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Chapter I 

General In t roduct ion 



Abnormal growths are character ized by extensive 

a l t e r a t i o n s and over growth due to the plsint organ losing 

control over the grov/th po t en t i a l s of the affected area* 

"Galls" or "cecidia" induced by i n s e c t s , are pa tho log ica l ly 

developed t i s sues mostly by hypertrophy or hyperplasia . The 

g a l l tumor t i s s u e p r o l i f e r a t i o n i s a unique phenomenon of 

autonomous growth of the diseased c e l l s * 

Natural b io log ica l assemblage systems are subjected 

to high disturbance frequencies* Gal ls offer ample scope 

for micro-habi tat and s u s t a i n a number of arthropods* bugs* 

Wasps etc* for feeding o r for t h e i r requirement of p l an t i n 

any p laus ib le way to complete the l i f e cycle* The adaptive 

s t r a t e g i e s t ha t lead t o synchronized systems between the 

hosts and inducing agents are concerned with the m u l t i p l i ­

c i t y of diverse phys i ca l , chonical and biological agents -

phytocecidia , zoocecidia and plasmatocecidia (Rohfri tsch, 

1971) and circumstances of l i f e ( A r y a ^ a i . . . 1975; Bayer, 

1982) - t h a t can transform a normal c e l l into a tumor ce l l* 

Associat ion can be dynamic between highly spec ia l ized feed­

ing behaviour euid adaptive s t r a t e g i e s . However, the corre­

l a t i o n of development i n the highly i n t r i c a t e cecidogenie 

sjrstem and what contr ibuted to form has not yet been solved* 

The complex in te rac t ions involve devia t ion of the dynamic 



equilibrium re l a t ed to inetabolically normal plant* Changes 

of mutational type involving tbe loss of subs t i t u t ions or 

permanent rearrangement of the genet ic information i n a 

c e l l could lead to the establishment of the tumorous s t a t e . 

I t may be noted t h a t p l an t c e l l t ransformation does not 

always mean whole p l an t transformation. The neoplas t ic 

growth s t r i k i n g l y i l l u s t r a t e s the a b i l i t y of an infec t ious 

agent to i n t e r f e r e normal p lant morphogenic processes and 

r e - e s t a b l i s h growth in a new s t ab l e s t a t e , p o t e n t i a l l y bene­

f i c i a l to the pathogen as i n the case of crownrgall caused 

by Agrobacterium tumef^ciens. 

Autonomy exhibi ted by neoplas t ic growth has many 

grada t ions . At one extreme are located the benign ( se l f -

l imi t ing) tumors which grow and remain loca l ized i n the 

hos t s , a t the other end are the most malignant (nonp-self-

l imi t ing) cancers t h a t invade neighbouring t i s sues and 

spread throughout an organism by metastasis (Brawn and 

S ton i e r , 1958). 

Mani (l973) has described about 817 g a l l s on more 

than 400 species of p l an t s belonging to about 84 na tu ra l 

o r d e r s . Approximately, 15,000 ga l l forming insec ts have 

been recorded from around the world (Rohfri tsch and 

Shourthouse, l982). The sub;3ect of i n sec t -ga l l formation 



has been extensively reviewed (Arya et ai., 1975; Purohit 

et al.t 1980; Rohfritscti and Sliorthouse, 1982; Tandon, 

1985)• Gall forming insects are considered to be host 

specific, thougb a few of them invade closelj/related 

species within a genus (Rohfritsch and Shorthouse* 1982) 

while others like Eriophyes cladophthvrus attack different 

species of plants (Westphal, 19B0). 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, l986). Parr (l940) 

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 numerous digestive enzymes in the saliva of 

cecidozoans (Byers et al., 1976; Hori and Miller, l977; 

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 (l940) reported that 

insect transmitting virus Aureoĝ enus ma^nivena can produce 

tumors in plants. The virus like material (Walton* l980) 

cecidogen present in the insect and gall tissue (Lewis and 



V/alt on , 1964) i s a c r y s t a l or granular-amorphous mass 

t h a t mult iply in the insects but not i n the plsuits. 

Wounding appeared indispensable to a l l types of 

p lan t tumors-viral* bac t e r i a l and gene t ica l ly induced. 

The normal c e l l s surrounding a wound are s t imulated to 

in tense mi to t ic a c t i v i t y and invade the wound s i t e . When 

the wound i s healed» the involved c e l l s again become 

quiscent . Tumor appears to be uncontrol led wounding 

response* s ince the c e l l of crown-gall tumors r a the r 

c lose ly resemble those in normal wound healing (Beardsley» 

1972). 

Decleene and Daley (l976) reported tha t a t l e a s t 

643 host p lants from 331 genera were suscept ib le t o crowr>-

g a l l . Undoubtedly the molecular basis for t h i s n a t u r a l l y 

occurring host raaige var ia t ions i s not c l ea r . The f inding 

tha t the crown-gall tumor ce l l s develop a capaci ty for 

autonomous growth as the r e s u l t of the p e r s i s t e n t ac t ivar 

t i o n of c e r t a i n normally repressed biosynthet ic system led 

to attempts to determine how these systems are regula ted i n 

the c e l l s . 

P l a n t - g a l l s have been reported to contain higher 

levels of growth hormones (Purohit et a^l. $ 1980; Tandon and 

A.rya, l980a; Weiler and Spanier , l98i ; Brawn, l982; Pengelly 



and Meins, 1983; Dixon, l983; Kado, 1984; Maden and Stone, 

1984; Nester ^ at l . , l984) whicli presumably contr ibute to 

the abnormal growth. Auxin requirement i s the expression 

of the committed autonomous ce l l s which may have an 

eptgenet /bas is (Braun, 1978). However, several fac tors i n 

addi t ion to auxin may mediate many of the exaggerated 

growth reponses c h a r a c t e r i s t i c of plsuit diseases (Bouckaert-

Urban and Vendrig, 1981), The hyperauxinic habi t in ga l l 

t i s s u e has led to th ree major hypotheses: i ) increased 

s y n t h e s i s , i i ) decreased des t ruc t ion 'and i i i ) both increased 

synthes is and l e s s des t ruc t ion . Several workers are of the 

opinion tha t the transformation of normal p lant c e l l s to 

tumor c e l l s i s 'followed by rapid c e l l d iv i s ion with increase 

i n amount of c e l l d iv i s ion substances and other metabolites 

e s s e n t i a l for the maintenance of autonomous growth of the 

tumor c e l l (S ton ie r , 1972; Bouckaert-Urban and Vendrig, l98l ; 

Amasino and Mi l l e r , 1982; Braun, 1982; Kado, l984). I t i s 

not c lear whether the c e l l s responding to auxin aire auxin 

de f i c i en t tumor c e l l s t h a t are promoted to grow as long as 

auxin i s ' supp l i ed or ps i r t i a l ly transformed ce l l s whose 

complete conversion requi res added auxin. 

C rowx>>gall t i s s u e s , i n con t ras t to normal p lan t 

call i is t i s s u e , can be grown in v i t r o i n the absence of exo­

genous auxin or cytokinin (Gautheret , 1947; Braun, l962) and 



i t i s now generally accepted tha t tumor formation i s 

accompanied by a s impl i f i ca t ion of ttie nu t r i en t r equ i re ­

ments of the host c e l l s (Butcher, 1973). D i f f e r en t i a l 

autonomous requirement of the i i i t r i en t s vary from species 

to s p e c i e s , for ins t ance , fu l ly transformed crown-gall 

t i s s u e s of Vinca rosea became more autonomous as compared 

to normal t i ssue* Although the nimber of growth fac tors 

involved v a r i e s , the attainment of auxin independence 

apprears to be a cons i s ten t f ea tu re of tumor formation. The 

tumor t i s s u e were shown to have an enhanced capacity for 

indole-3-ace t ic acid (lAA) synthesis e i t he r from tryptophar 

(Henderson and Bonner, 1932) or other indole precursor 

molecules (Nitsch, l936)« 

The involvement of nonr-auxinic growth fac tor i n 

crowx>-gall tumorigenesis was implied (Braun and Naf, l934) 

when ex t rac t of crown-gall tumor t i s s u e s in combination 

with auxin caused much be t t e r growth of normal p lan t t i s sue 

thaji auxin alone* After the discovery of cytokinin i t was 

found t h a t auxin and cytokinin i n the growth medium cause 

noi>-tumorous t i s s u e to grow as r ap id ly as tumor t i s s u e 

cul tured on medium without phytohormones (Braun, l958)* I t 

Was concluded t h a t crownr>gall tumorigenesis r e s u l t s from tt 

production of both auxin and c e l l - d i v i s i o n factors (CDF) by 

tumor ce l l s* Many workers have shown t h a t crown-gall tumo 



t i s sues of various species contain v i r t u a l l y a l l of the 

known forms of n a t u r a l l y occurring cytokinins (lilakaoinia _et 

^ • » 1981; E inse t , l980; Weiler and Spanier , 1981; AmasiiX) 

and Mi l l e r , 1982) whicti play a r o l e i n c e l l d iv i s ion . The 

growth hormone autonomy of crown-gall c e l l s i s apparently 

a r e s u l t of the production of auxin and cytokinin by those 

c e l l s . 

Many p lan t t i s s u e s require cytokinin and auxin for 

contiisious growth in cu l tu re on an otherwise complete 

medium ( S t r e e t , 1969). I t was recognised tha t auxin habi­

t u a t i o n occurs widely in cultured p lan t t i s s u e ajnd t h a t 

s imi la r changes a re encountered for cytokinins and c e r t a i n 

vitamins as well (Gautheret , l955; S t r e e t , 1969). S table 

habituated t i s sues can exhib i t the same n u t r i t i o n a l autonomy 

and lack of organiza t ional capaci ty as crown-gall tumors i n 

cu l tu re and i n severa l cases of graf t ing of crown-gall to 

normal p l a n t s . Reversal of habituated t i s sues to auxin or 

cytokinin dependency also occurs i n cu l tu re (Lutz, l 97 l ) • 

Binns and Meins (l973) showed t h a t s t a b l e unorganized var ian ts 

derived from cul tured crown-gall teratoma t i s sues can form 

organized s t ruc tu res when grafted to normal p l a n t s . This 

indicated a favourable in v i t r o phenotypic change. 
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Comparison of tlie proper t ies of habituated and 

crown-gall c e l l s led to the conclusion tha t habi tuat ion 

i s a form of neoplas t ic transformation involving her i t ab le 

progressive chstnge i n c e l l phenotype t h a t can r e s u l t i n 

autonomous growth* The s igni f icance of t h i s conclusion 

l i e s i n the fact t h a t habi tuat ion occurs i n the absence of 

a recognizable infec t ive agent suod appears to have an 

epigenet ic basis (Meins> 1972)* Physiological differences 

between habituated and crownr-gall t i s s u e ce l l r e s ide in 

the mechanism of the turn ing off the lAA production 

(Pengelly, 1980) • P lan t tumors are also known to produce 

a complex subs t i tu ted purine de r iva t ive (Woodf l970). The 

fac t t h a t cytokinin habi tuat ion occurred i n absence of any 

recognizable production of CDF an e s s e n t i a l feature of 

tumor s t a t e , did not necessar i ly r e s u l t from foreign genes 

introduced during tumor incept ion (Meins, 1974). All 

cytokinin st imulated c e l l s a t the time of d iv i s ion were 

thought to produce CDF, P lan t c e l l s exhib i t the process of 

p a r t i a l or complete habi tua t ion . The epigenet ic chsmges 

were believed to be due to the p a r t i a l or complete switching 

on of the eixiogenous genes suxi were a lso p a r t i a l l y r e v e r s i ­

b le (Meins, 1974). Although there i s co r re l a t ion between 

growth factor autotrophy and chromosomal cons t i t u t i on , i t i s 

un l ike ly t h a t these changes provide a mechanism for habitua­

t i o n (Butcher, 1977). P l an t c e l l s s e r i a l l y propagated i n 



cul ture usual ly undergo progressive he r i t ab le changes in 

gross chromosomal cons t i t u t i on (d'Amato, 1977) • Habituated 

c e l l s have higher nuclear deoxyribo-nucleic acid (DNA) 

content and presumably higher chronosome number than non-

habituated ce l l s ( D o n e t ^ . , 1974). 

Studies on changes in r ibo-nuc le ic acid (RNA) metar 

bolism associated with c e l l expansion are usua l ly complex 

with d i f f e r e n t i a l responses (Key and Shannon, 1964). The 

increase i n nucle ic acid content during tumor induct ion 

(Klein e t ^ . , i953) a f t e r wounding (Kupila aixi S t e i n , i96l) 

ajid chromosomal abnormalities with changes in auxin l eve l 

(d'Amato, 1977) i n severa l p lan t species has been repor ted . 

Auxin induced increase i n RNA synthesis i n soybeaui (Guifoyle 

^ Ai '» 1^75), formation of spec i f i c pro te ins in tobacco 

(Meyer e t ^ . , 1984), and the r egu la t ion of auxin and RNA i n 

d i f fe ren t species (Meyer ^ ^ . , l984; Walker e t ^ . , 1985) 

are wel l documented. All these evidences suggest t h a t 

enhanced nuclear a c t i v i t y must regula te the growth response 

t o exogenous auxin. 

In A. turoefaciens» the process of transformation i s 

associated with the presence of tumor inducing Ti-plasmid i n 

the causat ive organism ( Z a e n e n ^ ^ . , 1979). Mult iple 

copies of the p a r t of the Ti-plasmid, are subsequently found 

i n the transformed p lan t s c e l l s ( Chi i t on j t ^ . , l977). I t 
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has been sbown t b a t during the Inception of crown-gallf 

the T-DNA sequences from the oncogenic Ti-plawmld are 

t r ans fe r red to the nucleus of t he normaul p l an t ce l l s* 

incorporated, maintained (Chi l ton ^ ^ . j 1977; Scfaell e t 

j i . » 1979; Willroitzer ^ ^ . , 1980; Yadav ^ ^ . , 1980) and 

t ranscr ibed (Drummond et aX,, 1977; Gurley e t ^ . , 1979) i n 

the transformed c e l l s . In addi t ion to i t s oncogenic proper­

t i e s , T-DNA i s e s s e n t i a l for the maintenance of the tumorous 

s t a t e (Depicker e t a l . , l978; Holsters e t a l * , l980) and for 

the biosynthesis (Hol t s te r et ^ . , 1980) of a group of 

unusual p lan t metabolites ca l led opines (Schell et ^•t 1979; 

Tempe and Goldman, l982) which served as a soiirce of energy 

and nu t r i en t for the bac te r i a (Tempe and P e t i t , 1982). The 

extensive body of evidence indicated t h a t auxin ajfid cytokinin 

over production, i s important for the maintenance of the 

transformed s t a t e . Several repor ts indicated t h a t the phyto-

hormone autotrophic growth of the transformed t i s s u e of 

A. tumefaciens i s due t o T-DNA induced e levat ion of the 

endogeno\is l eve l of auxin auid cytokinin (Atsumi and Hayashi, 

1978; E inse t , 1980; Nakajima e t ^ . , l98i ; Amasino and 

Mi l l e r , l982). Elevat ion of endogenous leve ls of growth 

hormones i n i n sec t -ga l l s has also been reported (Tandon and 

Arya, l960a). On the other hand, i t i s also pointed out t h a t 

the increased phytohormone levels are not the only fac tors 
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t h a t are involved in g a l i formation (Nakadi^a e t ^ « » 

1979; Weiler and Spanier , l98i) • 

The increased levels of lAA. i n diseased t i s s u e have 

given r i ^ e to a quest ion with regard to t h e i r o r i g i n . 

Transformed b a c t e r i a l DNA encodes two genes involved i n the 

pathway of auxin b iosynthes is , thereby abolishing the 

requirement of exogenously supplied auxin for growth of 

transformed c e l l s (Her te l jet ^ . , l983j Schr5der e t a l» t 

1984) • The genes responsible for lAA biosynthesis from 

crown-gall c e l l s have been i so la ted (Kado, 1984; Rausch e t 

s^l«, 1985, 1986). Endogenous T-DNA d i rec t ed synthesis of 

plant-hormones both auxin (Inzes et al»» l984) and cytokinin 
is 

(Barry ^ j j l . , i964)»/ythe basis for the homones autotrophic 

growth of crown-gall c e l l s . 

Totipotency i n p l an t c e l l s provides clue to reac t ions 

t o inves t iga te the r eve r sa l of tumorigenesis. I n addi t ion to 

i t s bearing on p lan t tumor experimentation, i t provides 

information on the cen t ra l mechanism t h a t r e s t r a i n and regUf-

l a t e growth of normal p lan t t i s s u e . There are now a number 

of cases where phenotypic r eve r sa l of the tumorous s t a t e has 

been achieved (Sac r i s t an and Melchers, 1977; WuUems e t a l .» 

1980) . Cel ls from an organized tumor l i n e when fused to 

normal c e l l s can become teratomas (Wullems e t ^ . , 1980). The 

d i f f e r en t morphologies i n crown-gall tumor correspond to the 



12 

p a t t e r n of growth observed by Skoog and Mil ler (1957) i n 

normal t i s s u e of tobacco by manipulating auxin and cytokinin 

l e v e l s . S imi la r ly , t h e endogenously produced leve ls of 

auxin and cytokinin appear to control the morphology of 

crown-gall tumor (Amasino auad Mi l l e r , 1982) • 

D i f f e ren t i a l biochemical metabolism of normal and 

g a l l t i s s u e in v i t r o has been reviewed (Arya ^ a^» t 1975; 

Kado, 1976; Lippincott and Lipp inco t t , l976; ShekhaWat e t al»« 

1978; Braun, l982; Rohfritsch and Shorthouse, 1982; Dixon, 

1983; Tsuidon, l985). There are two fundamental suggest ions , 

f i r s t l y change i n energy metabolism r e s u l t i n g i n more 

permeabi l i ty (Lippincot t and Lippincot t , l975) and secondly 

the i n t e r a c t i o n and inter-dependence of metabolites and gene 

ac t ion affect ing i n t e r n a l metabolic system r e s u l t i n g i n 

abnormal growth. One of the most puzzl ing aspects of tiunor 

problem general ly over the years , has been, concerned with 

the m u l t i p l i t y of d iverse phys ica l , chemical and biologicsd 

agents t h a t can tratfisforin a normal c e l l into a tumor c e l l . 

Al l these agents lead t o the same end r e su l t* 

Metabolic control of d isease r eac t ion can occur by 

depression or promotion of genetic control of p ro t e in synthe­

s i s . Qua l i t a t ive and quan t i t a t ive va r i a t ions i n free amino 

acids sind ni t rogen cons t i tuents (Warick and Hildebrandt , 
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1966) and new unusual amino acids i n crown-gall t i s s u e 

(L io re t , 1957; Biemann e t al«« i960) have been repor ted . 

The arginase a c t i v i t y was Low i n many p lan t tumors (Morelt 

1971) and 'new' enzymes octopine dehydrogenase (Brinberg 

e t a l» t 1983) and nopaiine dehydrogenase (Otten and 

Sch i ipe roor t , 197B; Ondrej* 1983) were reported which led 

t o the production of abnormal aJnino acid octopine and 

nopaiine* 

The metabolic pathways responsible for biosynthe­

s i s of aromatic amino acids and for v i tamin- l ike der iva t ives 

i s a major enzyme network i n nature (Weiss and Edwardsf 

1980). I n higher p l a n t s , t h i s pathway plays even l a rge r 

r o l e s ince i t i s the source of precursors for numerous 

phenylpropguioid compounds, l i g n i n , auxins, tanins and an 

enormous v a r i e t y of other secondary metabolites (Stafford, 

1974). Such secondary metabolites may o r ig ina te from the 

amino acid end products or from intermediates in the path­

way. The aromatic pathway in ter faces with the carbohydrate 

metabolism a t the r eac t ion catalysed by 25-deoxy-D-sirabino-

heptulosonate-7-phosphate (BAHP) synthase the condensation 

of erythrose-4-phosphate and phosphoenol pyruvate to form 

the 7-carbon sugar DAHP. I t has been assumed t h a t the 

un ive r sa l ly occurring aromatic amino acid i n higher p lan ts 

followed e s s e n t i a l l y the same pathway as in microorganisms 
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(Yoshida and Tower, 1963) and tha t the fundamental aromatic 

amino acids or intermediate aromatic compoiinda r e s t r i c t e d 

t o c e r t a i n species might be derived secondari ly from t h e i r 

biosynthesis through the ac t ion of phenylalanine ammonia 

lyase (PAL) and ty ros ine ammonialyase (TA.L) • Lynda and 

Thorpe (l985) reported t h e presence of both PAL and TAL i n 

tobacco ca l lus t i s sues* 

Phenolic compounds are widely d i s t r i bu t ed i n p lan t 

kingdom (Harborne, 1980), and p lay a r o l e i n normal and 

abnormal p lan t growths (Kefeli and Kutacek, l977; Lee et aX»» 

1982; Beart e t a l . , 1985; Kefe l i , 1985; Rosenthal, 1986). 

Tissue of higher p lan t s accumulate a wide va r i e ty of aromatic 

phenols which form the main group of na tu ra l ly occurring 

i nh ib i to r s among p lan t products . The poss ible ro l e of such 

compounds in p lan t growth regula t ion has been discussed 

(Kefeli and Kutacek, l977). 

