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SUMMARY 

I. It was demonstrated enzymatieally, chemically, as well as with paper chro- 
matographic methods that a-glycerophosphate dehydrogenase catalyzes the formation 
of both dihydroxyacetone phosphate and D-glyceraldehyde-3-phosphate from L-a- 
glycerophosphate. The pathway of the reaction is pH dependent. 

2. The oxidation of L-a-glycerophosphate has a double pH optimum in Tris 
buffer (pH 8.6 and 9.4). 

3. The possible mechanisms of oxidation of L-a-glycerophosphate, tLe partici- 
pation of an optically inactive intermediate or the consecutive formation of d~hydroxy- 
acetone phosphate and D-glyceraldehyde 3-phosphate, are discussed. 

INTRODUCTION 

MEYERHOF 1 as well as VON EULER et al. 2 demonstrated that a-glycerophosphate 
dehydrogenase (L-glycerol-3-phosphate:NAD÷ oxidoreductase, EC 1.1.1.8) catalyzes 
the oxidation of a-glycero-P and the product of this process is D-glyceraldehyde-3-P. 
The experiments were performed with purified muscle homogenate at pH 7 

BARANOWSKI ~ isolated the first crystalline a-glycero-P dehydrogenase and 
demonstrated that the crystalline enzyme catalyzes the reduction of dihydroxy- 
acetone-P at pH 7. BARANOWSKI3 described the following reaction as the specific one 
catalyzed by a-glycero-P dehydrogenase. 

a-Glycero-P + NAD + ,~ dihydroxyacetone-P + NADH + H + (I) 

No mention has been made concerning the contradiction between the findings of 
BARANOWSKI '~ and MEYERHOF 1 or VON EULER et al. 2. Since their reports were published 
only Reaction I has been studied and the confirmation or denial of MEYERHOF'S results 
remained an unsettled question. 

Our experiments show that a-glycero-P dehydrogenase catalyzes the reaction 
between a-glycero-P and both dihydroxyacetone-P and glyeeraldehyde-3-P. The 
pathway of the reaction depends on pH. In agreement with MEYERHOF 1 and VoN 
EULER et al. 2, we found that at about pH 7 the following reaction dominates : 
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228 M. TELEGDI 

a - G l y c e r o - P  + N A D  + ~ glyceraldehyde-3-P + N A D H  + H + (2) 

At about pH IO, Reaction 2 cannot be shown and only dihydroxyacetone-P is formed 
from a-glycero-P. Between pH 7 and IO both reactions can be demonstrated. 

MATERIALS AND METHODS 

L-a-Glycerophosphatc dehydrogenase was isolated from rabbit skeletal muscle and 
purified as described earlier 4. The molecular weight was taken to be 78 ooo. Each 
preparation was controlled carefully in regard to possible isomerase contamination 
of a-glycero-P dehydrogenase. In order to test isomerase activity in the enzyme 
preparations, solutions of known concentration of glyceraldehyde-3-P were incubated 
for 15 inin with 7 to 35o times the amount of a-glycero-P dehydrogenase used for the 
rate measurements, without addition of eoenzyme. After incubation the solutions were 
boiled for 5 min. The concentration of glyceraldehyde-3-P in the supernatants was 
then measured with D-glyceraldehyde-3-phosphate dehydrogenase (D-glyceraldehyde- 
3-phosphate :NAD + oxidoreductase (phosphorylating), EC 1.2.I.I2) in the presence 
of arsenate (Table I). 

T A B L E  1 

E X A M I N A T I O N  O F  I S O M E R A S E  C O N T A M I N A T I O N  O F  ( Z - G L Y C E R O - / ~  D E H Y D R O G E N A S E  P R E P A R A T I O N S  

Preincubation in o. I  M glycine buffer ( p H  8.5), at room temperature for 15 min .  A f t e r  heat 
treatment the mixtures were centrifuged and the glyceraldehyde-3-P content of the supernatants 
w a s  d e t e r m i n e d  w i t h  glyceraldehyde-3-P dehydrogenase in the following reaction mixture: 
N A D +  i. 7 t tmoles/ml; N a 2 H A s O  ~ o . i  l~mole/ml; glyceraldehyde-3-P dehydrogenase = 
2.1 • IO -~ i tmole/ml,  in O.l M glycine buffer ( p H  8.5). 

