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It was demonstrated that an enzyme system(s) extracted from etiolated seedlings of Stizolohium 
hassjoo catalyzed the conversion of L-dihydroxyphenylalanine into stizolobinic acid, a-amino-6-car- 
boxy-2-0~0-2H-pyran-3-propionic acid, and stizolobic acid, x-amino-6-carboxy-2-0x0-2H-pyran-4- 
propionic acid, in the presence of NADP' or NAD+ under aerobic condition. Enzymically syn- 
thesized radioactive stizolobinic acid and stizolobic acid isolated from the reaction mixtures were 
purified and confirmed to have constant specific radioactivities by cocrystallization with authentic 
samples. 

Maximal activity of the enzyme preparation was obtained by using an insoluble polyphenol ad- 
sorbent (Polyclar AT) and a reducing agent (araboascorbic acid) in the extraction medium and by 
subsequent fractionation of the extract with ammonium sulfate followed by Sephadex G-25 gel 
filtration. Catalytic activity of the enzyme preparation was more unstable under aerobic condition 
than anaerobic. Attempts to stabilise the enzyme activity were made by the use of many substances 
which are known to stabilise other enzymes or expected to arrest the inactivation. Evidence is 
provided in this paper that the previously proposed biosynthetic pathways of stizolobinic acid and 
stizolobic acid from dihydroxyphenylalanine proceeded in the cell-free system from etiolated sced- 
lings of S.  hassjoo. 

Stizolobinic acid and stizolobic acid, a-pyrone- 
bearing non-protein amino acids, were originally 
isolated from the sap of etiolated epicotyl tips of 
Stizolohium hussjoo (Leguminosae) [I]. These com- 
pounds were further detected in other species of the 
same genus such as S. pvuriens, S. utilis and the 
synonymous genus such as Mucuna irukandu or 
M .  deeringiana [ 1,2]. A recent report concerning 
the phytochemical investigation of non-fatal mush- 
rooms has revealed that these amino acids were also 
distributed in some species of Basidiomycetes [3]. 

On the basis of their structures it has been postu- 
lated that these amino acids are derived from 3,4- 
dihydroxyphenylalanine (dihydroxyphenylalanine) via 
a metapyrocatechase-type of ring cleavage reaction 
followed by subsequent recyclization and dehydro- 
genation of the resultant intermediate aliphatic prod- 
ucts such as u-hydroxymuconic semialdehyde deriva- 
-~ 

En:yrnes. Catechol 2,3-dioxygenase or catechol : oxygen 2,3- 
oxidoreductase (IX 1.13.1 1.2); monophenol monooxygenase or 
inonophenol, dihydroxyphenylalanine : oxygcn oxidoreduclase (EC 
1.14.18.1). 

tives [4,5] (Fig. 1). A sequence of the reaction (oxida- 
tion, ring opening, dehydrogenation and intramolec- 
ular rearrangement) has also been suggested for the 
biosynthetic pathway of patulin [6]. 

In a previous paper [7], we have indicated, using a 
radiotracer feeding technique, that dihydroxyphenyl- 
alanine was in fact utilized as a direct substrate for the 
biosynthesis of these two novel amino acids. In 
addition, evidence was presented that alanyl side- 
chain of dihydroxyphenylalanine was incorporated 
intact into the u-pyrone-6-carboxylic acid moieties [7]. 
Furthermore, by applying a doubly labelled tracer 
technique, it was demonstrated that the x-pyrone 
rings of both amino acids originated directly from 
dihydroxyphenylalanine via extradiol cleavage of the 
aromatic ring [S]. Similar results appeared in a recent 
study on M .  derringiana [2]. These findings are in 
harmony with an earlier proposal based on the struc- 
tural investigation [4]. 

On the assumption that the proposed routes 
(Fig. 1) are operative, it should be investigated what 
kind of enzyme(s) really catalyze the synthetic reaction 
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sequences. Although metapyrocatechase-type enzymes 
are expected, no evidence has yet been found for these 
enzymes in any plant material. As a first step of a 
study on such interesting biological catalysts, the 
present paper reports the biosynthesis of stizolobinic 
acid and stizolobic acid by an enzyme system(s) 
prepared from etiolated seedlings of S. hassjoo. 

