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ABSTRACT 
 
2-oxoglutarate dehydrogenase complex (OGDC) was purified using 118-fold from 
baker’s yeast (Saccharomyces cerevisiae) after ammonium sulfate fractionation.  
In the course of this work, pyruvte dehydrogenase (PDC) was also copurified 99-
fold. Both complexes catalyzed the specific decarboxylation of the corresponding 
keto acid.  Molecular weights, optimum pH and Km values were determined. It was 
found that PDC catalyzed new reaction to convert oxaloacetate to malonyl-CoA. 
OGDC was so unstable that almost all activity was lost within 90 min at 25°C. Since 
stabilizing activity for OGDC was found and purified from heat-treated yeast 
extract, OGDC could be purified.  
   
 Key words: 2-Oxoglutarate, pyruvate, dehydrogenase, yeast, stabilizer 
purification, property. 

 
 
INTRODUCTION 
 
OGDC and PDC catalyzed the oxidative decarboxylation of 
the corresponding α-keto acid according to the following 
overall reaction: 
 
R-CO-COOH + CoA-SH + NAD+  →  R-CO-S-CoA + CO2 + 
NADH + H+ 

(R = HOOC-CH2-CH2- for OGDC, and CH3- for PDC).  
 
Many studies on both complexes have been reported. They 
were purified from microorganisms (Harding et al., 1982; 
Heckert et al., 1989; Mareck et al., 1986; Kresze and Ronft, 
1981) plants (Randall,1982; Karam and Bishop, 1989; 
Millar et al., 1999) and animals (Pettit and Reed, 1982; 
Furuta et al., 1977).  

In 1966, work started on the purification of OGDC from 
baker’s yeast and soon realized it is very unstable. At first 
OGDC had to be stabilized. Much time was spent in 
stabilizing the enzyme. Fortunately, it was found that the 
enzymes could be purified only if a boiled extract of yeast 
was added to each purification step. This report presents 
our efforts to purify and characterize OGDC and to isolate 
the stabilizer for OGDC from baker’s yeast. In the course of 

this work, it was found that PDC was copurified with 
OGDC. This investigation was presented at the 41st annual 
meeting of Japanese Biochemical Society and published as 
an abstract (Ohmori et al., 1968). 
 
 
MATERIALS AND METHODS 
 
Chemicals 
 
CoA, NAD+, thiamine pyrophosphate, sodium 2-
oxoglutarate, sodium pyruvate, xanthine oxidase and lactate 
dehydrogenase were purchased from Boehringer 
(Mannheim, Germany). 2-Oxoadipic acid was purchased 
from Sigma. Sucrose, enzyme grade ammonium sulfate, 
oxaloacetic acid, cysteine, yeast extract for microbiology 
and all other chemicals used were purchased from E. Merck 
(Darmstadt, Germany). Sodium 3-methyl-2-oxobutyrate, 3-
methyl-2-oxovaleric acid, sodium 2-oxobutyrate and Triton 
X-100 were from Fluka (Buchs, Germany). Sephadex G-100 
and Sepharose 6B and 2B were obtained from Pharmacia 
(Uppsala, Sweden). Dowex 50 × 8 (50 to 100 mesh) and 
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Dowex 1 × 8 (50 to 100 mesh) were purchased from Serva 
(Heidelberg, Germany). The fatty acid synthetase complex 
from yeast was kindly supplied by F. Wieland and H. 
Engeser of the Max Planck Institute for Biochemistry 
(Martinsried, Germany). Fresh baker’s yeast was purchased 
from Scheibe and Schertl KG, (Oberkotzau, Germany).  
 
 
Enzyme assay 
 
The assay buffer contained in a final volume of 1.0 ml: 1 
μmole thiamine pyrophosphate, 0.1 μmole CoA, 3 μmoles 
keto acid (adjusted to pH 7.0), 1 μmole NAD+, 50 μmoles 
cysteine, 2 mg albumin, 18 μg of the stabilizer F5, 75 
μmoles potassium phosphate (pH 7.0) and 3.75 μmoles 
MgCl2. The reaction was initiated by the addition of 10 to 
30 μl of the enzyme-containing solution and followed at 
334 nm with an Eppendorf spectrophotometer at 20°C. One 
unit of enzyme activity was defined as the amount which 
catalyzes the formation of 1 μmole of NADH per min under 
the conditions used. 
 
