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Abstract-N-Methylputrescine oxidase (MPO) was partially purified from Ntcotinna tabacum roots by ammonium 
sulphate fractionation, anion-exchange chromatography, and metal chelate chromatography. Analytical-scale gel 
filtration HPLC in the presence of detergent reduced the composition of the final preparation to six protein species. 
Several amine oxidase inhIbItors were screened for inhibition of partially-purified MPO. Phenylhydrazine and 
dinitrophenylhydrazine were the most inhibitory. Inactivation by phenylhydrazine had characteristics typical of 
‘suicide’ inhibition, suggesting that MPO is a quinoprotein. Treatment of partially-purified MPO with [i4C]-labelled 
phenylhydrazine yielded a radiolabelled band of ca 70000 M, on SDS-PAGE. 

INTRODUCTION 

Considerable evidence has accumulated for the bio- 
synthetic route to nicotine in root tissue of Nicotiana 
tabacum (reviewed in ref. Cl]). However, the enzymes of 
this pathway have yet to be purified to homogeneity and 
characterized in detail. Partial purification and limited 
characterization have been reported for putrescine N- 
methyltransferase (PMT) [2,33 and N-methylputrescine 
oxidase (MPO) [4]. It has been suggested that N-meth- 
ylputrescine oxidase is a copper-containing amine oxi- 
dase [4], and this raises the possibility that it also 
possesses a second, pyrroloquinoline quinone, prosthetic 
group. Although many quinoprotein enzymes have been 
demonstrated in bacteria and animals (reviewed in ref. 
[5]), there has only been one identification of a quinopro- 
tein m plants [S]. Complete proof of quinoprotein ident- 
ity requires dissociation, purification, and characteriz- 
ation (spectral and/or structural) of the pyrroloquinoline 
quinone (PQQ) cofactor, needing comparatively large 
amounts of the pure enzyme. For enzymes of plant 
secondary metabolism such as MPO this is impractical 
because they are only obtainable in very low yields. We 
have been able to assemble indirect evidence in support of 
a quinoprotein identity for MPO, which should be of 
value in further purification and characterization of the 
enzyme protein. 

RESULTS AND DISCUBRION 

Partial purijication 

In our hands the partial purification method of Mizu- 
saki et al. [4] produced a low final yield of MPO. 
Furthermore we found the final preparation to be very 
heterogeneous when analysed by SDS-PAGE. Therefore 
we developed an alternative procedure that would yield 
the greatest specific activity using a minimum number of 

steps. Simplicity of the overall scheme was important in 
view of the substantial losses of activity occurring with 
each chromatographic technique (Table 1). 

During the evolution of this scheme many chromato- 
graphic techniques were tested and the possibility of 
affinity chromatography was examined. The enzyme was 
bound by an immobilized substrate analogue (amino- 
decyl agarose) used for the purification of microbial 
diamine oxidases [6], but the elution profile from such a 
column was very similar to that obtained with anion 
exchangers. Higher salt concentrations were required to 
elute MPO from an immobihzed imine (PEI-silica, Fig. 1) 
than from an immobilized quatemary amine (DEAE- 
cellulose), and the imine column effected better separ- 
ation of MPO from other proteins. These observations 
led to the speculation that an affinity-based interaction 
might be taking place between MPO and immobilized 
imino groups. However, attempts to elute MPO from the 
imine column using substrate at the point of incipient salt 
elution were unsuccessful. 

Polyols such as glycerol (e.g. at 20% v/v) completely 
prevented activity losses on freezing, but were unable to 
provide any protection during chromatography. 2-Mer- 
captoethanol was an essential component of all buffers, 
but the inclusions of BSA, extra mercaptoethanol, cupnc 
ions, various protease inhibitors (leupeptin, pepstatin, 
PMSF), sodium chloride, or diamines (putrescine or N- 
methylputrescine (NMP); extraction buffer only) did not 
confer additional stability during chromatography or 
stimulate aged preparations. Our net conclusion from 
surveying a wide range of chromatographic systems was 
that MPO activity is least stable in the presence of highly 
charged supports and most stable in uncharged gel 
filtration media. Protease inhibitors were retained m the 
buffers as a precaution. 