c~-Glycero-P 
dehydrogenase 
preparations 

60 itg/ml 
added 

No. I 3.85 1.96 1.9o 
3.05 i . i  9 I . o r  

No. 2 7.7 ° 4.IO 3.95 
.5.00 2.99 2.78 

(;(vceraldehyde- Glyceraldehyde-3-P content found after 
3-P sol~ttions heat /reatmen/ (zo  2/~moles/ml) 
( zo  z Izmoles/m[ . . . . . .  
added) No addition ct Glycero- I ) ~4 ldolase l somerase 

deh3'drogeuase 60 ug/ml o.o~ /tg/ml 
added added 

1 . 0 2  

0 . 2 2  

- o . ~ 6  

The heat treatment itself caused a lowering of the concentration of glyceral- 
dehyde-3-P by about 5o°io. The concentration of the solutions incubated with a- 
glycero-P dehydrogenase did not differ appreciably from that of the heat-treated 
control. If the mixtures contained added isomerase, a great loss of glyceraldehyde-3-P 
was found, it having been converted into dihydroxyacetone-P according to the equili- 
brium concentrations, i.e. the ratio of glyceraldehyde-3-P to dihydroxyacetone-P 
is 4:9 6. This result shows that neither a-glycero-P dehydrogenase nor glyceraldehyde- 
3-P dehydrogenase contained detectable isomerase impurity. 

D-Glyceraldehyde-3-phosphate dehydrogenase was isolated from pig muscle and 
recrystallized 4 times according the method of ELODI AND SZ0R~NYI 5. 

Aldolase was isolated from rabbit muscle and recrystallized 3 times as described 
b y  TAYLOR, GREEN AND CORI 6. 
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Triosephosphate isomerase was isolated from calf muscle and recrystallized 
2 times according to the technique of BEISENHERZ 7. 

n-Glyceraldehyde 3-phosphate was prepared from fructose 1,6-diphosphate 
(Reanal), according to the procedure of SZEWCZUK et al. s. The preparations were of 55 
to 95% purity. Inorganic phosphate was shown to be an impurity; no detectable 
amount of dihydroxyacetone-P was present in the preparations. 

Dihydroxvacetone phosphate was prepared from glyceraldehyde-3-P with triose- 
phosphate isomerase. Glyceraldehyde-3-P was incubated with isomerase (pH 7.5) 
for 30 rain, then the pH of the mixture was adjusted to pH 3 and the denatured protein 
was removed by centrifugation. 

NAD + and NADH were Boehringer and Reanal preparations, respectively. 
2,4-Dinitrophenylhydrazin and hydrazinsulfate were reagent grade. 

Methods used for the determination of enzymic activity of glycero-P dehydro- 
genase, glyceraldehyde-3-P dehydrogenase and aldolase were those of FELEGDI a, 
K E L E T I  AND T E L E G D I  9, and SWENSON AND B O Y E R  1°, respectively. 

Paper chromatography of triosephosphates was performed in an ethvlacetate-  
acetic acid-water (3 : 3 : I, by vol.) solvent mixture, on Whatman 3 MM paper. Ascending 
chromatography was performed for 16 h. The spots were developed with ammonium 
molybdate at 5 °0 during 30 rain. 

RESULTS 

Glyceraldehyde-3-P demonstrated as the substrate of a-glycero-P dehydrogenase 
As shown in Fig. I, the oxidation of NADH could be observed in th(~ presence 

of isomerase-free a-glycero-P dehydrogenase using glyeeraldehyde-3-P as a substrate 
as well as dihydroxyacetone-P (Fig. I). 

The reaction with glyceraldehyde-3-P was supposed to be a reduction, similar 
to the reduction of dihydroxyacetone-P (Eqn. I), resulting in the formation of a- 
glycero-P (Eqn. 2). 

