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Abstract—Allantoinase, catalysing the hydrolysis of allantoin to allantoic acid, was 1solated from leaves and fruits of
soybeans The enzyme was only partially solubilized 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 10.2kcal/mol. Amino acids, ammomum, mtrate and potential precursors of
allantoin such as AMP, ADP, adenine, xanthine, inosine monophosphoric acid and uric acid had no effect on enzyme
activity in vitro. Urea (20mM), a product of ureide degradation, had little effect on enzyme activity. The assay pH
optimum was between 7.8 and 8.0 and the apparent K,, for allantoin was 10.0mM.

INTRODUCTION

A number of legumes when relying on nitrogen fixation
for their mtrogen requirements transport large amounts
of the ureides, allantoin and allantoic acid from the
nodules to the shoot [1-5]. Ureides are probably syn-
thesized from recent products of nitrogen fixation via
purine synthesis and degradation [6—10] In the shoot
ureides are thought to be degraded into glyoxylate and
ammonium by the action of allantoinase (EC 3.5.2.5),
allantoicase (EC 3.5 3.4) and urease (EC 3.5.1.5.) al-
though the exact pathway in higher plants 1s not known
[10] Allantoinase has been studied in a variety of plants
including some legumes [11-22]. Usually the enzyme has
been isolated from dry seeds or germinating seedlings.
During the life cycle of legumes, however, most of the
ureides synthesized in nodules are assimilated in the shoot
tissues (leaves and stems) [7]. In addition the effects of
potential regulators of allantoinase (e.g. purine pre-
cursors and products of ureide assimilation) have been
little studied [10]. Here we describe some properties of
allantoinase 1solated from leaves and fruits of soybeans.

RESULTS

Characterization of allantoinase

Phosphate buffers have been shown to inhibit allan-
toinase from higher plants [16]. For this reason the effect
of different buffers on the pH optimum of allantoinase
1solated from soybean leaves was studied. Generally there
was little effect of different buffers on enzyme activity at
any given pH. With Tris—maleate buffer a single peak 1n
activity was observed at pH 6.7—7.0. With Tricine and
Tris—HCI a peak was noted at pH 7.8-8.0. There was
hittle change 1n activity at pH 6 7-7.9 using HEPES
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(N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic acid)
buffer

Allantoinase was remarkably stable to a 10 min heat
pretreatment followed by a 10 mun assay at the test
temperature and increased 1in activity with increasing
temperatures up to 70° In separate experiments two
discontinuities were noted in Arrhenius 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
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Fig 1 Arrhenius plot of allantoinase activity. Enzyme activity

was measured as described in the text using different assay

incubation temperatures and method A for the analysis of
allantoic acid

1117



1118

Table 1 Effect of sodium deoxycholate (DOC) on the solubihiz-

ation of allantoinase from soybean leaf tissue

Total activity

Fraction® (nkat,/gfr wt)

Untreated extract

50000 g supernatant 21
50000¢g pellet 10
DOC-treated extract
50000 g supernatant 29
50000 g pellet 3
*A crude leaf extract was prepared as described

Experimental DOC was added to one half of the extract (final
concentration 0 8, w/v) Extracts were then incubated 1n 1ce—
water (0 ) for 2 hr and centrifuged at 50000 g The pellets were
resuspended m Tris extraction buffer and used directly in the
assay for allantoinase activity Production of allantoic acid was
measured by the colourimetric determination of the diphenylfor-
mazan derivative of glyoxylate (method A)

325 kcal/mol below 10 Such discontinuities 1n
Arrhenus plots are characteristic of membrane-bound
enzymes [24] Further evidence that allantoinase may be
particulate 1s presented in Table 1 Ca 309, of the total
extractable activity was measured in the 50 000 g pellet of
leaf extracts Incubation of extracts with sodium de-
oxycholate resulted mn a 339, decrease in the activity of
the 55000¢ pellet Simular treatment of the pellet with
Triton X-100 resulted 1n only small increases in the
solubihization of the bound enzyme, suggesting a rela-
tively strong binding of the enzyme to a membrane and/or
organelle

The apparent K, of the soluble enzyme at pH 78 1n
80mM triethanolamine buffer was 10 0 mM allantoin
From gel permeation data, the estimated MW was ca
50000 To our knowledge this s the first MW estimate for
allantoinase 1solated from a higher plant.

