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Aktmt-Three urcidopurinc derivatives were tcstcd for their ability to promote the cytokinindcpcndent growth of 
cabus tissues derived from three genotypes of PhaKdw lruotus (cv. Jackson Wonder, cv. Kingston and P.I. 260415). In 
alI three test ryrtcms, the urcidopwincs exhibited the same relative cytokinin activities (6phenylureidopurine > 6-p 
tolylurcidopurinc > 6-cyclohexylureidopurinc) and were kss active than the aminopurinc derivatives. Nc-hcnxyl- 
odenine and N6-cyclohcxylmcthyladcttinine. Callus tissues of Jackson Wonder. whidt become cytokinin-autonomous if 
grown on cytokinin-active urea dcrivativcs, ret&cd cytokinindepcnde on mcdiacontaining optimal concentrations 
of urcidopurincs. In this reapa%, the biological activity of the urcidopurincs was similar to that of the aminopurinc 
dcrivativcs and differed from that of cytokinin-active urea derivatives tested in this system. 

lNlRODUCIlON 

Cytokinin activity is a property of at least two classes of 
compoundsz N6-substituted ~nop~ne (adcninc) dc- 
rivativcs and oertain phcnylura derivatives. Highly active 
cytokiiins may bc obtained with either type of structure, 
but subtk differences in biological properties of the two 
types of cytokinins art observed in some test systems. 

Thcburcidopurincsarecompoundstttat potsessstruc- 
tural features of both major classes of cytokinins. The 
cytokinin activities of Cureidopurine derivatives were 
tcstal in the tabtuzo callus bioassay by Skoog et ol. [l] 
and in the soybean callus bioassay by Hall cr of. [2,3]. The 
relative activities of particular ureidopurine derivatives 
were not always equivalent in the two test systems Thus. 
6_phenylurcidopurine, which was only weakly active in 
the soybean callus bioassay, was active at concentrations 
below 0. I pM in the to&o callus bioassay. Chhcda and 
co-workers also tested a number of urcidopurincs for 
biologiml activity in mammalian all culture [4,5) and as 
inhibitors of adcnosine kinasc (61. Although some of 
these compounds had antiprolifcrativc activity in aniatal 
cell cultures, this property was not correlated with 
cytokinin activity. 

The cffazts of ~phenylur~dopu~nc and several struc- 
turally related compounds on the growth of cytokinin- 
dependent callus tissues dctivcd from sclaztod genotypes 
of Phasdus hutus have ken examined in the work 
reported krc. Urcidopurinc derivativa had not prc- 
v&sly been tcstcd in P. lunocus culturft, and it was of 
intcrcst to assess the cytokinin activity of these com- 
pounds in callus tissues from this plant source and to 

l Praent addrar: Dqutmmc of Botany. Cow of Natural 
sacoat. Seoul National University, Seoul ISI. Republic of 
Kwa. 

t To whom corrupondencx should be addmsxd 

detcrminc whether gcnotypic variation in sensitivity to 
urcidopurincs might be present in the specks. In addition, 
the cfftis of urcidopurinc derivatives on callus tissues of 
f. funotu cv. Jackson Wonder were of special interest, 
because callus tissues of this genotype exhibit biologkal 
rcsponscs to cytokinin-active adcninc derivatives that arc 
somewhat ditTcrcnt from those elicited by cytokinin- 
ectivc urea derivatives [rJ. 

