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Chapter I

General Introduction




Abnormal growths are characterized by extensive
alterations and over growth due to the plant organ losing
control over the growth potentials of the affected area.
"Galls" or "cecidia" induced by insects, are pathologically
developed tissues mostly by hypertrophy or hyperplasia. The
gall tumor tissue proliferation is a unique pheromenon of

auntonomous growth of the diseased cells.

Natural biological assemblage systems are subjected
to high disturbance frequencies. Galls offer ample scope
for micro~habitat and sustain a number of arthropods, bugs,
wasps etce. for feeding or for their requirement of plant in
any plausible way to complete the life cycle. The adaptive
strategies +that lead to synchronized systems between the
hosts and inducing agents are concerned with the multipli-
city of diverse physical, chemical and biological agents -
phytocecidia, zoocecidia and plasmatocecidia (Rohfritsch,
1971) and circumstances of life (Arya gt ale.» 1975; Bayer,
1982) = that can transform a normal cell into a tumor cell.
Association can be dynamic between highly specialized feed-
ing behaviour and adaptive strategies. However, the corre-
lation of development in the highly intricate cecidogenic
system and what contributed to form has not yet been solved.

The complex interactions involve deviation of the dynamic



equilibrium related to metabolically normal plant. Changes
of mutational type involving the loss of substitutions or
permanent rearrangement of the genetic information in a
cell could lead to the establishment of the tumorous state.
It may be noted that plant cell transformation does not
alWays mean whole plant transformation. The neoplastic
growth strikingly illustrates the ability of an infectious
agent to interfere normal plant morphogenic processes and
re-establish growth in a new stable state, potentially bene-

ficial to the pathogen as in the case of crown-gall caused

by Agrobacterium tumefaciens.

Autonomy exhibited by neoplastic growth has many
gradations. At one extreme are located the benign (self-
limiting) tumors which grow and remain localized in the
hosts, at the other end are the most malignant (non-self-
limiting) cancers that invade neighbouring tissues and

spread throughout an organism by metastasis (Braun and

Stonier, 1958).

Mani (1973) has described about 817 galls on more
than 400 species of plants belonging to about 84 natural
orders. Approximately, 15,000 gall forming insects have
been recorded from around the world (Rohfritsch and
Shourthouse, 1982). The subject of insect-gall formation



has been extensively reviewed (Arya et gl., 1975; Purohit
et al., 1980; Rohfritsch and Shorthouse, 1982; Tandon,
1985) « Gall forming insects are considered to be host
specific, though a few of them invade closedyrelated
species within a gerus (Rohfritsch and Shorthouse, 1982)
while others like Eriophyes cladophthyrus attack different
species of plants (Westphal, 1980). Pathogenic insects '
while harbouring on particular plant, release a toxin, so
called, "host specific substance", which damage or destroy
the host tissue susceptible to it. However, the toxin has
little or no effect on other plants, microorganisms or
animals (Browder and Eversmeyer, 1986). Parr (1940)
reported that the chemical gall-initiator was injected by
the insect into the plant together with its saliva during
feeding. Many workers have detected and showed the
presence of hormones, steroids, amino acids and amides as
well as mumerous digestive enzymes in the saliva of
cecidozoans (Byers et al., 1976; Hori and Miller, 1977;
Rohfritsch and Shorthouse, 1982; Dixon, 1983). The associa~
tion of viruses with plants and their role in tumor forma-
tion has been well established. Parr (1940) reported that
insect transmitting virus Aureogemus mggnivena can produce
tumors in plants. The virus like material (Walton, 1980)
cecidogen present in the insect and gall tissue (Lewis and



Walton , 1964) is a crystal or gramilar-amorphous mass

that multiply in the insects but not in the plants.

Wounding appeared indispensable to all types of
plant tumors-viral, bacterial and genetically induced.
The normal cells surrounding a wound are stimulated to
intense mitotic activity and invade the wound site. When
the wound is healed, the involved cells again become
quiscent. Tumor appears to be uncontrolled wounding
response, since the cell of crown-gall tumors rather
closely resemble those in normal wound healing (Beardsley,

1972) .

Decleene and Daley (1976) reported that at least
643 host plants from 331 genera were susceptible to crown-
gall. Undoubtedly the molecular basis for this naturally
occurring host range variations is not clear. The finding
that the crown-gall tumor cells develop a capacity for
autonomous growth as the result of the persistent activa-
tion of certain normaglly repressed biosynthetic system led
to attempts to determine how these systems are regulated in

the cells.

Plant-galls have been reported to contain higher
levels of growth hormones (Purohit et al., 1980; Tandon and
Arya, 1980a; Weiler and Spanier, 1981; Braun, 1982; Pengelly



and Meins, 1983; Dixon, 1983; Kado, 1984; Maden and Stone,
1984; Nester et gl., 1984) which presumably contribute to
the‘abnormal growthe Auxin requirement is the expression
of the 9ommitted antonomous cells which may have an
epigene%?basis (Braun, 1978). However, several factors in
addition to auxin may mediate many of the exaggerated

growth reponses characteristic of plant diseases (Bouckaert-
Urban and Vendrig, 1981). The hyperauxinic habit in gall
tissue has led to three major hypotheses: i) increased
synthesis, ii) decreased destruction and iii) both increased
synthesis and less destruction. Several workers are of the
opinion that the transformation of normal plant cells to
tumor cells is followed by rapid cell division with increase
. in amount of cell division substances and other metabolites
essential for the maintenance of autonomous growth of the
tumor cell (Stonier, 1972; Bouckaert-Urban and Vendrig, 1981;
Amgsino and Miller, 1982; Braun, 1982; Kado, 1984). It is
not clear whether the cells respornding to auxin are auxin
deficient tumor cells that are promoted to grow as long as
auxin is”supplied or partially transformed cells whose

complete conversion requires added auxine.

C rown-gall tissues, in contrast to normal plant
callus tissue, can be grown in vitro in the absence of exo-

gerous auxin or cytokinin (Gautheret, 1947; Braun, 1962) and



it is now generally accepted that tumor formation is
accompanied by a simplification of the nutrient require-
ments of the host cells (Butcher, 1973). Differential
autonomous requirement of the mitrients vary from species
to species, for instance, fully transformed crown-gall
tissues of Vinca roseg became more autonomous as compared
to normgl tissue. Although the mumber of growth factors
involved varies, the attainment of auxin independence
apprears to be a consistent feature of tumor formation. The
tumor tissue were shown to have an enhanced capacity for
indole-3~acetic acid (IAA) synthesis either from tryptophar
(Henderson and Bonner, 1952) or other indole precursor

molecules (Nitsch, 1956).

The involvement of non~auxinic growth factor in
crown-gall tumorigenesis was implied (Braun and Naf, 1954)
when extract of crown-gall tumor tissues in combination
with auxin caused much better growth of normal plant tissue
than auxin alone. After the discovery of cytokinin it was
found that auxin and cytokinin in the growth medium cause
non-tumorous tissue to grow as rapidly as tumor tissue
cultured on medium without phytohormones (Braun, 1958). It
was concluded that crown-gall tumorigenesis results from tk
production of both auxin and cell-division factors (CDF) by

tumor cells. Many workers have shown that crown-gall tumo



tissues of various species contain virtually all of the
known forms of naturally occurring cytokinins (Nakajima et
ale, 198t; Einset, 1980; Weiler and Spanier, 1981; Amasirno
and Miller, 1982) which play a role in cell division. The
growth hormone autonomy of crown-gall cells is apparently
a result of the production of auxin and cytokinin by those
cells.

Many plant tissues require cytokinin and auxin for
contimwoous growth in culture on an otherwise complete
medium (Street, 1969). It was recognised that auxin habi-
tuation occurs widely in cultured plant tissue and that
similar changes are encountered for cytokinins and certain
vitamins as well (Gautheret, 1955; Street, 1969). Stable
habituated tissues can exhibit the same mutritional autoromy
and lack of organizational capacity as crown-gall tumors in
culture and in several cases of grafting of crown-gall to
normal plants. Reversal of habituated tissues to auxin or
cytokinin dependency also occurs in culture (Lutz, 1971).
Binns and Meins (1973) showed that stable umorganized variants
derived from cultured crown-gall teratoma tissues can form
organized structures when grafted to normal plants. This

indicated a favourable in vitro phenotypic change.



Comparison of the properties of habituated and
crown-gall cells led to the conclusion that habituation
is a form of neoplastic transformation involving heritable
progressive change in cell phenotype that can result in
autonomous growthe The significance of this conclusion
lies in the fact that habituation occurs in the absence of
a recognizable infective agent and appears to have an
epigenetic basis (Meins, 1972). Physiological differences
between habituated and crown-gall tissue cell reside in
the mechanism of the turning off the IAA production
(Pengelly, 1980). Plant tumors are also krnown to produce
a complex substituted purine derivative (Wood, 1970). The
fact that cytokinin habituation ococurred in absence of any
recognizable production of CDF an essential feature of
tumor state, did not necessarily result fram foreign genes
introduced during tumor inception (Meins, 1974). All
cytokinin stimulated cells at the time of division were
thought to produce CDF. Plant cells exhibit the process of
partial or complete habituation. The epigenetic changes
were believed to be due to the partial or complete switching
on of the endogenous genes ard were also partially reversi-
ble (Meins, 1974). Although there is correlation between
growth factor amtotrophy and chromosomal constitution, it is
unlikely that these changes provide a mechanism for habitua~
tion (Butcher, 1977). Plant cells serially propagated in



culture usually undergo progressive heritable changes in
gross chromosomal constitution (d'Amato, 1977). Habituated
cells have higher nuclear deoxyribo-micleic acid (DNA)
content and presumably higher chromosome mumber than non-

habituated cells (Don et ale, 1974).

Studies on changes in ribo-nucleic acid (RNA) meta-
bolism associgted with cell expansion are usually complex
with differential responses (Key and Shamnon, 1964). The
increase in nucleic acid content during tumor induction
(Klein et gl., 1953) after wounding (Kupila and Stein, 1961)
and chromosomal abrormalities with changes in auxin level
(d'Amato, 1977) in several plant species has been reported.
Auxin induced increase in RNA synthesis in soybean (Guifoyle
et ale, 1975), formation of specific proteins in tobacco
(Meyer et al., 1984), and the regulation of auxin and RNA in
different species (Meyer et al., 1984; Walker et gl., 1985)
are well documented. AllL these evidences suggest that
enhanced miclear activity must regulate the growth response

to exogenous auxin.

In A. tumefaciens, the process of transformation is
associated with the presence of tumor inducing Ti=-plasmid in
the causative organism (Zaenen et al., 1979). Multiple
copies of the part of the Ti-plasmid, are subsequently found
in the transformed plants cells (Chilton et al., 1977). It
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has been shown that during the inception of crown-gall,

the T-DNA sequences from the oncogenic Ti-plasmid are
transferred to the nucleus of the normal plant cells,
incorporated, maintained (Chilton et gl., 1977; Schell et
ales 1979; Willmitzer et ale., 1980; Yadav et al., 1980) and
transcribed (Drummond et al., 1977; Gurley et ale, 1979) in
the transforme& cells. In addition to its oncogenic proper-
ties, T-DNA is essential for the maintenance of the tumorous
state (Depicker et al., 1978; Holsters et gl., 1980) and for
the biosynthesis (Holtster et al., 1980) of a group of
unusual plant metabolites called opines (Schell et ale, 1979;
Tempe and Goldman, 1982) which served as a source of energy
and mutrient for the bacteria (Tempe and Petit, 1982). The
extensive body of evidence indicated that auxin and cytokinin
over production, is important for the maintenance of the
transformed state. Several reports indicated that the phyto-
hormone gutotrophic growth of the transformed tissue of

A. tumefgciens is due to T-DNA induced elevation of the
endogenous level of auxin and cytokinin (Atsumi and Hayashi,
19783 Einset, 1980; Nakajima et gl., 1981; Amasino and
Miller, 1982). Elevation of endogenous levels of growth
hormones in insect-galls has also been reported (Tandon and
Arya, 1980a). On the other hand, it is also pointed out that

the increased phytohormone levels are not the only factors
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lo,

that are involved in gall formation (Nakajima et

1979; Weiler and Spanier, 1981).

The increased levels of IAA in diseased tissue have
given rise to a question with regard to their origin.
Transformed bacterial DNA encodes two genes involved in the
pathway of auxin biosynthesis, thereby abolishing the
requirement of exogenously supplied auxin for growth of
transformed cells (Hertel et al., 1983; Schréder et al.,
1984) « The genes responsible for IAA biosynthesis from
crown-gall cells have been isolated (Kado, 1984; Rausch et
ales, 1985, 1986). Endogenous T-DNA directed synthesis of
plant-hormones both auxin (Inzes et ale, 1984) and cytokinin
(Barry et al., 1984) .i:the basis for the homones autotrophic
growth of crown-gall cells.

Totipotency in plant cells provides clue to reactions
to investigate the reversal of tumorigenesis. 1In addition to
its bearing on plant tumor experimentation, it provides
information on the central mechanism that restrain and regu-
late growth of normal plant tissue. There are now a mmber
of cases where phenotypic reversal of the tumorous state has
been achieved (Sacristan and Melchers, 1977; Wullems et gl.,
1980) . Cells from an organized tumor line when fused to
normal cells can become teratomas (Wullems et gl., 1980). The

different morphologies in crown-gall tumor correspornd to the
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pattern of growth observed by Skoog and Miller (1957) in
normal tissue of tobacco by manipulating auxin and cytokinin
levels. Similarly, the endogenously produced levels of
auxin and cytokinin appear to control the morphology of
crown-gall tumor (Amasino and Miller, 1982).

Differential biochemical metabolism of normal and
gall tissue in vitro has been reviewed (Arya et al., 1975;
Kado, 1976; Lippincott and Lippincott, 1976; Shekhawat et gl.,
1978; Braun, 1982; Rohfritsch and Shorthouse, 1982; Dixon,
1983; Tandon, 1985). There are two fundamental suggestions,
firstly change in energy metabolism resulting in more
permeability (Lippincott and Lippincott, 1975) and secondly
the interaction and inter-dependence of metabolites and gene
action affecting internal metaholic system resulting in
abnormal growthe One of the most puzzling aspects of tumor
problem generally over the years, has been, concerned with
the multiplity of diverse physical, chemical and biological
agents that can transform a normal cell into a tumor cell.

All these agents lead to the same end result.

Metabolic control of disease reaction can occur by
depression or promotion of genetic control of protein synthe-
sis. Qualitative and quantitative variations in free amino

acids and nitrogen constituents (Warick and Hildebrandt,
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1966) and new umusual amino acids in crown-gall tissue
(Lioret, 1957; Biemann et gl., 1960) have been reported.
The arginase activity was low in many plant tumors (Morel,
1971) and 'new' enzymes octopine dehydrogenase (Brinberg
et gl., 1983) and nopaline dehydrogenase (Otten and
Schilperoort, 1978; Ondrej, 1983) were reported which led
to the production of abnormal amino acid octopine and

nopaline.

The metabolic pathways responsible for biosynthe-
sis of aromatic amino acids and for vitamin-like derivatives
is a major enzyme network in nature (Weiss and Edwards,
1980). In higher plants, this pathway plays even larger
role since it is the source of precursors for mmerous
phenylpropanoid compounds, lignin, auxins, tanins and an
enormous variety of other secondary metabolites (Stafford,
1974). Such secondary metabolites may originate from the
amino acid erd products or from intermediates in the path—
way. The aromatic pathway interfaces with the carbohydrate
metabolism at the reaction catalysed by 3~deoxy-D-arabino-
heptulosonate~7-phosphate (DAHP) synthase the condensation
of erythrose-4~phosphate and phosphoenol pyruvate to form
the 7=-carbon sugar DAHP. It has been assumed that the
universally occurring aromatic amino acid in higher plants

followed essentially the same pathway as in microorganisms
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( Yoshida and Tower, 1963) and that the fundamental aromatic
amino acids or intermediate aromatic compounds restricted
to certain species might be derived secondarily from their
biosynthesis through the action of phenylalanine ammonig
lyase (PAL) and tyrosine ammonialyase (TAL). Lynda and
Thorpe (1985) reported the presence of both PAL and TAL in

tobacco callus tissues.

Phenolic compourds are widely distributed in plant
kingdom (Harborne, 1980), and play a role in normal and
abnormal plant growths (Kefeli and Kutacek, 1977; Lee et al.,
1982; Beart et al., 1985; Kefeli, 1985; Rosenthal, 1986).
Tissue of higher plants accumulate a wide variety of aromatic
pherols which form the main group of naturally occurring
inhibitors among plant products. The possible role of such
compounds in plant growth regulation has been discussed

(Kefeli and Kutacek, 1977).