Effect of reducing agents and mhibitors of sulphydryl-
dependent enzymes

Cysteine and other reducing agents have been reported
to mhibit allantoinase from soybeans [16, 17]. However,
the apparent inhibition by cysteine may be the result of an
mterference 1n the procedure used to measure allantoic
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Fig. 2 Effect of cysteine on (A) apparent allantoinase activity
and (B) the colourimetric determmation of allantoic acid Assays
for allantoinase activities were as described 1n the text Allantoic
acid was measured by acid hydrolysis to glyoxylate followed by
the colourimetric determination of the diphenylformazan de-
rivative of glyoxylate [31] Bars represent the largest s e
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acid rather than an inhibition of the enzyme per se (Fig.
2) When different concentrations of cysteine were added
to an assay mixture without enzyme extract, containing
50 nmol allantoic acid (an amount similar to that pro-
duced 1n the control enzyme assay with no cysteine) a
decrease in absorbance similar to that observed in the
enzyme assay was obtamed (Fig 2A, B) Simular results
were obtaned using either method A or B to measure
allantoic acid These results suggest that the effect of
cysteine 1s probably via a complex formation that can
occur between glyoxylate and cysteine [25] This complex
formation will underestimate the glyoxylate present in the
assay mixture thereby indicating an imhtbition of enzyme
activity Table 2 shows the effects of three other reducing
agents on allantomase activity Only dithiothreitol 1n-
hibited the enzyme without also inhibiting the col-
ourimetric reaction Although inhibition by dithiothreitol
suggests a dependence on disulphide bridges for maxi-
mum activity, PCMBS (p-chloromercuribenzene sul-
phonic acid), an inhibitor of sulphydryl group dependent
enzymes, also inhibited enzyme activity, Iodoacetate was
slightly inhibitory at 5mM, but iodoacetamide and
1odobenzoic acid had no effect on enzyme acuvity (Table
2) The addition of sulphydryl protectants to the extrac-
tion medium had no effect on enzyme activity

Effect of amno acids, imorganrc salts, urea, uric acid and
purines

Glutamic acid, asparagine, y-aminobutyric acid, as-
partic acid, serine, alanine, arginine (transport amino
acids 1n soybean leaves) [26], glutamine and glycine, all at
a final concentration of 10mM, had little or no effect on
enzyme activity Similarly, ammonium sulphate, pot-
assium nitrate, potassium chloride and dipotassium
hydrogen phosphate (all 10 mM) has no effect on enzyme
activity. Urea concentrations between | and 20 mM
mhibited the enzyme by only 30°, Using method B to
measure allantoic acid, thereby overcoming interference
in the assay, xanthine (0 25-2 5mM), adenine (05—
5.0mM), IMP (1 -10mM), AMP and ADP (1-20 mM)
and uric acid (0.16-2.5mM) were tested but had little
effect on enzyme activity

The enzyme 1solated from fruit tissues had a similar X
for allantoin, was also partly particulate and not affecte
by any of the compounds tested as potential regulators of
allantoinase actrvity

Table 2 Effect of reducing agents and mhibitors of sulphydryl
dependent enzymes on allantoinase activity

Concn range Inhibiion*

Effector (mM) (%)
Glutathione 2-6 0
Dithiothreitol 2-10 40-70
Ascorbic acd 1-3 0
PCMBS 02-1 23--57
Iodoacetate 1-5 3-19
lodoacetamide 1-5 0
Iodobenzoic acid 06-3 0

* Allantoic acid production during the assay was measured by
determiing the amount of glyoxylate phenylhydrazone formed
following acid hydrolysis (method B)



Allantoinase 1n soybeans

DISCUSSION

The apparent K,, of soluble allantoinase for allantoin
reported here and the similar values reported for the seed
enzyme [14, 15] are relatively high compared with the
concentrations of allantoin n leaves and fruits (0.1
SmM) [27] Our evidence that the enzyme may be
membrane bound 1s consistent with the recent demonstra-
tion that aliantoinase activity 1s present 1n microsomai
bands from soybean leaves [28] and indicates that there
may be a compartmentation of the enzyme and substrate
in viwo as previously suggested [27]. If this 1s so then the
concentration of allantoin 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 annarently conflictine results with reducine agents
in¢ apparently coniicling resuits with regucing agents

and mhibutors of sulphydryl-dependent enzymes indicate
that allantoinase requires free thiol groups and disulphide
bridges for maximum activity. Similar results were ob-
tained with allantoinase 1solated from Lathyrus satwus
[20] and Dolichos biflorus [21].

