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Summary 

Urate oxldase (urate oxygen ox:doreductase, EC 1.7.3.3) was punfmd 166- 
fold from mtrogen-fLxmg root nodules of cowpea Vlgna ungu~culata [L.] Walp. 
The purified enzyme showed a specific act:wty of 5.7 /~mol urate OXMlsed/mm 
per mg protem, a molecular mass of 100 kdaltons, pH opt:mum between 9 and 
10, ]soelectrm point at pH 6 8, K m ( u r a t e )  -- 18 pM and K i n ( o x y g e n  ) -- 29 pM A 
number of  metal complexmg and chelating reagents were inhibitory, as were 
d:valent catmns, mcludmg Cu 2+ Iron st:mulated the enzyme. Low concentra- 
tmns of ammonm, glutamme and xanthme were also inhibitory. The regulation 
of  urate oxMase m relatmn to the asslmflatmn of f:xed mtrogen m legume 
nodules :s discussed 

Introductmn 

Many agriculturally important  legumes form the ure:des, allantom and 
allantom ac:d, as principal products of mtrogen fixation [1--3] The ure:des are 
exported from the nodules as the mare translocated mtrogenous solutes of  
xylem [1,2,4] and constitute a major source of mtrogen for amino acid and 
protem synthesis m these plants [4]. 

Enzymologmal studms [2,5,6], together with studms of the utlhsatlon of  
14C-labelled and unlabelled purme nucleotldes and bases by cell-free extracts 
from cowpea and soybean nodules, mdmate that  allantom and allantom ac:d are 
derived from the oxidation of punne bases. While the reactmns leading to the 
bases have not  been clearly defined m nodules they are probably formed from 
de novo synthesis of  purme 5'-nucleot:des as m other tissues [7]. 

The formation of  allantom from mosme monophosphate or purme bases m 
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a crude cell-free extract of  cowpea nodules has been shown to be hmlted, due 
to the requirement for a high level of  oxygen by  urate oxldase (urate" oxygen 
oxldoreductase,  EC 1 7.3.3) [8].  This reqmrement  for high concentrations of  
oxygen to maxlmlse urate oxidation is significant in view of the low partial 
pressures of  02 mamtmned in legume nodules [9,10],  and suggests that  in wvo  
synthesis of  ureldes could be regulated by  the activity of  this enzyme. 

The present s tudy reports the purification of urate oxldase from cowpea 
nodules, and examines the kinetic properties of  the enzyme in relation to fac- 
tors likely to modulate  its activity in nitrogen flxation. 

Materials and Methods 

Reagents 
In all cases analytical reagent grade chemicals were used without  further 

purification. Sephadex G-200 and Sephacryl G-200 were obtained from Phar- 
macia, Ultradex gel and Ampholine (pH 6--8) ampholytes  from LKB. Apofer- 
n t m  (horse spleen), myoglobm (horse heart) and catalase (bovine liver) were 
from Calbiochem, urate oxldase (pig liver) from Boehnnger and o-phenan- 
throhne,  a , a '~hpyndyl ,  salmylhydroxamate and bovine serum albumm from 
Sigma. 

Plant matertal 
Cowpea (Vlgna ungutculata [L.] Walp. cv. Caloona) inoculated with 

Rhtzobzum stram CB756, was grown during spring with nitrogen-free nutrient 
solution [11] in sand culture in a naturally lighted glasshouse. Nodules were 
harvested from 40~lay-old plants; each plant yielding around 0.5 g fresh weight 
nodules. 

Enzyme assays 
The act lwty of  urate oxldase was measured at 30°C (average photo-period 

temperature durmg plant growth) by the decrease m absorption at 293 nm due 
to the disappearance of  urate. Reaction mLxtures contained 95 ~mol Tns-HC1 
(pH 8.8) and 0.1 pmol freshly prepared sodmm urate in a final volume of I ml. 
The reaction was initiated by  addition of  5--50 pl enzyme solution. Where the 
effect  of  an added compound  was measured the addition was made before the 
reaction was initiated. The pH of solutions used to determine the pH opt imum 
for the enzyme was estabhshed using a glass electrode cahbrated with standard 
buffers (BDH Chemmals, Austraha). Enzyme actiwtms are expressed as ~mol 
uric acid consumed/min per mg protein. 

