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Summary 

1. Sarcosine was oxidized by D-amino-acid oxidase (D-amino-acid: 02 oxido- 
reductase (deaminating), EC 1.4.3.3) to yield methylamine and glyoxylic acid. 
A series of N-alkyl glycines were also oxidized by this enzyme. 

2. N-Acetyl- and N-phenylglycine inhibited the oxidase by competing with 
the substrate, while N-methyl-N-acetylglycine did not bind to the enzyme. This 
suggests the requirement of at least one unsubstituted hydrogen atom at the 
amino group of glycine for binding. 

3. The primary step in the reaction was the release of a proton from the sub- 
strate, indicating the formation of a substituted imino acid, which was sponta- 
neously hydrolyzed to glyoxylic acid and an amine. 

Introduction 

Sarcosine is oxidized by either sarcosine oxidase reported by Handler et al. 
[1] or glycine oxidase reported by Ratner et al. [2]. It was later found by 
Neims and HeUerman [3] that glycine oxidase and D-amino-acid oxidase (D- 
amino-acid: 02 oxidoreductase (deaminating), EC 1.4.3.3) are identical. How- 
ever, oxidation of sarcosine was not studied in the paper of Neims and Heller- 
man and glycine oxidase reported by Ratner et al. [2] was a crude preparation 
and the authors did not study the oxidation of other N-alkyl derivatives of 
glycine. This paper reports that sarcosine and other N-alkyl glycines are oxidized 
by highly purified D-amino-acid oxidase, which has been known to oxidize 
D-a-hydroxy acids [4], L-proline [5,6] and nitroalkanes [7] besides D-isomers 
of a-amino acids. The mechanism of the reaction is compared with that of the 
oxidation of D~-amino acids. 

Abbreviat ion:  Me3Si , Crimethylsilyl. 
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Materials and Methods 

D-Amino-acid oxidase was prepared from pig kidney by the method of  Yagi 
et al. [8 ,9] .  When checked by (sodium dodecyl  sulfate)-disc electrophoresis, 
the enzyme sample was found to contain a single component  with a molecular 
weight of  39 000. 

Sarcosine, N-phenylglycine, N-dimethylglycine, betaine, methylamine and 
other  alkyl amines were purchased from Nakarai Chemicals Co., Kyoto.  Glyo- 
xylic acid was purchased from Sigma Co., St. Louis, Mo. and fluorescamine 
from Roche Diagnostics, N.J. N-Acetylglycine and N-methyl-N-acetylglycine 
were synthesized as follows: 100 mmol of  glycine or sarcosine were dissolved in 
10 ml of  ethanol and 110 mmol of  acetic anhydride were added at 5°C. The 
reaction was allowed to proceed for 24 h at room temperature.  The solvent was 
removed by  evaporation and the product  was recrystallized from an ethanol/  
water mixture. 

N-Ethylglycine was synthesized by a modified method of  Michaelis and 
Schubert  [10] .  To 20 ml of  an aqueous solution of  monochloroacet ic  acid 
(100 mmol),  20 ml of a chilled aqueous solution of  ethylamine (110 mmol) 
were added dropwise and the pH of the mixture was adjusted to 11.0 with 8 M 
NaOH. After 10 min, the pH of the solution was adjusted to 11.0 by further 
addition of  8 M NaOH. The reaction was continued for 6 h under reflux. After 
evaporation of  the solvent, the N-ethylglycine formed was dissolved in hot  
ethanol and condensed in the presence of  HC1. Crystals were obtained on addi- 
tion of  ethyl ether. Other N-alkyl derivatives of  glycine were synthesized in the 
same way as above. The purity of  the samples was checked by thin-layer 
chromatography using ethyl acetate/acetic acid/water (3 : 2 : 1, v/v) as a devel- 
oping system. The data of  elemental analyses of  a series of  N-alkyl glycines are 
summarized in Table I. The chemical structures of  these compounds  were con- 
firmed by their proton magnetic spectra which were measured in a JEOL JNM- 
PS-100 NMR spectrometer.  

