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UREIDE METABOLISM IN CASTOR BEANS. EVIDENCE FOR 
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Abstract-Allantoinase in germinating castor beans has been detected in a solubilized preparation. Unlike 
the enzyme reported in legumes this one is absent in dormant seed. It appears to be associated with some 
particulate material and was freed from its bound form with sodium desoxycholate. It has a pH optimum 
of 7.5-7.6 and a K,,, of 13.8 mM (Lineweaver-Burk). 

INTRODUCTION 

THE PRODUCTION of glyoxylate from fat and carbohydrate in castor beans is well docu- 
mented.lm7 Castor beans contain an active lipase 8* 9 through the first days of germination 
suggesting fat as a major source of glyoxylic acid in this seed. 

Smaller quantities of glyoxylate (and urea) are also formed as the final products of purine 
catabolism. These purines, derived from RNA metabolites, give rise to the ureide inter- 
mediates allantoin and allantoic acid. Allantoin is converted to allantoic acid by the enzyme 
allantoinase (allantoin amido-hydrolase, EC 3.5.2.5). Allantoinase has been studied exten- 
sively in amphibian and in animal tissuesl*ll and in numerous micro-organisms.12-15 
Florkin and Duchsteaul 1 list over 70 references describing investigations of allantoinase in 
amphibians, birds, and mammals. However, the metabolism of allantoin in higher plants is 
not as well established. Allantoinase has been reported in ungerminated soybeans,16-18 
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mung beans19 and Phaseolus hysterinus I8 but, according to Tracy,‘* it is not present in 
Ricinus communis. 

Since no other degradative mechanism for allantoin except through allantoic acid has 
been reported in higher plants, we have examined the castor bean, R. communis, before and 
during germination for allantoinase activity. Unlike the enzyme in the legumes studied, the 
castor bean allantoinase is absent in dormant seed. It appears on the third day of germina- 

tion. The enzyme which apparently exists in a particle-bound state, has been solubilized 
using desoxycholate. Various properties of the soluble system are described. 

RESULTS AND DISCUSSION 

Appearance of Enzyme After Germination 

As shown in Fig. 1, the enzyme is absent in resting seed. It appears on the third day of 
germination, reaching maximum activity after 6 days. This is a contrast to soybean and 
mung bean which exhibit allantoinase activity in the dormant seed and might explain why 
it was not found in the earlier experiments on Ricinus communis.20 

DAYS GERMINATED 

FIG.~. APPEARANCEOFALLANTOINASEACTIV~~~PONGERMINATIONOFCASTORBEANS. GERhfINATION 
CONDITIONSAND ACTIVITYMEASUREMENTSDESCRIBEDINEXPERIMENTAL. 

While determining optimum conditions for studying the enzyme, it appeared that the 
castor bean allantoinase might be either membrane- or particle-bound. Attempts were made 
to free the enzyme from its bound form with several detergents. Sodium desoxycholate 
(DOG) not only solubilized the enzyme, but significantly increased the specific activity 
(Table 1). Kornberg and Beever$ have shown that glyoxylate cycle enzymes are present in 
the mitochondrial fraction obtained from germinating castor beans centrifuged at 25,000 g 
for 15 min. More recently, Beevers and co-workers 6, 21, 22 have found certain specific 
glyoxylate cycle enzymes associated with a nonmitochondrial subcellular particle, the 
glyoxysome. Glyoxysomes are obtained by centrifuging a homogenate at 10,OOOg for 10 min 
in a sucrose gradient. They sediment differently and do not contain fumarase, NADH 
oxidase, succinate dehydrogenase, or cytochromes. However, we made no attempts to assay 
for glyoxylate cycle enzymes in the fractions assayed for allantoinase. 

19 Y. NAGAI and S. FUNAHASHI, Agri. Biol. Chem. (Tokyo) 25,265 (1961). 
2O M. V. TRACEY, Moderne Methoden der Pflanzenanalyse, IV, p. 134 (edited by K. PAECH and M. V. TRACEY) 

Springer-Verlag, Berlin (1955). 
21 R. W. BREIDENBACK, A. KAHN and H. BEEVERS, Plant Physiol. 43,705 (1968). 
22 T. G. COOPER and H. BEEVERS, Plant Physiol. Supplement 43, S-9 (1968). 
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TABLET. EFFECTOFSQDKJMDESOXYCHOLATBONSOLUBILIZATION 
OF ALL.ANToINASE FROM 6-DAY GERMINATED CASTOR BEAN 

Fraction after 25,000 g Specific activity 
centrifugation (x 10-S) 

Fat pad, untreated 0 
Ppt., untreated 0.612 
Supematant, untreated 0.107 
Ppt., DOC-treated 0.233 
Supcrnatant, DOC-treated 1.280 

Homogenate prepared as described in text; substrate concentra- 
tion, 15 mM. Specific activity expressed as PM glyoxylate formed 
per mg protein per min. 

For the remainder of our investigations, the supernatant obtained after centrifuging-the 
DOC-treated homogenate at 25,000 g for 30 min was employed. 

pH Optimum 
The pH optimum of the germinated castor bean allantoinase is 7-5-7.6. The pH optimum 

for allantoinase from dormant soybean16-18 is 7-4-7-7, and from mung beanI is 7*5-S-5. 

