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A Factor  w h i c h  C o u n t e r a c t s  the  S tab i l i z ing  Act iv i ty  of A c e t a t e  ! o n  on  O p h i o x i d a s e  at A lka l ine  pH 

We have  repor ted  tha t  L-amino acid oxidase (L- 
amino acid: O~ oxidoreductase,  EC 1.4.3.2) f rom Crotalus 
adamanteus venom exhibi ts  a va r i e ty  of p H  curves 
depending on the  amino acids used as the  substra te  1. 
This enzyme is h ighly unstable  a t  high alkaline pH,  
though  ace ta te  ion, as well  as a large number  of a l iphat ic  
and aromat ic  monocarboxyl ic  acids, protects  it  f rom 
inac t iva t ion  2. In  this communicat ion,  evidence is 
presented tha t  beef l iver  contains  a factor which par t ia l ly  
counteracts  the  effect of aceta te  ion. 

Materials and methods. Twice crystal l ized L-amino acid 
oxidase f rom Crotallus adamanteus venom and the  proteins 
used in compil ing the  da ta  in Table  I I  were purchased 
f rom Sigma Chemical  Co. 

t~reparation o/ a/actor. Approx ima te ly  10 g of frozen 
beef l iver  was thawed,  homogenized in 3 volumes  of 
water,  and passed through a double layer  of cheese cloth.  
20 ml  of the  homogena te  was centr i fuged at  39,000 g for 
20 rain and 15.5 ml  of the  superna tan t  was obtained.  
The superna tan t  was t rea ted  wi th  an equal  vo lume  of 
Cas(PO4) 2 gel (17.5 mg. solid/ml) and washed successively 
wi th  30 ml  of water  and 15 ml  of 0.02 M phospha te  buffer 
at  p H  7.2. The  gel was Muted wi th  4 ml  of 0.1 M p H  7.2 
phosphate  buffer a t  39,000 g for 10 min. 8 ml  of the  
obta ined  eluate was t rea ted  wi th  an equal  vo lume  of 
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Fig. 1. Effect  of concent ra t ion  of the factor  on the pro tec t ive  act ion 
of ace ta te  of L-amino acid oxidase. Dur ing  pre incubat ion  of L-amino 
acid oxidase  in p H  9.0 for 30 min,  0.4 M ace ta te  was present;  Deta i led  
condit ions are described under  Methods. 

sa tura ted  a m m o n i u m  sulfate, and the  preccipitate was 
collected after  10 min. The prec ip i ta te  was dissolved in 
8 ml  of water,  and 4 ml  of hyd roxyapa t i t e  (98.5 mg 
solid/ml) was added to the  suspension. This  was washed 
once wi th  30 ml  of water  and finally Muted wi th  4 ml  of 
0.1 iV/ p H  7.2 phospha te  buffer  by  cent r i fugat ion  at  
39,000 g for 10 rain. The pur i f ica t ion schedule and re- 
covery  of the  factor  is shown in Table  I. 

Enzyme assay. In to  the  main  c o m p a r t m e n t  of a 
double side a rm Warburg  flask 0.5 ml  of 2.0 M sodium 
aceta te  (water solution has a p H  9.0), 1.0 ml of 0.1 M 
g lyc ine -NaOH buffer, p H  9.0, and 0.5 ml of the  factor  
suspended in t he  above buffer were placed. In  the  case of 
control,  the  factor  was replaced wi th  buffer. The  2 side 
arms conta ined 0.5 ml  of 0.1 M L-arginine and 0.5 ml  of 
crys ta l l ine  enzyme solut ion conta in ing 0.09 mg protein,  
respect ively.  All the  reagents  were prepared in the  buffer 
except  the  L-amino acid oxidase, which was suspended 
in water .  A 2 cm • 2 cm piece of f i l ter  paper,  sa tu ra ted  
wi th  0.2 ml  of 20% KOH,  was placed in the center  well  
to absorb carbon dioxide. The vessels were equi l ibra ted at  
37 ~ for 10 mili. The enzyme was then  t ipped  into the  
main compar tmen t  of the  flask and pre incubated  at  p H  
9.0 for 30 rain before the  addi t ion  of substrate  from the  
second side arm. The oxygen  consumpt ion  in the first  
12 rain was recorded and the  enzyme ac t iv i ty  expressed 
as Fmoles  of substrate  ox id ized /h /mg of enzyme protein.  
Pro te in  concent ra t ion  was de termined  by the  me thod  of 
LOWRY et al.3. 