EXPERIMENTAL PROCEDURE 

Plant Material 

Seeds of Stizolobium hassjoo were harvested in a 
local field during October-November in 1974 and 
1975. Soaked seeds (semisterilized) were germinated in 
trays with moist vermiculite in the dark at 27 "C. 
About 95 h after germination, the etiolated seedlings 
were placed in a cold room for 2-3 h at  2-4 "C. 
The excised epicotyls from the seedlings were sterilized 
with chilled 70 % (v/v) ethanol followed by washing 
with ice-cold sterilized distilled water and used as a 
source of enzyme preparation. 

Preparation o jan  Enzyme Systemis) 

The extraction medium was composed (if not 
mentioned otherwise) of 25.3 mM of araboascorbic 
acid, 50.0% (w/w) of Polyclar AT and 50.0 mM of 
Tris-HC1 buffer (pH 7.5). The plant material (approx. 
200 g fresh wt) was homogenized in the extraction 
medium (approx. 300 ml) with a Waring blendor and 
the homogenate was filtered through three layers of 
nylon cloth and the filtrate was centrifuged at 15 000 x g 
for 20 min. 

The resulting supernatant was treated with solid 
ammonium sulfate. The protein fraction precipitat- 
ing between 55 % and 75 ammonium sulfate satu- 
ration was collected, dissolved in a minimum amount 
(3-4 ml) of Tris-HC1 buffer (50.0 mM, pH 7.5) and 
then passed through a column of Sephadex G-25. 
The column was washed with the same buffer. The 
protein fraction eluted was used as the enzyme prepara- 
tion. All extraction procedures were performed at 
2 - 4 "C as quickly as possible. 

Enzyme Assay 

The activity of the enzyme system converting 
dihydroxyphenylalanine to stizolobinic acid or stizo- 
lobic acid was assayed by measuring the radioactivity 
of stizolobinic acid or stizolobic acid formed when 
~-dihydroxy[fl-'~C]phenylalanine was added to the 
reaction mixture as a substrate. The reaction mixture 
contained the following components, if not indicated 
otherwise : 0.03 pmol of ~-dihydroxy[fl-'~C]phenyl- 
alanine (specific activity 9.2 Ci/mol), 1.0 pmol of 
L-dihydroxyphenylalanine, 2.5 pmol of NADP' , 

2.5 pmol of 2-mercaptoethanol, 15.0 pmol ofTris-HCI 
buffer (pH 7.5) in a final volume of 3.0 ml. 

The reaction mixture was shaken in an incubator 
at 60- 120 strokes/min for 2 h at 30 "C. The reaction 
was stopped by heating on a boiling-water bath for 
5 min. Denatured protein was removed by centri- 
fugation and the clear supernatant solution was 
passed through a column of Amberlite IR-45 resin 
(HCOO- form, 1 x 15cm). The column was then 
washed with distilled water. Adsorbed radioactive 
compounds were eluted with 300 ml of formic acid 
(200 mM). The eluate was concentrated to a small 
volume with a rotary evaporator at 60-65 "C. An 
aliquot of the concentrated eluate was spotted on 
Whatman No. 3MM papers and each amino acid was 
separated by two-dimensional chromatography in 
butan-1-ol/acetic acidlwater (4111.5, v/v/v, upper layer) 
and then in phenol saturated with water. The radio- 
active spot corresponding to stizolobinic acid or 
stizolobic acid was cut out and the radioactivity in 
the spot was measured in a liquid scintillation spec- 
trometer (Beckman, model LS 250) after combustion 
with a sample oxidizer (Packard Tri-Carb, model 305) 
(counting efficiency 54 - 63 %). 

Anaerobic experiments were carried out in Thun- 
berg tubes; air in the tubes was evacuated and re- 
placed by nitrogen gas. This procedure was repeated 
five times before incubation. 

The activity of polyphenol oxidase (monophenol 
monooxygenase) was measured spectrophotometrical- 
ly by following the initial change in absorbance at 
475 nm when L-dihydroxyphenylalanine was used as a 
substrate [9]. The protein content of the enzyme 
extract was determined according to the method 
described by Lowry et al. [lo]. 

Chemicals 

The chemicals used in this study were obtained 
from the following sources : ~-dihydroxy[fl-'~C]phe- 
nylalanine (9.2 Ci/mol), The Radiochemical Centre 
Ltd (Amersham, England); NADP', C.F. Boehringer 
and Soehne GmbH (Mannheim, West Germany): 
NAD', Oriental Yeast Co. Ltd (Tokyo, Japan); 
L-dihydroxyphenylalanine, Nakarai Chemicals, Ltd 
(Kyoto, Japan); Polyclar AT, General Aniline and 
Film Corp. (New York, U.S.A.). 