0.6 

0.4 

o 

0.2 
<] 

\ 
0 I I I 

0 6 0  120 1 8 0  
T i m e  (see)  

Fig.  i .  O x i d a t i o n  of  N A D H  b y  g l y c e r a l d e h y d e - 3 - - P  in  t h e  p r e s e n c e  of  a - g l y c e r o - P  d e h y d r o g e n a s e "  
I n  o . i  M p h o s p h a t e  bu f fe r  (pH 8.0). G l y c e r a l d e h y d e - 3 - P  --  4 .0 .  i o - 1 / ~ m o l e / m l ;  N A D H  -- 
1 .76.  lO - 1 / z m o l e / m l ;  d i h y d r o x y a c e t o n e - P  = 4 .0 .  i o  - t / 2 i n o l e / m l .  (a) R e d u c t i o n  of  g l y c e r a l d e -  
h y d e - 3 - P ;  a - g l y c e r o - P  d e h y d r o g e n a s e  --  2. 5 • i o  - " / ~ m o l e / m l .  (b) R e d u c t i o n  of  d i h y d r o x y a c e t o n e -  
P ;  a - g l y c e r o - P  d e h y d r o g e n a s e  --  1. 5 • i o  - ~ / , m o l e / r n l .  
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The reverse reaction was measured indirectly as follows: a-glycero-P and NAD + 
were incubated in the presence of a-glycero-P dehydrogenase until equilibrium was 
reached, then glyceraldehyde-3-P dehydrogenase was added. Fig. 2 shows that  one 
of the products of a-glycero-P oxidation is glyceraldehyde-3-P, since the addition of 
glyceraldehyde-3-P dehydrogenase is followed by further reduction of NAD ~ . 
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r ime (see )  
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GAP pHA~ GP NAO ÷ GA9 GAP GAP GP D~AP Pi 
~DN GD~ ~)÷NAON ~b ~ NAbH 

GDH GD~ GbH GD~ 

Fig. 2. GlycerMdehyde-3-P formation from a-glycero-P, on the action of a-glyeero-P dehydro-  
genase. In  o.i M glycine buffer (pH 8.5), in the presence of 1.2. io 4/,mole/ml a-glycero-P dehy- 
drogenase, c~-Glycero-P 5 ' IO-1/,mole/ml;  NA1) + I. 7 t, moles/m/. When the equil ibrium was 
reached, glyceraldehyde-3-P dehydrogenase and Na2HAsO ~ were added (see arrow! in a final 
concentrat ;on of i • Io 3 M. 

Fig. 3. Demonst ra t ion  of the reaction products  by paper  chromatography.  The reactions were 
measured in o.i M glyeine buffer (pH 8.5). Concentrat ion of components  in ttmoles/ml: glyceral- 
dehyde-3-P ( G A P ) - - t . 3 . 1 o 2 ;  d ihydroxyacetone-P (DHAP) 8.8; NAD* 2o; N A D H  
7.8; a-glyeero-P dehydrogenase (GDH) 2. 5. lO 2. GP s tands for L-a-glycerophosphate. Ali- 
quots  of o.o2 ml were used for chromatography.  The equilibrium of the enzymatic reaction was 
controlled. Chromatography  was carried out  in ethyl acetate acetic acid water (3:3 :~, by vol.) 
for 16 h and developed in a m m o n i u m  molybdate.  The paper  was dried at 5 o~ for 3 ° min. 

Chromatography of the products appearing in the reaction catalyzed by a-glycero-P 
dehydrogenase 

An unambiguous proof of the glyceraldehyde-3-P ~-  a-glycero-P reaction cata- 
lyzed by a-glycero-P dehydrogenase could be given by the indentification of the 
reaction products. 

Dihydroxyacetone-P, glyceraldehyde-3-P and a-glycero-P can be separated by 
paper chromatography in ethyl acetate acetic acid water solvent mixture. This made 
possible the demonstration of the end-products of the a-glycero-P dehydrogenase 
reaction. Using this method o.15 yg phosphate per cm 2 gives a visible spot. 

Fig. 3 shows the chromatograms of different equilibrium mixtures and of the 
control solutions. 

The following results were obtained: 
(a) Each equilibrium mixture where the enzymic reaction was observed con- 

tained a-glycero-P, dihydroxyacetone-P and glyceraldehyde-3-P, independently of 
the substrate used for the reaction. This shows that  at least two processes take place 
simultaneously. 

(b) Reaction with both dihydroxyacetone-P and glyceraldehyde-3-P in the 
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presence of a-glycero-P dehydrogenase takes place only if NADH is added to the 
reaction mixture. 

