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The effects of a highly cytokinin-active urea derivative, N- 

phenyl-N'-l,2,3-thiadiazol-5-ylurea (Thidiazuron), and zeatin on 

cytokinin-autonomous growth and the metabolism of N -(A -isopen- 

tenyl) [8- Cjadenosine ([ C]i Ado) were examined in callus 

tissues of two Phaseolus lunatus genotypes, cv. Jackson Wonder 

and P.I. 260415. Tissues of cv. Jackson Wonder maintained on any 

concentration of Thidiazuron became cytokinin-autonomous, whereas 

only tissues exposed to suboptimal concentrations of zeatin dis- 

played cytokinin-autonomous growth. Tissues of P.I. 260415 re- 

mained cytokinin-dependent under all these conditions. 

14  6 
The metabolism of [ C]i Ado was similar for the two geno- 

14  6 
types, but differed with the medium used. [ C]i Ado was rapidly 

converted to N6-(A2-isopentenyl)[8-14C]adenosine S'-P ([14C]i6AMP) 

by tissues grown on zeatin-containing medium, whereas only traces 



of the nucleotide were formed in tissues grown on medium with 

14  6 
Thidiazuron. Incubation with [ C]i AMP of tissues grown in the 

14  6 
presence of Thidiazuron resulted in rapid conversion to [ C]i Ado, 

14  6 
while [ C]i AMP persisted in tissues maintained on zeatin. Thus, 

Thidiazuron appears to stimulate enzyme activity converting the ri- 

bonucleotide to the ribonucleoside. 

14  6 The [ C]i Ado metabolism was also examined in cv. Jackson 

Wonder tissues grown in the simultaneous presence of Thidiazuron 

and zeatin. Regardless of the zeatin concentration present, at 

14  6 
suboptimal Thidiazuron concentration, the [ C]i Ado metabolism re- 

sembled that of tissues grown on zeatin alone; while at optimal 

concentration of Thidiazuron, nucleotide formation was inhibited. 

Cytokinin-autonomous growth was observed in tissues transferred 

from medium containing optimal Thidiazuron concentrations (and any 

concentration of zeatin), as well as suboptimal concentrations of 

the two compounds. Moreover, uptake of Thidiazuron and zeatin was 

found to be independent. Thus, although the cytokinin-active 

phenylureas and adenine derivatives differ in their effects on 

cytokinin autonomy as well as nucleotide formation, the two effects 

do not seem to be related. 
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The Effects of Thidiazuron on Cytokinin Autonomy and the 

Metabolism of N (A -isopentenyl)[8- C]adenosine in 

Callus Tissues of Phaseolus lunatus L. 

I.  INTRODUCTION 

The generic term "cytokinin" was proposed by Skoog et al. 

(1965) to describe those natural and synthetic plant growth sub- 

stances which display kinetin-like biological activities. These 

activities include the promotion of cell division and bud forma- 

tion, the release of lateral buds from apical dominance, and the 

retardation of senescence. Kinetin was the first of such com- 

pounds isolated,from an autoclaved herring sperm DNA preparation, 

and was identified as 6-furfurylaminopurine (Miller et al_., 1955, 

1956). The first naturally occurring cytokinin was isolated from 

immature maize endosperm (Letham, 1963; Miller, 1961a), and hence 

called zeatin. It was characterized as 6-(4-hydroxy-3-methyl- 

trans-2-butenylamino)purine (Letham et al_., 1964), and is thus 

structurally similar to kinetin. Numerous compounds exhibiting 

cytokinin activity have subsequently been discovered and 

synthesized. 

To detect cytokinin activity various bioassays based upon the 

growth regulatory activities of cytokinins are utilized. Cell 

division activity is commonly measured in the tobacco callus 

(Linsmaier and Skoog, 1965), soybean callus (Miller, 1960), 

Phaseolus callus (Mok et aK, 1978), and carrot phloem (Letham, 

1967) bioassays. For kinetic studies, a modified tobacco assay 



which measures growth rate rather than final yield of tissues has 

been devised (Hegelson et aj_., 1969). Cytokinin activities may 

also be assayed by the chlorophyll retention of radish leaf 

disks (Bruce eta^., 1965), formation of lateral buds in Pi sum 

sativum (Thimann and Sachs, 1966), and pigment formation in 

Amaranthus (Bamberger and Mayer, 1960). In the tobacco callus 

_g 
assay, kinetin concentrations as low as 10  M can be detected 

(Miller et al., 1955, 1956). Zeatin is approximately 100 times 

more active than kinetin in this system. 

Systematic tests of cytokinin analogs have revealed the 

important structural features which confer cytokinin activity. 

These have been reviewed by Skoog and Armstrong (1970), Strong 

(1958), and Matsubara (1980). Basically, the aminopurine moiety 

and a N -substituent are essential for high activity. Further- 

more, side chains which enhance the planarity of the molecule 

promote biological activity (Hecht et aiK, 1970). 

Certain substituted urea compounds such as N.N'-diphenylurea 

(DPU) display cytokinin activity in callus culture as well as 

other bioassays (Bruce and Zwar, 1966; Bruce et aj_., 1965; 

Isogai, 1981; Mok et aK, 1979; Shantz and Steward, 1955; 

Takahashi et al_., 1978). Although DPU is a rather weakly active 

cytokinin, other phenylurea compounds such as the N-phenyl-N1- 

(4-pyridyl)urea derivatives and N-phenyl-N'-l,2,3-thiadiazol-5- 

ylurea (Thidiazuron) have been shown to possess high cytokinin 

activity (Isogai et al., 1976; Mok et al., 1982a; Takahashi 



et aK, 1978). Thus, cytokinin activity is a property of two 

distinct classes of compounds: N -substituted adenine deriva- 

tives and substituted phenylureas. 

Previous studies on the activity of DPU in Phaseolus lunatus 

callus bioassays (Armstrong et al_., 1981; Mok et al_., 1979) indi- 

cated pronounced genotypic differences in the ability of tissues 

to grow on DPU-containing medium. Furthermore, tissues of geno- 

types responsive to DPU displayed the tendency to become cyto- 

kinin-autonomous after exposure to DPU, whereas comparable tissues 

grown on optimal concentrations of kinetin remained cytokiin- 

dependent. These results seem to suggest a difference in the 

biological action of cytokinin-active phenylurea compounds and 

adenine derivatives. 

The extremely high cytokinin activity of Thidiazuron in the 

_P. lunatus callus system (Mok et al_., 1982a) provides an oppor- 

tunity to further compare the biological activities of the two 

types of cytokinin-active compounds in tissues derived from 

different genotypes (i.e., responsive and unresponsive to DPU). 

Moreover, the possibility that phenylurea derivatives affect the 

biosynthesis or metabolism of adenine-type cytokim'ns can now 

be tested. The effects of Thidiazuron and zeatin on cytokinin- 

autonomous growth and the metabolism of [ C]i Ado in callus 

tissues of two _P. lunatus genotypes, cv. Jackson Wonder and 

P.I. 260415, are examined in this study. 



II. LITERATURE REVIEW 

A. Cytokinin Activity of Phenylurea 
Derivatives 

The cytokinin activity of diphenylurea (DPU) was first 

discovered by Shantz and Steward (1952, 1955) using the carrot 

phloem assay, and later confirmed in tobacco callus (Strong, 

1958; Miller, 1961b; Bottomley et al^., 1963), and soybean callus 

bioassays (Miller, 1960). DPU was also shown to be active in 

numerous other cytokinin bioassays: senescence retardation of 

radish leaf disks (Bruce et al_., 1965; Kefford et aK, 1973), 

pea lateral bud growth (Bruce et aK, 1965; Kefford et al^., 1966), 

promotion of lettuce seed germination (Bruce et aK, 1965; 

Kefford et aK, 1965), and the alteration of sex expression in 

Luffa acutangula (Bose and Nitsch, 1970). However, the activity 

of DPU was weak and variable in some of these tests. 

Bruce and Zwar (1966) studied the structure-activity relation- 

ships of mono- and di-substituted urea and thiourea derivatives 

using the tobacco pith assay and later also the radish leaf 

disk chlorophyll retention bioassay (Kefford et al_., 1973). 

Phenylurea was found to be the simplest active compound. Its 

characteristic structural properties, the planar ring and urea 

side chain, were found to be essential for the activity of all 

urea derivatives. Substitutions in the phenyl ring generally 

increased activity particularly with electronegative substituents 



such as m'tro or halogen groups in the following order: ortho< 

para<meta for the tobacco callus cell division assay, and ortho< 

meta<para in the chlorophyll retention assay. Addition of a 

phenyl group to the other side of the urea bridge (but not a 

thiourea bridge) enhanced activity. 

Thiourea derivatives were found to be only slightly active 

in the tobacco pith assay (Bruce et aK, 1965). However, Erez 

(1977) reported that thiourea promoted growth of cytokinin- 

requiring soybean, tobacco, and apple callus cultures. A syner- 

gistic effect between this compound and zeatin was observed in 

the stimulation of soybean callus growth. This result was taken 

as evidence in favor of the involvement of thiourea in the promo- 

tion of cell division by a different mechanism than either the 

urea or the purine-type cytokinins. The structure-activity re- 

lationships of the urea and thiourea derivatives were found to 

differ between tests measuring the promotion of germination and 

the stimulation of cell division (Kefford et a]_., 1965). In 

addition, thiourea and several dimethylphenylurea derivatives 

were almost completely inactive in stimulating cell division, 

but nevertheless lowered the light requirement of germinating 

seeds. From these results it was concluded that cytokim'n 

activity of urea derivatives may not be a prerequisite for the 

ability of these compounds to promote lettuce seed germination. 

Derivatives of pyridylurea which were moderately active 

or inactive in the tobacco pith assay were highly active in the 



chlorophyll retention bioassay (Kefford et aK, 197.3), in the 

lettuce seed germination test (Kefford et aK, 1965), and in the 

promotion of lateral pea bud development (Kefford et aK, 1966). 

The N-phenyl-N,-(4-pyridyl)urea position-isomer was found to be 

particularly active in all of these assays. Okamoto et al. 

(1974) retested this compound and found that it was 10 times 

less active than kinetin in the tobacco callus bioassay but gave 

10-20% greater callus yield at optimal concentration than the 

purine cytokinins. It was also shown to be highly active in the 

promotion of organ formation in tobacco tissue cultures (Isogai 

et a^., 1976; Okamoto et al_., 1978). 

