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Abstract-Allantoinase, catalysing the hydrolysis of allantom to allantolc acid, was Isolated from leaves and fruits of 
soybeans The enzyme was only partially solublhzed from 50 000 g pellets by detergent treatment and the estimated 
MW of the soluble enzyme was 50000. The enzyme was stable to heat treatment up to 70” and had an energy of 
activation between 20” and 30” of 10.2 kcal/mol. Ammo acids, ammomum, nitrate and potential precursors of 
allantoin such as AMP, ADP, adenme, xanthme, mosme monophosphorlc acid and uric acid had no effect on enzyme 
activity in vrtro. Urea (20 mM), a product of urelde degradation, had httle effect on enzyme activity. The assay pH 
optimum was between 7.8 and 8.0 and the apparent K,,, for allantom was lO.OmM. 

INTRODUCTION 

A number of legumes when relying on nitrogen fixation 
for their nitrogen requirements transport large amounts 
of the ureldes, allantom and allantolc acid from the 
nodules to the shoot [l-5]. Ureldes are probably syn- 
thesized from recent products of nitrogen fixation via 
purme synthesis and degradation [6-lo] In the shoot 
ureldes are thought to be degraded into glyoxylate and 
ammonium by the action of allantomase (EC 3.5.2.5), 
allantoicase (EC 3.5 3.4) and urease (EC 3.5.1.5.) al- 
though the exact pathway m higher plants 1s not known 
[lo] Allantomase has been studled m a variety of plants 
including some legumes [ 1 l-221. Usually the enzyme has 
been isolated from dry seeds or germinating seedlings. 
During the life cycle of legumes, however, most of the 
ureldes synthesized m nodules are assimdated m the shoot 
tissues (leaves and stems) [7]. In addition the effects of 
potential regulators of allantomase (e.g. purme pre- 
cursors and products of urelde asslmllatlon) have been 
little studied [lo]. Here we describe some properties of 
allantomase isolated from leaves and fruits of soybeans. 

RESULTS 

Characterrzation of allantoinase 

Phosphate buffers have been shown to mhlblt allan- 
toinase from higher plants [ 161. For this reason the effect 
of different buffers on the pH optimum of allantomase 
isolated from soybean leaves was studied. Generally there 
was little effect of different buffers on enzyme actlvlty at 
any given pH. With Tns-maleate buffer a single peak m 
activity was observed at pH 6.7-7.0. With Trlcme and 
Tns-HCl a peak was noted at pH 7.8-8.0. There was 
httle change m activity at pH 6 7-7.9 using HEPES 

*Present Address Department of Blologlcal Sciences, 
Umverslty of Dundee, Dundee, U K. 

(N-2-hydroxyethylplperazme-N’-2-ethanesulphomc acid) 
buffer 

Allantomase was remarkably stable to a 10 mm heat 
pretreatment followed by a 10 mm assay at the test 
temperature and increased m actlvlty with Increasing 
temperatures up to 70” In separate experiments two 
dlscontmmties were noted in Arrhemus plots (Fig. 1) at 
10” and 45”. The energy of activation (E,) calculated after 
Segel [23] between 20” and 30” was 10.2 kcal/mol, 
decreasing to 2.3 kcal/mol above 45” and increasing to 

20 

15 

> 

0 IO 

E 

0.5 

70 60 50 40 30 20 IO 

26 29 30 31 32 33 34 35 36 

104/T (K”) 

Fig 1 Arrhemus plot of allantomase activity. Enzyme activity 
was measured as described m the text usmg chfferent assay 
mcubatlon temperatures and method A for the analysis of 

allantolc acid 
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Table I Efiect ofsodmm deoxycholate (DOC) on the solublhz- 
ation of allantomase from soybean leaf ussue 

Fraction* 

Total actlvlty 

(nkat:g fr wt) 

Untreated extract 

500009 supernatant 
50 000 9 pellet 

DOC-treated extract 

50 000 9 supernatant 
5OOOOg pellet 

21 
10 

29 
3 

“A crude leaf extract was prepared as descrtbed III 

Experimental DOC was added to one half of the extract (final 

concentration 0 8 “,, w/v) Extracts were then Incubated m Ice- 

water (0 ) for 2 hr and centrifuged dt 50 000 y The pellets were 
resuspended m Trls extractlon buffer and used directly m the 

assay for allantomase actlvlty Production of allantmc actd was 

measured by the colourlmetrlc determmatlon of the dlphenylfor- 

mazan derlvattve of glyoxylate (method A) 

32 5 kcaljmol below 10’ Such dlscontmultles m 
Arrhemus plots are characteristic of membrane-bound 
enzymes [24] Further evidence that allantomase may be 
particulate IS presented m Table 1 Ca 30’:; of the total 
extractable activity was measured m the 50 000 g pellet of 
leaf extracts Incubation of extracts with sodium de- 
oxycholate resulted m a 33 ‘;, decrease m the activity of 
the 55OOOg pellet Slmllar treatment of the pellet with 
Trlton X-100 resulted m only small increases m the 
solublhzatlon of the bound enzyme, suggesting a rela- 
tively strong bmdmg of the enzyme to a membrane and/or 
organelle 

The apparent K,,, of the soluble enzyme at pH 7 8 m 
80mM trlethanolamme buffer was 10 OmM allantom 
From gel permeation data, the estimated MW was ca 
50 000 To our knowledge this IS the first MW estimate for 
allantomase isolated from a higher plant. 