(c) The chromatogram confirms that the glyceraldehyde-3-P used is free from 
a detectable amount of dihydroxyacetone-P and ~-glycero-P dehydrogenase is free 
from a detectable amount of isomerase. 

Equilibrium concentrations of the products 
The changes in absorption measured at 34 ° m# give the amount ,)f NADH 

formed during the reaction. This is equal to the sum of glyceraldehydc-3-P and 
dihydroxyacetone-P. To obtain the individual concentrations of the triosepltosphates, 
independent methods must be used. For this purpose the method of SIt;LEY AND 
LEHNINGER n, elaborated for the measurement of aldolase activity, was ad(pted with 
slight modification and combined with the measurement of NADH concentration at 
34 ° m # .  The original procedure made possible the determination of the dini~rophenyl- 
hydrazones of the mixed triose phosphates showing a broad absorption around 500 m#. 

We have found that this method may be used for the separate deternfination 
of the triose phosphates from the same reaction mixture. 

We determined the molar extinction coefficient of the dinitrophenylhydrazones 
in the following way. 

To a solution of triose phosphate, 0. 5 ml hydrazinsulphate (0. 5 M) md water 
up to 2 ml were added. The nfixture was incubated for 5 rain at room terlperature. 
(Hydrazin increases the intensity of eolour making the measurements more accurate.) 
After incubation 0.5 ml of 0.o05 M dinitrophenylhydrazine in 2 M HCI was ~dded and 
the mixture was incubated for 20 min. Then 4.5 ml NaOH-methyleellosolve mixture 
(~ M NaOH-methylcellosolve, 2:3, by vol.) were added. After an incubatior, of 60 rain 
tile absorption was measured at 550 m/~, where the products of both dihydroxyacetone- 
P and glyceraldehyde-3-P have a wide absorption band. During the incubation there 
is a slow decrease in the absorption at 550 m/~, however the values measured after 
60 rain are quite reproducible. The blank is the same mixture without triose phosphate, 
and is treated in the same manner. The molar extenction coefficients o: the dini- 
trophenylhydrazones at 550 m/~ are: for glyceraldehyde-3-P , 1 .19.10 and for di- 
hydroxyacetone-P, 7. I • lO 3. If dihydroxyacetone-P and glyceraldehyde-3-t' of known 
concentrations are mixed or are in a reaction mixture, their sum can be measured by 
Warburg's optical test using a-glycero-P dehydrogenase and by the dini~rophenyl- 
hydrazine test. The individual concentrations can then be determined with :he follow- 
ing equations : 

.4340 mu 
[ d i h y d r o x y a c e t o n e - P  + g l y c e r a l d e h y d e - 3 - P ;  (3) 

~ . 2 2  • i o  8 

where 6.22. lO 3 is the molar extinction coefficient of NADH at 34 ° m#, and: 

7. I • t o 3 [ d i h y d r o x y a c e t o n e - P 7  + 1 . 1 9  • I o 1 ~ g l v c e r a l d e h y d e - 3 - P  n - -  A ~0 m .  (4) 

Table II  shows some analyses done with this method. 
This method was used for the determination of the equilibrium concentrations 

of glyceraldehyde-3-P and dihydroxyacetone-P in reactions catalyzed by a-glycero-P 
dehydrogenase. If the reaction were started with g-glycero-P, Eqns. 3 and 4 could be 
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T A B L E  I I  

C O N C E N T R A T I O N  OF D I H Y D R O X Y A C E T O N E - D  

M I X T U R E S  

Mixture of Determination with dini- 
glyceraldehyde- lrophenylhydrazine lest 
3-t ) and dihvdro- 
.'(vaeeto~ze P 

A N D  G L Y C E R A L D E H Y D E - 3 - d  D D E T E R M I N E I )  IN T H E I R  

G l y c e r a l d e h y d e -  G l y c e r a l -  D i h y d r o -  

3 - P  + d i h y -  d e h y d e - 3 - P  x y a c e t o n e - P  
d r o x y a c e -  IO - 5  M IO - 5  M 

t o n e  P l O  -~ M 

5 .2 3 .55  1.67 3 .60  

4.75 2 .39  2 .34  2.42 
4.3 ° 1.07 3 .20  I .o 5 

Determination with g(vceral- 
dehyde-3-P dehydrogenase and 
glyceraldehyde-3-P dehlrdro- 
genase + isomerase, 
respectively 