The oxidation of  sarcosine and other N-alkyl glycines was measured polaro- 
graphically as reported previously [8]. For simultaneous of 02 uptake and pH 
change, the reaction mixture contained 0.1 mmol of  N-alkyl glycine dissolved 
in 10 ml of 1 mM Tris/HC1 buffer (pH 9.0) containing 1 mmol KC1 and 0.1 
#mol  of  FAD. The reaction was initiated by addition of  the enzyme. The oxy- 
gen uptake was recorded using an oxygen electrode (Beckman oxygen sensor), 
and the change of  pH was followed in a Hitachi-Horiba F-5 pH meter con- 
nected to a recorder [11] .  The absorbance spectra were measured using a 
Beckman DK-2A recording spectrophotometer .  

The reaction products were identified by paper and thin-layer chromato- 
graphy. 1 mmol of  sarcosine was reacted with 0.1 #mol  of  the enzyme in 5 ml 
of  0.1 M sodium pyrophosphate  buffer (pH 8.3). The reaction was continued 
with shaking for 24 h at 20°C, and aliquots of  the mixture were directly applied 
to paper or thin-layer chromatography. The following solvents were used: t- 
butanol/acetic acid/water (3 : 1 : 1, v/v), n-propanol/acetic acid/water ( 1 0 : 1  : 9, 
v/v) and phenol/water  (4 : 1, v/v). Toyo Filter Paper No. 51, Toyo  Roshi Co., 
Tokyo  and precoated silica gel thin-layer plate (TLC Aluminium Sheets, Silica 
gel 50 Fzs4), E. Merck Co., Darmstadt,  were used for chromatography. For 
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T A B L E  I 

D A T A  O F  T H E  E L E M E N T A L  A N A L Y S E S  O F  S Y N T H E S I Z E D  N - A L K Y L  G L Y C I N E S  

N-Alkylglycines Calculated (%) Found (%) 

C H N C H N 

N - E t h y l g l y c i n e  HCI 3 4 . 4 1  7 . 2 2  1 0 . 0 4  3 3 . 9 4  7 .21  1 0 . 0 2  
(C4H902N HCI) 
N - n - P r o p y l g l y c i n e  HC1 3 9 . 0 9  7 .87  9 . 1 1  3 9 . 2 5  7 .62  9 . 0 1  
(CsH 1 iO2  N HCl)  
N - n - B u t y l g l y c i n e  HC1 4 2 . 9 9  8 .42  8 . 3 6  4 3 . 0 0  8 . 4 0  8 .27  
( C 6 H I 3 0 2 N  HCl)  
N-n- A m y l g l y c i n e  HCI 4 6 . 2 7  8 .88  7 .71  4 6 . 0 4  9 . 0 8  7 .63  
(CTH 1 5 0 2 N  HC1) 
N - n - H e x y l g l y c i n e  HCI 4 9 . 6 8  9 . 2 8  7 . 1 6  4 8 . 8 3  9 . 2 2  7 .32  
(C8H 1 7 0 2 N  HC1) 
N - B e n z y l g l y c i n e  HC1 5 3 . 6 0  6 . 0 0  6 . 9 5  5 3 . 5 4  6 . 1 0  6 .79  
(C9H 1102 N HC1) 
N - P h e n e t h y l g l y c i n e  HC1 5 5 . 6 9  6 . 5 4  6 . 4 9  5 5 . 2 8  6 . 5 3  6 .47  
(C10 H 1 3 0 2  N HCI) 

detect ion of  ammo groups, a 0.2% ninhydrin in 95% aqueous ethanol was used. 
For detect ion of  secondary amines, chromatograms were sprayed with a mixture 
of  sodium nitroprusside and carbonate [12] .  For the detect ion of  glyoxylic 
acid, a freshly prepared solution of  1% phenylhydrazine hydrochloride in 0.5 M 
HC1 was sprayed, dried in hot  air, and the paper or.plate was sprayed with 3% 
hydrogen peroxide in 0.5 M HC1. 