Results and discussion. As shown previous ly  1, 2, when 
L-amino acid oxidase was pre incubated  for 30 min  at  p H  
9.0 in the  absence of substrate,  the  enzyme ac t iv i ty  was 
abolished. However ,  the  presence of 0.4 M sodium aceta te  
during pre incubat ion  comple te ly  pro tec ted  the  enzyme 
from inact ivat ion.  As shown ill Figure  1, the  ac t iv i ty  of 
L-amino acid oxidase is comple te ly  pro tec ted  by  sodium 
aceta te  during pre incubat ion  in the  absence of the factor.  
Increasing concent ra t ions  of the  factor  decreases the  
pro tec t ive  ac t iv i ty  of the  aceta te  ion (Figure 1A). 
However ,  af ter  counterac t ing  the  pro tec t ive  ac t iv i ty  of 
aceta te  about  40% (60% of the  enzyme ac t iv i ty  remains),  
the  increasing concent ra t ion  of the  factor  does no t  fur ther  
influence the  degree of inhibit ion.  I t  is unl ikely t h a t  the  
phospha te  ion, in t roduced when elut ing the  factor  f rom 
hydroxyapa t i t e ,  counteracts  t he  aceta te  since the  final  

1 W. K. PAIK and S. KIM, Biochim. biophys.  Acta  !76, 66 (1965). 
W. I~. PAIK and S. KIM, Bioehim. biophys.  Ac ta  739, 49 (1967}. 

a O. H. LOWRY, N. J.  ROSEBROUGH, A. L. FARR and R. J.  RANDALL, 
J.  biol.  Chem. 793, 265 (1951). 

Table  I. Pur i f icat ion of the factor  from beef l iver  a 

Pur i f ica t ion  step Volume Prote in  Fac to r  ac t iv i ty  Tota l  uni ts  Yie ld  Pur i f ica t ion  
(ml) (mg/ml) (units) b (%) 

Whole  homogena te  20.0 58.9 41.0 
Supe rna t an t  a t  39,000 g for 20 min  15.5 38.8 73.5 
E lua te  f rom ca lc ium phospha te  gel 8.0 8.6 138.9 
Prec ip i ta te  from a m m o n i u m  sulfate  8.0 4.4 312.5 
E lua te  f rom h y d r o x y a p a t i t e  4.9 2.1 500.0 

48,298 100.0 1.0 
44,203 91.5 1.8 

9,556 19.8 3.4 
11,000 22.8 7.6 

5,145 10.7 12.2 

20 days frozen beef liver was used. b Unit activity is defined as mg of the factor to decrease the effect of acetate ion from 100% to 80%. 

For detail see the text. 
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"Fable II. Specificity of the factor to counteract the effect of acetate on inactivation of L-amino acid oxidase at pH 9.0 

151 

Compound Amount Remaining enzyme activity % 
(mg) (Fmole/h/mg enzyme protein) 

None 226.8 
Factor (isolated from beef liver) 0.01 150.7 
Acetone powder extract of Bact. cadavefis 0.10 153.5 
Extract of acetone powder of pigeon liver 0.10 155.3 
Lysine-rieh histone 0.10 232.8 
Globulin 0.10 209.9 
Protamine 0.10 222.1 
Arginine-rich histone 0.10 216.8 
Lysozyme 0.10 218.0 
Trypsin inhibitor - 0.10 215.2 
Polylysine 0.10 219.1 
Ribonuclease 0.i0 221.4 
Bovine serum albumin 0.10 222.2 

100.0 
66.4 
67.7 
67.8 

102.6 
92.5 
97.9 
95.6 
96.1 
94.9 
96.7 
97.6 
98.0 

The conditions are described in the text. 

concen t ra t ion  of p h o s p h a t e  w a s  less t h a n  10 -4 M. In  a 
previous  s tudy,  p h o s p h a t e  in th is  concen t ra t ion  had  no 
effect  ~. W h e n  the  values  in Figure 1A were p lo t t ed  as 
logar i thm of pe rcen t  ac t iv i ty  vs. t he  a m o u n t  of the  factor  
(Figure 113), a s t ra igh t  line was ob ta ined  a t  regions 
where  the  concen t r a t ion  of the  factor  had  an effect  on the  
degree of counterac t ion .  Therefore,  as in the  case of 
Table  I, un i t  ac t iv i ty  of the  factor  was  def ined as mg of 
the  fac tor  necessary  to decrease the  logar i thmic  value 
f rom 2 to 1.9. This  cor responds  to a decrease of enzyme  
ac t iv i ty  f rom 100% to  80%. 