G l y c e r a l  D i h y d r o x y  

d e h y d e - 3 - P  a c e t o n e - P  
lO -~ M Io 5 M 

1.61 

2 .30  

3 3 ° 

used. If dihydroxyacetone-P or glyceraldehyde-3-P was used as substrate, Eqn. 3 
was replaced by: 

[ d i h y d r o x y a c e t o n e - P ~  + [ g l y c e r a l d e h y d e - 3 - P  ~ ( [ d i h y d r o x y a c e t o n e - P i 0  

AA s4o m .  
[ g l y c e r a l d e h y d e - 3 - P  !01 (5) 

6 . 2 2  • IOa 

where [dihydroxyacetone-P]0 and [glyceraldehyde-3-P]0 are the original concen- 
trations. 

Table III shows the effect of pH on the composition of the equilibrium mixture 
of a-glycero-P dehydrogenase. The composition of the equilibrium mixture depends 
on pH. Around pH 7 the mixture contains glyceraldehyde-3-P and a-glycero-P but no 
detectable amount of dihydroxyacetone-P is present. Around pH IO it contains 
a-glycero-P and dihydroxyacetone-P, but glyceraldehyde-3-P cannot be detected. 

T A B L E  111 

CONCENTRATION OF DIHYDROXYACETONE-P AND GLVCERALDEHYDE-3-P  IN ECOUILIBRIUM ,~'~IX- 

T U R E S  AT DIFFERENT p H  VALUES 

a - G l y c e r o - P  d e h y d r o g e n a s e  - -  2 .0 -  i o  -4 f z m o l e / m ] ;  N A D  ÷ ~ 1.2 - i o  -2 M ;  i n  o . I  M g l y c i n e  b u f f e r .  

T o t a l  v o l u m e  3 .0  mI .  T h e  e q u i l i b r i u m  w a s  t e s t e d  i n  s a m p l e s  d i l u t e d  15 × a t  34 ° m/t, F o r  t h e  
d i n i t r o p h e n y ] h y d r a z i n e  r e a c t i o n  1 - m l  a l i q u o t s  w e r e  t a k e n  f r o m  t h e  o r i g i n a l  m i x t u r e .  

pH Original Conchs. in the equilibrium mixtures (M)  
COhOrtS. 

(M) 

(z-Glvcero- a-GIycero- Dihydroxy- Glyceraldehyde- 
P P acetone-P 3-P 

7 . I o  6 . 6 o .  I o  a 6 . 5 6 . I o - a  _ _  4 . 2 O . l O - 5  
7 .8o* 2 . 4 O - l O  -2 2 . 3 2 . 1 o  -2 3 . 6 O - l O  -4 2 . 1 O . l O  ~ 
8 . IO* 1 . 2 O . l O  -`2 I . [ O . l O  2 3 . O O . l O - 4  1 . 4 O . l O - 5  
8 .9  ° 1 .20  • lO -2 I .o9 • lO -2 2 .90  • t o  -4 I .So . i o  -~ 
9 . 6 0  1 . 2 O . l O  - 2  1 . 1 4 . 1 o - 2  6 . 1 O . l O  -* - -  
9 . 8 0  1 . 2 O . l O  -2 i . i 5  • IO-2 5 . o o -  i o  -~ - -  

lO.OO 1 . 2 O . l O  -2 1 . 1 6 - 1 o  -2 4 . 1 O . l O - *  --- 

• N A D  + : 6 . 6 . 1 e - a M  
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MECHANISM OF ct-GLYCEROPHOSPHATE DEHYDROGENASE 233 

Between these pH values both triose phosphates are found in the equilibrium mixture. 
The equilibrium is far to the side of e-glycero-P formation at any pH value. 