 
Protein assay 
 
Protein concentration was measured according to 
Beisenherz et al. (1953). 
 
 
Enzyme purification 
 
Cell extract 
 
2 kg of fresh baker’s yeast were suspended in 2.8 L of 0.2 M 
potassium phosphate (pH 7.0) containing 1 mM EDTA and 
homogenized in portions of 300 ml after addition of 280 g 
glass beads (50 to 100 mesh) in a cell homogenizer 
(Merkenschlager et al., 1953) for 1 min at 0 to 5°C. The 
homogenate was centrifuged at 3 × 103 g for 20 min to 
remove the cell debris and glass beads. The supernatant 
(3.16 L) was transferred to a beaker set in an ice bath and 
67 ml Triton X-100 added under stirring. The stirring 
continued for 50 min.  
 
 
Ammonium sulfate fractionation 
 
After the addition of 2.11 L ice-cold saturated ammonium 
sulfate solution containing 1 mM EDTA to the supernatant, 
the mixture was stirred for 15 min and centrifuged at 2.6 × 
10 g for 50 min at 0 to 5°C. The floating lipid layer was 
removed by passing the supernatant through cheesecloth. 
To the 4.74 L of protein solution, 950 ml ice-cold saturated  
ammonium sulfate solution was added and the mixture  
stirred for 15 min in a ice bath. The mixture was 
centrifuged at 2 × 104 g for 1 h at 0 to 5°C. The precipitate 
was dissolved in 400 ml 0.03 M potassium phosphate (pH  

 
 
 
7.0). The solution was either used immediately for further 
purification or stored at -25°C for future use. The stabilizer 
was not added at this step. 
 
 

First calcium phosphate gel adsorption 
 

Calcium phosphate gel was prepared by the method of 
Keilin and Hartree (1938) at a concentration of 2.4%. The 
enzyme solution (250 ml) from the second ammonium 
sulfate precipitation step was added to 740 ml of ice-cold 
calcium phosphate gel.  The mixture was stirred for 5 min 
at 0°C and centrifuged at 3 × 103 g for 5 min at 0 to 5°C. 
The precipitate was stirred at 0°C for 2 min with 800 ml 0.2 
M potassium phosphate (pH 7.0). After a further 
centrifugation at 3 × 103 g for 5 min at 0 to 5°C, the enzyme 
was eluted with 800 ml of a solution composed of 0.1 M 
potassium phosphate (pH 7.0)/saturated ammonium 
sulfate/water, 1/3/6 (v/v/v). The gel was removed  by 
centrifugation at 3 × 103 g for 5 min. Saturated ammonium 
sulfate solution (370 ml) containing 1 mM EDTA was added 
to the eluate. The mixture was stirred at 0°C for 15 min and 
centrifuged at 2.7 × 104 g for 10 min at 0 to 5°C. The 
precipitate was dissolved in 40 ml 0.03 M potassium 
phosphate (pH 7.0). To the steps of gel-adsorption, washing 
and elution 1 ml each of the stabilizer F5 was added.  
 
 

Discontinuous density gradient centrifugation 
 

To make two solutions, 100 or 200 g sucrose was dissolved 
in 25 ml 1 M potassium phosphate (pH 7.0), 100 ml 
saturated ammonium sulfate and 5 ml stabilizer F5. The 
mixtures were adjusted to a final volume of 500 ml with 
water.  14 ml 20% sucrose were carefully layered onto 9 ml 
40% sucrose in a polycarbonate centrifuge tube with cap. 2 
ml portions of the enzyme solution from the calcium 
phosphate gel step were layered onto the 20% sucrose 
layer. The tubes were centrifuged at 0°C and 6.6 × 104 g for 
18 h.  

After centrifugation, two adjoining yellow fluorescent 
bands were detected under ultraviolet light. The solution 
above the bands was slowly aspirated off through a 
capillary tube and discarded. The portion containing the two 
fluorescing bands was carefully collected by aspiration as 
one fraction. To 71 ml of this fraction, an equal volume of 
saturated ammonium sulfate solution along with 1 ml of the 
stabilizer F5 was added. The mixture was stirred for 15 min 
and centrifuged at 3.3 ×104 g for 15 min at 0 to 5°C. The 
precipitate was dissolved in 5 ml 0.03 M potassium 
phosphate (pH 7.0). The enzyme solution could be stored at 
-25°C for one week without any loss of activity if 4 ml 
glycerol was added. 
 
