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Abstract—Polyamine oxidase, purified 260-fold from maize shoots, was light yellow in colour. Maximum light-
absorption was at 450 nm and was decreased by the addition of either sodium dithionite or spermidine, but not
by putrescine. Under aerobic conditions, the enzyme could use p-benzoquinone as an electron acceptor. Cu®*
inhibited the enzyme activity, while SO3 was stimulatory. Several metal-binding agents and thiol reagents were

without effect.

INTRODUCTION

The polyamine oxidase which occurs in the seed-
ling of barley [1] and maize [2] differs from the
amine oxidase in pea [3], lupin [4], tobacco [5]
and soybean [6]. We have previously reported [2]
that a partially purified enzyme from maize shoots
requires FAD, and in this paper, we report the pur-
ification and further properties of this enzyme.

RESULTS AND DISCUSSION
Purification of maize polyamine oxidase

A summary of the enzyme purification is given
in Table 1. The specific activity at the final stage
was ca 260 x that of the original extract (recovery
13-8%). Ammonium sulphate could not be used for
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the concentration of the enzyme since it causes in-
activation [1, 2]. However, polyethylene glycol is
an efficient concentrating agent for this enzyme.

Spectrophotometric observations

The absorption spectrum of the purified polya-
mine oxidase of step 5 (225 ugN/ml) was deter-
mined from 350 nm to 600 nm. The enzyme exhi-
bited a maximum at about 450 nm and a minimum
at 410 nm (85%, of max) but the absorption maxi-
mum between 350 nm and 400 nm which is usually
observed in flavoprotein enzymes was absent [7].
Under aerobic conditions, the A at 450 nm was de-
creased by sodium dithionite ( x 0-3) or spermidine
{x 0-8), but not by putrescine. Addition of dith-
ionite greatly increased A below 400 nm and the
peak at 450 nm was lost. The flavin concentration,
calculated [8] from E at 450 nm (1-13 x 10* cm?
mol™ 1), was 55 x 107 % umol per mg protein.

Table 1. Purification of maize polyamine oxidase

Total Nitrogen Sp. act. Réecovery
Step Fraction vol. (ml) Units/ml (mg/ml) (unit/mgN) %)

1 Crude extract 3060 38 0-89 43 100

2 Particles — 63 1-49 42 -

3 KH,PO(0-5 M) extract 220 11-3 043 263 214

4 Sephadex G-100 60 236 0-062 3806 122
column eluates

5 Ca phosphate gel 60 26-7 0024 11125 13-8
eluates

A unit of activity is defined as the amount of enzyme which causes 10 ul O, uptake or a 0-0212 increase of A at 435 nm (equival-
ent to the amount of O, uptake) in 10 min under standard conditions using the O-aminobenzoldehyde assay [2].
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Effect of the concentration of FAD on the apoen-
zyme

FAD but not FMN regenerated the holoenzyme
from apoenzyme. Increasing the concentration of
FADupto 5 x 1072 umol stimulated holoenzyme
formation but the increase stopped abruptly at this
point and the enzyme activity became constant.

p-Benzoquinone reduction by polyamine oxidase

Maize polyamine oxidase differs from a spermi-
dine dehydrogenasc [9] of the bacterium Serratia
marcescens, which requires FAD and an additional
electron carrier, in that the maize enzyme—both
aerobically and anaerobically-—does not reduce
added electron carriers such as 2,6-dichloropheno-
lindophenol, phenazine methosulphate and ferri-
cyanide. However, we have now found that under
aerobic conditions the maize enzyme can reduce p-
benzoquinone. The coupled reduction of cytoch-
rome ¢ or 2,6-dichlorophenolindophenol could be
effected by this system. With cytochrome ¢ as
reductant (see Experimental) A at 550 nm in-
creased from 0-28 to 0-42 in 30 min with spermi-
dine as substrate; activity with spermine was about
509 of that with spermidine. NADH-could not re-
place spermidine. Enzymatic reduction of p-benzo-
quinone was inhibited 70%, by Cu®*. With boiled
enzyme or on omitting polyamine substrate no in-
crease in A 550nm was detected. Similarly with
2.6-dichlorophenolindophenol as reductant the
A 600 nm was reduced from 0-23 to 0:15 in 30 min.
(see Experimental).