Endogenous phenolic acids as well as exogeneously 

applied i n the medixim play a s i g n i f i c a n t r o l e i n in v i t r o 

growth of t i s s u e (Feucht and Schmld , 1980) • Gene expres­

s ion involving phenolics has been reported (Stachel et al«t 

1985; Bolton j t ^ . , l986). The genet ic control of antho-

cyanin biosynthesis i n maize has been of great i n t e r e s t 

s ince i t provided a model system for studying the gene ac t ion 

and gene regulatory mechanism (Reddy and Coe, l986). 
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The roLe of oxidat ive enzymes and phenols in 

abnormal growth has been well documented ( F r i ^ , 1976; 

Bhansali et _al . . l978; Purohl t &t aO.., 1979; RamaWat et ^ . , 

l979;'Tandon and Arya» 1982; Tandon, 1985; Joshi and Tandon, 

1984; B e a r t ^ ^ . , i985; Rosenthal, 1986). The p a r t i c i p a ­

t i o n of polyphenol oxidase (PPO) i n lAA. oxidat ion (Tandon 

and Aryaf I980b; Mayer and Harel , l979; Lazarovits and 

Ward, 1982; Vaughan and Duke, 1984); the re la t ionsh ip between 

peroxidase (PRO), PPO and lAA-oxidase (Gove and Hoyle, 1975; 

Tandon and Arya, 1982); peroxidase function with lAA-oxidase 

( F r i c , l97l ; Hoyle, 1972), lAA oxidat ion by phenolics 

(Gel inas , 1973; S i r o i s and Mi l l e r , l972); increase i n pheno­

l i c acids with higher PPO and the fac to rs involved (Kosuge, 

1969; Tandon and Arya, 1982; Mayer and Harel , l979; F lu r l ey , 

1986) i n tumor development are wel l documented. The auxin 

p ro tec to r s of pheiwlic nature prevent PRO or lAA oxidase 

ca t a l i zed oxidation of lAA and a l t e r auxin metabolism i n 

tumor t i s sue (Atsumi and Hayashi, 1978; Haard, 1978; Tandon 

and Arya, l980b). Extremely high levels of these substances 

are su f f i c i en t to explain the autonomy even when g a l l t i s s u e 

contain more auxin destroying enzymes (S ton ie r , 1972). 

Auxin and cytokinin regu la te growth ajad morphoge­

nesis i n p lan t t i s sue c u l t u r e s , induce the synthesis of 

spec i f i c polypeptides i n cultured t i s s u e s (Bevan and Northcote, 
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l98 i ; W a i i g ^ a l . , l98 i ; Meyer and Ckiartier, l98l) by 

a l t e r i n g enzyme a c t i v i t i e s (Kulaevat 1980; Kaminek et 

al>« I 9 8 l ) . P ro te in and isozyme pa t t e rn s change i n many 

enzyme systems ( Josh i sind Tandon, 1984; Vatfiloon, 1985; 

Eberman azvl Lick, 1986) • The major net work of enzyme 

systems of the c e l l s play a great r o l e in the regu la t ion 

and synthes is of primary and secondary products , amino 

ac ids , vitamins (Weiss and Edwards, 1980), etc* e s s e n t i a l l y 

required for each system of l i f e and to maintain t h e i r 

equil ibrium dynamic. From a phytochemical stand point 

p lan t s are producers of chemicals and insects are consumers* 

Insect-and mi te - inc i t ed p lan t ga l l s offer an idea l system to 

study abnormal p r o l i f e r a t i o n of p lan t c e l l s in response to a 

stimulus* Though the crown-gall formation i n p lan ts has 

been an area of extensive research , the physiology and bio­

chemistry of insect-and mi te- inc i ted ga l l s has not received 

due a t t e n t i o n by the researchers* 

The present inves t iga t ion deals with the following 

s tud ies : 

1) I s o l a t i o n of both normad and g a l l t i s s u e s of 

Schima khasiana and S ,wal l ich i i n cu l tu re and s tudies of 

t h e i r growth fac tor requirements* 

2) The assay of some enzymes of skikimic acid 

pathway and oxidat ive enzymes and the formation of phenolic 
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compouxxls as r e l a t e d t o gal^ formation. 

3) Aminoacids, protein^ nucleic acids and meter 

bolism of growtb hormones i n normal and g a l l t i s sues* 

Understanding the facts underlying growth aiid 

developfment pa t t e rns covering normsd and g a l l t i s sues w i l l 

be of immense vaiue in case of Schima an economicaiiy 

important t r e e species of the North-Eastern region of India* 



Chapter I I 

T i s sue cu l tu re of Scbima khaslana aiid S. wa l l l cb l 
normal l ea f and gaLI t i s s u e s : Studies of growth 

fac tor requirements 
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INTRODUCTION 

One of the e a r l i e s t appl icat ions of p lan t t i s s u e 

cu l tu re wltli s i gn i f i c an t cont r ibut ion t o modern knowledge 

of p l an t cancer dea l t with the study of p lan t tumor 

physiology* In addi t ion to wound response* ca l lus may 

develop i n p lan t t i s sues following an invasion by c e r t a i n 

microorganisms or by insec t feeding. Tissue cu l tu re 

technique allowed ca l lus formation i n numerous plantsf 

organs or t i s sues t h a t do not u sua l ly develop ca l lus i n 

response t o an in jury ( S t r e e t , 1969)« The technique has 

not only supplemented coventional methods used i n ag r i cu l ­

t u r e (Thorpe, l98i;BhfiJwani and Razdan, 1983; Bajao* 

1986), fo re s t ry (Bonga and Durzan, l982; Ba;jaj, l986b) and 

breeding ( V a s i l ^ ^ . , 1982; Dodds, l985) but a lso as a 

model systeiri for manipulating under c lose ly control led 

condi t ions , the physico-chemical, biochemical and molecu­

l a r events t h a t follow growth and d i f f e r e n t i a t i o n of 

diseased p lan ts (Sacr i s tan and Melchers, 1977) • 

Trees exh ib i t chemical substances i n free or bound 

forms associated with p lan t metabolic system which may be 
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considered as unwanted element for callus initiation 

(Monaco et aX.» 1977; Mulder-Krieger et ̂ . , l982; Stngia 

e t ^ » , 1982} 'fisserat, 1984). On the other hand, a 

number of special considerations needed for callus initia­

tion are selection of explant (Durzan and Chalupa, l984), 

use of antioxidants (Murashige, l974; Monaco et al»i l977; 

Tisserat, 1984)» concentration of exogenous growth regula­

tors (Davies, 1972; S h a h ^ al., l976; Singh e t ^ . , 1982), 

micro and macronutrients (Shah and Mehta, l978; Mulder-

Krieger _et ̂ . , l982) 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 nutritious 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 (Boysenr^Jensen, i948). 
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The mainteruince and regenerat ion Into t he whole 

p l an t (Wang e t a l» t 1981; Bonga said Durzan, 1982; Esenowoi 

1986) and s ign i f i can t information associated with the 

technique and the fac tors involved i n ca l lus cu l tu re have 

been reviewed by many workers (Steward and Krikorian, 

1979; Thorpe, l98i ; Sharp e t a l . , 1984; Dodds, 1985; Bajad, 

l986a) . The n u t r i t i o n a l requirements for the i n i t i a t i o n 

of ca l lus vary considerably in primary explants of d i f fe ren t 

organs. The majority of excised t i s sues require exogenous 

add i t ion of growth factors in the medium i n order to stimu­

l a t e ca l lus development (Yeoman and Macleod, 1977). Some 

t i s s u e s require both auxin and cytokinin whereas others only 

one of the two growth f a c t o r s , and crown-gall ne i ther of the 

growth factors (Gautheret , l955; Braun, l982; Meins, l982) • 

Synthet ic auxin 2,A-dichlorophenoxyacetic acid (2 i ^D) when 

provided a t high concentrations replaced both auxin and CDF 

requirements of cu l tures (Witham, l968) . 

Various t i s sues of i n s e c t - g a l l o r ig in were i so la ted 

and s tudied in v i t r o (Hildebrandt, 1965; Arya ,i965) Kant, 

1967; Rohfr i tsch, l97l ; Tandon, l976; Arora and Kan-u, 1980) . 

Tumour formation i s u sua l ly followed by s impl i f i ca t ion of 

t h e nu t r i en t requirements (Butcher, 1973) and hormone inde-

penience (Braun, 1982)• Crown-gall of sunflower showed 

autonomy for only auxin ( re fer Butcher, 1973)» Growth 
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regula tor independence has also been reported i n habitua­

t ed and genetic tumor t i s sues (Meins, 1982; Bayer, 1982). 

Gautheret ( 1946) observed t h a t a ca l lus cu l tu re 

which o r ig ina l l y required auxin in the medium for growth, 

a f t e r developing as out growth would siirvive inde f in i t e ly 

on medium lacking auxin, CDF habi tuated t i s sues when 

cul tured on a medium containing high concentrations of 

k i n e t i n do not requi re auxin. There i s evidence t h a t the 

autotrophic growth of the habituated c e l l s r e s u l t s from 

changes i n the production of spec i f i c growth fac tors r a the r 

than from a fundamental a l t e r a t i o n i n the c e l l s requirement 

for these factors (Meins, l982; E inse t , l985). Direc t 

mceasurement showed t h a t c e l l s produce the growth factors 

for which they are habituated and i n amounts su f f i c i en t to 

support the p r o l i f e r a t i o n of non-habituated ce l l s (Einset 

and Skoog, l973; Pengelly and Meins, i978; Pengelly, 1980). 

A.uxin i s produced by ac t ive ly growing regions of 

the p lan t s (Sheldrake, 1973) and by p r o l i f e r a t i n g non-

habituated c e l l s i n cu l tu re . The p r o l i f e r a t i o n of higher 

p l a n t c e l l s requi re the concerted ac t ion of spec i f i c growth 

f a c t o r s . D i f f e ren t i a l requirement and competence to habi­

t u a t i o n may have an epigenet ic basis i n d i f fe ren t type of 

t i s s u e s . During organogenesis some progeny of competents 

s h i f t to a new s t a b l e s t a t e i n which c e l l s are unable to 
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respond to CDF by habi tuat ion (Mains and Lutz, 1980) • 

In s p i t e of a great deal of researcb , the physio­

logy of auxins i n tumours i s s t i l l unsolved. Various 

aspects of physiological differences i n tumor c e l l s with 

respec t to normal c e l l s have been well summarised (Braun» 

1982) • Higher aunount of growth substances have been 

reported i n crown-gall (Weiler and Spanier , l98i ; Amasino 

and Mi l l e r , i982; Kado, 1984; Nester jgt s^l., 1984) genetic 

tumours (Bayer, 1982); v i r a l tumours (Black, 1982); fungias 

infected gal ls (Mahadevan, 1984) roo t nodules (Danger and 

Basu, 1984) mite and insectr- inci ted ga l l s (Purohit ^ ^*t 

1980; Tandon and Arya, l980a; Maden and Stone, 1984). 

However, the various manifestations caused by auxin even i n 

normal growth are not c l ea r . Braun (i962) has drawn attenr-

t i o n to the s i m i l a r i t i e s of the abnormal h i s to log ica l and 

cy to logica l features observed in tumour t i s sues and those 

found i n normal. He considered t h a t these features can be 

accounted for i n terms of abnormal growth hormone physiology 

which i s c h a r a c t e r i s t i c of the tumour t i s s u e s . 

Carbohydrates p lay a leading r o l e in severa l metabo­

l i c processes of p lants aĵ id are indispensable for t i s s u e 

growth Jji v i t r o , because of t h e i r heterotrophic na tu re . The 

most preferred carbon source for most p lant t i s s u e cul tures 

i s sucrose. Glucose and fructose may be subs t i t u t ed i n some 
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cases but most of tlae otlaer sugars are poor carbokiydrate 

sources for the p l a n t s . Various carbon sources such as 

mono-di-and, poly^saccharides* sugar alcohols and organic 

acids have been used for a number of t i s sues grown i n 

v i t r o (Ramawat and Arya, l977; Tandon and Aryat 1979; 

Hu and Waing* l986). Differences i n the contents of starchf 

soluble sugars , carbohydrates, n i t rogen , amino acid compo­

s i t i o n , aromatic amino-acids aind s t e ro ids have also been 

shown between normal t i s sues and insec t /mi te - inc i t ed p lan t 

g a l l s (ShekhaWat e t a l . , 1978; Tandon and Arya, 1979; 

Rohfri tsch and ShorthoTise, 1982; Dixon, l983) . 

MATStajlLS AND METHODS 

Schiroa belongs to the family ternstroemiaceae. Of 

the two species found i n the North-East Ind ia , S. wa l l i ch i 

Choisy and S. khasiana Dyer (Fig. l) are found a t e levat ions 

of around 4,000 f t and 6,000 f t , r e spec t ive ly . Galling on 

these t r ees appear when the insect Trioza sp . (Homoptera) 

a t tack the leaf. The ga l l s are present on very young to half 

mature leaf* Mani (l973) has described d e t a i l s regarding the 

d i s t r i b u t i o n and type of gal l s associa ted with Schima spp . 

The leaf of Schima are heavily infes ted during the month of 

of May-June immediately a f te r the leaf f lush . The young 

g a l l s t h a t develop on the leaf of S. khasiana tu rn red a t 



'SBAVBj pan-oejuj SuTMoqs saejq. 

(q) T^OTTT^M 'S P«'e ("B) 'B«'BTSBH5\ IBUITTJIOS H '^Tit 



Fig i 

(a) 

( b ) 



24 

matur i ty and a t t a i n s i z e ranging from 4-6 cm and open up 

l ike f lowers, whereas S. wal l ich i ga l l s are green to yellow 

i n colour and are found along the margin of the legif and 

c lose a t matur i ty . Infected leaves t u rn yellow-white with 

the loss of chlorophyll and c lear d i f fus ib le matter t r a c t s 

can be seen along t h e veins of the l eaves . 

i) Tissue culture technique 

Corning glasswares were used for a l l experimenta­

t i o n s . They were scrupulously cleansed with teepol a 

laboratory detergent and thoroughly washed with tap water . 

Fur the r , they were r insed 5-5 times with d i s t i l l e d water and 

dr ied in an oven a t lOO»C. 

Ei ther O.l N NaOH or 0.1 N HCl was used to adjust the 

pH of the medium a t 5 .7-5 .8 and for ge l l i ng the medium 0,8% 

Difcobacto agar was used. About 15 ml of the medium Was 

dispensed in the t e s t tubes and 30 ml in 100 ml Erlenmeyer 

f lasks and these were plugged with non-absorbent cot ton and 

s t e r i l i z e d i n an autoclave a t 1.06 kg/sq cm. pressure for 20 

min. The young leaves and ga l l s were used as exp lan t s . 

After Washing thoroughly with tap water, the explants were 

cut in to 5-lO mm pieces i n d i s t i l l e d water . The larvae 

present ins ide the ga l l s were removed by a sof t brush and 

Washed repeatedly with d i s t i l l e d water. The t i s sues were 
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s t e r i l i z e d with 0»^% mercuric chlor ide so lu t ion for 5-6 

min and washed a t l e a s t t en times with s t e r i l i z e d double 

glass d i s t i l l e d wate r . 

The explants were inoculated a sep t i ca l l y in t e s t 

tubes contadning modified Murashige and Skoog's (MS) 

medium (i962) i n a laminar flow t r ans f e r t a b l e . The conn 

p o s i t i o n of the medium i s given i n Table 1. Before us ing , 

the working area of the t rans fe r t ab l e was sprayed and 

thoroughly scrubbed with cotton soaked with ethanol (7096 

v/v) and s t e r i l i z e d by keeping the UV tube l i gh t on for 20 

min. After exposure, t r ans fe r area was allowed to cool 

for a t l e a s t 5 min for removal of ozone. Throughout inocu­

l a t i o n , gent le flow of u l t r a - f i l t e r e d s t e r i l e a i r of 

ve loc i ty 27+3 m/min across the working area was present i n 

order to prevent a i r -borne contamination. The working 

p a r t s of forceps, needles , su rg ica l b lades , e t c . were s t e ­

r i l i z e d by dipping in alcohol , flamed i n a s p i r i t lamp, 

cooled and returned to the j a r containing a lcohol . The rim 

of the t e s t tubes were held i n a flajne provided by the 

s p i r i t lamp during t r ans f e r of explan ts . After inocula t ion 

the t e s t tubes were immediately plugged with cot ton , 

covered with aluminium f o i l and kept again i n UV l i gh t for 

4-5 min. These were then t rans fe r red to a dark growth 

cheunber held a t 22**C temperature and 6O-8O96 r e l a t i v e humidity. 



Table 1. Murasliige and Skoog»s (MS) Medium (Modified) 

Stock 
so lu t ion Consti tuents I Cone* in stock ' 

so lu t ion (g / l ) I 
F ina l cone, in 
medium (mg/l) 

A 

B 

C 

D 

E 

*F 

G 

NH^NO^ 

KNO-. 
0 

H3B03 
KHJ'O^ 
KI 

Na2P^oO^. 2H2O 

CoClg.6H2O 

CaCl2.2H20 

MgjSO .̂TH^O 
MnS0^.4H20 

ZnSO^.THgO 
CuSO^.SH^O 

Na2EDTA 
FeSO^.THgO 

Tliisonine HCl 

N i c o t i n i c ac id 
Pyr idox ine HCl 
Glycine 

82 .5 

95«00 

1.24 
34oOO 

0.166 

0.05 
0.005 

88.00 

74.00 

4 .46 

1.72 
0.005 

7.45 
5 .57 
0 . 0 2 
O0IO 
OolO 
0.'40 

1650.00 

1900.00 

6.20 
170.00 

0 . 8 3 

0.25 

0.025 

440.00 

370.00 

22.30 
8 ,60 

0.025 

37.35 
27.85 
0 .10 

0 ,50 
0 .50 
2,00 

*FeS0^.7H20 was dissolved in approximately 200 ml double 
d i s t i l l e d water . Na2EDTA was dissolved in approximately 
2OO ml double d i s t i l l e d water> beated and mixed (under 
continuous s t i r r i n g ) witb FeS0r^.7H20 so lu t ion . After 
coolingf the volume was adjusted to lOOO ml. Heating and 
s t i r r i n g r e s u l t i n a more s t ab le Fe-EDTA complex. 

Addendum: Sucrose 30 g / l , myo-inositol lOO mg/l , 
agar 8 g / l , auxin and cytokinin (as mentioned in t e x t ) . 
The s tock solut ions were prepared and s tored in a r e f r i g e ­
r a t o r (for never more tban 4-6 weeks) and mixed j u s t before 
prepar ing tbe f i n a l volume. 
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Tlie c a l l i of about 1 cm in diameter grown over 

the explants were subcul tured. Approximately lOO mg by 

f resh weight of c a l l i were t r ans fe r red to the f resh 

medium for ca l lus p r o l i f e r a t i o n . 

i l ) Effeet of antioxidants» other ad;)uvants and growth 

regulators on ca l lus i n i t i a t i o n 

Different concentrations of ascorbic acid (lOO 

mg-800 mg/ l ) , c i t r i c acid (lOO mg/l) and polyvinyl pyrro-

lidone (PVP; lOOO and 2000 mg/l) were used separa te ly for 

presoaking of the explants for 5 min to prevent t h e i r 

browning (Table 2) • The presoaked explants were cul tured 

on MS medium containing 2»4-D (2-10 mg/l) and k i n e t i n (0 ,04 

and 0.5 mg/ l ) . 2f4-D,<?C-napthaleneacetic acid (NAA), 

indolepyruvic acid (iPAj and indo lebu tyr ic acid (IBA) were 

incorporated separa te ly i n concentrat ions ranging from 1-1O 

mg/l with e i t he r k i n e t i n or benzylaminopurine (BAP) (0.04 

and 0.^ mg/l) alone or t h e i r combinations in the medium for 

ca l lus i n i t i a t i o n . Activated charcoal (1OO aJtid 500 mg/l) 

was a lso incorporated in the medium and the explsoits used 

here were not t r ea t ed with an t iox idants . The cul tures were 

incubated in dau^k. 
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ill) Effect of carbohydrates» strengtb of medium and 

growtb regulators on callus tissue growth 

Evaluation of the effects of carbohydrates, medjun; 

concentrations and growth regulators on callus growth were 

carried out. Different carbohydrates like sucrose, glucose, 

fructose and maltose in concentrations ranging from 1O-6O g/l 

were incorporated separately in MS medium containing 2 mg/l 

NAA and 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, lAA 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/l) 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 

1) 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 

^* wallichi showed callusing in 20-40 days time in MS 

medium containing 2»A-D (l-lO mg/l) in conjunction with 

kinetin alone or in combination with BAP (Table 3). 