 

Second calcium phosphate gel adsorption 
 
40 ml of the calcium phosphate gel was added to the 
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enzyme solution. The procedure was performed analogous 
to step 3. 
 
 
Linear density gradient centrifugation  
 
Linear gradients of sucrose from 10 to 30% (w/v) were 
prepared in cellulose nitrate tubes. Both the 10 and 30% 
sucrose solutions were prepared in 20% ammonium 
sulfate, 50 mM K2HPO4, 0.4% (v/v) stabilizer F5 and 
adjusted to pH 7.0. 1 ml portions of the enzyme solution 
from step 5 were layered onto the gradients and 
centrifuged in a Spinco SW 27 rotor for 12 h at 2.55 ×104 

rpm at -1°C. After centrifugation, the tubes were examined 
by ultraviolet light. The tubes were punctured at the bottom 
and the fractions of two fluorescent bands collected 
separately. The remaining solution was discarded. 12 ml 
corresponding to the lower and 15 ml corresponding to the 
upper band were obtained from all tubes. An equal volume 
of saturated ammonium sulfate solution was added to the 
fractions and both enzymes harvested as described in step 
4. 
 
 
Determination of the molecular mass 
 
Molecular mass was determined by linear density gradient 
centrifugation in 10 to 30% (w/v) sucrose as previously 
described (Martin and Ames, 1961), Xanthine oxidase 
(from bovine milk, 270 kDa) and yeast fatty acid synthetase 
(2,300 kDa) were used as marker proteins; 0.3 to 0.5 mg of 
the enzymes dissolved in 0.1 ml 0.03 M potassium 
phosphate (pH 7.0) was applied on the linear sucrose 
gradient. The composition of the gradient was the same as 
described in step 6. Centrifugation was performed at -1°C 
at 3 × 104 rpm for 12 h in a Spinco SW 40 rotor. After 
centrifugation, the four fluorescent bands were located with 
ultraviolet light. Twenty fractions were collected and tested 
for enzyme activity and protein concentration. 
 
 
Screening test for stabilizing activity for OGDC 
 
In a 2 ml test tube, a variable volume of stabilizer-
containing solution, 0.05 ml of OGDC-containing solution, 
0.2 ml 1M potassium phosphate (pH 7.0) and water to a 
final volume of 1.0 ml were mixed. After 24 h at 0°C, the 
remaining activity of OGDC was determined. OGDC 
preparation from the discontinuous sucrose gradient of 
step 4 was used for testing the stabilizer activity.  
 
 
Measurement of stabilizing activity and definition of a 
unit of the stabilizing activity 
 
The stabilizing activity was measured as earlier described  
except for incubation at 25°C for 30 min. The measured 

 
 
 
values were divided by the value measured at the starting 
time, leaving the remaining enzyme activity in percentage. 
The remaining activity was plotted as ordinate and the 
amount of sample (ml) as abscissa. The plotted line gave a 
curve which resembles a Michaelis–Menten curve. A 
tangent was drawn to the point without stabilizer. The 
tangent indicates the stabilizing activity. Needless to say, 
when the tangent value is 0, the sample solution had no 
stabilizing activity; in contrast, when the tangent 
approached 90°, the sample solution had high activity. If the 
activity is too high, the measurement was repeated after 
dilution of the sample solution with water. In this case, the 
stabilizing activity was multiplied by the dilution factor. 
Usually, since the stabilizing activity value was too high, the 
value was divided by 1000. The value is defined as one U, 
and its dimension is ml– 1.  
 
 
Purification of the stabilizers of OGDC from baker’s 
yeast 
 
Fractionation of the heat-treated yeast extracts using 
cation and anion exchangers and acetone precipitation 1 
 
Fresh yeast (500 g) in 600 ml water was heated at 100°C 
for 10 min. After cooling to room temperature, it was 
centrifuged at 3.8 × 104 g for 15 min. The supernatant (F1) 
was fractionated into cationic, anionic, uncharged and 
amphoteric groups of compounds by column 
chromatography using Dowex 50 (H⁺) and Dowex 1 (OH⁻) 
(Figure 1).  