The amines formed by the enzyme were also identified by  gas chromato- 
graphy. To the reaction mixture containing 300 #mol  of  sarcosine and 30 nmol 
of  FAD in 3.0 ml of  0.2 M sodium borate/sodium hydroxide buffer (pH 11.0) 
or 0.1 M sodium pyrophosphate  buffer  (pH 8.3), 2--3 nmol of  the enzyme 
were added. In the case of  short-chained N-alkyl amines, an aliquot (usually 
1 #l) of  the reaction mixture was withdrawn at definite time and applied to a 
gas chromatograph, Shimadzu GC-4BM, directly. The conditions of  the chro- 
matography were as follows: a 2 m glass column, packed with 10% THEED on 
Chromosorb WAW (60--80 mesh), was used, and nitrogen carrier gas was flowed 
at a rate of  40 ml per min. The column temperature was 60°C, and the temper- 
ature of  injector and detector  (hydrogen flame detector)  160°C. For identifica- 
tion of  the reaction products  of  N-benzyl- and N-phenethylglycine, 3 ml of  the 
reaction mixture were mixed with 6 ml of  50% n-butanol, pH of  the mixture 
was brought to 11.0 with 8 M NaOH. The butanol  phase was washed twice with 
water, evaporated and dried over phosphorous pentoxide in a desiccator over- 
night. The samples were dissolved in 10 Izl of  dry methylene chloride and 100 pl 
of  trifluoroacetic anhydride were added. Trifluoroacetylation was completed in 
10 min at room temperature.  Aliquots were injected into a gas chromatograph 
equipped with a 2 m glass column packed with 3% silicone SE-30 on Gas 
chrom-Q ( 1 0 0 - 1 2 0  mesh). The column temperature was 120°C and the tem- 
perature of  injector and hydrogen flame detector  250°C. The flow rate of  
carrier gas was 45 ml per rain. 

The quantitative analysis of  amines produced was carried out  f luoromet- 
ricaUy using fluorescamine, 4-phenylspiro-(furan-2(3H), l ' -phthalan)-3,3'-dione 
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[13,14].  To the reaction mixture containing 30 pmol of sarcosine in 3.0ml of 
0.2 M sodium borate/sodium hydroxide buffer (pH 11.0), 2 nmol of  the en- 
zyme were added. At several time intervals, 0.1 ml of the mixture was taken 
and mixed with 3.0 ml of the borate buffer (pH 11.0). The amine was ex- 
tracted three times with each 1.5 ml of n-hexane and then extracted with 1.0 ml 
of 1 M HC1 from the combined n-hexane phase. A 0.5 ml aliquot of the water 
phase was mixed with 1.5 ml of the borate buffer (pH 11.0), and 0.5 ml of 
fluorescamine solution (3 mg fluorescamine/10 ml dry acetone) was added. The 
fluorescence intensity was measured in a corrected recording fluorospectro- 
photometer ,  Shimadzu RF 502, at room temperature. The excitation wavelength 
was 390 nm, and fluorescence intensity was measured at 490 nm. 

Glyoxylic acid formed was also identified by isolating its hydrazone. 2 mmol 
of sarcosine were reacted with 0.2 pmol of the enzyme in 5 ml of 0.1 M sodium 
pyrophosphate buffer (pH 6.8)*.  The reaction mixture was gently shaken 
under aerobic condition at room temperature for 24 h. To terminate the reac- 
tion, half the volume of  6 M HC1 was added and the denatured protein removed 
by centrifugation. The supernatant solution was then mixed with a theoretical 
amount  of 2,4<linitrophenylhydrazine in 2 M HC1. The crude hydrazone was 
recrystallized from aqueous ethanol. 

