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SUMMARY 

I.-a-Hydroxyacid oxidase has been purified 35o-fifid from a cytoplasmic extract 
of rat livers. Purification involved homogenization of rat livers, isolation of a light 
mitochondrial fraction, sonic treatment, ammonium sulfate fractionation, dialysis, 
chromatography on DEAE-cellulose, and gel-filtration through Sephadex G-2oo. Tile 
enzyme is specific for many L-aliphatic-a-hydroxy acids and glycolic acid and does 
not affect a-hydroxyisobutyric acid or aromatic hydroxy acids. 

Inhibition studies indicate that a sulfhydryl group is essential for enzyme 
activity. Diethyldithiocarbamate and KCN have been found to be powerful inhibitors 
of tile enzyme which follow the kinetics of competitive and uncompetitive types, 
respectively. From the mode of actions of two inhibitors, typical metal binding and 
metal chelating agents on the enzyme, it seems likely that the enzyme does not require 
a metal cofactor. The spectrophotometric studies of tile highly purified enzyme and 
attempts to split off the prosthetic group have proved no evidence of functional flavin 
group or of NAD +. 

The reaction catalyzed by this enzyme is: 

R-CHOH-COOII + O~ ---> R CO-COOII + H~O~ 

The enzyme was found to be located principally in the light mitochondrial 
fraction of rat liver homogenates. 

INTRODUCTION 

We have reported that the L-amino-acid oxidase crystallized from rat kidney 
mitochondria and soluble fraction catalyzes the deamination of L-amino acids and the 
dehydrogenation of t-a-hydroxy acids 1,2. Recently, L-amino-acid oxidase was demon- 
strated to be located in peroxisomes rather than mitochondria of rat kidney 3. Further 
study of the intracellular distribution of this oxidase in rat liver cells with L-a-hydroxy- 
isocaproate or L-a-hydroxyvalerate as substrate revealed that the activity was located 
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mainly in the light mitochondrial fraction (a mixture of light mitoehondria, lysosomes 
and peroxisomes), whereas L-leucine oxidase activity was extremely low in this 
moiety. This finding suggests that rat liver cells contain an oxidase with a high speci- 
ficity toward L-a-hydroxy acids. This report describes the partial purification of this 
enzyme, a L-a-hydroxyacid oxidase, from rat livers. This L-a-hydroxyacid oxidase 
differs froin rnalnmalian L-amino-acid oxidasO, 2 as well as long and short chain L-(t- 
hydroxyacid oxidases of hog kidney cortex with regard to substrate specificity and 
other properties 4. 

EXPERIMENTAL PROCEDURE 

Reagents 
Most of the a-hydroxy acids (L and DL configurations), DL-/~-hydroxybutyric 

acid, a-ketovalerate, (l-ketobutyrate, a-ketoisovaleratc, lactic dehydrogenase (NAD + 
dependent), sullhydryl reagents (o-iodosobenzoate and p-chloromercuribenzoate) 
were obtained from Sigma. Other a-hydroxy acids (D-lactate, L-lactate, DL-//-indol 
lactic acid, DL-mandelie acid, a-hydroxyisobutyric acid), F-\D, FMN, NAD ¢-, (l- 
ketocaproic acid, glyoxylic acid, horseradish peroxidase, and catalase were purchased 
from Cal. Biochem. Phenylpyruvic acid and p-hydroxyphenylpyruvic acid were 
obtained from Mann and from Tokyo Daiichi Seiyaku, respectively. Metal chelating 
and metal binding agents were purchased from Kanto kagaku. Sodium a-ketoiso- 
caproate and a-ketocaproate were prepared by enzymatic deamination of their 
corresponding L-amino acids with crude L-amino acid oxidase (Agkistrandorn pisci- 
U0~'US) 5. 

Sodium salts were prepared from commercial free keto acids and crystallized 
from ethanol-water. Calcium or barium salts of hydroxy acids were also converted to 
sodium salts by passage through a column of Dowex-5o (H=) and subsequent titration 
with standard NaOH. 

Assay of l.-hydroxyacid oxidase 
3-Hydrazinoquinoline assay. The assay was based on the forlnation of a keto 

acid-hydrazinoquinoline complexLn. The enzyme preparation was incubated during 
2o rain at 37 ° in a mixture containing o.o313 M sodium phosphate buffer (pH 7.9), 
o.313 mM EDTA, 6.25 mM L-hydroxy acid (12. 5 mM DL-hydroxy acid) and 4 o #g of 
crystalline catalase (total volume of 1.6 ml). The reaction was stopped by the addition 
of o. 7 ml of 300/0 trichloroacetic acid. I ml of the deproteinized solution was added to 
0.5 ml of I M NaOH and adjusted to pH 2.0 by the addition of I M NaOH or I M HCI. 
After adjusting the volume to 1.6 ml with water, I ml ofo.o116% 3-hydrazinoquinoline 
dihydrochloride in water was added to the acidified solution, followed by incubation 
for 3o min at 37 °. IO min after the addition of I.O ml of o.I M HC1 the absorbancy of 
the resulting solution was determined at 3o5 m/~. Under the conditions cited the 
following molar extinction coefficients of the main keto acid-hydrazinoquinoline 
complexes were obtained: pyruvic acid and u-ketovaleric acid, 21 4oo; a-ketoisoca- 
proic acid, 18 5oo; a-ketocaproic acid, 18 5oo; a-keto-n-butyric acid, 14 7oo. 

2,4-Dinitrophenylhydrazone assay. The assay of KACHMAR AND BOYER 7 as 
modified by ROBINSON et al. 4 is based on the formation of the 2,4-dinitrophenyl- 
hydrazones of keto acids. The components of the incubation media were the same as 
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those of assay I. After  incubat ion for 20 min at  37 °, the react ion was t e rmina ted  by  the 
addi t ion  of  o. 7 ml of 30°,0 t r ichloroacet ic  acid. 2 ml of the  deprote in ized solution were 
added  to o. 7 ml of o .025% 2 ,4-d in i t rophenylhydraz ine  in 2 M HC1 and incuba ted  at  
37 ° ff)r IO rain. Exac t l y  20 rain af ter  addi t ion  of 1.4 ml of 4 M NaOH,  the abso rbancy  
of the result ing solution was measured at  435 m#. Under  these condit ion,  the fi)llowing 
molar  coefficients of the various hydrazones  at  435 m/~ were ob ta ined  : g lyoxyl ie  acid, 
17 lOO: pyruvic  acid, 14 16o; a -ke tovaler ic  acid, 12 75o; a -ke tocapro ic  acid, 12 ooo; 
a-ketoisocaproic  acid, 12 ooo and a -ke to -n -bu ty r i c  acid, 695o. 