The supernatant (F1) was at first applied to a column of 
Dowex 50 (H⁺) [3.8 cm × 29 cm] and the column washed 
with 1 L of water. The column flow-through and the wash 
eluate were passed through a column of Dowex 1 (OH⁻) 
[5.2 cm × 12.5 cm].  

The column was washed with 1 L of water. The column 
flow-through and the wash were combined and 
concentrated to 200 ml by evaporation under reduced 
pressure.  

The concentrate (F3) was dialyzed against 50 L water for 
2 days. 1 L of the dialyzable part was concentrated to 10 ml 
by evaporation under reduced pressure (F6).  

The non-dialyzable part (F5) was centrifuged at 2.4 × 104 

g for 20 min. The supernatant (F7) and precipitate were 
obtained. The precipitate was suspended in 17 ml water 
(F8).  

The Dowex 1 column onto which the flow-through 
fraction from the Dowex 50 column had been applied was 
eluted with 1 L of 1 M HCl. The eluate was evaporated to 
dryness under reduced pressure.  

The residue was dissolved in a minimum amount of 
water and evaporated again. This procedure was repeated 
twice. The residue was finally dissolved in 50 ml water and 
the solution neutralized with 1 M ammonia (F4).  

The Dowex 50 column used in the first step was eluted 
with 1 L of 2 M ammonia, followed by 0.5 L water. The  
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Figure 1. Fractionation of the stabilizer of OGDC from heat-treated yeast extract by ion-exchangers and dialysis. 

 
 
 
eluates and washing were combined and concentrated to 
about 200 ml by evaporation in vacuo. The concentrate was 
applied to a Dowex 1 (OH⁻) column (5.2 cm × 12.5 cm) and 
the column washed and eluted analogous to the Dowex 1 
column chromatography as earlier described to obtain F3 

and F4. Non-adsorbed (F16) and adsorbed fractions (F17) 
were thus obtained. F16 was dialyzed as described in the 
step to obtain F5 and F6. Thus, non-dialyzable (F18) and 
dialyzable fractions (F19) were obtained. F18 was 
centrifuged at 2.4 × 104 g for 20 min. The precipitate was 
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Table 1. Purification of OGDC and PDC from Baker’s Yeast 

 

Steps       Volume (ml) Protein (Mg) Specific activity (U/mg) Yield (%) 

Crude extract 1,215 29,260 
0.0048*  

--  

 

Ammonium sulfate 250 11,150 
0.07 100 

0.115 100 

 

First calcium phosphate gel 49 1,833 
0.30 69 

0.52 74 

 

Discontinuous density gradient 20 302 
1.14 43 

1.10 25 

 

Second calcium phosphate gel 6 96.6 
1.83 22 

1.58 12 

 

Linear density gradient 
2        10 8.27 11 

1.5       7.2 11.4 6 
 

The upper values are for OGDC and the lower for PDC which started from 770 g wet weight baker’s yeast. *The value was 

determined by 2,4-dinitrophenylhydrazone method (Friedemann and Haugen, 1943). 

 
 
 
suspended in 9 ml water (F21). The supernatant (135 ml) 
was added to two times the volume of acetone. After 
incubation for 10 min at 0°C, the mixture was centrifuged 
at 3.0 × 104 g for 1 h. The precipitate was suspended in 65 
ml water (F22). The supernatant was concentrated to 28 
ml by evaporation under reduced pressure and 84 ml 
acetone added. The mixture was centrifuged as earlier 
described and the supernatant evaporated to dryness and 
suspended in 30 ml water (F23). The precipitate was 
suspended in 27 ml water (F24).  
 
 
Purification of the stabilizer by gel filtration 2 
 
50 ml of the 138 ml of F5 was applied to a Sepharose 2B 
column (5.5 cm × 55 cm) which was eluted with water at 
30 ml per hour. The fractions were 21 ml each. 
 
 
The stabilizing activity in sub-cellular fractions of yeast: 
 
Three sub-cellular fractions; the mitochondrial fraction, the 
heavier and lighter than the mitochondria were prepared 
from cultivated baker’s yeast (17 g, wet weight) (Ohnishi et 
al., 1966; Allfrey, 1959). They were suspended in three 
volumes of water, heated at 100°C for 10 min and 
centrifuged at 3 103 × g for 15 min. The supernatants were 
dialyzed against 4 L of water at 4°C for 24 h. Undialyzable 
parts from the three fractions were evaporated to dryness 
and dissolved in 2, 15 and 15 ml 10 mM potassium 
phosphate (pH 7.0), respectively.  

