nl of O~-phosphoric acid was diluted
€0 10 sl with dist waters
@) Cathodic solution = 0,2 ml of ethylene diaming ailuted to
¢ 10 ml with dist water.

10 )4;1 of AMPS solution (b) was added to the Qutuud gel
solution (C) prior to pouring in gel mould, Gel mouwlad was -
_prepared by keeping teflon spacers (0.5 mm thick) on the three -
sides, betwaen two glass plates, which were then sesled by
agarose (1 % w/¥)s The gel solution in the mould was. allowed
t0 polymerize (about 60 min) at roos temperature,

The gel plate was then kept on the cooling plate (10 *C)
0f the multiphore electrophoresis unit, with a few dreps of ;
kerogene in betwesn the i:wo surfaces. Care vas taken to remove
;any air bubble trapped in between the glass plate and cooling
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Plate. Each nbnorbmt electrode atrip, sosked with nspecuvu

electrode solutiony vu blotted with tiasus paper md applied
to the corresponding elcctmdu eites on the gel.

The protein unpl« (corrupmdl.ns to 100 g each)
dissclved in extraction buffer were applied to the cathodic side
of the gel using apglicetiocn pleces (0.5 x 1icm) cut from Whatman
£fllter paper (llos 42). The two platinum electrodes were lowered

n the two electrode strips and slectrical circuit was conpleted
~ by giving connections to constant power supply. The current
supplied for the run was as followss

VoLt (V)  Cprremt Power () Time (Mns) Comment
€00 250 10 s Prefocussing
600 250 0 - 30  Fooussin f with
application pleces,
containing protein
N . ﬁﬂmﬂﬁa
1200 250 ’ 15 180 f Focussing of proteins

After preiocusseing (30 win) the application pieces loaded
with protein sample were applied %o the gel and focussing was
done (30 min)e Afterwards application pieces were removad and
focugsing was continued (180 min)e Temperature (10 *C) was
mainteined during the run using aixcula@ing waters

A The composition of staining and destaining sclutions are
given below:



() Staining stock sclutions =

(A) Coomassie brilliant blue G=250 (CBB G=250) (300 ng)
was dissvlved in S0 . of methanol and dlluted to
100 ml with dist water.
(B) CuS0,e S0 (1.0gm ) was disaclved in 80 sl of dist
water and diluted to 100 sl with @ucinl tcetic acide
31) Stainlns solution = ’
‘Solutian A and B were mixed in equal proportion Just
at the tine o use. | |
111) Destaining solution -
| CuS0.e5H0 (1.0 gm) was dissolved in dist water (130
wl) and diluted to 200 ml with ;hcul. acetic meid (20 ml) .
and methanol (50 ml).
iv) Preserving sdlution -
Methanol (70 %, v/v) and gly«ml (10% v/v) in
- digt water,

The separated proteins were fixed with cold TCA (20 %, w/V)
and localized with CBB G-250 staio (ealuticn.lﬁ} for ovarnight.
The nonspecific stain wes removed with three cianges of destaining
sclution-iii, at every 60 min interval . The destained gel was
stored ﬁ; solution 1v. till their scanning. The aaﬁamted proteins
were densitometrically scanned at 00 nm on UV~240 :pootrophnip-
oeter (Shigadzu, Japan).

The pH gradient of the gel was xeasured using a surfeace g
. sdcroslectrode (LKB, Sweden) at Sl!'ﬂl} temperature (10 *C), before
the gel was fixed. ' ‘



S¢2Ee Determination of time for dg poyo synthesis of proteins:

Isclated notches (measuring 1 ca® from middle part of the
4th nodal leavas) were incubated in the presence of transcripte
ional and translational inhibitors ~ actinomycineD (ACTD) and
cycloheximide (CYCLO) respectively at 1+100 LM concentrations.
- After incubaticn of 14 days, bud outgrowth response was noted
and calculated as percent bud outgrowth,

“To determine the pericd during which new proteins are
gynthesiszed that are involved in the process of bud cutgrowth,
isolated dormant. buds incubated in the induction medium (dist
vwater) were transferred at es;aryé 4 hy intervels to the
inhibitory medium (cychoheximids) and observed for bud tutgrowth,