Endogenous phenolic acids as well as exogeneously
applied in the medium play a significant role in in vitro
growth of tissue (Feucht and Schmid , 1980). Gene expres=~
sion involving phenolics has been reported (Stachel et gl.,
1985; Bolton et gl., 1986). The genetic control of antho-
cyanin biosynthesis in mgize has been of great interest
since 1t provided a model system for studying the gene action
and gene regulatory meéhanism (Reddy and Coe, 1986).
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The role of oxidative enzymes and phenols in
abnormal growth has been well documented (Fri&, 1976;
Bhansali et al., 1978; Purohit et gl., 1979; Ramawat et al.,
1979;° Tandon and Arya, 1982; Tandon, 198%5; Joshi and Tandon,
1984; Beart et gl., 1985; Rosenthal, 1986). The participa-
tion of polyphenol oxidase (PPO) in IAA oxidation (Tandon
and Arya, 1980b; Mayer and Harel, 1979; Lazarovits and
Ward, 1982; Vaughan and Duke, 1984); the relationship between
peroxidase (PRO), PPO and IAA-oxidase (Gove and Hoyle, 1975;
Tandon and Arya, 1982); peroxidase function with IAA-oxidase
(Frid, 1971; Hoyle, 1972), IAA oxidation by phenolics
(Gelinas, 1973; Sirois and Miller, 1972); increase in pheno=
lic acids with higher PPO and the factors involved (Kosuge,
1969; Tandon and Arya, 1982; Mayer and Harel, 1979; Flurley,
1986) in tumor development are well documented. The auxin
protectors of phenolic nature prevent PRO or IAA oxidase
catalized oxidation of IAA and alter auxin metabolism in
tumor tissue (Atsumi and Hayashi, 1978; Haard, 1978; Tandon
and Arya, 1980b). Extremely high levels of these substances
are sufficient to explain the autonomy even when gall tissue

contain more auxin destroying enzymes (Stonier, 1972).

Auxin and cytokinin regulate growth and morphoge-
nesis in plant tissue cultures, induce the synthesis of

specific polypeptides in cultured tissues (Bevan and Northcote,
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1981; Wang et al., 1981; Meyer and Chartier, 1981) by
altering enzyme activities (Kulaeva, 1980; Kaminek et

aley 1981). Protein and isozyme patterns change in many
enzyme systems (Joshi and Tandon, 1984; Vanloon, 1985;
Eberman and Lick, 1986). The major net work of enzyme
systems of the cells play a great role in the regulation
and synthesis of primary and secondary products, amino
acids, vitamins (Weiss and Edwards, 1980), etc. essentially
required for each system of life and to maintain their
equilibrium dynamic. From a phytochemical stand point
plants are producers of chemicals and insects are consumers.
Insect~and mite~incited plant galls offer an ideal system to
study abnormal proliferation of plant cells in response to a
stimulus. Though the crown-gall formation in plants has

been an area of extensive research, the physiology and bio-
chemistry of insect-and mite-incited galls has not received

due attention by the researchers.

The present investigation deals with the following
studies:

1) Isolation of both normal and gall tissues of
Schima khasiang and S.wallichi in culture and studies of

their growth factor requirements.

2) The assay of some enzymes of skikimic acid
pathway and oxidative enzymes and the formation of phenolic
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compounds as related to gall formation.

3) Aminoacids, protein, mucleic acids and meta-

bolism of growth hormones in normal and gall tissues.

Understanding the facts underlying growth and
development patterns covering normal and gall tissues will
be of immense value in case of Schimg an economically

lmportant tree species of the North-Eastern region of India.



Chapter II

Tissue culture of Schima khagiana and S. wallichi
normal leaf and gall tissues : Studies of growth

factor requirements
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INTRODUCTION

One of the earliest applications of plant tissue
culture with significant contribution to modern knowledge
of plant cancer dealt with the study of plant tumor
physiology. In addition to wound response, callus may
develop in plant tissues following an invasion by certain
microorganisms or by insect feeding. Tissue culture
technique allowed callus formation in mumerous plants,
organs or tissues that do not usually develop callus in
response to an injury (Street, 1969). The technique has
not only supplemented coventional methods used in agricul=-
ture (Thorpe, 1981;Bhejwani and Razdan, 1983; Bajaj,
1986) , forestry (Bonga and Durzan, 1982; Bajaj, 1986b) and
breeding (Vasil et al., 1982; Dodds, 1985) but alsc as a
model system for manipulating under closely controlled
conditions, the physico-chemical, biochemical and molecu=-
lar events that follow growth and differentiation of
diseased plants (Sacristan and Melchers, 1977).

Trees exhibit chemical substances in free or bound

forms associated with plant metabolic system which may be
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considered as unwanted element for callus initiation
(Monaco et al., 1977; Mulder-Krieger et al., 1982; Singh
et al., 1982; Tisserat, 1984). On the other hand, a
number of special considerations needed for callus initia~-
tion are selection of explant (Durzan and Chalupa, 1984),
use of antioxidants (Murashige, 1974; Monaco et al., 1977;
Tisserat, 1984), concentration of exogenous growth regula-
tors (Davies, 1972; Shah et al., 1976; Singh et gl., 1982),
micro and macromutrients (Shah and Mehta, 1978; Mulder-

Krieger et al., 1982) and selective physical conditions.

The development of gall involves factors that are
released from the cells of the host surrounding the infected
plant part. The insect feeding provokes several layers of
highly matritious cells to grow which enclose the insect in
a sheltered chamber and become the insects sole source of
food (Kant, 1967). Although there is little doubt that the
insect provides the stimulus for gall formation, the
factors involved and the mode of action of the stimulus is
by no means clear. The insect acts through mechanical
injury and may also apply cecidogenic active substances
present in its saliva. Several chemicals, including auxin
and other growth promoting substances have been detected

in cecidozoan saliva (Boysen~Jensen, 1948).
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The maintenance and regeneration into the whole
plant (Wang et al., 1981; Bonga and Durzan, 1982; Esenowo,
1986) and significant information associated with the
technique and the factors involved in callus culture have
been reviewed by many workers (Steward and Krikorian,

1979; Thorpe, 1981; Sharp et al., 1984; Dodds, 1985; Bajaj,
1986a) « The mutritional requirements for the initiation

of callus vary considerably in primary explants of different
organs. The majority of excised tissues require exogenous
addition of growth factors in the medium in order to stimu-
late callus development (Yeoman and Macleod, 1977). Some
tissues require both auxin and cytokinin whereas others only
one of the two growth factors, and crown-gall neither of the
growth factors (Gautheret, 1955; Braun, 1982; Meins, 1982).
Synthetic auxin 2,4-dichlorophenoxyacetic acid (2,4-~D) when
provided at high concentrations replaced both auxin and CDF
requirements of cultures (Witham, 1968).

Various tissues of insect-gall origin were isolated
and studied in vitro (Hildebrandt, 1965; Arya ,1965;, Kant,
1967; Rohfritsch, 1971; Tandon, 1976; Arora and Kanu, 1980).
Tumour formation is usually followed by simplification of
the nutrient requirements (Butcher, 1973) and hormone inde=-
pendence (Braun, 1982). Crown-gall of sunflower showed

autonomy for only auxin (refer Butcher, 1973). Growth
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regulator indeperdence has also been reported in habitua~
ted and genetic tumor tissues (Meins, 1982; Bayer, 1982).

Gautheret (1946) observed that a callus culture
which originally required auxin in the medium for growth,
after developing as out growth would survive indefinitely
on medium lacking auxine CDF habituated tissues when
cultured on a medium containing high concentrations of
kinetin do not require auxin. There is evidence that the
autotrophic growth of the habituated cells results from
changes in the production of specific growth factors rather
than from a furdamental alteration in the cells requirement
for these factors (Meins, 1982; Einset, 1985). Direct
mceasurement showed that cells produce the growth factors
for which they are habituated and in amounts sufficient to
support the proliferation of non~habituated cells (Einset
and Skoog, 1973; Pengelly and Meins, 1978; Pengelly, 1980).

Auxin is produced by actively growing regions of
the plants (Sheldrake, 1973) and by proliferating non-
habituated cells in culture. The proliferation of higher
plant cells require the concerted action of specific growth
factors. Differential requirement and competence to habi-
tuation may have an epigenetic basis in different type of
tissues. During organogenesis some progeny of competents

shift to a new stable state in which cells are unable to
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respornd to CDF by habituation (Meins and Lutz, 1980).

In spite of a great deal of research, the physio=
logy of auxins in tumours is still unsolved. Various
aspects of physiological differences in tumor cells with
respect to normal cells have been well summarised (Braun,
1982) . Higher amount of growth substances have been
reported in crown-gall (Weiler and Spanier, 1981; Amasino
and Miller, 1982; Kado, 1984; Nester et gl., 1984) genetic
tumours (Bayer, 1982); viral tumours (Black, 1982); fungus
infected galls (Maghadevan, 1984) root nodules (Danger and
Basu, 1984) mite and insect~incited galls (Purohit gt ale,
1980; Tandon and Arya, 1980a; Maden and Stone, 1984).
However, the various manifestations caused by auxin even in
normal growth are not clear. Braun (1962) has drawn atten-
tion to the similarities of the abnormal histological and
cytological features observed in tumour tissues and those
found in normal. He considered that these features can be
accounted for in terms of abnormal growth hormone physiology

which is characteristic of the tumour tissues.

Carbohydrates play a leading role in several metabo~
lic processes of plants and are indispensable for tissue
growth in vitro, because of their heterotrophic nature. The

most preferred carbon source for most plant tissue cultures

1s sucrose. Glucose and fructose may be substituted in some
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cases but most of the other sugars are poor carbohydrate
sources for the plants. Various carbon sources such as
mono~-di-and poly-saccharides, sugar alcohols and organic
acids have been used for a mumber of tissues grown in
vitro (Ramawat and Arya, 1977; Tandon and Arya, 1979;

Hu and Wang, 1986). Differences in the contents of starch,
soluble sugars, carbohydrates, nitrogen, amino acid compo~-
sition, aromatic amino-acids and steroids have also been
shown between normal tissues and insect/mite~incited plant
galls (Shekhawat et al., 1978; Tandon and Arya, 1979;
Rohfritsch and Shorthouse, 1982; Dixon, 1983).

MATERTALS AND METHODS

Schima belongs to the family ternstroemiaceae. Of
the two species found in the North-East India, S. wallichi
Choisy and S. khasiana Dyer (Fig. 1) are found at elevations
of around 4,000 ft and 6,000 ft, respectively. Galling on
these trees appear when the insect Trioza sp. (Homoptera)
attack the leaf. The galls are present on very young to half
mature leaf. Mani (1973) nas described details regarding the
distribution and type of galls associated with Schima spp.
The leaf of Schima are heavily infested during the month of
of Mgy-June immediately after the leaf flush. The young
galls that develop on the leaf of S. khasiana turn red at



Fig. 1. Schima khasiana (a) and S. wallichi (b)

trees showing infected leaves.



(a)

(v)
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maturity and attain size ranging from 4-6 cm and open up
like flowers, whereas S. wallichi galls are green to yellow
in colour and are found along the margin of the leaf and
close at maturity. Infected leaves turn yellow-white with
the loss of chlorophyll and clear diffusible matter tracts

can be seen along the veins of the leaves.

i) Tissue culture technique

Corning glasswares were used for all experimenta=-
tions. They were scrupulously cleansed with teepol a
laboratory detergent and thoroughly washed with tap water.
Further, they were rinsed 35 times with distilled water and

dried in an oven at 100°C.

Either 0.1 N NaOH or O.1 N HCl was used to adjust the
pH of the medium at 5.7=5.8 and for gelling the medium 0.8%
Difcobacto agar was used. About 15 ml of the medium was
dispensed in the test tubes and 30 ml in 100 ml Erlenmeyer
flasks and these were plugged with non-absorbent cotton and
sterilized in an autoclave at 1.06 kg/s8q cm. pressure for 20
mine The young leaves and galls were used as explants.
After washing thoroughly with tap water, the explants were
cut into 5-10 mm pieces in distilled water. The larvae
present inside the galls were removed by a soft brush and

washed repeatedly with distilled water. The tissues were
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sterilized with 0.1% mercuric chloride solution for 5-6
min and washed at least ten times with sterilized double

glass distilled water.

The explants were inoculated aseptically in test
tubes containing modified Murashige and Skoog's (MS)
medium (1962) in a laminar flow transfer table. The com-
position of the medium is given in Table 1. Before using,
the working area of the transfer table was sprayed and
thoroughly scrubbed with cotton soaked with ethanol (70%
v/v) and sterilized by keeping the UV tube light on for 20
min. After exposure, transfer area was allowed to cool
for at least 5 min for removal of ozone. Throughout inocu-
lation, gentle flow of ultra-filtered sterile air of
velocity 27+3 m/min across the working area was present in
order to prevent air-borne contamination. The working
parts of forceps, needles, surgical blades, etc. were ste-
rilized by dipping in alcohol, flamed in a spirit lamp,
cooled and returned to the jar containing alcohole The rim
of the test tubes were held in a flame provided by the
spirit lamp during transfer of explants. After inoculation
the test tubes were immediately plugged with cotton,
covered with aluminium foil and kept again in UV light for
4=5 mine These were then transferred to a dark growth

chamber held at 22°C temperature and 60-80% relative humidity.



Table 1. Murashige and Skoog's (MS) Medium (Modified)

 § M | |
Stock H ! Conce. in stock{ Final conce. in
solution § Constituents isolution (g/1) | medium (mg/1)

A NHQNO3 82.5 1650.,00°

B KNO3 95 .00 1900,00

C H3B03 1¢24 620
KHéPOh 34,00 170,00
KT 0,166 0.83
NQ.ZMOOL‘_Q 2H20 0005 Ooz
CoC12.6H20 0.005 0.025

D CaC12.2H20 88 .00 440 .00

E MgS0,,« TH,0 74 400 370.00
MnSOa.AHZO 446 22.30
ZnSOA.7H20 172 8,60
CuSO0,, «5H,0 ) 0.005 0.025

*f NaéEDTA 745 3735
Fe804.7H20 557 2785

G Thiagmine HCL 0.02 0.10
Nicotinic acid 0,10 0,50
PyridOXine HCl 0,10 0.50
Glycine Q440 2,00

*FeSOho7H20 was dissolved in approximately 200 ml double
distilled water. NaZEDTA Was dissolved in approximately
200 ml double distilled water, heated and mixed (under
continuous stirring) with FeSO,.7H,0 solution. After
cooling, the volume was adjusted to 1000 ml. Heating and
stirring result in a more stable Fe~-EDTA complex.

Addendum: Sucrose 30 g/l, myo-inositol 100 mg/l,
agar 8 g/l, auxin and cytokinin (as mentioned in text).
The stock solutions were prepared and stored in a refrige-
rator (for never more than 4~6 weeks) and mixed just before
preparing the final volume.
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The calli of about 1 cm in diameter grown over
the explants were subcultured. Approximately 100 mg by
fresh weight of calli were transferred to the fresh

medium for callus proliferation.

ii) Effect of antioxidants, other adjuvants and growth

regulators on callus initiation

Different concentrations of ascorbic acid (100
mg-800 mg/1l), citric acid (100 mg/l) and polyvinyl pyrro-
Lidone (PVP; 1000 and 2000 mg/l) were used separately for
presoaking of the explants for 5 min to prevent their
browning (Table 2). The presoaked explants were cultured
on MS medium containing 2,4~D (2~10 mg/l) and kinetin (0.04
and 0.5 mg/l). 2,4=D,0<-napthaleneacetic acid (NAA),
indolepyruvic acid (IPA) and indolebutyric acid (IBA) were
incorporated separately in concentrations ranging from 1-10
mg/l with either kinetin or benzylaminopurine (BAP) (0.04
and 0.5 mg/l) alone or their combinations in the medium for
callus initiation. Activated charcoal (100 and 500 mg/l)
was also incorporated in the medium and the explants used
here were not treated with antioxidants. The cultures were

incubated in darke.
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iii) Effect of carbohydrates, strength of medium and
growth regulators on callus tissue growth

Evaluation of the effects of carbohydrates, medium
concentrations and growth regulators on callus growth were
carried out. Different carbohydrates like sucrose, glucose,
fructose and maltose in concentrations ranging from 10-60 g/l
were incorporated separately in MS medium containing 2 mg/l
NAA ard 0.04 mg/l kinetin. Varying strengths of MS medium
(1, 1/2, 1/4) containing 0.04 mg/l kinetin in conjunction
with 2 and 8 mg/l of NAA were tried. 2,4-D, NAA, IAA and IBA
(0.5-8 mg/l) were incorporated separately in MS medium along
with kinetin (0.04 mg/l). Varying concentrations of kinetin
0.5=10 mg/1l) in conjunction with NAA (2 mg/l) were also used
in MS medium to study their influence on growth of both
normal and gall tissues. These cultures were kept in fluo-

rescent light of 3,000 lux.

For each experiment ten replicates (except for callus
initiation) were taken and experiments were repeated thrice.

The results are presented as mean with standard error (SE).

EXPERIMENTAL RESULTS

i) Effect of antioxidants, other adjuvants and growth
regulators on callus initiation

Presoaking of explants in different solutions of
antioxidants and PVP reduced the browning of the explants but
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did not help in callus initiation (Table 2). The callus
initiation did not occur on the explants cultured in MS

medium containing activated charcoal.

Both normal and gall tissues of S. khasiana and
S wallichi showed callusing in 20-40 days time in MS
medium containing 2,4-D (1-10 mg/l) in conjunction with
kinetin alone or in combination with BAP (Table 3).
However, better callusing occurred when 2,4~D (8-10 mg/l1)
was used along with kinetin (0,04 mg/l) alone. 2,4=D in
conjunction with BAP did not result in callusing. While
NAA (8 and 10 mg/l) with kinetin (0.04 mg/l) in the medium
resulted in callusing on the explants (Table 4), both IAA
and IBA alone or in combination with kinetin and BAP failed

to do so.