Cell wall fractions of yeast, yeast glucan and mannan 
were isolated according to Northcote and Horne (1952) 
and Roelofsen (1953).  

Treatment of the stabilizers with HCl  
 
Aliquots (0.5 ml) from the 33.5 ml of F8 and from the 65 ml 
of F24 were heated in 45 mM HCl at 100 °C for 15, 30, 60, 
120 and 180 min in sealed tubes respectively. The samples 
were evaporated to dryness under reduced pressure and 
residues dissolved in a minimum amount of water and 
evaporated again to remove HCl. This procedure was 
repeated thrice. The residues were dissolved in 1 ml 0.1 M 
potassium phosphate (pH 7.0). The solution was adjusted 
to pH 7 by adding solid NaHCO3. 
 
 
RESULTS 
 
Enzyme purification 
 
Table 1 summarizes the purification of OGDC and PDC from 
baker’s yeast. The overall purification of the procedure 
described here was 118 and 99-fold, respectively, based on 
the activity after ammonium sulfate fraction (step 2). Other 
variations in the purification procedure that were 
attempted include the following: 1) Fractional precipitation 
by pH change. The enzyme solution of the ammonium 
sulfate precipitation at step 2 was adjusted to pH 5.4 with 
1.5 M acetic acid. The activity was found in the supernatant. 
The activity recovery was 30% and specific activity did not 
increase; 2) Purification by heat treatment of the enzyme at 
step 2 was unsuccessful because the enzyme activity was 
not detectable after incubation at 60°C for 10 min; 3) When 
acetone was added to the crude extract at step 1 (10%, v/v), 
the activity was found in the supernatant. The recovery of 
the activity and the specific activity of the enzyme were half 
that in the starting extract; 4) When the crude extract was 
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Figure 2. pH Dependence of the enzymatic activity. The enzyme from the step 6 (50μl), 50μl of the 20-fold diluted stabilizer F5, 0.5 ml 0.1 

M buffer containing 5 mM MgCl₂ and 0.4 ml water were mixed in a 3 ml test tube. The buffers used were as follows: pH 4.5 and 5.0; 

acetate (open triangle), 5.5 and 6.0; citrate (open star), 6.55 to 7.65; potassium phosphate (closed square), 8.02 to 8.89; Tris-HCl (open 

circle), 9.08 to 10.45; glycine-KOH (closed star). The assay method is described in Materials and Methods. The upper curve represents the 

PDC activity and the lower curve represents OGDC activity. 

 
 
 
treated with protamine sulfate, a precipitate was formed. 
On eluating the precipitate by potassium phosphate buffer 
(pH 7.0), barely detectable activity was found; 5) Gel 
filtration with Sephadex G 200 and Sepharose 4B produced 
satisfactory results. When employed at step 4, the 
purification was 2-fold for both types of column materials. 
The yield for Sephadex was 85%, while that for Sepharose 
was 58%. Gel filtration has the disadvantages that the 

preparation applied had to be purified to some extent; the 
amount of sample that can be applied is small, and the 
method is time-consuming.  
 
 
Biochemical properties of OGDC and PDC 
 
The pH dependence of the enzyme activities is shown in 
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Table 2. Km Values of OGDC and PDC. 

 

Substrates OGDC       PDC          

Keto acids 2.15 × 10-3 1.78 × 10-4 

NAD⁺ 1.03 × 10-4 1.33× 10-4 

CoA 1.00× 10-5 1.55× 10-5 
 

The reaction rate was measured by the method described in “Enzyme Assay”. 

 
 

Table 3. Substrate specificity. 

 

Enzyme substrates PDC (%) OGDC (%) 

Pyruvate 100 0 

2-Oxobutyrate 13.3 0 

3-Methyl-2-oxobutyrate 0 0 

4-Methyl-2-oxovalerate 0 0 

3-Methyl-2-oxovalerate 0 0 

Oxaloacetate 10.7 0.7 

2-Oxoglutarate 0 100 

2-Oxoadipate 0 5.9 

Glyoxalate 0 0 
 

Relative reaction rates of various substances when used as substrates. Based on rate 

obtained when pyruvate is used as the substrate.  