5.2Fs Determination of 4n yivo rate of protein synthesis during
bud outgrowth: | ‘

- Notch explants measuring 0,5 ca® were induced £or bud
, aﬁtgrawth by keaping on £ ter paper abaked with dist vater im
petridish. Every 12 hr interval (upto total 84 hr) explants
were transferred to medium (dist water) containing (“’C} serine
(specific activity 108 =Ci/mmol) at 1.0 mCi/ml concentration,
After incubation of 3 hr the labelled explants were taken out
and washed thoroughly (three times) with dist water containiog
e¢old serine and divided into two setse |

Une set of labelled notches was homésmi,zed in scienti-
l1lation fluid directly to determine the uptske of {7C)serins.
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The scientillation fluid consisted of naphthaiens (15 gm}, PEO,
(1.0 gm) and POFOP (0.05 gm) dissclved in dioxeme (250 ml),
Another set of labelled notches were homogenized as per the
procedure employed for protein extraction and quantiﬁcauén,
1o estipate the incorporation in total socluble proteins, The
aliquotes of the éﬁpammt of both the sets were used for
radicactivity counts on scientillation counter (LKB, Sveden).

5.,20s Analysis of protease and its partial characterisatiens
5e20Ge1s  Asmay system

Eventhough the protein extraction was performed at subzero
uapefaturc. non=reproducibllity of the electrophoretic separate
ion of protein was a problem, This prompted to undertske detsil
analysig of protease of K. mortagei. The modified proteass
assay system (Laskowski, 1955) contained 0.5 rl cach of enzyme
‘extract, 0.2 M phosphate buffer (pii 8 or 3) and ovalbumin (2 %
w/v) as the substrate. 7The reaction was carried out in waters
‘bath (47 *C temperature) (\60 wmin)e The reaction was terminated
by the addition of 05 mh of chilled trichloroacetic acid (18 % - -
‘w/¥)s The aixture was kept on ice (30 min) %o precipitate
proteins. The precipitated proteins were discarded afier
centrifugation (10000 g) for 15 min and the asount of liberated
aromatic amino sclde in the supernatant was determined by
modified Lowryls procedure (Hartree, 1972}.‘ Centrol 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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" snzyme protease was defined as the enzyme protein squivalent to

release 10/{3‘ tyrosing per hr in the assay conditionss The
specific sctivity is the unit activity per amg protein,

542Cale Chamcsteriaaﬁan of Proteage

The effsct of pH on proteclytic ackivity wes studied using

‘varlous buffers. They are : 0,2 I KCL = HCL (£or pi 1.0 to 240),

-9hosp ale!

0s1 M citrate Phosphate (340 to 7.6). Q+2 ¥ Fhosphete AbpH 840) -

and 02 M Glycins « HaOH (9.0 t0 10,0} Tho study the effact

. of temperature on protease activity, the assay was carried out

with 0.2 i Phosphate buffer (pi 8,0) at 27 %, 3??% 755 57?9 and
67 oc, ' | S

To characterise the nature of protease, the following

‘inhibitors in the range 0.1 to 10 mi were useds Ethylens diszine

. - .
tetra acetic acid (Ei::\a), pehydroxymercuribenzoate (FHiME) and .
phenylmethane sulfonyl fluoride (FISF). Before inktiating the
yeaction, the enzyme extract was incubated in the presence of

~ inhibitor (,2,5/}&1/311) fop 30 nine

. $5.3e RESULTS

S5s34¢ CGuantitative analysis of mucleic acids:

During the process of epiphylious bud mtssa;ewth. total RNA
content displayed maximun accumilation i)l daye1 after isclation
of the natcheal fr&ﬁ the leaves, demonstrating about 1.3 fold
enhancement over 0 hr value (Fige. 5¢1)qwith further developmeuts,
the RNA content remmined samé throughouts On the day of visual



35
appearance of buds, the RNA content was approxiuately the sane

‘ag that of the day-0 content. The constancy aof RNA content with
the initial rise indicates the pozsibility of identical rates of

synthesis axid degradation with rapid turnover.