Derivatives of N-phenyl-Nl-(4-pyridyl)urea varied in activity 

in the tobacco callus bioassay, depending upon the substituent 

and its position (Takahashi et aj_., 1978). Generally, substitu- 

tion into the phenyl ring decreased activity, in the order meta> 

orthopara, in notable contrast to the increase in activity by 

substitution in the phenyl ring of DPU (Bruce and Zwar, 1966). 

An exception to this was the marked increase in activity by the 

introduction of an electronegative Cl molecule into the 2-position 

of the pyridyl ring. N-phenyl-N,-(2-chloro-4-pyridyl)urea was 

4 2 found to be 10 times more active than DPU and 10 times more 

active than N-phenyl-N,-(4-pyridyl)urea in the tobacco callus 

bioassay and in the induction of shoot formation in tobacco cul- 

tures (Okamoto et aj_., 1978). In search of more potent cyto- 

kinin active urea derivatives, Okamoto et al. (1981) synthesized 



several di-substituted pyridylurea derivatives. Of these, 

N-(2,6-dichloro-4-pyridylJ-N'-phenylurea, N-(2,6,dibromo-4- 

pyridyl)-N,-phenylurea , and N-(2,6-dichloro-4-pyridylJ-N'-m- 

fluorophenylurea were extremely active in promoting tobacco 

callus growth, exceeding that of all known adenine-type 

cytokinins. 

Karanov et aK (1968) investigated the structure-activity 

relationships of N-allyl-N'-phenylthiourea derivatives in the 

senescence retardation and growth promotion assays using radish 

leaf disks. The results indicate that the effects of the intro- 

duction of substituents- into the phenyl ring depend on the par- 

ticular substituent and its position in the ring. However, even 

the most active compounds tested, N-phenyl-N'-p-carboxy -phenyl- 

thiourea and N-anyl-N,-3-hydroxy-4-carboxy-phenylthiourea, 

were less active than kinetin. 

Of other phenylureas tested, p-phenylthioureidosalicylic 

acid was found to be active in the Amaranthus bioassay 

(Vassilev et a]_., 1978), retardation of senescence in radish leaf 

disks (Vassilev and Karanov, 1972), and in the tobacco callus 

bioassay (Vassilev and Kamfnek, 1981). N-2-(oxo-l-imidazolidi- 

nylJethyl-N'-phenylurea, an experimentally used antiozonant was 

effective in retarding senescence in red clover (Lee et al., 

1981). However, it has not been tested for activity in any of 

the standard cytokinin bioassays. 

Recently, a cotton defoliant, N-phenyl-N'-l,2,3-thiadiazol- 



5-ylurea (Thidiazuron), was shown to possess cytokinin activity 

(Mok et i]_.,  1982a). It was as active as some of the N-phenyl- 

Nl-(4-pyridyl)urea derivatives and slightly more active than 

zeatin in the P_.  lunatus bioassay. In citrus tissue cultures 

Thidiazuron stimulated callus formation and abscission of buds 

(Taha and Stino, 1981). Thidiazuron was also found to be an 

uncoupler of photosynthetic and mitochondria! phosphorylation 

(Hauska et al_., 1975). 

Several hypotheses have been presented to explain the cyto- 

kinin activity of phenylurea derivatives. Kefford et a]_.  (1968) 

and Isogai (1981) reported that certain benzylurea derivatives 

antagonize the activity of adenine derivatives as well as substi- 

tuted phenylureas, and suggested that the two types of compounds 

may have a common site of action. Iwamura et al_. (1980), using 

physico-chemical substituent parameters, have argued that cyto- 

kinin-active adenine derivatives and phenylureas have some 

features in common. Miller (1961b) proposed that DPU may be con- 

verted to active adenine-type compounds by serving as a precursor 

for the N -side chain. In support of this hypothesis, the phenyl- 

ureidopurines were found to possess cytokinin activity (McDonald 

et £l_., 1971). In addition, the cytokinin activity of DPU deriva- 

tives has been shown to be associated with the ability of tissues 

to metabolize DPU (Dyson et al_., 1972). However, the only 

metabolite to be isolated and identified has been an inactive 

glucosyl derivative (Burrows and Leworthy, 1976). The metabolism 



of the more active phenylurea derivatives in plant systems has not 

been reported. The metabolism of Thidiazuron has been determined 

in rats (Crecelius and Knowles, 1978), goats and chickens (Benezet 

et aK, 1978). In all cases the primary metabolites recovered 

in free or conjugated form were 4-hydroxyphenylthidiazuron and . 

phenylurea. The metabolic pathway was found to involve the hydro- 

xylation of the aniline moiety at the 4-position with subsequent 

conjugations to form the glucuronic acid or the ethereal sulfate. 

jB. The Metabolism of N -(A -isopentenyl) 
adenosine(ibAdo) and its Derivativis 

Paces et aK (1971) identified enzyme activity in crude ex- 

tracts, of tobacco tissue that could cleave the side chain of i Ado 

and other adenine derivatives with unsaturated N -side chains. An 

enzyme capable of such activity was partially purified from corn 

fi  ? 
kernels by Whitty and Hall (1974). The enzyme, N -(A  -isopentenyl) 

adenosine oxidase, or cytokinin oxidase, catalyzed the conversion 

of i Ado to adenosine (Ado) through the formation of an unstable 

intermediate later identified as an isopentenyl aldehyde (Brownlee 

et aK, 1975). Terrine and Laloue (1980) have demonstrated that 

degradative activity of this kind varies with endogenous cytokinin 

levels. Side chain removal activity was shown to be blocked in 

fi  ? fi 
N -(A -isopentenyl)adenine(i Ade) by 7-glucosylation (Laloue et 

al., 1977), possibly accounting for the 10-fold greater biological 

activity of i'6Ade over i6Ado (Schmitz et al., 1972). Laloue (1977) 
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has further shown that 7-glucosylation is not necessary for the 

expression of biological activity, which supports the earlier con- 

tention that 7-glucosides are storage forms of cytokinins (Parker 

et al., 1973). 

Converson of i Ado to the corresponding 5' mono-, di-, and 

trinucleotides has been shown in tobacco and Acer pseudoplatanus 

cell cultures (Dorge and Guern, 1973; Laloue et aj_., 1974, 1975). 

Although Dor6e and Terrine (1973) were able to synthesize 51- 

mononucleotides from various N -substituted adenosine derivatives 

in vitro using commercial adenosine kinase preparations, they were 

unsuccessful in isolating any plant enzyme systems capable of 

catalyzing the same reaction vn  vivo. However, Chen and Eckert 

6  2 
(1977) reported the formation of N -(A -isopentenylJadenosine-S1- 

c c 
monophosphate (i AMP) from i Ado and AMP by an adenosine kinase 

enzyme obtained from wheat germ. In addition, nucleotides could 

be formed directly from the free base by the enzyme adenine phos- 

phoribosyltransferase (Chen et aj_., 1982). The reverse reaction, 

dephosphorylation of nucleotides to corresponding nucleosides, 

has been shown to occur in partially purified wheat germ prepara- 

tions (Chen and Kristopeit, 1981a). i Ado has also been shown to 

be deribosylated to i Ade by the enzyme adenosine nucleosidase 

(Chen and Kristopeit, 1981b), and the ribosylation of i Ade to 

i Ado was catalyzed by adenosine phosphorylase (Chen and Petschow, 

1978). The significance of these reactions and their relevance to 

the control of cytokinin activity in the cell remains to be 
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determined. However, Laloue and Pethe (1982) postulated that the 

free base may be the "active" form of cytokim'ns while nucleo- 

tide formation may be involved.in the regulation of endogenous 

levels of cytokinin-active bases and ribonucleosides. 

The natural occurrence of i Ade and i Ado has been reported 

in cytokinin-autonomous tobacco cultures (Dyson and Hall, 1972; 

Einset and Skoog, 1973), and in the female plants of Mercurial is 

ambigua (Dauphin et aK, 1979). Chen and Melitz (1979) have iso- 

lated and partially purified, from cytokinin-autonomous tobacco 

cultures, an enzyme system which catalyzes the formation of 

i AMP from isopentenylpyrophosphate and 5'-AMP. Modified 

nucleotides with the isopentenyl side chain have also been de- 

tected adjacent to the 3*-end of tRNA anticodons that recognize 

codons beginning with U in corn, peas, and spinach (Hall et al., 

1967), tobacco (Chen and Hall, 1969), and wheat germ (Burrows 

et aK, 1970). The formation of these modified nucleotides has 

2 
been shown to occur by attachment of the A -isopentenyl group 

to preformed tRNA molecules, and not by the incorporation of 

intact i6AMP onto tRNA (Chen and Hall, 1969). Thus, free cyto- 

kinins can be synthesized de novo from adenine monomers or formed 

by hydrolysis of polynucleotides. However, there is no agreement 

on the relative contribution of the two pathways (Maas and 

Klambt, 1981). 
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C.    Cytokim'n Autonomy in Plant Tissue Cultures 

Cytokim'n-dependent callus tissues occasionally lose their 

requirement for exogenously supplied cytokinins and subsequently 

continue to proliferate in the absence of this hormone. This 

phenomenon originally termed "habituation" by Gautheret (1942) 

has also been called "autonomy" by Braun (1958) to describe hor- 

mone-independent crown gall cultures. It has been most exten- 

sively described for tobacco (Binns and Meins, 1973; Einset and 

Skoog, 1973; Fox, 1963) and soybean tissue cultures (Miura and 

Miller, 1969). Some of the autonomous tissues were found to 

have sufficient levels of endogenous cytokinins to support 

growth (Einset and Skoog, 1973; Mirua and Miller, 1969). 

Gautheret (1955) hypothesized that habituation was a gradual 

process, involving epigenetic changes rather than classical mu- 

tations. Epigenetic changes must be directed, regularly revers- 

ible, occur at high rates, and leave the heritably altered cell 

totipotent (Meins, 1972; Meins and Lutz, 1980). Meins and Binns 

(1977, 1978), studying autonomous tobacco cultures, have pro- 

posed that the habituation process fulfills these criteria. 

