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Ah&a&--A diamine oxidase has been puritkd (cc 40-fold) from S-day old etiolated seedlings of L. sativus by 
MnCls treatment, (NH&SO, and Me&O tiactionations, positive adsorption on alumina Q-gel followed by column 
chromatography on DEAE-Sephadex. This cytosol enzyme oxidatively deaminates a number of aliphatic and aryl 
alhylamines but not histamine. NSD-1055, semicarbazide and other carbonyl reagents, ap’bipyridyl, l,lO-phenanth- 
roline and 8-hydroxyquinoline inhibit the enzyme. Pargyline, SKF trans-385, atabrine were without effect on the 
enzyme. 

INTRODUCTION 

Diarnine oxidases (d&nine oxidoreductase (de~~~t~g) 
EC 1.4.3.6) oxidatively dean&ate a number of aliphatio 
and ~~yl~~es to the corresponding aidehydes, 
NHs and H&Is. Diamine oxidases have heen demon- 
strated in the Leguminosae [l-3] and in Cucumis sativus 
seedlings [4]. The extensively studied pea seedling dia- 
mine oxidase is a Cu-protein, like the diamine oxidase 
of animal origin [S-q. 

The present paper describes the partial purification of 
this enzyme and compares the properties with those of 
the pea-seedling and other plant enzymes. 

RlBULTs AND DISCUSSION 

In the whole seedlings as well as in the isolated parts 
of the embryo, the enzyme was barely detectable up to 
day I, and activity increased rapidly thereafter (Fig. la) 
as in the case of diamine oxidase of other legumes [8]. 
The total activity in the whole seedlings increased pro- 
gressively up to day S and declined thereafter. The pat- 
tern that emerged with cotyledons was similar, while in 
the embryo-axis, the enzyme attaining highest level 
around 5th day remained unchanged up to day 12. At 
day S, the c~~i~ti~ of cotyledons to the total enzyme 
complement of the seedlings was about 60X, (Fig. lb). 
However, the specitk activity was higher in the embryo 
axis than in the cotyledons during the entire growth 
period. At day 5, the difference between the two tissues 
was ca 9-fold. The pattern of distribution of diamine oxi- 
dase during seedling growth parallels the changes in the 
levels of guanido-, di- and polymines [9] and arginine 
decarboxylase [lo] in the same plant tissues. 

Su&G&r distribution end purification 

Most of the activity (ca 8OXJ was in the cytosol frac- 
tion which also had the highest sp. act. As the total 
activity in the 100 000 g pellet was low (ca go/,)--the sp. 

act. being comparable to the cytosol fractions @O-82 
nmol NHs liberated/min/mg protein jpost-mitochon- 
drial supernatants with ca 86% of the total activity were 
utilized for the purification of the enzyme (see Exper 
imental). 

On resolution of the enzyme on a DEAR-Sephadex 
column fractions with high diamme oxidase activity 
were pooled, concentrated over aqua&de and dialyzed 
against S mM Na Pi buffer. This procedure afforded a 
40-fold purification of the enzyme with a recovery of 
ca SO% (Table 1). 

E$ect of pH and temperature 

The optimum pH for activity towards putrescine, 
cadaverme, lysme, agmatine, Akarbamylputrescine, and 
benzylamine was M 8.4 in 100mM Tris-HCl buffer un- 
like the pea-seedling d&nine oxidase and polyamine oxi- 
dase of barley which have pH optima depending upon 
the substrate in question [11,12]. With putrescme, cada- 
verine, lysine and benzylamine, a broad pH optimum 
was obtained, in contrast with the sharp pH optimum 
obtained with agmatine and N-carbamylputrescine as 
substrates. At any given pH, the enzyme activity in 

Fig. I. Distributi~ of d&mine oxidase in Lashynrs satiwrs 
seedlings during germination and development. (a) Specilic 
activity. (b) Total activity. A unit represents either a whole 
,seedling, a pair of cotyledons or an embryoaxis. The data 

represent an average of triplicate vab@s. 
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Table 1. Purification of diamine oxidase of Lathyrus satiuus seedlings 

Fraction 
Protein 

(mg) 

Total 
activity 
(units) 

Specitic 
activity 

(units/mg 
protein) 

1. Crude extract 3950 188 004 
2. MnClz supernatant 2980 180 0.06 
3. 25-55% Ammonium 

sulphate fraction 1400 159 0.11 
4. 30-55x Acetone 

fraction 566 155 0.27 
5. Alumina Cy-gel 

eluate pool 171 122 0.71 
6. DEAE-Sephadex 

pool 49 92 1.89 

T&f$Cl buffer was always higher than in Na Pi buffer. 
U ‘&amlard assay conditions (see Experimental) the 
o&k&m of putrescine and henzylamine was optimal at 
30”. At ,60” activity was 45% of that at 30”. 