, " Potal INa ccntent' during bud outax'«/mth displayed continucus
decreasing trend (Fige 5¢1), On the day of leaf detachment (day~0) -
in the dormant buds the LNA content reglotered was 188 ug ga~t
fresh wa!.gi:t. With subseguent progress in the pmcéss. the DA
content showed degline wfxich vas rapid uétp day«2+ Ln the day of
bud appearance the LNA content registered was ;mly 100/ ag gm"‘
£rash velght-almost 45 % lass than that of the dormant budse The
. eontinuous decline in INA levels implies the rapid turnover of
LNA prabably’ due to the active growth in albmm of any nutrient

Bedium,
5«38« Changes m Ribo muclease (iliase)s

During the course of bud developmgnt, the Rluse activlty
oisplayed increaging trend upto day=2 after Leaf isclation
(Fige 5 ‘ib).\ The activity registered on dey-2 was higher than
" 4pat of the doy-) activity. Thereafter the idase displayed
rapid and sharp decline, On day~fi, the activity noted vwas
- about 3,1 £old lewer than that of pesk valus on day=2 of leaf
‘igolation, with further advance in the bud release process, the
Rlase activity enhanced again. |
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5¢3Ce FProtease and its characterisation:

Soluble protein content in a Kalanghos mortsgel lLear wai
found to be extremely low (0,12 ag gm ™1 Zresh weight), For
bicchemical (qualitative) analysis, it is mandatory that protein
iz maintained to a ¢ertain minimum concentratitm, Buffer extracte
able protains were, therefore, concuntrated by (NH,),sS0, pracipite
ation, Desaliing of precipitated proteins vas performed by dislysise
Un ovemight dielyais in refrigerator most of the proteins (93 %)
were found to be lost (Table 5.1), This indicated a strong
proteclylic activity oceurring even at low tempesaturé, So partial
characterisation o proteage was done, ' ‘

5e3Cs1e PFartial chafacterisation of l‘»’rétease

The proteclytic activity displayed diphasic pattern over the
pii range fyom acidic to bas:lc. (2 t0 9) (Figs 5e22)s In the acidic
side, the peak value of proteass was noted at pH 3.0, whereas on

‘alkaline range the activity was meximum ot pH 8.0, On the other
hend at pH 9.0 there wae 'very low proteolytic activity, HNo -
precipltation was cbserved during the pH studies, at any of the
pii tested.

, From the range of temperature regﬂ.ms; (27 ;:’:3 to 67 °E) tested .
&% pii 840, the maximum activity wé cbserved at 47 ¢ tesperstures
- 1% wag also found that even at low temperatum (27 »C) there was
a grotaelytic activity (. F,3 5 :zb)

To deteralne the nature of protease, further characterisation
vags accomplished uasing various spacific inbihitors., The proteclytic .
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ac;bivity at pH 8,0 was found to be compn'éely inhibited by PHMB
at 10 s concentration (Table 5,2)s On the other hand, at B
3.9; FHMB caused 50 % .tnh:.b&t}.on, houwer. whan the concentrate
don was raised 1o 50 mi, the protease activity was completely
repressed, ' ‘

The other protease inhibitor, éMSF failed to suppress the
proteass at both the oH optime, Hovever, in the pressnce of
EDZA (10 mi) there was a partial inhibition of im‘melyt&c
activity; the reduction in the activity being 54 and 57 % at
B 3,0 and 8.0 respectivelys It appears that there are two -
protesse in Kalanchos leaf with pH optima 3.0 and 840s These
enzymes are seon to be of sulfhydryl type. Subsequently for all
blochericsl analysis involving protein quantitative and qualit-
ative analyser, FHB was incorporated in the extraction end
subsequent stepss