They have shown that the habituation rates were 100 to 1000 times 

higher than normal mutation rates. Furthermore, single cell 

clones originating from the same habituated tissue inherited 

the habituated phenotype. Although differences in degree of 

habituation indicated a broad range of habituated states, this 
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variation was not found to be due to altered chromosome number 

(Binns and Meins, 1980). Habituated cultures were also capable 

of returning to the normal cytokinin-requiring phenotype, and of 

regenerating normal plants. Interestingly, cultures initiated 

from regenerated plants were all found to be cytokinin-dependent, 

regardless of the cytokinin requirements of the original cultures 

from which the plants were regenerated (Meins and Binns, 1977). 

Evidence that cytokinin autonomy is also a genetic trait 

has been demonstrated in the Phaseolus callus system (Mok et al., 

1980). _P. vulgaris genotypes generally displayed higher levels 

of autonomy than £. lunatus lines. Reciprocal crosses between 

strictly cytokinin-requiring and autonomous varieties of £. vul- 

garis resulted in progeny with intermediate cytokinin-requiring 

phenotypes, indicating the nuclear control of this trait. Further- 

more, genetic ratios recovered in the Fp generation and in back- 

crosses demonstrate that the cytokinin-dependent phenotype in 

these Phaseolus species is controlled by one set of alleles. 

Cytokinin autonomy is inducible by certain cultural condi- 

tions. Incubation at superoptimal temperatures increased the 

incidence of cytokinin autonomy (Meins, 1974). The size of ex- 

plants and the seasonal effects of culture initiation (Meins and 

Lutz, 1980; Meins et al,., 1980) were also shown to be important 

factors. Furthermore, treatment with certain chemical agents 

such as carcinogenic morphactins and aminofluorenes (Bednar and 

Linsmaier-Bednar, 1971a, 1971b, 1971c; Bednar et al., 1973), and 
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streptomycin (Kamfnec and LuKtinec, 1974b) promoted cytokinin 

autonomy. 

Disorders in chloroplast function and enzyme activity have 

been shown to be associated with cytokinin autonomy. Kaminek and 

Lustinec (1974a) observed that cytokinin-autonomous strains of 

tobacco had reduced amounts of chlorophyll and numbers of plas- 

tids per cell compared to cytokinin-requiring strains. Further- 

more, the isozyme patterns of several chloroplast and non-plastid 

enzymes have been found to be altered in cytokinin-autonomous 

strains of tobacco (Kamfnek et al^., 1981). It was suggested 

that reduced chlorophyll synthesis may result in decreased utili- 

zation of endogenous cytokinins, thus enhancing cytokinin 

autonomy. In support of this hypothesis, Vyskot and Novak (1977) 

found increased incidence of cytokinin autonomy in tobacco cul-- 

tures carrying chlorophyll-deficiency mutations located either 

on the chromosomes or piastid genomes. 

To explain the habituation phenomenon, Meins and Binns (1978) 

have proposed a "positive feedback loop" hypothesis in which cell 

division factors act as reaction intermediates and induce their 

own production or block their own degradation. As evidence in 

favor of this hypothesis they have shown that cultures in which 

habituation was suppressed by low temperatures could be returned 

to the habituated state by addition of kinetin. However, Terrine 

and Laloue (1980) have reported that cytokinin degradation could 
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be induced by the presence of cytokinins in tobacco cell cultures. 

Thus, it appears that both negative and positive control mechanisms 

may regulate cytokinin levels in plant tissues. 
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III. MATERIALS AND METHODS 

Plant Materials 

Seeds of Phaseolus lunatus L. cv. Jackson Wonder and P.I. 

260415 were obtained from Asgrow Seed Co. and the Regional Plant 

Introduction Station (Washington State University, Pullman, WA), 

respectively. 

Chemicals 

Kinetin, trans-zeatin, trans-ribosylzeatin. Ado, i Ade, 

i Ado, S'-nucleotidase (ryegrass), 5'-nucleotidase (Crotalus 

adamanteus venom) and Sephadex LH-20 were purchased from Sigma. 

i6AMP, i6ADP, and i ATP were obtained from P-L Biochemicals. 

Thidiazuron and [ CJThidiazuron are gifts from Nor-Am Agricultural 

Chemicals and Schering AG. [8-14C]Ado and 6-Cl[8-14C]purine 

(used respectively for the synthesis of [ C]i Ado and [ C]zeatin) 

were obtained from Amersham Co. Picloram is a gift from Dow 

Chemical. Ready-Solv MP is a Beckman product. 

Growth and Harvest of Phaseolus Callus Cultures 

Callus cultures were established from hypocotyls of five-day- 

old seedlings as previously described (Mok and Mok, 1977). Four 

replicate callus lines, each derived from a different seedling, 

were established for each genotype in each experiment. Callus 

tissues formed on the explants were transferred once (first 
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passage) to medium containing 5 yM kinetin. Experiments were per- 

formed using second passage callus tissues derived from four-week- 

old first passage stock cultures. Three pieces of callus (each 

weighing approximately 15 mg) were planted per flask. Tissues 

were grown in the dark at 270C, and were harvested, weighed and 

transferred to cytokinin-free medium at appropriate time inter- 

vals (as specified in the Results section). Each experiment con- 

sisted of four replicate flasks per treatment. All tests were re- 

peated at least once. 

Tissue Culture Medium 

The tissue culture medium consisted of the mineral nutrients 

described by Murashige and Skoog (1962) with the following organic 

substances added: sucrose (30 g/1), myo-inositol (100 mg/1), 

thiamine. HC1 (0.5 mg/1), nicotinic acid (5 mg/1), pyridoxine. 

HC1 (0.5 mg/1), and picloram (2.5 yM)- which satisfies the auxin 

requirement of Phaseolus tissue cultures (Mok and Mok, 1977). 

Kinetin (5 yM) was included in the medium used for callus initia- 

tion (explant) and stock cultures. The pH of the medium was ad- 

justed to 5.7 and Difco Bacto-agar (10 g/1) was added. The medium 

was dispensed into 125 ml Erlenmeyer flasks (50 ml/flask) and 

autoclaved at 120oC for 15 min. Cytokinin-active compounds (zeatin 

and Thidiazuron) used for experiments in the second passage were 

dissolved in dimethyl sulfoxide (Schmitz and Skoog, 1970) and add- 

ed to the autoclaved flasks before the medium solidified. 
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Metabolism of [14C]i6Ado and [14Cli6AMP 

The metabolism of [ C]i Ado was examined in second passage 

callus tissues of cv. Jackson Wonder and P.I. 260415 grown on 

medium containing Thidiazuron (0.01 yM) or zeatin (0.1 yM and 

0.3 yM, respectively, for the two genotypes). The synthesis of 

[ C]i Ado (25 mCi/mmol) has been reported previously (Mok et al., 

1982b). Callus tissues were selected for the labeling studies 

when the average fresh weight per flask was 10 ± 1 g (21 d). 

[14C]i6Ado, 0.05 yCi (0.002 ymol) in 1 ml distilled H20, was 

aseptically applied to the surface of the callus pieces in each 

flask. Additional growth points (5 ± 0.5 g, 17 d and 20 ± 1 g, 

27 d) of cv. Jackson Wonder tissue were used to determine the 

effects of tissue age on [ C]i Ado metabolism. The same concen- 

trations of [ C]i Ado were applied to these tissues, i.e., 0.025 

yCi (0.001 ymol) [14C]i Ado in 0.5 ml distilled HLO was applied 

to 5 g callus tissues, and 0.1 yCi (0.004 ymol) in 2 ml distilled 

14  6 
H2O to 20 g tissues. The [ C]i Ado metabolism was also examined 

in cv. Jackson Wonder tissues grown on media containing both 

Thidiazuron (0.001 or 0.01 yM) and zeatin (0.01 or 0.1 yM). The 

tissues were incubated at 270C in the dark for 0.25, 0.5, 1, 2, 

and 4 h. 

To extract metabolites, the tissues were homogenized in 2.5 

parts (v/w) of cold 95% ethanol. Cell debris was removed by suc- 

cessive filtrations through Whatman paper (No. 1 filter) and 
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Millipore filters (.45u). The ethanol extract was taken to dryness 

in vacuo at 350C, redissolved in 4 ml of 33% (v/v) ethanol, and 

centrifuged at 23,500 g for 20 min. The supernatant was fraction- 

ated on a Sephadex LH-20 column (2 x 60 cm) in 33% (v/v) ethanol. 

Fractions of 9 ml (0.5 bed volume) were collected. Aliquots (4 ml) 

were taken from each fraction, evaporated to dryness in scintilla- 

tion vials, dissolved in Bray's scintillation fluid (Bray, 1960) 

and counted with a Beckman LS 7000 scintillation counter. Authen- 

tic cytokinin standards were chromatographed on the same column 

immediately after the experimental samples. Each treatment was 

repeated at least once. In the case of 0.5 h time points, experi- 

ments were also repeated using a second extraction procedure in- 

volving homogenization of tissues in cold IN HC10. (1:1, w/v) and 

isolation of the cytokinin metabolites as described by Laloue et 

al. (1974). 

The extraction procedure with 95% cold ethanol was used to 

examine the metabolism of [ C]i AMP in callus tissues of cv. 

Jackson Wonder (10 g) grown on media containing 0.01 yM Thidia- 

zuron or 0.1 yM zeatin.  (The labeled compound was purified from 

ethanol extracts of tissues incubated with [ C]i Ado by chroma- 

tography on Sephadex LH-20 and repurified by HPLC on reversed- 

phase C,8; see below.) The amount of [ C]i AMP applied to 

each tissue was 0.02 yCi (0.008 ymol) in 1 ml ^0, and the incu- 

bation periods were 0.5, 1, and 2 h. All incubation experiments 

were repeated at least once. 
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Identification of Metabolites of [14C]i6Ado 

Two of the three major peaks of radioactivity eluting off 

Sephadex LH-20 correspond with the elution position of Ado and 

i Ado. The identity of these two peaks of radioactivity was con- 

firmed by HPLC on reversed-phase C,8 (see below). The peak of 

radioactivity eluting off Sephadex LH-20 in fractions 16 and 17 

was identified in previous studies as a nucleotide of i Ado (Mok 

£t aH., 1982b). To further characterize this compound, the dried 

fractions were redissolved in 0.05 M Tris-HCl buffer (pH 8.6) 

containing 0.005 M MgClp, and aliquots of 300 yl were incubated 

with one unit of S'-nucleotidase or 5'-nucleotidase for 0.5 h at 

370C. Ethanol (1.5 ml) was added and the solution was centrifuged 

at 23,500 g for 20 min. The supernatant was taken to dryness in 

vacuo at room temperature. The residue was dissolved in 100 yl 

of 15% methanol and fractionated by HPLC. A Beckman model 110 dual 

pump HPLC system with a prepacked column of reversed-phase C,8 

(Ultrasphere 0DS 5 y, 4.6 x 250 mm; Altex) was used. The aqueous 

buffer consisted of 0.2 M acetic acid, adjusted to pH 3.5 with 

triethylamine-(TEA). Samples were eluted with a linear gradient 

of methanol (15 to 70% over 55 min.) in TEA buffer at a flow rate 

of 1 ml/min. Fractions of 1 ml were collected and counted in 

Ready-Solv MP scintillation fluid with a Beckman LS 7000 scintil- 

lation counter. 