RcPUt.Ts AND MSCUSUON 

Three gcnotypcs of P. tunatw (cv. Jackson Wonder, 
P. I. 260415 and cv. Kingston) were selected for the 
prcscnt study. Callus tissues of all three genotypes can bc 
mmintaincd as cytokinindcpcndcnt lines when grown on 
optimal concentrations of cytokinin-active purine 
(adeninc) derivatives [S], and callus tissues derived from 
P. 1. 260415 retin cytokinindcpcmknt under all 
conditions tcstal to date 17.83. However, Cap&k cr ol, 
[7] found that callus tissues of Jackson Wonder bccamc 
cytokinin-autonomous when grown on cytokinin-activc 
urea derivatives or on less than optimal concentrations of 
cytokinin-active purinc derivatives. Thus, tk urea 
derivative thidiaxuron (N-phcnyl-N‘-1,~3-thipdiazot-5- 
ylurea), although highly active in promoting the growth of 
callus tissues of this genotype 191. was ineffective in 
preventing transformation to a cytokinin-autonomous 
growth habit. Tk properties of callus tissues of cv. 
Kingston appear intermediate ktwccn those of the other 
two gcnotypcs [8]. 

The cytokinin activities of three urcidopurine deriva- 
tivcs (6phcnyiureidopurinc, PheNCcAdq 6qciohexyL 
urridopurine, hPheNCd Adc; and 6-ptolylurcidopurine, 
TolNC6Adc) and two aminopurine derivatives (N6- 
bcnxyladeninc, b’Adc; and N6-cyclokxylmcthyladcnine, 
hb”Adc) wcrc tested on callus tissuar derived from the 
thra P. Iwrcltw genotypes. Structures of the test eom- 
pounds are shown in Fig. 1. The abilities of the five 
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Fig. I. Structuru of cytokini~ tated for l hili~y to promote OK 
growa of Phaseoh lww allw limm. 

compounds to promote the growth of allus tissues of 
P. lmw cv. Jackson Wonder arc compared in Fig Z and 
the terults of similar expelimcs using cdlus tisrues of cv. 
Kingston and P. I. 260415 are shown in Figs 3 and 4, 
respectively. In all three test systw the two aminopurine 
derivatives (b6Ade and hb6Ade) were more active than any 
of the urcidopurinc derivatives. The cytokinin activity of 

CONCENTRATION (JJH) 

Fig. 2. Cytokinin tivicia of u&dopunnc and amino+ 
dcrintiva in the promotion of &rowtb of aJhJJ cuttlira of 
Pbscdw Iuwrco cv. Jackron Wonder. Stock culturea of ullw 
tiaue&oMai.naia&xribedinExpainKat8l.wcrrtMIferrsdto 
mcdh wotaiaiog tbc tea aIqQulMJJ at the cooaltfaionS 
indic8tcd.TbcaveqcrraheghUpcraukweredc(amiood 
afta l powtb period of 5 ti. Abbrcvintio~ are d&al in 

Fig. I 

24 

COhJCENTRAT0N (PM) 

Fig. 3. Cytokiain aaivicia of urcidopurioe sod rmiDopurioc 
dcrintiva in the proln&ofl of growth of allw nrllura of 
f&x&J lu!walw cv. King#toa. stock calhufu of UUUI timbe. 
olHainalu&xribadillExpaiwotJ,wactruldaruttoma.iia 
containing the fat annpounds at the conozntratio~ indiatat. 
The rvarp frc& WcipbtJ pa eNk WaE dctamimzd after a 
#owth pmod of 5 weeks. Abkcviations are dctina! in Fig. I. 

CONCENTRATION ( pM 1 

Fig. 4. Cytokinio activities of ureidopurinc ux! aaGnopuriac 
duintiva in tbc mn of flowtb of allw cullwa of 
fkurdw IUSUUU P.I. 26WI5. Stock cuhra of ah tissue, 

obtainuludmibalinExpcrhmtaLwretraosfcrrcdtomah 

containiop tbc tat annpouadr at the comtfatha indiatad. 

