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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 enzvme activitv. while SO; was stimulatory. Several metal-binding agents and thiol reagents were , 
without effect. 

INTRODUCTION 

The polyamine oxidase which occurs in the seed- 
ling of barley [l] and maize [2] differs from the 
amine oxidase in pea [3], lupin [4], tobacco [S] 
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 DISCXSSION 

Pwijcation oj’rnuizr 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. 

Spectrophotowtric ohsrrcations 
The absorption spectrum of the purified polya- 

mine oxidase of step 5 (225 pgN/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 [S] from E at 450 nm (1.13 x lo4 cm2 
mol- I), was 5.5 x lo- 3 pm01 per mg protein. 

Table 1. Purification of maize polyamine oxidase 

Step 

1 
2 
3 
4 

5 

Fraction 

Crude extract 
Particles 
KH,PO,(O.S M) extract 
Sephadex G-100 

column eluates 
Ca phosphate gel 

eluates 

Total 
vol. (ml) 

3060 

220 
60 

60 

Units/ml 

3.8 
6.3 

11.3 
23.6 

26.7 

Nitrogen Sp. act. 
(mg/ml) (unit/mgN) 

0.89 4.3 
1.49 4.2 
0.43 26.3 
0.062 380.6 

0.024 1112.5 

Recovery 
(%) 

100 

21.4 
12.2 

13.8 

A unit of activity is defined as the amount of enzyme which causes 10 ~1 OZ uptake or a 0.0212 increase of A at 435 nm (equival- 
ent to the amount of 0, uptake) in 10 min under standard conditions using the 0-aminobenzoldehyde assay [Z]. 
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&$a of the cotwet~tratiott qf’ FAD o/l the N~OPII- 
zytne 

FAD but not FMN regenerated the holoenzyme 
from apoenzyme. Increasing the concentration of 
FAD up to 5 x IO- 3 Ltmol stimulated holoenzyme 
formation but the increase stopped abruptly at this 
point and the enzyme activity became constant. 

Maize polyaminc oxidase differs from a spermi- 
dine dehydrogenasc [9] of the bacterium Srrratiu 
ttmescet~s, 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- 
bcnzoquinone. The coupled reduction of cytoch- 
rome c or 2,6-dichlorophenolindophenol could be 
effected by this system. With cytochrome c as 
reductant (see Experimental) A at 5.50 nm in- 
creased from 0.28 to 0.42 in 30 min with spermi- 
dine as substrate; activity with spermine was about 
50% 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 550 nm 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). 

Massey c’t 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’:,, increase in activity over the control in 
IO min at 30 mM cone of sodium sulphite. Enzyme 
activity, as measured by oxygen uptake was inhi- 
bited about 66”,, by 01 mM CuSO,(3-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. ,V-ethylamaleimide (each 
1 mM) and phcnylmercuric acetate (0.5 mM) no in- 
hibition was found either. These results suggest 

that Cu”’ is probably reacting with a Havin cam- 
ponent of the enzyme. Preincubation (30 . 5 hr) 
with metal-binding agents (cyanide. azidc. batho- 
cuproine, bathophenanthrolinc. xanthogcnatc 
(each 1 mM), diethyldithiocarbamatc (0, I mM) 
and cupferron (05 mM)) had no effect on the 
enzyme activity. The additon of quinacrinc or 
rivanol (each at 2 mM) resulted in inhibitions 01 
497:, and XX”,,, respectively after 20 min ol’prcincu- 
bation. 

Plitnf mtcviai. Maw secdlmgs (%@[I ,nuy> L. Goldencross 
Bantam Tj I) were grown in moistcncd vermlculitc at 2 in the 
dark for 7 8 days. 
Purificutim qf oc~rw. 220 ml of partially purifcd cnc! mc r-2 ] 

(step 3 in Table 1) in dialysis tube \\as concentrated b! contact 
with solid pol!ethqlene gl\/col (MW = 15000). ‘Oml of the 
cone cn/qmc soln was applied to ;I Sephadc\: G lOi) column 
(3.4 x 65 cm) cquilibratcd w tth a hutI& containing O-5 M 
KH?PO,. I mM EDTA and IO mM l-nlercnptoctharlol and 
eluted \%ith the same buffer (Row rate 21) ml hr; 10 ml liactions). 
Fractions from tube Z?%?X were pooled (60 ml). then diluted on 
I20 ml with deionized H,O containing I mhl tIDTA and 
IO mM 2-mcrcaptoethanol. The resulting soln aas trcatcd with 
calcium phosphate ye1 [ICI] (dt-> wt 1.56 g). The suspension was 
stirred for IO min and the gel rccovcrcd h) ccntrifug;ttion. The 
enzyme was then cluted from the gel h) stirring for IO min M ith 
60 I ofM KH,PO, soln. contaming I mM [.DT,\ and IO mM 
?-mcrcaptoethanol. After ccntrifueation. the bupcrwtant (~‘0 

D~,t~,r,lli,lcrfi[,,1 of’t’rr;yw rrcti~,ity was given m ref. 2. Fxper- 
iments to determine the etrect of inhibitor5 were hascd on csti- 
mation of 0: uptake. Protein was determined by ref. I I ;Ind N 
determinations v+crc carried out according to rei. 12. 

7 Irr cor~plctl wrillcliou (I/ cc~~fo~~/wr~r~rt~ c. The reaction s\ stem 
contained. in a total vol. 01 4 ml: 063 /unol cytochromc c’. 
0.5 /Imol p-henroquinone. 200 hmol phosphate hufTcr (pH = ?). 
250 1’9 cat&se, I .2 mg bovine wum alhumln and 50 ~cmol sub 
stratcs, in addition to 0~2mi oi cnc!mc roln clutcd from 
Sephadex G-25. ReactIon mixtures wert‘ incubated for 31 min 
at 30 before the addition of subrtratc. 

7/w coupl~il rcilrrctior~ of 2.h-di~:zioi.~Jpif~,ioliiidt,pilc,ilol. Expcr- 
imental conditions similar to the cast of qtclchromc L’ rcduc- 
tion. Bownc strum albumin was omitted. 0-I ~cmol Z.h-dichloro- 
phenolindophenol \+as used. 
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fessor B. J. D. Mecuse of the (Jniversit) of Washington. Scnttle. 
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