Typical elution profiles from the PEI-sihca module and 
chelated-zinc column are shown in Figs 1 and 2. Table 1 
summarizes the results of a typical partial purification. 
The final preparation was seen by SDS-PAGE analysis to 
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Table 1 Partial purdicatlon of MPO from 2 kg of tobacco roots 

Stage 

Crude 

(NH&SO, 

PEI-slhca 

Chelated Zn 

Volume Protein Actlvlty Sp actlvlty Yield Purification 

(ml) (mg) (nkat) (nkat/mg) W) (fold) 
-___ 

3850 3800 127 0033 100 1 

60 568 28 016 22 15 

12 80 22 028 17 83 

22 107 2.9 2.7 23 81 

z 
-2000 $ 

t, 
.= 
.1 

-1000 2 

t- 

40 - 
A 280 

cpm 

40 60 80 100 120 

Fraction No. 

Fig 1 Anion exchange chromatography of ammomum sulphate fraction on ‘Fastchrom’ PEI-nhca module. 

The ammomum sulphate preparation (125 ml, 2400mg protem, 88 nkat) was apphed to a 9.0x 2 5 cm 
Kontes ‘Fastchrom’ PEGmodule m buffer B at 600 ml/‘hr, collectmg 25 ml fractions. Elutlon was by a 1 2 hnear 

O-l M NaCl gradlent m buffer B begmmng at fraction 32 The module was washed with 1 M NaCl m buffer B 

begmnmg at fraction 83 Enzyme actlvlty IS shown as cpm/2 ml toluene layer m the radIometrIc MPO assay 
Fraction ahquots of 200 ~1 were assayed, usmg an mcubatlon time of 20 nun 

2-l pH 5.8 

i ” 0' 

A 280 

CPM 

40 60 80 100 120 

Fraction No. 

Fig 2 Chelated zmc chromatography of MPO from the PEI-slhca module Twenty-six ml of sample (290 mg, 

21 nkat) were apphed to an eqmhbrated chelated zinc Sepharose-6B column (4 8 x 7.2 cm) Fractions of 8 ml were 

collected at a flow rate of 2 3 ml/nun Actlvlty IS shown as cpm/2 ml toluene layer in the radlometnc MPO assay 

Fraction ahquots of 50 ~1 were assayed, usmg a 30 mm mcubatlon time The MPO actlvlty was elutedln the pH 5 2 
wash, earher fractions were shown to contam no enzyme actlvtty 

contam mne significant protem species and ca 12 minor 
ones. 

When this preparation was subjected to analytical- 
scale gel filtration HPLC, MPO activity was eluted from 
the column at an early retention time corresponding to 
the void volume, with an apparent M, in excess of 
220000. Analysis of the active fractions by SDS-PAGE 
showed the presence of many protem species over a range 

of Mrs. These results suggested to us that we had purified 
protein aggregates m which the MPO protem was bound, 
and that further purification of MPO would reqmre 
aggregate dlssoclatlon. 

Our strategy to alleviate this aggregation problem 
comprised detergent treatment followed by HPLC Sev- 
eral lomc, nonionic and zwltterlonic detergents were 
tested for their effects on MPO activity by mclusion m the 
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Fig. 3 Gel filtration HPLC of MPO m the presence of SDS. 
The HPLC column was BioRad BtoSil TSK 400 and the run 
buffer comprised 100 mM Tris-HCl pH 7.0, 10 mM 2-mercap- 
toethanol, 0.1 mM SDS. The MPO sample was obtained by 
partial punfication and dialysed against buffer B prior to 
loading. The arrow shows the position of MPO activity m the 
eluted fractions Most of the fractions showed large numbers of 
bands when analysed by SDS-PAGE except the early, active 
fractions which showed only six, weakly-stauung, sigmficant 

bands These are diagrammed m the Inset. 

assay. Tween 20 and Triton X-100 up to 0.5% (v/v) did 
not affect enzyme activity, and neither did SDS up to 1% 
(w/v). There was a 20% reduction of MPO activity by 
0.75% (w/v) CHAPS. Each of these detergents was then 
added to a partially purified MPO sample immediately 

prior to HPLC. The only detergent to change the HPLC 
profile significantly was SDS (results not shown). 