The rvuagc frab wcigbu pa lhk ycte duemined aftu I 

growth period of 5 weeks Abbmvmuonr UC dcfmal in Fig I. 

hb’A&, which had not previously been tested with these 
tissues, wax approximately cquivaknt to that of b‘Adc in 
all of the P. /unmucdw tissues examined here. The three 
ureidopurinc derivatives exhibited the same relative 
activities in all three tissues (PhcNC’Adc > TolNC’Ade 
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> hPhcNC’Adc). In contrast to the results obtainal with 
the aminopurinc derivatives, reduction of the aromatic 
ring of the side chain of PheNC’Adc (to give 
hPbeNC*Adc) resulted in considerable loss of cytokinin 
activity in tests with these tissut* It is also of interest that 
PhcNC’Adc appears to be a moderately active cytokinin 
in promoting the growth of P. lww c&us tissues. This 

cOntrasIs with the reported low activity of this compound 
in tests using soybean callus tissue [3]. 

Although no genotypicdiffercnces were observed in the 
order of activities of the test compounds, callus tissues of 
the three P. IWUWU culdvars ditrerad in the overall 
sensitivity of their responses to cytokinins. Thus, callus 
tissues of Jackson Wonder respondal IO low kvcls of the 
test compounds; callus tissues of cv. Kingston were 
intermediate in scnsitivitr, and callus tissues of P. 1. 
260415 required relatively high levels of cytokinin to 
support growth. For cxampk, the concentration of 
PhcNC6Ade calculated to be requiral to give one-half 
maximal growth varied from 0.22 FM in Jackson Wonder 
to 0.71 +I in Kingston to 1.6pM in P. I. 260415 callus 
tissues. 

The ability of the ureidopurinc derivatives to suppress 
the development of cytokinin autonomy in callus tissues 
of Jackson Wonder was also tested. Tissues of Jackson 
Wonder were grown on optimal concentrations of the 
urcidopurincs and then transfer& to cytokinin-free 
media. Similar transfers performed with tissues grown on 
optimal corxcntrations of the two aminopurine deriva- 
tives and the cytokinin-ectivc urea derivative, 
Thidiazuron, were inch&d as controls. The results are 
shown in Table I. As expsctcd, Jackson Wonder tissue 
grown on maiia containing thidiazuron as the cytokinin 
source displayed a cytokinin-autonomous growth habit 
on transfer to cytokinin-free media, while tissues grown 
on optimal cotnxntrations of the aminopurinc derivatives 
remained cytokinindepcndent. The Jackson Wonder 

tissue grown on optimal concentrations of the ureido- 
purine derivatives also rempined cytokinindepcndent. 
Although there appeared to be a slight increase in the 
btxkground growth observed on cytokinin-free aedium 
after exposure of callus tissues to the two less active 
ureidopurine derivatives (hPheNC’Ade and 
TdM?Adc), the bchaviour of these callus tissues was 
dearly distinct from that of Thidiazuron-treated tissues 
and dosdy resembled that of tissues grown on cytokinin- 
tiivc aminopurines. Thus, tbc urcidopurine derivatives 
appear similar to the cytokinin-active aminopurinc 
derivatives in their ability to suppress the development of 
cytokinin autonomy in tissues of P. ltuww cv. Jackson 
Wonder. 

CXrnlMCMAL. 

ckmicok. Sunpkt oc bpbcnyluradopurinc ud bp 

~olyhucidopuri~~ were kindly provided by F. Skoog (Inxtitute OT 

Phnt Dtrrlopwnt. Univauty of Wisconsin-Mdison). 
. . 

TMvnrron (N-phenyl-N’-133-thidiuol-5-ylura) was a gift 
fran Schcnng AG. N’-QcMexybncthyt&ninc was synthaipd 
in this lxborrtory by raing cy&hcxylmrthyhminc with b 

chloropurinc. All other chcmic& were pu&ued from 

BsQuras. 

P&w aumrids. !hds of P. ham cv. Jackson Wonder were 

obuinad from Asgrow &cd Co. So& of cv. Kingston were 

&t&cd loally. Scatx of P. I. 2160415 were provided by the 

Rcgiorul P!xnt Introduction Sution. Wuhington State 

Univcfxity. Pullnun. Wrrhington. 