The lack of any obvious regulatory mechanism on
enzyme activity and the high levels of allantoinase
reported in leaves, stems and fruits of soybean [10, 27, 29]
suggest that allantoinase 1s unlikely to limit the assimi-
lation of ureides 1n shoot tissues. The results support the
previous suggestion [27] that ureide assimilation i shoot
tissues of urerde-producing legumes may be limited by
allantoicase (degrading allantoic acid or allantoate).

EXPERIMENTAL

Germination and growth Seeds of soybeans [Glycine max (L)
Merr cv Wells] were imbibed 1n H, O, inoculated with Rhizobium
Japonicum and grown 1n growth chambers as described pre-
viously [27]

Preparation of enzyme extracts and estimation of MW. Mid-rib
veins were removed from leaf blades and to ca 50 g fr wt lamina
was added 350ml icecold 0 05M Tris—HCI buffer, pH 7.8.
Extracts were prepared by homogenization 1n a Waring blender
for 1 min The homogenate was squeezed through four layers of
cheesecloth and centrifuged at 50000g for 30min at 0° The
supernatant was then fractionated by the addition of (NH,),SO,
at 0°. The ppted fractions were collected by centrifugation at
10000 g for 10 min and dissolved n 0.05 M Tris buffer, final pH
7 8. Allantomase activity was confined to the 40—75¢, satn
fraction This fraction was dissolved 1n 2—5ml Tns buffer and
applied to a Sephadex G-100 column (1 5 x 80 cm) equilibrated
with 0 05 M Tnis buffer pH 7 8 The column was eluted with the
Tris buffer and the fractions containing allantomnase activity
were collected and ppted with (NH,),SO, (final concn 759
satd) This procedure gave an 11-fold punfication with a 329
recovery compared with a crude extract and activities of the
order of 10 nkat/mg protein The partially purified extracts were
used 1n all expts Further attempts to punify the enzyme were
unsuccessful because enzyme activity was lost after dialysis or
elution from a DEAE-cellulose column with Tris buffer.

The MW of allantotnase was estimated from the gel perme-
ation data (Sephadex G-100 column). Ribonuclease-A, a-chym-
otrypsinogen A, ovalbumin and albumin were used as marker
protens for calibration. Prior to the expts on the properties of
allantoinase, the ppted fractions of partially purified enzyme
were dissolved in 0.05 M Tris buffer, pH 7.8 and desalted by use
of Sephadex G-25 after Feller et al. [30].
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Measurement of allantoinase actiity. Allantoinase activity was
measured in extracts using a method similar to that described by
van der Drift and Vogels [17] The 1 ml assay mixture contained
80 umol triethanolamine buffer, pH 7.8, 25umol allantoin
(Sigma), 0 3 umol MnSO, 2H,0 Assays were started by the
addition of allantoin and tubes were tncubated at 30° for 15 mun.
The reaction was stopped by the addition of 1 drop conc HCI
and 025ml ahquots were removed for measurement of the
amount of allantoic acid produced. Allantoic acid was measured
by two methods Method A Acid hydrolysis of allantoi¢ acid to
glyoxylate and determination of glyoxylate by measunng its
diphenylformazan derivative [31]. In preliminary expts purines
and uric acid were found to interfere in the colourimetric
procedure used in method A. To overcome this interference a
second procedure was used to measure allantoic acid. Method B
After acid hydrolysis of allantoic acid to glyoxylate as before, the
glyoxylate was converted to its phenylhydrazone followed by
measurement of glyoxylate phenylhydrazone at 324nm after
Singh [32]. A boiled enzyme and a non-enzyme control were
incubated with each assay Time zero controls were inadequate
because of non-enzymic breakdown of allantoin nto allantoic
acid during the assay procedure Protein was measured in
extracts by the dye-binding techmque of Bradford [33], using
bovine serum albumin (Sigma) as a standard Unless otherwise
stated all results are means of at least three expts