5.3C+2+ Changes in protesses during bud oubgrswih

Proteases ware alsc anslysed during bud development, |
Proteolytie activity demenstrated a decline after atiaining a
significant initial rise (Fig., 53a)e  On day=1 the protease
activity reglstered was 1.6 fold higher compared to the day=0
value (dormant buds), Further development in the bud cutgrowth
proceas caused pronounced but gradusl decrease in the protease
i activity. On the day of bud appearance (4th) the activity found
vas 4,5 tives lower than that of peak value, But with further
" progress in bud development the protease exhibited increesing
krends
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Quantitative analysis of scluble protein canigm wag
foblowed during the course of epiphyllous bud outgrowthe Qn
ﬁay-o the total protein content was found €0 be Oe12 g gm
£resh welght of notch explants (Fige 5e3b) with the progress
02 bud development process, the proteln content exhibited
continuous increzasing trond, Till day=3 after leuf lgolation,

a rapid aeeuml.a‘tsim of prctam content was noteds On the day
hth of visual appearance of buds, the protein content recorded
wag 0.32 Bz gn"' fresh weight which is almogt 2.6 tizes higher
than that of day=0 value, After 5 days of notch incubation

(24 hy after visidle bud appiaranee); the total protein cemtent
rogistered was 0,37 ug ga”! Lresh veight, Thip contisuous
avgmentation of protein aozitent -dndicates that during bud dwelup#
nent, thore is camtinuous and repld byutieuis of soluble proteins,

5+3E. GQualdiative anal.yaza of total solubla proteinss

thed changee In the preteln pattem of nctch region
(K4) and nonnotch part (Ny) were cbhaerved (Fige 5.&)“. For bester
¢omparison, each sepsrated protein band was puszbored serially
ctarting from the cathodic to snodic ende In all total (47 and
37 bands were noted in Zﬁ‘ and 2%‘2 gamples respectively (Fig. 5-@)3.‘
rieat or\ the changes in protein pattern were cbserved in the pi
rasge 5.3 to 10.0. In the pi range 7.0 to Yu2 the preieins
from i, dlaplayed dense staining when compared o Nys the
prominent belng those numbered 26 to 36 proteius, 0On the other



hand, proteins mumersd Se13 (4n the pH range 5.5 t0 5.0) ,
‘axt;;lb&tad wore dense staining in N, sample than that of K, preteine, -

Hore apscifically, band numbered 37«41 in the pH range 9.2
t0 547 wore exclusively present in N, protain sample, being
absent in X, gamples. |

A

During the course of epiphyllous bud cutgrowth from isolated
notehes, proteins were fractioned by IEF tecimique at every 24 hr
interval upto tokal 120 hr,

AZter 24 hr incubation of isclated notches, the mumber of
proteins found was only 12 (Fige 5.&)&?. The prominent one wostly
.in the central part of the gel (pH range 5.3.t0 7+2) were “'ahos&
puzbered 7~10, 12 and 17, In the extrems cathodic side of mp 0%
the major bands were 3, 5 and 6, Some sinor faint bands were
noted in few a;raay anodic side, namely 35 and 42, In the pi range
7+5 to 840 many new banda without clear aeparaticn were observed.
Caly one of the 6 unique proteins of day O notches wap found to
be present after 1 day of incubatien.

With further advancement in the bud development process
total 16 and 11 proteins were regietered @ 2nd and jrd day |
ms;:aetivezly{ 1¥74] day-z, four new bands reappeaked in the pH
range 7.5 and 10, They were 25, X0, 35 and 41s Cn 37d day of
explant incubation, the protein numbered 7 showed intense
staining, The proteins nusbered 11-15 also shoved enhanced
staining intensity.
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On the 4th day of leaf explant me{ak;aﬁm. concoaltant
with the visuel appearance of buds, total 22 proteins were um;
The major bande were in the pi range 5,3 t0 842+ The most
prooinant being 7-11, 13«15, 25 and 26, On the extrome ancdic
sida, there were six clear but faint protein bands (numbered
35“52} all of which except numbered 35 were not found on 3rd
day of incubation,

{

'S43Fs Detersination of the time of $e pove synihesis of
proteinas

application of CYCLO and ACED inhibited the developmant
‘of doruant buds in isolated notohes (Figs 5.58)s Soth CYCLO and
ACID exhibited complete inhibition of bud cutgrowth at 100 H:ez
cancentration,