The young gall tissue showed callusing from either
its inner cut end or from its periphery whereas in normal
young leaf it occurred from the midrib of the explants. The
callusing was not observed in mature leaf and gall tissues.
S. khasiana and S. wallichi normal and gall calli were
compact and friable (Fig. 2). However, the gall tissues were

more shining and translucent.



Table 20

(SK)

and S. wagllichi (SW)

on callus initiation

Effect of presoaking of explants of Schima khasiang
in antioxidants and PVP

»44=D

e

Kinetin mg/1

Antioxidants and

'
]
t
2 211 0.0k 045 PVP in one litre | Remarks
} r of distilled water |
ESK Sw 5 SK Sw i
2 + o+ + + 100 mg ascorbic acid Explant remained
green but did
not throw callus
2 + + + + 200 mg ascorbic acid - do -
2 + + + 400 mg ascorbic acid - do -
2 + o+ + + 800 mg ascorbic acid - do =~
4 + + - - 100 mg ascorbic acid - do =
4 + o+ - = L4OO mg ascorbic acid -~ do =
8 + o+ - - 100 mg ascorbic acid - do =
e + o+ -~ « 200 mg ascorbic acid ~ do -
10 + o+ + o+ 100 mg citric acid - do -~
10 + o+ + + 1000 and 2000 mg PVP Explants as well
as media turned
brown
+ tried

not tried.
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Fig. 2. Schima khasiana normal (1) and gall (2);
S. wallichi normal (3) and gall (4)

calli grown in MS medium.
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ii) Effect of carbohydrates, strength of MS medium and
growth regulators on callus tissue growth

Of the various carbohydrates tested, sucrose at 30
g/l in the medium resulted in maximum callus weight of
normal and gall tissues except normal tissue of S. wgllichi
where fresh weight further increased with higher concentra-
tions of sucrose (Fig. 3). Fresh weights of the normal
callus tissue in both the species was higher than corres-
ponding gall. While using glucose in the medium, the opti~-
mum callus growth of normal and gall tissues was recorded in
S. khasiana and S. wgllichi at 30 g/l and 40 g/l of glucose,
respectively, excepting normal leaf tissues of S. khasiagna
(Fig. 4). Fructose at 30 g/l in the medium resulted in
maximum increase in callus weight of normal and gall tissues
of both the species. The response was more promunced in
gall tissues as compared to normal (Fig. 5). Higher concen-
trations of fructose were found inhibitory for the callus
growth. Maltose at 30 g/l in the medium exhibited maximum
increase of callus fresh weight in normal and gall tissues
of both the species except for S. khasiana normal tissue which
showed maximum growth at 20 g/l (Fig. 6). Though at higher
concentrations of maltose the fresh weight of normal and gall
tissues of S. wallichi decreased, an increase in dry weight

was recorded.



Fige 3. Growth of Schima khasigng (A) and S. wallichi (B)
normal (0) and gall (A ) calli in response to
different concentrations of sucrose in the medium.
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Fige 4. Growth of Schima khasigna (A) and S. wallichi (B)
normal (0) and gall (A ) calli in response to
different concentrations of glucose in the medium.
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Fig. 5. Growth of Schima khasiana (A) and S. wallichi (B)
normal (O) and gall (A ) calli in response to
different concentrations of fructose.
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Fige 6. Growth of Schima khasigng (A) and S. wallichi (B)
normal (O) and gall (A ) calli in response to
different concentrations of maltose in the medium,
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By reducing the strength of the MS medium to 1/2
and 1/4 the normal and gall calli growth decreased in both
the species (Figs. 7 and 8) except for the gall callus
growth in media containing 8 mg/l NAA in conjunction with
0.04 mg/l kinetin.

The optimum growth of normal tissue of S. khasigna
and 3. wallichi resulted in MS medium containing 2,4~D at
concentrations of 2 mg/l and 4 mg/l, respectively (Fig. 9).
On the other hand, the gall tissue of S. khasiana and
S. wallichi showed optimum growth in the medium containing
1 mg/l and 2 mg/l of 2,4-D, respectively. Higher concentra-
tions of 2,4~D were inhibitory for the growth of both normal
and gall calli. The best growth of normal tissue of both the
species resulted in the medium containing 8 mg/l of NAA
(Fig. 10). The growth of gall tissues of 8. khasiana and
S. wallichi were optimum in the media having 1 mg/l and
2 mg/l of NAA, respectively. Higher concentrations of NAA
were found inhibitory for gall tissue growthe IAA and IBA
served as poor sources of auxin for the growth of both normal
and gall tissue (Figs. 11 and 12). 3 mg/l of kinetin in the
medium resulted in optimum growth of normal tissue of both
the species (Fig. 13). The optimum growth of all tissue of
S. khasiana and S. wallichi, however, were recorded in media

containing 4 mg/l and 5 mg/l of kinetin, respectively.



Fig. 7. Growth of Schimg khasiana normal (0) and gall (A)
calli in response to different concentrations of
MS medium containing 2 mg/l (A) and 8 mg/l (B) of
NAA.
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Fig. 8. Growth of Schimg wallichi normal (0) and gall (A)
calli in response to different concentrations of

MS medium containing 2 mg/l (A) and 8 mg/l (B) of
NAA.
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Fig. 9. Effect of different concentrations of 2,4~D on
fresh wt of Schimg khasiana normal (CI) and

gall (m); S. wgllichi normal (0) and gall (@)

calli grown on MS medium containing kinetin
(0+04 mg/1)
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Fige 10. Effect of different concentrations of NAA on

fresh wt of Schimg khasigna normal ([I), and
gall (M); S. wallichi normal (0) and gall

(®) calli grown on MS medium containing kinetin
(0.04 mg/1).
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Fig. 11« Effect of different concentrations of IAA on fresh
wt of Schima khgsiana normal ([J) and gall (mm);
S. wallichi normal (O) and gall (®) calli grown
on MS medium containing kinetin (0.04 mg/l).
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Fige 12 Effect of different concentrations of IBA on fresh
wt of Schima khasiana normal ((J), and gall (H);
S. wallichi normal (0) and gall (®) calli grown on
MS medium containing kinetin (0.04 mg/l).
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Fig. 13. Growth of Schima khasigna (A) and S. wallichi (B)

normal (0) and gall (A ) callus tissues in
response to different concentrations of kinetin
in the medium containing NAA (.5 mg/l)



Fig 13

~———(B) sniley jo wbiam Aug

-0

(B6) snijes 30 1ybram ysalg

Kinetin (mg/!)



31

DISCUSSION

Tissues and organs of most plants are susceptible
to a variety of factors or stimulus resulting in patholo-
gical, abnormal or atypical growth. Many of the growths
referred to as abnormal are characterised by extensive
alterations and over growth of the affected area. An exam-
ple of cecidia or gall induced by insects has long been

considered as most complex of the abnormal plant growths.

All insect galls are initiated by tissue stimula-
ting factor(s) supplied by the cecidozoan during feeding on
the plant tissue. Insect galls are, therefore, a product
of an interspecific association between a plant and an
insect. In most abnormal growths, there are alterations in
the mechanisms which regulate cell differentiation, tissue

patterns and organogenesis.

How insect gall formers are able to cbntrol plant
growth is far from understood. However, cecidogenetic
hyperplasy and organization are thought to be determined by
complex physico-chemical changes in the plant cells induced
by behavioural and matritional factors of the cecidozoan.

Tissue differentiation in insect galls reveals all gradations

of complexity, most are fundamentally histological differences

from the normal organ.
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The plant response to wounding or irritation is
one of the reactivation or rejuvenation processes of the
cells. The affected cells react with specific physiologi~
cal, biochemical and histological processes (Rosenstock
and Kahl, 1978). In vitro cultures of gall tissue require
the same growth substances and other media constituents as
do normal tissues (Arya et al., 1962; Rohfritsch, 1971).
However, the mutritional requirements of crown-gall tissues
differ fundamentally from those of the normal tissues. The
normal and gall tissues of 3. khgsiana and S. wallichi
showed differential response to auxin, cytokinin, carbohy-
drates, salt concentration etc. which signifies the ability
of the gall tissues to metabolise differently. The acquisi-
tion of a capacity for unrestrained or autonomous growth
Wwithin a host is the most important single characteristic
feature of a plant or animal cell, since without this newly
acquired property there would be no tumours. The plant
tumour cell has been foumd to show autonomous growth as a
result of the pesistent activation of certain normally
repressed biosynthetic systems, the production of which are

concerned with cell growth and division (Braun, 1982).

Many investigators have established a callus culture
by transferring the plant meristems, organs or tissue frag-

ments to various media (Bonga and Durzan, 1982; Sharp et al.,
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1984; EsenZowo, 1986). The growth and development of the
plant tissues is controlled by the concerted interaction
of various internal and external factors (Murashige, 1974)
like auxin that control cell enlargement and chromosomal
DNA replication, and cytokinins-cell division and physio-
logical age (Tran Than Van, 1981; Zaerr and Mapes, 1982).

In the present investigation, callus isolation
from normal and gall tissues of S. khasiana and S. wgllichi
was difficult due to browning of explants. Browning problem
in tropical and subtropical woody plants has been noted in
cultures like Eucalyptus (Conclave gt gl., 1977), Medinilla
mangifera (Vande Casteele et al., 1981), cocomut and other
palms (Tisserat, 1984), coffee (Monaco et gle, 1977),
cinchona (Mulder-Krieger et gl., 1982). In order to over-
come and counteract browning of explants, mumber of antioxi-
dants, L-cysteine, dithiothreitol, glutathione, P=mercapto~
ethanol (PME), ascorbic acid or ethyl-dithio-carbamate
(Stonier, 1972; Monoco et al., 1977; Mulder-Krieger et al.,
1982) and other substances like activated charcoal, PVP;
dihydroxynaphthalene, dimethylsulphoxide, tyrosine, etce.
(Reinert and White, 1956; Tisserat, 1984) have been used.

In the present findings, the use of different anti-
oxidants and PVP for presoaking of explants prevented their

browning. However, callusing could not be observed on these



explants (Table 2). The explants that were cultured on the
medium containing activated charcoal also did not show
callus initiation. The inhibition by activated charcoal
(Friborg and Erikson, 1975) and PVP (Tisserat, 1984) on
growth of callus cultures has been reported. The callusing
occurred only on the explants (without presoaking) of young
and half-mature leaf and gall tissues of S. khasiana and

S. wallichi in media containing 2,4~D and NAA in conjunction
with kinetin alone or in combination with BAP. It seems that
the right combination and concentration of growth regulators
was essential for callus isolation (Tables 3 and 4) rather
than presoaking of the explants in solutions of antioxidants
and FVPs The mature and old tissues of Schima spp. were
recglcitrant ard hard to culture. The problems encountered
in callus initiation from mature explants from different
plants have been discussed (Durzan and Chalupa, 1984; Thorpe
and Biondi, 1984). Superiority of 2,4~D as the source of
auxin for callus initiation has been reported in many plant
species (Zaerr and Mapes, 1982; Esen_owo, 1986). However,
only higher concentrations of 2,4~D induced favourable
proliferation of tissue in Holgulena autidysenterica and
replacement of 2,4-D by I1AA, NAA inhibited callus growth
(Heble et al., 1976).

The proper/balances of growth regulators and the

concentration of both micro~ and macro-mutrients in the
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medium are often critical for optimum growth of specific
tissues. It is commonly observed that the explant and
the media surrounding it turn brown and pH drifts to a
lower concentration in improper combingtions of the above,
indicating that the tissue itself changes the pH of the
medium (Hildebrandt, 1962).

Disease~-tissue~clones as compared to normal ones
have been reported to exhibit certain quantitative diffe-
rence in their ability to use sugars (Arya et al., 1962).
The normal and gall tissues of S. khasiana and S. wgllichi
showed differential growth response to different carbohy-
drates incorporated in the medium. While the gall tissue
of both the species grew better in the medium supplemented
with the maltose (Fig. 6), the normal tissues exhibited
better growth in the medium containing sucrose (Fig. 3).
With fructose in the medium, the growth of the tissues was
moderate (Fig. 5). Glucose served as a poor source of
carbon (Fig. 4). Ball (1963) while studying the effects of
several sugars on normal Sequoia tissues found that fructose
was the best carbon source followed by mannose, galactose
and glucose. Sucrose has been found one of the best carbon
sources which satisfied the requirement of most of the
tissues in culture (Murashige and Skoog, 1962; Murashige,
1974)



It is also a known fact that plant tissues vary widely
in their ability to utilise carbon sources. This varia-
tion in response of tissue is extended even to the
behaviour of single cell clones of a particular plant
tissue, and the different species of the same gerus
(Mathes et gle, 1973; Coffin et al., 1976), individual
cultivars of the same species (Chong and Taper, 1974),
different organsbf the same plant (Mathew et al., 1973)
and even various clones derived from the same parent
callus cultures (Arya et al., 1962, Sievert and Hildebrandt,
1965) .

Plant tissue cultures have varied growth and mutri-
tional requirements. Precise nature of such requirements
is a prerequisite for mutritionagl and other studies of
tissues in culture. The changes in the strength of MS salt
have been reported to affect the tissue growth and differen-
tiatién in many plants. de Fossard (1978) observed better
growth of callus and rooting in Eucalyptus ficifolia at
lower concentration of nitrate in the medium. In the present
investigation, the growth of both normal and gall tissues
declined with the reduction in the strength of the MS medium
(Figs. 7 and 8). However, use of higher concentrations of
NAA in the media containing 1/2 and 1/4 strength of the
medium resulted in better growth of the cultures.
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The concentration of growth hormoneAn the medium
help in predetermining the course of primary and secondary
metabolism, like cell division, growth, differentiation,
secondary product and cell hypertrophy (Street, 1969;

Staba, 1977). A number of plant tissues in vitro synthe-
size hormones in sub-optimal amounts and, therefore,
require addition of external phytohormones (Reinert and
White, 1956; Arya, 1965;1{035-2;2;(},:%&15?1). Variation of tissue
reaction in response to the concentration of auxin was
observed in many plant species. Both S. khasiana and

S. wgllichi showed better growth response when subcultured
in optimal concentration of auxin (Figs. 9 and 10) . However,
with less concentrationsof auxin and kinetin, the callus
remained white over prolonged period with no appreciable
growth. Falet et gl., (1960) reported that leaf gall callus
grew in less amount of NAA and potassium in the medium.
Growth of Cassia fistula callus tissue was slow when either
too low or too high concentrations of 2,4~D were present in
the medium (Shah et ale, 1976). A decrease in growth rate

of hop callus was also recorded as the concentration of

2,4=D in the medium decreased (Itokawa et al., 1980).

In the present study,the fresh weight of callus of
both S. khasiana and S. wgllichi normal tissues increased

with increase in concentration of 2,4~D or NAA. A reverse



picture, however, was observed for the gall calli of both
the species (Figs. 9 and 10). A relatively less increase
in callus weight was recorded in the medium containing IAA
and IBA (Figs. 11 and 12). In several instances it has
been reported that the presence of higher amounts of 2,4-~D
help in better callus growth and prevent differentiation
(de Fossard, 1976; Bhansali et al., 1978). Murashige
and Tucker (1969) observed variability of auxin requirements
in higher group of plants. IAA and IBA alone do not favour
callus growth and organogenesis (Bonga and Chakraborty,
1968; Lakshmi Sita et al., 1979).

Tissue culture experiments have shown that exoge~
nously applied cytokinin influence the auxin requirement of
non~transformed tobacco callus tissues (Schmitz et al.,

1972) , and grow without addition of auxin (Jordan and Skoog,
1971) . In the present studies, it was observed that addi-
tion of kinetin to the medium at higher concentrations
suppressed the requié@ent of auxin (Fig. 13)« Kinetin (3~10
mg/1l) with NAA (0.5 mg/l) in the medium resulted in suffi-
cient growth of the callus in light. SyOmo and Furuya (1972)
demonstrated that cytokinin habituated tissues, which
normally required auxin supplement can be forced to produce
TAA by the addition of high levels of cytokinin in the medium.

Thus inducing a plant metabolic system to form auxin enabling
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the tissues to grow under an auxin autotrophic condi-
tion. One possible mechanism of habituation is the
activation of host pathway for hormone synthesis.
Several studies have demonstrated that habituated cells
produce the expected growth factors (Meins, 1982). The
relationship between cytokinin autotrophy amd cytokinin

production remains uncertain.



Chapter III

Studies on the enzymes of shikimic acid pathway,
oxidative enzymes, and identification of phenolic
compourds
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INTRODUCTION

The building up of the end product of a biosynthe-
tic pathway beyond a critical concentration acts as a
signal that can slow down the rate of the reaction by which
it is formed. It has become clear that certain key enzymes
in the cell particularly those at the beginning of the
reaction sequence or at a branch point in biological path-
ways function as regul atory enzymes, and are inhibited by
the end product of the pathways.