Catalase (Hydrogen-peroxide" hydrogen-peroxide oxldoreductase,  EC 
1.11.1.6) was assayed by  following O2 product ion polarographmally [12].  

Enzy me p urtftca tton 
All operahons were carried out  at 0--4°C unless stated otherwise. Freshly 

detached nodules (26 g fresh weight) were homogemsed m 2 vol. 0.1 M Trls- 
HC1 (pH 8 8) contmnmg 5 mM dlthlothreltol  with a mortar and pestle. The 
macerate was filtered through 100 pm nylon mesh, centrifuged at 37 000 × g 
for 10 mln and the supernatant fraction used as the source of  enzyme The 
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purification of urate omdase from this crude preparatmn used three steps" 
Step 1 Ammonium sulphate fractlonatlon. Finely-powered ammonmm 

sulphate was added with continuous stirring to the crude enzyme solution (0 1 
g/1 ml) and after centrffugatlon at 37 000 × g for 10 mln the pellet was dis- 
carded. Additional ammonium sulphate was added to the supernatant (1.2 g/1 
ml), the precipitated enzyme recovered by centrlfugatmn and the pellet dis- 
solved in 0.1 M Trls-HC1 (pH 8.8). 

Step 2 Gel filtration. Solubfllsed enzyme obtained from the previous step 
was loaded onto a 2 × 25 cm column of Sephacryl G-200 equilibrated with 0.1 
M Trls-HC1 (pH 8.8). The column was developed with the equilibrating buffer 
at a flow rate of 0.5 ml /mm and the eluate collected in 2-ml fractmns. 

Step 3 Preparative lsoelectrlc focusing The peak fractions of urate oxldase 
obtmned above were combined, concentrated by ammonium sulphate precipi- 
tation and dlalysed overnight against 2% (w/v) glyclne. A flat bed (0.5 × 11 × 
24.5 cm) of Ultradex gel containing 2% ampholytes in the pH range 6.0--8.0 
(LKB Amphohne) was prepared and the enzyme solution applied by cutting a 
trough in the gel at mght angles to the direction of  separation, mLxlng this 
removed gel with enzyme and replacing the mixture m the trough. The gel was 
developed with an initial voltage and current of 3.5 kV and 14 mA, respec- 
tively, and reached equlhbrlum within 17 h. The gel bed was then fractlonated 
into 30 sections using a stmnless steel grid and the pH of each section measured 
by elutmg the non-protein containing edges of  the gel in distilled water. The 
remaining, proteln-contamlng gel was eluted with chilled Trls-HC1 (pH 8.8) and 
assayed for urate oxldase activity. 

Protein was monitored in column eluates by absorption at 280 nm and 
measured in enzyme preparations at all stages of purlfmatlon by the procedure 
of Lowry et al. [13] using bovine serum albumin as standard. 

Supply of  oxygen to urate ox,dase react,on 
Buffers used m routine assays were bubbled with mr at 30°C prior to use. 

Where oxygen concentration was varied, known mixtures of oxygen and 
mtrogen were generated using a Wostoff gas-mlxmg pump [14] and buffers 
equilibrated with the mixture by bubbhng for 30 mln at 30°C prior to use in 
the assay. The concentration of dissolved oxygen mamtamed dunng assay was 
checked polarographlcally. 

Results 

The step-wise purification of urate oxldase from the soluble proteins of the 
plant fraction of cowpea nodules ymlded a preparation In whmh there was a 
166-fold increase in specific activity of the enzyme although only 12% of the 
original actlvlty was recovered (Table I). While this purified preparation showed 
a single protein band associated with urate oxldase on lsoelectrlc focusing the 
purified enzyme also contmned catalase actlwty. 