The determination of glyoxylic acid was also carried out by gas chromato- 
graphy using its trimethylsilyl (Me3Si) derivative. An aliquot of the above- 
mentioned reaction mixture was taken, passed through a column (0.5 × 5 cm) 
of Dowex 50 W (100--200 mesh, H+-form), evaporated and dried over phos- 
phorous pentoxide in a desiccator overnight. The sample was trimethylsilylated 
in a mixture of dry pyridine/bis( Me3Si)acetamide/trimethylchlorosilane (2 : 2 : 1, 
v/v) at room temperature for 30 min. Me3Si-glyoxylic acid was injected into a 
gas chromatography, Shomadzu GC-4BM equipped with a hydrogen flame de- 
tector. A 2 m glass column packed with 3% SE-30 on Gas Chrom-Q {100--120 
mesh) was used. The conditions were as follows: column temperature 100°C, 
injector and detector temperature 200 °C. Nitrogen gas was flowed at the rate 
of 40 ml per min. 

Formaldehyde was chacked by the reaction with dimedone [15]. 

Results 

On addition of sarcosine, under aerobic conditions, the absorbance spectrum 
of the enzyme changed, as shown in Fig. 1, within I s and remained unchanged un- 
til the oxygen dissolved in the medium was consumed (about 2 min). The absor- 
bance peak at 455 nm shifted to 460 nm with considerable hypochromism and 
an increase in the absorbance in the longer-wavelength region. The splitting of  
the absorbance band at the shorter-wavelength region disappeared and the 
maximum showed a blue shift to 370 nm with hypochromism. The spectrum 
changed gradually into that  of  the reduced form after the oxygen in the solu- 
tion was consumed. Under anaerobic conditions, the spectrum of the enzyme 
was converted into that  of the reduced form immediately. 

The oxidation of  sarcosine by the oxidase was dependent  on the amount  of  

* This pH was preferred, because glyoxylic acid was unstable at higher pH. 
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Fig. 1. Spectral change of  the enzyme upon  add i t i on  o f  sareosine. Curve I, the enzyme (6.9 • 10 -5 M in 
f ina l  concen t ra t i on )  dissolved in  3.O m l  o f  O.1 M sodium pyrophospha te  b u f f e r  (pH 8.3). Curve I I ,  w i t h i n  
1 ra in after the add i t ion  o f  sarcosine (1OO/~mol) to  I. Curve I I I ,  3 ra in a f te r  I I .  

enzyme and the Michaelis constant (Kin) and the maximum velocity (V, ex- 
pressed in terms of  molar activity) were obtained by the double-reciprocal plot 
of  Lineweaver and Burk. The apparent Km and V values for sarcosine were 
obtained as 16 and 3 mM at pH 8.3 and 52 and 72 mM at pH 11.0, respectively 
(Table IV). 

The pH versus activity curve is shown in Fig. 2. The opt imum pH is about 
11.0.  The oxidation rates fall of f  very sharply to either side of  the optimum. At 
pH 8.3, where the catalytic activity of  this enzyme for many amino acids has 
been measured, the enzymatic activity for sarcosine was found to be far smaller 
than the maximum. 
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Fig. 2. Optimum pH for oxidation of sarcosine. Sareosine (1 M in final concentration) was dissolved in 

10.0 ml of 0.1 M sodium pyrophosphate buffer (o) or 0.2 M sodium borate buffer (e), and oxygen con- 

sumption was measured with an oxygen electrode. The enzyme (2.4 • 10 -6 M in final concentration) and 

FAD (1 • 10 -S M) were added to the substrate solution. 
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The reaction products  were identified by  paper and thin-layer chromato- 
graphy as summarized in Tables II and III. In the case of  sarcosine, one of  the 
products  was found to be methylamine. In gas chromatography,  the retention 
time of  the product  obtained by  the reaction at either pH 8.3 or 11.0 was 
identical with that  of  the standard methylamine. The retention time of  the 
main component  of  Me3Si derivatives of  the reaction products  corresponded to 
that o f  Me3Si-glyoxylic acid. The 2,4<linitrophenylhydrazone of  the reaction 
product  was isolated and the melting point  was 188--189°C, which is in agree- 
ment  with the reported value for the hydrazone of  glyoxylic acid. 