Borate-enol (aromatic) keto acid assay. The dehydrogena t ion  ac t iv i ty  in the  
presence of a romat ic  a - h y d r o x y  acid was measured by  the borate-enol  a romat ic  ke to  
acid method  as descr ibed in our previous repor t  s . 

One unit  of ac t iv i ty  is defined as the amoun t  of enzyme which produces I m#mole  
of a -ke to  acid per 20 rain under  the  assay condit ions.  The specific ac t iv i ty  is s t a t ed  in 
units  per  mg of protein.  

Unless otherwise noted,  enzyme ac t iv i ty  (specific or total)  was expressed in 
m/~moles of a -ke to i socaproa te  formed from a -hydroxy i socaproa te  in 20 rain at  37 °. 

,4 ssav of  the other enzymes 
Acid phospha tase  .~, uricase ~°, cy tochrome oxidase n, cata lase  12 and L-amino- 

acid oxidase 1 were de te rmined  by  es tabl ished methods.  

The protein determination 
Protein  concent ra t ions  were measured by  the method  of Low1~Y et al. ~3. 

Tissue fractionation 
The f rac t ionat ions  were clone in 0.25 M sucrose according to the procedure  of 

DE DUVE et al. 14. Wis ta r  male rats  a p p r o x i m a t i n g  300 g in body  weight were s tunned  
and bled. Tile liver was removed immed ia t e ly  and immersed  in a t a red  beaker  con- 
ta in ing  ice-cold sucrose. After  washing the tissue was cut into pieces and dispersed in 
sucrose by  means of a motor -dr iven  P o t t e r - E l v e h j e m  homogenizer  with a teflon 
pestle. The nuclear  fractions,  which may  be con tamina t ed  with in tac t  cells and cell 
debris,  was discarded and the cy toplasmic  ex t rac t  was used as the s ta r t ing  mate r i a l  
for the  enzyme prepara t ion .  The cy toplasmic  ex t rac t  was di lu ted  with isotonic sucrose 
to a final volume equal  to IO t imes the weight of the original tissue. 

The washed granules  ob ta ined  by  the differential  centr i fugat ion of cy top la smic  
ex t rac t  were taken up in small  volumes of isotonic sucrose to a final d i lu t ion approx i -  
ma te ly  equal  to 2 ml per g ram of wet t issue in the s tudies  of the mi tochondr ia l  fract ion,  
and  the microsomal  fraction. 

RESULTS 

Distribution oJ L-a-hydroxyacid oxidase in liver cells 
The in t racel lu lar  d i s t r ibu t ion  of L-a-hydi-oxyacid oxidase is shown in Fig. r. 

Near ly  70% of the  to ta l  L-a-hydroxyac id  oxidase ac t iv i ty  in the cy toplasmic  ex t rac t  
was found in the mi tochondr ia l  and l ight mi tochondr ia l  fractions,  with the remainder  
largely in the  soluble fraction. Hence, the  d is t r ibu t ion  pa t t e rn  of the enzyme resembles 
t h a t  of catalase or uricase, but  differs from tha t  of cy tochrome oxidase.  These findings 
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Fig. [. Distr ibution pa t t e rns  of enzymes.  (A) L-t lydroxyacid  oxidase s ; (B) catalase ~ ; (C) uricase s ; 
(D) acid phosphata~sc~; (F.) cv tochrome oxidase 3. l ;ractions are represented in the  orcler of their 
isolation, i.e. (from left to right) mitochondrial  (M), light mitochondrial  (l.), microsomal (P), and 
the soluble fraction (S). Each fraction is represented separate ly  on the ordinate  scale by its own 
relative specific act ivi ty (percentage of  total act ivi ty in cytoplasmic ex t rac t /percentage  of  total 
act ivi ty  prote in  in cytoplasmic extract) .  :\long the abscissa scale each fraction is represented bv its 
protein content ,  expressed as a percentage of the total  protein. The numbers  in parentheses  refer 
to numbers  of  exper iments .  

suggest that a large part of the enzyme is associated with non-mitochonclrial particles, 
i .e. in lysosomes or uricase containing particle (peroxisomes). 

Extraction of  ].-a-hydrox),acid oxidase f rom the light mitochondrial fraction 
T h e  l i gh t  m i t o c h o n d r i a l  f r a c t i o n  o b t a i n e d  f r o m  r a t  l i ve r s  w a s  s u s p e n d e d  in 

0.25 M s u c r o s e  (1/s o f  t h e  v o l u m e  o f  c y t o p l a s m i c  e x t r a c t )  a n d  d i s i n t e g r a t e d  w i t h  a 

s o n i c  osc: i l la tor  a t  IO k c y c l e s  fo r  8 r a in  a t  4 6°. T h e  s o n i c a l l y  t r e a t e d  s u s p e n s i o n  w a s  

t h e n  c e n t r i f u g e d  a t  I o o  ooo  × g fo r  30 ra in  a t  4 ° a n d  t h e  c l e a r  s u p e r n a t a n t  f lu id  (S~) 

w a s  r e m o v e d  a n d  s t o r e d .  T h e  s e d i m e n t  w a s  t h e n  s u s p e n d e d  in t h e  s a m e  v o l u m e  o f  

0.05 M s o d i m n  p h o s p h a t e  b u f f e r  ( p H  7.9) c o n t a i n i n g  IO -'~ M E D T A ,  h o m o g e n i z e c t ,  a n d  

c e n t r i f u g e d  a t  t h e  s a m e  s p e e d  fo r  a n o t h e r  3 ° m i n .  T h e  c l e a r  y e l l o w  s u p e r n a t a n t  (S.z) 

w a s  c o l l e c t e d .  A s  s h o w n  in T a b l e s  I a n d  II, a p p r o x .  7 o %  o f  t h e  L - a - h y d r o x y a c i d  o x i d a s e  

T A B L E  1 

R E C O V E R Y  O F  L - H Y D R O X Y A C I D  O X [ D A S E  F R O M  I . [ G I t T  M I ' F O C H O N I ) R I A L  E X T R A C T S  

Livers (T 2 g, wet  wt.) from two male rats were used in this exper iment .  