From measurements of the reaction velocities at a range of urate concentra- 
tions the apparent Km(urate) was calculated to be approximately 1.8 • 10 -s M 
(Fig. 1) The apparent Km¢o2) of the purified enzyme was determined at 
saturating urate concentration (Fig. 2) and found to be equivalent to 2.7% 
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T A B L E  I 

P U R I F I C A T I O N  OF U R A T E  O X I D A S E  F R O M  T H E  S O L U B L E  P R O T E I N S  OF T H E  P L A N T  F R A C -  
T I O N  OF N I T R O G E N - F I X I N G  N O D U L E S  OF COWPEA 

Tota l  To ta l  Specif ic  Pe rcen t  
p r o t e m  act iv i ty  ac t iv i ty  r e c o v e r y  
(rag) {pmol/mln) (pmol/mln per 

mg protem) 

1 Crude  e n z y m e  so lu t ion  357 18 12 31 0 0 3 4  100 

2 S u p e r n a t a n t  f r o m  
a m m o m u m  su lpha te  
p rec ip i t a t i on  1 316 51 7 84  0 025 64 

3 Solubfllsed pe l le t  f r o m  
a m m o m u m  su lpha te  
p r e c l p l t a t m n  2 25 43 4 24 0 167 34 

4 Gel f l l t r a t m n  5 00  1 08 0 214  9 

5 Prepara t ive  l soe lec t rm 
f o e u s m g  0 26 1 47 5 6 5 4  12 

(v/v) 02 present in the gas phase, or 29 pM dissolved 02. While the increase in 
reaction velocity showed a curwhnear response with increasing oxygen the 
enzyme was not  saturated at the concentration m solution in equdlbrlum with 
100% oxygen in the gas phase at the assay temperature used. 

The lsoelectrlc point of the purified protein was found to be at pH 6.8 
(Fig. 3) and the opt imum pH for activity between 9 and 10 (Fig. 4). The 
enzyme showed significant actlwty at pH values as high as pH 12 but was 
inactive at and below neutrality.  
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Fig 1 Ef fec t  of  m c r e a s m g  uric  ac id  c o n c e n t r a t i o n  on  the  r eac t i on  v e lo mty  of pur i f ied  u r a t e  oxldase  f r o m  
c o w p e a  nodu l e s  The  a p p a r e n t  K m ( u r a t e )  was f o u n d  to  be  18 #M f r o m  the  rese t  L m e w e a v e r - B u r k  p lo t  

Fig 2 E f f ec t  of  l nc r ea s mg  o x y g e n  c o n c e n t r a t l o n  on the  r eac t l on  v e l o m t y  of  p u r l h e d  u r a t e  oxldase  f r o m  
c o w p e a  nodu l e s  The  a p p a r e n t  K m ( o 2  ) was  f o u n d  to  be 2 7% (v/v)  o x y g e n  (equlva len t  t o  29 ~M dlssolved 
0 2 )  f r o m  the  Inse t  L m e w e a v e r - B u r k  p lo t  
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Fig 3 I so e l ec t n c  f o c u s i n g  of  p u r i f i e d  u r a t e  ox ldase  f r o m  c o w p e a  nodu l e s  on  a f ia t  b e d  gel o f  U l t r a d e x  
c o n t a z m n g  a m p h o l y t e s  in  the  r ange  pH 6--8  

F ig  4 E f f e c t  o f  p H  on the  r e a c t i o n  ve loc i ty  of  u r a t e  ox ldase  p u r i f i e d  f r o m  c o w p e a  nodu l e s  F r o m  pH 

6 5 - -11  the  b u f f e r  was  0 1 M Tns-HC1 a n d  f r o m  pH 1 1 - - 1 3  0 1 M T n s - N a O H  

The molecular mass of the purified enzyme, estimated by gel filtration, was 
the same as the urate oxldase from pig liver, that  is approximately 100 000. 

The purified enzyme was relatively stable, retmnlng complete activity if 
stored frozen, 60% of initial activity after 7 days at 4°C and 30% after 2 days at 
18--20°C. 