Substrate specificity 

A number of substrates with primary amino group and 
of general formula RCH,NHa were attacked (Table 2). 
Putrescine was the best substrate, followed by cadaverine 
and th& guanidoamine homoagmatine in that order. 
However, 1,3-diaminopropane was not attacked while 
1,6_hexamethylenediamine was oxidized only slowly. The 
polyamines viz. sym. homospermidine, non-sym. homo- 
spermidine, spermidine and spermine also served as sub- 
strates in decreasing order. Among the aliphatic mono- 
amines, n-propylamine and n-butylamine, but not meth- 
yl- and ethylamine, were attacked and very high concen- 
trations were needed for saturation ( > 40mM). Nore- 
pinephrine, epinephrine, serotonin, N-cl-acetyl+lysine, 

Table 2 Substrate specificity of diamine oxidase from Lathy- 
rus satiuus seedlings 

Relative efficiency 
of oxidation 

Substrate (% of Putrescine) 

Putrescine 100 
Cadaverine 81 
UDiaminohexane 21 
Homoagmatine 62 
Agamatine 19 
Spermidine 31 
Spermine 18 
sym. Homospermidine 42 
non-sym. Homospermidine 31 
N-Carbamylcadaverine 26 
N-Carbamylputrescine 18 
Benzylamine 5 
Tyrsmine 31 
Tryptamine 8 
L-Lysine 24 
n-Lysine 19 
n-Butylamine 8 
n-Propylamine 4 

values computed are by the coupled assay procedure with 
IOmM substrate concentration. Although an essentiaffy simi- 
far pattern of substrate oxidation was obtained by NHs esti- 
mation method, the ‘A values would not represent the true 
picture since some of the, reaction products distil with NHa 
to interfere during nesskrixation [S]. 

iV+t-BCKLlysine, as well as lysyl-lysine did not serve 
as substrates for the enzyme, as tested with both assay 
procedures. While the L. sativus enzyme attacks only 
lysine among the amino acids, the Pisum-enzyme oxidizes 
ornithine, in addition [13]. The enzyme from Lupinus 
luteus does not oxidize ornithine, L-lysine, tryptamine 
and benzylamine c23. More significantly, histamine was 
completely refractory to the Lab!i~us enzyme even at 
20mM in the sensitive coupled assay procedure. Using 
the same procedure, histamine was oxidized by the pea 
enzyme at 5% of the rate of oxidation observed for 
putrescine in agreement with the earlier observation [ll]. 
The pea-seedling enzyme oxidized homoagmatine at a 
rate 40”/, that observed when putrescine was the sub- 
strate. Since all other diamine oxidases attack the short 
chain diamines and histamine, the Luthyrus enzyme is 
the first instance of a constitutive diamine oxidase which 
faiis to show histaminolytic activity. By contrast hog-kid- 
ney histaminase does not attack the short chain dia- 
mines [14]. 

E@ect of metal ions 

Although the enzyme did not show an absolute re- 
quirement for any added metal ion, Fez+, Fe3+ and 
Mn” at concentrations lo-’ - 10e3 M stimulated the 
enzyme activity to a significant extent. Cua+ did not in- 
fluence activity; at higher concentrations (10p2M) it was 
inhibitory (or 800/J. With the exception of Fe3+ several 
other metal ions tested were also deleterious at higher 
concentrations. Further, even at 10V4M, Zn2+, Hg2+, 
Cd”’ and Ag+ were inhibitory (ca 10--40%), while Mg’+, 
Caa+ and Co’+ were ineffective. 

Effect of metal chelators 

A pronounced inhibition of activity was obtained with 
8-hydroxyquinoline (ca W/a at 10e4M. Among the other 
metal chelators qcr’dipyridyl, salicylaldoxime and 
1,lOphenanthroline inhibited to a comparable degree at 
10-4-10-3M. However, the more specific copper chela- 
tors viz. diethyldithiocarbamate (DIECA), at lo-‘M and 
bathocuproine sulphonate at 10maM, did not show 
appreciable inhibition despite long periods of preincuba- 
tion with the enzyme. Only at lo-*M did DIECA sup- 
press the enzyme activity by 80”/,. EDTA and NaCN 
inhibited only marginally at high concentrations. Direct 
comparisons in experiments with the pea enzyme showed 
that 5 x lo-‘M DIECA (30min preincubation) could 
completely inhibit the enzyme as reported by Hill and 
Mann [15]. 
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Effect of carbonyl and other reagents 

Around SO-lW/, inhibition of L. sativus diamine oxi- 
dase could be achieved with phenylhydrazine, semicarba- 
zide, hydroxylamine and hydrazine at a concentration 
of ca 10e5M; however, isoniazid and iproniazid exhi- 
bited only marginal inhibition at concentrations 10e4M. 
NSD-1055 (4-bromo-3-hydroxybenzoyloxyaminedihyd- 
rogen phosphate) a known specific inhibitor of pyridoxal 
phosphate-requiring enzymes [16] greatly decreased ac- 
tivity at 10e5 in both the assay systems. But this inhibi- 
tion could not be either reversed or prevented by exo- 
genous pyridoxal phosphate even at a concentration of 
>lmM. 