Preparation Isoca- ~z- I'aleric ~z-Caproic n-Butyrzc Lactic 
proic 

Cytoplasmic ex t rac t  I IO 500 69 50o 40 9o0 56 9oo 42 200 
IAght mitochondrial  fraction 6i 6oo 37 ooo 2o 6oo z2 500 i [ 600 
Sonic t reated light mitochondrial  suspension 48 8oo 32 [oo [8 35o z [ 3oo to 32o 
Light mitochondrial  ex t rac t  (S t i- $2) 46 95 ° "3 [oo [5 3 °o [4 3 °o 6 97 ° 
Recovery" 75.5 62.5 74.<) 04 .o 6o.z 

" Act ivi ty  in light mitochondrial  ex t rac t  × too 

Activity in light mitochondrial fraction 
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T A B L E  11 

P U R I F I C A T I O N  OF L - I t Y D R O X Y A C I D  O X I D A S E  

l,ivers (approx. I45 g, wet wt.) from 15 rats  were used in this experiment .  The enzyme activity 
at  each step of the purification was measured by the formation of a-keto isoeaproate from L-hy- 
droxyisoeaproate  under the assay condition. 

Preparation V o l .  Protein t-nzyme activity Recove O, 
(mr) (%) 

(mg/ml) ( r a g )  5 p e c @ c  Total 

Cytop lasmic  e x t r a c t  72-112 
Light  mi tochondr i a l  e x t r a c t  458.0 3.4 I584-o 090 
(NI[4).~SO 4 ppt .  19.5 17.2 337.o 2 45 ° 
xst DEAF-ce l lu lose  co lumn e lua te  14.o 2.0 28.2 14 tSo 
2nd DEAE-ce l lu losc  co lumn e lua te  4..5 i .o 4.5 25 430 

I o 9 3  OOO IOO 

825 ooo 7 ° 
399 ooo 37 
tI4 5oo 1o.5 

act ivi ty in the light mitochondrial fractions, measured with various substrates, was 
recovered in the S 1 and S 2 fractions with an increase in specific activity. 

PURIFICATION OF THE ENZYME 

Unless otherwise noted, all procedures were carried out at o-4°;  enzyme prepa- 
rations treated with ammonium sulfate were centrifuged at IO ooo × g for 20 min. 
Dialysis was performed in o.oo5 M sodium phosphate buffer containing IO -a M EDTA 
at pH of 7.9 (Buffer A). The results of a typical procedure are listed in Table I I. 

Ammonium sulfate fractionation 
The soluble extracts (S 1 and $2) representing the light mitochondrial fraction 

from 14o to 15o g of rat livers were fractionated by the successive addition of solid 
ammonium sulfate and adjustment  of the pH to 7.o with 2 M N H,OH. In each fract- 
ionation the salt was added during a IO-Ufin interval with continuous mechanical 
stirring; the stirring was then continued for 20 min before centrifugation. The pre- 
cipitates obtained by increasing the concentration of ammonium sulfate from o to 
35% and from 35 to 50% saturation had little oxidase act ivi ty and were discarded. 
The yellow supernatant  fluid contained most of the oxidase activi ty present in the 
soluble extract.  The enzyme was precipitated from the supernatant  fluid by increasing 
the ammonium sulfate to 70% saturation. The precipitate formed was centrifuged, 
dissolved in lO ml ofo.o 5 M sodium phosphate buffer containing IO -a M EI )TA (pH 7-9), 
and dialyzed for 16 h against 3 1 of Buffer A. 

First DE A E-celhdose fractionation 
The above enzyme preparation, containing 12o-137 mg of protein, was trans- 

ferred onto a DEAE-cellulose column (2 cm × I I  cm) which had been equilibrated 
with Buffer A. The column was washed successively with 80 ml of the same buffer 
and 8o ml of o.o2 M sodium phosphate (pH 7.9) buffer containing IO ''~ M EDTA. The 
two washings were discarded. The enzyme was then eluted from the column with 80 ml 
of 0.05 m sodium phosphate buffer (pH 7.9) containing lO -3 M EDTA and precipitated 
by the addition of  solid ammonium sulfate to 75% saturation. The precipitate was 
collected, dissolved in 5 ml of  o.o 5 M sodium phosphate buffer containing IO -a M 
EDTA (pH 7.9), and dialyzed against 3 1 of Buffer A for 16 h. 
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Second D E A E-celhdose f r  actionalion 
The above  prepara t ion  conta ining 3 0  97 mg of protein was t ransferred onto a 

DEAE-cel lu lose  colunm (2 cm × I I cm) which had been equi l ibra ted  with Buffer A. 
Elut ion was effected by  a l inear gradient  of 2o0 ml of Buffer A in the mixing chamber  
and 2oo rnl of 0.075 M sodium phosphate  buffer (pH 7.9) conta ining Io -s M EDTA in 
the reservoir  at an average flow rate  of I ml/min.  Effluent fractions conta ining approx.  
3.7 ml were collected. The results are presented in Fig. 2. The first 50 eluates were 
yellow in color and contained no oxidase ac t iv i ty .  The oxidase was usual ly  found in 
the subsequent  eluates. The act ive fractions were combined,  and the enzyme was 
prec ip i ta ted  by  the addi t ion of solid ammonium sulfate to 75% satura t ion .  The 
prec ip i ta te  was collected by  centr i fugat ion and dia lyzed against  3 1 of Buffer A for 
16 h. The specific ac t iv i ty  at  this stage ranged between 19 ooo and 25 8oo. 
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Fig.  2. I - )EAE-ce l lu lose  c h r o m a t o g r a p h y .  A t o t a l  of  28 m g  of  p r o t e i n  (specific a c t i v i t y  of  14 150 ) 
were  a d d e d  to  t he  c o l u m n  (2 cm × i t c m )  a n d  p u r i l i e d  by  l i n e a r  g r a d i e n t  e l u t i o n  as d e s c r i b e d  in 
t he  t e x t  w i t h  a t o t a l  v o l u n l e  of  40o ml  of  s o d i u m  p h o s p h a t e  buffer .  The  a r r o w s  i d e n t i f y  t he  frac-  
t i ons  w h i c h  were  pooled .  