The higher plants form many kinds of aromatic
compounds such as aromatic amino acids, lignin, flavonoids,
phenol glycosides, coucmarins and alkaloids. Some of these,
lLike the aromitic amino acids, are universally distributed
in nature and others are found in a rather restricted number
of plants. Higher plant cells convert amino acids into a
wide variety of more complex aromatic compounds such as
lignin, alkaloid and flavonoids, etc. The shikimic acid
pathway is one of the longest and most complicated pathway
so far established,

It is known that the metabolic activity of the cell

is under genetic control and is influenced by environmental
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factors. Changes in the biochemical and physiological
responses of the host plants to pathogens usually reflex
abnormal plant growthe Increased metabolic activities of
the tissue is frequently connected with changes in the
permeability of the cell wall or in the ultrastructure of
the cell organelles (Wheeler and Hancheys, 1968). These
processes change the compartmentalisation of substrates,
often result in the concentration of the substrates,
cofactors, inhibitors and metabolic stimul ators which ulti-
mately alter the metabolism of the affected plant part.
Gall formation following infection by different pathogens
brings about a number of changes both qualitative and
quantitative at the level of growth hormones, enzymes and
phenolics (Kado, 1976, 1984; Tandon, 1976; Purohit et al.,
1980; Kahl and Schell, 1982; Tandon and Arya, 1982; Dixon,
1983; Danger and Basu, 1984; Joshi and Tandon, 1984; Nesterl
et al., 1984; Joshi et al., 1985).

buring the last fifteen years the knowledge
regarding "biochemical symptoms" of the diseased plants
has increased considerably, especially in the area concern-
ing oxldative enzymes. The role of oxidative enzymes in

defence reactions has been tackled by many workers (Fril,

1976) . The participation of phenol oxidase in IAA oxidation)

host resistance and toxicity have been discussed in several
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reviews (Felet and Caspear, 1963; Kosuge, 1969; Mayer and
Harel, 1979; Lazarowits and Ward, 1982; Vaughan and Duke,
1984) ., Phenol oxidase converts mono-phenol to diphenols
to quinones, the last being toxic to pathogens. Higher PFO
activity and phenol contents have been reported in crown-
gall (Yegen and Glase, 1981), mite~incited stem gall in
Zizyphus jujuba (Tandon and Arya, 1982) and leaf gall iR
Leea indica (Joshi and Tandon, 1984).

The phenylalanine and tyrosine biosynthetic path~
ways were first established in microorganism (Cotton and
Gibbon, 1965). The same pathway of synthesis may cperate
in higher plants (Yoshida and Tower, 1963; Lynda and Thorpe,
1985), The biosynthesis of phenylpropanoids from phenyla~
lanine and tyrosine is initiated through the action of
ammonia lyase on phynylalanine (Koukol and Conn, 1961) and
tyrosine (Neish, 1961). Since the discovery of phenylala~
nine ammonia lyase in higher plants, the physiological
function of this enzyme has been the subject of extensive
study (Camr and Tower, 1973). Much attention has been paid
to its role in the secondary metabolism of plant phenolics.
This enzyme catalyses the conversion of L—-phcnylalanine to
transcinfamic acid and has an important role in the regula~
ticn of the general phenylpropanoid pathway (Hanson and
Havir, 1981). On the other hand, TAL catalyses the
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conversion of tyrosine to p-coumaric acid. Aromatic amino
acids such as p-hydroxy-cinnamic acid, ferulic and salicy=
lic acid were reported to act as plant growth inhibitors.
These facts suggest a possible correlation between plant
growth and PAL inhibitory activity. Oixon et al. (1980)

were able tc show modulation of the extractable PAL activity
in the suspension cultures by feed=back and feed-forward
effect of the pathway intermediates, possibly by the enzyme
stabilisation. Shield et al. (1982) revealed the specific
dual control of PAL activity over both production and removal
of the enzyme by transcinnamic acid. Phenylalanine a ubiqui-
tous aromatic aminoacid and its companion, tyrosine, serve as
the initial substrates for many plant phenolics. They are
utilized for the synthesis of the pol ypeptides, phenolics,
flavonoids, lignin etc. The first step involving phenylala-

nine in most of these biocsynthesis is catal ysed by FAL,

The shikimic acid pathway involves not only phenyla~
lanine and tyrosine synthesis but also the amino acid tryrto-
phan, which, in addition to being a protein amino acid, is a
precursor of number of secondary products. The role of
oxidative enzymes and phenols in hyperauxinity and abnormal
growth in many insect-incited galls are well studied (Bhansali
et al., 1978; Purohit et al., 1979; Ramawat et al., 1979;
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Tandon and Arya, 1982;Joshi and Tandon , 1984 Joshi et al ,»
1985)

The PPO (EC1.14018.1) complex is perhaps best known
for its diphenol oxidase activity demonstrated upon injury
and when acqueous extracts are prepared from many higher
plant tissues. In general, phenol oxidases catalyse the
oxidation of phenolic substances with molecular oxygen.
Phenol oxidase activity in higher plants are represented
especially by two types of phenol oxidases (1) O-diphenol:
oxygen-oxidoreductase (EC1.10.3.1). In general, it is known
as the phenolase complex, as composed of two enzymes. One

of the enzymes posses only catecholase activity, whereas the

other shows cresolase and catecholase activity (2) p-diphenol:
oxygen-oxidoreductase (EC 1.10.3.2)« This enzyme known as
laccase catalyses the aerobic oxidation of p~hydroxyquinone

or p~phenylenediamines to p~quinones or p-quinonediamines.

Fhenolase have differing substrate specificity that
varies with plant species, organisation and ontogenetic state.
The enzyme is often inactivated during the catalized oxida~
tion of the diphenols. This inactivation or inhibition is
generally attributed to the high chemical reactivity of the
quinone produced by oxidation of dihydroxyphenol. Some



45

authors described the phenolase complex acting in plants

as a hydroxylase, oxidising monophenol to O-diphenol. An
increase of the phenolase activity in the host tissue,
especially at and around the infection sites is a response
which charscterise a larger mumber of plant diseases.
Taking into account the fact thatbiochemical symptoms of
disease are determined not only by the genetical, physiolo~
gical and biochemical characteristics of the host plants,
but also by those of the parasites, the determination of the
role of the phenolase within parasite-interaction is very

difficult.

The Fe~porphyrin-enzyme peroxidase catalyses the
oxidation of a wide variety of compounds peroxidatively with
hydrogen peroxide (HZOZ) or oxidatively with O, as oxidase.
Peroxidase donor:hydrogen peroxide oxidoreductase (EC 1¢11¢1.7)
generally catalyze, a redox reaction between.H202 as electron
acceptors and many kind of substrates (phenolic substances,
aromatic amines, ascorbic acid; ferrycytochrome C, reduced
nicotinamide adenine dinucleotide (NADHZ) etc.). Under
certain circumstances, peroxidase also shows oxidase activity
besides the peroxidase activity, i.e., it catalyzes the oxida~
tion of different supstaﬁces by atmospheric oxygen under
aerobic conditions without exogenous peroxides, i.e. NADHZ,

reduced nicotin~amide adenine dimicleotide phosphate(NADPHZ)
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(Petrocherko and Kolesnikov, 1966), IAA (Platt et al.,
1964) , phenylpyruvate (Felet and Gaspar, 1968; Jaynes
et al., 1972).

Peroxidase, which is generally composed of a
number of isozymes, is capable of catalysing several diffe-
rent reactions oxidatively. Peroxidase isozymes may differ
in biochemical properties, such as specific activity,
substrate affinity, cofactors, sensitivity to inhibitors,
pH optima, etc. The reaction catalyzed by peroxidase may
be influenced by the substances having either activator or

inhibitor effects (Kosuge, 1969; Ku et al., 1970).

The role of peroxidase in plant resistance has
been attributed to its ability to oxidise important metabo-
lites either of the parasites or of the host plant, e.g.,
phenolics, enzymes, IAA, toxins, etc. (Farkas and Kiraly,
1962; Kosuge, 1969; Moustafa and Wwhittenbury, 1970). The
increased peroxidase activity studied in connection with
the oxidation of phenolic substances in the diseased plants

and resistance in the host was attributed to the toxicity

of these oxidation products.

Several malformations incited by plant pathogens
have received attention in relation to the IAA oxidase

activity. Hyperauxinity in root nodules (uvanger and Basu,
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1984) , insect~ and mite-incited plant galls (Purohit et
al., 1980; Tandon and Arya, 1982) could be related with
loyw IAA-oxidase activity. In many instances IAA-oxidase
appeared to be of peroxidase function. A number of
authors hive reported that all peroxidase isozymes
contained IAA-oxidase activity as well (Srivastava and
van Hustee, 1973; Gove and Hoyle, 1975). A large variety
of functions have been attributed to peroxidase in various
biochemical pathways, for instance, relationship to TAA-
oxidase and polyphenol oxidase (Pclet.gglgi.; 1970; Gove
and Hoyle, 1975), as mediator in lignin synthesis, as
index of ripening and senescence, biosynthesis of ethylene
hormone balances, membrane integrity and respiration (ref.

Vémos—vigyézé, 1981) .«

The distribution of growth inhibitors in
plants has been well documented in literature. Cut of a
selection of 524 secondary plant constituents of known
structures representing a range of structural types, 197
had singificant inhibitory activity. Much of the original
work on this topic has been reviewed (Kefeli and Kadyrov,
1971; Thimann, 1972; Letham, 1978). Aromatic phenols form
the main group of naturally occurring inhibitors among
plants products. The possible role of such compounds in

plant growth regulation has been discussed (Kefeli and



Kutacek, 1977; Cheng and Lynn, 1986; Stachel et al., 1985;
1986). Despite their frequency of occurrence, the origin
and biological significance of phenols in higher plants is
still obscure. It has been established that free phenols
(catechol, resorcinol, caffeic, p~coumaric, p-hydroxybenzoic
acid, etc.) could occur in living plant materials. These
were discovered on many occasions as degradation product of
low molecular weight materials. The presence of phenolic
acids in the cell wall has been reported (Harris and
Hartley, 1976; Cheng and Lynn, 1986). The cell=wall bound
phenols may participate in resistance of plants against
pathogens (Friend, 1979). Ferulic acid, and some other
phenolics have been founa to be cell wall components of
higher plants (Kozlowska et al., 1983; Cheng and Lynn, 1986).
There exists reasonable evidence, that not all natural
phenolic compounds are growth inhibitors. Some of them
possess stimulating properties and some are inert or parti-
cipate in other processes such as respiration and photosyn-

thesis (Kefeli and Kutacek, 1977).

The added phenolics are reported to have pronounced
effects on in vitro enzyme system. Particular interest
centers around the role of phenolic compounds in auxin
metabolism (Lee et al., 19B2; Kefeli, 1985). Various enzymes
like IAA-oxidase (Felet, 1966; Kefeli, 198Z), PPO (Robb et
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al., 1966; Wong et al., 1987 and PRO (Lee et al., 1982)
are influenced by these phenolics. Phenolics, both
exogenously incorporated and synthesized by the cultures
endogenously (Davies, 1972; Shah et al., 1976), regulate
the growth of the in vitro grown tissues. Some investiga~
tors have proposed that IAA and other growth substances
directly stimulate the production of phenolic compounds.
Plant enzymes are also greatly influenced by growth hormones
in both in vivo and in vitro tissue (Vernon and Straus,

1972; Barendse, 1983).

The naturally occurr{ng IAA~oxidase inhibitors of
phenolic nature range from low molecular weight compounds
such as chlorogenic, ferulic and protocatechuic acids to the
high molecular weight auxin protectors (Yoneda and Stonier,
1967; Novak and Galston, 1971; Atsumi and Hayashi, 1978;
Tandon and Arya, 1980b,c). A common feature of the inhibi-
tion by these compounds is that they cause a delay in IAA-
oxidation, after which the reaction resumes at the same rate

as in the control (Lee et al., 1980).

The relationship between levels of auxins, oxida-
tive enzymes and the phenolics compounds in both in vivo and
in vitro gall and normal tissues may help in the understan-

ding of the transformation process resulting in abnormal

growth of gall tissues.



50

MATERIALS AND METHODS

i) Tissue extraction

Normal and gall tissues of both S. khasiana and
S. wallichi were used for analyses.—/ﬁbo mg tissues were
extracted at 4°C with 5 ml-prechilled 0.1 M phosphate buffer
(pH 6.0-8.4) unless indicated otherwise.

Preparation of acetone powder

In vivo (1-2 cm pieces) and in vitro tissues were
directly transferred to a blender containing prechilled
acetone just enough to cover the tissue, and homogenized
for 35 min at high speed. The homogenate was fil tered
through Buchner funnel using Whatman No.1 filter paper and
washed at least 3 times with chilled acetone. The powdered
residue was air dried for 1 hr, stored at 0°C in an air-

tight capped container. This powder was used for enzyme

assays.

1i) Analytical procedure
In vivo tissues
Assay of TAL and PAL
Fresh tissues or acetone powders were homogenized
in a mortar with 5 mL each of different buffers separately

(borate-HCl:pH 8.4; tris~HCl:pH 8.4 or phosphate:pH 8.4)
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containing approximately 2 mM £g=-ME. The homogenates were
then centrifuged at 15,000 g for 20 min. The supernatants
were collected and passed through Sephadex G=150 column
equilibrated with buffer to sepurate high molecular weight

(mOlo V"t) peaks.

The method of Mahadevan and Sridhar (1982) was
followed for measuring the amount of transcinnamic acid
formed at 290 nm for PAL and the amount of p-coumarate formed

at 333 nm for TAL using Hitachi Spectrophotometer Nodel 220,

To 1.0 ml of the above extract, 0.5 mlL (0,05 M
phenylalanine) and 2.5 rl of buffer were added. Zero time
control and boiled ernzymes without substrates were maintained
as controls. After incubation of the mixture at 37°C for 1
hr the rcaction was stopped by adding O.1 ml of 5 N HCl. The
acidified reaction mixture was then extracted twice with 6,0
ml e ther. The ether phase was pouoled together in a 50 ml
beaker and evaporated toc dryness under a stream of air. The
residue was dissolved in 5 rl of 0,05 N NaCH and the optical
density was recorded. The reaction mixture used for assay of
TAL was similar to PAL assay excepting the substrate which
was replaced with tyrosine. The results are expressed as ug
of cinnamic acid formed for PAL and pwcoumaric acid for TAL/g

fresh wt of the tissue/hr.
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Assay of oxidative enzymes

Fresh tissue or acetone powders were homogenized
separately with 5 ml prechilled sodium phosphate buffer-
(pH 6.0). The homogenates were squeezed through iouble
layers of cheese cloth and centrifuged at 18,000 g for 20
mins The supernatants were used for enzyme assays. The
effects of the following additives on the extraction of
oxidative enzymes were studied: (a) phenolic scavengers;
phenol binding agent-PVP (0.1-0.5 g/g fresh wt of tissue)
in phosphate buffer (b) anionic detergent:phosphate buffer
with sodium dodecyl sulphate (SDS: 0.01-0.2 g/g fresh wt of

tissue).

Peroxidase

The peroxidase (EC 1.11.1.7) activity was assayed
by the method of Mahadevan (1974), where pyrogallol was used
as a hydrogen donor. To a colorimetric tube, 2.5 ml pyro-
gallol (0,05 M in distilled water), and suitable amount of
phosphate buffer and the enzyme extract were taken. The
absorbance of the mixture was calibrated to zero. To this

mixture, 0.5 ml H (1%) was added and the tube inverted

202
immediately to mix the contents properly. The change in
absorbance was recorded at 15 sec interval for 3 min at 420

mm, The enzyme activity is expressed as change in
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absorbance/min/g fresh wt of tissue or acetone powder.

Polyphenol oxidase

The polyphenol oxidase (EC 1.10.3.1) activity was
assayed using the method of Mahadevan and Sridhar({1982)In
a 6 mL cuvette, 2.5 mlL phosphate buffer and 0.5 ml catechol
(0.1 M in 1N NaOH) were taken. The absorbance of the
reaction mixture was calibrated to zero. Appropriate amount
of the enzyme extract was added and the change in absorbance
was recorded at 15 sec interval for 3 min at 420 nm. The
activity is expressed as change in absorbance/min/g fresh wt

of tissue or acetone powder.

IAA oxidase

The activity of this enzyme was measured by the
method of Tandon and Arya (1982). In a reaction mixture,
1 ml 2,4~dichlorophenol (JCP), phosphate buffer, 1 mlL manga~
nese chloride, appropriate amount of enzyme, and lastly 1 ml
TAA were added. The total volume of the reaction mixture
was kept at 5 ml, and the final concentration of DCP, MnC].2
and IAA were 0,2 mM, The reaction mixture was incubated at
37°C in a water bath. After 1 hr, 2 ml of Salkowaski reagent
was added to each tube to terminate the reaction and the

tubes were kept for cooling in dark. After 1 hr, the
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absorbance was measured at 530 nm. The enzyme activity
is expressed as mg IAA destroyed/g fresh wt of tissue or
acetone powder/hr at 37°C using a standard curve prepared

with TAA,

In all the experiments mean of standard error was

taken and experiments were repeated thrice.

Estimation of phenols

The method of Mahadevan and Sridhar (1982) was used
for phenol estimation. Two g each of the normal and gall
tissue, were cut into 1-2 cm pieces and immediately plunzed
separately into 10 ml 96% boiling ethanol and boiled in a
water bath for 8=-10 min. After cooling, the tissue were
crushed thoroughly in a mortar with pestle for 5-8 min and
squeezed through cheese cloth. The extracts were collected
in a 50 ml beaker. The residues were re-extracted with 3 ml
80% ethanol. Both the estracts were pooled together, fil~
tered through Whatman No.1 filter paper. The final volume of
the extract was made to 5 ml with 80% ethanol for every g of

the tissue.