However, better callusing occurred when 2»4-D (8-i0 mg/l) 

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 explajats (Table 4), both lAA 

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 2* Effect of presoaking of explants of Scliima khaslaJia 
(SK) and S. wg^Ilichi (SW) i n antioxidants and PVP 
on calliis i n i t i a t i o n 

o Z^n i ^ ^ ° ^ * ^ ' ' "^^^ J Antioxidants and 
i*l-r\ 0,04 0.5 I PVP in one l i t r e 
^^^ I 1 1 of d i s t i l l e d water 

! SK SW ! SK SW ; 
I I 

Remarks 

100 mg ascorbic acid Explant remained 
green but did 
not throw cal lus 

2 

2 

2 

4 

4 

8 

8 

10 

10 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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F i g . 2. Schima khaslana normal ( l ) and gal l (2 ) ; 

§.' wa l l l ch l normal (3) and ga l l (4) 

c a l l i grown in MS medium. 
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11) Effect of carbohydrates* strezigtb of MS medium and 

growth regialators on callias t i s sue growth 

Of the various carbohydrates t e s t e d , sucrose a t 30 

g/L i n the medium resu l t ed in maxiimum cai ius weight of 

normal and g a l l t i s sues except normal t i s s u e of S. wal l i ch i 

where fresh weight fur ther increased with higher concentrar 

t i o n s of sucrose (Fig. 3) , Fresh weights of the normal 

ca l lus t i s s u e in both the species was higher than cor res ­

ponding gall> V/hile using glucose i n the medium, the o p t i ­

mum ca l lus growth of normal axid g a l l t i s s u e s was recorded in 

§.• khasiana and S. wal l ichi a t 30 g / l and 40 g / l of glucose, 

r e spec t ive ly , excepting normal legdC t i s sues of S. khaslana 

(Fig . 4 ) . Fructose a t 30 g / l in the medium resu l t ed in 

maximum increase in ca l lus weight of normal and ga l l t i s s u e s 

of both the spec ies . The response was more pronounced in 

g a l l t i s s u e s as compared to normal (F ig . 5)» Higher concen­

t r a t i o n s of fructose were found inh ib i to ry for the ca l lus 

growth. Maltose a t 30 g / l i n the medium exhibi ted maximum 

increase of calliis fresh weight in normal and g a l l t i s sues 

of both the species except for S. khaslana normal t i s s u e which 

showed maximum growth at 20 g / l (F ig . 6 ) . Though at higher 

concentrations of maltose the fresh weight of normal and g a l l 

t i s s u e s of ^ . Wallichi decreased, an increase in dry weight 

Was recorded. 



Fig . 3 . Growth of Schlma khaslaxia (A) and S. wal l ich i (B) 
normal (0) and g a l l (A ) c a i l i i n response to 
d i f ferent concentrations of sucrose i n the medium. 
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Fig. 4. Growth of Schima khasiana (A) and S. wall loli i ( B ) 
normal (O) goid g a l l ( ^ ) c a l l i i n response to 
d i f fe ren t concentrations of glucose i n the medium. 
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Fig. 5. Growth of Schlma khaslana (A) and S. walllchi (B) 

normal (O) and gall (A ) call! in response to 

different concentrations of fructose. 
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Fig . 6. Growth of Sctiima khaslana (A) and S. wal l ich i ( B ) 
normal (0) and ga l l (A ) c a l l i i n response to 
d i f fe ren t concentrations of maltose in the medium. 
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By reducing the strength of the f)S mediuin to l/2 

and 1/4 the normal ajid gali calli growth decreased in both 

the species (Figs. 7 and 8) except for the gall calius 

growth in media containing 8 mg/I NAA in conjunction with 

0.04 mg/1 kinetin. 

The optimum growth of normal tissue of S. khasiana 

and S. walllchi resulted in MS medium containing 2»4-D at 

concentrations of 2 mg/1 and 4 mg/1, respectively (Fig. 9). 

On the other hand, the gall tissue of S. khŝ siana and 

^* '"̂ allichi showed optimum growth in the medium containing 

1 mg/1 and 2 mg/1 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, 1O). The growth of gall tissues of S. khasiana and 

S. wallichi were optimum in the media having 1 mg/1 and 

2 mg/l of NAA, respectively. Higher concentrations of NAA 

were found inhibitory for gall tissue growth. lAA 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 

§.' khasiana and S. wa^llichi, however, were recorded in media 

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



Fig . 7» Growth of Sctiima khaaiana normal (O) and g a i i (A ) 
c a l l i i n response to d i f ferent concentrations of 
MS medi\iin containing 2 mg/l (A) and 8 mg/l ( B ) of 
NAA. 
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Fig . 8 . Growth of Schima wal l ich l normal (O) and ga l l ( A ) 
c a l l i i n response to d i f ferent concentrations of 
MS medium containing 2 mg/l (A) and 8 mg/l ( B ) of 
NAA. 
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Fig . 9. Effect of d i f fe ren t concentrations of 2»4-D on 
fresh wt of Schiima khasiana normal (PJ) and 
ga l l ( • ) ; S. wal l lch i normal (0) and g a l l (•) 
c a l l i grown on MS medium containing k ine t i n 
(0.04 mg/l) 
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Fig . 10. Effect of d i f f e ren t concentrations of NAA on 
fresh wt of Scfaim^ k t i a s i a ^ normai (CH ) , and 
g a l l ( • ) ; S. wal l i ch i normal (O) and g a l l 
(•) c a l l i grown on MS meditun containing k ine t in 
(0,04 mg/l) . 
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Fig . 11. Effect of d i f fe ren t concentrations of lAA on fresh 
wt of Schima khasiana normal ( • ) and g a l l (Hi) ; 
S . wallichLi normal (O) and g a l l ( • ) c a l l i grown 
on MS medium containing k ine t in (0.04 mg/ l ) . 
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Fig. 12» Effect of different concentrations of IBA on fresh 
wt of Schima khasiana normal (D ) » and gall (•); 
S. wallichi normal (O) and gall (•) calli grown on 
MS medium containing kinetin (0.04 mg/l). 
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Fig . 13* Growth of Schima khaslaJia (A) and S. wal l ichi ( B ) 
normal (0) and g a l l (A ) ca l lus t i s sues in 
response to d i f f e ren t concentrations of k ine t in 
i n tlie medium containing NilA(0.5 mg/i.) 
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DISCUSSION 

Tissues and organs of most p lan ts are suscept ib le 

to a va r i e ty of fac tors or stimulus r e s u l t i n g in patholo­

g ica l t abnormal or a typ ica l growth. Many of the growths 

re fe r red t o as abnormal are character ised by extensive 

a l t e r a t i ons and over growth of t he affected area . An exam­

p le of cec id ia or g a l l Induced by insects has long been 

considered as most complex of the abnormal p lant growths. 

All insect ga l l s are i n i t i a t e d by t i s s u e s t imula­

t i n g factorCs) supplied by the cecidozoan during feeding on 

the p lan t t i s s u e . Insec t gal ls a r e , the re fore , a product 

of an i n t e r spec i f i c associa t ion between a p lant and an 

i n s e c t . I n most abnormal growths, the re are a l t e r a t i o n s in 

the mechanisms which regula te c e l l d i f f e r e n t i a t i o n , t i s sue 

pa t t e rns and organogenesis. 

How insec t ga l l formers are able to control p lan t 

growth is far from understood. However, cecidogenetic 

hyperplasy and organizat ion are thought to be determined by 

complex physico-chemical changes in the p lan t c e l l s induced 

by behavioural aJfid n u t r i t i o n a l fac tors of the cecidozoan. 

Tissue d i f f e r e n t i a t i o n in insect ga l l s reveals a l l gradations 

of complexity, most are fundamentally h i s to log ica l differences 

from the normal organ. 
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The p lan t response to wounding or i r r i t a t i o n i s 

one of tlae r e a c t i v a t i o n or re juvenat ion processes of the 

c e l l s . The affected c e l l s r eac t with spec i f i c physio logi ­

c a l , biochemical and h i s to log ica l processes (Rosenstock 

and Kahl, l978). I_n v i t r o cul tures of ga l l t i s s u e requi re 

the same growth substances and other media cons t i tuents as 

do normal t i s sues (Arya e t a l . , l962; Rohfr i tsch, l97l) • 

However, the n u t r i t i o n a l requirements of crown-gall t i s sues 

d i f fe r fundajnentally from those of the normal t i s s u e s . The 

normal and g a l l t i s s u e s of S. khasiana and S. wa l l i ch i 

showed d i f f e r e n t i a l response to auxin, c3rtokinin, carbohy­

d r a t e s , s a l t concentrat ion e t c . which s ign i f i e s the a b i l i t y 

of the ga l l t i s sues to metabolise d i f f e r e n t l y . The acquis i ­

t i o n of a capacity for unres t ra ined or autonomous growth 

wi th in a host i s the most important s ing le c h a r a c t e r i s t i c 

feature of a p lan t or animal c e i l , s ince without t h i s newly 

acquired property there would be no tumours. The p lan t 

tumour c e l l has been found t o show autonomous growth as a 

r e s u l t of the p e s i s t e n t ac t iva t ion of c e r t a in normally 

repressed biosynthet ic systems, the production of which are 

concerned with c e l l growth and d iv i s i on (Braun, 1982). 

Many inves t iga tors have es tab l i shed a ca l lus cu l ture 

by t r ans fe r r ing the p lan t meristems, organs or t i s s u e fragr 

ments to various media (Bonga and Durzan, 1982; Sharp _et j^i*» 
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1984; EseiCowo, 1986). Tbe growth and development of the 

p l an t t i s sues Is control led by the concerted In t e rac t ion 

of various i n t e rna l and external fac tors (Murashige, 1974) 

l i k e auxin t ha t cont ro l c e l l enlargement and chromosomal 

DNA r e p l i c a t i o n , and cy tok in ins -ce l l d iv i s ion and physio­

log ica l age (Tran Than Van, l98i ; Zaerr andMapes, 1982) • 

I n the present inves t iga t ion , ca l lus i s o l a t i o n 

from normsil and g a l l t i s sues of S . khasiana and S. wa l l i ch i 

was d i f f i c u l t due to browning of e3<plants« Browning problem 

i n t rop ica l and subt rop ica l woody p lants has been noted in 

cul tures l i ke Eucalyptus (Conclave e t ^ . , 1977), Medini l la 

mangifera (Vande Casteele et ^ • , 1981), coconut and other 

palms (T i s se r a t , 1984), coffee (Monaco et ^1>, 1977), 

cinchona (Mulder-Krieger e t ^ o , i982) • In order to over­

come and counteract browning of explan ts , number of an t iox i ­

dants , L-cysteine, d i t h i o t h r e i t o l , g lu ta th ione , ^-mercapto-

ethsoiol (^ME), ascorbic acid or e thyl-di thio-carbamate 

(S tonier , 1972; Monoco ^ ^ . , 1977; Mulder-Krieger e t ^ . , 

1982) and other substances l ike ac t iva ted charcoal , PVP; 

dihydroxynaphthalene, dimethylsulphoxide, t y ros ine , e t c . 

(Reiner t and itfhlte, 1936; T i s s e r a t , 1984) have been used. 

In the present f indings , the use of d i f f e ren t a n t i ­

oxidants and PVP for presoaking of explants prevented t h e i r 

browning. However, ca l lus ing could not be observed on these 



34 

explants (Table 2) • The explants t h a t were cultured on the 

medium containing ac t iva ted charcoal a lso did not show 

ca l lus i n i t i a t i o n . The inh ib i t i on by ac t ivated chsurcoal 

(B^riborg and Erikson, l975) and PVP (T i s se ra t , l984) on 

growth of ca l lus cul tures has been repor ted. The callxising 

occurred only on the explants (without presoaking) of young 

and half-mature leaf and ga l l t i s sues of S. khasiana and 

§.• wa l i i ch i i n media containing 2,4-D and KAA i n conjunction 

with k ine t in alone or i n combination with BAP. I t seems tha t 

the r i gh t combination and concentrat ion of growth regula tors 

was e s s e n t i a l for ca l lus i s o l a t i o n (Tables 3 and 4) r a the r 

than presoaking of the explants in so lu t ions of ant ioxidants 

and PVP. The mature and old t i s s u e s of Schima spp . were 

r e c a l c i t r a n t and hard to cu l tu re . The problems encountered 

i n ca l lus i n i t i a t i o n from mature explants from d i f f e ren t 

p lan ts have been discussed (Durzan and Chalupa* 1984; Thorpe 

and Biondi, l984). Super io r i ty of 2»4-D as the source of 

auxin for ca l lus i n i t i a t i o n has been reported i n many p lan t 

species (Zaerr andMapes, 1982; Esen*owo, 1986). However, 

only higher concentrations of 2,4-D induced favourable 

p r o l i f e r a t i o n of t i s s u e in Holaulena au t idysenter ica and 

replacement of 2»4-D by lAA, NAA inh ib i t ed ca l lus growth 

(Heble e t a l . , 1976). 

The proper/balances of growth regula tors and the 

concentrat ion of both micro- and macro-nutrients i n the 
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medium are often c r i t i c a l for optimum growth of spec i f i c 

t i s s u e s . I t i s commonly observed t h a t the explant and 

the media surrounding i t turn brown and pH d r i f t s to a 

lower concentrat ion i n improper combinations of the above, 

ind ica t ing t h a t the t i s s u e i t s e l f changes the pH of the 

medium (Hildebrandt, l962)• 

Disease- t issue-clones as compared to normal ones 

have been reported to exhib i t c e r t a i n quan t i t a t ive d i f f e ­

rence i n t h e i r a b i l i t y to use sugars (Arya e t ^ « , l962) • 

The normal and ga l l t i s sues of S. khasiana and S. wal l ich i 

showed d i f f e r e n t i a l growth response to d i f fe ren t carbohy­

dra tes incorporated in the medium. Afhile the g a l l t i s s u e 

of both the species grew be t te r in the medium supplemented 

with the maltose (Fig . 6) , the normal t i s sues exhibi ted 

b e t t e r growth in the medium containing sucrose (Fig . 3) • 

With fructose in the medium, the growth of the t i s sues was 

moderate (Fig. 5) • Glucose served as a poor source of 

csLTbon (Fig. 4 ) . Ba l l (1963) while studying the ef fec ts of 

severa l sugars on normal Sequoia t i s s u e s found t h a t f ructose 

Was the best carbon source followed by mannose, galactose 

and glucose. Sucrose has been found one of the best carbon 

sources which s a t i s f i e d the requirement of most of the 

t i s sues i n cu l tu re (Murashige and Skoog, 1962; Murashige, 

1974). 
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I t is also a known fact that plant t issues vary wideiy 

in thei r ab i l i ty to u t i l i s e carbon sources. This varia­

t ion in response of t issue is extended even to the 

behaviour of single ce l l clones of a part icular plant 

t i s sue , and the different species of the same genus 

(Mathes ^ ^ ' t 1973; Coffin £ t a l . , 1976), iniividual 

cul t ivars of the same species (Chong and Taper, 1974), 

different organ^f the same plant (Mathe.w et a l . , 1973) 

and even various clones derived from the same parent 

callus cultures C A . r y a ^ ^ » , 1962, Sievert and Hildebrandt, 

1965). 

Plaoit t issue cultures have varied growth and nutr i ­

t ional requirements. Precise nature of such requirements 

is a prerequisite for nutr i t ional and other studies of 

t issues in culture. The changes in the strength of MS s a l t 

have been reported to affect the t issue growth and differen­

t i a t ion in many plants , de Fossard (l978) observed better 

growth of callxAs and rooting in Eucalyptus f i c i fo l ia at 

lower concentration of n i t ra te in the medium. In the present 

investigation, the growth of both normal and gall t issues 

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 l/4 strength of the 

medium resulted in better growth of the cul tures . 
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The concentrat ion of growth kiormoneytn the medium 

help i n predetermining the course of primary and seconiary 

metabolism, l ike c e l l d iv i s ion , growth, d i f f e r e n t i a t i o n , 

secondary product and c e l l hypertrophy ( S t r e e t , 1969; 

Staba, 1977) • A number of p lan t t i s s u e s in v i t r o synthe­

s i z e hormones i n sub-optimal amounts and, the re fore , 

r equ i re addi t ion of ex terna l phytohormones (Reinert and 
and Aitken 

White, 1956; Arya» l965;Horgan^,-]9£..-] )• Variat ion of t i s s u e 

r e a c t i o n i n response to the concentratl.on of auxin was 

observed i n meuay p l an t species• Both S, kha3iana and 

§.• "^BX^ichi showed b e t t e r growth response when subcultured 

i n optimal concentrat ion of auxin ( F i g s . 9 and 10) • However, 

with less concentrat iomof auxin and k ine t i n , the ca l lus 

remained white over prolonged period with no appreciable 

growth. F a l e t ^ ^ . , (i960) reported t h a t leaf ga l l ca l lus 

grew i n less amount of NAA and potassium i n the medium* 

Growth of Cassia f i s t u l a ca l lus t i s s u e was slow when e i t h e r 

too low or too high concentrations of 2»A-D were present i n 

the medium (Shah et a l « , 1976). A decrease in growth r a t e 

of hop ca l lus was also recorded a3 the concentrat ion of 

2»4-D i n the medium decreased (Itokawa e t aX*, 1980) . 

I n the present s tudy, the fresh weight of ca l lus of 

both S. khasiana and S. wal l ichi normal t i s sues increased 

with increase i n concentrat ion of 2»4-D or NAA. A reverse 
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picture* however* was observed for the ga l l c a l l ! of both 

the species (F ig s . 9 ajad 10). A r e l a t i v e l y less increase 

i n ca l lus weight was recorded in the medium containing lAA 

and IBA (Figs . 11 and 12). In severa l instances i t has 

been reported t h a t the presence of higher amounts of 2»4-D 

help in b e t t e r ca l lus growth and prevent d i f f e r e n t i a t i o n 

(de Fossard, 1976; Bhansali et a l . , 1978). Murashige 

and Tucker (l969) observed v a r i a b i l i t y of awxin requirements 

in higher group of p l a n t s . lAA and IBA alone do not favour 

ca l lus growth and organogenesis (Bonga and Chakraborty, 

1968; Lakshmi S i t a et aX,, 1979). 

Tissue cu l tu re experiments have shown t h a t exoge-

nously applied cytokinin influence the auxin requirement of 

no ]>• t rans formed tobacco ca l lus t i s sues (Schmitz _et aX» , 

1972) » and grow without addit ion of auxin (JordaJi and Skoog, 

l97l) . I n the present s t u d i e s , i t vfas observed t h a t addi­

t i o n of k i n e t i n to the medium a t higher concentrations 

suppressed the requirement of auxin (Fig . 13). Kinet in (3-IO 

mg/l) with NAA (0 .5 mg/l) i n the medium resu l ted in s u f f i ­

c i en t growth of the ca l lus in l i g h t . Syono and Furuya (l972) 

demonstrated t h a t cytokinin habituated t i s s u e s , which 

normally required auxin supplement can be forced t o produce 

lAA by the addi t ion of high levels of cytokinin in the medium. 

Thus inducing a p lan t metabolic system to form auxin enabling 
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t h e t i s s u e s to grow under an auxin autotrophic condi­

t ion* One poss ib le mechanism of habi tuat ion i s the 

ac t i va t i on of host pathway for hormone syn thes i s . 

Several s tud ies have demonstrated t h a t habituated c e l l s 

produce the expected growth fac tors (MeinSf 1982). The 

r e l a t i onsh ip between cytokinin auto t rop in and cytokinin 

production remains uncer ta in . 



Chapter I I I 

S tudies on the enzymes of shlklmic acid pathway, 
oxida t ive enzymes, and i den t i f i c a t i on of phenolic 

compounds 
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INTRODUCTION 

The bui lding up of the end product of a biosynthe-

t l c pathway beyond a c r i t i c a l concentrat ion acts as a 

s ignal t h a t can slow down the r a t e of the reac t ion by which 

I t i s formed. I t has become clear t h a t c e r t a in key enzymes 

in the ce l l p a r t i c u l a r l y those a t the beginning of the 

r eac t i on sequence or at a branch poin t i n biological pa th­

ways function as regula tory enzymes, and are inh ib i t ed by 

the end product of the pathways. 

The higher p lan t s form many kinds of aromatic 

compounds such as arom xtic amino ac ids , l i g n i n , f lavonoids, 

phenol glycosides , coucmarins and a lka lo ids . Some of t h e s e , 

l i k e the aromatic amixio ac ids , are un ive r sa l ly d i s t r i b u t e d 

i n nature and others are found i n a r a the r r e s t r i c t e d number 

of p l a n t s . Higher p lan t c e l l s convert amino acids into a 

wide v a r i e t y of more complex aromatic compounds such as 

l i g n i n , stLkaloid and flavonoids, e t c . The shikimic acid 

pathway i s one of the longest and most complicated pathway 

so far es tab l i shed . 

I t i s known t h a t the metabolic a c t i v i t y of the ce l l 

i s under genetic control and i s influenced by environmental 
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f a c t o r s . Changes in the biochemical and physiological 

responses of the host p lan t s to pathogens usual ly re f l ex 

abnormal p lan t growth. Increased metabolic a c t i v i t i e s of 

the t i s s u e i s f requent ly connected with changes in the 

permeabi l i ty of the ce l l wall or i n the u l t r a s t rue tu re of 

the ce l l organelles (wheeler and Hancheys, l968). These 

processes change the compartmentalisation of s u b s t r a t e s , 

of ten r e s u l t i n the concentrat ion of the s u b s t r a t e s , 

cofac tors , i nh ib i to r s and metabolic s t imulators which u l t i ­

mately a l t e r the metabolism of the affected p lan t p a r t . 

Gall formation following infec t ion by di f ferent pathogens 

brings about a number of changes both qua l i t a t i ve and 

quan t i t a t i ve at the leve l of growth hormones, enzymes and 

phenolics (Kado, 1976, l984; Tandon, l976; Purohit ,et a l . , 

1980; Kahl and SchelL, i982; Tandon and Arya, l982; Dixon, 

l983; Danger and Basu, 1984; Josh i and Tandon, l984; Nesteri 

^ a l . , 1964; Josh i ^ ^ . , 1985). 

