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Abstract--Cytokmm oxidase has been highly purified from mature Zea mays kernels. Adenlne has been unambigu- 
ously identified, by HPLC co-chromatography, UV and mass spectroscopy, to be the oxldatlon product of N6-(A’- 
1sopentenyl)ademne by this enzyme. No other products were detected The results are 1n agreement with metabolic 
studies and suggest that cytokinln oxidase plays an important role 1n the catabolism of exogenously applied cytokmins. 

INTRODUCTION 

The exogenous apphcatton of cytokmms to plant tissues 
has, in almost every case, led to the production of adenme 
(Ade), adenoslne (Ado) or Ade nucleotldes [l-4] In many 
of these experiments they were the major catabolltes This 
complete and irreversible destruction of the cytoklnln 
structure is seen as a manifestation of the plant’s ability to 
control total cytok1n1n actlvlty. A number of important 
studies have been performed to investigate the enzymatic 
oxidation of the cytoklnins 

Xanthlne oxldase has been shown to oxidize zeat1n (Z) 
and N6-(A’-1sopentenyl)adenlne (21P) to their S- and 2,8- 
dihydroxy derivatives [S]. 2-Hydroxy-Z has been isolated 
as a minor component of immature Zea mays kernels [6], 
but has never been identified as a metabollte of exogen- 
ously supplied material Xanthlne oxldase, itself, has yet to 
be found 1n plant tissues [7]. 

Of much greater importance, an enzyme has been 
characterized which cleaves the N6 side chain of the 
cytoklnlns (Scheme 1) This enzyme, so called ‘cytokmln 
oxldase’, has been demonstrated 1n tobacco pith tissue 
(Wisconsm-38) [S] and Zea mays kernels [9]. The enzyme 
was shown to require molecular oxygen [9] and to be 
active with four substrates, namely. 2iP (l), N6-(A’- 
1sopentenyl)adenoane (21PA), Z and zeat1n riboslde (ZR). 
Side chain saturation, the relocation of the double bond 
from A2 to A3 and substltutlon of other functIona groups 
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Scheme 1. Side cham cleavage of 2iP 

all caused decline or total loss of enzyme activity. Those 
compounds that serve as substrates (i.e. 2iP, Z and ZR) are 
rapidly metabolized to Ade and Ado [l&4] whilst ben- 
zyladenlne (BA) and dlhydrozeatin (DHZ) are much more 
resistant to side chain cleavage [lo, 111. An interesting 
comparative study with bean leaves [ 123 shows the order 
of stablhty of exogenously applied cytoklnlns to be 
dihydrozeatln 0-glucoside (DHZOG) > zeat1n O- 
glucoslde (ZOG) > DHZ > Z We now know that the O- 
glucosldes are not substrates for cytoklnln oxldase [13] 

The mechanism of the ox1dat1ve cleavage 1s not known, 
but 3-methyl-2-butenal (3) has been conclusively 1dent1- 
fied by mass spectroscopy as a product of cytokinin 
oxldase action on 21P (1) [ 143. The other expected product 
of this reaction 1s Ade (2) and this was identified by co- 
chromatography on paper [S, 9, 151. However, there was 
some confusion in the interpretation of the UV spectro- 
photometric assay [9] since the products gave a shift in 
A,, values to 248 nm instead of the expected 260 nm. The 
existence of an unstable intermediate was postulated [9], 
possibly an Imine, which was thought to break down to 
Ade during the processing of the sample for PC. 

Other workers [16] have suggested that the oxidation 
products were wrongly identified. By analogy with per- 
manganate oxldatlon products 6-(2,3,4-tnhydroxy-3- 
methylbutylamino)-pur1ne has been proposed as a 
product of cytoklnln oxldase action on Z. This compound, 
which co-chromatographs with Ade on paper and on 
Sephadex LH-20 [ 161, has been isolated from immature 
Zea mays kernels [6]. It is, however, a minor component 
and has never been demonstrated as a metabollte. This 
contrasts markedly with the almost universal appearance 
of Ade, Ado and Ade nucleotldes as catabolites of 
exogenously applied cytokinlns. 

We have, therefore, reinvestigated the degradation of 
21P by cytoklnin oxldase from Zea mays and have 
posltlvely identified the sole pur1ne product of this 
reaction as Ade. 

RESULTS AND DISCUSSION 

Since the side chain aldehyde (3) (Scheme 1) has already 
been conclusively identified as a product of cytoklnin 
oxidase action on 21P (1) [ 141 and because the confusion 
centres around the reported shift 1n UV absorbance [9], 1t 
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was considered important to estabhsh beyond doubt that 
Ade (2) IS the other product [S-r4C]21P was mcubated 
with htghly purified cytok1nm oxldase from Zea may, 
kernels The extraction procedure was essentially that of 
Whttty and Hall [9], but the enzyme was further purtfied 
by preparative polyacrylam1de disc gel eiectrophoresls 
1131 The 1ncubatron was analysed by gradient HPLC 
(System 1) [17], at time zero, and after 10 hr Extensive 
degradation occurred after 10 hr, all the radloacttvlty co- 
chromatographs with reference Ade and residual 21P (Fig 
1) The Ade fraction was subjected to further HPLC using 
a different gradient system and again all the activity was 
found m the Ade fraction This material gave a UV 
spectrum identical to authentic Ade i.,,, 259 5 nm Mass 
spectroscopy (probe sample) showed unambrguously that 
the radloacttve material was Ade Ions at m/z 137 and 110 
are present due to the r4C-label m the substrate The 
intensity of these peaks 1s approximately m the propor- 
tions predicted by the specrfic activity of the starting 
material No other products were observed 