RESULTS 

Eflects o j  Polycluv A T and Arabouscorbic Acid Used 
in Extraction on the Activity of Enzyme Preparation 

The activities of many plant enzymes have been 
reported to be greatly inhibited by endogenous phe- 
nolic compounds 11 1 - 151. The seedlings of S. hassjoo 
contain a large quantity of phenolic substances [I61 
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Table 1. eflect of'nrahouscorbic acid and Polyclur AT used in e.rtruc- 
[ion on the nclivity of enzyme preparution 
Extraction was carried out as described in Experimental Procedurc 
except that the amounts of araboascorbic acid and Polyclar AT (as 
g,/g fresh wt of tissue) in the extraction medium were varied as 
shown. Enzyme activity was measured as radioactivity incorporated 
in 2 h 

Araboascorbic Polyclar AT Radioactivity incorporated 
acid into 

~ -~ -~ ~ 

stizolobinic stizolobic 
acid acid 

m M  gig dis. min-' 
- - ~~~ - ~~ ~ 

~ 210 125 
2.5 - 1516 1443 
5.1 - 3 242 4010 

25.3 - 4 565 401 1 
50.0 - 2 339 3168 
- 0.10 1661 1892 
- 0.30 3413 3 062 
- 0.50 2 148 451 1 
5.1 0.30 4101 4 340 

25.3 0.30 3 942 5 241 
5.1 0.50 4419 5 960 

25.3 0.50 1641 8 108 

- 

and crude extracts from the etiolated seedlings turned 
dark brown or black within a few minutes. It was, 
therefore, necessary to remove these noxious com- 
pounds from the enzyme preparation by the addition 
of a reducing agent and a polyphenol adsorbent. 

Table 1 shows the effects of araboascorbic acid 
and/or Polyclar AT used in extraction on the activities 
of enzyme preparations. It is evident in Table 1 that 
homogenation of the tissue in the presence of ara- 
boascorbic acid and/or Polyclar AT gave a higher 
activity of the enzyme preparation than in the 
absence of them. The highest activity was obtained 
by homogenization in 25.3 mM of araboascorbic acid 
and 50.0 of Polyclar AT. 

Sepuration of the Enzyme System Converting 
Dihydroxyphenylulunine to Stizolobinic Acid 
and Stizolobic Acid from Polyphenol Oxiduse 

The tissues of S .  hussjoo seedlings contain poly- 
phenol oxidase, which also uses dihydroxyphenyl- 
alanine as a substrate. We tried to separate the enzyme 
system converting dihydroxyphenylalanine to stizolo- 
binic acid and stizolobic acid from the polyphenol 
oxidase by ammonium sulfate precipitation. As shown 
in Fig. 1, the highest activity of the enzyme system 
and the lowest one of polyphenol oxidase were found 
in the precipitate formed between 50% and 60'j/, 
ammonium sulfate saturation. The fraction between 
55-  75 ammonium sulfate saturation was used 

0 10 
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(NH&S04 saturation (%, w i v )  

Fig. 1. SepUI'UGiOri of I/W el2Z:rPte A ~ S I C ' t t l  ,fkJnJ /J(J/j ' />/ZC'lf(J/ 0 . Y i t ~ U . W  /JY 
rimnioniurn .~ulfhtc,fi.accioriatiun. Etiolated seedlings (approx. 200 g) 
were homogenized in the extraction medium (25.3 mM arabo- 
ascorbic acid, 0.5 g Polyclar AT/g, fresh wt of tissue, 50.0 mM 
Tris-HCI buffer, pH 7.5). The supernatant liquid obtained by cen- 
trifugation at 15OOOxg for 20 min was fractioned with various 
concentrations of ammonium sulfate as  listed in the ligure. 
Subsequent treatment of the fractioned protein extracts and the 
enzyme assays were performed as shown in Experimental Procedure. 
Spotted bars, radioactivity incorporated into stizolobinic acid; 
empty bars, radioactivity incorporated into stizolobic acid; striped 
bars, polyphenol oxidase activity 

after gel filtration with Sephadex G-25 as the enzyme 
preparation in further experiments. 