During the l a s t f i f t een years the knowledge 

regarding "biochemical symptoms" of the diseased p lan t s 

has increased considerably, e spec ia l ly i n the area concern­

ing oxidat ive enzymes. The ro l e of oxidat ive enzymes in 

defence react ions has been tackled by many workers (F r i ^ , 

l976). The p a r t i c i p a t i o n of phenol oxidase i n lAA oxidat ion, 

host r e s i s t ance and t o x i c i t y have been discussed in several 
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reviews (Felet and Gasper, l968; Kosuge, l969; Mayer and 

Hare l , l979; Lazarowits and Ward, l982; Vaughan and Duke, 

1984), Phenol oxidase converts mono-ptienoL to diphenols 

t o quinones, the l a s t being tox ic to pathogens. Higher PK) 

a c t i v i t y and phenol contents have been reported in crowr*-

ga l l (Wegen and Glase, l 9 8 i ) , mi te - inc i t ed stem gal l in 

ZizvphiAs .iu.iuba (Tandon and Arya, l982) and lea f gal l ^^ 

Leea indica (Jos hi and Tandon, l984). 

The phenylalanine and ty ros ine biosynthet ic path­

ways were f i r s t es tabl ished in microorganism (Cotton and 

Gibbon, 1965). The same pathway of synthesis may operate 

i n higher plsuits (Yoshida and Tower, l963; Lynda and Thorpe, 

1985). The bios>Tithesis of phenylpropanoids from phenylar-

1 amine and tyros ine i s i n i t i a t e d through the act ion of 

ammonia lyase on phynylalanine (Koukol and Conn, l96i) and 

ty ros ine (Neish, l 9 6 l ) . Since the discovery of phenylalar-

nine ammonia lyase in higher p l a n t s , the x-'hysiologicaL 

function of t h i s enzyme has been the subject of extensive 

s tudy (Camm and Tower, l973)«» I^uch a t t e n t i o n has been paid 

to i t s r o l e in the secondary metabolism of p lan t phenol ics . 

This enzyme cata lyses the conversion of L-phcnylalanine to 

transcinj%mic acid and has an important r o l e in the regular-

t i o n of t h e general phenylpropanoid pathway (Hanson and 

Havir , l 9 8 i ) . On the other hand, TAL catalyses the 
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conversion of ty ros ine t o p-coumaric acid. Aromatic amino 

acids such as p-hydroxy-cinnaciic acid , f e r u i i c and s a l i c y ­

l i c acid were reported to act as p lan t growth i n h i b i t o r s . 

These facts suggest a poss ible co r r e l a t i on between p lan t 

growth and PAL inh ib i to ry a c t i v i t y . L)ixon_et s i . (l980) 

were able to show modulation of the ez t rac tab le PAL a c t i v i t y 

i n the suspension cul tures by feed-back and feed-forward 

effect of the pathway intermediates , poss ib ly by the enzyme 

s t a b i l i s a t i o n . Shield _et _^ . (l982) revealed the spec i f i c 

dual control of PAL a c t i v i t y over both production and removal 

of the enzyme by transcinnamic acid . Phenylalanine a ubiqui­

tous aromatic aminoacid and i t s companion, t y r o s i n e , serve as 

the i n i t i a l subs t ra tes for many p lan t phenol ics . They are 

u t i l i z e d for the synthesis of the polypept ides, phenol ics , 

f lavonoids, l i g n i n e t c . The f i r s t s tep involving phenylala­

nine in most of these biosynthesis i s catalysed by PAL. 

The shikimic acid pathway involves not only phenylar-

l an ine and ty ros ine synthesis but a lso the amino acid t r yp to ­

phan, which, i n addi t ion to being a p ro te in amino ac id , i s a 

precursor of number of secondary produc ts . The ro l e of 

oxidat ive enzymes and phenols in hyperauxinity and abnormal 

growth in many i n sec t - i nc i t ed ga l l s are well s tudied (Bhaxisali 

_et aJ.. , 1978; Purohi t ^ a l . , l979; Ramawat ^ a l . , i979; 
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Tandon and Arya, l982;Joshi and tandon , l984c Jos t i i ^ ' aL^ . t i 

1985) 

The PPO (£Ci . i4»l8 , i ) complex i s perhaps best known 

for i t s dlphenoL oxidase a c t i v i t y demonstrated upon injury 

and when acqueous ex t r ac t s are prepared from many higher 

p lan t t i s s u e s . In general , phenol oxidases cata lyse the 

oxidat ion of phenolic substances with molecular oxygen. 

Phenol oxidase a c t i v i t y i n higher p lan t s are represented 

e spec i a l l y by two types of phenol oxidases ( l ) 0-diphenoli 

oxygen-oxidoreductase C E C I . I O . 3 . l ) . I n general , i t i s known 

as the phenolase complex, as composed of two enzymes. One 

of the enzymes posses only catecholase a c t i v i t y , whereas the 

other shows cresolase and catecholase a c t i v i t y C2) p-diphenol: 

oxygenr-oxidoreductase (EC 1.10,3.2) . This enz3mie known as 

laccase catalyses the aerobic oxidat ion of p-'Fhydroxyquinone 

or p-phenylenediamines t o p-quinones or p-quinonediamines. 

i-henolase have d i f fe r ing subs t r a t e s p e c i f i c i t y tha t 

vsuries with p lan t spec i e s , orgajiisation and ontogenetic s t a t e . 

The enzyme i s often inac t iva ted during the ca ta i ized oxida/-

t i o n of the diphenols . This i nac t iva t ion or i nh ib i t i on is 

general ly a t t r i bu t ed to the high chemical r e a c t i v i t y of the 

quinone produced by oxidation of dihydroxyphenol. Some 
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authors described the phenolase complex act ing In p lan t s 

as a hydroxylase* oxidis ing monophenol to 0>diphenol» An 

increase of the phenolase a c t i v i t y i n the host t i s s u e , 

e s p e c i a l l y a t and around the Infect ion s i t e s i s a response 

which character ise a l a rge r number of p lan t d i seases . 

Taking in to account the fac t that biochemical symptoms of 

d isease are determined not only by the genetlcsiLt physiolo­

gical and biochemical cha r ac t e r i s t i c s of the host p l a n t s , 

but a lso by those of t he paras i t es* the determination of the 

r o l e of the phenolase within p a r a s i t e - i n t e r a c t i o n i s very 

difficult. 

The Fe-porphyrin-enzyme peroxidase catalyses the 

oxidat ion of a wide v a r i e t y of compounds peroxida t ive ly with 

hydrogen peroxide iHJ)J) or oxidat lve ly with Op as oxidase. 

Peroxidase donor:hydrogen peroxide oxidoreductase (EC 1,11.1.7) 

general ly ca ta lyze , a redox reac t ion between H^Op as e l ec t ron 

acceptors and many kind of subs t ra tes (phenolic substances , 

aromatic amines, ascorbic acid; ferrycytochrome C, reduced 

nicotinamide adenine dinucleot ide (NAJ)H ) e tcO# Under 

c e r t a i n circumstances* peroxidase a l so shows oxidase a c t i v i t y 

besides the peroxidase a c t i v i t y , i . e . , i t catalyzes the oxida­

t i o n of d i f fe ren t substances by atmospheric oxygen under 

aerobic conditions without exogenous peroxides , i . e . NADH-, 

reduced nicotin*amlde adenine dinucleot ide phosphate(NADPH.) 
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(Petroclieriko and KoLesnikov, l966) , lAA (Platb e t a l » , 

l964), phenyLpyruvate (F^iet and Caspar, 1%8; Jaynes 

e t aL. , 1972). 

Peroxidase, whicli i s general ly composed of a 

number of isozymes, i s capable of ca ta lys ing several d i f f e ­

ren t react ions ox ida t ive ly . Peroxidase isozymes may di f fer 

i n biochemical p r o p e r t i e s , such as spec i f i c a c t i v i t y , 

s u b s t r a t e a f f i n i t y , cofac tors , s e n s i t i v i t y to i n h i b i t o r s , 

pH optima, e t c . The reac t ion catalyzed by peroxidase may 

be influenced by the substances having e i the r ac t iva to r or 

i nh ib i t o r effects (Kosuge, l969; K u ^ ^ . , l970). 

The r o l e of peroxidase in p lan t res i s tance has 

been a t t r i bu t ed t o i t s a b i l i t y to oxidise important metabo­

l i t e s e i the r of the pa ra s i t e s or of the host p l a n t , e . g . , 

phenol ics , enzymes, lAA, t ox in s , e t c . (Psarkas and Ki ra ly , 

1962; Kosuge, 1969; Moustafa and rfhittenbury, i970). The 

increased peroxidase a c t i v i t y s tudied in connection with 

the oxidation of phenolic substances in the diseased p lants 

and r e s i s t ance in the host was a t t r i b u t e d to the t o x i c i t y 

of these oxidation products . 

Several malformations inc i t ed by plant pathogens 

have received a t t e n t i o n in r e l a t i o n to the lAA oxidase 

a c t i v i t y . Hyperauxinity i n root nodiiles (uanger and Basu, 
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l984) . Insect^ and mi te- inci ted plant ga l l s (Purohit e t 

a l . , l9B0; Tandon and A-rya, l982) could be r e l a t ed with 

low IAA.-oxidase a c t i v i t y . In many instances lAI-oxidase 

appeared to be of peroxidase function, k number of 

authors h ive reported tha t a l l peroxidase isozymes 

contained lAA-oxidase a c t i v i t y as well (Srivastava and 

van Hustee, l973; Gove and Hoyle, l975). A la rge v a r i e t y 

of functions have been a t t r i bu t ed to peroxidase in various 

biochemical pathways, for ins tance , r e l a t ionsh ip to lAA-

oxidase and polyphenol oxidase ( P « l e t ^ a l . , i970; Gove 

and Hoyle, 1975), as mediator i n l i g n i n S3aithesis, as 

index of r ipening and senescence, biosynthesis of ethylene 

hormone balances, membrane i n t e g r i t y and r e s p i r a t i o n (ref . 

Vamos-vigyazo, 1981), 

The d i s t r i b u t i o n of growth inh ib i to rs in 

p lants has been well documented in l i t e r a t u r e . Cut of a 

s e l ec t i on of 524 secondary plant cons t i tuents of known 

s t ruc tu res represent ing a range of s t r u c t u r a l types , l97 

had s ing i f i can t i nh ib i to ry a c t i v i t y . Much of the or ig ina l 

work on t h i s top ic has been reviewed (Kefeli £ind Kadyrov, 

l97l ; Thimann, l972; Letham, i978). Aromatic phenols form 

the main group of na tu r a l l y occurring inh ib i to rs among 

p lan t s products . The poss ib le ro l e of such compounds in 

p lan t growth regu la t ion has been discussed (Kefeli and 
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Kutacek, l977; Cheng and Lynn, 1986; Stachel ^ a l . , 1985; 

1936). Despite t h e i r frequency of occurrence, the o r ig in 

and biological s igni f icance of phenols in higher p lants i s 

s t i l l obscure. I t has been establ ished t h a t free phenols 

(ca techol , r e so rc ino l , ca f fe ic , p-coumaric, p-hydroxybenzoic 

ac id , e tc . ) coxild occur in l i v i n g p lant ma te r i a l s . These 

were discovered on many occasions as degradation product of 

low molecular weight ma te r i a l s . The presence of phenolic 

acids in the ce l l wall has been reported (Harris and 

Har t ley , 1976; Cheng and Lynn, l986). The ce l l -wal l bound 

phenols may p a r t i c i p a t e in r e s i s t ance of p lants agains t 

pathogens (Friend, l979)# Fe ru l i c ac id , and some other 

phenolics have been founa to be ce l l wall components of 

higher p lan ts (Kozlowska ^ a l . , l983; Cheng and Lynn, l986). 

There ex i s t s reasonable evidence, t h a t not a l l na tura l 

phenolic compounds are growth i n h i b i t o r s . Some of them 

possess s t imula t ing proper t ies and some are i ne r t or p a r t i ­

cipate in other processes such as r e s p i r a t i o n and photosyn­

t h e s i s (Kefeli and Kutacek, 1977). 

The added phenolics are reported to have pronounced 

ef fec ts on In v i t r o enzyme system. P a r t i c u l a r i n t e r e s t 

centers around the r o l e of phenolic compounds in auxin 

metabolism (Lee ^ ^ . , l9B2; Kefe l i , 1985). Various enzymes 

l i k e lAA-oxidase (Fe le t , l966; Kefe l i , l9B5), PPO (Robb ^ 
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a l . , 1966; Wcaoig ̂  a l . , 1981) and PRO (Lee e t j l . , l982) 

are influenced by these phenol ics . Phenolics , both 

exogenously incorporated and synthesized by the cul tures 

endogenously (Davies, 1972; S h a h ^ a l , , 1976), regula te 

the growth of the in y i t r o grown t i s s u e s . Some investigar-

to r s have proposed tha t lAA. and other growth substances 

d i r e c t l y s t imulate the production of phenolic compounds. 

P lan t enzymes are also grea t ly influenced by growth hormones 

in both Ĵ n vivo and ^ v i t r o t i s s u e (Vernon and S t r a u s , 

1972; Barendse, l983). 

The nat i i ra l ly occurring lAA-oxidase inh ib i to r s of 

phenolic nature range from low moleculair weight compounds 

such as chlerogenic, f e r u l i c and protocatechuic acids t o the 

high molecular weight auxin protec tors (Yoneda and S ton ie r , 

1967; Novak and Gals ton, l97l ; Atsumi and Hayashi, 1978; 

Tandon and Arya, i980b,c) . A common feature of the i n h i b i ­

t i o n by these compounds i s t h a t they cause a delay in lAA-

oxidat ion , a f te r which the reac t ion resumes a t the same r a t e 

as in the control (Lee jet a l , , l980). 

The r e l a t ionsh ip between l eve l s of auxins, oxida­

t i v e enzymes and the phenolics compounds in both in vivo and 

i n v i t r o gal l and normal t i s sues may help in the understan­

ding of the transformation process r e s u l t i n g in abnormal 

growth of gall t i s s u e s . 
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MA.TERIALS AND METHODS 

I) Tissue extraction 

Normal and gal l t i s sues of both S. ktiaslana and 

§.* wall ict i l were ixsed for analyses. ^ 0 0 mg t i s sues were 

ex t rac ted a t 4®C with 5 ml-prechilLedO. i M phosphate buffer 

(pH 6.0-8,4), unless indicated otherwise. 

P repara t ion of acetone powder 

I n vivo Cl-2 cm pieces) and ^in v i t r o t i s sues were 

d i r e c t l y t ransfer red to a blender containing p rech i l l ed 

acetone j i i s t enough to cover the t i s sue* and homogenized 

for 3-5 min a t high speed. The homogenate was f i l t e r e d 

through Buchner funnel using Whatman No, i f i l t e r paper and 

washed a t l e a s t 3 tiroes with ch i l l ed acetone. The powdered 

res idue was a i r dr ied for i hr , s to red a t Ô C i n an a i r ­

t i g h t capped conta iner . This powder was used for enzyme 

assays . 

II) Analytical procedure 

In vivo t i s sues 

Assay of TAL and PAL 

Fresh t i s s u e s or acetone powders were homogenized 

i n a mortar with 5 ml each of d i f fe ren t buffers separa te ly 

(borate-HCl:pH 8.4; tris-HCl:pH 8,4 or phosphate:pH 8,4) 
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containing approximately 2 mM ̂ -ME, The homogenates were 

ttien centrifuged a t 15,000 g for 20 min. The supernatants 

were collected, and passed through Sephadex G-150 column 

equ i l ib ra ted with buffer to separate high n'oleculfur weight 

(mol. wt) peaks. 

The irethod of Kahadevan and Sridhar C1S82) was 

followed for measuring the amount of t ranscinnaaic acid 

formed a t 290 nm for PAL and the aipount of p-coumarate formed 

a t 333 ran for TAL using Hitachi Spectrophotometer Kodel 220, 

To 1.0 ml of the above e x t r a c t , 0.5 ml C0.05 M 

phenylalanine) and 2.5 ml of buffer were added. Zero tim.e 

control and boiled er^zymes without subs t ra tes were m.aintained 

as con t ro l s . After incubation of the mixture a t 37®C for 1 

hr the reac t ion was stopped by adding 0,1 ml of 5 N HCl. The 

cc id i f i ed reac t ion mixture was then extracted twice with 6,0 

ml e t h e r . The e ther phase was pooled together in a 50 ml 

beaker and evaporated to dryness under a stream of a i r . The 

res idue was dissolved i n 5 ml of 0,05 N NaOH and the opt ica l 

dens i ty was recorded. The r eac t ion m.ixture used for assay of 

TAL was s imi la r t o PAL assay excepting the subs t r a t e which 

was replaced with t y r o s i n e . The r e s u l t s are expressed as/A.g 

of cinnamtc acid formed for PAL and p-p-coumaric acid for TAL/g 

f resh wt of the t i s s u e / h r . 
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Assay of oxidative enzymes 

Fresh t i s s u e or acetone powders were homogenized 

separa te ly v/ith 5 ml p rech i l l ed sodium phosphate buffer-

(pH 6 , 0 ) . The homogenates were squeezed through iouble 

layers of cheese c lo th and centrifuged a t l8,000 g for 20 

min. The supernatants were used for enzyme assays. The 

effects of the following addit ives on the ex t rac t ion of 

oxidat ive enzymes were studied: (a) phenolic scavengers; 

phenol binding agent-PVp (0,1-0.5 g/g fresh wt of t i ssue) 

in phosphate buffer (b) anionic detergent: phosphate buffer 

with sodium dodecyl sulphate (SDS: 0 , 0 i - 0 , 2 g/g fresh wt of 

t i s sue ) • 

Peroxidase 

The peroxidase (EC 1.11.1,7) a c t i v i t y was assayed 

by the method of Mahadevan Cl974), where pyrogallol was used 

as a hydrogen donor. To a color imetr ic tube» 2.3 ml pyro­

ga l lo l (0,05 M i n d i s t i l l e d water) , and su i t ab le amount of 

phosphate buffer and the enzyme ex t r ac t were taken. The 

absorbance of the mixture was ca l ib ra ted to zero. To th i s 

mixture, 0,5 ml HpOp (i%) was added and the tube inverted 

immediately to mix the contents p roper ly . The change in 

absorbsmce was recorded a t 15 sec in re rva l for 3 min a t 420 

nm. The enzyme a c t i v i t y i s expressed as change i n 
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absorbance/min/g fresh wt of t i s s u e or acetone powder. 

PoLyphenoL oxidase 

The polyphenol oxidase (EC i , iO. 3. i ) a c t i v i t y was 

assayed using the method of Mahadevan and SridharCl982)ln 

a 6 ml cuvet te , 2.5 ml phosphate buffer and 0.5 ml catechol 

(0 , i Fi i n lN NaOH) were taken. The absorbance of the 

r eac t i on mixture was ca l ib ra ted to zero. Appropriate amount 

of the enzyme ex t rac t wais added and the change i n absorbance 

was recorded a t 15 sec in te rva l for 3 min at 420 nm. The 

a c t i v i t y i s expressed as change i n absorbance/min/g fresh wt 

of t i s s u e or acetone powder. 

lAA. oxidase 

The a c t i v i t y of t h i s enzyme was measured by the 

method of Tandon and Arya ( l982) . I n a reac t ion mixture, 

1 ml 2>4-dichlorophenol (DCP) , phosphate buffer, 1 ml manga^ 

nese ch lor ide , appropriate amount of enzyme, and l a s t l y 1 ml 

lAA were added. The t o t a l volume of the reac t ion mixture 

was kept a t 5 ml, and the f inal concentrat ion of DCP, MnCl 

and lAA were 0,2 mM. The reac t ion mixture was incubated at 

37®C i n a water bath . After 1 hr , 2 ml of Ssulkowaski reagent 

was added t o each tube to terminate the r eac t ion and the 

tubes were kept for cooling in dark. After 1 hr , the 
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absorbance was measured a t 530 ran. The enzyme a c t i v i t y 

i s expressed as mg lAA. destroyed/g fresli wt of t i s s u e or 

acetone powder/tir a t 37**C using a standard curve prepared 

with lAA. 

I n aLL the experiments mean of standard e r ro r was 

taken and experiments ^/ere repeated t h r i c e . 

Est imat ion of phenols 

The method of Mahadevan and Sridhar (l982) was used 

for phenol es t imat ion. Two g each of the normal and ga l l 

t i s s u e , were cut in to 1-2 cm pieces and immediately plunjed 

separa te ly into 10 ml 96% boi l ing ethanol and boiled in a 

water bath for 8-i0 min. After cool ing, the t i s sue were 

crushed thoroughly in a mortar with p e s t l e for 5-8 min and 

squeezed through cheese c lo th . The ex t rac t s were co l lec ted 

i n a 50 ml beaker. The residues were re -ex t rac ted with 3 nil 

80% ethanol . Both the e s t r ac t s were pooled toge ther , f i l ­

t e r ed through v/hatman No.1 f i l t e r paper . The f inal volume of 

the ex t rac t was made to 5 ml with 80% ethanol for every g of 

the t i s s u e . 

0-dihydroxy phenols 

An appropriate amount of alcohol ex t rac t was d i lu ted 

t o 1 ml using d i s t i l l e d water. To t h i s were added 2 ml of 
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0,05 N HCl, 1 ml of Arnow's reagent (10 g sodium n i t r i t e 

and 10 g sodium moLybdate dissolved in lOO ml d i s t i l l e d 

Water; kept in amber-coloured b o t t l e i n the r e f r i g e r a t o r ) , 

and 2 ml of l N KaOH. The f ina l volume was made up to 10 

ml with d i s t i l l e d water. The absorbince of the so lu t ion 

was recorded at 515 nm using a blank containing a l l the 

reagents minus Arnow's reagent . 0-dihydroxy phenols were 

measured using a standard curve p r ^ a r e d with caffe ic acid 

and are expressed as mg/g/fresh wt of t i s s u e . 