In later studies with pulse application of protein synthesis
inhibitor CEYLLO 1t was judged that the bud outgrowth specific
proteins are being synthesized during the :irst 12 hy of .
isoletion (Fig, 5,&%3) +8nd subsequent cul ture of the notch
explants, Hence, the proteins wers extracted and fractioned
from notches incubated for 6 and 12 hr,

On gday-0 there were 42 pr&aﬁn bands, but after & hrs of
incubation, otal 23 major proteins were identified (Figs 5¢6)s
. Thus after lsclation and Isubaequen‘c Ancubation of notchas, the
aumper of protein bands was reduced to almost half, Howaver,
Btill the unique proteins bands (37«41) were retained in the
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6 hr incubsted notches. But proteins numbersd 3739 were found
nore prominent cormpared to the rest of the unicue proteins. The
acidic proteins (135 and 14) were more promisent with high
staining intengity. The protein (numbared 7) at pH 5.0 was more
conspicuous empsx‘aé to dayed) protein patiern.

On subsequent interval, protein nasely S8-10 (pfi 5 to 6) 19 .
&né 70 exhibited prominent staining comparstivelys On the other
hand, bands 13 and 14; uhkich wele more pronourced a% & hr interval, -
represeanted proporéionslly faint aﬁining. Saioe was the ~mu-:.tsx with
thoge proteins munbersd 38 ang 3% (pH 5,02 to 10.0)«

54¢3Gs  Determination of in yive rate of protein synthesiss

Uptake of {w(:}nrm by the notch explanis méiste?eﬁ 'y
biphasic trend (Fige 547)e Aan increase in the upieke was ﬁattd
uptp 24 hr of iaolation, fellowed by & siow decline upts 60 hr
incubation. Subsequently, the uptake of (1"&) sarine showed
inoreasing trené uptu 72 hr Lollowed by decline again.

& rapld increage in the iaceyporation of -';“‘c) seplne in

proteing was registered upte first 12 Hrs of incubation (F ig.. 5«7};
| Witk Zurther advences in the bud growth, the Lncsrporation

declined upto 36 hry During successive stages, the ingoerporatim
segan to inérease. A ‘very rapid rate of incorporation was

achieved between 36 to 60 hr incubation peried, Eventhough,

uptake and incoryoration of (“C}sarim displayed _dea&ine during
the bud ocubtgrowth process, the protein acoumilation continued

with high rate throughait the development,
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S5ekts  DISCUSSICH

\
It is now known that plant Gifferentiation and development
result £from changes in gene expression. The visible differences
in structure of various cell types or tissues and their specific
and significont metabolic characteristics result from the
pouesaién of unique patterns of proteins and the enzymas
(Trevawas, 1582b) the concentrations of which are controlled at
tranacr:.ptiénal or posttranscriptional levels (wWareing, 193&)'

During bud outgrowth from isclated notches of K. mortaged
& continuous decline in INA content was ocbserveds This is in
contrast to those studioe' that LA eyntheais takes place priop
to differentiation and that hormones affect this ayptheais
(Roberts, 1976). However, the maxisum amount of [HA observed in
dormant epiphylloug bud of K. mortagel could be due to two
posaibilities: Firstly, it is known that most of the cells of
leaf are highly differentisted and moreover such cells are found
to be polyploid (Foeket, 1968; Torrey, 1961). Such polysploid
cells could have contributed in the INA analysis of epiphyllous
dormant buds, their extrene amall size at this stage would have
fnevitavly included some amount of ‘aiesuphyll celles Secondly,
the cells in the dormant meristems in the potches, probably are
.not gpared to divide further due to their arrest ot the early
mitotic phase G,. Tn support of the latter Waa;.bilit'y. i% has
been shown that in the inhibited buds of pea, group of cells were
characterized by chjz}}aa \emﬁ subsequently on activation (decapitat=
lon) they undeswent cell division and exhibited decreased Dia/
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histone ratic (Dwividi and Naylor, 1968).

In pen, 1t has been proved that ANA aynthesis ls reguired
for the induced growth of laterel buds (Sharpe and Schaeffer,
1970} . Inhibition of bud cutgrowth by actinomycineD in the
present study supports the role of RNA synthesis for the induction
of bud outgrowthe, Our data ghow ‘tbat a slight rise in total RNA
content was taking place during day-1 of iagolation and therealter
almost the sane amount was maintained fhfaugheut the proceas.