7Ixsau c&we I&rum The &Al a&ium wad to culture 

Phasdus cabs tissues camsted of the tnorg8nic nutrients of 

Murashigcxnd Skoog [ IO] with thcfollowin~organicsubsunm 

rddad: myo-tnositd (IO0 II@), t_HCl (I q/l.), nicotinic 

acid (5 mg/l.), pyridoxineHCl (0.5 ml/L), suc~ou (3Og/L) and 

@oram (2.5 pM). The pH of the hum wxxrdjustal to 5.7and 

Difco MO-Agu ( IO s/l.) was xddal. The medium wxs diqcnxcd 

T&k 1. Effoztx of urcidopunna and other cyiokinia+ctivc compoundx on 

thedevclopmcn~ofcytokininru~onomyinallux tisxuuof Phseohsha~wcv 
J&son Woada 

Cytokinin 

~~tratlon 

required for 

optinul growth 

Cytokinin* (rM) 
----._ - - 

hPheNC*Adc IO.0 

PheNC’Adc I.0 

ToLVC’Adc 30 

Thdmzuron 001 

b’ Ade 0.3 

hb*A& 0.3 

Avenge fresh weight (g/Exsk) 

Cytokinin- Cytokinin-fm 

coatining mahum madium 

(==nd PuarP) (third purge) 
-. -__. -- 

230 0.5 

22.1 0.1 

24 7 0.3 

20.4 72 

23 2 01 

24.3 0.1 

wlux ciwur of P. lumatw cv. Jrkson Wonder (grown u dmibal in 

Experimenti) were tmnxf& to maiir ooatiag optinul coarxntntioM of 

the lndwrtcd Eycokmms for one p~lrge and cka to vokinin-frsc maik Ftzsh 

weight valua were detcrmiocd after pwih p6od.x of 5 we& 

l b*Adc - N*-betuylx&ninc. hb*Adc - N’qdohexylmcthyladeninc, 
hPhcNC*Ade - 6-zyc&btxylur&lopuriae. PbcNC’Ade = 6-phenylurcido- 

punnc. TdNC’Adc - 6-p~olylureidopurinc. thid&uron - N-phcnyl-N’- 

1.2.3-thdiuol-S-ylura. 
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inrol25mlconial~r(~O~pl)udautodrvsdrt 120” 
for 15 min. For callus initiation and tbc tintcnana of stock 
culturrs kinetin (5 PM) was ddad to I& ba8al medium In tests 
ofcytokinin activity. appropriate amounts oftk test oompouads 
were dissokd in dtihybulpkxidc and &&d to the rutodxval 
tiwe culture lIasks p&r to ation OT the medium [ 1 I]. 
The fml concn of dimcthyisulphoxklc in the ticluc culture 
ma!iumns0.025mlpa8ukcontainingSOmlmalitun 

Growth and bvat of Piuscolus callns tissues. l-ii cuJttms 
were atabtpbad float the bypocotyi tisxue Ocsday-Qld acedlingx 
as dacribai in ref. [ 121. Four repkate callus lines derived from 
rour diuawlt sadlingx were euabiisbcd for acb paotypc. The 
callus tissue that formed on tbc initial explants was tmnsfa-rcd 
ona (first passage) on the s8mc ubcdium usal for allur initiation. 
Tests for rrrponscs to cytokinins WCTC perfornvd in the ~~YXXI 
pusrgcoftheallurtiuucuring3-~oldBrrtprnpcultu~ 
as stock tissue. Tests for cytokinin autonomy were pwformal by 
tnnsfhng Cwakokl sawnd pxsugc titxabm to cytokinin-free 
madLIn11lasqthncpiacaol~rirr~rei~ngco2Jmg 
c4&wcrcp&ntcdpcflIMk.Tiiuuwerehuvutedaftar5- 
w&t growth p&xl. Fresh weight vaJuca are the avcnga of four 
replicate B&s (carresponding to tbc 4 repkate lines of allus 
tissue at~Mkbal for ach genotype). 
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