Total phenols 

An appropriate amount of alcohol ex t rac t was 

d i lu ted to i ml with d i s t i l l e d water and to t h i s 1 ml of 

Folin-Fhenol reagent ( l pa r t d i lu ted with 9 par t s of 

d i s t i l l e d water) and 2 ml of 20% sodium carbonate (Na„CO,) 
2 0 

so lu t ion were added. The r eac t ion mixture was boiled 

exact ly for a min and cooled. The f ina l volume was made to 

20 ml with the help of d i s t i l l e d water and in t ens i t y of blue 

colour was read a t 650 nm, A blank containing a l l the 

reagents minus Folii>-Phenol reagent , was used to adjust the 

absorbance to zero . The t o t a l phenols are expressed as 

mg/g/fresh wt of t i s s u e using a standard curve prepared with 

catechol . 
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In v i t r o t i s s u e 

Both normal and gall c a l l i grown in media con­

t a i n i n g 2.0 mg/L of d i f fe ren t auxins (2»4-D, NAA, lAA, 

IBA) separa te ly in conjunction with 0,04 mg/l k i n e t i n 

were anlaysed. NAA grown c a l l i served as the con t ro l . 

The oxidat ive enzymes and phenolic contents were estims;-

ted by the same procedures as mentioned above for In vivo 

t i s s u e s . 

I d e n t i f i c a t i o n of phenolic acid 

100 g each of normal and gal l t i s s u e were chopped 

in to 1-2 cm pieces and plunged into 500 ml of bo i l ing 80;?̂  

ethanol for iO min. After cooling the t i s s u e were t r a n s ­

fer red to a blendor, and blended for iO min at high speed 

The homogenate was f i l t e r e d and the res idue was washed 

again with lOO ml 80?̂  ethanol and f i l t e r e d . Both the 

f i l t r a t e s were pooled together ind the alcohol was evapo­

ra ted at 40"*C. The acqueous f r ac t ion was divided in to two 

p a r t s . One pa r t was hydrolysed over night in cold atmos­

phere with equal volume of 2 N NaOH. The other f r ac t ion 

was hydrolysed with equal volume of 2 N HCl for 1 hr in 

steam bath. Acid hydrolysates were d i r e c t l y extracted with 

e ther for 6 h rs . Alkal ine hydrolysates were ac id i f ied to 
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pH 2 witli HCl. Both the ext rac ts of normal ajid gall 

t i s sues were sepa ra te ly extracted with e the r . '»/hile the 

e the r ex t rac t was washed with 5% NaoCO,, the a lka l ine 
2 D 

ex t rac t was ac id i f ied and re -ex t rac ted with e ther . The 

f inal ether ex t rac t was taken to dryness, and the residue 

was dissolved in a small volume of ethanol for 

chromatography. 

Chromitography on //hatman NO i f i l t e r paper was 

done in di f ferent solvents l i k e - benzene:acetic acid: 

wa te r -6 : i :3 upper phase (Ibrahim and Tov/er, i960); 
and Gridhar 

butanol: ace t i c acid: water-4: i : l (Mahadevan, i982); isopro-

nol: ammonia: water-lO; i: 1. (I-endez and Brown, l 9 7 l ) . The 

Rf values were determined for each phenol against a stanr-

dard using the same solvent . The method of Bray _et a l . 

Cl950) was used to compare the colour reac t ion of Rf value 

of unknown and standard phenols on the chromatogram 

employing d iazot ised p - n i t r o a n i l i n e and diazot ised sulpha-

n i l l i c acid as spray reagents . 

The remainder of the solvent ex t rac t v/as applied 

i n a narrow band on Jhatman NO 3 paper and separated with 

benzene: ace t i c acid: water solvent described above. The 

r e s u l t i n g bands were cut and the respec t ive phenols eluted 

with lOO^ ethanol in separa te t e s t tubes . The aqueous. 



58 

ex t r ac t was poured off and centrifuged a t iO,000 g for 

30 min. The absorbance of the supernatant so lu t ions 

containing the unknown phenols was determined and t h e i r 

wave length of maximuir absorbance was compared with the 

absorbance of s tandard phenols us ing Beckman Recording 

SpectrophotoiPeter T'odel Hitachi 220 under UV range from 

21O-36O ran. 

Effect of d i f fe ren t phenolics on the growth of normal and 

gal l c a l l i 

Different phenolic l i k e f e r u l i c , ca f fe ic , p ro to -

catechuic and p-coumaric ac ids , L- tyrosine and phloroglu-

cinol a t d i f ferent molar i t ies (1 ,2 ,4 and 6 irf«l) were incor­

porated in the medium containing 2 mg/l NAA. ana 0.04 mg/l 

k i n e t i n to study t h e i r r o l e on ca l lus t i s s u e growth. The 

wet and dry weights were taken as indices of growth. 

Eiffect of d i f ferent phenolics on lAA-oxidase 

Different phenolics l i k e f e r u l i c , ca f fe ic , chloro-

genic, protocatechuic , p-coum'U"ic and shikirric acids and 

L- tyros ine and phloroglucinol i n d i f fe ren t molar i t ies 

( l ,?»4and ^Q mM) were added into the incubation mixture to 

s tudy t h e i r influence on lAA-oxidase a c t i v i t y . 
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fiXPERIMENTAL RESULTS 

I n vlyo t i s s u e 

Assay of PAJL and TAL 

The a c t i v i t i e s of PAL and TAL were higher i n gal l 

t i s sues as compared to normal in both S. khasiana and 

S . wa l l i ch i (Table 5 ) . Both normal and gall t i s sues of 

§,• Khasiana exhibited higher PAL and TAL a c t i v i t i e s as 

compared t o respec t ive t i s sues of S, wa l l i ch i . 

Oxidative enzymes 

Of the two addi t ives incorporated i n the ex t r ac t ion 

buffer for the assay of PPO and PRO a c t i v i t i e s i n S. khasiana. 

SDS was fouiid be t t e r than PVP (Figs . 14 and 15). The optimum 

a c t i v i t i e s of PPO and PRO were recorded i n ex t rac ts prepared 

i n extrsictlon media containing O.i g of both SDS and PVp/g 

fresh wt. However, use of higher concentrat ion r e su l t ed i n 

the decrease in the enzyme a c t i v i t i e s * Using acetone powder, 

the normal t i s s u e of both S. khasiana aaid S. wa l l i ch i showed 

higher lAA oxidase and PRO a c t i v i t i e s as compared to gal l 

t i s s u e s . However, a reversed p i c t u r e was obtained for PPO 

a c t i v i t y . Both o-dihydroxy sind t o t a l phenol contents were 

higher in gall t i s s u e s ct §.' khasiana and S. wa l l i ch i as 

compared to corresponding normal t i s sues (Table 6 ) . 
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F i g , 14 : Effect of PVP concentrat ion on polyphenol 
oxidase ( ) and peroxidase (——) 
a c t i v i t i e s i n i n vivo S. ktiasiana normal 
normal (O) and gall ( A ) t i s s u e s . 

F i g . 15 : Effect of SDS concentrat ion on polyphenol 
oxidase (——) and peroxidase (——) 
a c t i v i t i e s i n _in vivo S. ktiaslana normal 
(O) and gal l ( A ) t i s s u e s . 
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I n v i t r o t i s s u e 

The ^ v i t r o grown gal l t i s s u e of both S. khasiana 

and S. wal l ich i exhibi ted higher PRO (Table 7) and PPO 

(Table 8) a c t i v i t i e s as compared to corresponding normal 

t i s s u e s i n a l l treatments excepting 2»4-D for PPO a c t i v i t y . 

There was a remarkable decl ine in the PRO a c t i v i t y of the 

iwrmal t i s sues of both the species i n case of 2>4-D t r e a t ­

ment. Conversely, the PPO a c t i v i t y was much higher i n the 

normal t i s s u e s . The gal l t i s sues of both the species 

cul tured in media containing d i f fe ren t auxins showed higher 

lAA-oxidase a c t i v i t y as compared to normal excepting IBA 

treatment wh$re a reverse p i c tu re was obtained (Table 9)« 

The ^ v i t r o gal l t i s sues showed more o-dihydroxy 

and t o t a l phenol contents as compared to normal in auxin • 

t reatments /accept ing lAA and 2»4-D i n case of S*—WQ3:i:Tciri. 

In lAA and 2,4-D t rea tments , a marked d ^ l i n e i n the pheno-

1 ics yf&a recorded -!« "the gal l t i s sues as compared to normal l i e s was rei 

{Table 10). 

I d e n t i f i c a t i o n of phenolic acid 

v/ith the help of paper chromatography using d i f fe­

r e n t solvents and spray agents e ight phenolic acids were 

detected i n i n vivo t i s s u e of S. khaaiana (Table l l ) . Out 
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Table ^0, Phenolic contents in normal and gal l c a l i i of 
§.• khas iana and S. wal l ich l grov/n in KS mediim 
containing auxin (2 mg/l) and k ine t i n (0,04 
mg/l) 

Auxin Tissue 
O-dihydroxy phenol 
mg/g fresh wt 

Total phenol 
mg/g fresh wt 

NAA. 

' 

l A A . 

IBA 

2,4-D 

S. 

S . 

S. 

S . 

S. 

S. 

S . 

S . 

khas iana 
Normal 
Gall 
wal l ich i 
Normal 
Gall 

khasiana 
Normal 
Gall 
wal l ich i 
Normal 
Gall 

khasiana 
Normal 
Gall 
v^/allichi 
Normal 
Gall 

khasiana 
Normal 
Gall 
wal l ichi 
Normal 
Gall 

0,22 + 0.03 
0.67 + 0.08 

1.10 + 0.08 
1.34 + 0.13 

0.35 + 0.03 
0.40 + 0.02 

1.00 + 0,06 
0,18 + 0.06 

0.02 + 0.00 
1.23 + 0.15 

0.49 + 0.03 
0.99 ± O.iO 

0.38 + 0.02 
0.47 i 0 .03 

0.21 + 0.02 
O.1O + 0,01 

1.26 + 0.08 
1.35 + 0.08 

6.27 + 0,52 
6.60 + 0.31 

1.68 + 0,08 

2.43 + 0,14 

5 . ^ + 0.30 
1.47 + 0.06 

I.O1 i 0.08 
6.86 + 0.26 

4.49 + 0.51 
4.71 + 0.36 

3.67 + 0.33 
0,94 + 0.05 

0,60 + 0,27 
0,86 + 0,08 

+ S,E. 
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of these spo t s , 4 were iden t i f ied as caffeic» p^hydroxy^ 

benzoic, x>-couinaric and f e ru l i c a c i d s , present in both 

nprBial aind gal l t i s s u e s . The I d e n t i f i e d phenols showed 

s imi l a r absorpotion maxima as do the respec t ive standsu'ds. 

Four d i s t i n c t spots present i n the t i s sue were not 

iden t i f i ed using standards* 

Effect of d i f fe ren t phenolics on the growth of normal and 

g a l l c a l l l 

The growth of normal t i s s u e s of S, khasiana and 

gal l t i s s u e of S. v/al l ichi showed an increase with the 

increase in the concentrat ion of f e r u l i c acid i n the medium 

(F ig . 16)• However, the corresponding gal l and normal 

t i s sues of the two species shov/ed a decl ine in growth. 

The growth of S. khasiana gal l t i s s u e increased with 

the increase of caffe ic acid in the medium (Fig. 17). A 

reverse p i c tu re was obtained for normal t i s s u e of both 

S. khasiana and S. w a l l i c h i . In a l l the concentrat ions of 

caffe ic acid i n the medium, the growth of S, wa l l i ch i gedl 

t i s s u e remained s t a t i o n a r y except for a decl ine a t 6 n^ 

concentra t ion. 

The optimum growth of S. khasisina and S. wa l l i ch i 

gal l and normal t i s sues resu l ted in the media containing 1 mM 



F i g . 16 : Effect of d i f f e ren t molar i t ies of f e ru l i c 
acid on the growth of Sctiima khasiana 
normal Cn)» and gal l ( • ) ; S, wal l ich i 
normal (O) and ga l l (t) t i s s u e s grown i n 
the medium containing NAA (2 mg/l) and 
k ine t in (0J3^ mg/l) Blackened port ions of 
bars represent the dry weights. 
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F i g . 17 : Effect of d i f fe ren t moiar i t ies of caffelc 
acid on ttie growth of Schima khasiana 
normal ( n ) and ga l l ( • ) ; S . wal l ich i 
normal (O) and gal l (•) t i s sues grown in 
tlie medium containing NAA (2 mg/l) and 
k ine t in (0.04 mg/ l ) . Blackened port ions 
of bars represent the dry weights. 
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of L- tyros ine (F ig . 18). The htglaer concentra t ions , 

however, were found inh ib i to ry . On the other hand, the 

growth of S. w;allichi normal t i s s u e increased with 

increas ing L- tyros ine concentra t ions . 

At 1 mM protocatechuic acid i n the medium the growth 

of normal and gal l t i s sues of both the species exhibi ted 

optimum growth excepting S. khasiana normal t i s s u e (F ig . 19)« 

With increase i n the concentrations of protocatechuic acid 

t h e growth decl ined. Conversely, the growth of §• khasiana 

normal t i s s u e increased. 

The growth of normal and ga l l t i s sues of both the 

species was optimum a t 1 mM phlorogLucinol in the medium 

( F i g . 20) . However, higher concentrat ion werd inh ib i to ry . 

The growth of normal and gal l t i s sues of S. khasiana 

was optimum in the media containing 1 mM of p-coumgiric acid 

which declined a t higher concentrat ion (Fig . 21) • However, 

a reverse p ic tu re was obtained for t he growth of both normal 

and gal l t i s sues of S. w a l l i c h i . 

Effect of d i f fe ren t phenolics on lAA-oxidase 

Addition of 1-1O mM of pro toca techuic , f e r u l i c , 

ca f f e l c , chlorogenie, p-coumeric and shikimic acids and 

L- tyros ine and phlorogLucinol i n the assay mixture enhanced 



F i g . 18 : Effect of d i f fe ren t molar i t ies of L-tyrosine 
on the growth of Schima khatsiana normal ( D ) 
and g a l l - ( B ) ; S. wa l l i ch i normal (O) and 
ga l l ( • ) t i s s u e s grovm i n the medium 
containing NAA (2 mg/l) and k i n e t i n (0.04 mg/ l ) . 
Blackened por t ion of bars represent the dry 
weights* 
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F i g . l9 : Effect of d i f fe ren t molar i t i es of protoca-
techuic acid on the growth of Sctiima 
khasiana normal (D) and ga l l ( • ) ; 
§.* wal l ichl normal (O) and gal l (•) t i s s u e s 
grown i n the medium containing NAA (2 mg/l) 
and k i n e t i n (0.04 mg/ l ) . Blackened 
port ions of bars represent the dry weights . 
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Fig . 20 : Effect of d i f fe ren t molar i t i es of phioro-
glucinol on the growth of Schima khasiana 
normal (D) and ga l l ( • ) ; S. wal l ich i 
normal (O) and ga l l ( t ) t i s sues grown i n 
the medium containing NAA (2 mg/l) and 
k ine t in (0,04 mg/ l ) . Blackened por t ions 
of bars represent the dry weights. 
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F i g . 21 : Effect of d i f fe ren t molar i t i es of p-coumaric 
acid on the growth of Schima khasiana normal 

, ( n ) and ga l l ( • ) ; S. wal l i ch i normal Co) 
and ga l l ( t) t i s sues grown i n the medium 
containing NAA (2 mg/l) and k i n e t i n (0.04 mg/ l ) . 
Blackened port ions of bars represent the dry 
weights. 



F i g . 22-25 : E f f e c t of d i f f e r e n t m o l a r i t i e s of p r o t o -

c a t e c h u i c a c i d (22 i ^ t y r o s i n e (23)» 
f e r u l i c ac id (24) and Ca f f e i c ac id (25) 

on t h e IxVA-oxidase a c t i v i t i e s i n both 
/ N f A\ t : i s sues 

normal \0) and g a l l t ^ ; of S . khas 1 ana 
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F i g . 26-29 : Effect of d i f ferent n^olarities of ctiiorogiuic 
acid (26) , phLorogLucinoI (27)» p-coumaric 
acid (28) and shikimic acid (29) on ttie I^U 
oxidase a c t i v i t i e s on both normal (o) and galL 
(A) t i s s u e s of S. khasiana. 
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lAA oxidase a c t i v i t i e s in normal and gal l t i s sues of 

S. kfaasiana as compared t o control excepting i mM of 

protocatect iuic, f e m l i c i p-co\jinaric and stiikimic acids 

and L-tyrosine (Fig . 22-29). 

DISCUSSION 

PAL and TAL are important enzymes in the biosyn­

thes i s of compounds of phenulpropanoid skele ton sucti as 

chlorogenie ac id , caffe ic acid and l i g n i n . Tliey are 

involved i n d iver t ing the flow of carbon from pro te ins into 

phenolic compounds. The enzyme a c t i v i t y data i n normal and 

gal l l eaf t i s s u e of S. khasiana and S. wal l ich i indicated 

the presence of these enzymes in both the t i s s u e s (Table 5 ) . 

This suggests t h a t aromatic amino acids l i k e phenylalanine 

and ty ros ine can enter secondary metabolism d i r e c t l y though 

t h e i r actual r o l e i n the process i s not c l ea r . TAL i s 

sometimes believed t o be a separate enzyme found mostly i n 

monocotyledons. TAL a c t i v i t y could not be danonstrated 

without PAL prepara t ion and often the a c t i v i t y i f ex is ted , 

was l o s t during prepara t ion (Koukol and Conn, 1961). The 

two separate enzymes have been found i n castor bean seed 

endosperms (Camm and Tower, 1973). Both SAL and TAL have 

a lso been reported i n tobacco ca l lus cul tures (Lynda ajad 

Thorpe, 1965). 



64 

Higlier plant ce l l s respond to various exogenous 

influences for example wounding, with a dramatic increase 

in the i r extractable PAL ac t iv i ty . In gall t issues of 

Schima the increased act iv i ty of the enzyme may be due to 

the d^ novo synthesis of the enzjmie 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 t issues (Stafford, 1974). Induc­

t ion of PAL by various stimuli resu l t in an increase in i t s 

r a t e of synthesis of inactivation. I t i s possible that this 

increase in activation is reg^lated by products of PAL 

(Engelsma, 1968) or by some other mechanism such as depletion 

of a pool of phenylalanine. The inactivation ra te increases 

both because of a net increase in i t s act ivi ty and because of 

increase in content. Since i t is of the f i r s t order reaction, 

a point is reached where synthesis is balanced by inactiva­

t ion and no net change in act ivi ty occur unt i l synthesis stops 

or inactivation is prevented. This imbalance caused a new 

steady s ta te level which is maintained unt i l some further 

metabolic events change the ra t io of PAL synthesis and 
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i nac t i va t i on . The net r e s u l t i s a system in which rapid 

changes can occur in the level of PAL i n response to many 

external s t i m u l i . With leu^ge changes in the s t a t e of 

u t i l i s a t i o n of phenylalanine required for phenol biosyn­

t h e s i s , very s e n s i t i v e controls of i t s l eve l i n p lan t must 

e x i s t . This i n t u r n suggested t h a t the r a t e of production 

and not the concentrat ion of phenylalanine is the cont ro l ­

l i n g factor in phenolic b iosynthes is . 

Decrease i n the a c t i v i t y of lAA oxidase associated) 

with mi te - inc i ted ga l l s has been reported (Purohit jet a l . > 

l9B0; Tandon amd Arya l980.>Joshi e t a l . , 1985). Schima 

gal l t i s s u e showed low lAA/act ivi ty as compared to normal | 

(Table 6 ) . lAA catabolism i n p l an t tiimours has been a 

subjec t of extensive inves t iga t ion and there are number of 

conf l i c t ing repor tsCBOUIi l le i ine and Caspar, 1970; S ton ie r , 

1972; Butcher, l973)« The low lAA oxidase a c t i v i t y and more 

t o t a l phenols in gal l t i s s u e of Schima may be respoiisible for 

i t s hyperauxinity. The involvement of phenols i n the oxida­

t i o n may r e s u l t i n i n h i b i t i o n or s t imula t ion of pleuit growth 

^ metabolism.^ The formation of lAA from tryptophan i s accele­

r a t ed uiKier the ef fec t of the polyphenol-polyphenolase system. 

lAA i s formed from LJ:iyptophan i n a r a the r basic medium by 

mere incubation of ^-- t i^tophan with phenol (Kefe l i , 1985), 
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Several hypotheses on the ac t ion of na tura l phenolic 

substances considered phenols as factors* regu la t ing the 

a c t i v i t y of lAA oxidase, enabling lAA synthesis from 

L-tryptophan (Kefell and Kutacek, 1977)..^,.^ 

Higher auxin l eve l s In c r o w n - ^ 1 were reported 

(Kado, 1964), The genes d i r e c t l y Involved i n the lAA 

biosynthesis have been located i n the crown-gall (Kado, 

1984; Rausch e t a l . , l986). The v i r u l e n t region of 

Ti-plasmid containing the laap genes function in the p lan ts 

t o produce abnormally high leve l s of Ikk, the concentrat ion 

of which may vary with age and growth s tage of tumours 

(Nakadima e t a l . , l98i ; Pengplly and Meins, l982; Zofla , 

l9B4aK/ Considerable evidence suggested t h a t lAA^oxldase 

^^.^system i s Involved i n the control of endogenous auxin l eve l s 

and thus regulated various physiological processes as c e l l 

growth, d i f f e r e n t i a t i o n and hos t -pa ras i t e i n t e r a c t i o n ( ref . 