Eject of reducrng agents and mhzbltors of sulphydryl- 
dependent enzymes 

Cysteme and other reducing agents have been reported 
to inhibit allantomase from soybeans [16, 171. However, 
the apparent mhlbltlon by cysteme may be the result of an 
interference m the procedure used to measure allantolc 

,\” o- - 
0 5 IO 0 5 IO 

Cystelne mM 

Ftg. 2 Effect of cysteme on (A) apparent allantomase actlvtty 

and(B) the colourlmetrlc determmation of allantoic acid Assays 
for allantomase actlVltles were as described m the text Allantmc 

acid was measured by acid hydrolysis to glyoxylate followed by 

the colourlmetrtc determmatlon of the diphenylformazan de- 

rlvatlve of glyoxylate [31] Bars represent the largest s e 

acid rather than an mhlbltlon of the enzyme per se (Fig. 
2) When different concentrations of cysteme were added 
to an assay mixture without enzyme extract, contammg 
50nmol allantoic acid (an amount similar to that pro- 
duced m the control enzyme assay with no cysteme) a 
decrease m absorbance similar to that observed m the 
enzyme assay was obtained (Fig 2A, B) Slmllar results 
were obtained usmg either method A or B to measure 
allantolc acid These results suggest that the effect of 
cysteme IS probably vra a complex formation that can 
occur between glyoxylate and cysteme [25] This complex 
formation will underestimate the glyoxylate present m the 
assay mixture thereby indicating an mhlbltlon of enzyme 
activity Table 2 shows the effects of three other reducing 
agents on allantomase activity Only dlthlothreltol m- 
hlblted the enzyme without also mhlbltmg the col- 
ourlmetrlc reaction Although mhlbltlon by dlthlothreltol 
suggests a dependence on dlsulphlde bridges for maxl- 
mum activity, PCMBS (p-chloromercurlbenzene sul- 
phonic acid), an mhlbltor of sulphydryl group dependent 
enzymes, also inhibited enzyme actlvlty. Iodoacetate was 
slightly mhlbltory at 5mM, but lodoacetamlde and 
lodobenzolc acid had no effect on enzyme activity (Table 
2) The addition of sulphydryl protectants to the extrac- 
tion medmm had no effect on enzyme activity 

Effect of ammo acids. morgunrc salts, urea, uric acid and 
purmes 

Glutamlc acid, asparagme, I’-ammobutyrlc acid, as- 
partlc acid, serme. alanme, argmme (transport ammo 
acids m soybean leaves) [26], glutamme and glycme, all at 
a final concentration of lOmM, had little or no effect on 
enzyme actlvlty Stmilarly, ammomum sulphate, pot- 
assium nitrate, potassium chloride and dlpotassmm 
hydrogen phosphate (all 10 mM) has no effect on enzyme 
actlvlty. Urea concentrations between 1 and 20mM 
Inhibited the enzyme by only 30”, Using method B to 
measure allantolc acid, thereby overcommg interference 
m the assay, xanthme (0 25-2 5mM), adenme (0 5- 
5.0mM), IMP (1 -IOmM), AMP and ADP (1-20mM) 
and uric acid (0.16-2.5mM) were tested but had little 
effect on enzyme activity 

The enzyme isolated from fruit tissues had a similar K 
for allantom, was also partly particulate and not affected 
by any of the compounds tested as potential regulators of 
allantomase activity 

Table 2 Effect of reducmg agents and mhlbltors of sulphydryl 
dependent enzymes on allantomase actlvlty 

Effector 

Glutathlone 

Dlthtothreltol 
Ascorbic acid 
PCMBS 

Iodoacetate 

Iodoacetanude 

Iodobenzo~c acid 

Concn range Inhtbitlon* 

(mM) ( “0) 

2-6 0 

2-10 40-70 
IL5 0 

02 -1 23-~57 

l-5 3-19 

1 --5 0 

0 6-3 0 

l Allantolc acid production during the assay was measured by 
determmmg the amount of glyoxylate phenylhydrazone formed 

followmg acid hydrolysrs (method B) 
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DISCUSSION 

The apparent K,,, of soluble allantomase for allantom 
reported here and the similar values reported for the seed 
enzyme [14, 151 are relatively high compared with the 
concentrattons of allantom m leaves and frmts (O.l- 
5mM) [27] Our evidence that the enzyme may be 
membrane bound is consistent with the recent demonstra- 
tton that allantomase activity is present m microsomal 
bands from soybean leaves [28] and indicates that there 
may be a compartmentation of the enzyme and substrate 
m uwo as previously suggested [27]. If this 1s so then the 
concentration of allantom at the enzyme site may be high 
enough to allow the enzyme to function efficiently. 
Alternatively the K, of the bound enzyme may be 
different from that of the soluble enzyme. 