To determine whether the nucleotide was a mono-, di-, or 
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triphosphate, paired-ion reversed-phase HPLC was used (Juengling 

and Kammermeir, 1980). The HPLC system was the same as described 

above. The buffer consisted of 0.3% (w/v) tetrabutylammonium 

phosphate, 0.65% (w/v) KhLPO. and was adjusted to pH 5.8 with 

NH-OH. Acetonitrile was used as the organic phase. The sample 

was applied in 100 yl buffer with 20% acetonitrile and eiuted with 

a linear gradient of acetonitrile (20 to 60% over 20 min.) in 

buffer at a flow rate of 1.5 ml/min. Fractions of 1 ml were 

collected and counted as described above. 

Uptake of [ C]Thidiazuron and [ C]zeatin 

Second passage callus tissues of cv. Jackson Wonder were 

grown on medium containing 0.1 yM [ C]zeatin (+ or - 0.01 yM 

Thidiazuron) or 0.01 yM [ .C]Thidiazuron (+ or - 0.1 yM zeatin). 

The specific activity of [ C]zeatin was 24 mCi/mmol.  (The 

methodology used to synthesize [ C]zeatin from 6-Cl[8- C]purine 

will be published elsewhere.) The specific activity of 

[ C]Thidiazuron was 70 mCi/mmol.. After 21 days of growth at 

270C in the dark, tissues were harvested and homogenized with 2.5 

parts (v/w) of cold 95% (v/v) ethanol. The cell debris was re- 

moved by successive filtrations through Whatman No. 1 filter 

paper and Millipore filters. The media were heated for 5 min. at 

100oC. The radioactivity in tissue extracts and media was deter- 

mined by counting aliquots dissolved in Ready-Solv MP. 
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IV. RESULTS 

Effects of Thidiazuron and Zeatin on 
Callus Growth and Cytokinin Autonomy 

The effects of Thidiazuron and zeatin on callus growth and 

cytokinin autonomy were tested in the second passage using tissues 

of two genotypes, cv. Jackson Wonder and P.I. 260415. (The choice 

of these two genotypes was based on their differential responses 

to DPU (Armstrong et al_., 1981.) Thidiazuron was highly active in 

stimulating callus growth of both genotypes (Figs. 1A and 2A). 

Its activity was slightly higher than that of zeatin in callus 

tissues of cv. Jackson Wonder, and about 30 times higher in 

tissues of P.I. 260415. 

In order to determine whether Thidiazuron promotes cytokinin- 

autonomous growth, similarly to DPU (Mok et ajL, 1979), the second 

passage callus tissues were transferred to cytokinin-free medium 

(third passage). Tissues of cv. Jackson Wonder exposed to Thidia- 

zuron in the second passage continued to proliferate in the ab- 

sence of cytokinin (Fig. IB). The autonomous growth also per- 

sisted in subsequent passages. In contrast, only tissues trans- 

ferred from suboptimal concentrations of zeatin were able to grow 

in the absence of cytokinin in the third passage. Tissues trans- 

ferred from optimal or near-optimal levels of zeatin remained 

cytokinin-dependent. Tissues of P.I. 260415 did not become 

cytokinin-autonomous after transfer from either Thidiazuron- or 
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FIGURE 1. Callus growth of cv. Jackson Wonder in the second 
passage on media containing Thidiazuron and zeatin 
(A), and in the third passage on cytokinin-free 
medium (B). The growth periods were 28 and 35 d, 
respectively, for the two passages. Vertical lines 
indicate standard errors. 
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FIGURE 2. Callus growth of P.I. 260415 in the second passage 
on media containing Thidiazuron and zeatin (A), and 
in the third passage on cytokim'n-free medium (B). 
The growth periods were 28 and 35 d, respectively, 
for the two passages. Vertical lines indicate stan- 
dard errors. 
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zeatin-containing medium (Fig. 2B). The growth of tissues trans- 

ferred from medium containing 1 or 3 yM Thidiazuron was probably 

due to residual effects, since growth ceased upon additional 

transfer to medium without cytokinin (fourth passage). 

Growth of Callus Tissues at Optimal 
Concentrations of Thidiazuron 

and Zeatin 

Based on the results presented in Figures 1 and 2, 0.01 yM 

Thidiazuron and 0.1 and 0.3 yM zeatin (for cv. Jackson Wonder and 

P.I. 260415, respectively) were chosen for subsequent biological 

and biochemical studies. The fresh weights of tissues determined 

at three-day intervals are presented in Figures 3 and 4. Tissues 

of each genotype proliferated at about the same rate on both 

types of compounds at the concentrations used. Although the growth 

rate of cv. Jackson Wonder tissues was faster than that of P.I. 

260415, the exponential growth period was similar for both geno- 

types . 

Characterization of Major Metabolites of 
[14C]ibAdo in Selected Callus Tissues 

Ethanol extracts of callus tissues incubated with [ C]i Ado 

were chromatographed on Sephadex LH-20 columns. Representative 

elution profiles of tissues grown on Thidiazuron and zeatin are 

shown in Figure 5.  (The results presented were obtained from 

10 g tissues of cv. Jackson Wonder incubated with [ C]i Ado for 
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FIGURE 3. Growth curves of cv. Jackson Wonder callus tissues 
on media containing 10-2 yM Thidiazuron (o o) and 
lO"1 yM zeatin (• •). 
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FIGURE 4. Growth curves of P.I. 260415 callus tissues on media 
containing 10-2 yM Thidiazuron (o o) and 3.10-1 yM 
zeatin (• •)• 
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FIGURE 5. Chromatographic separation on Sephadex LH-20 of 
radioactive metabolites extracted from cv. Jackson 
Wonder tissues incubated with [^Cji^Ado for 0.5 h. 
A. Tissues grown in the presence of 10-2 yM Thidia- 
zuron; B. Tissues grown in the presence of 10-1 ^ 
zeatin . 



33 

10,000 - THIDIAZURON 

7500 - 

Ado i6Ado        i6Ade 
i 1 i—;—i     i 1 

5000 - 

2500 - 

O 
F- 

S       0 

Jl 
y^ W 

fL 

10,000 B 
Jl 

ZEATIN 

CL 

7500 

5000 

2500 - 

—r 
10 30 40 

FRACTION NO. 
50 60 

Figure 5. 



34 

0.5 h.) A prominent peak at fractions 16 and 17 was obtained 

from tissues grown on zeatin (Fig. 5B), while only small amounts 

of this metabolite were formed in tissues maintained on Thidia- 

zuron (Fig. 5A). The elution position of this metabolite was 

identical to that of a nucleotide of i Ado previously identified 

(Mok et aK, 1982b). To further characterize the metabolite, 

aliquots of fractions 16 and 17 were incubated with S'-nucleoti- 

dase and fractionated by HPLC on a reversed-phase C-jg column. 

The results are presented in Figure 6. The untreated labeled 

compound (Fig. 6B) coeluted with i AMP, i ADP, and iDATP (Fig. 

6A, B). Incubation with S'-nucleotidase resulted in a shift of 

the radioactivity from the nucleotide position to that of i Ado 

(Fig. 6C). Treatment with S'-nucleotidase did not change the 

elution position of the nucleotide. Thus, the metabolite .appears 

to be a S'-nucleotide of i Ado. The nucleotide was also rechro- 

matographed using an HPLC system with a paired-ion reversed- 

phase C,o column. This chromatographic procedure allows clear 

separation of mono-, di-, and trinucieotides. The radioactivity 

coeluted with i6AMP (Fig. 7). 

The peak of radioactivity coeluting with Ado (Fig. 5A, 

fractions 23-27) from the Sephadex LH-20 columns was further 

identified by HPLC on a reversed-phase C,g column. This chroma- 

tographic system resolves Ado and ribosylzeatin which cochroma- 

tograph on Sephadex LH-20. The label coeluted with the Ado stan- 

dard from the C,g column. 
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FIGURE 6. Analysis by HPLC on reversed-phase C-jg of fractions 
16 and 17 (Fig. 5B) after incubation with B'-nucleo- 
tidase. A. Cytokinin standards; B. Control; C. Sample 
incubated with 5'-nucleotidase . 
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FIGURE 7. Analysis by HPLC on paired-ion reversed-phase C]8 
of fractions 16 and 17 (from Fig. 5B). 
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Although the data presented are for the tissues incubated 

with [ C]i Ado for 0.5 h, similar results were obtained with 

the corresponding fractions recovered from other samples. In 

addition, essentially identical elution profiles were obtained 

with the HC10. extraction procedure. There was no indication 

that any significant amounts of di- and trinucleotides were 

formed. 

Metabolism of [ 4C]i Ado in Callus Tissues 
Grown on Media Containing 
Thidiazuron and Zeatin 

The metabolism of [ C]i Ado was initially examined in 

callus tissues incubated at about the midpoint of growth (10 g) 

with the labeled compound for various time periods (0.25 to 4 h). 

The total radioactivity recovered and the distribution of label 

in the i Ado, i AMP, and Ado peaks, calculated as percentages of 

the total radioactivity recovered at time 0, are presented in 

Figures 8 and 9, respectively, for tissues of cv. Jackson Wonder 

and P.I. 260415. In tissues of both genotypes, [ C]i Ado was 

rapidly converted to [ C]i AMP when zeatin was present in the 

medium (although at a somewhat faster rate in tissues of cv. 

Jackson Wonder), while very little [ C]i AMP was formed in the 

presence of Thidiazuron. Slightly higher amounts of [ C]Ado 

were recovered from tissues grown on Thidiazuron. The total ex- 

tractable radioactivity decreased with incubation time. 