' Sembdner ^ a l . , i980). I t i s general ly accepted t h a t there* 

might occur a negative co r r e l a t i on between growth r a t e / 

(auxin content) and IAA-oxidase a c t i v i t y of various organs / 

' or t i s s u e s (rfareing and P h i l l i p s , i962; Zofla, i984b), 

- ^ I?lant enzymes are also^ g rea t ly influenced by 

growth hormones i n i n v i t r o t i s s u e s (Vernon suid S t r ause , 

1972; Singh jet ^ . , l982; Barendse, 19B3) and synthesis of 
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phenolic compounds Is influenced by auxin leve l i n the 

medium. I n cont ras t to i n vivo t i s s u e s , the i n v i t r o 

t i s s u e s showed more IM-oxidase a c t i v i t y i n d i f fe ren t 

auxin t rea tments . A decrease in auxin content has been 

reported i n both normal and gal l c a l l i grown i n media 

containing NAA, lAA, and DL-tryptophan (Tandon and Arya, 

l9B0b). lAA-oxidase a c t i v i t y wsus more i n the gal l as 

compared to normal of both S. khasiajaa and S. wa l l i ch i i n 

t h e medium containing NAA, 2»^D and lAA and vice versa i n 

the medium containing IBA (Table 9) . Bouillene and Caspar 

(l970) have reported a high peroxidase and lAA oxidase 

a c t i v i t y i n Impatiens crown-gall t i s s u e homogenates free 

from i n h i b i t o r s . lAA has been ŝ hown to s t imula te the 

a c t i v i t y of PRO i n p i t h cul tures of Pelargonium (Lavee and 

Gals ton, l968) but a t higher l eve l s inh ib i t ed the a c t i v i t y 

(Seigel ^ a l .y i960). The i n t e r a c t i o n between lAA and 

various soluble phenols with oxidase preparat ions have long 

been s tudied. Macha^kov^ e j j l (l975) found t h a t the peroxi­

dase prepara t ion from Triticum shoots wi l l oxidise f e ru l a t e 

more e a s i l y than p->co\imarate. The enzyme i s not able to 

d i r e c t l y oxidize lAA, even with exogenous supplied peroxi ­

dase , but required a phenolic co-factor such as p-coumarate* 

I t was also suggested t h a t peroxidase degradation of 

phenolics may be regulated by auxins i n the i n t a c t p l a n t s . 
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axKi fur ther more* wbethier ptienols or auxins are oxidised 

would depend on tbe concentrat ion r a t i o of diphenols^; 

monophenol /auxin. 

The phenolic compounds are presumed to ac t i n d i ­

r e c t l y through t h e i r e f fec t on lAA-oxidase* Thus monophe-

nols are inh ib i to ry because they promote decarboxylation of 

Ikk, whereas diphenol are growth promoters by i n h i b i t i n g 

lAA-oxidation. Higher concentrations» however* are i n h i b i ­

t o r y . . Though i t i s general ly accepted t h a t peroxidase i s 

responsible for some IM-oxidase ac t iv i ty* i t has not been 

c l ea r whether^a t r u e oxidase jgxists^-distinct-jCrom peroxi -

dase.) Peroxidase isozymes tî cve been denonstrated i n m^ny 

p l a n t s (Gove and Hoyle» 1973) and lAA^oxidase also occurred 

i n mul t ip le molecular forms. Several s tudies have shown 

t h a t e l ec t rophore t i ca l l y separated pro te ins possess pe rox i ­

dase a c t i v i t y but no lAAF-oxidase a c t i v i t y and the nonr 

i d e n t i t y of IAA.-oxidase with peroxidase was concluded 

(Endo, 1968). 

I n numerous incompatible host-psurasite combinations* 

peroxidase a c t i v i t y i s several times higher than i n compati­

ble ones (Daly ^ a l . , 1971; Loon and Geelen, l 9 7 l ) . On the 

other hand, however, peroxidase a c t i v i t y i s greater i n 

compatible hos t -pa ras i t e combinations than i n the incompatible 
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ones (wood and Barbara, l97l)* Phytotiornones are known 

t o pLay a major r o l e i n growth and d i f f e r e n t i a t i o n . Tine 

peroxidase functional to growth by i t s lAA oxidiz ing 

ac t ion and biosynthesis (Wheeler and King, 1968) regular-

t i o n of r e l a t ionsh ip of lAA synthes is i n normal and tumo­

rous t i s s u e with peroxidase has been s tudied by severa l 

workers (Ahuja suid Gupta, 1974; Bayer, 1982)• Basu and 

Tu l i Cl972) suggested t h a t the oxidat ive transformation of 

lAA to other b io log ica l ly act ive compounds i n p lan t s may 

contr ibute to the lAA a c t i v i t y r a the r than t o i t s 

i nac t i va t i on . 

^ Peroxidases are the mai;jor components in the lAA 

oxidase system i n p lan t - The rapid decl ine in the peroxi­

dase a c t i v i t y from high to low leve l i n the gal l t i s s u e 

might r e s u l t i n spar ing the auxin from being oxidised. This 

spar ing ac t ion of IAAP>oxidation i s provided by the low or 

high polymers of O-dihydroxyphenols. I n t e r a c t i o n of liUU 

oxidat ion by phenolics such as f e r u l i c , hydroxycinnamic 

ac id , guid scopole t in add t o the complexity of the system 

(Gelinas , 1973; S i r o i s and Mi l l e r , l972). Peroxidase path­

way r e l a t ionsh ip to polyphenol and lAA-oxidase has been 

suggested (Gove and Hoyle, l975)« I n general peroxidase 

cata lyses four type of reac t ions ( i ) peroxidat ive ( i t ) ox i ­

da t ive ( i i i ) c a t a l y t i c and (iv) hydroxylation (Vamos-Vigy^(J, 
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l 9 8 i ) . The gall t i s s u e s showed higher peroxidase a c t i v i t y 

a^ compared to normal» when grown in t he medium containing 

NAA., IBA, 2»^D and lAA (Table 7) . I n generalt maximum 

a c t i v i t y was observed in the medium containing NAA followed 

by lAA and 2»A-D, whereas with IBA treatment the ga l l t i s s u e 

-Showed the l e a s t peroxidase a c t i v i t y . Morel and D^m^triades 

(l955) reported t h a t , lAA and 2,A-D enhance the a c t i v i t y of 

PRO and PPO i n cul tures of Jerusalem ar t ichoke . I t i s 

known tha t the oxidat ion of lAA takes p lace i n several s teps 

i n which di f ferent intermediates of peroxidase are formed. 

Cer ta in peroxidase intermediates r a the r than the nat ive form 

are believed to be responsible for the breakdown of c e r t a i n 

phenolic inh ib i to r s (Gelinast l973; Lee and Chapman, 1977). 

Higher PPO a c t i v i t y was observed i n gall t i s sues of j 

both the species of Schima as compared t o normal (Table 8) • 

The increase of a c t i v i t y in host t i s s u e s espec ia l ly a t and 

around the in fec t ion s i t e s i s a response which i s charac­

t e r i s t i c to a l a rge number of p lan t d i seases . The phenolase 

a c t i v i t y i s accompanied with increase in phenolic concenr 

t r a t i o n which p lay a r o l e i n t o x i c i t y of pathogen (Kosuge» 

1969). I t was observed t h a t ca l lus showed black pigments 

i f kept for longer periods in a medium containing auxin and 

k i n e t i n without subcul tur ing . Phenolase oxidise mono- and 

dihydroxyphenol to brown ou black polymeric susbstances 
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(melanin pigments). Such darkening of t i s sues can also 

be caused by adverse environmental fac tors (Kosuget 1969). 

/ Increased 0-dihydroxy and t o t a l phenol concentrations In 

gal l t i s s u e as compared to normal (Table 10) coi;ild be due 

t o j i t g h e r , . a c t i v i t y of PPO i n gal l t i s s u e s . 

I t was thought tha t PPO enzyme may p a r t i c i p a t e 

i n redox reac t ion with i n the p lan t c e l l s . However, 

ne i ther t h i s nor l o c a l i s a t i o n of t h i s enzyme has been 

demonstrated d e f i n i t e l y . Brigg and Ray (i956) s t a t e d t h a t 

pu r i f i ed tyros inase inac t iva tes lAA i n the presence of 

ca techol . lAA i s oxidised probably by the products of 

oxidat ion of ca techol , i . e . , by 0-quinone. Another worker, 

however, suggested only a temporary formation of complex 

between lAA and the oxidised phenols (P@let and Gasper, 

1968). 

L,^^ The physiological functions of the enzymes are not 

well understood, PPO enzjrme was involved i n the lAA b io­

synthes is v i a indole pyruvic acid (Gordon and Paleg , l 9 6 l ) , 

and acted as a poss ib le agent in the oxidat ion of auxin 

(Galston and Purves, i960) a t the wound s i t e of t h e t i s sues 

and t i s sues in cul tures (Wetmore and Morel, 19^9). The 

increased polyphenol oxidase a c t i v i t y and phenolic contents 

has been reported i n crown-gall (Wegen and Glase , l 9 8 i ) . 
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mite - inc i t ed stem ga l l s (Tandon and Arya, l982) and l ea f 

r o l l ga l l s (Joslii and Tandon, l984)./^TIie ga l l t i s sues of 

both S. kiiasiana and S. wallicfai show higher PPO a c t i v i t y 

than normal in the medivim containing NAA, IBA. and Ikk, 

However, except ional ly high PPO a c t i v i t y w%s recorded in 

the normal t i s sues grown i n the medium containing 2»A-D. , 
contained l e s s a c t i v i t y of PPO as compared to the normal^issues 

Zizyphus gal l t issuesAinder t h e influence of NAA, lAA, 

2,4-D (Tandon and Arya, 1980). I n t e r e s t i n g l y , PPO a c t i v i t y 

decreased whereas lAA-oxidase and PRO increased in the gal l 

t i s s u e s of both the species of Schima i n the medium contai]>* 

ing 2,4-D (Tables 7-9) . This supported t h a t the incorporar-

t i o n of growth regula tors l i k e 2,4-D i n the cu l ture medium 

decreased the auxin content i n ga l l t i s s u e (Tandon smd Arya, 

l980b). Both in vivo and i n v i t r o cu l tures of ga l l t i s sues 

i n the medium containing, NAA, IBA or lAA showed more PPO 

a c t i v i t y , thus i t may be. sugested t h a t ga.lL formation i s 

followed with production of fac tor (s ) e s sen t i a l for higher 

PPO a c t i v i t y by the growth regula tors t h a t could t r i g g e r 

switching off and on of lAA oxidase to regu la te auxin 

con ten t s . Though our knowledge of ca tho l i c pathways of 

polyphenol i n p lan ts i s s t i l l very meagre, various degrada^-

t i v e suid enzymatic s tud ies have revealed some of the main 

biochemical parameter pe r t a in ing to t h i s f i e l d . Many aspects 

of polyphenol metabolism and degradation have been s tudied 

http://ga.lL
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i n celL suspension cul tures because of ttie experimental 

advantages • 

Phenolic compounds are widely d i s t r ibu ted and 

spread in na tu re . These. compounds p lay a great r o l e In 

normal and abnormal p lan t growths (Kefell and Kutacek, iSHl; 

Rosenthal , 1986) by t h e i r effect on enzymatic oxidat ion 

r e a c t i o n . Many na tura l phenols in te r fe red with Indole 

biosynthesis (Kefell and Kutacek, l977) and oxidat ion of 

lAA i n v i t r o . The lowest oxidat ion products of phenolic 

substances - the quinones, are most tox ic and sure highly 

oxidised axKl polymerised products of polyphenol considered 

l e s s tox ic or non^toxic (Noveroski e t a l * , 1962). 

Several workers have i so la ted phenolics from higher 

p lan t s t i s sues (Ibrahim and Tower, i960; Bohm and Tower, 

1962; Van Lelyveld, 1974; Kozslowska e t a l , , l963). There 

have been r e l a t i v e l y few repor ts on the I so l a t i on of free 

clnnamlc acid from t i s s u e cul tures i n free and bound form. 

However> clxmamlc ac id , caffeic and fen;illc acid (Brown and 

Tenniswood, i974), chlorogenic acid (Stlckland and 

Sunderland, 1972*") and coumarln l i k e scopola t in and four of 

i t s glycosides (Sargent and Skoog, l96l) have been i so la ted 

from ca l lus and i n t a c t t i s sues of tobacco. Both normal and 

g a l l t i s sues of S. khasiana showed a t l e a s t eight phenolic 
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compounds (Table 1 l ) . I n t e r e s t i n g l y , two addit ional spots 

were observed in ga l l ex t rac t alone, suggest ing t h e i r 

formation due to gal l induction. 

J Many inves t iga tors liave suggested t h a t lAA and 

otheJ^ substances d i r e c t l y s t imulated the production of 

phenolic compounds. However, others believed tha t the 

accumulation of phenolic compounds p a r a l l e l , the increased 

synthes is of lAA because these compounds or ig inated from 

the common biosynthet ic pathway (Kosuge, l969). I n the 

present s t u d y t h e accumulation of phenolic acid have been 

found to be . inf luenced by the cu l tu ra l condi t ions . The 

addi t ion of 2»4-D (0 .1 mg/l) caused a subs tan t ia l r e f r a c t i o n 

i n the quant i ty of chlorogenic acid produced (Stickland and 

Sunderland, l972L). Low 2,4-D and high k ine t i n concentra*-

t ions i n the medium gave r i s e to increased caffeic acid 

formation ( i sh ikura e t ^ . , 1983). Sugano et a l . (l975) 

repor ted t h a t phenolic acids i n ca r ro t c e l l s are markedly 

increased by lowering the concentrat ion of 2»A-D. The 

synthesis of phenol compounds may also be influenced by the 

d i f f e ren t auxins added i n the medium (Davies, 1972; Shah 

e t a l . , 1976), and/or the age of the cu l ture medium. Rela­

t i v e l y , o n l y a few s tud ies have been made on phenolic com­

pounds i n r e l a t i o n t o growth period of c e l l cul tures (Davies, 

1972; Sha i l a ja and Mehta, i960). I n the present s t u d i e s . 
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t h e acciomiilation of phenolics during ca l lus growth i n 

cul tures suggested t h a t the synthesis of phenolic compounds 

may be e s sen t i a l for the mediation of ca l lus growth* Low 

concentrat ion of phenolic compounds ( l nM added t o the MS 

medium containing NAA showed Increase in wet and dry 

weight a f t e r JO days from the r e s u l t obtained with Schima. 

I t may be suggested t h a t protocatechuic acid aaid 

phloroglucinol favour normal ca l lus t i s s u e growth whereas 

csiffeicf f e ru l i c and p-coxjmairlc ac id favour gal l ca l lus 

t i s s u e growth (Figg, 22-29)• Tyrosine d id not cont r ibute t o 

calliAs t i s s u e growth except a t 1 DM concexrtration* Addition 

of caffe ic acid and f e r u l i c acid i n tobacco ca l lus promoted 

ca l lus t i s s u e growth (Lee and Skoog, 1965). Tbe b e t t e r 

growth of ca l lus t i s s u e occurred i n the medium containing 

chlorogenic acid and catechins (Feucht and Schmid, 1980). 

Addit ion of tyros ine and phenylalnine in to the medium enhanced 

the growth of number of normal and g a l l t i s sues but only 

moderately (Pe le t e t j ^ . > i960). I t was es tabl i shed t h a t 

some phen>lics are ac t ive s t imulators of p lan t rhlzogenes Is 

axKi other morphogen. I t was a lso showed tha t some compounds 

l i k e caf fe ic ac id , f e r u l i c and chlorogenic acid ac t as 

cofactors of lAA^oxldase while p-coumauric acid i n h i b i t s i t* 

Sequeira (l964) has shown a c o r r e l a t i o n between the rapid 

synthes is of scopole t ln and chlorogenic acid and the decrease 
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of I JUL-oxidase a c t i v i t y . S i r o i s and Mil le r (l972) 

suggested t h a t such increase could completely i n h i b i t 

IAA.-oxidase ani n a t u r a l l y af fect growth, 

^ The ac t ion of phenolic compounds on p lan t grovrth 

i s f requent ly a t t r i b u t e d t o t h e i r i n t e r a c t i o n with IAA 

oxidase , r egu la t ing lAA leve l s j £ vivo (Thimann, 

-J972 ; Van Sumere., 1975; LQ tham, 1 9 7 8 ) . Sinapic and 

f e r u l i c acids are known to be i nh ib i to r s of lAA^-oxldase 

a c t i v i t y , thereby showing an auxin speaking effect CVarga 

ana Koves, 195^ Zenk sind Muller, 1963). A s imi l a r obser­

va t ion was recorded i n both normal and ga l l c a l l i of Schima 

with the addi t ion of f e r u l i c acid i n the mediiim* However, 

t he res i i l t s obtained indicated t h a t the phenolic compounds 

t e s t e d show d i f f e r e n t i a l response to IAAr>oxldase i n h i b i t i o n 

of which ca l lus growth may be taken as an index of oxidar* 

t i o n products* 

^ From the r e su l t s obtained i t i s c l e a r l y indica ted 

t h a t lower concentratioi^is of phenols showed b e t t e r ef fects 

on lAA-oxidase ac t iv i ty* Caffelc ac id , chlorogenic acid 

phlorogfLucinol were lesj$ inh ib i to ry as compared to protoca-

t echu ic , f e r i i l i c , p-couioaric, shikimic acids and tyrosine* 

Higher concentrations of most phenolics i n h i b i t growth 

i r r e s p e c t i v e of hydroxyl a t ion p a t t e r n . 
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I n h i b i t o r y effects of coumarine on organogenesis and 

ca l lus growth (Bagni and Fracas I n l , l97l) and promotion 

of roo t growth under spec i f i c conditions (Vazquez, l973) 

have been repor ted . A poss ib le explanat ion for such growth 

promotion based upon Interference of 0-dlhydroxyphenols 

with lAA-oxldase has repeatedly been discussed In d e t a i l 

( s ton ie r and Yang, l973; Kefeli and Kutacek, 1977). 

Phexx>llcs may be subjected to rapid t u r n over and degradar 

t i o n involving s teady s t a t e concentrat ion of the various 

end products* The Importance of phenolic compounds i n 

con t ro l l ing growth has been demonstrated i n tobacco callros 

cul tures by t h e i r ac t ion i n promoting or i n h i b i t i n g bud 

d i f f e r e n t i a t i o n (Lee and Skoog, 1963)* These ef fec ts were 

general ly p a r a l l e l to the cofactor or inh ib i to r a c t i v i t y of 

these compounds i n t he oxidation of lAA in v i t r o (Zenk and 

Muller , l963; Tomasewski and Thlmman, l966). 



Chapter IV 

Studies on the biooh^nlcal changes In normal and 
gall tissues 
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INTRODUCTION 

Cell growth i s t h e simplest analysis t h a t Involves 

loosening of ce l l wa l l , expasasion of t he ce l l volume by 

Increased water uptake . Increase i n the dry weight of t o t a l 

ce l l matters l a rge ly due to higher frequency of c e l l d i v i ­

s i o n , dupl icat ion of DNA. aoid synthesis of c e l l s phosphory­

l a t i o n . Continuity of c e l l u l a r processes involved i n r e p l e ­

nishment of subs t r a t e required for necessary RNA. and p ro t e in 

synthesis f by switching on and off old genes which r e s u l t 

i n morphological changes. Auxin produced i n higher p lan t s 

en te r i n to nearly every face t of p l an t growth and develop­

ment, and the recognisable e s sen t i a l fea ture of auxin ac t ion 

i s the s t imula t ion of c e l l enlargement t h a t i s expressed in 

a variej;y of ways among the t i s s u e and organs of a growing 

p l a n t . 

Experiments with insects ( .Arya,.i965) aiid p lan t s 

(Key and Hansoon, l96l) have shown t h a t the RNA. and p ro t e in 

synthes is are involved i n the ac t ion of a wide va r i e ty of 

hormones. DM formation may be induced by k i n e t l n i n t h e 

absence of added lAA, and vice-versa causing mitosis 

(Naylor Sander and Skoog, 19^4). Studies on the changes i n 

RM metabolism associa ted with c e l l expansion are usua l ly 

complex with d i f f e r en t i a l response (Key and Shannon, i964). 
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The r o l e of auxin seems to be associated with, the regular* 

t i o n of t he synthesis of RMA. and p ro t e in . Therefore, 

enhanced nuclear a c t i v i t y must regu la te the growth response 

t o exogenous auxin. Auxins regula te the t i s s u e s , whereas 

cjrtoklnin in conjunction with auxin regula te both the growth 

and morphogenesis of a v a r i e t y of p l an t t i s sues i n cu l tu re 

(Fosket* 1980). Although cytokinins a l t e r enzyme a c t i v i t i e s 

(Kulaeva, l980; Kaminek ^ a l . , i 9 8 l ) , s t imula te p ro t e in 

synthesis and i n some cases Induce the appearance and disar* 

disappearance of spec i f i c polypeptides when applied to 

cultured t i s sues (Sevan and Northcote, 19B1; Meyer and 

Char ier , 1981; Wang e t a l . , l 9S i ) , i t i s not known whether 

these changes r e f l e c t an ear ly effect of t h e hormone induced 

changes i n growth. 