 
 
 
Figure 2. Repeated experiments confirmed the presence of 
two pH optima for each enzyme complex. The Km values of 
both enzyme complexes are summarized in Table 2. Table 3 
shows the substrate specificity. Both enzymes showed high 
substrate specificity. Interestingly, PDC also used 
oxaloacetate as a substrate to form malonyl-CoA. Since at 
that time, it was possible that commercial sources of 
oxaloacetate contained pyruvate formed by self-
decomposition, we confirmed that the product was free of 
pyruvate using a lactate dehydrogenase-based test.  
 
 
Determination of the molecular mass of OGDC and PDC 
 
After centrifugation of the four flavin-containing enzymes 
in a linear density gradient, xanthine oxidase was found in 
the uppermost, OGDC in the upper middle, fatty acid 
synthetase in the lower middle and PDC in the lowest 
fluorescing band. Fatty acid synthetase fluoresced orange; 
the others fluoresced yellow in ultraviolet light. From these 
results, the molecular masses of OGDC and PDC were 
calculated as (1.65 ± 0.06) × 106 and (3.14 ± 0.15) × 106, 
respectively. Kresze and Ronft (1981) reported a molecular 
mass of 8 to 9 × 106 for baker’s yeast PDC that was based 
on the sedimentation coefficient. OGDC is spherical with a 
diameter of 30 to 35 nm as shown by electron microscopy  
(data not shown). 
 
 
Stability of OGDC 
 
Figure 3 shows the stability of OGDC at 0 in the phosphate 
buffer. At 25°C almost all of the enzyme activity was lost 

within 90 min. The stability of PDC was not investigated. 
 
 
Screening for stabilizing activity for OGDC 
 
As shown in Table 4, OGDC was stabilized to some extent in 
neutral salt solutions of high ionic strength and in glycerol. 
The heated-treated yeast extract had the highest stabilizing 
activity and was even increased in the presence of 
ammonium sulfate. Commercially available yeast extract, 
however, did not show any stabilizing activity. The following 
substances did not show stabilizing activity (data not 
shown): polysaccharides (glycogen, chitin, starch, yeast 
glucan, yeast mannan), enzyme substrates (CoA, 2-
oxoglutarate, thiamine pyrophosphate), other substances 
(EDTA, nucleotides, nucleosides, spermine, spermidine, 
members of TCA cycle, amino acids, serum albumin, 
reduced glutathione, mercaptoethanol) and divalent 
metallic ions (Mg++, Ca++). 
 
 
Fractionation of stabilizer from the heat-treated yeast 
extract 
 
The heat-treated yeast extract was separated into different 
groups of substances according to their adsorption to ion 
exchangers. These fractions were separated into high and 
low molecular weight groups by dialysis. Additionally, they 
were separated according to their solubility in 
acetone/water mixtures. Figure 1 is a schematic 
representation of this separation procedure. Table 5 shows 
the stabilizing activity of the different fractions from the 
yeast heat-extract. The table shows that there are at least 
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Figure 3. Stability of OGDC at 0℃ and 25°C. In two test tubes, 0.05 ml enzyme solution from the step 4 of the purification 

procedure was diluted with 0.95 ml 0.1 M potassium phosphate (pH 7.0), which resulted in a protein concentration of 0.14 mg/ml. 

The tubes were allowed to stand at 0°C (―●―) and 50°C  (― ○ ―), respectively. At the appropriate times, a 50 μl aliquot was 

removed and the activity was assayed. The enzyme solution from the step 4 contained 53% glycerol and did not contain stabilizer. 

 
 

Table 4. Stability of OGDC in solutions of various compounds. 

 

Additions Concentration (M) Remaining enzyme activity (%) 

(NH₄)₂SO₄ 1.2 33 

Na₂SO₄ 1.2 28 

CH₃COONH₄ 2.5 11 

NaCl 2.5 0 

K phosphate (pH 7.0) 1.2 37 

Glycerol 30% v/v 40 

Heat-treated yeast extract, F1 4.1 mg/ml 65 

(NH₄)₂SO₄ + heat-treated yeast extract, F1 1.2 (4.1 mg/ml) 94 

none - 0 
 

The remaining OGDC activity was measured after 24 h at 0 °C. The enzyme used was the preparation before or after or 

obtained from step 4. 