Fig.  3. A. E l u t i o n  prof i le  o f  e n z y m e  on S e p h a d e x  G-2oo. 0. 5 m g  of  e n z y m e  p r o t e i n  (speci t ic  
a c t i v i t y  x9 2oo) w a s  l oaded  o n t o  t he  c o I u m n  of  S e p h a d e x  ( ; -2oo  a n d  e l u t e d  w i t h  Buffer  A as  des- 
c r i bed  in t he  t e x t .  The  a r r o w s  i d e n t i f y  t he  f r a c t i o n s  w h i c h  were  pooled .  B. The  l i g h t  a b s o r p t i o n  
s p e c t r u m  of  pur i f i ed  e n z y m e  (specific a c t i v i t y ,  3 2 8oo). l ' u r i f i ed  e n z y m e  (Fig.  3 A) was  d i s s o l v e d  
a t  a p r o t e i n  c o n c e n t r a t i o n  of  o.8 7 m g / m l  in o .oo 5 M s o d i u m  p h o s p h a t e  buffer  (pH 7-9) c o n t a i n i n g  
to  -a M E I ) T A .  

Gel filtration 
Fur the r  purification was achieved by gel f i l trat ion on a column of Sephadex  

(;-200 (2.0 e m ×  5o cm) which had been equi l ibra ted  with Buffer A. Elut ion was 
carried out  with tile same buffer, and 3-ml fractions were collected. The peak of the 
enzyme ac t iv i ty  was recovered in 12o 4- 2 ml of effluent and enzyme ac t iv i ty  was 
d i s t r ibu ted  a lmost  symmet r i ca l ly  in a single peak (Fig. 3A). Frac t ions  with specific 
ac t iv i ty  of more than  25 000 in terms of units of absorbance  at  28o m# were combined.  

The enzyme was sl ightly yellow at  this s tage of purification,  but  showed no 
specific absorpt ion peak in the region between 320 and 49 ° m / ,  (Fig. 3B). The ab- 
sorpt ion rat ios A 2s0 ma/A 260 ma and A ~so ma/A 3ao ma for two prepara t ions  of the purified 
enzvme were approx.  1.38 and 6. 4, respectively.  The value of A ' ~  .... was 2.3. These 

~ 33 t 

characteristic features resemble those of uricase 15. 
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PRODUCTS OF THE REACTION 

The products of the oxidation catalyzed by the enzyme were found to be keto 
acids corresponding to the hydroxy acid substrates.  The reaction mixture  contained 
i ml ofo . I  M sodium phosphate buffer (pH 7-9) containing IO --3 M EDTA,  24 ooo uni ts  
of enzyme (specific activity,  14 4oo), I m g  of catalase and 5 ° / ,moles  of L-a-hydroxy 
acid (IOO/~moles of DI.-hydroxy acid) in a total  volume of 1.6 ml. The reaction was 
carried out in air for 3 h at 37 ° with cont inuous shaking and terminated by the addi t ion 
of o. 5 ml of 6o% perchloric acid. After centrifugation the superna tan t  fluid was 
collected and I ml of o.r % 2,4-dini trophenylhydrazine in 2 M HC1 was added to the 
superna tan t  fluid. The mixture was incubated at 37 ° for 3o rain and extracted suc- 
cessively with 6 and 3 ml of ethylacetate.  The 2,4-dini trophcnylhydrazone in the 
pooled ethylacetate  extract  was transferred to 7 inl of lO% Na2CO 3. After acidification 
with 5 M HCI, the dini t rophenylhydrazone was again extracted into IO ml of ethyl-  
acetate, which was then dried i n  vacuo. The residue was dissolved in o. 5 ml of e thanol  
and the aliquots were chromatographed on W h a t i n a n n  No. I paper in n - b u t a n o l -  
e thanol -water  (4:1:5, v/v/v) at 25 ° for 15 h. Yellow zones were located by spraying the 
chromatogram with 2% NaOH in ethanol. When L - a - h y d r o x y - n - b u t y r a t e ,  l.-a- 

hydroxyisocaproate or L-lactate was used as the substrate  under  the conditions cited, 
chromatography revealed a single color zone with an Rv value which was the same as 
tha t  of the authent ic  hydrazone of the corresponding a-keto acid. 

STOICHIOMETRY OF TIlE OXIDASE REACTION 

This was determined by the following procedures. A reaction mixture  consisting 
of 288o units  of enzyme (specific activity,  2o 67o ) , and o.5 ml of o. I M sodium phosphate 
buffer (pH 7.9) containing IO -a M EDTA, 8o/,g of catalase and 2.94/~moles of l.-lactate 
in a final volume of 0. 9 ml, was incubated for various intervals of time at 37.5 ° in air. 
Tile reaction was stopped by adding o.i ml of 7 o %  perchloric acid. Pyruvic  acid 
formation was measured by the 2,4-dini t rophenylhydrazone method. The acidified 
replicate reaction mixtures used for the measurement  of L-lactate were neutral ized 
with 4 M NaOH. The lactate was then determined with lactic dehydrogenase in the 

" F A B L E  111 

STOICHIOMETRY OF L-LACTATE OXIDATION 

T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a s  d e s c r i b e d  in t e x t .  

Incubation Lactate Pvruvate Lactate" 
time remained Jormed consumed 
(rain) (flmoles) (umoles) (pmoles) 

o 2 . 9 4  o o 

3 ° 2.52 0.38 0.4-, 
¢~o z.34 0.55 0.60 

t2o 2.1o o.8i 0.84 
t8o 1.88 0.99 ~.o0 
240 1.72 I.t9 1.22 

" The value was obtained by substraction of the amount of lactate rcinaining from the 
initial amount of lactate. 
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presence  of  N A D  + (ref. 16). As shown in Tab le  I I I  the  a m o u n t  of  p y r u v a t e  fo rmed  

dur ing  4 h of  i ncuba t i on  a lmos t  co inc ided  wi th  the  a m o u n t  of  l ac t a t e  c o n s u m e d  (the 
d i f ference  was  less t h a n  IO°g) • the  a m o u n t  of  the  l ac t a t e  c o n s u m e d  usua l ly  exceeded  

the  a m o u n t  of  p y r u v a t e  formed.  The  o x y g e n  c (msumed  dur ing  the  ox ida t ion  of  sub-  

s t r a t e  was m e a s u r e d  by  m a n o m e t r y .  T h e  e x p e r i m e n t a l  flasks con ta ined  h ighly  purif ied 

enzy lne  of  specific a c t i v i t y  20 ooo (3IOO-45oo units) ,  1.3 ml o f o . I  M sod ium p h o s p h a t e  

buffer  (pi t  7.9) con t a in ing  i o  a M E D T A ,  4 or  6 / , m o l e s  of  L-a -hydroxy isoca t ) roa te  and 

wa te r  in a to ta l  v o l u m e  of 2.o ml ;  (:enter wells had  o.3 ml of  2 o %  K O H .  Vessels were  
also p r epa red  which  con ta ined  excess  of  cata lase ,  K C N  ( inhib i tor  of  cata lase) ,  e t hano l  

or  a c o m b i n a t i o n  of  e t hano l  and  excess  of  ca ta lase  in add i t ion .  Af t e r  3 h i ncuba t i on  at  