Addition of pyridoxal-5-phosphate, NAD+, FAD or 
FMN to the dialysed enzyme preparation did not 
enhance activity significantly. Further, the specific flavin 
inhibitor atabrine, the pyridoxal phosphate analogs like 
pyridoxal and pyridoxine and the monoamine oxidase 
inhibitor pargylin failed to interfere with the enzyme cata- 
lysis even at higher concentrations (lo-‘M). SKF 
trans-385 (tram+2-phenylcyclopropylamine) yet another 
potent monoamine oxidase inhibitor [17j was only mar- 
ginally inhibitory. Similarly neither thiol compounds nor 
thiol inhibitors had any influence on the enzyme, consis- 
tent with the observations that diamine oxidases in gen- 
eral are not sulfhydryl enzymes. 

EXPElUMF,NTAL 

Materials. Sources of L. saaivus seeds, amines and other te- 
apents have been described earlier [18]. Pisum satiuum seeds 
were purchased from the Karnataka Seeds Corporation, Ban- 
galore. Pea-seedling diamine oxidase was isolated from I-day 
old seedlings as described by Hill [S]. 

Purification of the Lathyrus diamine oxidase. Seeds were 
germinated in the dark at 25-28” and the etiolated 5-dav-old 
seedlings were ground in a chilled pestle and mortar-with 
one vol of 50 mM Na2HPOI. The homogenate was filtered and 
centrifuged (17 000 g)-and the superna&t represents the crude 
extract. Unless otherwise mentioned, all operations were done 
at 2-5” maintaining the pH around 7 with dilute N&OH, 
and centrifugations at 25 000s for 30min. Nucleoproteins 
were precipitated by addition of MnClz to the crude extract 
(7.5 mM final concentration) and centrifuged. From the above 
supernatant protein precipitating between 25-55% (NH&SO* 
saturation was collected and redissolved in 5 mM NaPi buffer 
(pH 7.5). To thii (NH&SO4 fraction, precooled (-20”) 
Me&O was added and the protein precipitating b&v& 
30-55x in Me&O was collected by centrifugation and redis- 
solved in 5 mM NaPi btier and dialysed. A batchwise positive 
adsorption on alumina Q-gel was performed (protein-gel 
ratio, 1:6) and the enzyme eluted with 50 mM NaPi buffer 
(pH 7.5). The pooled eluates were concentrated and dialysed 
against 50 mM NaPi buffer. The Cv-fraction was loaded onto 
a- DEAE-Sephadex (A-50, medium) column (20 x 1.5cm, 
35 ml bed vol) pre-equilibrated with 50 mM NaPi buffer (pH 
7.5), and the enzyme eluted with the same buffer, while the 
decarboxylating activities for t-arginine, L-lysine and 
Lhomoarginine were retrained on the column [lo]. 

Assays were performed in 10 ml capacity vials provided with 
a tight-fitting rubber cork having a centrally placed glass rod 
(1 cm) towards the inside. The reaction mixture consisted of 
10 pm01 of substrate, 1oO~mol of Tris-HCl buffer @H 8.4) 
and enzyme in a final vol. of 1 ml and was incubated at 30” 
for 30min. The reaction was terminated by the addition of 
saturated K&O9 (0.4ml) and the NH3 liberated during the 
post incubation period of 6-8 hr was trapped in a droplet 

of 4 M HzS04 at the tip of the glass rod above the reaction 
mixture. The droplet was washed into a test tube with 5 ml 
Hz0 and the NH3 estimated by nesslerization [19]. A com- 
parison of direct NH3 standards with that obtained with the 
above vial procedure gave superimposable curves with excel- 
lent reproducibility. These values were also comparable when 
the reaction was performed either in a Warburg flask or in 
a Conway Microdiffusion apparatus. 

Due to the interference by various factors in the NH3 esti- 
mation method [S] the results were compared and confirmed 
by the spectrophotometric method using benzylamine sulphate 
as substrate[20,21]. The liberation of H202 during the oxi- 
dation of all the substrates, was shown employing the coupled 
assay procedure of ref. [12] in 0.1 M Tris-HCl buffer. 

Enzyme unit and specific activity. One unit is defined as the 
amount of enzyme required for the liberation of 1~01 of 
NH3 liberated, bepzaldehyde formed or guaiacol oxidized/min 
(in the three different assay systems used). Sp. act. is in units/ 
mg protein. 

Protein estimation. Protein was estimated in the extracts 
after suitable dilutions by the method of ref. [22]. 
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