Inclusion of 0.0015% w/v SDS (0.1 mM) m the HPLC 
mobile phase provided useful resolution (Fig. 3). Detect- 
able MPO activity was recovered from the column under 
these conditions (ca 20% yield). The eluted fractions from 
several identical HPLC runs were correspondingly com- 
bined to obtain sufficient material for SDS-PAGE analy- 
sis. Six bands were vtsible in the eluted fractions that 
contained MPO activity (Fig. 3). Three of these bands 
were of similar M, to lentil seedling diamine oxidase 
subunit (ca 75 000) [7]. This HPLC step was not used in 
routine partial purification because the overall yield for 
the complete scheme was too low. 

Sensitivity to amine oxidase inhibitors 

Two principal classes of amine oxidase have been 
recognized, i.e. flavm-containing ‘monoamine oxidases’ 
and copper-containing ‘diamine oxidases’ (reviewed in 
ref. [S]). Methylputrescine oxidase is thought to belong 
to the latter category because of sensitivity to certain 
carbonyl reagents and indirect evidence that it contains 
copper [4]. Many inhibitors have been described for both 
types of oxidase [8] and some of these have been shown 
to bind to the enzyme protein covalently, e.g. 2-ammo- 
propionitrile inhibition of aortic lysyl oxidase [9]. We 
tested the sensitivity of MPO to several amine oxidase 
inhibitors (Table 2). 

The results indicated a considerable sensitivity of 
MPO to phenylhydrazine and dinitrophenylhydrazine 
(Table 2). Some of the other compounds tested (e.g. 
aminoacetonitrile, 2-aminopropionitrile, propargyla- 
mine) were also inhibitory, but less effective than dinitro- 
phenylhydrazine. Several of the less effective compounds 

Table 2. Inhibition (%) of MPO activity by various amme oxidase mhibitors 

Concentration m assay @M) 

Inhtbitor 1 10 50 100 150 500 1000 

Ammoacetomtrde 38 75 84 
2-Ammopropiomtnle 2 4 7 
Qumacnne 41 73 86 
Pargyline <I <l 2 
Phenylcyclopropylamme 22 47 64 

Phenylhydrazme 52 77 91 
Phenylhydrazme (as.) 26 90 99 99 
Phenylhydrazine (PEI) 22 74 95 98 

2,4-Duutrophenylhydravne (a.s.) 20 85 100 
Propargylamme 72 94 96 
Semicarbazide 12 25 42 
Sodium azide 5 3 6 
Sodium aztde (a s.) 4 9 16 
2-Bromoethylamme (a s.) 11 21 82 

Inhibitors were included m the standard MPO assay, without substrate, for a 30 mm premcubation at 
30”. Radtolabelled N-methylputrescme was then added and after a further 30 mm mcubation at 30” the 
reaction was stopped and the product extracted as usual. 

The MPO had been partially purified through the complete scheme (I e. wrth chelated zinc 
chromatography as the final step) except where Indicated as ‘PEP (post PEI-silica column) or ‘a.s.’ 
(ammomum sulphate fraction). 
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are potent mhibltors of monoamme oxidases (e.g. phenyl- 
cyclopropylamine, pargyline), so our results suggest that 
MPO is of the diamine oxidase type. Furthermore phen- 
ylhydrazine has been shown to bind irreversibly to lentil 
seedling copper-contaming amme oxidase [lo]. Phenyl- 
hydrazines have been used by J. A. Duine to identify the 
organic prosthetic group of microbial and animal dia- 
mine oxidases as pyrroloquinohne qumone (PQQ) [l 11, a 
cofactor which has also been shown to occur in plants 
[S] Duine’s group has shown that these compounds 
function as ‘suicide’ inhibitors and bmd irreversibly to the 
covalently linked PQQ-enzyme complex. We examined 
the phenylhydrazine inactivation of MPO to see If it had 
characteristics of ‘suicide’ inhibition, which we defined as 
Irreversibility, a relatively low mactivatlon rate suggestive 
of an mvolvement of the catalytic mechanism, and a 
susceptibility to competition by substrate (NMP). 