 
 
 
two kinds of stabilizers and F8, F21 and F24 had the high 
specific activities. They were purified 41, 44 and 45-fold, 
respectively, from the yeast extract. F21 and F24 probably 
contained similar compounds because of the characteristics 
of those fractions. F8 and F24 together retained 73% of the 
original stabilizing activity (F1). 

Chromatography of the uncharged high molecular 
weight fraction (F5) 
 
When F5 was applied to a Sepharose 2B column, the main 
peak of stabilizing activity appeared between fraction 
numbers 10 and 13 (from 123 to 177 ml). Besides this 
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Table 5. Distribution of the stabilizing activity after fractionation of the heat-treated yeast extract.  

 

Fraction no. 
Chemical characteristics of the 

fraction (class of compounds)  
Activity (U/ml) Total activity (U) Specific activity (U/mg) Yield (%) 

1 Supernatant of yeast extract 9.6 6720 0.26 100 

4 Anionic (fatty acid) 0 0 0 0 

5 
Uncharged macromolecules  (e.g., 

glycogen) 
11.0 2629 2.06 39.1 

6 
Uncharged, low MW molecules (e.g., 

mono and disaccharides) 
0 0 0 0 

8 Precipitate from F5 141.6 2407 10.6 35.8 

17 Amphoteric (e.g., amino acids) 0 0 0 0 

18 
Cationic macromolecules (e.g., 

chitosan) 
27.6 2484 6.09 37.0 

19 
Cationic low MW molecules (e.g., 

amines, polyamines) 
0 0 0 0 

21 Precipitate from F18 15.8 78.5 11.5 1.17 

22 
Cationic macromolecules, insoluble in 

water-acetone (1:2,v/v) 
9.8 322 4.69 4.8 

23 
Cationic macromolecules, soluble in 

water-acetone (1:3, v/v) 
6.8 109 3.52 1.62 

24 
Cationic macromolecules, insoluble in 

water-acetone (1:3 v/v) 
177 2478 11.6 36.9 

 
 
 
peak, three broad, low peaks with stabilizing activity 
appeared at fraction numbers 18, 31 and 41. The turbidity 
curve (A578 nm) of the eluate paralleled that of the activity 
curve. The fractions from 5 to 15, 16 to 30, and 31 to 43 
were pooled and concentrated to dryness. The specific 
activity of the leading, the middle, and the tailing edge of the 
pooled peak was 6.13, 1.46, and 0.63 U/mg, respectively. 
When the non-dialyzable fraction, F18, was applied to a 
Sepharose 2B or 6B column, the activity could not be eluted 
by 0.2 M NaCl or 1 M sucrose. The solubility in one ml 
water at 0°C was 4.1 mg for F8 and 7.9 mg for F24. 
Substances with high stabilizing activity for baker’s yeast 
OGDC in Penicillium patulum using the same isolation 
method were also found.  
 
Distribution of the stabilizer in the yeast cell 
 
Yeast cells were separated into three fractions: a 
mitochondrial fraction, heavier fraction than the 
mitochondria, and a combined microsomal and cytoplasmic 
fraction. After boiling at 100°C for 10 min, they were 
centrifuged and dialyzed. The total activity was found 
mainly in microsomal and cytoplasmic fraction.  
 
 
Treatment of the stabilizer with HCl 
 
F8 and F 24 were kept in 45 mM HCl at 100 °C for definite 
time intervals. As shown in Figure 4, both fractions lost 
almost half of their activity within half an hour. For 
reference, it is known amylose, amylopectin and glycogen 
were hydrolyzed half within half an hour at 100°C in 0.75 
M H2SO4. Banks et al. (1973). F24 was more resistant 

against dilute HCl than F 8. Both stabilizers retained their 
activity in 0.33 M HCl or in 0.33 M ammonia at room 
temperature for 20 h. They completely lost their stabilizing 
activity in 0.1 M HCl or 0.1 M NaOH at 100°C within 6 h. 
 
 
Color reactions of the stabilizers 
 
The stabilizers showed a strong red-purple color in 
Molisch’s test for sugars (hexose or pentose): F24 had a 
sharp absorbance maximum at 570 nm and F 8 had a sharp 
maximum at 566 nm. Sugars from monosaccharide to 
polysaccharide containing hexose or pentose showed red 
color when heated under acidic condition.  
 