The apparently conflicting results with reducing agents 
and mhtbitors of sulphydryl-dependent enzymes indicate 
that allantomase requires free thiol groups and disulphide 
bridges for maximum activity. Simtlar results were ob- 
tained with allantomase isolated from Larhyrus SU~U_UJS 
[20] and Doli~hos bzsorus [21]. 

The lack of any obvious regulatory mechanism on 
enzyme acttvtty and the high levels of allantomase 
reported in leaves, stems and frmts of soybean [lo, 27,291 
suggest that allantomase is unlikely to limit the assimt- 
lation of ureides m shoot tissues. The results support the 
previous suggestion [27] that ureide assimilation m shoot 
tissues of ureide-producmg legumes may be limited by 
allantoicase (degrading allantoic acid or allantoate). 

EXPERIMENTAL 

Germznatzon andgrowzh Seeds of soybeans [Glycme max (L ) 

Merr cv Wells] were lmblbed m H,O, maculated with Rhzzobrum 
Japonrcum and grown m growth chambers as described pre- 

v~ously [27] 
Preparatzon of enzyme extracts and estzmatzon of MW. Mid-nb 

vems were removed from leaf blades and to ca 50 g fr wt lamma 

was added 350ml ice-cold 0 05 M Tns-HCI buffer, pH 7.8. 
Extracts were prepared by homogemzatlon m a Warmg blender 

for 1 mm The homogenate was squeezed through four layers of 

cheesecloth and centrifuged at 500008 for 30mm at O” The 
supernatant was then fractionated by the addltlon of (NH&SO, 

at 0”. The ppted fractions were collected by centrlfugatlon at 

10 OOOg for 10 mm and dissolved m 0.05 M Trls buffer, final pH 
7 8. Allantomase actlvlty was confined to the 40-75 ‘x satn 

fraction This fraction was dissolved m 2-5 ml Trls buffer and 

applied to a Sephadex G-100 column (1 5 x 80cm) equrhbrated 

with 0 05 M Trls buffer pH 7 8 The column was eluted with the 
Trls buffer and the fractions contammg allantomase actlvlty 

were collected and ppted with (NH,),SO, (final concn 75% 

satd) This procedure gave an 1 I-fold purification with a 32 % 

recovery compared with a crude extract and actlvltles of the 

order of IO nkat/mg protein The partially purified extracts were 

used m all expts Further attempts to purify the enzyme were 

unsuccessful because enzyme actlvlty was lost after dlalysls or 
elutlon from a DEAE-cellulose column with Trls buffer. 

The MW of allantomase was estimated from the gel perme- 
ation data (Sephadex G-100 column). Rlbonuclease-A, a-chym- 

otrypsmogen A, ovalbumm and albumin were used as marker 

protems for cahbratlon. Prior to the expts on the properties of 

allantomase, the ppted fractions of partially purdied enzyme 

were dissolved m 0.05 M Trls buffer, pH 7.8 and desalted by use 

of Sephadex G-25 after Feller et al. 130). 

Measurement of allantomaseactzvzty. Allantomase actlvlty was 

measured m extracts using a method slmdar to that described by 

van der Drift and Vogels [17] The 1 ml assay mixture contained 
80pmol trlethanolamme buffer, pH 7.8, 25pmol allantom 

(Sigma), 0 3 pmol MnSO, 2H,O Assays were started by the 
addltlon ofallantom and tubes were Incubated at 30” for 15 mm. 

The reaction was stopped by the addltlon of 1 drop cone HCl 

and 0 25ml ahquots were removed for measurement of the 

amount of allantolc acid produced. Allantolc acid was measured 

by two methods Method A Acid hydrolysis of allantolC acid to 

glyoxylate and determination of glyoxylate by measurmg Its 

dlphenylformazan derivative [31]. In prehmmary expts purmes 
and uric acid were found to interfere m the colourlmetrlc 

procedure used m method A. To overcome this interference a 
second procedure was used to measure allantolc aad. Method B 
After acid hydrolysis of allantolc acid to glyoxylate as before, the 

glyoxylate was converted to its phenylhydrazone followed by 

measurement of glyoxylate phenylhydrazone at 324nm after 

Smgh [32]. A boded enzyme and a non-enzyme control were 

incubated with each assay Time zero controls were Inadequate 

because of non-enzymlc breakdown of allantom mto allantolc 
acid durmg the assay procedure Protem was measured m 

extracts by the dye-binding technique of Bradford [33], using 

bovine serum albumin (Sigma) as a standard Unless otherwise 

stated all results are means of at least three expts 
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