An uninhibited control preparation of MPO lost only 
15% of its activity when dialysed for 21 hr agamst a large 
excess of buffer B. Preparations which had been mhlblted 
14 and 62% with phenylhydrazine also retained theu 
corresponding activities, showing that the inhibition 
could not be reversed by dialysis. Phenylhydrazine m- 
activation took place relatively slowly, e.g. 60% inhibl- 
tion in 30 min by 3 PM phenylhydrazme. 

Evidence of competltlon between NMP and phenylhy- 
drazine is shown in Table I Incubation of MPO with 
(unlabelled) NMP, followed by rapid gel filtration chro- 
matography to remove the substrate, resulted m some 
loss of activity relative to control samples which had been 
incubated without NMP and processed ldentlcally As 
expected, there was also a reduction m activity if the 
enzyme was incubated with sufficient phenylhydrazme 
for partial inhibition and then subjected to gel filtration 
chromatography. The effect of incubation with NMP and 
phenylhydrazine together depended on the degree of 
purity of the MPO preparation. Usmg the most purified 
enzyme (Table 3, ‘Zn stage’) the combmed incubation 
resulted m an activity drop that was conslderably less 
than the sum of these two separate effects of NMP and 
phenylhydrazine. This result would be expected If sub- 
strate protected the enzyme agamst phenylhydrazme 
inhlbltion. It was reproduclbIe using different substan- 

tlally purified MPO preparations. It IS interesting to note 
that with less pure preparations the protective effect was 
much less apparent (e.g. Table 3, ‘PEI stage’). Purification 
might therefore have resulted in an alteration of the 
relative affinities for NMP and phenylhydrazme, or in the 
differential loss of a sub-population of MPO molecules 
having greater affinity for phenylhydrazme than for 
NMP 

Derivatizatlon wzth radiolabelled phenylhydrazrne 

These results resemble those obtamed by Dume and 
other groups mvestlgatmg the inhibitlon of diamme 
oxldases by phenylhydrazme and dimtrophenylhydra- 
zme. We therefore suggested that tobacco root MPO is a 
PQQ-contammg dlamme oxidase and that it should be 
possible to radiolabel the protem with labelled phenylhy- 
drazme as described for other such enzymes. To test this 
posslbdity, an MPO preparation at the PEI-slhca stage 
was incubated with [14C]-phenylhydrazme. Any un- 
reacted Inhibitor was then removed by rapld gel-filtration 
chromatography, and the macromolecular products were 
lyophlhzed and analysed by SDS-PAGE The gel was 
sectioned and the radioactlvlty of each sectlon deter- 
mmed by liquid scmtillatlon counting The shce profile 
(Fig. 4a) showed three peaks of apparent M, 70, 50 and 
30000 (section numbers 5, 8, and 14 + 15 respcctlvely), as 
well as a large peak that had migrated with the tlackmg 
dye The area of radloactlvlty m the M, 70 000 region was 
of particular Interest m view of the similar size of another 
plant dlamme oxldase, that from lent11 seedlings (ca 
75 OOO/subumt; [6]). 

Subsequent labelling experiments were done usmg 
enzyme purified through the chelated zmc column 
(Fig 4b). There was a reduction m the radioactlvitres of 
the M, 50 and 30 000 regions, and an mcrease m radloac- 
tlvity m the 7OooO region These results were reproduced 
wrth separate MPO preparations. The evidence suggest- 
ing that this radlolabelled band of M, ca 70 000 represents 
MPO can be summarized as follows. (i) enzyme prepara- 
tlons taken through the entrre purlficatlon procedure 
gave a simpler pattern of radlolabelled products in the gel 
than preparations taken only through to the PEI-slhca 

Table 3 Effect of substrate on mhlbltmn of MPO by phenylhydrazme 
-I~___ ___ 

PEI stage Zn stage 
_-__-~__.__-.__ 

Treatment cpm 1 cpm 2 % inhlb cpm 1 cpm 2 % Inhlb 

Control 4440 4560 1910 1920 
NMP 3110 3290 29 1430 1480 24 
PH 2960 3050 33 944 839 53 
NMP + PH 1840 1850 59 1350 1320 39 