A reciprocal  p lo t  of ace ta te  concen t ra t ion  and the  ra te  
of L-amino acid oxidase  is shown in F igure  2. I t  is ev iden t  
f rom th is  f igure t h a t  the  fac tor  and  ace ta te  ac t  compet i -  
t ively.  However ,  since the  coun te rac t ion  does not  increase 
indef in i te ly  w i th  increase of t he  fac tor  concen t ra t ion  
(Figure 1), th is  inhib i t ion  is of a par t i a l ly  compet i t ive  
na tu re  4. 

Several  l ines of evidence  suggest  t h a t  t he  fac tor  is a 
protei~ na tu re  : a) it  is i nac t iva t ed  by  hea t ing  at  60 ~ for 
5 rain; b) the  factor  was pur i f ied  by  convent iona l  me t h o d s  
of enzyme  pur i f icat ion.  Various pro te ins  were t e s t ed  for 
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Fig. 2. Reciprocal plot of acetate concentration and the rat of L- 
amino acid oxidase. 10 tzg of the factor were used, and Vmax value 
in the figure was calculated as 285.7 ~xmole L-arginine oxidized/h/mg 
enzyme protein. 

the i r  capaci ty  t o  coun te rac t  t he  p ro tec t ive  effect  of 
ace ta te  on L-amino acid oxidase.  As shown ill Table II,  
histone,  globulin,  p ro tamine ,  lysozyme,  t ryps in  inhibi tor .  
polylysine,  a lbumin  and r ibonuclease have  no effect.  
There seems to be no relation between basicity of protein 
and the inhibitory activity, since albumin is acidic and 
the rest of the above proteins are basic. On the other 
hand, acetone powder extracts of Bact. cadaveris and of 
pigeon liver demonstrate counteracting ability. Therefore, 
it appears that the factor is quite common in nature. 

When the factor was preincubated with acetate-14C and 
this mixture was passed through Bio-Gel P-10, it was 
found that all of the acetate-14C was recovered in the same 
position as if it alone were present during the preincuba- 
tion, as was the protein peak which contained no radio- 
activity. The factor itself was excluded by this gel, 
indicating molecular weight greater than I0,000. These 
results  suggest  t h a t  the  factor  ne i the r  des t roys  nor  
combines  w i th  the  acetate-14C. I t  is h ighly  probable  t h a t  
t he  fac tor  m i g h t  regulate  the  effect  of ace ta te  on the  
L-amino acid oxidase  in some allosteric fashion. F u r t h e r  
inves t iga t ion  into th is  p rob lem will be  cont inued.  

Present ly ,  the  biological significance of these  f indings 
r emain  clouded,  however,  t h e  a p p a r e n t  c o m m o n  occurrence 
of th is  fac tor  in na tu re  migh t  indica te  a form of L-amino 
acid oxidase  regula tory  mechan i sm based  on the  propor-  
t ion  of fac tor :  ace ta te  ion in t he  l iver  of h igher  animals.  

Rdsumd. La L-aminoacide oxydase  de venin  de se rpen t  
est  tr6s ins table  en milieu alcalin et  les ions d ' ace t a t e  
sou t i ennen t  ce t te  inac t iva t ion .  Le foie de b0euf con t i en t  
un fac teur  qui inhibe  pa r t i e l l ement  l 'e f fe t  des ions 
d ' ace ta te .  Cet te  inh ib i t ion  est  en par t i e  de t y p e  comp6ti t i f .  

W. K. PAIK and S. KIM 

The Fels Research Institute and Department of 
Biochemistry, Temple University School o/ Medicine, 
Philadelphia (Pennsylvania 19140, USA), 
25 August 1974. 

4 M. Dlxot~ and E. C. WEBB, Enzymes (Longmans, Green and Co. 
Lts., London 1962), p. 320. 