Glycine, which was reported as a product  of  oxidative demethylat ion of  
sarcosine by sarcosine oxidase [1] ,  was not  found by paper chromatography 
(Table II). Another reaction product ,  formaldehyde,  also was not  found by  the 
reaction with dimedone. 

The above results suggests the occurrence of  the following reaction: 

C H 3 N H C H 2 C O O H  + 0 2  + H 2 0  --> C H 3 N H  2 + C H O C O O H  + H 2 0 2  (1)  

To verify the above reaction, oxygen uptake and reaction products  were mea- 
sured. In the reaction mixture containing 300 pmol  of  sarcosine, 30 nmol of  
FAD and 2 nmol of  the enzyme in 3 ml of  borate buffer  (pH 11.0), 27.2 nrnol 
of  oxygen were consumed per rnl per rain, while 27.0 nmol of  methylamine 
and 27.4 nrnol of  glyoxylic acid were formed per ml per rain. In the presence 
of catalase, the oxygen consumption in the mixture was reduced to half of  the 
above; in the case of  the oxidation of  N-n-butylglycine at pH 8.3, oxygen uptake 
was reduced from 20.0 to 10.5 tool (per tool of  the enzyme per rain). This indi- 
cates that  H202 is formed accompanied by  the oxidation of  N-alkyl glycines. 

N-Ethyl  and other  N-alkyl derivatives of  glycine were also found to be oxi- 
dized by  the enzyme and Km and V for the oxidation of  these compounds  at 
pH 8.3 and 11.0 are summarized in Table IV. 

On the other  hand, amino-substituted compounds  of  glycine shown in Table V 
were found not  to be oxidized by the enzyme when examined by oxygen con- 
sumption. However, the absorbance spectrum of the enzyme was perturbed by 
N-acetyl- or N-phenylglycine (see Fig. 3). These two compounds  were found to 
inhibit the enzyme in competi t ion with the substrate (see Fig. 4). Data are 

T A B L E  II  

I D E N T I F I C A T I O N  OF A P R O D U C T  IN T H E  R E A C T I O N  OF S A R C O S I N E  W I T H  D - A M I N O - A C I D  
O X I D A S E  BY U S I N G  P A P E R  C H R O M A T O G R A P H Y  

The chromatography  was  carried out  at 20°C for 24- -28  h,  and the spots  were  visualized by  n i n h y d r i n  
react ion.  So lvent  .systems:" I, t -butanol /acet ic  ac id /water  (3 : 1 : 1, v/v);  II ,  n-propanol /acet ic  ac id /water  
(10  : 1 : 9, v /v) ;  III~ p h e n o l / w a t e r  (4 : 1, v /v) .  

C o m p o u n d  Solvent  sys tems  

I II  I I I  

Glycine 0.47 0.49 0.39 
Sarcosine 0.57 0 .55  0 .68  
Methylamine  0 .70  0 .62  0 .54  
React ion  product  0 .70  0 .62  0 .55  
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T A B L E  I I I  

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

The  spots  were  d e t e c t e d  using a p h e n y l h y d r a z i n e / h y d r o g e n  pe rox ide  spray  [ 1 2 ] .  So lven t  sys tems:  I, 
t - bu t ano l / ace t i c  a c i d / w a t e r  (3 : 1 : 1, v /v) ;  If ,  n -p ropano l / ace t i e  a c i d / w a t e r  (10  : 1 : 9, v/v) .  