--- 

An MPO preparation at either the PEI-slhca column stage (‘PEI stage’) or the chelated-zmc 

column stage (‘Zn stage’) m purxficatlon was Incubated at 30” for 30mm with no addmons 

(control), 2 FM phenylhydrazme, 0.7 mM unlabelled N-methylputrescme (NMP), 01 phenylhy- 

drazme (PH)+NMP at the above respective concentrations RadIoactIve NMP was then added 
to provide the same specific radIoactIvIty as that used m the standard actlvlty assay, and 

mcubatlon was continued for a further 30mm The radioactlve product formatlon therefore 
mdlcated the MPO actlvlty m this second stage of the procedure Acllvlty was determmed as 

background-corrected radloactlvtty m 3 ml of the toluene layer, duphcale mcubauons are shown 

(‘cpm I’ and ‘cpm 2’) Mean percentage mhlbltlons are also mdlcated 
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(a) 

ml 
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@I 
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1 
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Fig. 4. Analysts of [‘4C]-phenyIhydrazine-denvatized MPO 
preparattons by SDS-PAGE. (a) A preparation of MPO at the 
PEI-silica purification stage (0.3 I nkat) was Incubated for 30 mm 
at 30” with [U-L4C]-phenylhydrazine (0.86 mM, 9.64 &i/wol) 
m buffer A contammg 1 PM pepstatm (total volume 960& 
Another ahquot of MPO preparatton was incubated m parallel 
with unlabelled phenylhydraztne and assayed to venfy 100% 
mhtbitton. The labelled sample was then subjected to rapid gel 
filtration chromatography. The macromolecular fractton was 
lyophtlized, redtssolved m SDS-PAGE sample buffer and elec- 
trophoresed. Each lane was then cut from the gel and dtvtded 
into 0 25 cm sections. Each section was ground to fine partrcles 
wtth a grass rod in the scmtthatton vta1 and scmtthatton ffuid was 
added. Counting efficiency, typically around 95%, was deter- 
mined by the ‘sample channels ratio’ method (b) A smnlar 
experiment performed with MPO at the chelated zinc chromato- 
graphy stage m punfication, mcubatmg 1.7 nkat of activity with 
phenylhydrazine in a total reaction volume of 1170 ~1 The SDS- 
PAGE conditions were modified to provide increased resolution; 
the resolvmg gel ba-acrylamide concentratton was lowered from 
0.8% (w/v) to 0.6%, and the run-ttme was Increased. These 
changes resulted m altered mobtbttes, and electrophorests of dye 
front and its associated radioactivity out of the gel. The arrow 
marks the position correspondmg to an apparent M, of 70000. 

stage. The M, 70 000 labelled region was the only agnifi- 
cant radioactive area of the gel to remain after the MPO 
preparation was taken from the PEI-silica stage through 
the chelated zinc column. (ii)The radtoactive region of 
interest is in the same area of the gel as the three lower M, 
bands obtained from additional gel filtration HPLC of 
uninhibited MPO (Fig. 3). (iii) The radioactive region of 
interest has an apparent M, very similar to that of the 
lentil seedling dtamine oxidase subunit. 

We take these results, together with the above charac- 
teristics of phenylhydrazine inhibition, as evidence that 
MPO is a quinoprotein. Assuming a subunit M, of 70 Ooo, 
we calculated from the phenylhydrazine radioactivity in 
that region of the SDS gel that 1 kg fresh weight of root 
tissue yielded ca 50 cg of this protein before punfication, 
1 pg at the end of our routine procedure. Additional 
purification of the enzyme protein should now be possible 
via excision of the phenylhydrazine-labelled region from 
an electrophoresis gel. 

EXPERIMENTAL 

Chemrcals. N-Methylputrescine and [r4C]-N-methylputre- 
seine (1.3 mCt/ml, 22 mCi/mmol) were gtfts. Phenylhydrazine 
was purchased from Sigma, and [U-‘4C]-phenylhydrazme from 
ICN (9.64 mCt/mmol). 