37 °, t r ic l f loroacet ic  acid  was added ,  a - K e t o i s o c a p r o a t e  in an a l iquo t  of  the  s u p e r n a t a n t  

so lu t ion  was measu red  by  the  2 ,4 -d in i t ro t )heny lhydrazone  assay.  The  sys t ems  con- 
t a in ing  b o t h  ca ta lase  and  e thano l  h a v e  been used to iden t i fy  i nd i r ec t l y  H.,(L gene ra t i on  

in the  reac t ion  b e t w e e n  L-amino acid and  crude  L-aminoacid  ox idasO 7. I f  H20,, is 

a c tua l l y  fo rmed  in the  reac t ion  i n v o l v i n g  L - m h y d r o x y  acids, the  effect of  add ing  
e thano l  to the  i ncuba t ion  media  composed  of  the  L -hydroxyac id  oxidase ,  L-hydroxy-  

i socaproa te  and excess of  ca ta lase  will be to change  the  ra t io  of  moles  of  o x y g e n  con- 

s u m e d  to moles  of  a -ke to i socap roa t e  fo rmed  from 1:2 to I :1 .  The  resul ts  of  the  exper i -  

men t s  are  shown in "Fable IV,  sugges t ing  tha t  the  e n z y m e  requi res  1 mole  of  o x y g e n  

TABI.E IV 

S T O I C I I I O M E I ' R Y  O F  I . - I IY I ) I IO X 'V ISO CA PRO A T I . " ,  O X I D A T I O N  

l?.eactions were carried out in the Warburg manometer using Enzyme A (31oo units) or Enzyme 13 
(.15oo units) and l(~o'!,' o O a ,as gas space, as described in the text. A crystalline catalmse (20o Bg), 
KCN (8. Io-4 M) or ethanol (2%) was added to the vessels indicated. The reaction was ahnost 
complete after 3 h incubation under these conditions, except in the experiment with KCN. 

hlcubalion media ~x-tlydroxyiso- Oxygen a-Ketoiso- Mole ratio of 
caproate used consumed caproate 0 2 consumed 
(tonoles) (!*moles) formed to keto acid 

(,umoles) formed 

Enzyme :\ 4.0 2.0 3.7 0-54 
Enzyme A, I,X.~N ,i.o 1 .8  5 2 . 0  0.02 
l£nzytne A, catalase 4.o 2.2 3.9 °.50 
Enzyme 13 6.o 2.9 5.t 0-57 
Enzyme B, ethanol 6.o .t.5 5. t" o.9o 
Enzyme B, ethanol, 

catalase 6. o 5- 4 5. l " 1.o0 

• Since acetaktehyde, which shouM be formed from ethanol (luring the interaction between 
catalase and !la() ~, may interfere with the assay of the keto acid forlned froln the substratc by 
method 2, the vahle or: 5.1 /*moles obtained with Enzvmc B alone wa.~ conveniently use(1 as the 
amount of keto acid formed in the experiment with ethanol or combination of ethanol and catalase. 

to c o n v e r t  I mole  of  substratc,  to i mole of  the  co r respond ing  ke to  acid  wi th  f o r m a t i o n  
of  H,,O,,. This  sugges t ion  could  also be suptx)r ted  f rom the  effect of  K C N  on the  ra t io  
of  moles  of  o x y g e n  c (msumed  to moles  of  a -ke to i socap roa t e  fo rmed  dur ing  the  e n z y m e  
reac t ion .  In  add i t ion  the  e n z y m e  p repa ra t i on  used  for the  e x p e r i m e n t s  is cons idered  to 

be c o n t a m i n a t e d  wi th  sufficient ca ta lase  to decompose  any  H20  ~ fo rmed  to H20  and  O v  

Biochim. Biophys. Acta, 10 7 (I9(J8) 9 ~,2 
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"FABLE V 

SUBSTRATE SPECIFICITY OF L-IIYDROXYACID OXIDASE 

T h e  i n c u b a t i o n  a n d  a s s a y  I w e r e  t h e  s a m e  as  those,  d e s c r i b e d  in t h e  t e x t .  E n z y m e s  w i t h  spec i f i c  
a c t i v i t i e s  o f  595  ( E n z y m e  A) a n d  z 4 o o o  ( E n z y m e  B) w e r e  u s e d  in t h e s e  e x p e r i m e n t s .  L < z - H w l r o -  
x y i s o c a p r o a t e  w a s  t h e  r e f e r e n c e  s u b s t r a t e .  

a-llydroxv acids t'2nzvme A Enzyme B 
(35o units) (335 units) 

L- H y d  f o x  y i s o c a p r o i e  1 oo  I oo  
D L - H y d r o x y v a l e r i c  49 45 
t) l . - H y d r o x y - n - c a p r o i c  3-' 25 
DL-I t y d r o x y - n - b u t y r i e  33 22 
L- I . a c t i c  15 I 5 
D1.- H y d r o x y i s o v a l e r i c  5 3 
D- I . a t t i c  z o 
G l y c o l i c  - -  88 

P R O P E R T I E S  OF T H E  E N Z Y M E  

Substrate specificity 
The relative rates of oxidation of various hydroxy acids by the enzyme are 

listed in Table V. a-Hydroxyisocaproate and glycolate were effective substrates for 
the enzyme. 

The highly purified oxidase was inactive toward D-lactate, DI.-phenyllactate, 
1)L-indol-fl-lactate, DL-mandelate, DL-hydroxyphenyllactate, DL-fl-hydroxybutyrate, 
a-hydroxyisobutyrate, L-leucine and glycine. Under the conditions employed, the 
fl)rmation of keto acid analogues from their corresponding L-a-hydroxy acids proved 
to be proportional to the concentration of enzyme which produced 5 ° 5oo m/~moles 
of keto acid. 