C o m p o u n d  Solvent  sys t ems  

I II  

Glyoxyl lc  acid 0.27 0 .54  
Reac t ion  p r o d u c t  0 .26  0 .54  

T A B L E  IV 

K m AND V FOR O X I D A T I O N  OF N - A L K Y L  D E R I V A T I V E S  OF G L Y C I N E  

C o m p o u n d  at  p H  8.3 * at  pH 11.0  ** 

K m V *** K m 
(raM) (raM) 

V * * *  

Sarcosine 16 3 52 72 
N-Ethy lg lyc ine  20 27 45  286 
N-n-Propylg lyc ine  22 33 50 182 
N-n-Buty lg lyc ine  25 28 26 77 
N-n -Amylg lyc ine  26 59 25 110 
N-n -Hexy lgyc ine  87 7 22 13 
N-Benzy lg lyc ine  4 9 25 40 
N-Phen thy lg lyc ine  6 63 40 125 
Glyc ine  330  50 1540  222 

* 0 . I  M s o d i u m  p y r o p h o s p h a t e  b u f f e r  was  used ,  and all the  reac t ions  were  p e r f o r m e d  at 20°C. En- 
z y m e  c o n c e n t r a t i o n  was 2 • 10 -5 M for  sarcosine  a nd  1--5 .  Ini t ial  c o n c e n t r a t i o n  of  o x y g e n  in the  
m i x t u r e  was  0 . 2 8 4 / ~ m o l / m l .  The  values of  K m a nd  17 are ap p a ren t .  

** 0.2 M s o d i u m  b o r a t e  b u f f e r  was used.  E n z y m e  c o n c e n t r a t i o n  was 1 • 10 -6 M. 
*** V is expressed  in t e rms  of  m o l a r  ac t iv i ty .  

T A B L E  V 

B I N D I N G  OF A M I N O - S U B S T I T U T E D  D E R I V A T I V E S  OF G L Y C I N E  TO D - A M I N O - A C I D  O X I D A S E  

Binding was  judged  b y  the  p e r t u r b a t i o n  o f  the  abso rbance  s p e c t r u m  of  the  e n z y m e .  K i ( inhib i t ion  con-  
s tan t )  was ca lcu la ted  b y  measu r ing  the  inh ib i t ion  of  o x y g e n  u p t a k e  using D-alanine as subs t ra te .  

Bmding  K i 

CH3CO\ 
N-CH2-COOH + / 

H 

C6H5 

N-CH2-COOH + 

H / 
CH3 

C H 3 / ~ N - C H 2 C O O H  

c n 3 c o \  
/ N - C H 2 - C O O H  

CH3 
CH3~+ 

C H 3 ~ N - C H 2 - C O O H  --  

CH3 

1.11 mM 

0.10 mM 
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Fig.  3. Change  in s p e c t r u m  o f  the  e n z y m e  u p o n  a d d i t i o n  o f  N - p h e n y l g l y c i n e .  Curve  I, the  e n z y m e  (6.2 • 

10 -5 M in f inal  c o n c e n t r a t i o n )  d i s so lved  in 3 .0  m l  o f  0.1 M s o d i u m  p y r o p h o s p h a t e  b u f f e r  (pH 8.3) .  
Curve  I I ,  a f t e r  the  a d d i t i o n  o f  N - p h e n y l g l y c i n e  (6 p m o l )  to I. 

summarized in Table V, showing that the compounds  which bind to the enzyme 
have one hydrogen at the a-amino group of  glycine. 

The release of  a proton at the initial step of  the oxidation was demonstrated 
by simultaneous measurements of  pH change and oxygen consumption.  By 
addition of  the enzyme, the pH of the mixture decreased immediately and sub- 
sequently increased towards the initial level, as shown in Fig. 5. The time course 
of  the decrease corresponded to that  of  the oxygen uptake. 