Acknowledgements—We thank D. M Jung and M Baer for
technical assistance This research was supported by the College
of Agricultural and Life Sciences, University of Wisconsin,
Madison, Wisconsin and by the American Soybean Research
Foundation Grant-ASARF 80383 and USDA /S&E Competitive
Research Grant No. 59-2551-0-1-445-0

REFERENCES

1 Ishizuka, J (1977) in Proceedings of the International
Senmunar on Soil Environment and Fertility Management in
Intenswe Agriculture p 618 Umversity of Tokyo, Japan

2. Matsumoto, T, Yamamoto, Y and Yatazawa, M. (1976) J.
Sci Soul Manure, Jpn 47, 463.

3 Streeter, J G. (1979) Plant Physiol 63, 478

4 McClure, P R and Israel, D W (1979) Plant Physiol 64,
411.

5 Pate, J. S., Atkins,C A, White, S T, Rainbird, R M. and
Woo, K C. (1980) Plant Physiol 65, 961

6 Ohyama, T and Kumazawa, K. (1978) Soil Sct Plant Nutr
24, 525

7. Herndge, D F, Atkins, C. A , Pate, J S and Rainbird, R
M (1978) Plant Physiol 62, 495

8 Triplett, E W, Blevins, D G. and Randall, D. D. (1980)
Plant Physiol 65, 1203

9. Woo, K. C., Atkins, C A and Pate, J S. (1980) Plan:
Physiol 66, 735.

10 Thomas, R J. and Schrader, L E. (1981) Phytochenustry 20,
361.

11. Ro, K (1932) J. Biochem. (Tokyo) 14, 405.

12. Nagai, Y and Funahashi, S. (1961) Agric Bio! Chem. 25,
265

13 Lee,K W.and Roush, A H (1964) Arch Biochem Biophys
108, 460

14. Franke, W., Thiemann, A, Remily, C, Mochel, L and
Heye, K (196S) Enzymologia 29, 251

15 Vogels, G. D, Trybels, F. and Uffink, A (1966) Biochim
Biophys Acta 122, 482.

16 Vogels,G D and Van der Drift, C (1966) Biochim Biophys.
Acta 122, 497



1120

20

21

22

23

24

Van der Drift, C and Vogels, G D (1966) Acta Bot Neerl
15, 209

Ory, R L, Gordon, V. and Singh, R (1969) Phytochemustry
8, 401

St Angelo, A J and Ory, R L (1970) Biochem Biophys
Res Commun 40, 290,

Nirmala, J and Sastry, K S. (1975) Phytochemustry 14,
1971

Mary, A and Sastry, K S (1978) Phytochemustry 17,
397

Mary, A, Nirmala, ]
Phytochenustry 20, 2647
Segel, 1 (1975) in Enzyme Kinetics p 933 John Wiley, New
York

Raison, J K, Lyons, J M and Thompson, W W (1971)
Arch Biochem Biophys 142, 83

and Sastry, K S (1981)

25

26

27

28

29

30

3

32
33

R ¥ TuoMmas et al

Rao, N A N and Ramakrishan, T (1962) Biochim
Biophys Acta 58, 262

Housley, T L, Schrader, L E Miller, M and Setter, T L
(1979) Plant Physiol 64, 94

Thomas, R J and Schrader, L E (1981) Plant Phy szo! 67,
973

Hanks,J F.,Schubert. K R and Tolbert. N E (1981) Plant
Physiol 67, S9

Tajma, S, Yatazawa, M and Yamamoto, Y (1977) Soul
Sci Plant Nutr 23, 225

Feller, U ,Soong, T -S T and Hageman, R H (1977) Plant
Physiol 59, 290

Vogels. G D and Van der Dnift. C (1970) Analyt Biochem
33, 143

Singh, R (1968) Phytochemistrv 7, 1503

Bradford, M M (1976) 4nalyt Biochem 72, 248