The enzyme actlvlty was markedly sensltlve to low concentrations of a 
number of metal ions (Table If) and to a range of metal ion complexmg and 
chelating reagents (Table III). As shown m Table If, Cu 2+, Mn 2+ and Co 2+ were 
inhibitory, Mg 2+ had a slightly inhibitory effect but a relatwely high concentra- 
tmn and Fe 3+ stimulated the enzyme. The most effective metal chelatmg 

T A B L E  II  

E F F E C T  O F  M E T A L  I O N S  ON T H E  A C T I V I T Y  O F  P U R I F I E D  U R A T E  O X I D A S E  F R O M  COW- 

P E A  N O D U L E S  

Fe 3+ and  Mn 2+ were  a d d e d  as t he  ch lo r ide  salts,  Cu 2+, Co 2+ a n d  Mg 2+ as the  su lpha t e  sal ts  

Metal  C o n c e n t r a h o n  (M) P e r c e n t  i n h i b i t i o n  

Fe 3+ 9 8 10 -6 - - 2 4  0 
3 9 10 -5 - - 2 4  0 

Cu 2+ 2 5 10 -8 4 
9 8 10 -8 72 

Mn 2+ 4 9 10 -7 52 
9 8 10 -7 100  

Co 2+ 2 5 10 -7 88 

Mg 2+ 6 4 10 --6 24  

6 6 10 -5 48 



T A B L E  III  
E F F E C T  O F  M E T A L  C O M P L E X I N G  A N D  C H E L A T I N G  A G E N T S  O N  T H E  A C T I V I T Y  O F  P U R I F I E D  
U R A T E  O X I D A S E  F R O M  C O W P E A  N O D U L E S  

Meta l  c h e l a t o r  oz c o m p l e x m g  a g e n t  C o n c e n t r a t i o n  (M) P e r c e n t  m h l b l t a o n  

S o d m m  f l u o r l d e  2 5 1 0  -3  - - 5  
9 8 1 0  -3  I 0  

~ , ~ ' - D 1 p y n d y l  8 5 1 0  -5 5 3  
2 6 1 0 - 4  77  

o - P h e n a n t h r o l m e  1 6 1 0  -4  4 8  
4 9 1 0 - 4  8 8  

E D T A  4 9 1 0  -3  11 
2 5 1 0  -2  48  

P o t a s s m m  c y a m d e  1 2 1 0  -3  8 5  

S a h c y l h y d . r o x a m l c  a m d  7 0 1 0  -5 4 0  

T A B L E  IV 

E F F E C T  O F  N I T R O G E N O U S  C O M P O U N D S  O N  T H E  A C T I V I T Y  O F  P U R I F I E D  U R A T E  O X I D A S E  
F R O M  C O W P E A  N O D U L E S  

N i t r o g e n o u s  c o m p o u n d  C o n c e n t r a t i o n  (M) P e r c e n t  i n h i b i t i o n  

N O ~  2 5 1 0  -3  0 
7 5 1 0  -3  0 

÷ 

N H  4 4 9 1 0  - 7  1 5  
6 4 1 0  -6  5 7  

G l u t a m m e  4 9 1 0  - 7  5 
6 .4  1 0  -6  38  

A s p a r a g m e  1 5 1 0 - 4  - - 3 6  
3 0 1 0 - 4  17  

G l u t a m l c  a m d  1 0 1 0 - 4  - - 5  
5 ,0  1 0 - 4  1 4  

A s p a r t l c  a m d  3 ,0  1 0 - 4  8 
9 0 1 0 - 4  27  

T A B L E  V 
E F F E C T S  O F  I N T E R M E D I A T E S  O F  P U R I N E  N U C L E O T I D E  B R E A K D O W N  O N  T H E  A C T I V I T Y  O F  
P U R I F I E D  U R A T E  O X I D A S E  F R O M  C O W P E A  N O D U L E S  