Double pH optimum of oxidation of a-glycero-P 
The pH dependence of the oxidation of a-glycero-P was measured in o.I M 

glycine buffer and in o.I M Tris buffer (Fig. 4a). While the optimum pH in glycine buffer 

"O 

0 

a 
+ 
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I / 
o 2 c  / 

I 
+ 
[ 

2 0.20 I 
o + 
e~ 
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0 . 4 0  

u 0.3C 
m 
o 
#3 

~" 0.20 
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b ÷ 

I I I 
7 ~ 9 

pH 

Fig. 4. p H  dependence  of (z-glycero-P dehydrogenase  act ion.  (a) a -g lycero-P  oxida t ion ,  a-glycero- 
P dehydrogenase  -- 6 .4 . IO-~/~mole/ml .  + - -  -F, in o.I M glycine  buffer;  0 - - 0 ,  in o . i  M 
Tr is  buffer, a -g lyce ro -P  = 5 .8/~moles/ml;  NAD ~ 1. 7/~moles/ml.  (b) D i h y d r o x y a c , t o n e - P  and 
g lyce r a ldehyde -3 -P  reduct ion,  a -Glyce ro -P  d e h y d r o g e n a s e -  6 . 4 . i o - 6 # I n o l e / m l ;  d ihyd roxy -  
ace tone-P ,  or g lyce ra ldehyde-3 -P  = 3.0. IO t /~mole /ml ;  N A D H  8.8. ~o -2/~mole./ml; in o. i  M 
Tris buffer. + - - + ,  d i h y d r o x y a c e t o n e - P  reduc t ion ;  0 - - 0 ,  g lyee ra ldehyde-3 -P  reduc~ ion. 

is pH 9.6 there are 2 maxima in Tris buffer, at pH 8.6 and 9-4. It  is reasonable to 
suppose that the 2 peaks represent the different pH optima of the formation of di- 
hydroxyacetone-P and glyceraldehyde-3-P. Since the formation of dihydroxyacetone- 
P is favoured at higher pH values and glyceraldehyde-3-P is formed at low(r pH's, the 
pH optima for the formation of dihydroxyacetone-P and glyceraldehyde-3-P are 
supposed to be 9.4 and 8.6, respectively. Accordingly, the pH optimum of tile a- 
glycero-P ~- glyceraldehyde-3-P reaction is at 9.6 in glycine buffer. 

As is seen from Fig. 4 there are great differences at higher pH values in I he activity 
depending on the buffer used. While the same velocities were obtained al pH 8.6 in 
glycine or Tris buffers, the activity at pH 9.6 in o.I M Tris buffer is only 30% of the 
activity measured in o.i M glycine buffer. It  may be supposed that Tris inhibits the 
rate of dihydroxyacetone-P formation but it has no effect on the formation of glycer- 
aldehyde-3-P. This effect may account for the first maximum observed in Tris buffer. 

The pH optimum of reduction of dihydroxyacetone-P and glyceraMehyde-3-P 
is shown in Fig. 4 b. The reduction of dihydroxyacetone-P has an optimum at pH 8.3, 
and the optimum of reduction of glyceraldehyde-3-P is pH 7.6. 

The pH dependence of the equilibrium constant 
The equilibrium mixtures of a-glycero-P dehydrogenase reaction contain 

90-99 % a-glycero-P (Table IV). Therefore, the equilibrium constant can be determined 

Biochim. Biophys. Acta, 159 (i968, 227-235 
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only  by  measur ing the oxidat ion  of a-glycero-P,  i.e. the format ion  of N A D H ,  the 
exper imenta l  error  being too high if it  is approached  from the side of triose phospha te  
reduct ion.  

Since the sum of the concentra t ion  of the oxida t ion  produc ts  is equal  to N A D H ,  
Eqn. 6 was used for the  de te rmina t ion  of tile equi l ibr ium constant .  

!NAI)H!2~H +] 
K (o) 

• (~-~lycero~ P l [ NAI)+ 

where [NADH]2 = id ihyd roxyace tone -P  + g lycera ldehyde-3-P]  [NADH]  calcu- 
la ted  from the change in absorpt ion  at  34o m/~. 

The equi l ibr ium cons tan t  of a react ion is independent  of p H  if the concentra t ion  
of H~ is included in i ts value n. On this basis, the different pa thways  of a -g lyce ro -P  
dehydrogenase  react ion must  be reflected in the change of the cons tant  at  cer ta in  
pH values (Fig. 5). 