Identity of L-a-hydroxyacid oxidase and glycolate oxidase 
L-r,-Hydroxyisocaproate and glycolate were chosen as the substrates fl)r r.-a- 

hydroxyacid oxidase and glycolate oxidase for testing the possible identity of the two 

"I 'AI~LE VI  

RATIO SPECIFIC ACTIVITIES OF GLYCOl.ATE OXIDASE/HYDROXY1SOCAPROATE OXIDASE 

l t y d r o x y a c i d  o x M a s e s  w e r e  i n c u b a t e d  a t  37 ° a n d  p H  7.0 u n d e r  s t a n d a r d  c o n d i t i o n s .  E n z y m e  
a c t i v i t i e s  we re  a s s a y e d  by' l n e t h o d  2. 

Fraction Ratio specific activity 
glycolate oxidase 

hydroxyisocaproate oxidase 

1. l . i g h t  m i t o c h o n d r i M  e x t r a c t  t . o t  
- .  A m m o n i u m  s u l f a t e  p r e c i p i t a t e  ( 5 o - 7  o ° o  s a t u r a t i o n )  l . o o  
3. F i r s t  D l ' ; A E - c e l l u l o s e  c o l u m n  e l u a t e  o .84  
4. S e c o n d  l ) E A E - c e l h l l o s e  c o l u m n  e l u a t e  

T u b e  No.  69  o .84 
T u b e  No.  79 o .81 

5. C o m b i n e d  a c t i v e  f r a c t i o n s  o f  4 0 .88  
0. S e p h a d e x  G - 2 o o  f i l t r a t e  o .85  

13iochim. Biophys..-lcta, 167 (x908) 9 - 2 z  
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Fig. 4. Concentration of L-h.vdroxy acid in relation to the formation of the corresponding keto 
acid. In each experiment the standard reaction mixture was employed, except that  the concen- 
tration of sut)strate was varied as indicated. The formation of the keto acid was assayed by method 
2. An enzyme preparation with a specific activity of 14 4oo (protein 28/,g) was used. The initial 
velocity, v, is expressed as the molar concentration of a-keto acid formed per 20 rain; IS represents 
the moiar concentration of L-a-hydroxy acid. The effect of x>lactate (6.25 • [o t M) on L-lactate oxi- 
dation by the enzyme (specific activity, 2o 45o; activity, 54<)units) is presented in the inset. 
5)--  C_), l.-(z-hydroxyisoeaproate ; • - • ,  DL-a-hydroxycaproate ; (D-- v'~, OL-ct-hydroxybutyrate; 
• - I ,  L-lactate; × ×, L-lactate plus l>lactate; /), /~, glycolate. 

Fig. 5- Effect of pH on the rate of oxidation of L-hvdroxv acid. The enzylne {3-'o units) of specific 
activity i4 5oo was used for all these experiments. The conditions of incubation and assay t were 
as described in the text, except that the pll  of the reaction mixture ~a_s varied ms indicated. 
Sodium acetate buffer (pll ~).5 or less), sodium phosphate buffer (pt[ 7-S.o) and glycine NaOH 
troffer (pH 8.5-to) were used in these experiments. The results were shown relative to specific 
activity at pH 7.9, taken as unity. (~'. (3, t<z-Hydroxyisocaproate; (]~--1~, l)i.-,vhydroxy- 
butyrate ; I - -  I ,  L-lactate. 

e n z y m e s .  The  a c t i v i t y  of  b o t h  e n z y m e s  was  d e t e r m i n e d  at  each s t age  of  l )ur if icat ion.  

T h e  resu l t s  are p r e s e n t e d  in Tab le  VI. The  ra t io  of  L-¢l-hydroxyacid  ox idase  to  g lyco la t e  

ox idase  a p p e a r e d  to be c o n s t a n t  a t  each  s t ep  of  pur i f ica t ion ,  keep ing  in m i n d  the  

l imi ted  a c c u r a c y  of  t he  assay.  

Effect of substrate concentration 
Fig. 4 ind ica te s  t h a t  L - a - h y d r o x y i s o c a p r o a t e  i nh ib i t ed  tile a c t i v i t y  of  the  e n z y m e  

a t  h igh c o n c e n t r a t i o n s ,  whe rea s  t he  o t h e r  c o m p o u n d s  t e s t ed  d id  not .  Km and  Vmax 

va lues  for a - h y d r o x y  acids,  ca l cu l a t ed  f rom i n t e r c e p t s  a n d  s lopes of  t he  lines in Fig. 4, 

are  s u m m a r i z e d  in Tab le  VII .  The  effect  o f  t he  D - h y d r o x y  acid on i ts  L con f igu ra t i on  

was  t e s t ed  wi th  b o t h  s t e r eo i somer s  of  l a c t a t e  (Fig. 4, inset) .  The  D-isomer d id  n o t  

inh ib i t  t he  o x i d a t i o n  of  L- lac ta te  u n d e r  t he  c o n d i t i o n s  e m p l o y e d .  

Effect of pH 
The  a c t i v i t y  cu rves  of  the  e n z y m e  wi th  t h r e e  d i f fe ren t  s u b s t r a t e s  e x h i b i t e d  an  

o p t i m u m  p H  at  app rox .  8.5 (Fig. 5). 

Biochim. Biophys..4cla. 167 (1908) 9 2,' 
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"FABLE VII 

MICHAELIS  C O N S T A N T S  AND .MAXIMAL V E L O C I T I E S  O B T A I N E D  WITH L - H Y D R O X V A C I D  O X I D A S E  

Substrale Km Vmax./20 rain 
(raM) (rnM) 

L-a-I l y d r o x y i s o c a p r o a t e  i .65 0.455 
DL-(Z- I l y d r o x y c a p r o a t c  1-34 o. 147 
DL-~- H y d r o x y b u t y r a t e  12.70 o.,155 
L - l , a c t a t e  8.5o o. ~ 25 
( ; l y c o l a t e  o .5o o.2bo 

Cofactors and inhibitors 

Neither of tile flavin analogues (FMN and FAD) nor NAD ¢ accelerated tile 
enzyme reaction. After t reatment  with acidified ammonium sulfate solution by a 
modification of the method of WARBURC AND CHRISTIAN 18 the enzyme retained 
approx.  4o2~ of its initial activity.  It  was not reactivated by the addition of  FMN or 
FAD. When the enzyme was treated with washed Norit and passed through a Millipore 
filter t'~, the specific activi ty in the filtrate was found to be the same as tha t  of untreated 
enzyme. Stimulation of hydroxy  acid oxidation in the filtrate by NAD + was not 
observed. 