Evidence for the Formation of Stizolohinic Acid 
and Stizolobic Acid f i o ~ n  L-Dihydro uyphenylulanine 
in the Enzyme System 

The reaction mixture, consisting of the enzyme 
preparation and ~-dihydroxy[fl-'~C]phenyIalanine, was 
incubated for 2 h at 30 'C  in the presence of NADP' 
under aerobic conditions. The reaction was stopped 
by heating and the resulting denatured protein was 
centrifuged off. The supernatant liquid was passed 
through an ion-exchange column and eluted with 
formic acid. The eluate, containing radioactive com- 
pounds and carrier amino acids, was brought to a 
small volume and then spotted on strips of Whatman 
No. 1 papers. Ascending one-dimensional chromatog- 
raphy was carried out in phenol saturated with water 
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~ ~ 

OO 0.5 1 .o 
RF value 

Fig. 2. Scanning qfradioactivities on apaper chromutogrun? of the amino ucid.v separa td f iom a reaction mixture. The shaded spots illustrate the 
positions of authentic stizolobinic acid (Stn) and stizolobic acid (Stb) which were added as carriers. For details of the procedure see 
Experimental Procedure 

Tab1 e 2. lncorporat ion of L-dihydro.xy[/%' C Jpheny lalanine into 
stizolobinic ucid and stizolohic acid by the enzjme prepararion 
Enzyme assays were carried out as described in Experimental 
Procedure and Table 1 

1 ncubation 
system 

Expt Radioactivity incorporated 
into 

Ttizolobinic stizolobic 
acid acid 

- 

dis min-' 

Complete 1 4430 5 928 
2 5 693 9124 
3 5 568 YO11 

Extract boiled 1 134 262 
2 162 73 
3 122 111 

as a developing solvent. Relative location of the 
radioactivities and the ninhydrin-positive areas on a 
strip are shown in Fig.2. Radioactivities were found 
to coincide with the positions of stizolobinic acid and 
stizolobic acid. To further confirm the chromato- 
graphic evidence that these amino acids were formed 
enzymicall y from dih ydrox yphen ylalanine, radioactive 
spots corresponding to stizolobinic acid and stizolobic 
acid were cut out from paper chromatograms and 
eluted with water and the eluates were evaporated to a 
sinall volume. 

An authentic sample of each amino acid was added 
to the concentrated water eluate and the amino acids 
were recrystallized several times from propan-1-ol/ 
water (6/4, v/v). The recrystallized stizolobinic acid 
or stizolobic acid showed a constant specific radio- 
activity (290 and 340 dis. min-l pmol-', average 
specific radioactivity during the last four times of 
recrystallization, respectively). In control experiments 
with boiled enzyme preparation, only negligible 

,-1- , 

8ooo r 

5.0 6.0 7.0 8.0 9.0 
PH 

Fig. 3.  EfJect of' p H  value on the enzymic s-ynthesis of' stizolobinic 
acid and srizolobic acid from dihydro.uJ;plien~lalanine. Enzyme 
assays were carried out as  described in Experimental Procedure 
except that the buffer used in the reaction mixture was varied as 
shown: (A, A) 5.0 inM Tris-maleate buffers; (0, 0 )  5.0 mM Tris- 
HC1 buffers. (. .. ' .  .) Stizolobinic acid; (-) stizolobic acid 

amount of radioactivity was detected in the areas 
corresponding to the amino acids (Table 2). 

Eflect of p H  on the Enzyme Reaction 

The standard assay was modified by substituting 
5.0 mM Tris-maleate or 5.0 mM Tris-HCl buffer at 
various pH values for the 5.0 mM Tris-HC1 buffer, 
pH 7.5. The pH at the start of the incubation ranged 
from 5.0 to 9.5. The pH optimum for tracer incorpora- 
tion into both stizolobinic acid and stizolobic acid 
appeared to be about 7.5 in Tris-HC1 buffer (Fig. 3). 
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Table 3. i?ffct of uerohic or anaerobic conditions on the conversion 
OF ~-d ihydro .~~ / /L '  4Cjphenjlalanine into stizolohinic acid und stizo- 
lohic acid by the enzyme system 
Assays were carried out as described in Experimental Procedure 
and Table 1 

Expt Gas phase Radioactivity incorporated into 
- _ _  - - 

stizolobinic stizolobic 
acid acid 

dis. min-' 
_ - _ _ _  

1 air 3 327 5 207 
Nz 237 510 

2 air 5 796 6 329 
NZ 654 565 

3 air 5 548 6 390 
Nz 569 496 

Time Course of the Enzyme Reaction 
and Effect of Enzynze Concentration on the Reaction 

The reaction velocity of conversion of exogenously 
applied radioactive-labelled dihydroxyphenylalanine 
into both heterocyclic amino acids by the enzyme 
preparation was constant for 120 min and then rapid 
decrease of the rate of incorporation of radioactivity 
occurred. For this reason, a 2-h incubation period 
was adopted in all subsequent experiments. A linear 
relationship was obtained between enzyme activity 
and amount of enzyme protein used up to 0.23 mg/ml 
of reaction mixture. 

