
Phytccbcmistry, 1966, Vol. 5. pp. 761 to 765. Pergamon Press Ltd. Printed in England 

ALCOHOL DEHYDROGENASE (ALCOHOL: NAD OXIDO- 
REDUCTASE) FROM THE PEA SEEDLING 

YONEZO SUZUKI 

Dedicated to Professor HANS BURSTR~M in honour of his sixtieth birthday 

Laboratory of Plant Physiology, University of Toyama, Toyama, Japan 

(Received21 December 1965) 

Ab&ract-Alcohol:NAD oxidor&ztase (alcohol dehydrogenase, ADH), was partially purified from pea 
seedlings, and with acetaldehyde gave a Michaelis constant of 4.3 x lo-4 M. Activity was inhibited by p- 
chloromercuriphenylsulphonic acid, phenylmercuric acetate, 0-iodosobenzoate, ferron, and other metal- 
binding agents. Inhibition by thiol reagents was partially prevented by prior incubation with NADH and 
glutathione. Silver, cadmium and cupric ions are strongly inhibitory; zinc is somewhat inhibitory. Cobaltous, 
ferrous, and zinc ions counteract the inhibition by 0-phenanthroline. It is suggested that pea ADH resembles 
the enzyme from the yeast. 

INTRODUCTION 

ALCOHOL dehydrogenase (ADH) has been found in various tissues;’ Stafford and Vennesland 
obtained a preparation from wheat germ which was inhibited by iodoacetate,2 as was the 
preparation from peas. 3 In rice’ and maize5 adaptive formation of this enzyme was found. 
Detailed biochemical studies have been successfully carried out on the alcohol dehydro- 
genases from yeast and liver, l but not with preparations from higher plants. This paper 
deals with a few properties of ADH from pea seedlings. 

General Properties 

RESULTS 

The activity of the enzyme was found to be proportional to its concentration, and a 
Lineweaver-Burk plot gave a Michaelis constant (K,,,) of 4.3 x 1O-4 M with acetaldehyde as 
substrate. The optimal range of pH for this enzyme was found to be 7-O to 7.3, in phosphate 
buffer. 

Inhibition by Thiol Reagents 

pChloromercuriphenylsulphonic acid (PCMPSA), phenylmercuric acetate (PMA), and 
O-iodosobenzoate all inhibited the enzyme (Table 1). Each was much more inhibitory if 
preincubated with the enzyme. If on the other hand the enzyme was preincubated with 
NADH or the substrate before the thiol reagents was added, it was partially protected against 
inhibition. The enzyme which had been inactivated by preincubation with a thiol reagent 

1 H. SW and H. THEORELL., The fizymes (Edited by P. D. BAYER, H. LARDY and K. MYRLWK), Vol. 7, 
p. 25. Academic Press, New York (1963). 

2 H. A. STAFFORD and B. VENNWAND, Arch. Biochem. Biophys. 44,404 (1953). 
’ E. A. Cossr~s and E. R. TURNER, Ann. Botany N.S. 26,591 (1%2). 
4 A. A. APP and A. V. MEISS, Arch. Biochem. Biophys. n, 181(1958). 
5 R. H. HAGEMAN and D. FLEWER, Arch. Bbchem. Biophys. 87,203 (1960). 
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T~tx 1. PIWlWXION BY NADH, ACETALDEHYDE, AND GSH OF THE PEA ADH ACTIVITY AGAINST 
INHIBITION BY THIOL BJZAGENTS 

Percentage inhibition with following order of addition of reagents:* 

r,t I, NADH, A, I, I, GSH, 
NADH, 30 min 30 min 30 min 30 min 30 min 

Thiol reagent A NADH,A I,A NADH,I NADH.A. NADH,A 
(PM) GSH 

PCMPSA 
0.05 : 14 66 45 62 60 26 

PMA 
0.05 : 30 66 38 71 57 24 

0-iodosobenxaate 
500: 20 96 20 71 95 57 

Standard assay conditions were used, except of 0.3 ml of NADH solution. Phosphate bulk was 
used (pH 7-O). Final concentration of GSH was 6.6 x 10-d M. Temp. 25”. 

* I, GSH, and A designate inhibitor, reduced glutathione and acetaldehyde respectively. 30 min 
indicates the time in minutes between addition of reagents. 

t Added together in order shown. 

could not be reactivated by reduced glutathione (GSH). However, preincubation with GSH 
afforded some protection against thiol reagents. 