The effects of callus age on the metabolism of [ C]i Ado 
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FIGURE 9. Distribution of radioactive metabolites extracted 
from P.I. 260415 tissues incubated with [14C]i6Ado 
for various time periods. A. Tissues grown in the 
presence of 10-2 y^ Thidiazuron; B. Tissues grown 
in the presence of S.IO-' yM zeatin. The radioac- 
tivity in each fraction, is expressed as percentage 
of the total radioactivity recovered from the con- 
trol (0 h). 
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were determined using young (5 g) and older (20 g) callus tissues 

of cv. Jackson Wonder. The results of this test are presented 

in. Figure 10. The metabolism of [ C]i Ado in both the 5 g and 

20 g tissues was very similar to that in the 10 g tissues. How- 

ever, relatively more [ C]Ado was formed in the older tissues 

grown in the presence of Thidiazuron. Also, the total radio- 

activity recovered was higher for the older tissues maintained 

on Thidiazuron. The higher levels of label recovered may be due 

to either slower uptake of [ C]i Ado, slower conversion to 

metabolites inextractable by ethanol, or both. 

Incubation of cv. Jackson Wonder 
Tissues with [l4CJit»AMP 

Tissues of cv. Jackson Wonder grown on Thidiazuron or 

zeatin-containing medium were incubated with [ C]i AMP (recovered 

from tissues grown on zeatin and purified by HPLC on reversed- 

phase C,g columns) for 0.5, 1, and 2 h. The results of these 

tests are shown in Figure 11. In the presence of Thidiazuron, 

[ C]i AMP was rapidly converted to i Ado, while large amounts 

of the nucleotide remained in zeatin-grown tissues. In addition, 

the total radioactivity recovered decreased much more rapidly in 

the former tissues. Since plant cells do not readily take up 

cytokinin nucleotides (Laloue and Pethe, 1982), it is likely 

that the nucleotide was first converted to i Ado outside the 

cells and that subsequently the i Ado was taken up and metabolized 

as in the previous tests. 
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FIGURE 10. The effects of tissue age on the metabolism of 
[14c]i6Ado in cv. Jackson Wonder tissues. A. 
17 d, 10-2 yM Thidiazuron; B. 27 d, 10-2 yM 
Thidiazuron; C. 17 d, 10-1 yM zeatin; D. 27 d, 
10-^ yM zeatin. The radioactivity in each 
fraction is expressed as percentage of the total 
radioactivity recovered from the control (Oh). 



46 
100 

o 

>- 

< g 
Q 
< 
cc 

THID 
17 DAYS 

(5g) 

75 
□TOTAL 
Hi6 Ado 
■ i6AMP 
ID Ado 

^   50 
O 

25 

L 

AZURON B 
27 DAYS 
(20g) 

1 
ZEATIN D 

17 DAYS 
(5g) 

27 DAYS 
(20g) 

>   75 

50 

25 

0.5 2 0.5 
INCUBATION TIME (h) 

Figure 10. 



47 

FIGURE 11. Distribution of radioactive metabolites extracted 
from cv. Jackson Wonder tissues incubated with 
[l4C]i6AMP for various time periods. A. Tissues 
grown in the presence of 10-2 yM Thidiazuron; B. 
Tissues grown in the presence of 1CH yM zeatin. 
The radioactivity in each fraction is expressed as 
percentage of the total radioactivity recovered 
from the control (Oh). 
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Effects of Simultaneous Presence of Thidiazuron 
and Zeatin on the Ll4C]iDAdo Metabolism 

and Cytokinin Autonomy 

The effects of the simultaneous presence of Thidiazuron and 

zeatin on the metabolism of [ C]i Ado were examined using callus 

tissues of cv. Jackson Wonder at the mid-point of growth (10 g). 

When Thidiazuron was supplied at suboptimal (0.001 yM) concentra- 

tion and zeatin at either suboptimal (0.01 yM) or optimal (0.1 yM) 

concentrations, the patterns of [ C]i Ado metabolism resembled 

that of tissues grown on zeatin as the only cytokinin (Figs. 12A 

and B). However, the presence of Thidiazuron at optimal concentra- 

tion (0.01 yM) suppressed nucleotide formation regardless of the 

concentration of zeatin supplied (Figs. 12C and D). Thus a thresh- 

old concentration of Thidiazuron needs to be exceeded before the 

effects of this compound on the [ C]i Ado metabolism become 

apparent. 

Comparable tissues grown in the presence of both Thidiazuron 

and zeatin were transferred to cytokinin-free medium after 21 days. 

The fresh weights after a growth period of 35 days are presented 

in Table 1. Cytokinin-autonomous growth was expressed in three 

of the four types of tissues; only tissues previously maintained 

on medium containing optimal zeatin plus suboptimal Thidiazuron 

concentrations remained cytokinin-dependent. 

Uptake of [14C]Thidiazuron and [14C]zeatin 

The effects of the combined presence of Thidiazuron and zeatin 
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FIGURE 12. The effects of simultaneous presence of Thidia- 
zuron and zeatin on the metabolism of [^Cji^Ado 
in cv. Jackson Wonder tissues. A. Suboptimal con- 
centrations of Thidiazuron (10-3 yM) and zeatin 
(10*2 yM); B. Suboptimal concentration of Thidia- 
zuron (10-3 yM) and optimal concentration of zeatin 
(10-1 yM); c. Optimal concentration of Thidiazuron 
(10-2 yM) and suboptimal concentration of zeatin 
(10-2 yM); D^ Optimal concentrations of Thidiazuron 
(10-2 yM) and zeatin (10"' yM). The radioactivity 
in each fraction is expressed as percentage of the 
total radioactivity recovered from the control (0 h). 
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TABLE 1. Callus growth of cv. Jackson Wonder on medium contain- 
ing both Thidiazuron and zeatin (second passage) and 
medium without cytokinin (third passage). The growth 
periods were 21 and 28 d respectively for the second 
and third passages. 

Concentrations 
passage 

; in 
(yM) 

second 
Fresh weight ± SE (g/flask) 

Thidiazuron + zeatin Second passage Third passage 

(cytokim'n-free 
medium) 

io-3 IO"2 8.6 ± 0.9 5.6 ± 1.6 

io-3 IO"1 13.6 ± 1.2 0.9 ± 0.6 

IO"2 IO"2 13.4 ± 0.7 5.7 ± 1.6 

IO"2 IO"1 - 14.1 ± 1.1 4.8 ± 1.7 
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described above could at least in part be the result of competitive 

uptake of these two compounds. To test this possibility, callus 

tissues of cv. Jackson Wonder were grown on media containing 

[ C]Thidiazuron (with or without unlabeled zeatin) or [ C]zeatin 

(with or without unlabeled Thidiazuron). The levels of radio- 

activity in tissues and medium were examined after a 21-day growth 

period (Table 2). A much larger proportion of [ Cjzeatin than 

[ C]Thidiazuron was taken up by the tissues, even though the 

concentration of [ C]zeatin in the medium (0.1 yM) was 10 times 

higher than that of Thidiazuron (0.01 yM). In addition, the same 

amounts of [ C]Thidiazuron remained in the medium with or without 

zeatin added. Also, [ Cjzeatin uptake was not affected by the 

presence of Thidiazuron. Therefore, the uptake of the two com- 

pounds by the tissues is independent of each other, at least when 

supplied at optimal concentrations for growth. 
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TABLE 2. Uptake of [ C]Thidiazuron and [ C]zeatin by tissues 
of cv. Jackson Wonder after a growth period of 21 days. 

Radioactivity recovered 
(% of cpm added to the medium) 

Cytokinin-active compounds 
in medium Medium       Tissues 

10"2 yM [14C]Thidiazuron 62% 16% 

10"2 yM [14C]Thidiazuron + 60% 16% 

lO"1 yM zeatin 

10"1 yM [14C]zeatin 21% 13% 

10"1 yM [14C]zeatin + 19% 11% 

-2 
10  yM Thidiazuron 
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V. DISCUSSION 

Thidiazuron is extremely active in stimulating callus growth 

of P.  lunatus. Its activity is greater than that of zeatin, which 

is the most active N -substituted adenine derivative tested to 

date in the _P. lunatus system. The results of the experiment 

measuring uptake of [ CJThidiazuron and [ Cjzeatin from the 

medium indicate that comparatively little [ C]Thidiazuron is taken 

up. Thus, Thidiazuron is probably even more active in the tissues 

than the dose-response curves indicate. 

The high biological activity of Thidiazuron has permitted a 

more detailed examination of the influence of cytokim'n-active 

phenylurea derivatives on the development of cytokinin autonomy 

in £. lunatus callus tissues than was possible in previous 

studies (Mok et al_., 1979) with DPU. Callus tissues of cv. 

Jackson Wonder displayed cytokinin-autonomous growth after ex- 

posure to either Thidiazuron or to suboptimal concentrations of 

zeatin. Callus tissues of P.I. 260415 remained cytokinin- 

dependent under all conditions tested. Therefore, it appears 

that the ability of _P. lunatus callus tissues to become cytokinin- 

autonomous is determined by the genotype as previously observed 

in JP. vulgaris (Mok et aj_., 1980). Results very similar to those 

described here for Thidiazuron and zeatin were obtained with 

N-phenyl-N'-(4-pyridyl )urea and kinetin, respectively (unpublished). 

Thus, the ability to enhance cytokinin autonomy in callus tissues 
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of certain _P. lunatus genotypes seems to be a distinctive feature 

of the phenylurea derivatives. 

By examining the metabolism of [ C]i Ado in callus tissues 

of _P. lunatus, it was possible to demonstrate that pronounced 

metabolic differences occur in the tissues depending on the type 

of cytokim'n-active compound present. The small amounts of 

[ C]i AMP formed in tissues grown on Thidiazuron imply either 

slow conversion of i Ado to i AMP or high conversion rates of 

i AMP to i Ado. The experiments using [ C]i AMP indicate that 

i-14 
the latter is the case. Preliminary experiments using [ Cjzeatin 

(which has recently been synthesized) indicate that little zeatin 

ribonucleotide is formed in tissues grown on Thidiazuron as com- 

pared to those maintained on zeatin- or kinetin-containing medium. 

Thus, Thidiazuron may in general promote the conversion of cyto- 

kinin ribonucleotides to ribonucleosides. 