O=-dihydroxy phenols

An appropriate amount of alcohol extract was diluted

to 1 ml using distilled water. To this were added 2 ml of
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0.05 N HCL, 1 ml of Arnow's reagent (10 g sodium nitrite
and 10 g sodium molybdate dissolved in 100 ml distilled
water; kept in amber~coloured bottle in the refrigerator),
and 2 mL of 1 N NaOH., The final volume was made up to 10
ml with distilled water. The absorbance of the solution
was recorded at 515 nm using a blank containing all the
reagents minus Arnow's reagent. O-~dihydroxy phenols were
measured using a standard curve prepared with caffeic acid

and are expressed as mg/g/fresh wt of tissue.

Total phenols

An appropriate amount of alcohol extract was
diluted to 1 mlL with distilled water and to this 1 ml of
Folin-Fhenol reagent (1 part diluted with 9 parts of
distilled water) and 2 ml of 20% sodium carbonate (Na,CO,)
solution were added. The reaction mixture was boiled
exactly for a min and cooled. The final volume was made to
20 mL with the help of distilled water and intensity of blue
colour was read at 650 nm. A blank containing all the
reagents minus Folin-Phenol reagent, was used to adjust the
absorbance to zero. The total phenols are expressed as
mg/g/fresh wt of tissue using a standard curve prepared with

catechol.
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In vitro tissue

Both normal and gall calli grown in media con~-
taining 2.0 mg/l of different auxins (2,4-D, NAA, IAR,
IBA) separately in conjunction with 0.04 mg/l kinetin
were anlaysed.e NAA grown calli served as the control.
The oxidative enzymes and pherolic contents were estima~-
ted by the same procedures as mentioned above for in vivo

tissues.

Identification of phemolic acid

100 g each of normal and gall tissue were chopped
into 1-2 cm pieces and plunged into 500 mlL of boiling 80
ethanol for 10 min. After cooling the tissue were trans-
ferred to a blendor, and blended for 10 min at high speed
The homogenate was filtered and the residue was washed
again with 100 ml 80s% ethanol and filtered. Both the
filtrates were pooled together ind the alcohol was evapo-
rated at 40°C. The acqueous fraction was divided into two
parts. Une part was hydrolysed over night in cold atmos-
phere with equal volume of 2 N NaOH. The other fraction
was hydrolysed with equal volume of 2 N HClL for 1 hr in
steam buath. Acid hydrolysates were directly extracted with

ether for 6 hrs. Alkaline hydrolysates were acidified to
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pH 2 with HCL. Both the extracts of normal and gall
tissues were separately extracted with ether. While the
e ther extract was washed with 5% Na,COz, the alkaline
extract was acidified and re-extracted with ether. The
final ether extract was taken to dryness, and the residue
was dissolved in a small volume of ethanol for

chromatography.

Chromatography on Whatman NO 1 -filter paper was
done in different solvents like -~ benzene:acetic acid:
water-6:1:3 upper phase (Ibrahim and Tower, 1960);

and ipidhar
butanol: acetic acid:water-4:1:1 (Mahadevan,Aj982); isopro-
nol:ammoniaswater-10: 1: 1. (Mendez and Brown, 1971). The
Rf values were determined for each phenol against a stan-
dard using the same solvent. The method of Bray et al.
(1950) was used to compare the colour reaction of Rf value
of unknown and standard phenols on the chromatogram

employing diazotised p=-nitroaniline and diazotised sulpha-

nillic acid as spray reagents.

The remainder of the solverkextract was applied
in a narrow band on Jhatman NO 3 paper and separated with
benzene: acetic acid:i:water solvent described above. The
resulting bands were cut and the respective phenols eluted

with 100% ethanol in separate test tubes. The aqueous



extract was poured off and centrifuged at 10,000 g for
30 min. The absorbance of the supernatant solutions
containing the unknown phenols was determined and their
wave length of maximum absorbance was compared with the
absorbance of standard phenols using Beckman Recording
Spectrophotometer Model Hitachi 220 under UV range from

Effect of different phenolics on the growth of normal and
gall calli

Different phenolic like ferulic, caffeic, proto-
catechuic and p-coumaric acids, L-tyrosine and phloroglu~
cinol at different molarities (1,2,4 and 6 mM) were incor-
porated in the medium containing 2 mg/l NAA ana 0.04 mg/l
kinetin to study their role on callus tissue growth. The

wet and dry weights were taken as indices of growth.

ey

L/jﬁf?gt of different phenolics on IAA-oxidase

Different phermolics like ferulic, carfeic, chloro-
genic, protocatechuic, p-coumaric and shikiric acids and
L=tyrosine and phloroglucinol in different molarities
(152s4and 10 mM) were added imto the incubation mixture to

study their influence on IAA~oxidase activity.
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EXPERIMENTAL RESULTS

;[_1_‘_1 vivo tissue

Assay of PAL and TAL

The activities of PAL and TAL were higher in gall
tissues as compared to normal in both S. khasiana and
S. wallichi (Table 5). Both normal and gall tissues of
S. khasiana exhibited higher PAL and TAL activities as
compared to respective tissues of S, wallighi.

Oxidative enzymes

Of the two additives incorporated in the extraction
buffer for the assay of PPO and PRO activities in S. khasiana,
SDS was found better than PVP (Figs. 14 and 15). The optimum
activities of PPO and PRO were recorded in extracts prepared
in extraction media containing 0.1 g of both SDS and PVP/g
fresh wit. However, use of higher concentration resulted in
the decrease in the enzyme activities. Using acetone powder,
the normal tissue of both S. khasiana and S. wallichi showed
nigher IAA oxidase and PRO activities as compared to gall
tissues. However, a reversed picture was obtained for PPO
activity. Both o-dihydroxy and total phenol contents were
higher in gall tissues gfr S. khasiana and S. wallichi as
compared to corresponding normal tissues (Table 6). S
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Fige 15

Effect of PVP concentration on polyphenol
oxidase (~-~-~~) and peroxidase ( )
activities in in vivo S. khasiana normal
normal (0) and gall (A) tissues.

Effect of SDS concentration on polyphenol
oxidase (-=--) and peroxidase ( )
activities in in vivo S. khasiana normal
(0) and gall (A) tissues.
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/

n vitro tissue

jus)

The in vitro grown gall tissue of both S. khasiana
and S. wallichi exhibited higher PRO (Table 7) and PPO
(Table 8) activities as compared to corresponding normal
tissues in all treatments excepting 2,4~D for PPO activity.
There was a remarkable decline in the PRO activity of the
normal tissues of both the species in case of 2,4~D treat-
ment. Conversely, the PPO activity was much higher in the
normal tissues. The gall tissues of both the species
cul tured in media containing different auxins showed higher
TAA-oxidase activity as compared to normal excepting IBA

treatw a reverse picture was obtained (Table 9).

The in vitro gall tissues showed more o-dihydroxy

and total phenol contents as compared to normal in auxin -

treatments mg”ﬂi;ﬁd 2,4-D in case of S. =

—Tn TAA and 2,4-D treatments, a marked décline in the pheno-
lics recorded .in the gall tis?e’s as compared to normal
(Téble 10). _ S

Identification of phenolic acid

#ith the help of paper chromatography using diffe-
rent solvents and spray agents eight phenolic acids were

detected in in vivo tissue of S. khasiana (Table 11). Out
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Table 10, Phenolic contents in normal and gall calli of
S. khasiana and S. wallichi grown in NS medium
containing auxin (2 mg/l) and kinetin (0,04

mg/1)
T B ]
win | mieme | opyinyte ghet ] Togar phenat
. 1 b}
S. khasiana
Normal 0.22 + 0,03 1.26 + 0,08
Gall 0.67 + 0.08 135 + 0,08
NaA S. wallichi
Normal 1.10 + 0,08 6427 + 0.52
Gall 134 + 0,13 6.60 + 0. 31
S. khasiana
Normal 0.35 + 0.03 1.68 + 0,08
Gall 0.40 + 0.02 2¢43 + 0414
Tak S. wallichi
Normal 1,00 + 0,06 5.48 + 0.30
Gall 0.18 + 0.06 147 + 0,06
S. khasiana
Normal 0.02 + 0.00 1.01 + 0,08
Gall 1.23 + 0.15 6,86 + 0,26
B3 S. wallichi
Normal 0.49 + 0,03 4ol + 0.51
Gall 0.99 + 0.10 La71 + 0436
S. khasiana
Normal 0.38 + 0,02 3,67 + 0.33
Gall 0.47 + 0,03 0,9 + 0.05
28D 5. wallichi
Normal 0.21 £ 0.02 0.60 + 0,27
Gall 0.10 + 0.01 0.86 + 0.08

+ S.E.



118D = D {TB@WION = N

usaas
PeTITIUSDPTUN CLC D antg sn1d 8l *0 £€6°0 £9°0 8
(O® N) &2 9O uMmoIq
DPTOB OTTNIdY GLZ N a1dang IST0TA Z2L°0 88°0 <¢9°0 GL°O 06°0 l9°0 L
O ®N) 09¢ 9 umoJq
POTITIUSPTIUN 092 N YsTppay 8 1dang ct*o 83°0 96°0 9
umoxq
(D) PITITIUSPTUN 09C D  YSIMOTTEX Aid Li*o L8°0 o g
GR z,w Gle D .
PTOoE OTJBUMOO-Ad CLZ2 N umoag suiq ¥Jeg 9<¢°0 L8°0 0%2°0 S2°O 88°0 8c°0 %
(o % PIo® H&Z D -
o.nomzwn%xo pAuy-d HG6Z N efuwvap a1dang 9l*0 g8L°0 Ll2g*o 8l 8.°0 €20 ¢
(D% N) 2le o .
PITITIUSDPTUNl <ClZ N umoag snid 8L°0 cl*o [4
(D% N) L¢2 D
PIOB OTAITR) LCZ2 N umoaq £a8Jan ystumoag L°0 AL°0O G0°0 60°0 9.°0 ¢0°*0 l
L3 [} 1} ) s 1) i |
i : i 1 I ng g | I i ng ed i
-+ -+ 4 = - 4~ -+ t
: ! ! ! i Lsizol Ll g9}
i ! i ! } = g33BM ! = JO3BM } ~J93BM }
! anss1y, | PIo%® | SUTTIUE | piepuelg | ‘FTUOWU® | tp1oe | *p1OE |
i *ioyTrueydins ¢ —oayTu~-d ! ! tpoued | OTF3SOB | 0731850® |
SpT1do® OTIoUdYg | | -pesi302B8Ip | POSTI0ZBID | } =—oadosT | youelng | duUdZULQ |
| I | A1 'y 1 d d o
: at Squose m.mumm H 3 mz
b ea F -+ snteA FY pods
” \daosqy m qo0ds ®y3 yo Jnotoj m m
d 1 - ___} —

BUBTEEUN °S JO 53nssTy 171689 PUE TewJou OATA UT ul auesaxd sprdoe OFToudyd °*Ll oT1ael




61

of these spots, 4 were identified as caffeic, pehydroxy-
benzoic, p-coumaric and ferulic acids, present in both
nopmal and gall tissues. The Wdentified phemols showed
similar absorpotion maxima as do the respective standards.
Four distinct spots present in the tissue were not

identified using standards.

Effect of different pherolics on the growth of normal and
gall calli

The growth of normal tissues of S. khasiana and
gall tissue of S. wallichi showed an increase with the
increase in the concentration of ferulic acid in the medium
(Fig. 16). However, the corresponding gall and normal

tissues of the two species showed a decline in growth.

The growth of S. khasiana gall tissue increased with
the increase of caffeic acid in the medium (Fig. 17). A
reverse picture was obtained for normal tissue of both
S. khagiana and S. wallichi. In all the concentrations of
caffeic acid in the medium, the growth of S. wallichi gall

tissue remained stationary except for a decline at 6 mM

concentration.

The optimum growth of S. khasiana and S. wallichi
gall and normal tissues resulted in the media containing 1 mM



Fige 16 : Effect of different molarities of ferulic
acid on the growth of Schima khasiana
normal (0), and gall (M); S. wallichi
normal (0) and gall (@) tissues grown in
the medium containing NAA (2 mg/l) and
kinetin (004 mg/l)Blackened portions of
bars represent the dry weights.
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Fig. 17 : Effect of different molarities of caffeic
acid on the growth of Schima khasiana
normal () and gall (M); S. wallichi
normal (0) and gall (@) tissues grown in
the medium containing NAA (2 mg/l) and
kinetin (0.04 mg/l). Blackened portions
of bars represent the dry weights.
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of L-tyrosine (Fig. 18). The higher concentrations,
however, were found inhibitory. On the other hand, the
growth of S. wallichi normal tissue increased with

increasing L=tyrosine concentrations.

At 1 mM protocatechuic acid in the medium the growth
of normal and gall tissues of both the species exhibited
optimum growth excepting S. khasiana normal tissue (Fig. 19).
With increase in the concentrations of protocatechuic acid
the growth declined. Conversely, the growth of S. khasiana

noxrmal tissue increased.

The growth of normal and gall tissues of both the
species was optimum at 1 mM phloroglucinol in the medium

(Fig. 20). However, higher concentration were inhibitory,

The growth of normal and gall tissues of 3. khasiana
was optimum in the media containing 1 mM of p~coumaric acid
which declined at higher concentration (Fig. 21). However,

a reverse picture was obtained for the growth of both normal
and gall tissues of S. wallichi.

Effect of different phenolics on IAA-oxidase

Addition of 1=-10 mM of protocatechuic, ferulic,
caffeic, chlorogenic, p-coumeric and shikimic acids and
L-tyrosine and phloroglucinol in the assay mixture enhanced



Fig. 18 : Effect of different molarities of L-tyrosine
on the growth of Schima khasiana normal (O)
and gall-(M); S. wallichi normal (0) and
gell (@) tissues grown in the medium
containing MAA (2 mg/l) and kinetin (0.04 mg/l).
Bl ackened portion of bars represent the dry
weights.
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Fig. 19 ¢ Effect of different molarities of protoca~
techuic acid on the growth of Schima
khasiana normal () and gall (H);
S. wallichi normal (0) and gall (@) tissues
grown in the medium containing NAA (2 mg/l)
ard kinetin (0,04 mg/l). Blackened
portions of bars represent the dry weights.
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Fig . 20 : Effect of different mokarities of phloro-
glucinol on the growth of Schima khasiana
normal (0O) and gall (W); S. wallichi
normal (0) and gall (®) tissues grown in
the medium containing NAA (2 mg/l) and
kinetin (0,04 mg/l). Blackened portions
of bars represent the dry weights.
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Fig. 21 : Effect of different molarities of p-coumaric
acid on the growth of Schima khasiana normal
. (0) and gall (M); S. wallichi normal (0)
and gall (@) tissues grown in the medium
containing NAA (2 mg/l) and kinetin (0.04 mg/l).
Blackened portions of bars represent the dry
weights.



Fige. 22=25 : Effect of different molarities of proto-
catechuic acid (22 L-tyrosine (23),
ferulic acid (24) and Caffeic acid (25)
on the IdA=~oxidase activjﬁties in both
1ssues
normal (0) and gall (A) of S. khasiana
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Fige 26-29 : Effect of different molarities ol chloroginic
acid (26), phloroglucinol (27), p~coumaric
acid (28) and shikimic acid (29) on the Tia
oxidase activities un both normal (0) and gall
(A) tissues of S. khasiana.
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IAA oxidase activities in normal and gall tissues of
S. khasiana as compared to control excepting 1 mM of
protocatechuic, ferulic, p-coumaric and shikimic acids
and L-tyrosine (Fig. 22~29).

—

DISCUSSION

PAL and TAL are important enzymes in the biosyn-
thesis of compounds of phemllpmpanoid skeleton such as
chlorogenic acid, caffeic acid and lignin. They are
involved in diverting the flow of carbon from proteins into
phenolic compounds. The enzyme activity data in normal and
gall leaf tissue of S. khasiana and S. wallichi indicated
the presence of these enzymes in both the tissues (Table 5).
This suggests that aromatic amino acids like phenylalanine
and tyrosine can enter secondary metabolism directly though
their actual role in the process is not clear. TAL is
sometimes believed to be a separate enzyme found mostly in
monocotyledons. TAL activity could not be demonstrated
without PAL preparation and often the activity if existed,
was lost during preparation (Koukol and Conn, 19%1). The
two separate enzymes have been found in castor bean seed
endosperms (Camm and Tower, 1973). Both PAL and TAL have
also been reported in tobacco callus cultures (Lynda and
Thorpe, 1985).



Higher plant cells respond to various exogenous
influences for example wounding, with a dramatic increase
in their extractable PAL activity. In gall tissues of
Schima the increased activity of the enzyme may be due to
the de novo synthesis of the enzyme protein which may be
triggered by factor(s) that are produced or their levels
increased after wounding. A variety of factors that
influence PAL and TAL induction usually stimulate production

of phenolic compounds.

The concept of protection of PAL from inactivation
by phenylalanine suggested a complete hypothesis of the
regulation of PAL in plant tissues (Stafford, 1974). Induc~
tion of PAL by various stimuli result in an increase in its
rate of synthesis of inactivation. It is possible that this
increase in activation is regulated by products of PAL
(Engelsma, 1968) or by some other mechanism such as depletion
of a pool of phenylalanine. The inactivation rate increases
both because of a net increase in its activity and because of
increase in content. Since it is of the first order reéction,
a point is reached where synthesis is balanced by inactiva-
tion and no net change in activity occur until synthesis stops
or inactivation is prevented. This imbalance caused a new
steady state level which is maintained until some further

metabolic events change the ratio of PAL synthesis and
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inactivation. The net result is a system in which rapid
changes can occur in the level of PAL in response to many
external stimuli. With large changes in the state of
utilisation of phenylalanine required for phenol biosyn-
thesis, very sensitive controls of its level in plant must
existe This in turn suggested that the rate of production
and not the concentration of phenylalanine is the control-

ling factor in phenolic biosynthesis.