Thiz slight decrease in RNA émtent on ‘daynz énﬁ naiatainence
of same levels on subsequent days indicates rapld turnover of
RNA fractionse |

A dacrease in the amount of RiA can only be observed if
Al breakdown has teken place éua t0 Khase aétivity. Hiase
activity shows a clearcut correlation with growth and different-
iation (Vetter, 1974). This is true in the sense that RNaae
activity found to be ususlly low in the young meristamatic cella
and with cell \age (maturity) graduelly increases (Filet and
a’raun, 1970; Trebal gt al., 1979).

A slow increase noted in Rﬁam'activ;ty with fhe lag
period (24 hy) followed by a decline and subsequent rise agsin
inéicatu its putativé role in active twmovey and differential
réquiremnt of Ria fractions for bud ouigrowth smd‘ its sulbseguent
devel.opment (Dove, 1971)« The physiological significance of
such an enzyme which 1s very sensitive to stress conditions
(Lauriers, 1383) could be the selection of speelflc lliss which
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are needed at particular stages during bu& developuent as
amcluded'by Farkes (1982) in addition to the probable regulation
of RNA at transcriptimal level (Jacobson, 1977)s Apart from all
thess possibilities, wound induced Fiase activity also can not be
ruled out with the probable involvement of ethylens and/or ABA
which are kamn to be synthesized in Snjured cells. Stimilating
effect of ethylens on the inducticn of wound Riase in turnip root
tissue has been reported (Sacher et gle, 1979)s Similarly, ABA
induced rise in Riase activity has been found in Rheo leaves

(De Leo and sacher, 1970), Avena (Wyen g§ 8les 1972)

Proteclysis plays critical roles in variocus cellular
processes such as cell differentiation including activation or
inactivation of specific enzymas (North, 1982), A considerable
interest in the molecular basis of entogenstical processes has
led to the realizntion that protuni are intricately invalved in
plant metabolism : (Storey and wWagner, 1986). In fact, in higher
pPlant cells, intracellular protein breskdown is a fundanental
progess which has important laplications in biﬁehem&cal regulation
and physiological events (Davies, 13823 Lauriere, 196833 Canut g% ales
1985). However, in plant tissues, proteclytic anslysis has
‘centered mostly cn the role of proteases in mobilizing reserve
proteins, mainly during seed gersination and subsoquent sesdling
* development (Ashiton, 19763 Ryan and wulkarmsmmm 15613
 Hikionen, 1986) and in leaf tissues during senescence (Sabater,

19684) . '

Very high activity of protesse (alkaline) in\ the eanly
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stages of bud growth indicates rapid changes in proteins for

the sustained and active grovth in the notches, in this regard
Carlberg gt al., (1984) have shown that protease activity during
differentiation increases and this seems %0 be & genersl phenvnenon
(North, 19823 Huffaker and Peterson,; 1574). The proteoclytio
enzymes are found to be present in leaves in relatively inactive
form (Davies, 1982). #An increase in protease activity was noted
;n bean leaves (Racusen and Foote, 1570); aim’i'ha dwel‘opmmm )
‘role was suggested in the contrel of aelecatﬁe‘ protein levels,
Jameel gt al. (1584) has correlated the loss of isucitratelyass
activity with the appearance of protelnase in flex seeds during
germination. Such a mechanism in turn may also bé supplying -
metabolised produst (reduced m:tragan) to thg dgvalopingg polints
(Ragster and t’;hrisgzaeis, 1979) in the exclsed notthes.

The decline in the proteclytic activity observed in the
later stapes coinclding with bud appearance could be dug 1o the
presence of protease inhibitor which are abundent in higher plants
(Ryan, 1973}, and known to acoumilate even during the growth of
tobacco callus (vWong g gles 1975).

