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Imino acid as the intermediate in the L-amino acid oxidase reaction 

I t  has been generally assumed tha t  the p r imary  product  of the dehydrogenat ion of amino acids 
catalyzed both  by  pyridine nucleotide and by  flavin nucleotide enzymes is an unstable  imino 
acid which hydrolyzes non-enzymically to the corresponding keto acid. This idea was based on 
reasonable chemical considerations 1. However,  there is no direct experimental  evidence for t h e  
occurrence of the imino acid as the p r imary  reaction product .  Two al ternative mechanisms are : 
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The  p r imary  product  of mechanism 2 is a dehydro amino acid. The plausibili ty of the occurrence 
of such an intermediate is shown by the  behavior  of peptides of dehydro amino acids in enzymic 
hydrolysis  2. 

A choice between the above two mechanisms may  be made from enzymic amino acid oxi- 
dations carried out  in a medium of DtO. When the proper  control for enolization of the p roduc t  
is made, mechanism (I) should yield a keto acid containing no deuterium, while mechanism (2) 
should result  in the formation of a keto acid containing at  least one a tom of deuter ium on the 

carbon atom. 
Enzyme. Ophio-L-amino acid oxidase of rat t lesnake venom* was isolated by  a method similar 

to tha t  of SINGER AND KEARNEY 3. Approximate ly  I g of venom was dissolved in water  and 
fractionated with a m m o n i u m  sulfate at  25 °. The precipitate from the 62 to 9o% saturated 
ammon ium sulfate fraction was dissolved in t r i s (hydroxymethy l )aminomethane  acetate, p H  7.2, 
<).25 mmoles of L-leucine added, and the solution heated to 73 ° for five minutes.  After cooling, 
the precipitate was spun  off and discarded. The superna tan t  solution was again fractiouated with 
a m m o n i u m  sulfate, the fraction between 65 and 7o % sa tura t ion  being used in the experiment .  
F rom the measurement  of the reaction rate (see below) and optical density readings at  280 m/x, 
it was shown tha t  the enzyme in this fraction was purified approximate ly  25 fold over the s tar t ing 
material.  

Enzymic activity. The activity of the oxidase was determined using a spectrophotometr ic  
assay sys tem with L-leucine as substrate .  I t  was found tha t  in neutral  solutions and in the region 
2IO to 23o m/~ L-leucine has a ra ther  small extinction coefficient compared to a-keto isocaproate, 
the product  of the reaction. Thus, the activity of the enzyme was determined from the change 
of optical density at  22o m/~ of one ml of solution o.oo5M in L-leucine, o.oi M in tris chloride 
a t  p H  7.8 and containing approximate ly  15 units  of crystalline catalase**. The 8o to lOO% 
transmiss ion expanded scale of a Brown recorder coupled to a Beckman D U R  spect rophotometer  
allows a ra ther  accurate measurement  of the initial velocity of the reaction before the dissolved 
oxygen in the solution is depleted. 

Isotopic experiment. Approximate ly  250 mg of L-leucine were dissolved in io ml of 95 % D20, 
which was o.o25 M in tris chloride at  p H  7.8 and which contained 400 units  of crystalline catalase 
and approximate ly  3 mg of L-amino acid oxidase. Dry  oxygen was bubbled th rough  the solution 
and the reaction was allowed to proceed at room tempera ture  for 5 hours.  At the same time, 
approximate ly  20 mg of a-keto isocaproate were dissolved in I ml D20 at the same p H  and buffer 
concentrat ion with no enzyme present.  This non-enzymic control was allowed to s tand for 
51/2 hours. 

Isolation o[ products. At the end of 5 hours  the enzymic reaction mixture  was poured on 
a column of Dowex-5o (acid form, washed). Wate r  was then passed through the column ~ at the 
rate  of 2-  3 ml per 5 minutes.  Within 4 ° minutes  all the a-keto acid had been washed from the 
column. A i % solution of 2,4-dinitrophenylhydrazine in 2 N HC1 was added to the keto acid 
solution and the hydrazone derivative immediately precipitated. The hydrazone was filtered, 
air-dried, washed in water  and finally dried over P20~. The a-keto isocaproate in the non-enzymic 