Auxin requirement l o r the s t imula t ion of c e l l s 

p r o l i f e r a t i o n has been demonstrated for many types of t i s sues 

grown i n v i t r o (Fosket, 1980). Tandon e t a l . (l976) 

reported t h a t Increase In concentrations of NAA increeised the 

RNA content of Zjzvphus .iUriuba normal t i s s u e while no appre­

c iab le change was recorded i n the ga l l t i s sue» . î NA content 

of the ga l l t i s s u e was higher to t h a t of normal t i s s u e . 

Important r e l a t i onsh ip of the nucle ic acids with t he nature 

of the diseased and normal growth of the t i s sues was 

es tab l i shed . A larg@ body of recent r e s u l t s has shown t h a t 
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lAA, NAA and 2fA-D rap id ly regulate the accumulation of 

a few nRNA. i n responsive p lan t t i s s u e s . This type of 

auxin ef fec t has been reported for d i f f e r e n t p lan t spe­

c ies (Theologis and Ray, 1982; Meyer e t a i , , 1964; 

M o h e n ^ a l . , l985; Walker _et a l » , 1985) and for t i s s u e 

showing major ph}^iol£gical responses including c e l l 

enlargement (Zurfluh and Guifoyle, i960, i982) or induc­

t i o n of mitosis (Beven and Northcote, l9Bi; Meyer e t a l . . 

1964; M o h e n ^ ^ . , 1985)« However, the incorporat ion of 

oncogenic DNA. in to the host ce l l (Chi l ton ^ aO.., 1977; 

Yadav et ai • , i980) r e s u l t s i n biochemical changes t h a t 

allow these ce l l s to grow continuoiosly on defined medium 

without exogenous phytohormones (tlorgan and Aitken , l9Bi; 

Nester e t a l . , i984), and r ecen t ly genes t ransfer red to the 

host have been found to code for enzymes involved i n the 

b iosynthet ic production of cytokinin (Akiyoshi 1984) and 

auxin (Thonjghow jet ^ . , 1996). The transformed c e l l s 

continuoiisly produce these hormones and grow autonomously 

a t a s tage of d i f f e r e n t i a t i o n speci f ied by the bac t e r i a l 

s t r a i n (Kahl and S c h e l l , 1982). The crown-gall t i s sues have 

the capacity to u t i l i s e abnormal amino acids termed opines 

(Karcher e t , a l . , i984; E l l i s ^ a L . , l984; K o m r o ^ a l . , 

1985). The octopine type s t r a i n of A. tumefacience 

frequently t rans fe r red two regions of T-DNA. t o p l an t c e l l s 



81 

during tumorigenes i s (Thomaahow e t al« t 1980), 

Auxins have the capacity to a l t e r the biosynthesis 

of p a r t i c u l a r p ro te ins i n various p l an t systems. I f 

p ro te ins have a r o l e i n i n i t i a t i n g the biological phenomena 

known t o be mediated by the hormone and cons t i tu te the 

primary hormonal response* then hormonally induced Changes 

i n the concentrat ion of a p a r t i c u l a r p ro t e in should be 

detected p r i o r to the onset of the phenomenon and sho r t l y 

a f t e r induction of the hormones in to the experimental system, 

Hormonally induced p ro t e in changes do not reveal t h e mecha^ 

nism by which they are mediated. For example do p ro t e in 

changes r e s u l t i n difference in mRNA. l eve l s affected by the 

hormones a t the t r an sc r i p t i ona l level» or are the ef fec ts of 

the hormones expressed a t the t r a n s l a t i o n a l or post t r a n s l a r 

tionaL leve l or on the s t a b i l i t y of the p ro te in or mRNA? 

BooxLcombe e t al, (l980) were the f i r s t to show differences 

among the in v i t r o t r a n s l a t i o n products of polyadenylated 

mRNA i so l a t ed from 2»4-D untreated and t r ea t ed t i s s u e . 

Zurfluch and Guifoyle (l962) compared the 111 v i t r o t r a n s l a ­

t i o n product of lAA t r e a t e d and unt rea ted corn co leop t i l e s 

and found t h a t rapid auxin induced changes a t 50 /M concen­

t r a t i o n . I n v i t r o t r a n s l a t i o n experiments carr ied o u l y ^ y e r 

e t aJL. (l984) have shown t h a t the auxin induced increase i n 

s p e c i f i c p ro t e i n l eve l i n tobacco p ro top las t coincides with 
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an increase in corresponding uRNA-s. It is obvious from 

the in vitro studies that the auxin rapidly and specifi-

caLLy potentiate certain nftNA sequences in various plant 

tissues. The role of cytokinin in nRNA. is not well 

understood even though there have been number of studies 

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

1987). 

MiTEEUALS AND METHODS 

Extraction and estimation of auxin 

The lAA. extraction and quantitative measurement 

were done according to the method of Mahadevan and Sridhar 

(l982). 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 watert cut into 

pieces (l-2 cm), blended with prechilled methanol in mortar 

with pestle and squeezed through four layers of cheese cloth. 

The residue was extracted twice for complete recovery. The 

voliome 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 

extracted three times with equal volume of peroxide-free 

•diethyJ. 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 lOO ml - 5% NapCO , The a lka l ine 

f r ac t ion was ac id i f i ed t o pH 3 with 6 N HCl and extracted 

four times with e the r . The ether ex t r ac t was evaporated 

t o dryness and dissolved i n 2 ml of methanol and separated 

by paper chromatography. All the operations described 

above were done i n diffused l i g h t . 

For separa t ion of auxins lOO ;ul f ract ions were 

spot ted on iVhatman No. 1 chromatographic paper. The descen­

ding chromatographs were run for 12 hrs sepa ra te ly i n 

d i f f e ren t solvents (isopropanol: ammonia:water-10: i : 1; 

Isopropanol:water 3:2; ethanol 7X)%; butanol:ethajnol:water-

4 : 1 : 1 ; pyridine: ammonia-3s 1 v / v / v ) . A reference sample of 

lAA was a lso run simultaneously. The chromatograms were 

developed descendingly for l6 hrs and then dried a t room 

temperature and sprayed with Eh r l i ch ' s reagent (2% p-dimethyl 

amino benzaldehyde i n 2 N HCl). The chromatograms were 

dr ied i n a ven t i l a t ed oven a t 100»C for 5 min. The area 

containing lAA from the unsprayed chromato gram (developed 

i n isopropanol:ammonia:water) corresponding to the authent ic 

lAA. were removed and e luted in 2 ml of methanol ( e l a t i o n 

time» 30 min). For quan t i t a t ive es t imat ion, 1 ml of the 

e luant was mixed with 2 ml of Salkowski reagent (one ml of 

0.5 M f e r r i c chloride in 50 ml of 359̂  v /v perch lor ic ac id , 

prepared f resh ly each time)» followed by incubation of the 
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mixture in the dark for 1 hr . The absorbance was recor­

ded a t 530 ran against the solvent reagent •blank and the 

concentrat ion of lAA was measured xising a standard curve 

and expressed as ;tig lAA/g fresh wt of the t i s s u e . 

Ex t rac t ion of nucle ic acid 

Ext rac t ion of i n vivo t i s s u e s was done according 
"iStid aridtiar 

to the method of Mahadevan^(l982). Equal amount of f reshly 

col lec ted normal and gal l t i s sues were taken, cut in to 

small pieces 1-2 cms and immediately extracted i n hot 

ethanol (80%), macerated in a mortar with p e s t l e . The homo-

genate was centrifuged a t 4,000 g for 20 min. The supernar* 

t a n t vas discarded and the p e l l e t was suspended with 2 ml 

-5% t r i c h l o r o a c e t i c acid (TCA) a t O'C for 30 min i n 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 p e l l e t was reext rac ted once with 

absolute ethanol and twice with hot e thanol-e ther (50/5O-

v/v) mist\ires, every time discarding the supernatant a f t e r 

cent r i fuga t ion . The p e l l e t contained prote ins and nucleic 

ac id . The ex t rac t ion of in v i t r o t i s s u e s was done us ing the 

same procedure described above. Both normal and ga l l 

t i s s u e s were subjected t o growth regula tor t reatments 

described in Chapter I I I . 
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Nucleic acid 

The p e l l e t so obtained from the abave ex t rac t ion 

of normal and gal l t i s s u e s were suspended separa te ly in 

3 ml of 0 .3 N KOH and incubatad overnight a t 37*C. I t 

was then centri |Uged a t 5»000 g a t 0»C for 20 min and the 

supernatacnt was co l lec ted . To the res idue , 2 ml 

d i s t i l l e d water was added, centrifuged as above and the 

supernatant was pooled together for c l a r i f i c a t i o n . 

Separat ion of DNA and RNA. 

The above a l iquot was ac id i f i ed to pH 2 with 

perch lor ic acid to p r e c i p i t a t e DNA. and excess of potassiiim 

perchlora te (KCIO^), centrifuged a t 5,000 g for 20 min. The 

supernatant contained RNA and the res idue contained DNA., 

The RNA. present i n the supernatant was d i r ec t l y estimated 

while the res idue was dissolved i n perch lor ic acid to 

remove excess of perch lora te . 

Est imation of RNA. 

T.he absorbance of the above ex t rac t was measured 

a t 260 nm in UV-265 Shimadzu spectrophotometer and the 

concentrat ion of RNA was calcula ted from a standard curve 

prepared with yeast RNA and expressed as >ug/g fresh wt. 
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C l a r i f i c a t i o n of DM, 

The res idue containing JJNA. was col lected and 

suspended in su i t ab l e a l iquot of 5% perct i lor ic acid a t 0*C, 

centrifuged a t 5,000 g for 20 min and the supernatant waus 

discarded. The process was repeated twice. The res idue 

was washed with absolute e thanol-ether mixturet centrifuged 

a t 2»000 g for 10 min and the supernatant was discarded and 

t h e res idue was co l lec ted and suspended with a s u i t a b l e 

volume 0,5 N perch lor ic acid and incubated a t 90^0 for 10 

min in a constant temperature water bath. The so lu t ion was 

then centrifuged and the supernatant was co l lec ted . The 

res idue was washed twice with water and the supernatant 

pooled to^gdther to make up the volume. To a known a l iquo t , 

equal volume of 1 N KOH was added to p r e c i p i t a t e excess 

perch lora te as KCLO ,̂ centrifuged a t 5,000 g for 20 min ard 

t he absorbance of the supernatant containing t h e -ONA. was 

measured at 260 nm. The concentrat ion of -LJNA, was calcula ted 

from a standard curve prepared with DMA and is expressed as 

>ig/g fresh wt of t i s s u e . 

Colorimetric es t imat ion of RNA. 

In a t e s t tube , 0,2 ml of the ex t rac t containing 

RNA., 2 ml of orc inol reagent / lO ml orc inol ( l ^ in water) was 

mixed with 40 ml cone HCl and 1 ml of f e r r i c chlor ide ClO% 
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soLutiori[7 were taken and a reagent blank was also 

prepared. Each t e s t tube was covered with aluminium fo i l 

and heated a t 100*C constant temperature water bath for 

10 mln. The t e s t tube was then cooled In a running water 

bath. The heavy in tense coloured so lu t i on was d i lu ted to 

10 ml with r>-butanol. The absorbance of the s o l u t i o n was 

measured a t 665 nm in a colorimeter and concentrat ion of 

RNA was determined u t i l i z i n g the standard curve prepared 

wi th r ibose . The txantosadpresent a re expressed as >ig/g 

fresh wt of t i s s u e . 

Colorimetric es t imat ion of DNA. 

The ex t rac t was d i lu ted to a s u i t a b l e amount with 

0.5 N perchlor ic acid , mixed with 4 ml of diphenylamine 

reagent ( l . 5 g of dipher^lamine was dissolved in lOO ml 

g lac ia l a ce t i c acid followed by the addi t ion of 1.5 ml cone 

HpSO. ) . The t e s t tubes containing the mixture were incuba­

ted overnight a t 30'*C and the absorbance of these so lu t ions 

was measured a t 600 nm. The concentrat ion of î Ni i s 

expressed as jug/g fresh wt of t i s s u e . 

Est imation of p r o t e i n 

The es t imat ion of p ro t e in was done following 

Kiahadevan and Sr idhar ( l982) . The p e l l e t so obtained from 
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previous ex t rac t ion wsus suspended in 1 ml N-NaOH a t lOO^C 

for 5 min. 5 nil of a lka l ine cupper reagent £^30 ml 2^ 

Na^CO^ ( i n 0.1 N NaOH) and 1 ml 0.5% CuS0^.5H20 ( i n ^% 

sodium potassium tar taratej[7 fJc-eshly prepared. The 

mixture was allowed to stand a t room temperature for 20 

min, then 0.5 ml Fol ln-c loca l teu reagent (1 ml Fo l in - c lo -

ca l t eu and 9 ml d i s t i l l e d water) was added quickly ,3haken 

and incubated, Fol in -c ioca l tue reagent blank was used 

for c a l l i b r a t l n g t he absorbance. After 30 min the absor-

bance was read in a colorimeter a t 750 nm. The amount was 

ca lcula ted from the standard curve prepared with bovine 

serum albumin and is expressed as mg/g fresh wt of t i s s u e . 

Ext rac t ion of amino acids 

The separa t ipn , i d e n t i f i c a t i o n and quan t i f i ca t ion 

of amirjo acids were done using the procedure of Mahadevan 

and Sr idhar ( l982) . 10 g each of f resh normal and gal l 

t i s s u e s were cut into small pieces ( l - 2 cm) and plunged into 

100 ml boi l ing ethanol for 5 min, cooled and crushed i n 

mortar with pestleo The pulp was then squeezed through 4 

l aye r s of cheese c lo th . The res idue was washed with 50 ml 

alcohol (80%) and squeezed out . The ex t rac t s were pooled 

toge ther , pa r t i t i oned twice with equal volume of petroleum 

ether to remove pigments us ing separatory funnel. The 
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petroleum ether f r ac t ion was discarded. The pigment f ree 

alcohol ex t rac t was evaporated to dryness a t 40®C in a 

water bath. The a lcohol- f ree res idue was dissolved in 50 

ml of d i s t i l l e d water and centri:&iged for 20 min a t 5,000 

g. The supernatant was col lec ted and the sediment was 

washed again with 10 ml d i s t i l l e d water. The washed 

a l iquots were pooled together with the previous supernatant 

and the so lu t ion was allowed to pass through Dowex 50 tfxH+ 

column (20-50 mesh). Before loading, the column was 

thoroughly washed several times wi th tap water followed by 

d i s t i l l e d water t i l l the pH of the eff luent was c lose to 

n e u t r a l i t y . The flow r a t e was adjusted to approximately 20 

drops per min. The ca t ion exchange column was washed with 

double d i s t i l l e d water and f i n a l l y t he amino acids present 

i n the column were eluted with 50 ml of 2 M NĤ OH. The 

eluent was evaporated to dryness u n t i l no ammonia odour 

was detected. The res idue was dissolved with 5 ml of 

d i s t i l l e d water anl the pH was adjusted to 2.0 with 2 î 

formic acid to r e l ease remaining ammonia. The so lu t ion was 

evaporated to dryness and the residue dissolved in 5 DU. 

water. 

Quan t i t a t ive est imation of amino acids 

1 ml of above mentioned ex t rac t was taken i n a 

t e s t tube followed by add i t ion of 1 ml of ninhydrin reagent 
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_/["800 mg of hydrated stannous chlor ide in 500 ml c i t r a t e 

buffer a t pH 5.0 (21 g c i t r i c acid In 200 ml of 1 N NaOH) 

and 20 g of r e c r y s t a l l i z e d ninhydrin in 500 ml of methyl 

ce l loso lve (prepared by mixing the two freshly before useX7. 

The contents In the t e s t tube were heated in boi l ing water 

bath for 15 min. Then 5 nil d i luent so lu t ion (equal volume 

of glass d i s t i l l e d water and n-propanol) was added to each 

t e s t tube while s t i l l on water bath. Blank was maintained 

with 1 ml d i s t i l l e d water instead of the sample. The t e s t 
(OaJSh. 

tube was removed and cooled und£frunning tap^and contents 

were thoroughly mixed. The absorbance of the purple colour 

so lu t i on was measured in a colorimeter a t 570 nm. The 

concentrat ion of t h e amino acid was calculated using t h e 

s tandard curve prepared from glycine and is expressed as 

j*g/g fresh wt of t i s s u e . 

Separation and i d e n t i f i c a t i o n of amino ac ids by paper 
chromatography, ^ f f 

The same ex t rac t prepared for quant it-:. *jive estima^ 
4 

t i o n was used. 0.5 nil each of the sample of both ga l l and 

normal was spotted on No. 1 Whatman Chromatographic paper. 

The remaining ex t rac t was applied to the paper by s t reak ing 

the sample across the paper and developed unldimensionally 

and descendingly. 
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The chroiratographic paper with both sty.ndard and 

samples loaded on i t was f i r s t equ i l ib ra ted for 30 min in 

an a i r t i g h t glass chamber sa tura ted with the 100 ml s o l ­

vent .vapour (nrbutanol: g lac ia l a c i t i c acid:water-4:1:5 

v /v /v upper layer organic phase)at room temperature. After 

30 min, the paper was developed descendingly without d i s ­

turb ing the sa tu ra ted atmosphere for 12 hrs . After deve­

loping the paper was dr ied for nearly 20 hrs under hood to 

get r i d of solvent vacpours. I t was then sprayed with nia-

i^dr in reagent (3OO mg of commercial ninhydrin in lOO ml 

ethanol) dried a t room temperature for 30 min and then 

heated a t iOO°C for 5 min in venfcillated oven- Amino acids 

appeared as various shades of purple coloured spo t s . All 

the spots were marked with pencil and the Rf value of each 

spot was calcula ted by the formula : 

Rf lavement of the spot from the o r i g i n 
^ ~ Movement of the advancing l i qu id from the o r i g i n 

(solvent front) 

The d is tance of the spot was taken from the o r i g i n to the 

center of the spot showing maximum intens i ty* The sample 

was iden t i f i ed by comparing with the standard spo t s . 
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EXPERIMENTAL RESULTS 

Auxin contents 

Tile g a i n t i s s u e s of both S, ktiasiana and 

§,• >^allichi contained more auxin than the normal t i s s u e s . 

The dif ference being more in the l a t e r species (Table 12). 

Nucleic acid contents 

The contents of DM and RNA. were more in the in 

vivo gal l t i s sues of both S. khasiana and S. wa l l i ch i 

as compared to respec t ive normal t i s sues (Table 13). The 

est imations of nucleic acids a t 260 nm were comparable with 

color imetr ic es t imat ion. 

The gal l t i s s u e s of S. khasiana contained more 

DNA. i n 2f4-D and lAA treatments while in NAA and IBA. 

treatments the normal t i s s u e had higher DNA, contents (Table 

14). In case of S, wa l l i ch i the gal l t i s s u e possessed 

higher DNA. contents compared to normal except IBA. t reatment . 

A general increase i n RNA content was observed in the gal l 

t i s s u e s compared with normal subjected to d i f ferent growth 

regu la to r t rea tments . 

P r o t e i n 

The p r o t e i n contents were higher in the ga l l 

t i s s u e s of both the species as compared to normal except for 



Table 12. A.uxin content i n i n vivo normal and gal l t i s s u e s 
of S. khaaiana and S. wa l l i ch i 

p g / g fresh wt 

S, khaslana 

Normal Gall 

S. wa l l i ch i 

Normal Gall 

0 . 0 2 3 + 0 . 0 0 2 0 , 0 3 4 + 0 , 0 0 1 0 , 0 1 6 + 0 . 0 0 1 0 , 0 3 2 + 0 . 0 0 2 

+ S«E. 
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Table l 6 . I d e n t i f i c a t i o n of amino acids present i n S. khasiana 
normal and gal l t i s sues 

• '•' • ' I • " • •'" •' ' • ' ' 

I Rf value 
Amino a c i d 

Lys ine monokxydrocliloride 

Arg in ine mo no hydro c h l o r i d e 

A s p a r t i c a c i d 

Hydroxyprol ine 

Tryptophan 

DL-alaJilne 

2-amino b u t y r i c 

Methionine 

U n i d e n t i f i e d 

I s o l e u c i n e 

DL-nor-Leucine 

U n i d e n t i f i e d 

ac id 

1 ' ' ' ' 
} S tandard 
t 
1 

O0O23 

0.05 

0.08 

0.125 

0 .17 

0.24 

0.29 

0.39 

-

0.56 

0 .60 

-

Normal 

0,026 

0.04 

-

-

0.18 

0.25 

0 .30 

-

-

-

-

-

Gal l 

0.026 

0.04 

0 .08 

0 .13 

0 .18 

0 .26 

0 .30 

0 .38 

0.45 

0 .54 

0 .61 

0 .75 ' 
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2,4-D and lAA treatments (Table 15). 

Qua l i t a t i ve and Quant i ta t ive est imation of amino acids 

In vivo normal t i s s u e of S. khasiana contained 5 

amino acids whereas the gal l t i s s u e contained ^2 amino 

acids (Table l 6 ) . 

The amount of amino acids in the in v i t r o gal l 

t i s s u e s of ^ . khasiana were lower as compared to normal 

except for lAA treatment (Table 17). However, i n case of 

§.• wa l l i ch i the gal l t i s s u e s exhibi ted higher amino acid 

contents as compsired to normal in a l l treatments except for 

IBA. . 