The enzymatic  forlnation ofke to  acid analogues from glycolate and L-a-hydroxy- 
isocaproate was not affected in the presence of cytochrome c (I • IO -'~ M) or phenazine 
methosulfate (i • io  -5 M). In the presence of purified enzyme, there was no appreciable 
reduction of 2,6-dichloroindophenol by the substrates, glycolate and L-ct-hydroxyiso- 
caproate. No enzyme activi ty could be detected with or without  added cytochrome c 
or phenazine methosulfate under an atmosphere of nitrogen. 

The results obtained on the effect of possible inhibitors on the oxidation of 
glycolate and L-ct-hydroxyisocaproate are summarized in Table VII I .  Most of the 
metal binding and chelating agents, such as NaF, thioeyanate, (~,a'-dipyridyl,  o- 

phenanthroline and EI)TA,  were found to inhibit slightly or to be without  effect. 
Quinacrine, an inhibitor of some enzymes with flavin prosthetic groups, was not 
inhibitory. The enzyme was, however, markedly inhibited by reagents such as p- 
chloromercuribenzoate, o-iodosobenzoate and C u S Q  which react with sulihydryl 
groups. Ascorbate enhanced the enzyme activities slightly. Cysteine was without  
effect on L-(t-hydroxyisocaproate oxidation and rather inhibitory on glycolate oxi- 
dation under the assay conditions. The latter may  be at t r ibutable  to a partial formation 
of a glycolate cysteine complex which is resistant to hydrolysis at ordinary temper- 
atures and does not react with 2,4-dinitrophenylhydrazine 20. The different degrees of 
inhibition of the oxidation of glycolate and L-c~-hydroxyisocaproate were also found 
with KCN. 

A few of the inhibitors of the enzyme were investigated further by s tudying the 
effects of the inhibitors at different substrate concentrations. Competit ive type  
inhibition was observed with diethyldi thiocarbamate ( K ,  - - o.77 mM) (Fig. 6A). The 
nature of the inhibition on glycolate oxidation by  KCN was found to be of an un- 
competi t ive type (K, = o.88 raM) (Fig. 6B). The enzyme which had been preincubated 
with 2. IO -3 M KCN for 2 h at room temperarure in the absence of added glycolate was 
almost completely recovered by gel-filtration on a Sephadex G-25 column, with a layer 
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T A  BI .F .  V I I I  

E F F E C T  O F  P O S S I B L E  I N H I B I T O R S  O N  L - H Y D R O X Y A C I D  O X I D A S I ' ;  

( ; r o u p  [, m e t a l  c h e l a t i n g  a g e n t s ;  e, m e t a l  b i n d i n g  a g e n t s ;  3, r e d u c i n g  a g e n t s ;  4, s u l f h y d r y l  
a g e n t s ;  5, f l av in  i n h i b i t o r .  In  a l l  t h e  c x p e r i m e n t s ,  t h e  c o m p o u n d  w a s  a d d e d  to  t h e  o . I  ml  o f  
e n z y m e  (4oo u n i t s  o f  spec i f ic  a c t i v i t y  2o 2oo) a n d  o . o 3 1 3  .%1 s o d i u m  p h o s p h a t e  b u f f e r  ( p l l  7.9) an t l  
p r e i n c u b a t e d  fo r  2o m i n  a t  2S". T h e  r e a c t i o n  w a s  s t a r t e d  b y  t h e  a d d i t i o n  o f  g l y e o l a t e  (I o /~moles )  
o r  L - a - h y d r o x y i s o c a p r o a t e  ( i o  u m o l e s ) .  K e t o  a c i d s  in t h e  r e a c t i o n  m i x t u r e s  w e r e  d e t e r m i n e d  b y  
t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  m e t h o d .  

Group Compound Final 
C()~ZCn. 

(M) 

lnhibHion (%) of 

Gl.vcolale Hydroxyiso- 
oxidalion caproale 

oxidation 

D i e t h v l d i t h i o c a r b a m a t e  I - IO -3 55 5 I 
A l l y l t h i o u r e a  x • 1 o -s  o o 
8 - H y d r o x y q u i n o l i n e  i • Io  -s 17 8 
o - P h e n a n t h r o l i n e  l • 10 -3 .5 14 
a , a ' - l ) i t ) y r i d y l  T • I0  3 0 0 
E D T A  i - m - s  o o 

K C N  
K C N  
S o d i u m  t h i o e y a n a t e  
N a F  

C y s t e i n e  
A s c o r b a t e  

p - C h l o r o m e r c u r i b e n z o a t e  
o- I o d o s o b e n z o a t e  
o - I o d o s o b e n z o a t e  
CuS() .  I 

I t O  - 4  

1 I 0  - 3  

I I O  "'a 

l I O  - 3  

1 I O  - 3  

T I O  3 

l T O  'j 

l I O  - 5  

I 1 0  - 4  

2 . ~  • l O  .5 

3 6  0 - 2 0  

9 T 0 -3 o 
0 0 

0 0 

28 o 
- - 2 0  - I7. 5 

75 99 .5  
[5  9.5  
40 .5  -t5.5 
99  99  

Q u i n a c r i n e  L • to  -~ 6 b 

4 0  

50 

~2_ 2O 
x 

l0 

/ 

A md~//* 
I 0  

5XlOfiW . . . . . . .  - "  

~ 1 _ _ _  o .  . . . . .  

IXI()4M ~ _ _ ~ . ~ - -  ~ 

- ~ -  Q_  . . . . . . . . . . . .  o 
° ~ °  _ o  . . . . . . . . .  

___.o _- .oo o - - - - - - -  B 

0.5  1.0 15 I 
I I(L-~-I-~-raOCAPROATE] ( m M ) 

0 .5  ID 
I / [GLYCOLATE}  ( ram I) 

Fig .  6. I n h i b i t i o n  o f  (A) I . - a - h y d r o x y i s o c a p r o a t e  o x i d a t i o n  b y  d i e t h y l d i t h i o c a r b a m a t e  a n d  (B) 
g l y c o l a t e  o x i d a t i o n  b y  K C N .  T h e  c o n d i t i o n s  o f  t h e  i n c u b a t i o n  a n d  a s s a y  w e r e  t h e  s a m e  ms t h o s e  
d e s c r i b e d  in t h e  l e g e n d  t o  F i g . . t ,  e x c e p t  t h a t  i n h i b i t o r  w a s  a d d e d  t o  t h e  r e a c t i o n  m i x t u r e .  T h e  
e n z y m e  p r e p a r a t i o n  o f  spec i f ic  a c t i v i t y  2o o o o  ( lO/*g  o f  p r o t e i n )  w a s  u s e d  . N u m b e r s  o v e r  s t r a i g h t  
lira." r e p r e s e n t  t h e  c o n c e n t r a t i o n  o f  t h e  i n h i b i t o r .  V e l o c i t y ,  V. is e x p r e s s e d  as  t h e  m o l a r  c o n c e n -  
t r a t i o n  o f  k e t o  a c i d  f r o m  t h e  c o r r e s p o n d i n g  h y d r o x y  a c i d  f o r m e d  fo r  2o m i n  w i t h  o r  w i t h o u t  
a d d e d  i n h i b i t o r .  
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of chelex Ioo at the bo t tom 2t, without  decrease of the specific activi ty and unconta-  
minated with free cyanide. From these results, it seems likely that  cyanide couples 
with the enzyme substrate complex (especially with the oxidase glycolate complex/ 
but not with the oxidase alone. 