— ’ 7
Decrease in the activity of IAA oxidase associated

with mite-incited galls has been reported (Puronit et al.,
1980; Tandon and Arya 19%9{15 Joshi et al., 1985). Schima |,
gall tissue showed low IAA/activity as compared to normal J \
(Table 6). TIAA catabolism in plant tumours has been a
subject of extensive investigation an;l there are number of
conflicting reports(Boulillenne and Gaspar, 1970; Stonier,
1972; Butclher, 1973)« The low IAA oxidase activity and more
total phenols in gall tissue of Schima may be responsible for
its hyperauxinity. The involvement of phenols in the oxida~

tion may result in inhibition or stimulation of plant growth

, metabolism, 'i‘he formation of IAA from tryptophan is accele-;m
~£‘ated under the effect of the polyphenol-polyphenolase system.
IAA is formed from L-tryptophan in a rather basic medium by
mere incubation of L-%Iyptophan with phenol (Kefeli, 1985).
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Several hypotheses on the action of natural phenolic
substances considered phenols as factors, regulating the
activity of IAA oxidase, enabling IAA synthesis from
L-tryptophan (Kefeli and Kutacek, 1977)._ .

Higher auxin levels in crown-gall were reported
(Kado, 1984). The genes directly involved in the IAA
biosynthesis have been located in the crown-gall (Kado,
1984; Rausch gt al., 1986). The virulent region of
Ti-plasmid containing the iaap genes function in the plants
to produce abnormally high levels of IAA, the concentration
of which may vary with age and growth stage of tumours
(Nakajima et al., 1981; Pengelly and Meins, 1982; Zofia,
1984a) , Comidérable evidence suggested that IAA-oxidase
M/;y?te{is involved in the control of endogenous auxin levels
and thus regulated various physiological processes as cell
growth, differentiation and host~parasite interaction (ref.
| Sembdner et al., 1980). It is generally accepted that ther7
might occur a negative correlation between growth rate /
(auxin content) and IAA-oxidase activity of various organs /

' or tissues (Wareing and Phillips, 1982; Zofia, 1984b). ,

{
e =

(<.~ Plant enzymes are also' greatly influenced by
"/, growth hormones in in vitro tissues (Vernon and Strause,

, 1972; Singh et al., 1982; Barendse, 1983) and synthesis of

R

—
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phenolic compounds is influenced by auxin level in the
medium. In contrast to in vivo tissues, the in vitro
tissues showed more IAA-oxidase activity in different
auxin treatments. A decrease in auxin content has been
reported in both normal and gall calli grown in media
containing NAA, TAA and DL-tryptophan (Tandon and Arya,
1980b), IAA-oxidase activity was more in the gall as
compared to normal of both S. khasiana and S. wallichi in
the medium containing NAA, 2,4~D and IAA and vice versa in
the medium containing IBA (Table 9). Bouillene and Gaspar
(1970) have reported a high peroxidase and IAA oxidase
activity in Impatiens crown-gall tissue homogenates free
from inhibitors. IAA has been shown to stimulate the
activity of PRO in pith cultures of Pelargonium (Lavee and
Galston, 1968) but at higher levels inhibited the activity
(Seigel et al., 1960). The interaction between IAA and
various soluble phenols with oxidase preparations have long
been studied. Machd&kovd et al (1975) found that the peroxi-
dase preparation from Iriticum shoots will oxidise ferulate
more easily than p~-coumarate. The enzyme is not able to
directly oxidize IAA, even with exogenous supplied peroxi-
dase, but required a phenolic co-factor such as p-coumarate.
It was also suggested that peroxidase degradation of
Phenolics may be regulated by auxins in the intact plamts,



and further more, whether phenols or auxins are oxidised
would depend on the concentration ratio of diphenols/,

monophenol /auxin.

(/ The phenolic compounds are presumed to act indi-
rectly through their effect on IAA-oxidase. Thus monophe-
nols are inhibitory because they promote decarboxylation of
IAA, whereas diphenol are growth promoters by inhibiting
IA~oxidation. Higher concentrations, however, are inhibi-
tory. Though it is generally accepted that peroxidase is
responsible for some IAA~oxidase activity, it has not been
clear whether 2 true oxidase exists-distinct from peroxi-
‘d___dE/Peroxidase iéozyiﬁes‘“‘have‘ been demonstrated 1£EyT
plants (Gove and Hoyle, 1975) and IAA-oxidase also occurred
in multiple molecular forms. Several studies have shown
that electrophoretically separated proteins possess peroxi-
dase activity but no IAA~oxidase activity and the non-
identity of IAA-oxidase with peroxidase was concluded
(Endo, 1968).,

\/I

n numerous incompatible host-parasite combinations,
peroxidase activity is several times higher than in compati=-
ble ones (Daly et al., 1971; Loon and Geelen, 1971). On the
other hand, however, peroxidase activity is greater in
compatible host-parasite combinations than in the incompatible
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ones (Wood and Barbara, 1971). Phytohormones are known
to play a major role in growth and differentiation. The
peroxidase functional to growth by its IAA oxidizing
action and biosynthesis (Wheeler and King, 1968) regula-
tion of relationship of IAA synthesis in normal and tumo=-
rous tissue with peroxidase has been studied by several
workers (Ahuja and Gupta, 1974; Bayer, 1982), Basu and
Tuli (1972) suggested that the oxidative transformation of
IAA to other biologically active compounds in plants may
contribute to the IAA activity rather than to its

inactivation.

"/Peroxidases are the major components in the IAA
oxidase system in plant. The rapid decline in the peroxi-
dase activity from high to low level in the gall tissue
might result in sparing the auxin from being oxidised. This
sparing action of IAA-oxidation is provided by the low or
high polymers of O-dihydroxyphemols. Interaction of IAA-
oxidation by phenolics such as ferulic, hydroxycinnamic
acid, and scopoletin add to the complexity of the system
(Gelinas , 1973; Sirois and Miller, 1972). Peroxidase path-
way relationship to polyphenol and IAA-oxidase has been
suggested (Gove and Hoyle, 1975). In general peroxidase
catalyses four type of reactions (i) peroxidative (1i) oxi-
dative (iii) catalytic and (iv) hydroxylation (Vdmos~Vigy4zd,



1981). The gall tissues showed higher peroxidase activity
as compared to normal, when grown in the medium containing
NAA, IBA, 2,4~D and IAA (Table 7). In general, maximum
activity was observed in the medium containing NAA followed
by IAA and 2,4-D, whereas with IBA treatment the gall tissue
Showed the least peroxidase activity. Morel and Démdtriades
(1955) reported that, IAA and 2,4~-D enhance the activity of
PRO and PPO in cultures of Jerusalem artichoke. It is
known that the oxidation of IAA takes place in several steps
in which different intermediates of peroxidase are formed.
Certain peroxidase intermediates rather than the native form
are believed to be responsible for the breakdown of certain

phenolic inhibitors (Gelinas, 1973; Lee and Chapman, 1977).

L//;Ii.gher PPO activity was observed in gall tissues of /

f
both the species of Schima as compared to normal (Table 8). |

The increase of activity in host tissues especially at and E
around the infection sites is a response which is chafac-
teristic to a large number of plant diseqgses. The phenolase
activity is accompanied with increase in phemolic concen-l
tration which play a role in toxicity of pathogen (Kosuge,’
19@55: It was observed that callus showed black pigments;m-
if kept for longer periods in a medium containing auxin and
kinetin without subculturing. Phenolase oxidise mono- and

dihydroxyphenol to brown 9P black polymeric susbstances
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(melanin pigments). Such darkening of tissues can also

be caused by adverse envirommental factors (Kosuge, 1969).
ﬁ;cr;a;ed O-dihydroxy and total phenol concentrations in
' gall tissue as compared to normal (Table 10) could be due

to higher activity of PPO in gall tissues.

—

/
) It was thought that PPO enzyme may participate

in redox reaction with in the plant cells. However,
neither this nor localisation of this enzyme has been
demonstrated definitely. Brigg and Ray (1956) stated that
purified tyrosinase inactivates IAA in the presence of
catechol. ITAA is oxidised probably by the products of
oxidation of catechol, i.e.,; by O-quinone. Another worker,
however, suggested only a temporary formation of complex
between IAA and the oxidised phenols (Pelet and Gasper,
1968) .

/
\_——" The physiological functions of the enzymes are not

well understood. PPO enzyme was involved in the IAA bio-
synthesis via indole pyruvic acid (Gordon and Paleg, 1961),
and acted as a possible agent in the oxidation of auxin
(Galston and Purves, 1960) at the wound site of the tissues
and tissues in cultures (Wetmore and Morel, 1%49). The
increased polyphenol oxidase activity and phenolic contents
has been reported in crown-gall (Wegen and Glase, 1%81),
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mite-incited stem galls (Tandon and Arya, 1982) and leaf
roll galls (Joshi and Tandon, 1984) . [ The gall tissues of
both S. khasiana and S. wallichi show higher PPO activity
than normal in the medium containing NAA, IBA and IAA,
However, exceptionally high PPO activity wgs recorded in
thecggigglnegiizg:s a%;to:lr?t}i;no'%hgpgegéugoggg;gﬁn%ggtﬁéh-rgi issues
Zizyphus gall tissues/under the influence of NAA, IAA,

2,4=D (Tandon and Arya, 1980). Interestingly, PPO activity
decreased whereas IAA-oxidase and PRO increased in the gall
tissues of both the species of Schima in the medium contain-
ing 2,4~D (Tables 7-9). This supported that the incorpora~
tion of growth regulators like 2,4=D in the culture medium
decreased fhe auxin content in gall tissue (Tandon and Arya,
1980b). Both in vivo and in vitro cultures of gall tissues
in the medium containing, NAA, IBA ar IAA showed more PPO
activity, thus it may be: sugested that gall formation is
followed with production of factor(s) essential for higher
PPO activity by the growth regulators that could trigger
switching off and on of IAA oxidase to regulate auxin
contents. Though our knowledge of catbolic pathways of
polyphenol in plants is still very meagre, various degrada=~
tive and enzymatic studies have revealed some of the main
biochemical parameter pertaining to this field. Many aspects
of polyphenol metabolism and degradation have been studied
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in cell suspension cultures because of the experimental

advantages -

w

Phenolic compounds are widely distributed and
spread in nature. These compounds play a great role in
normal and abnormal plant growths (Kefeli and Kutacek, 1§11;
Rosenthal, 1986) by their effect on enzymatic oxidation
reaction. Many natural phenols interfered with indole
biosynthesis (Kefeli and Kutacek, 1977) and oxidation of
IAA in vitro. The lowest oxidation products of phenolic
substances ~ the quinones, are most toxic and are highly
oxidised and polymerised products of polyphenol considered

less toxic or non-toxic (Noveroski et al., 1962).

5/ Several workers have isolated phemolics from higher
plant; tissues (Ibrahim and Tower, 1960; Bohm and Tower,
1962; Van Lelyveld, 1974; Kozslowska et al., 1983). There
have been relatively few reports on the isolation of free
cinnamic acid from tissue cultures in free and bound form.
However, cimnamic acid, caffeic and ferulic acid (Brown and
Tenniswood, 1974), chlorogenic acid (Stickland and
Sunderland, 1972-) and coumarin like scopolatin and four of
its glycosides (Sargent and Skoog, 1961) have been isolated
from callus and intact tissues of tobacco. Both normal and

gall tissues of S. khasiana showed at least eight phenolic
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compounds (Table 11). Interestingly, two additional spots
were observed in gall extract alone, suggesting their
formation due to gall induction.

\j Many investigators have suggested that IAA and
otheﬁ subs tances dipvectly stimulated the production of
phenolic compounds. However, others believed that the
accumulation of phenolic gqmpounds parallel, the increased
synthesis of TAA because these compounds originated from
the common biosynthetic pathway (Kosuge, 19%69). In the
present studysthe accumulation of phemolic acid have been
found to be .'influenced by the cultural conditions. The
addition of 2,4-D (0.1 mg/l) caused a substantial refraction
in the quantity of chlorogenic acid produced (Stickland and
Sunderland, 1972.). Low 2,4=D and high kinetin concentrae
tions in the medium gave rise to increased caffeic acid
formation (Ishikura et al., 1983). Sugano et al. (1975)
reported that phemolic acids in carrot cells are markedly
increased by lowering the concentration of 2,4~D, The
synthesis of phenol compounds may also be influenced by the
different auxins added in the medium (Davies, 1972; Shah
et al., 1976), and/or the age of the cul ture medium. Rela~
tively,only a few studies have been made on phenolic com-

pounds in relation to growth period of cell cultures (Davies,
1972; Shailaja and Mehta, 1980). In the present studies,
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the accumulation of phenolics during callus growth in
cultures suggested that the synthesis of phemlic compounds
may be essential for the mediation of callus growth. Low
concentration of phenolic compounds (1 mM added to the MS
medium containing NAA showed increase in wet and dry -
weight after 30 days from the result obtained with Schima.

>Q It may be suggested that protocatechuic acid and
phloroglucinol favour normal callus tissue growth whereas
caffeic, ferulic and p-~coumaric acid favour gall callus
tissue growth (Figs. 22-29). Tyrosine did not conmtribute to
callus "tissue growth except at 1 mM concentration. Addition
of caffeic acid and ferulic acid in tobacco callus promoted
callus tissue growth (Lee and Skoog, 1965). The better
growth of callus tissue occurred in the medium containing
chlorogenic acid and catechins (Feucht and Schmid, 1980).,
Addition of tyrosine and phenylalnine into the medium enhanced
the growth of mumber of normal and gall tissues but only
moderately (Pelet gt gl., 1960). It was established that
some phemolics are active stimulators of plant rhizogenesis
and other morphogen. It was also showed that some compounds
like caffelc acid, ferulic and chlorogenic acid act as
cofactors of IAA-oxidase while p-coumaric acid tnhibits it.
Sequeira (1964) has shown a correlation between the rapid

synthesis of scopoletin and chlorogenic acid and the decrease
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of IAA~oxidase activity. Sirois and Miller (1972)
suggested that such increase could completely inhibit
IAA~oxidase ard naturally affect growth.

L~ fThe action of rhemolic compounds on plant growth
is frequently attributed to thelr interaction with JaA
oxidase, regulating IAA levels in vivo (Thimann,

1972 ; Van Sumere., 1975; Lo tham, 1978° ). Sinapic and
ferulic acids are known to be inhibitors of IAA-oxidase
activity, thereby showing an auxin sparing effect (Varga
and Koves, 1959 Zenk and Maller, 1963). A similar obser-
vation was recorded in both normal and gall calli of Schimg
with the addition of ferulic acid in the medium. However,
the results obtained indicated that the phemolic compounds
tested show differential response to IAA~oxidase inhibition
of which callus growth may be taken as an index of oxida~
tion products.

L- From the resulisobtained it is clearly indicated
that lower concentrations of phenols showed better effects
on IAA~-oxidase activity., Caffelic acid, chlorogenic acid
phloroglucinol were less inhibitory as compared to protoca~
techuic, ferulic, p-coumaric, shikimic acids and tyrosine.
Higher concentrations of most phenolics inhibit growth
. irrespective of hydroxylation pattern.
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Inhibitory effects of coumarine on organogenesis and
callus growth (Bagni and Fracasini, 1971) =nd promotion

of root growth under specific conditions (Vazquez, 1973)
"have been reported. A possible explanation for such growth
promotion based upon interference of O-dihydroxyphenols
with IAA-oxidase has repeatedly been discussed in detail
(Stonier and Yang, 1973; Kefeli and Kutacek, 1977).
Pherolics may be subjected to rapid turn over and degrada~
tion involving steady state concentration of the various
end products. The importance of phemolic compounds in
controlling growth has been demonstrated in tobacco callus
cul tures by their action in promoting or inhibiting bud
differentiation (Lee and Skoog, 1965). These effects were
generally parallel to the cofactor or inhibitor activity of
these compounds in the oxidation of IAA in vitro (Zenk and
Muller, 1963; Tomasewski and Thimman, 1966),



Chapter IV

Studies on the biochemical changes in normal and
gall tissues




INTRODUCTION

Cell growth is the simplest analysis that involves
loosening of cell wall, expanéion of the cell volume by
increased water uptake, increase in the dry weight of total
cell matters largely due to higher frequency of cell divi-
sion, duplication of DNA and synthesis of cells phosphory-
lLation. Contimuity of cellular processes involved in reple-
nishment of substrate required for necessary RNA and protein
synthesis, by switching on and off old genes which result
in morphological changes. Auxin produced in higher plants
enter into nearly every facet of plant growth and develop-
ment, and the recognisable essential feature of auxin action
is the stimulation of cell enlargement that is expressed in
a variety of ways among the tissue and organs of a growing

plant.