E$ects of Metal-binding Agents 

The strongest inhibitors were 8-hydroxy-7-iodoquinoline-kulphonic acid (ferron), 
potassium thiocyanate, O-phenanthrohne, sodium azide, sodium sulfide and sodium cyanide 
(Table 2). This suggests the involvement of a metal component in the pea ADH. Salicyl- 
aldoxime, 2,3-dimercaptopropanol (BAL), aa’dipyridyl and sodium diethyldithiocarbamate 
were less inhibitory, and potassium oxalate and disodium ethylenediamine tetraacetate were 

TABLE 2. EFFETE OF METAL-BINDING AGENT?3 ON THE PEA ADH 

Inhibition (%) 
, 

Final With 
concentration Without preincubation 

(mM) preincubation (5 min) 

0-Phenanthroline 
Ferron 
Thiocyallate 
2,3-Dimercaptopropano1 (BAL) 
Salicylaldoxhne 
cvanide 
Axide 
Stilti& 
Ethylenediamine tetraacetate 
aa’-Dipyridyl 
Oxalate 
Diethylditbiocarbamate 

0.5 
0.5 
0.5 
0.5 
1-o 
1.0 
1-o 
1.0 

10.0 
1.0 

10.0 
1.0 

73 

2 
63 
51 
67 

2: 
0 
8 

56 
84 
76 
38 
53 
63 
62 
69 

4 
29 

0 
8 

Standard assay conditions were used. Phosphate buffer (PH 7.0). Temp. 23”. 
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not effective. Preincubation of the enzyme with 0-phenanthroline, sodium sulfide or 
potassium thiocyanate resulted in a significant but not very remarkable increase in the 
inhibitory effect. On the. other hand, ferron was much more inhibitory when it was pre- 
incubated with the enzyme. The inactivation of pea ADH by ferron can be considerably 
reduced by preincubation with NADH, but such treatment is less effective with O-phen- 
anthroline, BAL, and thiocyanate (Table 3). 

TABLE 3. PBUI-ECI-ION BY NADH OF THE PEA 

ADH ACI-MTY AGAINST INHIBITION BY FEBBON 

Agents 
(mM) 

Inhibition (%) 
, , 
4 NADH, 
30 min 30 min 
NADH.A I,A 

Ferron 
0.5 

0-Phenanthroline 
0.5 

BAL 
0.5 

Tbiocyanate 
0.5 

100 33 

50 41 

50 33 

73 66 

Experimental details were similar to those 
described for Table 1. 

Eficts of Inorganic Salts 

Table 4 shows that pea ADH is strongly inhibited by silver, cadmium, and cupric ions. 
It is also sensitive to zinc. Cobaltous, nickel, ferric, magnesium, and calcium ions are far less 
inhibitory for this enzyme. Disodium molybdate and manganous chloride are slightly 
stimulatory. Cobaltous, ferrous, or zinc ions more or less reactivate the enzyme which has 
been inactivated by 10 min of preincubation with 0-phenanthroline, while cupric, ferric, 
calcium, manganous, and molybdate ions show no such action (Table 5). 

DISCUSSION 

The results suggest that pea ADH is probably a metalloprotein. Although the metal 
may be zinc as is the case with ADH from both yeast and liver because the present enzyme 
is inhibited by thiocyanate, cyanide, and 0-phenanthroline, ll 6 this requires further investiga- 
tion. The fact that the enzyme has a thiol group has already been demonstra&L3 and 
confirmed by the present data (Table 1). The protective action of NADH against either a 
thiol reagent or ferron may suggest a certain intimate relation of the NADH with the thiol 
group and/or the metal component in the enzyme. 

The alcohol : NADP oxidoreductase from Leuconostoc mesenteroides, is very sensitive to 
inorganic salts’ and therefore is quite different from yeast ADH. The latter enzyme is more 
strongly inhibited if preincubated with a certain chelating agent,6* IJ but the pea enzyme is 

6 B. L. VALLEE. Advances Protein Chem. 10,317 (1955). 
7 R. D. DeMoss, J. Bucreriai. 68,252 (1954). 
* B. L. VW and F. L. Hock, Proc. Nurf Acad. Sci. 41,327 (1955). 
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TABLE 4. Erracrs OF INOROANIC SALTS 

Final Inhibition (%) 
concentration 5min 

Compounds (mM) preincubation 

AIWA 
also4 
cuc12 
znso, 
znso4 
ZnS04 
cd=12 
NiClr 
MnCl2 
Fe4J3 

MgCl2 
caCl2 

CaC12 
NaCl 
Na2Mo04 
NaF 

0.01 
0.1 
0.01 
1.0 

8:& 
1.0 
1.0 
1.0 
0.1 
1.0 

IO.0 
1.0 

10.0 
1.0 

10.0 

100 
100 
100 
100 

kz 
24 
45 

+6* 
23 
0 

10 
0 
0 

+7* 
0 

l Stimulation. 
Standard assay conditions were used. 