Bufirs. (A) 50 mM Tris-HCI pH 7.5,s mM EDTA, 10 mM 2- 
mercaptoethanol, 2% (w/v) ‘polyethyleneglycol 400, 0.5% (w/v) 
Na ascorbate, 0.5 mM PMSF, 1 PM leupeptm and 1 PM pepsta- 
tut. (B) 10 mM Trts-HCI pH 7 5, 10 mM 2-mercaptoethanol, 
1 mM EDTA, 0.5 mM PMSF, 1 PM leupeptm and 1 PM pepsta- 
tm. (C) 10 mM MES-NaOH pH 6.5,O 5 mM NaCl and 10 mM 
2-mercaptoethanok (D) 25 mM MES-NaOH pH 5.8, 0.5 mM 
NaCl and 10 mM 2-mercaptoethanol. (E) buffer D at pH 5.6 
(F) buffer D at pH 5.2. 

Plant material. Ntcotaana tabacum (cv Samsun) plants were 
germmated m a growth chamber, then transferred 3-4 weeks 
later to the greenhouse At 6-7 weeks from germination they 
were transplanted mto indrvidual l-gallon pots. The sod mtx 
comprised sand, peat moss, perlite, and vermiculite (2:5:6: 5 v/v), 
and the plants were watered with Plantex 15-15-18 fertihzer 
(Plantco Inc., Brampton, Ontano) dduted to provtde 120 ppm 
mtrogen. Greenhouse condmons were 24-30” maximum, 1621” 
mmtmum temp , with a 16 hr photoperiod. Roots were harvested 
2-3 months from germmatton. In accordance wrth the obser- 
vattons of ref. [3] we observed no Increase m enzyme acttvity 
after topping the plants, but we routmely removed 15-20 cm of 
the apex 18-28 hr pnor to the root harvest. The detached roots 
were cleaned by nnsmg with detomzed H,O, and stored at - 70” 

Enzyme extractton. All extraction and punficatton steps were 
performed at o-4”. 2 kg of tissue were homogenized m a Wanng 
blendor with 4 1 buffer A. The homogenate was filtered through 2 
layers of cheesecloth, brought to 40% satn with (NH,),SO,, 
then centrifuged at 1OOOOg for 30 mm The supernatant fractton 
was recovered and (NH&SO, added to 65% satn. After ten- 
tnfugatton as above the pellet was resuspended in buffer A wtth 
the Trts at 10 mM and polyethylene glycol omttted The re- 
suspended pellet was dialysed overmght agarnst buffer B 

Partd punfication. A Kontes ‘Fastchrom’ PEI-sthca amon 
exchange module (2.5 x 9.0 cm) was equilibrated to pH 7.5 with 
1OOmM Tris-HCI pH 7.5 then washed with buffer B. The 
dtalysed enzyme preparatton was centrifuged at 27000s for 
30 min and apphed to the module, which was then washed wtth 
buffer B unttl the A,,, ofthe efluent fell below 0.5. A O-l M NaCl 
gradtent (total vol. 1.21) m buffer B was then apphed. Additional 
1 M NaCl m buffer B was used to remove remammg MPO 
activity which eluted near the end of the gradtent. The active 
fractrons were pooled and brought to 65% satn (NH&S04. 
After centrtfugation as described above the pellet was redissolved 
m buffer C This preparatton was loaded onto a 4.8 x 7 2 cm 
Pharmacta Chelatmg Sepharose-6B column whtch had been 
charged wtth Zn2+ per the manufacturer’s mstructtons and 
equilibrated wtth buffer C. The column was then washed succes- 
sively wtth buffer C, buffer D, buffer E, buffer F, and 50 mM 
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EDTA The MPO activtty eluted m the pH 5 2 wash. Active 
fractions were pooled, and coned usmg an Amicon Centnprep- 
30 filter unit The pH was adJusted to 7 5 using 0.42 M Tns-HCl 

pH 8.0. This preparation was dialysed against 10 mM Tns-HCl 

pH 7 5, 10 mM 2-mercaptoethanol, 20% (v/v) glycerol, 0 5 mM 

PMSF, 1 PM leupeptm and 1 PM pepstatm, and stored at -20” 

or used tmmedtately. 