The different patterns of [ C]i Ado metabolism by tissues 

grown on Thidiazuron and zeatin could not be the result of the 

presence of higher levels of adenine-type cytokinins in the 

tissues grown on zeatin. When both Thidiazuron and zeatin were 

present at optimal concentrations in the medium, [ C]i AMP forma- 

tion was suppressed; moreover, it was shown that zeatin was taken 

up to the same extent by these tissues as by those grown on zeatin 

alone. Therefore, Thidiazuron must exert a direct effect on the 

i Ado metabolism, independent of the level of N -substituted ade- 

nine derivatives present in the tissues. 
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It is not clear at present if the modification of the 

[ C]i Ado metabolism by Thidiazuron has a direct bearing on its 

biological activity. Based on the biological activities observed 

in tobacco cell cultures under certain conditions, Laloue and 

Pethe (1982) formed the hypothesis that the free base represents 

the active form of cytokinins. If this hypothesis is correct, 

the biological activity of Thidiazuron could, at least in part, 

be due to an increase of ribonucleosi'de levels and, therefore, 

possibly a higher level of free bases. However, several other 

explanations for the cytokinin activity of phenylurea derivatives 

have been put forward and were discussed in the Literature Review. 

The exact relationship between the two types of compounds, how- 

ever, may not be elucidated until more is known about the site(s) 

of action of cytokinins. 

The change in the metabolism of [ C]i Ado induced by Thidia- 

zuron did not necessarily signal a change in the cytokinin re- 

quirements of the tissues (i.e., transformation from cytokinin 

dependence to autonomy). Tissues of cv. Jackson Wonder and P.I. 

260415 exhibited similar patterns of [ C]i Ado metabolism. 

Therefore, the cytokinin-active phenylureas and adenine deriva- 

tives seem to differ in their effects on cytokinin autonomy as 

well as cytokinin nucleotide formation, but the two types of 

effects may not be related. 



BIBLIOGRAPHY 58 

Armstrong, D. J., S. G. Kim, M. C. Mok and D. W. S. Mok. 1981. 
Genetic regulation of cytokinin metabolism in Phaseolus 
tissue cultures. In: J. Guern, C. P^aud-Lenoel, eds.. 
Metabolism and Molecular Activities of Cytokinins. Springer- 
Verlag, Berlin, pp. 97-104. 

Bamberger, E. and A. M. Mayer. 1960. Effect of kinetin on for- 
mation of red pigment in seedlings of Amaranthus retroflexus. 
Science 131:1094-1095. 

Bednar, T. W. and E. M. Linsmaier-Bednar. 1971a. Induction of 
plant tissue neoplasms in vitro by substituted fluorenes. 
Chem. Biol. Interact. 4:233-238. 

Bednar, T. W. and E. M. Linsmaier-Bednar. . 1971b. Induction of 
cytokinin-independent tobacco tissues by substituted fluor- 
enes. Proc. Natl. Acad. Sci. USA. 68:1178-1179. 

Bednar, T. W. and E. M. Linsmaier-Bednar. 1971c. The potency of 
N-acetylaminofluorene in the production of cytokinin autono- 
mous tobacco tissues in vitro. Experientia. 27:1071-1072. 

Bednar, T. W., E. M. Linsmaier-Bednar and C. M. King. 1973. 
Investigations on the mechanisms of substituted fluorene- 
induced hormone autonomy. Plant Growth Subst. (Proc. 8th 
Inter. Conf.), pp. 1136-1140. 

Benezet, H. J., C. 0. Knowles, J. R. Campbell and J. E. Savage. 
1978. Excretion balance, metabolic fate, and tissue residues 
following treatment of lactating goats and laying hens with 
Thidiazuron cotton defoliant. J. Agric. Food Chem. 26:622- 
627. 

Binns, A. N. and F. Meins, Jr. 1973. Habituation of tobacco 
pith cells for factors promoting cell division is heritable 
and potentially reversible. Proc. Natl. Acad. Sci. USA. 
70:2660-2662. 

Binns, A. N. and F. Meins, Jr. 1980. Chromosome number and the 
degree of cytokinin habituation of cultured tobacco pith 
cells. Protoplasma 103:179-187. 

Bose, T. K. and J. P. Nitsch. 1970. Chemical alteration of sex- 
expression in Luffa acutangula. Physio!. Plant. 23:1206-1211. 

Bottomley, W., N. P. Kefford, J. A. Z'war and P. L. Goldacre. 1963. 
Kinin activity from plant extracts. I. Biological assay and 
sources of activity. Aust. J. Biol. Sci. 16:395-406. 



59 

Braun, A. C. 1958. A physiological basis for autonomous growth 
of the crown-gall tumor cell. Proc. Natl. Acad. Sci. USA. 
44:344-349. 

Bray, G. A. 1960. A simple efficient liquid scintillator for 
counting aqueous solutions in a liquid scintillation counter. 
Anal. Biochem. 1:279-285. 

Brownlee, B. G., R. H. Hall and C. D. Whitty. 1975. 3-methyl- 
2-butenal: An enzymatic degradation product of the cyto- 
kinin, N6-(A2-isopentenyl) adenosine. Can. J. Biochem. 53: 
37-41. 

Bruce, M. I. and J. A. Zwar. 1966. Cytokinin activity of some 
substituted ureas and thioureas. Proc. R. Soc. London Ser. 
B 165:245-265. 

Bruce, M. I., J.-A. Zwar and N. P. Kefford. 1965. Chemical 
structure and plant kinin activity: The activity of urea 
and thiourea derivatives. Life Sci. 4:461-466. 

Burrows, W. J., D. J. Armstrong, F. Skoog, S. M. Hecht, L. G. 
Dammann, N. J. Leonard and J. Occolowitz. 1970. Isolation 
and identification of four cytokinins from wheat germ trans- 
fer ribonucleic acid. Biochemistry 9:1867-1872. 

Burrows, W. I. and D. P. Leworthy. 1976. Metabolism of N.N1- 
diphenylurea by cytokinin-dependent tobacco callus: Identi- 
fication of the glucoside. Biochem. Biophys. Res. Commun. 
70:1109-1114. 

Chen, C. M. and R. L. Eckert. 1977. Phosphorylation of cytokinin 
by adenosine kinase from wheat germ. Plant Physiol. 59:443- 
447. 

Chen, C. M. and R. H. Hall. 1969. Biosynthesis of N6-(A2-isopen- 
tenyl )adenosine in the transfer ribonucleic acid of cultured 
tobacco pith tissue. Phytochemistry 8:1687-1695. 

Chen, C. M. and S. M. Kristopeit. 1981a. Metabolism of cyto- 
kinin: Dephosphorylation of cytokinin ribonucleotide by 
S'-nucleotidases from wheat germ cytosol. Plant Physiol. 
67:494-498. 

Chen, C. M. and S. M. Kristopeit. 1981b. Metabolism of cyto- 
kinin: Deribosylation of cytokinin ribonucleoside by adeno- 
sine nucleosidase from wheat germ cells. Plant Physiol. 
68:1020-1023. 



60 

Chen, C. M. and D. K. Melitz. 1979. Cytokinin biosynthesis in 
a cell-free system from cytokim'n-autotrophic tobacco tissue 
cultures. F.E.B.S. Lett. 107:15-20. 

Chen, C. M., D. K. Melitz and F. W. Clough. 1982. Metabolism 
of cytokinin: Phosphoribosylation of cytokinin bases by 
adenine phosphoribosyltransferase from wheat germ. Arch. 
Biochem. Biophys. 214:634-641. 

Chen, C. M. and B. Petschow. 1978. Metabolism of cytokinin: 
Ribosylation of cytokinin bases by adenosine phosphorylase 
from wheat germ. Plant Physio!. 62:871-874. 

Crecelius, C. S. and C. 0. Knowles. 1978. Excretion balance, 
metabolic fate, and tissue residues following treatment of 
rats with Thidiazuron cotton defoliant. J. Agric. Food 
Chem. 26:486-494. 

Dauphin, B., G: Teller and B. Durand. 1979. Identification and 
quantitative analysis of cytokinins from shoot apices of 
Mercurial is ambigua by gas chromatography-mass spectrometry 
computer system. Planta 144:113-119. 

Dor£e, M. and J. Guern. 1973. Short-term metabolism of some 
exogenous cytokinins in Acer pseudoplatanus cells. Biochem. 
Biophys. Acta 304:611-622. 

Doree, M. and C. Terrine. 1973. Enzymatic synthesis of ribo- 
nucleoside: 5'-phosphates from some N^-substituted adeno- 
sines. Phytochemistry 12:1017-1023. 

Dyson, W. H., J. E. Fox and J. D. McChesney. 1972. Short-term 
metabolism of urea and purine cytokinins. Plant Physiol. 49: 
506-513. 

Dyson, W. H. and R. H. Hall. 1972. N6-(A -isopentenyl)adenosine: 
Its occurrence as a free nucleoside in an autonomous strain 
of tobacco tissue. Plant Physiol. 50:616-621. 

Einset, J. W. and F. Skoog. 1973. Biosynthesis of cytokinins 
in cytokim'n-autotrophic tobacco callus. Proc. Natl. Acad. 
Sci. USA. 70:658-660. 

Erez, A. 1977. Thiourea, a growth promoter of callus tissues. 
J. Exp. Bot. 29:159-165. 

Fox, J. E. 1963. Growth factor requirement and chromosome number 
in tobacco tissue cultures. Physiol. Plant. 16:793-803. 



61 

Gautheret, R. 1942. Recherches sur I'action de diverse sub- 
stances sur la croissance de cultures de tissues de Carotte. 
Compt. Rend. Acad. Sci. 210:186-188. 

Gautheret, R. J. 1955. The nutrition of plant tissue cultures. 
Ann. Rev. Plant Physiol. 6:433-484. 

Hall, R. H., L. Csonka, H. David and B. McLennan. 1967. Cyto- 
kinins in the soluble RNA of plant tissues (sweet corn, 
pea, spinach). Science 156:69-71. 

Hauska, G., A. Trebst, C. Kotter and H. Schulz. 1975. 1,2,3 
Thiadiazolyl-phenyl-ureas, new inhibitors of photosynthetic 
and respiratory energy conservation. Z. Naturforsch. 30: 
505-510. 

Hecht, S. M., N. J. Leonard, R. Y. Schmitz and F. Skoogfi 1970. 
Cytokinins: Influence of side-chain planarity of N -substi- 
tuted adenines and adenosines on their activity in promoting 
cell growth. Phytochemistry 9:1907-1913. 