'Relatively no change in the aclidic proteass duriﬁg the
.tourse of bud development indicates the differential role of the
two proteases.  Esxlier, Ragster and Chriapeeia (1979) have also
reported two pra*&ease‘az one ocourring in young leaf during
exp&agim and :r;aturatmn and other ong during lw fsénemence.
Simllar differential roles and activities wers egeribed to
proteinsses during germination in kidney bean (Mikkonan, 1986},
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Both the tmnscrigtioﬁa}. and transtational iphibitors
completely inhiblted the bud growth in Kalanchoe mertmget.
indicating ithe necessity of de nove synthesis of protveins for
bud cu‘«;g,rowth, \

A contimuous increase in total scluble protein content
during the course of bud growth indicates active growth of the
primordfa. In fact, subst’antial incresse in the rate of protein
synthesis has been reported to accompany the activation of growth
of quiscant cells in a xﬁany plant aya{:em {Byrne and Setterfield,
19775 Cella gf 2k, 1’9‘75; Kahl and\ﬁﬁ.tigat, 15763 Hamagopal st g.,
1977y Sparkubl gt gle, 19763 Verne and Marcus, 1574y Fosket, 1581)s
The substantial increase in total protein content reflects the
active growth of the epiphyllous bud upon :&solaﬁfmg This is 0
contrast to the reports that in detached leaves and leaf discs
there is a large decrease in total émte&n content {Martin and
 Thimamn, 1972; Thomas, 1578} Davies, 1982; Lamattina et sle,

1587) and stress {Cooke gﬁ 8ls, 5979& and b) e

In present studies, time course experinente using cychow
“heximide suggested that the new protein(s) ixacesaary for the ’
induction of growth are belng synthesized within first 12 khr of
incubation, Sung and Okimoto (1‘:»81) reported the aynthesis

of embryogenic marker proteins in cella with # he after the ‘
onget of embryogenesies, -appeardng several daye prior to
datectable norphological changese The present atudies clearly
indicates that even though the visible appesrance ef buds

pceur on 4th day, the synthesis of new protein(s) mmundatory for
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growth induction are being synthesized in firati2: hr of
isclaticn, ;Kaw&var.. direct demenstration of dg m synthesized
proteins by 2«dimensional gel separation followed by fluoroe
graphy in the present material posed seversl technical probhems.
The foremost being extremely low content of protein per ga fresh
weight of tissue coupled with high protease activity distributed
over a wide pH range between 2 and 9, FPhenclics and organic aclds
of tissues alao rendered electrophoretic ssparation difficuit
(Hari, 19813 Derger st al., 1985). However, the qualitative
analysis of scluble proteins using IEF technique was ponn;lag

Comparistn of urea extracted protein profiles of notch and
‘nonnotch region revealed that the motch regicn having dormant
bud prisordia harbours few unique proteins (37-41) which were not
seen in nonnotch i.e. mesophyll reglon of lemf. This is in
cenfimmation with many earlier cbservations e.g. specific proteins
are known t0 occur in different floral parts of tomato(Sawhney

ot AL+, 1985); Foot nodules in soybean (Legocki and Veraa, 1580),
pathogenssis related proteins (Plerpoint, 19863 Farent ot al.,
19851 Antoniw o% al., 1983; Matsuoka and Chashi, 1986)s Recently,
Choi g% ake,(1987) reported the ccourrance of 50 kD protein which
was correlated vith cnbryosins.ei ability in cultures of carrot
including cereals.

These particular proteins (57-41) specific to only notch
reglon termed as notch specific proteins. The presence of such
sapecific proteins could be due to the attainment of certain
physiclogicel statesfulfledged priuordia in the exkct notch
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region. Recently, the comparison of three differsnt cell types
in the root of pea have shown that a few moristematic abundant
BRNA were lacking in both elonsat:i.ps and zature cteages. Therse
ferq, | they were regarded as meristematicestage apmuié and
sugzested that they code for proteins involved in cell divigion
(valllant g} ghe, 1583)s The other possibility could be the
differential net protein synthesis in the tuo sites (Huckaby and
Miller, 1984) of the leaf, Proteins in nomnotch zesophyll region
namely 22, 23, and 26-28 displayed higher content which may be
the zajor proteins involved in the photosynthetic metabolism
(Lixk g% gles 1579 Viro and Kloppstech, 1980; De Vries sk ke
1563) and partly therefore of Rubisco protein (Des Frances gt Ales
1565) «