DISCUSSION  
 
The initial aim was not to purify PDC from baker’s yeast, 
but rather OGDC. During our work to purify OGDC, it was 
realized that PDC was copurified through many steps. It is 
likely that these related enzyme complexes from yeast also 
have similar surface structures and physical characteristics.  
It was found that both PDC and OGDC have two pH optima 
each. The occurrence of the two optima can be explained by 
the fact that each complex consists of decarboxylase (E1), 
dihydrolipoamide succinyl-/acetyl-transferase (E2) and 
dihydrolipoamide dehydrogenase (E3). A new reaction in 
which oxaloacetate was converted to malonyl-CoA is hereby 
discussed. When glucose was converted to long chain fatty 
acids, glucose was first converted to pyruvate, which passes 
into mitochondria and is converted to acetyl-CoA by PDC. 
Acetyl-CoA was condensed with oxaloacetate to form citrate 
within mitochondria. Citrate allowed free passage through 
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Figure 4. Remaining activity of two stabiliers of OGDC after treatment with 45 mM HCl at 100 ℃ after different periods of 

times. F 24; ●―●―●―, F8; ○―○―○― 

 
 
 
the mitochondrial membrane and undergoes cleavage to 
acetyl-CoA in the cytosol. Acetyl-CoA is then carboxylated by 
acetyl-CoA carboxylase to form malonyl-CoA. Needless to 
say, malonyl-CoA thus formed is a building block for long 
chain fatty acids and other lipids in the cytosol. PDC 
catalyzes also a direct-conversion of oxaloacetate to 
malonyl-CoA, generating NADH (Table 3). This reaction is 
catalyzed by PDC at about 10% of the rate of the usual 
reaction producing acetyl-CoA. Pyruvate carboxylase 
converts pyruvate to oxaloacetate in the presence of ATP in 
mitochondria.  

PDC is well known to be regulated through covalent 
modification by two kinases and two phosphatases (Gey et 
al., 2008) and through allosteric regulation by acetyl-CoA as 
a negative effector. The formation of malonyl-CoA, in any 
event must be controlled by PDC. This is a brief story about 
the metabolism of pyruvate in mitochondria.  However, no 
stage on which malonyl-CoA can play was found. The exact 
biochemical significance of malonyl-CoA, the product of the 

newly discovered reaction in mitochondria, remains to be 
explained.  

The purification of OGDC was only possible in the 
presence of the stabilizer. A summary of this discovery and 
of the purification of the stabilizers from baker’s yeast have 
been previously reported (Ohmori, 1976).  

The reason for the instability of the OGDC preparation is 
not yet known. Two possible explanations for the effect of 
the stabilizer are: First, one or more proteases may have 
copurified with OGDC and the stabilizers could have 
functioned as protease inhibitors. It was found that the 
activity loss of the enzyme in the early stages of purification 
was more rapid than that at relatively purified stages. 
Ferguson et al. (1973) isolated an inhibitor of the 
tryptophan-synthase-inactivating enzyme from baker’s 
yeast. The stabilizer could be inactivated with pronase or 
trypsin. Matern et al. (1974) isolated an inhibitor of 
carboxypeptidase Y inhibitor also from baker’s yeast. The 
inhibitor could be inactivated by the yeast proteinases A 
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and B. At about the same time, Betz et al. (1974) purified 
two inhibitors of proteinase B from baker’s yeast. All of 
these inhibitors are proteins. It should be noted that the 
stabilizers presented here must be polysaccharides. 

Secondly, OGDC and PDC consist of three subunits that 
have roles in decarboxylation, NAD reduction, and 
thioesterification. Gey et al. (2008) reported the regulatory 
effect of two kinases and two phosphatases on the enzyme 
activity of yeast PDC. There may be the regions of protein-
protein contact. The respective areas of OGDC could be 
stabilized by the stabilizers in a chaperone-like action. The 
physiological significance of the stabilizer in yeast cell is 
not fully understood even now. Since the purpose of our 
work was to purify OGDC from baker’s yeast, we did not 
perform experiments to determine whether PDC was 
stabilized by heat-treated baker’s yeast extract. The 
stabilizer is regarded as polysaccharide on the basis of 
chemical property; 1) heat-stable, 2) hydrolysable 
(polysaccharide) 3) non-dialyzable 4) Molisch’s reaction-
positive.   
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