~0.015 
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I I/[D-ALANINE] (mM ') 

Fig.  4.  I n h i b i ~ o n  o f  the  e n z y m a t i c  o x i d a t i o n  o f  D-aleanine b y  N - p h e n y i g l y c i n e .  The  e n z y m e  (2 .5  • 10 -7  M 
in f inal  c o n c e n t r a t i o n )  was  r eac t ed  w i t h  g r a d u a t e d  c o n c e n t r a t i o n s  o f  D-a lanine  at  p H  8.3 and  at  20°C. 
Curve I,  in  the  absence  o f  N - p h e n y l g l y c i n e .  Curve I I ,  in  t he  p resence  of  N - p h e n y l g l y c i n e  (6.6 • 10 -4 M in  

f inal  c o n c e n t r a t i o n ) .  
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Fig. 5.  S i m u l t a n e o u s  r e c o r d i n g  o f  p H  c h a n g e  a n d  o x y g e n  c o n s u m p t i o n  d u r i n g  the  r e a c t i o n  o f  D - a m i n o -  
ac id  o x i d a s e  w i t h  N - p h e n e t h y l g l y c i n e .  T h e  r e a c t i o n  m i x t u r e ,  w h i c h  c o n t a i n e d  1 0  raM N - p h e n e t h y l g l y c i n e ,  
1 0  ~zM F A D ,  1 0 0  m M  KC1 a n d  1 raM Tris  • HCI ( p H  9 .0 )  in  a t o t a l  v o l u m e  of  1 0 . 0  ra l ,  was  a d j u s t e d  t o  p H  
9 . 0  b y  a d d i t i o n  o f  0 .2  M N a O H .  The  r e a c t i o n  was  i n i t i a t e d  b y  the  a d d i t i o n  of  0 . 1 8 / ~ r a o l  o f  t he  e n z y m e  ( lef t -  
h a n d  a r r o w ) .  Curve  I, p H  c h a n g e .  Curve  II,  o x y g e n  c o n s u m p t i o n .  The  c h a n g e  o f  p H  w a s  s t a n d a r d i z e d  b y  
t h e  a d d i t i o n  o f  1 # r a o l  o f  HCI ( r i g h t - h a n d  a r r o w ) .  

Discussion 

In the  present study, it was clearly demonstrated that sarcosine was oxidized 
by highly purified D-amino-acid oxidase to yield methylamine and glyoxylic 
acid. Quantitative analyses established Eqn. 1. This reaction accords with that  
of  the "glycine oxidase sys tem" reported by  Ratner et al. [2] .  Although Neims 
and Hellerman [3] claimed that glycine oxidase is identical with D-amino-acid 
oxidase, they did not  give any direct evidence for the oxidation of  sarcosine by  
this enzyme. Accordingly, the present data afford definite evidence to their 
proposition. Since neither glycine nor formaldehyde was formed in the present 
reaction system, it is evident that  the demethylat ion of  sarcosine reported by  
Handler et al. [1] is not  the case. 

In the case of  the oxidation of  sarcosine, liberation and fixation of  a proton 
were observed, as in the case of  D-alanine [11] .  This indicates the occurrence 
of  the following steps of  reaction. 

CH2-COO- + oxidized enzyme -~ CH-COO- + H ÷ + reduced enzyme 
I [I 

RNH~ RN 

CH-COO- + H20 + H +--> RNH~ + CH-COO- 
II II 

RN O 

Reduced enzyme + 02 -~ oxidized enzyme + H2 02 

From the results obtained by  using N-substi tuted derivatives of  glycine, it 
can be concluded that  for the binding of  these substances to the enzyme at 
least one unsubst i tuted hydrogen a tom at the amino group is required. It should 
be noted in this case that  the substitution of  one hydrogen atom at the amino 
group by an acetyl or phenyl group resulted in the inability to undergo the en- 
zymatic oxidation, in contrast  to the substitution by  a methyl  group, viz. 
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formation of  sarcosine. It is considered that the substitution by an acetyl or 
phenyl group influences the mobilization of  electron(s) from the amino group. 
Accordingly, this supports the idea that electron(s) f low from the substrate to 
the flavin coenzyme via the amino group of  the former. 

It may also be mentioned that N-acetyl or N-phenyl derivatives seem to bind 
with the enzyme, via both their carboxyl and substituted amino groups and 
their structure is more similar to a substrate, glycine than benzoic acid, which 
was used as a substrate substitute [16].  Therefore, these substances are con- 
sidered to be preferable substrate substitutes of  this enzyme. 
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