It 1s probable that the less rtgorously purified enzyme 
preparatron used by Wh1tty and Hall [9] accounted for 
their anomalous UV data Further oxldatlon of Ade by 
other, contaminating, enzymes could give, for Instance 
hypoxanthme and the allantotdes, both of which have 
lower i,,, values It should be pointed out that the 
permanganate-produced trthydroxy compound [16] has 
a UV spectrum slmtlar to that of the cytoklnlns [6] and, 
therefore, could not possibly account for the shift to 
248 nm [9]. With our much purer enzyme preparation 
thus shift was not observed Instead the i.,,, value moved 
from 265 to 259 nm as the reaction proceeded 

Itrsmterestmg that Haii er ai. [is], usmg chicken bone 
marrow and calf lntestmal mucosa preparations, found 

n 
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Frg 1 HPLC UV trace showmg products of the mcubatlon of 
cytokmm oxtdase with 21P after 1Ohr (System 1) The super- 

imposed bar diagram shows the percentage total radtoacttvlty 

The UV absorbing peak at fraction 5mm co-chromatographs 
wtth reference Ade and the peak at fractton 11 mm wnh reference 

21P 

that cleavage of 21PA gave 1nos1ne The ldentlhcatlon of 
1nos1ne was based purely on the i,,,shlft to 248 5 nm The 
results and arguments presented here shed some doubt on 
these conclustons 

The results m thts paper and the tdentlficatton of the 
side chain aldehyde [14] show, conclusively, that the 
cleavage of the side chain 1s the mechanism of cytoklnln 
oxtdase actron The parallel between these results and the 
numerous metabohc studies strongly suggests that cyto- 
km1n oxtdase plays a central role m the catabohsm of 
exogenously applied cytokmlns 

Plum materral Zru muys var Earhkmg was grown under glass 
The mature cobs were harvested and used tmmedtately ot were 

frozen at -2O^ until required 

C‘prokmrn orafu>e purrfrtutron The enzyme was purthed by the 

method of ref [9] dnd IS descrtbed m detdti elsewhere [McGaw. 
B A and Horgan, R . m preparatron] The enzyme was ppted by 
Me,CO fracttonatton between 40 and 60”,, and this sample was 
apphed to a Sephadex G-150 column The acttve tracttons from 

this were bulked and run on a hydroxylapdttte (HAP) column 

The enzyme dcttvtty bound weakly to the HAP dnd the bulked 

(‘hemrcalc 

dcttve eluates were condensed usmg dtalysts tubmg and d sdtd 

[X-‘4C]rYh-(AZ-tsopentenyl)adenme (11 7 mCt,’ 

mmol) was synthesrred by condensmg [8-14C]6-chloropurtne 

wtth 3-methylbut-2-enylamme [ 191 

soln of polyethylene glycol (MW 6OCQ before runnmg on 7 “,, 

polyacrylamtde dtsc gels The acttve regton of the gel\ wds cut out 
and extracted mto buffer Thts prepdrdtton, of sp act 10 7 /iM 
2tPlmg protem hr, w’as used for the mcubdtton expt5 

(Sx~datron oj 2rY b) (uohrnln odaie ZIP (I 1 7 mCi:mmol). 

64 nM, was Incubated at 37 wtth 100~11 of the enzyme prepar- 

atton At ttme zero and ttme 10 hr. lOand 90~11, respecttvely. were 

wnhdrawn and subJected to reversed phase HPLC usmg d 150 

x 4 5 mm td column of Apex ODS eluted at a rate of 2 ml, mm 

with a gradtent system of O-30”,, MeCN wtth H,O dt pH 7 0 

(trtethylammomum bicarbonate) over d 30 mtn pertod usmg dn 
exponent of 1 (System 1) Fractions were collected for 1 or 2 mm 

and 0 5ml of these were counted m a hqmd ~cmttlldtton 

spectrometer The acttve regton (10 hr, fractron 5 mm). whtch co- 

chromatographed wtth reference Ade, was evaporated to dryness 
and reapphed to the same HPLC column usmga grddtent system 

runnmg from 0 to 5”,, M&N (1Omm) (System 2) The only 

radtoacttve peak (fraction 9mm) co-chromatographed wtth 

reference Ade Thts fractton was evaporated to dryness dnd used 

for UV and MS analysis UV i max, H,O. pH 7 0. was 259 6 nm 

The MS was obtamed (direct probe) at a source temp of 1 SO (rel 

mt) m/r 137(1470), 135(1OO). llO(496). 10X(29 15) 81 (1297). 

54(1915)and53(1100)Thetonatm~~137represents[M+2]’ 
due to the [E-“C]-label Thespectrum w’as otherwtse ldentlCdl to 

an Ade reference from a commerctal source 
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