Experiments with insects( Arya,1965) and plants
(Key and Hansoon, 1961) have shown that the RNA and protein
synthesis are involved in the action of a wide variety of
hormones. DNA forméxion.may be induced by kinetin in the
absence of added IAA, and vice-versa causing mitosis
(Naylor Saﬁder and Skoog, 19%4). Studies on the changes in
RNA metabolism associated with cell:expansion are usually

complex with differential response (Key anmd Shannon, 1964).
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The role of auxin seems to be associated with the regula-
tion of the synthesis of RNA and protein. Therefore,
enhanced miclear activity must regulate the growth response
t0 exogenous auxin. Auxins regulate the tissues, whereas
cytokinin in conjunction with auxin regulate both the growth
and morphogenesis of a variety of plant tissues in culture
(Fosket, 1980). Although cytokinins alter ermzyme activities
(kulaeva, 1980; Kaminek et al., 1981), stimulate protein
synthesis and in some cases induce the appearance and disa~
disappearance of specific polypeptides when applied to
cultured tissues (Bevan and Northcote, 1981; Meyer and
Charier, 1981; Wang et al., 1981), 1t is not known whether
these changes reflect an early effect of the hormone induced
changes in growth.

Auxin requirement for the stimulation of cells
proliferation has been demonstrated for many types of tissues
grown in vitro (Fosket, 1980). Tandon gt al. (1976)
reported that increase in concentrations of NAA increased the
RNA content of Zizyphus jujuba normal tissue while no appre-
ciable change was recorded in the gall tissue.. DNA content
of the gall tissue was higher to that of normal tissue.
Important relationship of the mucleic aclds with the nature
of the diseased and normal growth of the tissues was

established. A large body of recent results has shown that
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TAA, NAA and 2,4-D rapidly regulate the accumulation of

a few mRNA in responsive plant tissues. This type of
auxin effect has been reported for different plant spe-
cies (Theologis and Ray, 1982; Meyer et al., 1984;
Mohen et al., 1985; Walker et al., 1985) and for tissue
showing major physiolggical responses including cell
enlargement (Zurfluh and Guifoyle, 1980, 1982) or induc-
tion of mitosis (Beven and Northcote, 1981; Meyer et al.,
1984; Mohen et al., 1985). However, the incorporation of
oncogenic DNA into the host cell (Chilton et al., 1977;
Yadav et al., 1980) results in biochemical changes that
allow these cells to grow contimiously on defined medium
without exogenous phytohormones ( Horgan and Aitken ,1981;
Nester et al., 1984), and recently genes transferred to the
host have been found to code for enzymes involved in the
biosynthetic production of cytokinin (Akiyosh, 1984) and
auxin (Thomghow gt al., 1986). The transformed cells
continuously produce these hormones and grow autonomously
at a stage of differentiation speci fied by the bacterial
strain:(Kahl ard Schell, 1982). The crown-gall tissues have
the capacity to utilise abnormal amino acids termed opines
(Karcher et al., 1984; Ellis et al., 1984; Komro et al.,
1985). The octopine type strain of A. tumefacience

frequently transferred two regions of T-DNA to plant cells
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during tumorigenesis (Thomashow et al., 1980).

Auxins have the capacity to alter the biosynthesis
of particular proteins in various plant systems. If
proteins have a role in initiating the biological phenomena
known to be mediated by the hormone and constitute the
primary hormonal response, then hormonally induced changes
in the concentration of a particular protein should be
detected prior to the onset of the phenomenon and shortly
after induction of the hormones into the experimental system.
Hormonally induced protein changes do not reveal the mecha-
nism by which they are mediated. For example do protein
changes result in difference in mRNA levels affected by the
hormones at the transcriptional level, or are the effects of
the hormones expressed at the translational or post transla-
tional level or on the stability of the protein or mRNA?
Boulcombe et al. (1980) were the first to show differences
among the in vitro translation products of polyadenylated
mRNA isolated from 2,4-~D untreated and treated tissue.
Zurfluch and Guifoyle (1982) compared the in vitro transla-
tion product of IAA treated and untreated corn coleoptiles
and found that rapid auxin induced changes at 50 M concen=
tration. In vitro translation experiments carried ou-?,\{deyer
et al. (1984) have shown that the auxin induced increase in
specific protein level in tobacco protoplast coincides with
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an increase in corresponding mRNAs. It is obvious from
the in vitro studies that the auxin rapidly and specifi-
cally potentiate certain mRNA sequences in various plant
tissues. The role of cytokinin in mRNA is not well
understood even though there have been number of studies

on the effects of such modification in tRNA (Taller et al.,
1987).

MATERIALS AND METHODS
Extraction and estimation of auxin

The IAA extraction and quantitative measurement
were done according to the method of Mahadevan and Sridhar
(1982) . Fresh normal and gall tissues were collected from
the field brought on ice to the laboratory. 100 g each of
the tissues was cleaned thoroughly . with water, cut into
pieces (1-2 cm), blended with prechilled methanol in mortar
with pestle anmd squeezed through four layers of cheese cloth.
The residue was extracted twice for complete recovery. The
volume of the pooled filtrate was then reduced to 20 ml with
reduced pressure evaporator at 40~50°C, and pH of the resi-
due was adjusted to 3 with N HCL. The filtrate was then
extracCted three times with equal volume of peroxide~free
diethyl ether.over a period of an hour using the separatory

funnel. The ether extracts were combined and partitioned
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four times with 100 ml - 5% Na.2003. The alkaline
fraction was acidified to pH 3 with 6 N HCL and extracted
four times with ether. The ether extract was evaporated
to dryness and dissolved in 2 mlL of methanol and separated
by paper chromatography. All the operations described
above were done in diffused light.

For s_epa.ration of auxins 100 ul fractions were
spotted on Whatman No.1 chromatographic paper. The descen-
ding chromatographs were run for 12 hrs separately in
different solvents (isopropanol:ammonia:zwater-10:1:1;
isopropanol:water 3:2; ethanol 70%; butanol:ethanol:water—
4312 1; pyridinet ammonia=3t1 v/v/v). A reference sample of
IAA was also run simul taneously. The chromatograms were
developed descendingly for 16 hrs and then dried at room
temperature and sprayed with Ehrlich's reagent (2% p-dimethyl
amino benzaldehyde in 2 N HCL). The chromatograms were
dried in a ventilated oven at 100°C for 5 min. The area
containing IAA from the unsprayed chromatogram (developed
in isopropanol:ammonia:water) correspornding to the authentic
IAA were removed and eluted in 2 ml of methanol (elution
time, 30 min). For quantitative estimation, 1 ml of the
eluant was mixed with 2 ml of Salkowski reagent (one ml of
0.5 M ferric chloride in 50 ml of 35%_ v(v perchloric acid,
prepared freshly each time), followed by incubation of the
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mixture in the dark for 1 hr. The absorbance was recor-
ded at 530 rm against the solvent reagent blank amd the
concentration of TAA was measured using a standard curve

and expressed as mg IAA/g fresh wt of the tissue.

Extraction of mucleic acid

Extraction of in vi\;o t'itui;gues was done according
to the method of Mahadevan,(1982). Equal amount of freshly
collected normal and gall tissues were taken, cut into
small pleces 1=2 cms and immediately extracted in hot
ethanol (80%), macerated in a mortar with pestle. The homo~
genate was centrifuged at 4,000 g for 20 min. The superna=-
tant was discarded arnd the pellet was suspended with 2 ml
~5% trichloroacetic acid (TCA) at 0°C for 30 min in an ice
bath. After 30 min, the sample was again centrifuged as
above and the supernatant was discarded. This process was
repeated twice and the pellet was reextracted once with
absolute ethanol and twice with hot ethanol-ether (50/50-
v/v) mixtures, every time discarding the supernatant after
centrifugation. The pellet contained proteins and mucleic
acid. The extraction of in vitro tissues was done using the
same procedure described above. Both normal and gall

tissues were subjected to growth regulator treatments

described in Chapter III.
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Mucleic acid

The pellet so obtained from the abeve extraction
of normal and gall tissues Were suspended separately in
3 ml of O.3 N KOH and incubatag overnight at 37°C. It
was then centrifuged at 5,000 g at 0°C for 20 min and the
supernatacut was collecteds To the residue, 2 ml
distilled water was added, centrifuged as above and the

supernatant was pooled together for clarification.

Separation of DNA and RNA

The above aliquot was acidified to pH 2 with
perchloric acid to precipitate DNA and excess of potassium
perchlorate (KCth), centrifuged at 5,000 g for 20 min. The
supernatant conmtained RNA and the residue contained DNA.
The RNA present in the supernatant was directly estimated
while the residue was dissolved in perchloric acid to

remove excess of perchlorate,

Estimation of RNA

The absorbance of the above extract was measured
at 260 nm in UV-265 Shimadzu spectrophotometer and the
concentration of RNA was calculated from a standard curve

prepared with yeast RNA and expressed as mg/g fresh wt.
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Clarification of ONA

The residue containing UNA was collected and
suspended in suitable aliquot of 5% perchloric acid at 0°C,
centrifuged at 5,000 g for 20 min and the supernatant was
discarded. The process was repeated twice. The residue
was washed with absolute ethamol-ether mixture, centrifuged
at 2,000 g for 10 min and the supernatant was discarded and
the residue was collected and suspended with a suitable
volume 0,5 N perchloric acid and incubated at 90°C for 10
min in a constant temperature water bath. The solution was
then centrifuged and the supernatant was collecteds The
residue was washed twice with water and the supernatant
pooled together to make up the volume. To a known aliquot,
equal volume of 1 N KOH was added to precipitate excess
perchlorate as KCLOA, centrifuged at 5,000 g for 20 min and
the absorbance of the supernatant containing the DNA was
measured at 260 nms The concentration of DNA was calculated
from a standard curve prepared with DNA and is expressed as

Jg/g fresh wt of tissue.

Colorimetric estimation of RNA

In a test tube, 0.2 mlL of the extract containing
RNA, 2 ml of orciml reagent /10 ml orcimol (1% in water) was
mixed with 40 ml conc HCL and 1 ml of ferric chloride (10%
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solution)7 were taken and a reagent blank was also
prepared. Each test tube was covered with aluminium foil
and heated at 100°C constant temperature water bath for
10 min. The test tube was then cooled in a running water
bath. The heavy intense coloured solution was diluted to
10 ml with n-butamol. The absorbance of the solution was
measured at 665 nm in a colorimeter and concentration of
RNA was determined utilizing the standard curve prepared
with ribose. The psmtosedpresent are expressed as neg/g

fresh wt of tissue.

Colorimetric estimation of DNA

The extract was diluted to a suitable amount with
0.5 N\perchloric acid, mixed with 4 ml of diphenylamine
reagent (1.5 g of diphenylamine was dissolved in 100 ml
glacial acetic acid followed by the addition of 1.5 ml conc
H2304>‘ The test tubes containing the mixture were incuba~
ted overnight at 30°C and the absorbance of these solutions

was measured at 600 nm, The concentration of DMA is

expressed as mg/g fresh wt of tissue.

Estimation of protein

The estimation of protein was done following
Mahadevan and Sridhar (1982). The pellet so obtained from
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previous exkraction was suspended in 1 ml N-NaOH at 100°C
for 5 min. 5 ml of alkaline cupper reagent /{50 ml 2%
Na,COz (in 0.1 N NaOH) and 1 mlL 0.5% CuS0,,.5H,0 (in 1%
sodium potassium tartarate)/ freshly prepared. The
mixture was allowed to stand at room temperature for 20
min, then 0.5 ml Folin-ciocalteu reagent (1 mL Folin-cio-
calteu and 9 ml distilled water) was added quickly shaken
and incubated. Fblin -ciocaltue reagent blank was used
for callibrating the absorbance. After 30 min the absor-
bance was read in a colorimeter at 750 nm. The amount was
calculated from the standard curve prepared with bovine

serum albumin and is expressed as mg/g fresh wt of tissue.

Extraction of amino acids

The separation, identification and quantification
of amino acids were done using the procedure of Mahadevan
and Sridhar (1982). 10 g each of fresh normal and gall
tissues were cut into small pieces (1-2 cm) and plunged into
100 ml boiling ethamol for 5 min, cooled and crushed in
mortar with pestle. The pulp was then squeezed through &4
layers of cheese cloth. The residue was washed with 50 ml
alcohol (80%) and squeezed out. The extracts were pooled
together, partitioned twice with equal volume of petroleum

ether to remove pigments using separatory funnel. The
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petroleum ether fraction was discarded. The pigment free
alcohol extract was evaporated to dryness at 40°C in a
water bath. The alcohol~free residue was dissolved in 50
ml of distilled water and centrifuged for 20 min at 5,000
ge The supernatant was collected and the sediment was
washed again with 10 ml distilled water. The washed
aliquots were pooled together with the previous supernatant
and the solution was allowed to pass through Dowex 50 WxH+
column (20-50 mesh). Before loading, the column was
thoroughly washed several times with tap water followed by
distilled water till the pH of the effluent was close to
neutrality. The flow rate was adjusted to approximately 20
drops per min., The cation exchange column was washed with
double distilled water and finally the amino acids present
in the column were eluted with 50 mlL of 2 M N, OH. The
eluent was evaporated to dryness until no ammonia odour
was detected. The residue was dissolved with 5 ml of
distilled water and the pH was adjusted to 2.0 with 2 M
formic acid to release remaining ammonia, The solution was
evaporated to dryness and the residue dissolved in 5 ml

water.

Quantitative estimation of amino acids

1 ml of above mentioned extract was taken in a
test tube followed by addition of 1 ml of ninhydrin reagent
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/7800 mg of hydrated stannous chloride in 500 ml citrate
buffer at pH 5.0 (21 g citric acid in 200 ml of 1 N NaOH)
and 20 g of recrystallized ninhydrin in 500 ml of methyl
cellosolve (prepared by mixing the two freshly before usqx7.
The contents in the test tube were heated in boiling water
bath for 15 min. Then 5 ml diluent solution (equal volume
of glass distilled water and n-propamnol) was added to each
test tube while still on water bath. Blank was maintained
with 1 mlL distilled water instead of the sample. The test
tube was removed and cooled underrunning taﬁfﬁﬁh contents
were thoroughly mixed. The absorbance of the purple colour
solution was measured in a colorimeter at 570 nm. The
concentration of the amino acid was calculgtgd using the

standard curve prepared from glycine and is expressed as

ng/g fresh wt of tissue.

Separation and identification of amino acids by paper
chromatography,

The same extract prepared for quantitwtiive estimg7
tion was used. 0.5 ml each of the sample of both gall ané'
normal was spotted on No. 1 Whatman Chromatographic paper:
The remaining extract was applied to the paper by streakihg
the sample across the paper and developed unidimensionally

and descendingly.
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The chromatographic paper with both stundard and
samples loaded on it was first equilibrated for 30 min in
an air tight glass chamber saturated with the 100 ml sol-
vent ~vapour (n-butanol: glacial acitic acid:iwater=4:1:5
v/v/v upper layer organic phase)at room temperature. After
30 min, the paper was developed descendingly without dis-~
turbing the saturated atmosphere for 12 hrs. After deve~
loping the paper was dried for nearly 20 hrs under hood to
get rid of solvent vappours. It was then sprayed with nin-
hydrin reagent (300 mg of commercial ninhydrin in 100 ml
ethanol) dried at room temperature for 30 min and then
heated at 100°C for 5 min in ventillated overn Amino acids
appeared as various shades of purple coloured spots. All
the spots were marked with pencil and the Rf value of each
spot was calculated by the formula :

Rf = N;QVQment of the spot from the origin
~ Movement of the advancing liquid from the origin
(solvent front)
The distance of the spot was taken from the origin to the

center of the spot showing maximum intensity. The sample

was identified by comparing with the standard spots.
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EXPERIMENTAL RESULTS

Auxin contents

The galll tissues of both S. khasiana amd
S. wallichi contained more auxin than the normal tissues.

The difference being more in the later species (Table 12).

Nucleic acid contents

The contents of DNA and RNA were more in the in
vivo gall tissues of both S. khasiana and S. wallichi
as compared to respective normal tissues (Table 13). The
estimations of mucleic acids at 260 nm were comparable with

colorimetric estimation.

The gall tissues of S. khasiana contained more
DMA in 2,4=~D and IAA treatments while in NAA and IBA
treatments the normal tissue had higher DNA contents (Table
1), In case of S. wallichi the gall tissue possessed
higher DNA contents compared to normal except IBA treatment.
A general increase in RNA content was observed in the gall
tissues compared with normal subjected to different growth

regulator treatments.

Protein

The protein contents were higher in the gall

-

tissues of both the species as compared to rnormal except for



Table 12. Auxin content in in vivo normal ard gall tissues
of S. khasiana and S. wallichi

pg/g fresh wt

S. khasiana S. wallichi

Normal Gall Normal Gall

I

0.028 + 0,002 0,034 + 0.001 0,016 + 0,001 6,032 + 0.00C2

S.E.

| E]
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Table 16, Identification of amino acids present in S. khasiana
normal and gall tissues

g Rf value

Amino acid | Standard  Normal Gall
Lysine monohydrochloride 0,023 0,026 0.026
Arginine monohydrochloride 0.05 0.04 0.04
Aspartic acid 0.08 - 0.08
Hydroxyproline 0.125 - 0.13
Tryptophan 0.17 0.18 0.18
DL-alanine O.24 0.25 0.26
2-~amino butyric acid 0.29 0.30 0.30
Methionine 0.39 - 0.38
Unidentified ] - - 0.45
Isoleucine 0.56 - 0e54
DL-nor-Leucine 0.60 - 0.61

Unidentified - - 0.75
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2,4=-D and IAA treatments (Table 15).

Qualitative and Quantitative estimation of amino acids

In vivo mormal tissue of S. khasiana contained 5
amino acids whereas the gall tissue contained 12 amino

acids (Table 16).