Effect of inhibitors

Massey et al. [ 7] have reported that those flavo-
protein enzymes which react readily with oxygen
also react readily with SOj . It was therefore of in-
terest to find that maize polyamine oxidase is not
inhibited but, on the contrary, is stimulated, show-
ing a 230", increasc in activity over the control in
10 min at 20 mM conc of sodium sulphite. Enzyme
activity, as measured by oxygen uptake was inhi-
bited about 66%, by 01 mM CuSO,(2-mercap-
toethanol-free preparation was used). However,
the activity is completely unaffected by AgNO; or
CdSO, (each at 0-1 mM). With p-hydroxymercuri-
phenylsulphonate, ~ N-ethylamaleimide  (each
1 mM) and phenylmercuric acetate (0-5 mM) no in-
hibition was found either. These results suggest

that Cu®" is probably reacting with a flavin com-
ponent of the enzyme. Preincubation (30 . 5hr)
with metal-binding agents (cyanide. azide. batho-
cuproine, bathophenanthroline. xanthogenate
(each 1mM), diethyldithiocarbamate {01 mM)
and cupferron (0-:5mM)) had no effect on the
enzyme activity. The additon of quinacrine or
rivanol (cach at 2 mM) resulted in inhibitions of
49°/ and 88", respectively after 20 min of preincu-
bation.
EXPERIMENTAL

Plant material. Maize seedlings (Zea mays L. Goldencross
Bantam T51) were grown in moistened vermiculite at 257 in the
dark for 7-8 days.

Purification of enzyme. 220 ml of partially purified enzyme [2]
(step 3 in Table 1) in dialysis tube was concentrated by contact
with solid polyethylene glycol (MW = 15000). 20 ml of the
conc enzyme soln was applied to a Sephadex G-100 column
(34 x 65cm) cquilibrated with a buffer containing 0-3M
KH,PO,. I mM EDTA and 10 mM 2-mercaptoethanol and
eluted with the same buffer (low rate 20 ml‘hr; 10 ml {ractions).
Fractions from tube 23-28 were pooled (60 ml). then diluted on
120ml with deionized H,O containing | mM EDTA and
10 mM 2-mercaptoethanol. The resulting soln was treated with
calcium phosphate gel [10] (dry wt 156 g). The suspension was
stirred for 10 min and the gel recovered by centrifugation. The
enzyme was then cluted from the gel by stirring for 10 min with
60 1 of M"'KH,PO, soln, containing | mM EDTA and 10 mM
2-mercaptoethanol. After centrifugation, the supernatant {ca
60 ml) was conc to 15 ml (90 g N/ml) by using polyethylene
glycol as above. Enzvme preparation (70 g N-ml) frec from 2-
mercaptoethanol was prepared by passing an cnzyme soln
through a Scphadex G-23 column (1% x 30em). cquilibrated
with 0:-5M KH,PO, and I mM EDTA. All operations were
carried out at 0-4".

Preparation of apoenzyme. Details are similar to those de-
scribed in ref. 2.

Determination of enzyme activity was given in ref. 2. Exper-
iments to determine the effect of inhibitors were based on esti-
mation of O, uptake. Protein was determined by refl 11 and N
determinations were carried out according to ref. 12,

The coupled reduction of ¢ytochrome ¢. The reaction system
contained, in a total vol. of 4 ml: :63 umol cyvtochrome c.
0-5 umol p-benzoquinone. 200 umol phosphate buffer (pH = 7),
250 pg catalase, -2 mg bovine serum albumin and 30 gmol sub-
strates, in addition to 0-2ml of cnzvme soln cluted from
Sephadex (-25. Reaction mixtures were incubated for 20 min
at 30 before the addition of substrate.

The coupled reduction of 2.6-dichlorophenolindophenol. Exper-
imental conditions similar to the case of cytochrome ¢ reduc-
tion. Bovine serum albumin was omitted. 0-1 umol 2.6-dichloro-
phenolindophenol was used.
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