DISCUSSION 

The hormone autonomy of Schima gal l t i s sues i n 

cu l tu re and the tumorous outgrowth of transformed c e l l s in 

the in t ac t p lant are due to higher l eve l s of auxin and 

cytokinln. Higher amount of auxin content wsus observed in 

the ga l l t i s s u e as compared to normal (Table 12). Similar 

r e s u l t s have been reported i n crown gal l (Meins, 1962.,', i n 

insec t /mi te inc i ted stem gal ls (Tandon and Arya, I980a) and 

l ea f gal l (Madden and Stone, 1984). Var ia t ion in auxin 

l eve l s during the growth of crowx>-gall t i s s u e s in cu l tu re has 
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eilso been shown (Naka.iIma et al,, l98 i ; Pengeliy and 

Meins, 1982; Zofia, i984a). 

Studies on tumour morphology l e n t support to the 

Idea t h a t hormones play a centra l r o l e in maintaining the 

tumourous s t a t e . Chromosomal i r r e g u l a r i t i e s (HeinS and 

^iew, l97l) and a-change i n genetic expression (Heir^ _et a l .» 

1977) have been reported for sugarcane cu l tu re induced and 

maintained on the media containing 2,4-i). The use of 

2,4-i) i n t i s s u e cul tures caused cytoiogical changes t ha t 

r e s u l t i n the phenotypic differences between the donor plant 

and the plant regenerated from ca l lus (Holgatet 1977). These 

may play a par t in the occurrence of i r r e g u l a r i t i e s i n c e l l 

d i v i s i o n , the frequency of polyploidy increases and the 

frequencies of mitosis i r r e g u l a r i t i e s decreases. I t may be 

argued t h a t i f an endogenous hormone has a c e r t a i n effect on 

the process , addi t ional hormones should enhance or promote 

the ef fec t , provided t h a t the exidogenous hormone i s not 

present at an optimal concentrat ion. I t i s known t h a t a 

c e r t a i n process occurs a t a pairt icular s tage of development 

and i t is thought to be hormone dependent. I t has now been 

es tabl ished t h a t hormone ra re ly determine the way in which a 

ce l l or t i s s u e may respond but r a the r than in most cases 

t h e i r r o l e i s more l i k e l y to be t h a t of inducing c e r t a i n 

response the nature of which is pre-determined by fac tor (s ) 
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i n t r i n s i c to the c e l l . In other words i t i s the program­

ming of the c e l l . 

I t has remained a fact for about two decades t h a t 

t h e physiological autonoiny exhibited by the plant cancer 

c e l l r e f l e c t s an abnormal growth hormone metabolism 

( s t o n i e r , 1972). Excess auxins were found to be associa ted 

i n various abnormal growths (Purohit et a l . , 1979; Tandon 

and Arya, 1982; Josh i and Tandon, 1984). Henderson and 

Bonner Cl952) reported t h a t normal t i s s u e s of sunflower con­

ta ined an inh ib i to r t h a t prevented the conversion of t r y p t o ­

phan to lAA While i t was absent in tumor t i s s u e s . The 

presence of auxin pro tec tors has also been reported (Tandon 

and Arya, l980b). This favours excess accumulation of auxins 

i n the gal l t i s s u e . 

In plant c e l l s , the accumulation of lAA could be 

regulated by th ree fac tors ; ( l ) s u b s t r a t e a v a i l a b i l i t y ( i i ) 

t he a c t i v i t y of LU biosynthet ic enzymes, ( i i i ) the a c t i v i t y 

of the enzymes con t ro l l i ng the lAA catabolism or conjugation. 

The regu la t ion of enzymes of lAA biosynthesis has proved 

d i f f i c u l t to e s t a b l i s h because of the lack of substra1;e 

spec i f i c i t y (Truels©n, 1972). The spontaneoxis oxidat ive 

de-carboxylat ion of indole pyruvic acid to breakdown product, 

which included lAA, have led to the proposal t h a t lAA 
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biosynthesis i s not regulated by the change in c a t a l y t i c 

a c t i v i t y but r a the r by the a v a i l a b i l i t y of the s u b s t r a t e 

(Sheldrake, 1973)• The indole metabolising enzyme systems 

have not been observed in maî r tropiceil p lants (Kunapuli 

and Vaidyanathan, 1985). There could be two p o s s i b i l i t i e s , 

e i t he r the indole metabolising enzyme system i s completely 

absent or i f p resent , could be inac t iva ted by polyphenols 

present in the t i s s u e s . 

Increased auxin synthes is ing capacity of the gal l 

was recognised (Bouil lene and Gaspar, 1970). Tandon and 

A.rya (l980a) suggested tha t Zizvphus gal l t i s sues converted 

more auxin from tryptophan as compared to normal t i s s u e s . The 

increased leve ls of lAA i n gall t i s s u e s may or may not be due 

to t he expression of the new pathway. The elevated auxin in 

tumours a r e probably due to enhanced expression of the normal 

p lan t pathway for lAA biosynthesis (J.oshi, 1986). E a r l i e r 

s tudies in tumours have been reviewed (Nester _et al,, 1984) 

and subsequent work (Amasino and Mi l l e r , 1982; Pengelly and 

Meins, 1982, 1983; Weiler and Spanier , 1981) has provided 

fur ther confirmation t h a t lAA l eve l s are elevated over those 

of untransformed t i s s u e s . However, there i s l i t t l e agreement 

on t h e time course of lAA concentrat ion changes during tumour 

growth. 
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Schlma gal l t i s s u e s can grow on phytohormone-

f ree medium a s i t u a t i o n s imi lar to c r o w n - ^ l s (Braun, 

1982). Several r e s u l t s indicated t h a t the pl^ohormone 

autotrophic growth of the transformed t i s sues i s due t o 

T-DNA induced e leva t ion of the endogenous l eve l s of auxin 

and cytokinin (Atsumi and Hayashi, 1978; Einse t , 1980; 

Nakajima et. a l . , 1981; Weiler and Spanier , l98i; Amasino 

and Mi l le r , 1982) o Based on the analog/ between the effect 

of phyto hormones in no n- t rans formed p lan t t i s sues (Skoog 

and Mi l le r , 1957) and the effect of mutation in the genes 

on the morphology of transformed t i s s u e s , the a c t i v i t y of 

t h e gene^ f T-DNA were predicted (Garfinkel e t a l . , l98l ; 

Leemans jgt a i . , 1982; Joos et al,, 1983; Akiyoshi j t a l , , 

1984; Barry &t a l . , i984) 

Phytohormone independent growth and suppression 

of d i f f e r e n t i a t i o n a re observed in Agrobacterium induced 

tumours on a very wide range of dicotyledonous p lan ts 

(DeCleene and Daley, 1976) which might suggest t h a t t he 

introduced T-DNA ( N e s t e r ^ a l , , 1984) a l t e r e d common basic 

p lan t control mechanisms. Two genes code for the synthesis 

of lAA from tryptophan v ia indole-3-acetamide (ThomiashQW et 

a l , , 1986; Schroder e t a l . , l984) and the t h i r d gene codes 

for an isopentanyl t r ans fe rase which cata lyses the f i r s t s t ep of 

cytokinin biosynthesis (Barry e t a l , , 1984), I t is reported 



98 

t h a t t he morphology of noi>-transfbrmed tobacco t i s s u e in 

cu l tu re can be regulated by the r a t i o of auxin and cyto-

k i n i n provided in the growth medium (Skoog and Mil ler i 

1957). Direct measurement of hormone in crown-gaLL 

tumours t h a t vary in morphology have shown auxir>-cytok±nin 

r a t i o in tumour as predicted by the hormone feeding expe­

riment (Amasino and Fi i l le r , 1982; Akiyoshi j t ^ . , 1983; 

Van O n c k e l e n ^ ^ . , 1984). Enzyme ca tabol i s ing cytokins 

have been invest igated by several workers (Kc Craw and 

Horgan, 1983). This enzyme cata lyses removal of the i s o -

pentanyl s ide chain of cytokinin. lAA exogenously applied 

to p l an t t i s s u e is degraded with r a t e and degree of 

de s t ruc t i on which vary considerably with the t i s s u e and 

physiological conditions (Davies, 1972; Thimxnn ,1972) ' 

Crown gal l ce l l s e s sen t i a l l y grow because the T-DNA code 

for and d i rec t the synthes is of auxin Clnze*2^ ^'f 1984)# 

and cytokinin (Barry et ^ . » l984). However, the regula­

t i n g p a t t e r n of growth i s t o t a l l y unphysiological . Tumour 

containing the fu l l component of T-OM, grown in a more or 

l e s s undi f ferent ia ted manner and do not respond morphologi­

ca l ly to added hormones (Cardare l l i e t a l .» 1987). 

Several workers have shown effects of cytokinin on 

p r o t e i n synthesis (Klambt, 1976). Other workers suggested 
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spec i f i c binding of cytokinin to ribosomes (Fox and Erion, 

1975) and tlie acce le ra t ion of in v i t r o p ro te in syntliesis 

Klambt, 1976). The biosynthet ic pathway of cytokinin i s 

c losely r e l a t ed to the metabolism of RM, especia l ly tRl^ 

(Letham, 1978). Cytokinirjs have been reported in gal l 

forming wasp la rvae (Elzen, 1983). A.t present i t i s not 

c lea r whether the la rvae are sec re t ing cytokinin or accumu­

l a t i n g them from the host p lan t . 

Increased nucleic acid in gal l t i s sues has been 

observed. Tissues cu l t iva ted in v i t r o exhibited a higher 

DNA and RNA content as compared to J ^ vivo t i s s u e of both 

normal and gall (Tables 13 and 14). Increase in t)N4 during 

tumour induction (Klein e t a l . , 1953)» a f t e r wounding 

(Kupila and S te in , l96l) has been reported. The ^^I^ thus 

synthesized play a ro l e in tumour induction, Mathysse ard. 

Ph i l i p s (l969) reported t h a t RM synthes is by tobacco or 

soybean nuclei was s t i nu l a t ed by add i t ion of auxin 2 » ^ J J 

provided t h a t i t was also included in the nuclear i s o l a t i o n 

medium. I t was iniferred t h a t , i n the absence of 2,4-i), some 

fac tors required for the auxin response was l o s t from the 

nuc le i . Both DM and RNA content of the t i s sue in the present 

s tud ies are d i r e c t l y influenced by the external app l ica t ion of 

auxin in the medium. Highest amount of BNA. and RNA was 

observed in the medium containing 2,4-D for gal l t i s sue as 
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compared to normaL. Higher DN4 contents in Zizyphus 

gal l t i s sues grown in NAA containing medium was reported 

(Tandon e t a l . , 1976). On the other hand, the RNil 

content increased in the normaL t i s s u e by increasing the 

NAA content in the medium while no appreciable change was 

recorded in the gal l t i s s u e . 

In the present findings higher Rlil contents i n 

the gal l t i s sues than normal were recorded in response to 

auxins. Key and Vander hoef (l973) concluded t h a t i n tobacco 

p i t h ca l lus d i f fe ren t lAA concentrat ion which e x i s t induced 

d i f f e r en t r eac t ion in the t i s sue and a difference in iGucleic 

acid contents of the c e l l s . Thus low concentrat ion of lAA 

(2 mg/l) a condit ion su i t ab l e for normal Leaf ca l lus to grow 

may induce ce l l d iv i s ion but l i t t l e c e l l enlargement an i 

increase the amount of RNA, whiLe gal l t i s sue which required 

l e s s auxin in the t reatment medium cause mainly c e l l ehL^g-

ment and decrease i n the RNA content of the ce l l due to 

higher l eve l s of lAA, 

The importance of RINIA metabolism in auxin ac t ion 

hsus been confirmed by a number of workers employing various 

pLant systems. Ma~suda (1967) suggested t h a t at l e a s t two 

types of RNA pa r t i c i pa t ed in the auxin induced expression of 

growth. One i s responsible for the ce l l s t a t e preparatory 
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to the following auxin action, ttie ottier is producfid by 

the action i tse l f . There is l i t t l e known about the i n i t i a l 

interact ion of hormone with cellxilaj? components, although 

there i s more information available for auxin than for ary 

other plant hormones. Nevertheless,there are reports that 

auxin-receptor complex poussess biological ac t iv i t i e s . A 

receptor has been found in nuclei of tobacco and. soybean 

t i ssue cultures (Matly^ and Phi l ip , 1969) and auxin plus the 

factors stimulated RNA (Jacobson, 1977). 

Proteins are known to play a key role in the 

metabolism directly result ing in the growth phenomena. RNA 

and protein metabolites are in i t ia ted in plant t issue in 

response to infection. Thus various kinds of proteins are 

synthesized from free 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 

di rect ly involved in the protein synthesis. A perusal of 

l i t e r a t u r e suggests that the effect of hormones on growth and 

different iat ion are conditioned by an undisturbed protein 

synthesis. Growth expansion induced by auxin on plant 

t i ssue is strongly suppressed by inhibitors of protein synthe­

s i s in plants (Patterson and Trewavas, 1967) with differential 

increase or decrease in the level of enzymes. In many host 

paras i te interactions changes in protein profi le and isozyme 
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of ma.ny enzymes have been reported (Kado, 1976; Josh i and 

Tandon, 1984; Vanloon, 1985;i^bmerman aM Lick, 1986). The 

Isozymes served as unique markers in a wide range of pLant 

species as they a re d i r e c t l y l inked with genes. 

I t i s now accepted tha t continued RNA, and protein, 

synthesis are required i f growth i s to be susta ined. Auxin 

could s t imula te synthesis of p ro te in and RKA, in elongatiiJg 

t i s s u e s (Key and I n g l e , 1964). This l ed to the propos i t ion 

of the so cal led gene ac t iva t ion hypothesis which suggested 

t h a t auxin depressed c e r t a i n genes, the depression of which 

was necessary for the extension process . However, i f i nh ib i ­

to r s of p ro te in synthesis could i n h i b i t growth immediately 

or nearly so , i nh ib i to r s of RM synthes is did not . I t led to 

the idea of the exis tence of an unsui tab le p ro te in whose 

synthes is was dependent on auxin and which was p r e - r e q u i s i t e 

of induction of growth, ^bst s tud ies agree t h a t DNA synthes is 

takes place p r i o r to d i f f e r e n t i a t i o n and t h a t hormones affect 

t h i s synthesis (Robert, 1976). 

The amino acids present in Schima gall and normal 

p l an t pa r t were mostly s imi la r with the exception of the two 

unident i f ied spots present in the g a l l . However, the concen­

t r a t i o n of spots di f fered as noted by the colour i n t e n s i t y . 

Excess amount of amino acids present i n the gall as compared 

t o normal might be due to t h e i r p a r t i c u l a r r o l e in the gal l 

development. 



Chapter V 

S^nmary 
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Sciiiina kfaaaiana Dyer and S. wal l ichi Cbolsy are 

two eoonomically important tree species of the Norti>-£ast 

India. The trees are heavily Infested with the Insect 

Trloza sp« which resi i l ts In the gall formation on the 

Infected leaves* 

Plant t i s sue culture methods u t i l i s i n g the exoge­

nous application of nutrients* hormones* etc . are one of 

the powerful tools for understanding the physiological 

requirements of plants and also the mode of action of such 

substance* The general growth characteristics of callus 

involve a coiiplex interation among plant materials used to 

i n i t i a t e callus* the composition of the medium and the 

environmental conditiozis during the incubation period* 

Browning of the explants i s one of the major pro­

blems in t i s sue culture* Though pre-soaking of the explajcxta 

with different antioxidants l i k e PVP and incorporation of 

activated charcoal in the medium remarkably reduced the 

browning of explants of Schima normal and gall t i ssues* i t 

did not help in callus init iat ion* Only the young normal 

and gall leaf t i s sue were able to throw callus* whereas 

mature explants were hard and recalcitrant* 

In the present study* normal and gall t i s sues of 

S* khasiana and S* wal l ichi were successful ly Isolated on 
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MS medium containing 2»M) (4-l0 mg/L) and klnetln (0.04 

mg/l)» and malntialned on the medium containing NM (1-4 

mg/l) and klnet ln (0.04 mg/l). The optimum concentration 

of auxin for the growth of ca l l l varied for the different 

type of t i ssues . I t Is generally accepted now that tumor 

formation Is accompanied by a simplification of the 

nutrient requirements of the host ce l l s . With sucrose as 

a source of carbohydrate maximum callus weight of normal 

and gall t issues resulted* of which normal was higher than 

gal l . 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 c a l l l 

declined except for gall c a l l l growth a t higher concentres 

t l o n of NAA. 

Maximum fresh weight of normal and gall c a l l l was 

observed In the medii<i. containing different concentrations 

of ei ther 2*4-0 or MA in con;}unction with klnet ln. Higher 

concentration proved more suitable for normal callus t i ssue 

growth whereas these were inhibitory for the growth of gal l . 

Both lAA and IBA served as poor sources of auxins for the 

growth of hormal and gall t i ssues . Ln vivo gall t issues 

contained higher concentrations of auxin which could account 

for the i r disorganised growth. 
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Important metabolic changes are involved during 

tile transformation of normal to tumoroiis growth* Quanti­

ta t ive and qual i tat ive variations in enzyme a c t i v i t i e s 

have been well documented. In vivo gall t i ssues of both 

the species of Schima as compaured to normal t showed more 

PAL, TAL» PPO a c t i v i t i e s and O-dihydroxy and total phenol 

contents. A. reverse picture was observed for lAA. oxidase 

and PRO ac t iv i t i e s* In vitro t i s sues of both the species 

grown i n media containing different auxins showed more» 

PRO, PPO and lAA oxidase a c t i v i t i e s i n the gall t i s s u e as 

compared to normal excepting 2»4-D and IBA treatments 

where the normal t i s sue showed more PPO and lAA oxidase 

a c t i v i t i e s , respect ively. The concentration of enzymes in 

a c e l l at any given time i s a function of the re lat ive 

rate of i t s synthesis and the rate of i t s 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 s t i l l not c lear. 

The presence of growth regulators of phenolic 

nature and their role in plant growth regulation has been 

a subject of recent s tudies . In v i tro t i ssues cultured i n 

media containing different auxins showed more phenol 

contents in the gall t i s sue as compared.to the normal 

except for lAA and 2»4-D treatments* This may be attributed 
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to tbe hlgii PFO activit ies in the fornor tiasuea. The 

ooncezrtration of natural growth regplaXova in plant 

tissues is determined by the activit ies of the two pro­

cesses* synthesis and degradation* Since both hormone 

and natural inhibitors are synthesized from the common 

metabolic precursors* i t has been suggested that the 

in i t ia l stages of growth regulation are realised at the 

level of biosynthesis of the natural growth regulators* 

Eight phenolic compounds were detected in in^ivo tissues 

of S* khasiana* Out of these* four were identified as 

caffeic* p-hydroxy benzoic* p-ooumaric and ferulic acids* 

two unidentified distinct spots were present only in the 

gall suggesting their formation following gall induction* 

Phenolic acids* both endogenous or exogenously incorpora­

ted in the medium influence the growth of i^ vitro grown 

tissue* With the 6 phenolic compounds tested for the 

growth of both normal and gall oalli* differential results 

were obtained* The growth of S* khasiana normal and 

§.* wallichi gall tissues shDWed an increase with the 

increase in the concentration of ferulic acid in the 

medium* and so was the case of S* khaalana gall t issue 

grown in the medium containing caffeic acid. However* a 

reverse picture was obtained for other phenolic compounds 

tested which showed a maximum growth of callus at very low 
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cpncenjbirationa of phenolics* The addi t ion of phenolic 

i n t h e assay mixture enhanced t h e HA. oxidase a c t i v i t y 

i n normal and ga l l t i s s u e s of S. khasiana as compared t o 

control^ suggesting more lAA des t ruc t ion by higher ooncei>-

t r a t i o n s of the phenols t e s t ed in t h e present Invest igar 

t i o n . How evert with low concentrations of phenols d i f fe ­

r e n t i a l responses were obtained. The ca l lus growth 

Increased when phenolics were incojrporated at a s u i t a b l e 

concentrat ion. Perhaps* t h i s affected IA.A. oxidase a c t i v i ­

t i e s r e s u l t i n g i n more auxin contents and unorganised 

growth of the ca l lus i n the medium. 

In both jya vivo S. khasiana and S. wa l l l ch l ga l l 

t i s s u e s f more auxins > nucleic acids» and p ro te in were 

found as compared t o normal* The J ^ v i t r o grown t i s s u e s 

showed higher DNA. and RNA contents than ^ vivo t i s sue* 

Of t he four auxins t e s t e d , 2f4-D resxilted i n maximum DNl 

and RNA. contents* 

The more p ro te ins and amino acid contents i n the 

ga l l t i s s u e as compared to normal suggested t h e i r formation 

following gal l induct ion. The ga l l t i s s u e contained 3 more 

amino acids as compared t o normal* Hormones are kxiown to 

play a s ign i f i can t r o l e in the metabolism of amino acids* 

The natura l auxin lAA resu l t ed i n the production of maxinum 

amino acid contents than the o ther sources of auxins t e s t ed . 



108 

Lastly* from the resiilts obtained In the present 

Investigation, I t can be ooncluded that the gall t issues 

showed hypera(uxlnity> simple media requirementt higher 

PAL, TAL, PPO ac t iv i t ies* DNA* RNA, protein, amino acid 

and phenol contents as con^ared to normal t i s sues , k 

complex Interplay of different enzymes> and metabolites seem 

to be Involved in the process of gall Induction In 

^* Vthaslyia and S. w^Lllchl* 
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