The amount of amino acids in the in vitro gall

tissues of S. khasjana were lower as compared to normal
except for IAA treatment (Table 17). However, in case of
S. wallichi the gall tissues exhibited higher amino acid
contents as compared to mormal in all treatments except for

IBA. .

DISCUSSION

The hormone autornomy of Schima gall tissues in
culture and the tumorous outgrowth of transformed cells in
the intact plant are due to higher levels of auxin and
cytokinin, Higher amount of auxin content was observed in
the gall tissue as compared to mormal (Table 12). Similar
results have been reported in crown gall (Meins, 1962), in
insect/mite incited stem galls (Tandon and Arya, 1980a) and
leaf gall (Madden and Stone, 1984). Variation in auxin

levels during the growth of crown-gall tissues in culture has
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also been shown (Nakajima et al., 1981; Pengelly aml
Meins, 1982; Zofia, 1984a).

Studies on tumour morphology lent support to the
idea that hormones play a central role in maintaining the
tumourous state. Chromosomal irregularities (Heinz and
Mew, 1971) and a.change in genetic expression (Heirz et al.,
1977) have been reported for sugarcane culture induced ami
maintained on the media containing 2,4-0. The use of
2,4=D in tissue cultures caused cytological changes that
result in the phenotypic differences between the donor plant
and the plant regenerated from callus (Holgate, 1977). These
may play a part in the occurrence of irregularities in cell
division, the frequency of polyploidy increases and the
frequencies of mitosis irregularities decreases. It may be
argued that if an endogenous hormone has a certain effect on
the process, additional hormones should enhance or promote
the effect, provided that the endogenous hormone is not
present at an optimal concentration. It is known that a
certain process occurs at a particular stage of development
ard it is thought to be hormone dependent. It has now been
established that hormone rarely determine the way in which a
cell or tissue may respond but rather than in most cases
their r;_ole is more likely to be that of inducing certain

response the nature of which is pre-determined by factor(s)
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intrinsic to the cell. In other words it is the program-

ming of the cell.

It has remained a fact for about two decades that
the physioclogical autoromy exhibited by the plant cancer
cell reflects an abnormal growth hormone metabolism
(Stonier, 1972). Excess auxins were found to be associated
in various abnormal growths (Purohit et al., 1979; Tandon
and Arya, 1982; Joshi and Tandon, 1984). Henderson and
Bonner (1952) reported that normal tissues of sunflower con-
tained an inhibitor that prevented the conversion of trypto-
phan to IAA while it was absent in tumor tissues. The
presence of auxin protectors has also been reported (Tandon
and irya, 1980b). This favours excess accumlation of auxins

in the gall tissue.

In plant cells, the accumulation of IAA could be
regulated by three factors: (i) substrate availability (ii)
the activity of IAA biosynthetic enzymes, (iii) the activity
of the enzymes controlling the I4A catabolism or conjugation.
The regulation of enzymes of TAA biosynthesis has proved
difficult to establish because of the lack of substrate
specificity (Truelsen, 1972). The spontaneous oxidative
de-carboxylation of indole pyruvic acid to breakdown product,
which included IAA, have led to the proposal that IAA
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biosynthesis is not regulated by the change in catalytic
activity but rather by the availability of the substrate
(Sheldrake, 1973). The indole metabolising enzyme systems
have not been observed in many tropical plants (Kunapuli
and Vaidyanathan, 1985). There could be two possibilities,
either the indole metabolising enzyme system is completely
absent or if present, could be inactivated by polyphenols

present in the tissues.

Increased auxin synthesising capacity of the gall
was recognised (Bouillene and Gaspar, 1970). Tandon and
Arya (1980a) suggested that Zizyphus gall tissues converted
more auxin from tryptophan as compared to normal tissues. The
increased levels of IAA in gall tissues may or may not be due
to the expression of the new pathway. The elevated auxin in
tumours are probably due to enhanced expression of the normal
plant pathway for IAA biosynthesis (Joshi, 1986). Earlier
studies in tumours have been reviewed (Nester et al., 1984)
and subsequent work (Amasino and Miller, 1982; Pengelly and
Meins, 1982, 1983; Weiler and Spanier, 1981) has provided
further confirmation that IAA levels are elevated over those
of untransformed tissues. However, there is little agreement

on the time course of IAA concentration changes during tumour

growth,



97

Schima gall tissues can grow on phytohormone-
free medium a situation similar to crown-galls (Braun,
1982). Several results indicated that the phytohormone
autotrophic growth of the transformed tissues is due to
T-DNA induced elevation of the endogernous levels of auxin
and cytokinin (Atsumi and Hayashi, 1978; Einset, 1980;
Nakajima et al., 1981; Weiler and Spanier, 1981; Amasino
and Mille;‘, 1982) . Based on the analogy between the effect
of phytohormones in non~transformed plant tissues (Skoog
and Miller, 1957) and the effect of mutation in the genes
on the morphology of transformed tissues, the activity of
the genegdf T-DNA were predicted (Garfinkel et al., 1981;
Leemans et al., 1982; Joos et al., 1983; Akiyoshi et al.,
1984; Barry et al., 1984)

Phytohormone independent growth and suppression
of differentiation are observed in Agrobacterium induced
tumours on a very wide range of dicotyledonous plants
(DeCleene ard Daley, 1976) which might suggest that the
introduced T-DNA (Nester et al., 1984) altered common basic
plant control mechanisms. Two genes code for the synthesis
of IAA from tryptophan via indole-3-acetamide (Thomashow et
al., 1986; Schroder et al., 1984) and the third gene codes
for an isopentanyl transferase which catalyses the first step of
cytokinin biosynthesis (Barry et al., 1984). It is reported
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that the morphology of mon-transformed tobacco tissue in
culture can be regulated by the ratio of auxin and cyto-
kinin provided in the growth medium (Skoog and Miller,
1957). Direct measurement of hormone in crown-gall
tumours that vary in morphology have shown auxin-cytokinin
ratio in tumour as predicted by the hormone feeding expe-
riment (Amasino and Miller, 1982; Akiyoshi et al., 1983;
Van Onckelen et al., 1984), Enzyme catabolising cytokins
have been investigated by several workers (Mc Craw and
Horgan, 1983). This enzyme catalyses removal of the iso~-
pentanyl side chain of cytokinin. TIAA exogermously applied
to plant tissue is degraded with rate and degree of
destruction which vary considerably with the tissue and
physiological conditions (Davies, 1972; Thimwnn ,1972
Crown gall cells essentially grow because the T-DNA code
for and direct the synthesis of auxin (Inzekz et al., 1984),
and cytokinin (Barry et al., 1984). However, the regula~
ting pattern of growth is totally unphysiolggical. Tumour
containing the full component of T-DNA grown in a more or
less undifferentiated manner and do not respond morphologi-

cally to added hormones (Cardarelli et al., 1987).

Several workers have shown effects of cytokinin on

protein synthesis (Klambt, 1976). Other workers suggested
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specific binding of cytokinin to ribosomes (Fox and Erion,
1975) and the acceleration of in vitro protein synthesis
Klambt, 1976). The biosynthetic pathway of cytokinin is
closely related to the 'me'tabolism of RNA, especially tRNA
(Letham, 1978)., Cytokinins have been reported in gall
forming wasp larvae (Elzen, 1983). At present it is mot
clear whether the larvae are secreting cytokinin or accumu-

lating them from the host plant.

Increased mucleic acid in gall tissues has been
observed. Tissues cultivated in vitro exhibited a higher
DNA and RNA content as compared to in vivo tissue of both
normal and gall (Tables 13 and 14). Increase in VNA during
tumour induction (Klein et a}., 1953), after wounding
(Kupila and Stein, 1961) has been reported. The DNA thus
synthesized play a role in tumour induction, Mathysse and
Philips (1969) reported that RNA synthesis by tobacco or
soybean miclei was stimulated by addition of auxin 2,4~
provided that it was also included in the muclear isolation
medium, It was inferred that, in the absence of 2,4~D, some
factors required for the auxin response was lost from the
muclei. Both DNA and RNA content of the tissue in the present
studies are directly influenced by the external application of
auxin in the medium. Highest amount of DNA and RNA was

observed in the medium containing 2,4~D for gall tissue as
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compared to rormal. Higher DNA contents in Zizyphus

gall tissues grown in NAA containing medium was reported
(Tandon et al., 1976). On the other hand, the RMA
content increased in the normal tissue by increasing the
NAA content in the medium while no appreciable change was

recorded in the gall tissue.

In the present findings higher RNA contents in
the gall tissues than normal were recorded in response to
auxins. Key and Vander ‘hoef (1973) concluded that in tobacco
pith callus different IAA concentration which exist induced
different reaction in the tissue and a difference in mucleic
acid contents of the cells. Thus low concentration of IAA
(2 mg/l) a condition suitable for normal leaf callus to grow
may induce cell division but little cell enlargement and
increase the amount of RNA, while gall tissue which required
léss auxin in the treatment medium cause mainly cell enlarg-
ment and decrease in the RNA content of the cell due to
higher levels of IAA,

~

The importance of RNA metabolism in auxin action
has been confirmed by a mumber of workers employing various
plant systems. Ma~suda (1967) suggested that at least two
types of RNA participated in the auxin induced expression of

growthe One is responsible for the cell state preparatory



to the following auxin action, the other is produced by

the action itself, There is little known about the initial
interaction of hormone with cellular components, although
there 1is more information available for auxin than for any
other plant hormones. Nevertheless,there are reports that
auxin-receptor complex possess biological activities. A
receptor has been found in muclei of tobacco and soybean
tissue cultures (Mathysp and Philip, 1969) and auxin plus the
factors stimulated RNA (Jacobson, 1977).

Proteins are known to play a key role in the
metabolism directly resulting in the growth phenomena., RNA
and protein metabolites are initiated in plant tissue in
response to infection. Thus various kinds of proteins are
synthesized from f.r“ee amino acid that pre~exist and are hydro-
lysed from some storage proteins. Hormones are known to play
a great role as endogenous factors in metabolism and are
directly involved in the protein synthesis. A perusal of
literature suggests that the effect of hormones on growth and
differentiation are conditioned by an undisturbed protein
synthesis. Growth expansion induced by auxin on plant
tissue is strongly suppressed by inhibitors of protein synthe-
sis in plants (Patterson and Trewavas, 1967) with differential
increase or decrease in the level of enzymes. In many host

parasite interactions changes in protein profile and isozyme
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of many enzymes have been reported (Kado, 1976; Joshi and
Tandon, 1984; Vanloon, 1985;Zbmerman ard Lick, 1986). The
isozymes served as unique markers in a wide range of plant

species as they are directly linked with genes.

It is now accepted that continued RNA and protein.
synthesis are required if growth is to be sustained. Auxin
could stimilate synthesis of protein and RNA in elongating
tissues (Key anmd Ingle, 1964). This led to the proposition
of the so called gene activation hypothesis which suggested
that auxin depressed certain genes, the depression of which
was necessary for the extension process. However, if inhibi-
tors of protein synthesis could inhibit growth immediately
or nearly so, inhibitors of RNA synthesis did note It led to
the idea of the existence of an unsuitable protein whose
synthesis was dependent on auxin and which was pre-requisite
of induction of growth. DMost studies agree that DNA synthesis
takes place prior to differentiation and that hormones affect

this synthesis (Robert, 1976).

The amino acids present in Schima gall and normal
plant part were mostly similar with the exception of the two
unidentified spots present in the gall. However, the concen-
tration of spots differed as moted by the colour intensity.
Excess amount of amino acids present in the gall as compared
to normal might be due to their particular role in the gall

development.



Chapter V
Symmary




Schima khasiana Dyer and S. wallichi Choisy are
two economically important tree species of the North-East

Indias The trees are heavily infested with the insect
Irioza sp. which results in the gall formation on the
infected leaves.

Plant tissue culture methods utilising the exoge-
nous application of mn:rients', hormones, etc. are one of
the powerful tools for understanding the physiological
requirements of plants and also the mpde of action of such
substances. The general growth characteristics of callus
involve a complex interation among plant materials used to
initiate callus, the composition of the medium and the
environmental conditions during the incubation period.

Browning of the explants is one of the major pro-
blems in tissue culture. Though pre-soaking of the explants
with different antioxidants like PVP and incorporation of
activated charcoal in the medium remarkably reduced the
browning of explants of Schima normal and gall tissues, it
did not help in callus initiation. Only the young normal
and gall leaf tissue were able to throw callus, whereas
mature explants were hard and recalcitrant.

In the present study, normal and gall tissues of
S. khagiana and S. wallichi were succesafully isolated on
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MS medium containing 2,4~D (4-10 mg/l) and kinetin (0.04
mg/l), and maintained on the medium containing NAA (1-4
mg/l) and kinetin (0.04 mg/l). The optimum concentration
of auxin for the growth of calli varied for the different
type of tissues. It is generally accepted now that tumor
formation is accompanied by a simplification of the
nutrient requirements of the host cells. With sucrose as
a source of carbohydrate maximum callus weight of normal
ard gall tissues resulted, of which normal was higher than
gall. However, there was a differential growth response to
different carbohydrates tested. By reducing the strength
of MS medium, the growth of both normal and gall calli
declined except for gall calli growth at higher concentra~
tion of NAA.

Maximum fresh weight of normal and gall calli was
observed in the medix. containing different concentrations
of either 2,4-D or NAA in conjunction with kinetin. Higher
concentration proved more suitable for normsl callus tissue
growth whereas these were inhibitory for the growth of gall.
Both IAA and IBA served as poor sources of auxins for the
growth of normal and gall tissues. In vivo gall tissues
contained higher concentrations of auxin which could account

for their disorganised growth.
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Important metabolic changes are involved during
the transformation of normal to tumorous growth. Quanti=-
tative and qualitative variations in enzyme activities
have been well documented. In vivo gall tissues of both
the species of Schima as compared to normal, showed more
PAL, TAL, PPO activities and O~dihydroxy and total phenol
contents. A reverse picture was observed for IAA oxidase
and PRO activities. In vitro tissues of both the species
grown in media containing different auxins showed more,
PRO, PPO and IAA oxidase activities in the gall tissue as
compared to normal excepting 2,4=D and IBA treatments
where the normal tissue showed more PPO and IAA oxidase
activities, respectively. The concentration of enzymes in
a cell at any given time is a function of the relative
rate of its synthesis and the rate of its degradation.
This rate may be affected by such factors as abrupt changes
in the environment or administration of hormones. The

mechanism underlying these changes are still not clear.

The presence of growth regulators of phenolic
nature and their role in plant growth regulation has been
a subject of recent studies. In yvitro tissues cultured in
media éontain:l.ng different auxins showed more phenol
contents in the gall tissue as compared.to the normal
except for IAA and 2,4«~D treatments. This may be attributed
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to the high PPO activities in the former tissues. The
concentration of natural growth regulators in plant
tissues. is determined by the activities of the two pro-
cesses, synthesis and degradation. Since both hormone
and natural inhibitors are synthesized from the common
metabol 1¢c precursors, it has been suggested that the
initial stages of growth regulation are realised at the
level of blosynthesis of the natural growth regulators.
Eight phemolic compounds were detected in in vivo tissues
of S. khasiang. Out of these, four were identified as
caffeic, p~hydroxy benzoic, p-coumaric and ferulic acids,
two unidentified distinct spots were present only in the
gall suggesting thelr formation following gall induction.
Phemolic acids, both endogenous or exogemously incorpora~
ted in the medium influence the growth of in vitro grown
tissue. With the 6 phemolic compounds tested for the
growth of both normal and gall calli, differential resu}ts
were obtained. The growth of S. khasigna normal and

S. wallichi gall tissues showed an increase with the
increase in the concentration of ferulic acid in the
medium, and so was the case of 9. khasiang gall tissue
grown in the medium containing caffelc acid. However, a
reverse picture was obtained for other phenolic compounds
tested which showed a maximum growth of callus at very low



107

concentrations of phenolics. The addition of phenolic
in the assay mixture enhanced the IAA oxidase activity
in normal and gall tissues of S. khgsiana as compared to
control,suggesting more IAA destruction by higher concen-
trations of the phenols tested in the present investiga-
tion. However, with low concentrations of phenols diffe-
rential responses were obtained. The callus growth
increased when phenolics were incorporated at a suitable
concentration. Perhaps, this affected IAA oxidase activi-
ties resulting in more auxin contents and unorganised
growth of the callus in the medium,

In both in vivo S. khasiana and S. wallichi gall
tissues, more auxins, micleic acids, and protein were
found as compared to normal. The in vitro grown tissues
showed higher DNA and RNA contents than in vivo tissue.
Of the four auxins tested, 2,4-D resulted in maximum DNA
and RNA contents.

The more proteins and amino acid contents in the
gall tissue as compared to normal suggested their formation
following gall induction. The gall tissue contained 5 more
amino acids as compared to normal. Hormones are known to
play a significant role in the metabolism of amino acids.
The natural auxin TAA resulted in the production of maximum
amino acid contents than <the other sources of auxins tested.
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Lastly, from the results obtained in the present
investigation, it can be concluded that the gall tissues
showed hyperauxinity, simple media requirement, higher

PAL, TAL, PPO activities, DNA, RNA, protein, amino acid

and phenol contents as compared to normal tissues. A

complex interplay of different enzymes, and metabolites seem
to be involved in the process of gall induction in

S. khasiana and S. wallichi.
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