Enzyme assay. The MPO activtty was determined by the 
method of ref [12], the reactton product (1-methyl-2- 

cyanopyrrohdme) bemg partrttoned mto toluene for hqmd 

scmtillatton countmg. Protem was estimated by the procedure of 

ref [13] 

Batchwtse gel jiltratzon chromatography. In phenylhydrazme 

dertvattzatton expenments a modtficatton of the method of ref 

[14] was used to remove unbound labelled phenylhydrazme. Ca 

5 ml of slurned Sephadex G25-80 (5 g/50 ml swollen m 10 mM 
Tris-HCI pH 7.5) were pipetted mto Fisher disposable filter 

columns and packed by centnfugatton at 14008 for 3 mm to gtve 

a final bed vol of 3 ml. The columns were then washed twtce with 

3 ml 1 mM Trts-HCl pH 7 5, 10 mM 2-mercaptoethanol, 

0 5 mM PMSF, 1 PM pepstatm and 1 PM leupeptm, centrifug- 

mg each time exactly as above The sample was applied and 

filtratton effected by the same centrtfugatton procedure 
Electrophoreszs. For SDS-PAGE the standard Laemmh pro- 

cedure was used Gel dtmenstons were 5 x 8 x0.15 cm, and 

compostttons 10% (w/v) acrylamide (5% m the stackmg gel), 

0.6% (w/v) bts-acrylamtde 

Acknowledgements-We would hke to express our gratitude to 

Professor J A Dume (Delft Umversrty of Technology, Juhan- 

alaan 67,2628 BC Delft, The Netherlands) for advising us m the 

area of qumoprotem btochemtstry and for his recommendations 

concerning phenylhydrazine labellmg We would also hke to 

thank Mr Larry Greenly of Kontes Glass Inc (Spruce St, PO 

Box 729, Vmeland, NJ 08360, U.S.A.) for provtdmg us wtth 

‘Fastchrom’ PEI-sthca modules before they became available 
commercially 

1 

2. 

3 

4 

5 

6 

7 

8 

9. 

10. 

11 

12 

13. 

14. 

REFERENCES 

Waller, G R. and Dermer, 0 C. (1981) m The Bmchemlstry 
ofPlants (Stumpf, P K and Conn, E. E , eds), Vol 7, p 317 

Academic Press, New York 

Mtzusaki, S., Tanabe, Y., Noguchr, M. and Tamakt, E (1971) 

Plant Cell Physlol 12, 633 

Feth, F , Wray, V and Wagner, K (1985) Phytochemistry 24, 
1653. 
Mtzusakt, S., Tanabe, Y , Nogucht, M and Tamaki, E (1972) 

Phytochemistry 11, 2757. 
Glatz, Z , Kovar, J., Macholan, L and Pet, P (1987) Biochem 

J 242,603 

Okada, M , Kawashima, S and Imahon, K (1983) Methods 
Enzymol 94, 301 
Florts, G , Gtartosto, A and Rmaldi, A. (1983) Phytochem- 
istry 22, 1871. 

Mondovt, B (1985) Structure and Functions of Amme OXI- 
dases CRC Press, Boca Raton, Florida 
Tang, S -S., Trackman, P. C and Kagan, H M (1983) J Biol. 

Chem. 258,433l 

Rmaldi, A., Flons, G., Sabatim, S., Fmazu-Agro, A, Giar- 

tosro, A., Rotiho, G and Mondovi, B (1983) Blochem. 
Blophys. Res Commun. 115, 841 

Van der Meer, R. A., Frank, J, JongeJan, J A and Dume, 

J A (1986) FEBS Letters 206, 111 

Mizusaki, S , Tanabe, Y, Nogucht, M. and Tamaki, E (1973) 
Plant Cell Physlol 14, 103 
Bradford, M. (1976) Analyt Biochem. 72, 248 
Helmerhorst, E and Stokes, G P (1980) Analyt Btochem 
104, 130 