0 

3.0 

1,0 

0.5 

+ 
+ \ 

+ 
\ - I - ~ + _ _  +--  + - - ~  

[ I I - 
7 8 9 10 

pH 

Fig. 5. pH dependence of the equilibrium constant of cx-glycero-P dehydrogenas: • re:~ction. In 
o.i M Tris buffer, a-(;lvcero-P dehydrogenase 2.o. IO ~Hmole/inl; a glycero-P ~.9" lo a M; 
N A l), = 1.7' l o -'~ M and 5. l • 1o-3 M {both concentrations resulted in the same value of constant). 

As Fig. 5 shows, the cons tant  does not  change in a wide p H  range, its value 
between p H  7-5 and 9.5 is about  I .  Io  -12.  Above p H  9.5 a cont inuous  decrease and,  
below p H  7.5, a sl ight increase of K can be observed.  The middle  par t  of the curve 
represents  the react ions  in which both d i h y d r o x y a c e t o n e - P  and g lycera ldehyde-3-P  
are forined. The changes of K at  higher  and  lower p H  values show tha t  it  approaches  
the  cons tan t  of a -g lyce ro -P  ~ -  d i h y d r o x y a c e t o n e - P  or a -g lycero-P  ~ -  g lycera ldehyde-  
3-P  reactions.  The exact  values of these constants  could not  be de te rmined  because 
of the dena tu ra t ion  of a -g lycero-P  dehydrogenase  at  ex t reme p H  values.  

DISCUSSION 

Par t i c ipa t ion  of both  d i h y d r o x y a c e t o n e - P  and g lycera ldehyde-3-P  as oxidized 
subs t ra tes  in a -g lycero-P  dehydrogenase  react ion was demons t ra ted .  At  cer tain p H  
values the equi l ibr ium react ion mix ture  of a -g lycero-P  dehydrogenase  contains  both  
triose phosphates  and a-g lycero-P.  

The number  of possible mechanisms is l imi ted  by  the fact t ha t  the D isomer of 
g lycera ldehyde-3-P  is formed from L-a-glycero-P.  The format ion of D-glyceraldehyde-  
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3-P was shown by the effect of glyceraldehyde-3-P dehydrogenase which is specific 
for the D-glyceraldehyde-3-P. 

The conversion of L-a-glycero-P into D-glyceraldehyde-3-P can be supposed to 
take place through the optically inactive dihydroxyacetone-P, or through an optically 
inactive intermediate compound. In the first case the formation of dihydroxya cetone-P 
and D-glyceraldehyde-3-P from L-a-glycero-P is a consecutive reaction, while in the 
second mechanism both triose phosphates can be formed, simultaneously. 

In the consecutive reaction the reaction mixture must definitely contain di- 
hydroxyacetone-P, independently of D-glyceraldehyde-3-P formation during the 
reaction. The results obtained with the dinitrophenylhydrazine test show that  at 
pH 7 a-glycero-P and D-glyceraldehyde-3-P are present in the equilibriulr, mixture 
but no dihydroxyacetone-P is detectable under tim experimental condition:. If only 
D-glyceraldehyde-3-P is formed from the 2 triose phosphates, the first pathway may 
be excluded. 

In the second possible mechanism the existence of an optically inactive inter- 
mediate may be assumed. From the intermediate both dihydroxyacetone-P and 
D-glyceraldehyde-3-P can be produced depending on the conditions: 

H 
/ 

C=O CHOH CH.OH 

H - C - O H  ~ C OH ~ C - O  

I I I 
C H 2 0 - P O s H  2 C H 2 0 - P O a H  ~ CH20-PO3H 2 

D-Glycera ldehyde-3-P  I n t e r m e d i a t e  D i h y d r o x y a c e t o n e - P  

In this mechanism the formation of the 2 triose phosphates is not a consecutive 
reaction, as in the formal case, therefore dihydroxyacetone-P or D-glycerald(hyde-3-P 
can be formed from L-a-glycero-P independently or simultaneously. 

I t  may be assumed that  in addition to triose phosphate isomerase, a-glycero-P 
dehydrogenase takes part  in the physiological regulation of the glyceraldehyde-3-P 
to dihydroxyacetone-P ratio. 
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