Requirements of Aerobic Condition and Adenine 
Nucleotides for  the Reaction 

The effect of aerobic or anaerobic conditions on the 
incorporation of labelled dihydroxyphenylalanine into 
both amino acids was examined. When the enzyme 
reaction was carried out in an atmosphere of nitrogen 
gas, the rate of radioactivity incorporation was 
greatly reduced (Table 3). Table 4 shows the require- 
ments of adenine nucleotides for the reaction. NADP' 
was required for conversion of dihydroxyphenyl- 
alanine to both stizolobinic acid and stizolobic acid, 
and the nucleotide could be replaced by NAD'. 

Enzyme Stability 

The enzyme preparation was unstable, especially 
in aerobic conditions. The stability of the enzyme 
system under various storage conditions is shown in 
Table 5 and 6. Storage for 24 h at 4 "C in the air 
reduced the enzyme activity to 11 or 8 of the 
initial with stizolobinic acid or stizolobic acid forma- 
tion, respectively. 

Table 4. &feet Of'NADP' or NRD' on the conver..sion oIii--dih?.r/roz),- 
jlJJ-'lCj~)heniiulanine into stizolohinir ucid unii sfizofohic acid hr 
the enzyme .system 
Assays were carried out as described in Experimental Procedure 
and Table 1 

~~ 

Adenine Concentra- Radioactivity incorporated 
nucleotides tion into 

- _  ~ ~ 

stizolobinic stizolohic 
acid acid 

mM 

NADP' 0 
0 33 
0 x3 
161  
3 33 

--- __ ___ __ 
NAD' 0 

0 33 
0 83 
1 6 7  
3 33 

dis. min- ' 
~- 

821 
2857 
5 592 
3 421 
1x56 

626 
3113 
4464 
3 322 
1768 

_ _  

- ~- 

713 
3 291 
6912 
3841 
2433 

815 
3 927 
4803 
4013 
2030 

Table 5. E f l k t  of varioiis compounr1.v on enzyme sfuhilit), during 
.storuge 
The enzyme preparation was kept with each compound tested during 
storage lor 24 h at 4 "C. Each compound was added to the enzyme 
preparation at a final concentration of 1 mM, except 20% (v/v) 
glycerol. Enzyme assays were then carried out as described in 
Experimental Procedure and Table 1 

Compounds Radioactivity incorporated into 
~-~ - 

stizolo binic stizolohic 
acid acid 

dir min-' 
~- _ _ ~  -~ 

Glycerol 1021 
L-Ascorbic acid 516 
Glutathione (reduced form) 452 
Dithiothreitol 41 9 
Cysteine 622 
2-Mercaptoet hanol 495 

595 
461 
67 1 
431 
63 1 
428 

In an attempt to stabilise the enzyme activity, the 
effects of a number of substances known to stabilise 
other enzyme activities or to prevent the inactivation 
were tested. The addition of a given concentration of 
glycerol, L-ascorbic acid, glutathione (reduced form), 
dithiothreitol, cysteine and 2-mercaptoethanol to the 
enzyme preparation did not prevent inactivation 
during storage (Table 5).  Alteration of ionic strength 
or enzyme concentration was also ineffective, but 
considerable stabilisation could be obtained by re- 
placement of air in the enzyme storage vessel by 
nitrogen gas. After 24 h of storage in a Thunberg 
tube evacuated and filled with nitrogen gas at 4"C,  
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peon ,I 

OOH - 
\ nooc \ 

HOOC 

H o w O o H  S t i z o l o b i n i c  a c i d  

no 
8 

S t i z o l o b i c  a c i d  
Fig 4 Postulated blosynthetic pathkayJ leading to wzolobinic acid and stizolohic acid i n  S hasbjoo 

Table 6. Storage effect on enzyme activity under various conditions 
The enzyme preparations were stored for 24 h in Thunberg tubes 
filled with nitrogen gas or in open test tubes under various con- 
ditions. The initial activity was 7294 dis. min-' over 2 h with 
stizolobinic acid and 8 198 dis. min-' over 2 h with stizolobic acid. 
Enzyme assays were carried out as described in Experimental 
Procedure and Table 1 