Eflect of Substrate Concentration 
For these studies & was determined by the Lineweaver-Burk23 and the Hofstee24 

methods. The values of 13.89 mM and 11.9 mM, respectively, for the germinating castor 
bean allantoinase may be compared to those reported for the soybean variety investigated 
by Franke et al.17 (6.7 mM), from mung beanI (40 mM), Glycine hispida L1* (14-O mM), 
and from Phaseolus hysterinus** (46 mM). 

The experiments reported here establish the allantoinase of castor beans as a particle- 
bound enzyme which is absent in dormant seed but appears after 3 days of germination. 
The allantoinase appears to be associated with some particulate structure in the plant cell; 
DOC solubilizes the enzyme. Thus, prior to treatment with DOC most of the activity was 
located in the sediment after 25,000 g centrifugation, but after DOC-treatment allantoinase 
activity in the supernatant increased significantly. These experiments do not discern the 
nature of the particulate structure to which the allantoinase is bound. However, Akazawa 
and Beevers2s sediment mitochondria from castor bean seedlings at 20,000 g for 20 min, 
Kornberg and Beeverss prepare glyoxylate cycle enzymes from castor bean seedlings at 
25,000g for 15 min, and Breidenback and Beevers’j prepare glyoxysomes in a sucrose gradient 
at 10,000 g for 10 min. Finding allantoinase in the 25,000 g sediment suggests a possible 
association of the enzyme with one of these glyoxylate cycle fractions. 

Allantoic acid may be derived by the following mechanisms: 

(1) (2) 
allantoin _j allantoic acid a glyoxylate + urea 

(3) 
* 

1 (4) 

fat and chrbohydrate 

23 H. LINEWF,AVER and D. BURK, J. Am. Chem. DC. 56,658 (1934). 
24 B. H. J. HOFSTEE, Science 116,329 (1952). 
25 T. AKAZAWA and H. BEEVERS, Biochem. J. 67,110 (1957). 
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Finding such a relatively active allantoinase in the germinating castor bean was unexpected 
because of the large amount of fat converted to carbohydrate and glyoxylate during germina- 
tion. However, information available so far on the possible synthesis of allantoic acid from 
glyoxylate and urea suggests that, though spontaneous combination of glyoxylate and urea 
can form allantoic acid, they do not combine in plants metabolically.“6 Consequently. 
suppression of allantoinase from the end products by reaction (3) above does not appear 
to take place in the castor bean. Furthermore, because of cellular compartmentation in 
plants, the glyoxylate formed in reaction (4) may not necessarily become part of the ureide 
system. 

Several species of animals have been found in which allantoinase was present but 

allantoicase, the enzyme which degrades allantoic acid to glyoxylate and urea, was not 
detectable.” Investigations are presently underway to determine if the castor bean contains 
allantoicase and will be reported later. 

EXPERIMENTAL 

Material and Methods 

Castor beans, Ricinus communis, Baker 296 variety, were a generous gift of D. S. Bolley and W. E. Domingo 
of the Baker Castor Oil Company. Seeds were germinated in vermiculite after prior dusting with Spergon* 
at 30” in the dark. DL-Allantoin, phenylhydrazine hydrochloride, and the glyoxylate used as the allantoinase 
were obtained from Sigma Chemical Company. 

Preparation of Homogenates 

Seeds were shelled and the kernels washed thoroughly in distilled water. The entire kernels (endosperm, 
cotyledons, and embryo) before or after germination were homogenized in 1.5 volumes of cold 0.1 M KrHP04, 
pH 8.5, in a Servall Omnimixer for three 3-min periods while immersed in an ice bath. The resulting homo- 
genates had a pH between 7.0 and 7.5. After the homogenization, 0.8% (final concentration by weight) 
sodium desoxycholate (DLC) was added to the homogenate and mixed well. The DOC-treated homogenate 
was placed in an ice bath for 1.5-2 hr, then filtered through cheese-cloth to remove larger particles and cell 
debris. The milky filtrate was centrifuged at 25,000 g for 30 min in a refrigerated vacuum centrifuge at 0”. 
The fat pad, aqueous phase, and the residual precipitate were collected separately for analysis. 

Measurement of Allantoinase Activity 

Activity was measured by a modification of the method of Lee and R0ush.i” Briefly, 23.7 mg (or 47.4 mg) 
of allantoin substrate and 9 ml of 0.1 M Tris buffer were adjusted to pH 7.5 with HCI. With the addition 
of 1 ml of the seed extract to be assayed, this yielded a final substrate concentration of 15 mM (or 30 mM) and 
did not alter the pH of the mixture. Reaction temperature was 25” (room temperature). After specified 
reaction times, 2 ml aliquots were removed by pipette and transferred immediately into tubes containing one 
drop of cont. HCI to stop the reaction. 1 ml of 0.3 % phenylhydrazine. HCI was added to each tube; the 
tubes were placed in boiling water for 2 min, then plunged into ice-water. To each tube was added 1.2 ml of 
cont. HCI and 1 .O ml of 1.6 % potassium ferricyanide; the tubes were mixed well and filtered. The clear, red 
filtrate was diluted five-fold with water and read at 540 nm in a spectrophotometer after 15 min. Controls for 
color due to endogenous glyoxylate and other non-specific reactions were obtained by boiling homogenates 
for 10 min prior to analysis. Allantoinase activity was determined by measuring the glyoxylic acid freed from 
enzymatically derived allantoic acid using a standard curve prepared from known quantities of glyoxylate. 
Specific activity is expressed as micromoles of glyoxylic acid formed per mg protein per min. Protein was 
determined by the method of Lowry et a/.27 
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