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Abstract—Cytokimin oxidase has been highly purified from mature Zea mays kernels. Adenine has been unambigu-
ously 1dentified, by HPLC co-chromatography, UV and mass spectroscopy, to be the oxidation product of N°-(A-
1sopentenyl)adenine by this enzyme. No other products were detected The results are 1n agreement with metabolic
studies and suggest that cytokinin oxidase plays an important role 1n the catabolism of exogenously applied cytokinins.

INTRODUCTION

The exogenous application of cytokinins to plant tissues
has, 1n almost every case, led to the production of adenine
(Ade), adenosine (Ado) or Ade nucleotides [1-4] In many
of these experiments they were the major catabolites This
complete and irreversible destruction of the cytokinin
structure is seen as a manifestation of the plant’s ability to
control total cytokinin activity. A number of important
studies have been performed to investigate the enzymatic
oxidation of the cytokinins

Xanthine oxidase has been shown to oxidize zeatin (Z)
and N°-(AZisopentenyl)adenine (2iP) to their 8- and 2,8-
dihydroxy derivatives [5]. 2-Hydroxy-Z has been 1solated
as a minor component of immature Zea mays kernels [ 6],
but has never been 1dentified as a metabolite of exogen-
ously supplied material Xanthine oxidase, itself, has yet to
be found 1n plant tissues [7].

Of much greater importance, an enzyme has been
characterized which cleaves the NS side chain of the
cytokinins (Scheme 1) This enzyme, so called ‘cytokinin
oxidase’, has been demonstrated 1n tobacco pith tissue
(Wisconsin-38) [8] and Zea mays kernels [9]. The enzyme
was shown to require molecular oxygen [9] and to be
active with four substrates, namely. 2iP (1), N°-(A2-
1sopentenyl)adenosine (21PA), Z and zeatin riboside (ZR).
Side chain saturation, the relocation of the double bond
from A? to A® and substitution of other functional groups
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Scheme 1. Side chain cleavage of 21P

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 [1-4] whilst ben-
zyladenine (BA) and dihydrozeatin (DHZ) are much more
resistant to side chain cleavage [10,11]. An interesting
comparative study with bean leaves [12] shows the order
of stability of exogenously apphed cytokinins to be
dihydrozeatin  O-glucoside (DHZOG) > zeatin O-
glucoside (ZOG) > DHZ > Z We now know that the O-
glucosides are not substrates for cytokinin oxidase [13]

The mechanism of the oxidative cleavage 1s not known,
but 3-methyl-2-butenal (3) has been conclusively 1denti-
fied by mass spectroscopy as a product of cytokinin
oxidase action on 21P (1) [ 14]. The other expected product
of this reaction 1s Ade (2) and this was identified by co-
chromatography on paper [8, 9, 15]. However, there was
some confusion in the interpretation of the UV spectro-
photometric assay {9] since the products gave a shift in
/4 max 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 1dentified. By analogy with per-
manganate oxidation products 6-(2,3,4-trihydroxy-3-
methylbutylamino)-purine has been proposed as a
product of cytokinin oxidase action on Z. This compound,
which co-chromatographs with Ade on paper and on
Sephadex LH-20 [16], has been 1solated from immature
Zea mays kernels [6]. It is, however, a minor component
and has never been demonstrated as a metabolite. This
contrasts markedly with the almost universal appearance
of Ade, Ado and Ade nucleotides as catabolites of
exogenously applied cytokinins.

We have, therefore, reinvestigated the degradation of
21IP by cytokimnin oxidase from Zea mays and have
positively identified the sole purine 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 cytokinin
oxidase action on 21P (1) { 14] and because the confusion
centres around the reported shift in UV absorbance [9], 1t
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was considered important to establish beyond doubt that
Ade (2) 15 the other product [8-'*C]21P was incubated
with highly purified cytokinin oxidase from Zea mays
kernels The extraction procedure was essentially that of
Whitty and Hall [9], but the enzyme was further purified
by preparative polyacrylamide disc gel electrophoresis
[13] The incubation was analysed by gradient HPLC

(System 1) HT] at time zero. and after 10hr Extensive

wysiLln al UIINC 210, a4 aitel Cllsl

degradation occurred after 10 hr, all the radioactivity 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 in the Ade fraction This material gave a UV
spectrum 1dentical to authentic Ade 4, 259 5nm Mass
spectroscopy (probe sample) showed unambiguously that
the radioactive material was Ade Ionsatm/z 137 and 110
are present due to the '*C-label 1n the substrate The
intensity of these peaks 1s approximately 1n the propor-
tions predicted by the specific activity of the starting
material No other products were observed