Hegelson, J. P., S. M. Kreuger and C. D. Upper. 1969. Control 
of logarithmic growth rates of tobacco callus tissue by cyto- 
kinins. Plant Physiol. 44:193-198. 

Isogai, Y. 1981. Cytokinin activities of N-phenyl-N'-(4-pyridyl) 
ureas. In: J. Guern, C. P^aud-Lenoel, eds.. Metabolism and 
Molecular Activities of Cytokinins. Springer-Verlag, Berlin, 
pp. 115-128. 

Isogai, Y., K. Shudo and T. Okamoto. 1976. Effect of N-phenyl- 
N,-(4-pyridyl)urea on shoot formation in tobacco pith disk 
and callus cultured in vitro. Plant Cell Physiol. 17:591- 
600. 

Iwamura, H., T. Fujita, S. Koyama, K. Koshimizu and Z. Kumazawa. 
1980. Quantitative structure-activity relationship of cyto- 
kinin-active adenine and urea derivatives. Phytochemistry 
19:1309-1319. 

Juengling, E. and H. Kammermeier. 1980. Rapid assay of adenine 
nucleotides or creatin compounds in extracts of cardiac 
tissue by paired-ion reverse-phase high performance liquid 
chromatography. Anal. Biochem. 102:358-361. 

Kamfnek, M., V. Hadacova and J. Lustinec. 1981. Origin of cyto- 
kinin- and auxin-autonomy and changes in specific proteins 
in tobacco callus tissue. Biol. Plant. 23:228-236. 



62 

Kamfnek, M. and J. Lustinec. 1974a. Reduced chlorophyll synthe- 
sis in cytokinin-autonomous strains of tobacco callus. Z. 
Pflanzenphysiol. 73:65-73. 

Kamfnek, M. and J. Lustinec. 1974b. Induction of cytokinin- 
autonomy and chlorophyll-deficiency in tobacco callus 
tissue by streptomycin. Z. Pflanzenphysiol. 73:74-81. 

Karanov, E., I. Iva.nova and G. Vasilev. 1968. Cytokinin acti- 
vity and chemical structure of certain derivatives of N- 
allyl-N'-phenylthiourea.  Fiziol. Rast. (Sofia) 15:430-435. 

Kefford, N. P., M. I. Bruce and J. A. Zwar. 1966. Cytokinin 
activities of phenylurea derivatives: bud growth. Planta 
68:292-296. 

Kefford, N. P., M. I. Bruce and J. A. Zwar. 1973. Retardation 
of leaf senescence by urea cytokinins in Raphanus sativus. 
Comm. Sci. Ind. Res. Organ. 12:995-1003. 

Kefford, N. P., J. A. Zwar and M. I. Bruce. 1965. Enhancement 
of lettuce seed germination by some urea derivatives. 
Planta 67:103-106. 

Kefford, N. P., J. A. Zwar and M. I. Bruce. 1968. Antagonism 
of purine and urea cytokinin activities by derivatives of 
benzylurea. In: F. Wightman, G. Setterfields, eds.. Bio- 
chemistry and Physiology of Plant Growth Substances. Runge, 
Ottawa, pp. 61-69. 

Laloue, M. 1977. Cytokinins: 7-glucosylation is not a prerequi- 
site of the expression of their biological activity. Planta 
134:273-275. 

Laloue, M., M. Gawer and C. Terrine. 1975. Modalities de I'util- 
isation des cytokinines exog&nes par les cellules de Tabac 
cultivees en milieu liquide agite. Physiol. Vgg. 13:781-796. 

Laloue, M. and C. Pethe. 1982. Dynamics of cytokinin metabolism 
in tobacco cells. In: P. F. Wareing, ed.. Plant Growth 
Substances. Academic Press, London, New York, San Francisco, 
pp. 185-195. 

Laloue, M., C. Terrine and M. Gawer. 1974. Cytokinins: Forma- 
tion of the nucleoside - S'-triphosphate in tobacco and Acer 
cells. F.E.B.S. Lett. 46:45-50. 



63 

Laloue, M., C. Terrine and J. Guern. 1977. Cytokinins: 
Metabolism and biological activity of N^-(A2-isopentenyl) 
adenine in tobacco cells and callus. Plant Physiol. 59: 
478-483. 

Lee, E. H., J. H. Bennett and H. E. Heggestad. 1981. Retarda- 
tion of senescence in red clover leaf discs by a new antio- 
zonant, N-[2-(2-0xo-l-imidazolidinyl)ethyl]-Nl-phenylurea. 
Plant Physiol. 67:347-350. 

Letham, D. S. 1963. Zeatin, a factor inducing cell division iso- 
lated from Zea mays. Life Sci. 2:569-573. 

Letham, D. S. 1967. Regulators of cell division in plant tissues. 
V. A comparison of the activities of zeatin and other cyto- 
kinins in five bioassays. Planta 74:228-242. 

Letham, D. S., J. S. Shannon and I. R. McDonald. 1964. The 
structure of zeatin, a factor inducing cell division. Proc. 
Chem. Soc. 230-231. 

Linsmaier, E. M. and F. Skoog. 1965. Organic growth factor re- 
quirements of tobacco tissue cultures. Physiol. Plant. 18: 
100-127. 

Maas, H. and D. Klambt. 1981. Cytokinin biosynthesis in higher 
plants. In: J. Guern and C. P6aud-Lenoel, eds., Metabolism 
and Molecular Activities of Cytokinins. Springer-Verlag, 
Berlin, pp. 27-33. 

Matsubara, S. 1980. Structure-activity relationships of cyto- 
kinins. Phytochemistry 19:2239-2253. 

McDonald, J. J., N. J. Leonard, R. Y. Schmitz and F. Skoog. 1971. 
Cytokinins: Synthesis and biological activity of ureido- 
purines. Phytochemistry 10:1429-1439. 

Meins, F., Jr. 1972. Stability of the tumor phenotype in crown- 
gall tumors of tobacco. Prog. Exp. Tumor Res. 15:93-109. 

Meins, F., Jr. 1974. Mechanisms underlying the persistence of 
tumor autonomy in crown-gall disease. In: H. E. Street, 
ed.. Tissue Culture and Plant Science, Academic Press, London 
and New York, pp. 233-264. 

Meins, F., Jr. and A. N. Binns. 1977. Epigenetic variation of 
cultured somatic cells: Evidence for gradual changes in the 
requirement for factors promoting cell division. Proc. Natl. 
Acad. Sci. USA. 74:2928-2932. 



.64 

Meins, F., Jr. and A. N. Binns. 1978. Epigenetic clonal varia- 
tion in the requirement of plant cells for cytokinins. In: 
S. Subtelny, and I. M. Sussex, eds.. The Clonal Basis of De- 
velopment. Academic Press, New York, pp. 185-201. 

Meins, F., Jr. and J. Lutz. 1980. The induction of cytokinin 
habituation in primary pith explants of tobacco. Planta 
149:402-407. 

Meins, F., Jr. and J. Lutz. 1980. Epigenetic changes in tobacco 
cell culture: Studies of cytokinin habituation. In: I. 
Rubenstein et aK, eds.. Genetic Improvement of Crops: Emer- 
gent Techniques. University of Minn. Press, pp. 220-236. 

Meins, F., Jr., J. Lutz and R. Foster. 1980. Factors inducing 
the incidence of habituation for cytokinin of tobacco pith 
tissue in culture. Planta 150:264-268. 

Miller, C. 0. 1960. An assay for kinetin-like materials. Plant 
Physiol. 35:xxvi. 

Miller, C. 0. 1961a. A kinetin-like compound in maize. Proc. 
Natl. Acad. Sci. USA. 47:170-174. 

Miller, C. 0. 1961b. Kinetin and related compounds in plant 
growth. Ann. Rev. Plant Physiol. 12:395-408. 

Miller, C. 0., F. Skoog, F. S. Okumura, M. H. von Salza and F. 
M. Strong. 1955. Structure and syntheses of kinetin. J. 
Am. Chem. Soc. 77:2662-2663. 

Miller, C. 0., F. Skoog, F. S. Okumura, M. H. von Saltza and 
F. M. Strong. 1956. Isolation and synthesis of kinetin, 
a substance promoting cell division. J. Am. Chem. Soc. 
78:1375-1380. 

Miura, G. A. and C. 0. Miller. 1969. Cytokinins from a variant 
strain of cultured soybean cells. Plant Physiol. 44:1035- 
1039. 

Mok, M. C, S. G. Kim, D. J. Armstrong and D. W. S. Mok. 1979. 
Induction of cytokinin autonomy by N,N'-diphenylurea in 
tissue cultures of Phaseolus lunatus L. Proc. Natl. Acad. 
Sci. USA. 76:3880-3884. 

Mok, M. C. and D. W. S. Mok. 1977. Genotypic responses to 
auxins in tissue cultures of Phaseolus. Physiol. Plant. 
40:261-264. 



65 

Mok, M. C, D. W. S. Mok and D. J. Armstrong. 1978. Differential 
cytokinin structure-activity relationships in Phaseolus. 
Plant Physio!. 61:72-75. 

Mok, M. C, D. W. S. Mok, D. J. Armstrong, A. Rabakoarihanta and 
S. G. Kim. 1980. Cytokinin autonomy in tissue cultures of 
Phaseolus: a genotype-specific and heritable trait. Genetics 
94:675-686. 

Mok, M. C, D. W. S. Mok, D. J. Armstrong, K. Shudo, Y. Isogai 
and T. Okamoto. 1982a. Cytokinin activity of N-phenyl-N'- 
1,2,3-thiadiazol-5-ylurea (Thidiazuron). Phytochemistry 21: 
1509-1511. 

Mok, M. C, D. W. S. Mok, S. C. Dixon, D. J. Armstrong and G. Shaw. 
1982b. Cytokinin structure-activity relationships and the 
metabolism of N6-(A2-isopentenyl)adenosine-8-14c in Phaseolus 
callus tissues. Plant Physiol. 70:173-178. 

Murashige, T. and F. Skoog. 1962. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. Physiol. 
Plant. 15:473-497. 

Okamoto, T., K. Shudo and Y. Isogai. 1974. Cytokinin activity 
of aromatic heterocyclic urea and amide derivatives. Plant 
Growth Subst. (Proc. 8th Inter. Conf.), pp. 447-455. 