C o m p o u n d  C o n c e n t r a t i o n  (M) P e r c e n t  m l n b l t l o n  

I n o s m e  5 ' m o n o p h o s p h a t e  5 0 1 0  -4  16  
2 5 1 0  -3  4 6  

G u a m n e  1 0 1 0 - 4  7 
3 0 1 0 - 4  7 2  

A d e m n e  1 0 1 0 - 4  3 
5 0 1 0 - 4  6 2  

X a n t h m e  1 0 1 0 - 4  71  
3 0 10-4 i00 

H y p o x a n t h m e  1 0 1 0  -4  2 4  
3 0 1 0 - 4  2 4  

A l l a n t o m  1 0 1 0 - 4  7 
5 0 1 0 - 4  3 2  

Al lan toxc  a m d  5 0 1 0 - 4  1 0  
2 5 1 0  -3  i 0  

G l y o x y h c  a m d  5 0 1 0 - 4  0 
2 5 1 0  -3  21  

U r e a  1 0 1 0 - 4  7 
5 0 1 0 - 4  2 3  
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reagents were a ,a ' -dlpyndyl ,  o-phenanthrohne and sahcylhydroxamate (Table 
III). 

Table IV shows the effect of morganm and amino nitrogen solutes on the 
achvlty of the purified enzyme. Nitrate was without  effect whereas ammonia, 
glutamme and, to a lesser extent,  glutamate and aspartate were effective mhlbl- 
tors. Intermediates of punne nucleotlde breakdown also affected enzyme activ- 
ity (Table V). All were inhibitory, but the purme bases, and especially xanthlne 
were potent  mhlbltors of urate oxldase at quite low levels. 

Discussion 

Propertzes o f  pur~fzed nodule urate ox~dase 
The markedly alkahne pH optimum (pH 9--10, Fig. 4), shghtly acldm 1so- 

electric point (pH 6.8, Fig. 3), molecular mass of 100 000 and relatively high 
a fhmty  for urate (apparent Km= 18 tzM, Fig. 1) are similar to propertms 
shown by urate omdases punfmd from a number of ammal and mmroblal 
sources [15] and by the enzyme partially purified from soybean nodules [6]. 

Urate omdase from a number of sources has been reported to be a copper or 
1on metallo-enzyme, although the functional role of these metals m punfmd 
preparations has not  been established [15]. The presence of a functional metal 
for activity of the cowpea nodule enzyme is indicated from the inhibition 
caused by a range of chelating and metal complexmg reagents (Table III). As 
with the enzyme from soybean nodules [6], the cowpea urate omdase was 
particularly sensitive to a ,a ' -d lpyndyl  and o-phenanthrohne, possibly indicating 
that  these enzymes contain iron. This is supported to some extent  by the 
independent stimulation of activity, regardless of concentration, by the addi- 
tion of Fe 3÷ salts to the purified cowpea nodule enzyme (Table II)., 

Rat liver urate omdase as well as the enzyme from microorganisms is sensi- 
tive to inhibition by low concentrations of Cu 2÷ [15]. This was also the case 
for the cowpea nodule urate omdase (Table II) but the effect was not  specific 
for Cu 2÷ and was also caused by higher concentrations of a range of divalent 
cations. 

In cowpea nodules, urate oxldase is largely associated with the cytosol pro- 
terns of the bacterold-contammg cells rather than with the bacterolds [2], 
mdmatlng that  the enzyme is of plant rather than bacterial ongm. While the 
cowpea and soybean nodule enzymes are apparently similar in their catalytic 
properties the only urate omdase studied from normal plant vegetative tissues 
(radicle of soybean [6] ), shows some quite dissimilar properties This latter 
enzyme has a neutral pH optimum, apparent Km(urate) of 0.56 ~M and 
requires a low molecular weight (200--300) cofactor for catalytic activity. 
Thus at least two different urate oxldases may be present in higher plants, the 
type found in legume nodules being confined to those tissues in which high 
rates of purme omdahon are associated with major transformations of nitrogen. 