During the c¢ourse of epiphyllious bud mtgrw%h gradual
éi:appanance of many proteins and resppearance of new proteins
reflects their sctive tumover during the process. Houwever,
‘pauibnity of senescence induced slight changes also cannot be
ruled cut as already shown for senescence induced modifications
in protein patterns (Thindsa gi gles 1966). Eerlier, during
gradual ageing of pea leaves, & docline in certain proteins with
increase in others has been reported (Malik end Berrie, 1977).
Sinllarly, slight changes in protein profile of apple seeds
during stratification (Eichholtz g% ales 1963), spors gersination
and rhizoid differentiation in Cnocles fern (Huckaby and Miller,
1984), cold mcchimation and desiccation stress in wheat and rye
(Cloutier, 1983), alfalfa (Hohapatra g% ale, 1967a and b) and
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induction of froet tclerance in bromegrass cultured cells
(Robertson ot alss 1587) and heat shock in varicus syitess
(Cooper and Ho, 19873 Necchi gt gles 1587)»

The meximun uptake of("‘c}arme by the explant was noted -
upto Lirat 24 hr of isolation and subsequsnt incubatiem, However,
the incorporation of labslled serine into ICA precipitable pra;tein
was saximum tiil first 12 hr of incubatione This coincides
exactly with the enhancement and peak attainment of Ish oxidase
in the epiphyllous Luds (chapter VI), and with the knowledge using
¢ycloheximide that new proteins are synthesized within first 12
kr of isolation 0f the leaf, uith further advances in the bud
uwih process, whlle the uptake and incorporation of (“’c) ssrine
reduced with rapid pace in the latter, the protein accumlation
continued throughout growth, Similar pattems of protein
acoumuletion with low rate of incorporaticon was reported during
oytodifferentiation 0f tracheary element (Simpson and Torreys
1977) in pea cortical explants, This low rate Gf incorporatiom
and continuous accurulation of proteins indicates very low
degradation which was substantiated by proteclytic studies,
Hovever, with subsequent progress in bud growth process; &
continuous acoumilation of protun including rapid Angorporatiom
{protsin synthesis) uas noted,

Surprisingly, even though the lmportance of correlative
inhibition has baen realized long back in agrjml?;um and
ecological interests (Tucker, 1979) and many factors have besn
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shown to affect the process, a ssguence of events betwean the
induction and bud growth hes not yet been understoed (Rubinstein
and Nagao, 19753 Hillmaﬂ: 1584; Tamas, 1987)¢ The main respons
for the iack of such information are already discussed in the
iatroduction of this chapter, It seexs that the studies of
molecular aschanisma involving identification and characterisate
don of proteins synthesized at various stages of budgrowth,
\immet:m and subssquent development as reported here using
Smple axpirmnﬁl eysten of epiphyllous bude of Kelanchop

- Bortagei, may help in undersianding the process of correlative
inhibition and thus ultisately plant developmant,
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(b) Continuous changes in protein
profile during the course of bud outgrowth,
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Table 5.1 Soluble Pyotein Loss during dislysis sfter (iiy,)oi0,

pregipitation
Protein A % px'atein
\ goncentration 1088
{mg/gm fresh welght)*
- e N
Before precipitation ' Ce135 , -
After precipitation ' |
0,009 5%e 353
and dialysis
"

% kxtracted in citratesphosphate buffer pH 7.6 and
quantified by modified Lwryis procedure (Hartreo,1578).



Table =52, Effect of inhibitors on proteclytic mctivity
of crude enzyme trom Kelanchos mortased, leaf,

—‘l N
Concentration Unit protease

control /Inhibitor used (=) W

3.0 840
Contral - 2442 he th
EDTA Qe 1.86 2460
1040 2,06 20 ;'0\3
Alcohod Control 2540 1428 1252
PMSF Ot 1428 1292
1.0 0s96 1492
1040 0496 1427
NaGH Control 140 1028 0464
PHIB Oe1 1228 0«6h
1.0 0«64 Cs6h
1040 0.64 Cebh

5040 o 0