~~ 

Storage conditions Radioactivity incorporated into 

temperature gas phase stizolobimc stizolobic 
_____,_ 

acid dcid 
~ 

"C dis. min- 

- 20 Nz 5 252 5 247 
air 955 1232 

4 N2 2610 3 669 
air 791 651 

21 Nz 318 114 
air 193 134 

the enzyme activity was about 64% or 55% of the 
initial activity for stizolobinic acid or stizolobic acid 
formation, respectively, while after 24 h of storage 
under a nitrogen atmosphere at -20 "C, 72% of the 
initial activity for stizolobinic acid formation and 
64 % for stizolobic acid formation was retained 
(Table 6). 

DISCUSSION 

An enzyme system(s) prepared from the etiolated 
seedlings of S. hassjoo has been shown to be able to 
catalyze the conversion of isotopically labelled di- 
hydroxyphenylalanine into stizolobinic acid and stizo- 
lobic acid. In previous studies in vivo we have shown 
that these amino acids may originate directly from 
dihydroxyphenylalanine by extradiol cleavage of the 
aromatic ring [7,8]. The findings described in this 
paper provide evidence that the biosynthetic reactions 
of these amino acids proceed in a cell-free preparation 
from a higher plant. 

Hydroxylation and oxidative disruption of aro- 
matic rings have been suggested for some steps in the 
catabolic processes of phenols, aromatic amino acids 
and other substances [5,17-231, but many of these 
suggestions remain speculative and tentative. For a 
cleavage reaction to proceed readily, the aromatic 
ring of the substrate must be raised at the initial step 
to a sufficient oxidation level by introducing two 
hydroxyl groups. Molecular oxygen is then introduced 
across an aromatic carbon-carbon double bond be- 
tween two hydroxylated carbon atoms or adjacent 
to one of the hydroxyls with simultaneous cleavage 
of that bond to form primary reaction products such 
as cis-cis muconic acid derivatives [24]. The oxidative 
ring cleavage reaction of aromatic compounds could 
be adopted for the biosynthesis of stizolobinic acid 
and stizolobic acid from dihydroxyphenylalanine. 

In conversion of dihydroxyphenylalanine to these 
amino acids by the enzyme preparation from S. hassjoo 
seedlings, aerobic conditions were absolutely required. 
Although no experiments with isotopically labelled 
oxygen have yet been performed, it is possible to 
predict from the results that molecular oxygen may 
be consumed in the oxidative cleavage of the carbon- 
carbon linkage between the 2 and 3 position or 4 and 
5 position in the aromatic ring of dihydroxyphenyl- 
alanine at step I in the proposed pathways for the 
biosynthesis of stizolobinic acid and stizolobic acid 
(Fig. 4). On the other hand, a hydrogen acceptor such 
as NADP' or NAD' was inevitably needed for the 
overall reaction, indicating that dehydrogenation 
should occur in the course of the reaction sequence, 
presumably at step I1 in the pathways. 

The enzyme preparation was unstable, due to rapid 
inactivation under aerobic conditions. Inactivation of 
the enzyme preparation, however, was decreased by 
replacing air with nitrogen gas. Oxygenases such as 
metapyrocatechase (catechol 2,3-dioxygenase) which 
acts on catechol are extremely sensitive to oxygen and 
the air-inactivation is thought to be mainly due to 
oxidation of the ferrous ion to ferric form in the 
active centre [25]. Though the properties of the enzyme 
from S. hassjoo still remain to be investigated, it may 
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possess divalent iron as an integral part of the enzyme 
molecule. 

The enzyme preparation used in this work cata- 
lyzed both reaction sequence A leading to stizolobinic 
acid and sequence B to stizolobic acid in Fig.4. 
Therefore, the preparation must contain two enzyme 
systems although the same pH optima were found for 
both stizolobinic acid and stizolobic acid formation 
and fractionation by ammonium sulfate precipita- 
tion did not succeed in separating the two enzyme 
systems. The isolation of each enzyme system is in 
progress. 

From the results presented here, it may presumably 
be expected that metapyrocatechase-type enzymes also 
operate in higher plants as in mammalian and bacterial 
systems [26,27]. 

We thank Mr I .  Shimizu for supplying the seeds of S.  hassjoo 
and Dr K.  Sakano for his valuable suggestions in this work. 
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