It 1s probable that the less rigorously purnfied enzyme
preparation used by Whitty and Hall [9] accounted for
their anomalous UV data Further oxidation of Ade by
other, contaminating, enzymes could give, for instance
hypoxanthine and the allantoides, both of which have
lower A, values It should be pointed out that the
permanganate-produced trihydroxy compound [16] has
a UV spectrum similar to that of the cytokinins [6] and,
therefore, could not possibly account for the shift to
248 nm [9]. With our much purer enzyme preparation
this shift was not observed Instead the 4, value moved
from 265 to 259 nm as the reaction proceeded

It s interesting that Half er ai. [ 18], using chicken bone
marrow and calf intestinal mucosa preparations, found
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Fig 1 HPLC UV trace showing products of the incubation of

cytokinin oxidase with 21P after 10hr (System 1) The super-

mmposed bar diagram shows the percentage total radioactivity

The UV absorbing peak at fraction 5min co-chromatographs

with reference Ade and the peak at fraction 11 min with reference
21p
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that cleavage of 21PA gave mosine The identification of
mosine was based purely onthe 4, smft to 248 5nm The
results and arguments presented here shed some doubt on
these conclusions

The results 1n this paper and the identification of the
stide chain aldehyde [14] show, conclusively, that the
cleavage of the side chain is the mechamsm of cytokinin
oxidase action The pnra"f-] between these results and the
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numerous metabolic studies strongly suggests that cyto-
kmin oxidase plays a central role mn the catabolism of

CXUgCIlUUbly dppllCU Llel\lHlllS

EXPERIMENTAL

Plant material Zea mays var Earliking was grown under glass
The mature cobs were harvested and used immediately o1 were
frozen at —20" until required

Chemicals  [8-'*C]N°®-(A’-1sopentenyllademine (11 7 mC1/
mmol) was synthesized by condensing [8-'*C]6-chloropurine
with 3-methylbut-2-enylamine [19]

Cytokimin oxidase purification The enzyme was purified by the
method of ref [9] and 1s described in detail elsewhere [MeGaw,
B A and Horgan, R .1n preparation] The enzyme was ppted by
Me,CO fractionation between 40 and 60°, and this sample was
applied to a Sephadex G-150 column The active fractions from
this were bulked and run on a hydroxylapatite (HAP) column
The enzyme activity bound weakly to the HAP and the bulked
active eluates were condensed using dialysis tubing and a satd
soln of polyethylene glycol (MW 6000) before running on 7
polyacrylamide disc gels The active region of the gels was cut out
and extracted into buffer This preparation, of sp act 107 uM
21P/mg protein hr, was used for the incubation expts

Oxidation of ZiF by vtokmin oxidase 21P (11 7 mCi/mmol),
64 nM, was incubated at 37 with 100 pl of the enzyme prepar-
ation At time zero and time 10 hr, 10 and 90 ul, respectively, were
withdrawn and subjected to reversed phase HPLC using a 150
x 4 5mm 1d column of Apex ODS eluted at a rate of 2m| mmn
with a gradient system of 0-30°, MeCN with H,O at pH70
(triethylammonium bicarbonate) over a 30 min period using an
exponent of 1 (System 1) Fractions were collected for 1 or 2 mm
and 05ml of these were counted m a hqud scintillation
spectrometer The active region (10 hr, fraction 5 min), which co-
chromatographed with reference Ade, was evaporated to dryness
and reapphed to the same HPLC column using a gradient system
runmng from 0 to 5°, MeCN (10min} (System 2) The only
radioactive peak (fraction 9min} co-chromatographed with
reference Ade This fraction was evaporated to dryness and used
for UV and MS analyss UV /.. H,O,pH70, was 259 6nm
The MS was obtained (direct probe) at a source temp of 180 (rel
mt) m/z 137 (14 70), 135 (100), 110 (4 96). 108 (29 15) 81 (1297).
54 (19 15)and 53 (11 00) The 1on at m/z 137 represents [M + 2]
due to the [8-'*C]-label The spectrum was otherwise identical to
an Ade reference from a commercial source
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