* Purchased from Ross Allen's Reptile Inst i tute .  Silver Springs, Florida, 
** Obtained from the Wor th ing ton  Biochemical Corp., Freehold, New Jersey. 
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control was isolated directly as the hydrazone derivative. In  an exper iment  similar to tha t  
described in the last section, the unoxidized L-leucine remaining on the column after washing 
with water  was eluted wi th  2 N HC1. The eluate was evaporated to dryness several t imes in 
a rotat ing evaporator .  The residue was dissolved in water,  cleared by  centrifugation and neutra-  
lized wi th  1.6N NaOH.  Five volumes of alcohol were added and the solution cooled and the 
crystalline L-leucine centrifuged off. The leueine was 
then  recrystallized in the same manner  and finally TABLE I 
taken to dryness over P,O~. 

The isolated compounds  were then analyzed Compound recovered moles deuterium/mole 
for deuter ium content*.  The results are shown in . . . .  
Table I. L-leucine N o  

I t  is unlikely t ha t  any significant exchange Phenyl  hydrazone 
occurred on the column since the a-keto isocaproic (enzymic reaction} o.12 
acid is not  bound  to the resin and the medium in Phenyl  hydrazone 
which the acid is eluted from the column is at  least (non-enzymic reaction) o.i 5 
50 % D20. 

Thus  it is quite apparen t  tha t  the deuter ium which is incorporated into the a-keto iso- 
caproate is a result  of enolization only and tha t  no other  deuter ium from the medium is in- 
corporated. Fur the rmore  no significant reversal occurred under  the reaction conditions since no 
excess deuter ium is incorporated into the L-leucine. The oxidation of amino acids by  L-amino 
acid oxidase mus t  therefore proceed th rough  the imino form of the amino acid according to 
mechanism (1) and an a-fl  unsa tura ted  intermediate as in mechanism (2) is not  formed. 
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* Dr. GEORGE R. DRYSOALE kindly performed these analyses.  

Interference by reduced pyridine nucleotides in the 
diazotization of nitrite 

Nitrate  and nitrite reductases are usually assayed in p lant  extracts  by  determining the formation 
or removal  of NO2-, using either di- or t r iphosphopyridine  nucleotide ( D P N H  or TPNH)  as an 
electron donorl,~,a, 4. Sulphanilamide is added to form a diazo compound with NOz-,  which is 
then  coupled to N-( i -naphthyl ) -e thyldiamine  hydrochloride to form the red azodye 5. I t  has been 
observed tha t  a small non-enzymic disappearance of nitri te occurs when T P N H  and nitrite are 
allowed to react for a few minutes  wi th  the acid sulphanilamide reagent prior to coupling it to  
the  naph thy l  reagent e. This has been a t t r ibuted  to the deaminat ion of the amino group of the 
adenine in T P N H .  

Dur ing the course of our  enzymic studies on ni trate  assimilation in plants,  we have confirmed 
t h a t  T P N H  or D P N H  interfere with the nitrite test. When  determining the appearance of NO z- 
f rom NO 3- in the ni trate  reductase assay the effect of the T P N H  or DPNFI  is negligible because 
NO~- is being formed. There is, however, considerable interference in the nitrite reductase method,  
because NO~- is being removed and the DPNFI required for maximal  activity of the enzyme 
results in more than  75 % non-enzymic disappearance of NO2-, as shown in Table I. 

T A B L E  I 

ASSAY OF NITRITE REDUCTASE FROM 
Neurospora crassa 

(m/zmoles NO a disappearing[io min 
incubation period) 

Experiment ~ 2 3 

Complete reaction mixture  15 14 16 

Reaction mixture  less enzyme 9.4 z 1.i I 1.i 

Complete reaction mixture:  o.15 ml o . i M  
pyrophospha te  (pH 7.5); 0.2 ml io 4M NaNOl;  
0.05 ml boiled pig heart ;  o.I ml i o -ZM D P N H  
and o.i ml enzyme (i.56 mg protein/ml).  After 
io min incubation, 0. 5 ml 1% w/v  sulphanil- 
amide ill N HC1 and I ml o.oi % w/v N-(I-  
naphthyl)-e thylenediamine hydrochloride were 
added and the volume made to 5 ml with 
distilled water.  The solutions were assayed in a 
Spekker absorpt iometer  in 0. 5 cm cells, with 
green filters. 