Stability 
The lmrified enzyme (in sodium i)hosphate t)uffer (pH 7.9) with or without 

EDTA, ~ mg of protein per ml) can be stored frozen for at least two months  without 
s ignifcant  loss of activity.  On the other hand, dilute enzyme solutions lose their 
act ivi ty on freezing and thawing and by vigorous shaking, but can be protected by the 
addition of crystalline human albumin to a concentration of about 2oo #g of protein 
per ml. 

Molecular weight 
(;el filtration of the imrified enzyme (specific activity,  32 500) was studied with 

a view to estimating its molecular weight. The enzyme, in Buffer A, was loaded on a 
column of Sephadex G-2oo, calibrated according to the method of  A.~DREWS "2, with 
crystalline lnamnlalian L-amino-acid oxidase*, crystalline beef liver catalase and 
human T-globulin. Elution was performed with Buffer A and fractions were collected 
and assayed for enzyme activity'. The elution w~lume of the enzyme indicated a mole- 
cular weight of about 300 ooo. 

DISCUSSION 

It has been reported by BLANCItARD el al. 24 that  mammalian 1.-amino acid oxidase 
present in the livers and kidneys of rats catalyzes the deamination of L-amino acids 
as well as the dehydrogenat ion of L-a-hydroxy acids. Studies with the crystalline 
L-amino-acid oxidase obtained from rat kidneys confirmed their findingL2. A long 
chain l .-a-hydroxyacid oxidase from hog kidney cortex has been imrified and identified 
as a flavoprotein which catalyzes the dehydrogenat ion of aliphatic and aromatic  
hydroxy  acids but does not deaminate amino acids 4. Apparently,  no enzyme with the 
specificity of the aliphatic t -a -hydroxyacid  oxidase herein described has been reported 
previously. This enzyme is similar however to the short chain hydroxyacid  oxidase 
(a flavoprotein) obtained from hog kidney in that  glycolate and L-a-hydroxyisocaproate 
are potent  substrates of  both enzymes 4. 

Recently, DE DUVE AND BAUDHUIN have isolated "Peroxisomes" from rat liver 
homogenate by the sucrose gradient method and postulated that  the particles contain 
the peroxide-producing enzymes, D-amino acid oxidase, urica~se and L-a-hydroxyacid 
oxidase 3. Peroxisomes, however, are not clearly separated from lysosomes and mito- 
chondria by the differential centrifugation of rat liver homogenate in o.25 M sucrose. 
.Judging from our finding that  the L-a-hydroxyacid oxidase purified from the light 
mitochondrial  fraction generates H202, this enzyme could be located in the peroxisomes 

• The molecular weight of mammalian L-amino-acid oxidase has already been reported to 
be 88 900 which is extremely low compared with its sedimentation coefficient t. A corrected value 
was recently reported to be 3 t5 ooo, by two methods: the meniscus depression method 'z*, and 
by gel filtration m. 
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r a t h e r  t h a n  in t he  lysosomes  of  ra t  l iver  cells. I t  s eems  likely, the re fo re ,  t h a t  t he  e n z y m e  

p r e s e n t e d  here  is i den t i ca l  w i th  t he  p e r o x i s o m a l  L - a - h y d r o x y a c i d  ox idase  wh ich  has  

been  sugges t ed  to  be a f l avopro te in  3. Most  ox idases  wh ich  p ro d u ce  H2() 2 have  F M N  

or F A D  as p r o s t h e t i c  g roups .  To da te ,  however ,  s p e c t r o p h o t o m e t r i c  s tud ies  of  t he  

h igh ly  pur i f ied  e n z y m e  a n d  a t t e m p t s  to sp l i t  off  a p r o s t h e t i c  g r o u p  h a v e  p r o v i d e d  no 

e v i d e n c e  of  a func t iona l  f lavin g r o u p  or of  NAD'- .  

KCN a n d  d i e t h y l d i t h i o c a r b a m a t e  were  found  to  be the  p o t e n t  i nh ib i t o r s  of  th i s  

e n z y m e .  T h e  k ine t ic  s t u d y  of  c y a n i d e  inh ib i t i on  sugges t s  t h a t  it m a y  c o m b i n e  w i t h  

t he  e n z y m e - s u b s t r a t e  (especial ly  g lycola te)  c o m p l e x  b u t  no t  w i t h  e n z y m e  alone.  

C o m p e t i t i v e  t y p e  inh ib i t ion  was  o b s e r v e d  w i t h  d i e t h y l d i t h i o c a r b a m a t e  which  has  

been  k n o w n  to  inh ib i t  e n z y m e s  d e p e n d e n t  for a c t i v i t y  on a m i n o  g roups ,  on su l fhyd ry l  

g r o u p s  or on coppe r  2'~. E v e n  t h o u g h  the  a b s o r p t i o n  s p e c t r u m  of  the  e n z y m e  is r emin i s -  

cen t  of  ur icase ,  a COl)i)er p ro t e in  L~, t he  m o d e  of  ac t ion  of  KCN a n d  d i e t h y l d i t h i o -  

c a r b a m a t e  on the  e n z y m e  (lifters f rom those  to ur icase  a n d  to o t h e r  typ ica l  meta l lo -  

p ro te ins .  T h u s  no pos i t ive  ev idence  could be fl)und for the  ex i s t ence  o f  a m e t a l  cofac tor .  

Thus ,  it will be  of  i n t e r e s t  to d e t e r m i n e  w h e t h e r  t he  e n z y m e  possesses  a n y  

c o f a c t o r  or p r o s t h e t i c  g roup .  
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