Okamoto, T., K. Shudo, S. Takahashi, E. Kawachi and Y. Isogai. 
1981. 4-pyridylureas are surprisingly potent cytokinins. 
The structure-activity relationship. Chem. Pharm. Bull. 29: 
3748-3750. 

Okamoto, T., K. Shudo, S. Takahashi, T. Yatsunami, Y. Isogai and 
K. Yamada. 1978. Shoot formation of tobacco callus by 
various cytokinin-active ureas and pyrimidines. Chem. Pharm. 
Bull. 26:3250-3252. 

Pa^es, V., E. Werstiuk and R. H. Hall. 1971. Conversion of N6- 
(A^-isopentenyl)adenosine to adenosine by enzyme activity 
in tobacco tissue. Plant Physiol. 48:775-778. 

Parker, C. W., M. M. Wilson, D. S. Letham, D. E. Cowley and J. K. 
MacLeod. 1973. The glucosylation of cytokinins. Biochem. 
Biophys. Res. Commun. 55:1370-1376. 

Schmitz, R. Y. and F. Skoog. 1970. The use of dimethylsulfoxide 
as a solvent in the tobacco bioassay for cytokinins. Plant 
Physiol. 45:537-538. 



66 

Schmitz, R. Y., F. Skoog, S. M. Hecht and R. M. Bock. 1972. Com- 
parison of cytokinin activities of naturally occurring ribo- 
nucleosides and corresponding bases. Phytochemistry 11:1603- 
1610. 

Shantz, E. M. and C. F. Steward. 1952. Coconut milk factor: 
The growth-promoting substances in coconut milk. J. Am. 
Chem. Soc. 74:6133-6135. 

Shantz, E. M. and F. C. Steward. 1955. The identification of 
compound A from coconut milk as 1,3-diphenylurea. J. Am. 
Chem. Soc. 77:6351-6353. 

Skoog, F. and D. J. Armstrong. 1970. Cytokinins. Ann. Rev. 
Plant Physiol. 21:359-384. 

Skoog, F., F. M. STrong and C. 0. Miller. 1965. Cytokinins. 
Science 148:532-533. 

Strong, F. M. 1958. Kinetin and kinins. In: Topics in Micro- 
bial'Chemistry. John Wiley and Sons, Inc., New York, pp. 
98-157. 

Taha, F. A. and G. R. Stino. 1981. Effect of thidiazuron on 
abscission of citrus leaf explants and on callus formation 
in vitro. Egypt J. Hort. 8:45-53. 

Takahashi, S., K. Shudo, T. Okamoto, K. Yamada and Y. Isogai. 
1978. Cytokinin activity of N-phenyl-Nl-(4-pyridyl)urea. 
derivatives. Phytochemistry 17:1201-1207. 

Terrine, C. and M. Laloue. 1980. Kinetics of N -(A -isopentenyl) 
adenosine degradation in tobacco cells: Evidence of a regu- 
latory mechanism under the control of cytokinins. Plant 
Physiol. 65:1090-1095. 

Thimann, K. V. and T. Sachs. 1966. The role of cytokinins in 
the "fasciation" disease caused by Corynebacterium fascians. 
Am. J. Bot. 53:731-739. 

Vassilev, G. N., L. K. Iliev and Z. P. Dimsheva. 1978. Cytokinin 
activity of the p-alkyl-and phenylthioureidosalicylic acids 
and some of their esters. Comp. Rend. Acad. Bulg. Sci. 31: 
85-88. 

Vassilev, G. and M. Kamfnek. 1981. Cytokinin activity of p- 
phenyl-thioureidosalicylic acid. Biochem. Physiol. Pflanzen. 
176:595-597. 



67 

Vassilev, G. N. and E. N. Karanov. 1972. Chemical structure and 
physiological activity of some alkyl esters of 4-alkylthiour- 
eidosalicylic acids. Comp. Rend. Acad. Bulg. Sci. 25:933-936. 

Vyskot, B. and F. J. NovcEk. 1977. Habituation and organogenesis 
in callus cultures of chlorophyll mutants of Nicotiana 
tabacum L. Z. Pflanzenphysiol. 81:34-42. 

Whitty, C. D. and R. H. Hall. 1974. A cytokinin oxidase in Zea 
mays. Can. J. Biochem. 52:789-799. 



APPENDICES 



68 

APPENDIX I. Cytokinin activities of N-(2,6-dichloro-4-pyridy1)- 
N'-phenylurea and N-(2,6-dichloro-4-pyridyl)-N'-(3- 
fluorophenyl)urea in the P. Tunatus callus bioassay. 

Certain N-phenyl-N,-(4-pyridyl)urea derivatives exhibited high 

cytokinin activity (Takahashi et al_., 1978). In particular, N- 

(2,6-dichloro-4-pyridyT)-N'-phenylurea and N-(2,6-dichloro-4- 

pyridyT)-N'-(3-fluorophenyl)urea were found to be extremely active 

in the tobacco callus bioassay (Okamoto et a]_.,  1981). These two 

compounds were obtained from Dr. K. Shudo, University of Tokyo, 

Japan. The activities of Thidiazuron, N-(2,6-dichloro-4-pyridyl)- 

N'-phenylurea, and N-(2,6-dichloro-4-pyridyl)-N'-(3-fluorophenyl) 

urea in the promotion of P.  lunatus cv. Kingston callus growth 

were compared. Tissues were harvested and weighed after a growth 

period of 35 days. The results of this test are presented in 

Figure I-l. Both N-phenyl-N'-(4-pyridyl)urea derivatives promoted 

vigorous callus growth, but Thidiazuron was slightly more active 

than either of these compounds. 
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FIGURE I-l. Callus growth of cv. Kingston in the second 
passage on media containing Thidiazuron 
(--•—), N-(2,6-dichloro-4-pyridyl )-N,-phenyl 
urea (—■—), and N-(2,6-dichloro-4-pyridyl) 
N'-CS-fluorophenyl)urea (•••o...). 
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APPENDIX II. The effects of N-benzyl-N'-S-nitrophenylurea on 
P. lunatus cv. Kingston callus growth. 

Certain N-benzyl-N'phenylurea derivatives inhibit the activi- 

ties of cytokinin-active phenylurea derivatives as well as N - 

substituted adenine derivatives in the tobacco callus (Isogai 

et a^., 1980) and radish leaf disc chlorophyll retention (Kefford 

et aK, 1968) bioassays. One such compound, N-benzyl-N'-S-nitro- 

phenylurea was obtained from Dr. K. Shudo, University of Tokyo, 

Japan. The ability of this compound to antagonize the activities 

of Thidiazuron and zeatin was tested in £. lunatus callus cul- 

tures. Fresh weights of _P. lunatus cv. Kingston callus tissues 

grown for 35 days on medium containing N-benzyl-N'-S-nitrophenyl- 

urea, and either Thidiazuron or zeatin, are presented in Tables 

II-l and II-2. N-benzyl-N'-3-nitrophenylurea suppressed callus 

growth only when supplied at high concentrations (10 yM and 

30 yM). The growth-inhibiting effects of this compound were 

apparent in the presence of Thidiazuron and zeatin. However, 

high concentrations of zeatin and Thidiazuron could overcome 

the growth-inhibiting effects of 10 yM N-benzyl-N'-S-nitrophenyl- 

urea. Thus, N-benzyl-N'-3-nitrophenylurea appears to be a cyto- 

kim'n antagonist in _P. lunatus callus tissues, as well as in 

other bioassay systems. 



TABLE II-l. Fresh weight (±SE) of cv. Kingston callus tissues grown in the presence of Thidia- 
zuron and N-benzyl-N'-3-nitrophenylurea. 

Thidiazuron Antagonist Concentration 
concen-   ^ '    
tration 0 J .J 1 3 10 32_ 

0 .04 ±    .01 0,14 ± 0.1 2.15+2.1 2.65 ±1.3 1.9+1.4 0.6 

.001 6.6 ± 4.0 12.38 ± 3.0 8.7    ± 3.1 4.8 + 2.7 9.9 ± 4.4 0.05 

.003 20.7 ±0.3 20.2 ±0.1 19.7    ±0.6 19.8 ±0.6 19.4 ±1.1 11.45 1.4 

.01 20.1 ±0.2 19.9 ±0.3 20.4    ±0.2 19.2 ±0.2 19.2+0.2 11.4 1.8 

.03 18.7 ± 0.3 18.6 ± 0.4 18.9 ±    0.2 18.9 ± 0.3 18.5 ± 0.4 16.34 0.1 

.1 18.5 ± 0.3 18.5 ± 0.2 18.7 ±    0.2 18.7 ± 0.2 17.8 ± 0.3 16.5 4.8 

.3 18.6 ±0.4 19.8 ±0.2 19.1  ±    0.3 19.1 ±0.4 18.8 ± 0.3 17.9 1.5 



TABLE II-2. Fresh weight (±SE) of cv. Kingston callus tissues grown in the presence of 
zeatin and N-benzyl-N'-S-nitrophenylurea . 

Zeatin 
concen- 

Antagoni st Concentration 
(yM) 

tration 0 .1 .3 1 3 10 32 

0 0.04 ± .01 0.14 ± .1 2.15 ± 2.1 2.65 ± .13 1.9 + 1.4 0.6 

.003 5.12 ± 2.8 1.9 + 1.6 2.8 ± 1.6 0.71 + 0.6 2.4 + 1.7 0.25 

.01 13.4 + 3.7 8.5 + 3.6 11.0 + 2.0 13.6 + 4.4 9.0 ± 1.3 2.9 1.0 

.03 22.0 + 0.7 21.2 + 0.3 18.2 + 2.3 21.3 + 0.3 20.1 + 1.8 19.7 1.0 

.1 23.6 + 0.3 24.4 + 0.2 24.1 + 0.2 23.9 + 0.2 23.8 + 0.3 22.0 1.4 

.3 23.5 + 0.2 23.3 + 0.3 24.0 + 0.2 23.9 ± 0.3 23.7 ± 0.2 24.9 1.6 

1.0 24.2 + 0.3 23.7 ± 0.3 24.1 + 0.3 23.3 + 0.2 23.2 + 0.3 24.0 2.0 

3.0 21.4 + 0.1 21.5 + 0.2 21.7 + 0.3 21.2 ± 0.3 20.9 + 0.3 20.7 10.0 

CO 