Regulatmn o f  urate ox~dase ~n nodules 
The most slgmfmant property of the urate omdase punfmd from nodules, 

and that  hkely to regulate the activity of the enzyme in vlvo, is its relatively 
low a fhmty  for oxygen (Kin = 29 pM dissolved 02, Fig. 2) Based on measure- 
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ments of the dmsoclatlon constant (02) for leghaemoglobm and the content  of 
leghaemoglobm m soybean nodules the concentration of free dmsolved oxygen 
m hkely to be 10--200 nM [10]. The high 'oxygen affinity '  oxldase of bacte- 
folds functions effectively at 10--100 nM dmsolved oxygen [16] and recent 
measurements of respiration and hydrogen oxidation by bacterolds showed an 
apparent Km (02) around 10 nm [17]. Clearly, unless the klnetm propertms of 
urate ox~dase are quite different m vlvo or the enzyme utlhses a source of 
oxygen other than the general tmsue supply, the mmroaerophflm environment 
mamtamed m nodules [18] is hkley to severely hmlt  oxidation of uric acid. As 
a consequence urelde formation would be expected to reflect oxygen avail- 
ablhty m the t~ssue. 

That thin lnmtat lon might be a normal feature of nodule functlomng m those 
plants whmh produce ureldes ,s supported by differential effects of lowered 
rhlzosphere pO2 on the nature of mtrogenous" solutes produced from ISN2 by 
intact soybean plants [19] When pO2 was changed from 0.2 to 0.1 arm lSN- 
labelhng of allantom was more severely inhibited than was the formatmn of 
lSNH3 or the labelhng of amino compounds.  

A number of mtrogenous compounds hkely to be present m nodules as 
products of mtrogen fLxatmn or mtermedmtes m the oxldatmn of punne 
nucleotldes were found to modify  the actlwty of pumf, ed urate oxldase (Tables 
IV and V). Ammonm, the mltlal product  of mtrogen fLxatmn secreted mto the 
host cell cytosol from bacterolds, and the mltlal product  of ammonm asmmfla- 
tmn,  namely glutamme, were the most effective mhlbltors of the compounds 
tested. In each case urate oxldase was inhibited around 50% by 6 ~M, a con- 
centratmn hkely to be present m nodules dunng mtrogen flxatmn. These 
observations may indeed explmn why exogenously-supphed lSNH~ and ~SN 
(amlde) glutamme were not  readily converted to ureldes m soybean nodules 
[20]. By contrast, the other amlde found m nodules, asparag, ne, stimulated 
the actlwty of the punfmd enzyme (Table IV), while the dmarboxyhc amino 
acids only caused mgnlflcant mhlbl tmn at concentratmns approaching 1 mM. 
All mtermedmtes of purme nucleotlde breakdown tested were inhibitory 
although the bases, and especially xanthme,  were most effective (Table V). 
Urate oxldase from soybean nodules as well as from other sources [6,21,22] 
has also been found to be highly senmtlve to mhlbltmn by xanthme. 

In most tmsues where the mtracellular locatmn of urate oxldase has been 
studmd, the enzyme is assocmted with mmrobodms [ 15,23--25] Such a locatmn 
would result m effective detoxffmatmn of hydrogen peroxide produced by 
urate oxldatmn releasing oxygen m close proximity to urate oxldase and 
posmbly altemng oxygen avaflabfl,ty to the enzyme. Catalase added to punfled 
urate oxldase from Aspergdlus flavus enhanced allantom formatmn [26]. 
However, m the present study the punfmd enzyme from nodules contmned 
slgmfmant catalase activity and addltmns of punfmd catalase to reactmn mix- 
tures were wi thout  effect on the rate of  urate oxldatmn Neither the presence of 
mmrobodms nor the mtracellular locatmn of urate ox~dase m legume nodules 
has been estabhshed. However, m wew of the marked senmtlwty of urate 
oxldase to mhlb~tmn by the m~t~al products of mtrogen fLxatmn and xanthme,  
its very alkalme pH opt imum and apparently low affinity for oxygen, an 
organelle locatmn for thin enzyme seems hkely. 
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