Acetate buffer solution (0.2 M, pH 7.2) was used. 
Temperature was 27”. 

TABLE 5. REACIWA-~ING EFFE~ OF MJITALUC IONS ON THE O- 
PHENANI-HROLINE-INHIB~D PEA ADH 

Addition 

Decrease of 
optical density 

at 340 rnp in 2 min 

None 0.084 
FeS04 0.111 
FeCI3 0.088 
ZnS04 0.112 
Cuc12 0.020 
CaC12 0.078 
MnC12 0.097 
CoCl2 0.113 
Na2Mo04 0.085 
No inhibitor and no metal salts (control) 0.147 

Standard assay conditions were used, except for the following 
conditions; enzyme was preincubated (10 min) with O-phenanthro- 
line at room temperature before the addition of metallic salts. Final 
concentration; 0-phenanthroline was 10-S M, metallic salts were 
3.3 x 10-4 M. Acetate bulkr solution (0.2 M, pH 7.2) was used. 
Temp. 28”. 

little effected by preincubation with 0-phenanthroline, thiocyanate or sulfide; ferron on the 
other hand exerted a stronger inhibitory effect when preincubated with the enzyme. The 
dehydrogenases from both yeast and pea seedling are inhibited by silver, cupric, ferric and 
zinc ions. The enzyme from L. mesenteroides is different for it is stimulated by the chlorides 
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of calcium, magnesium, copper and sodium while the other enzymes are not. It may be 
concluded, therefore, that the ADH from pea seedlings resembles that from yeast more 
closely than that from L. mesenteroides. 

Enzyme Preparation 
EXPERIMENTAL 

The peas (Pisum sativum, Alaska) were placed under running tap water for - 30 hr 9 at 
17”. The “seedlings” produced (130 g) were ground for 5 min in a Waring blender with 
260 g of &cold, O-1 M Na2HP04. The macerate, squeezed through two layers of cotton 
cloth, was centrifuged for 30 min at 4500 revs/mm and the sediment discarded (Fraction 1, 
280 units/mg protein). To each 100 ml of the supernatant was added 2.04 ml of 1 M man- 
ganous chloride solution to produce, after standing overnight, a heavy precipitate which was 
centrifuged offrO (Fraction 2,480 units/mg protein). To each 100 ml of the supernatant was 
added 19.6 g of ammonium sulphate to make it a O-33 % saturated solution. Two to three 
hours’ standing produced a sediment which was discarded (Fraction 3,440 units/mg protein). 
The supernatant was treated again with solid ammonium sulphate to make 0.6 % saturated 
solution. After 3 hr the sediment was collected by centrifugation and was dissolved in 30 ml 
of 0-I M phosphate buffer solution (pH = 7.0) dialysed twice against each 6 1. of I.7 x lop4 M 
phosphate buffer solution of pH, 7.0, and was then free from sulphate and was used in the 
following experiments (Fraction 4, O-65 mg protein/ml, 430 units/mg protein). These 
procedures were followed at temperatures of O-4”. 

Activity 

Each reaction mixture contained 2.0 ml of 0.1 M phosphate or acetate buffer solution, 
O-2 ml of 0.1% NADH solution, O-1 ml of enzyme and 0.1 ml of O-1 M acetaldehyde solution. 
Either with or without inhibitor the mixture was finally made up to 3-O ml. A unit activity 
was defined as that causing O-01 decrease of absorptivity at 340 rnp in the first minute. A 
Hitachi EPU type spectrophotometer was used at room temperature. 

The enzyme protein was determined by the method of Kalckar.” 

Chemicals 

Disodium salt of NADH (98 - 100 per cent in purity), reduced glutathione, and PCMPSA 
were obtained from the Sigma Chemical Co.; 0-iodosobenzoate and BAL were from the 
Nutritional Biochemicals Corps. Acetaldehyde was redistilled before use. This and other 
chemicals were obtained from commercial sources. 

Q J. GOKSOYR, E. B~ERI and R. K. EONNICMFN, Acta Chem. Scud 7,657 (1953). 
10 R. C. BARNEYT. H. A. STAFFORD, E. E. CONN and B. VENNEXAND, Phnr Physiof. 28,115 (1953). 
11 H. M. KALCKAR,J. Biol. Gem. 167,461 (1947). 
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