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Abauact-Potato tubers are shown to contain at least 3 alcohol dehydrogenases, one active with NAD and 
aliphatic alcohols, one active with NADP and terpene alcohols and one active with NADP and aromatic 
alcohols. The purification of the aliphatic alcohol dehydrogenase is described and its activity with a wide 
range of substrates is reported. On the basis of substrate specificity, the enzyme is shown to resemble yeast 
alcohol dehydrogenase rather than liver alcohol dehydrogenase. The enzyme shows high activity with and 
high affinity for ethanol, activity and affinity decline as the chain length is increased from ethanol to butanol. 
but a further increase in chain length leads to increased affinity for the alcohol. The physiological significance 
of the results is briefly discussed. 

INTRODUCTION 

A NUMBER of studies have indicated that alcohol dehydrogenases from higher plants have 
broad substrate specificity. Cossins et uL’*~ report that alcohol dehydrogenase from pea 
seedlings is active with primary, secondary and even tertiary aliphatic alcohols. Since tertiary 
alcohols do not possess an a-hydrogen atom which can be donated to NAD, it is dithcult 
to see how a tertiary alcohol could act as a substrate. Duffus reports that the enzyme from 
barley is active with a number of primary alcohols but inactive with secondary alcohols. 
Specificity for the cofactor also appears to vary from species to species thus pea alcohol 
dehydrogenase is specific for NAD2n4 whilst the barley embryo alcohol dehydrogenase is 
active with either NAD or NADP.3 A further problem of specificity relates to the oxidation 
of terpene alcohols. Thus liver alcohol dehydrogenase oxidises ethanol, geraniol and 
farnesol using NAD as a cofactor,s*6 yeast alcohol dehydrogenase does not oxidize ter- 
penols, whilst an enzyme from oranges, which oxidizes geraniol using NAD as a cofactor, 
is inactive with ethanol.’ Extracts from peppermint catalyse the reduction of pulegone with 
NADPH rather than NADH.* 

The stereospecificity of NAD and NADP reduction by various preparations of alcohol 
dehydrogenase have indicated that liver and yeast alcohol dehydrogenase transfer hydrogen 
from aliphatic and aromatic alcohols to the A side of the nicotinamide ring.9-12 On the 
’ E. A. C&SINS and E. R. TURNER. Ann. Bot. 26, 591 (1962). 
2 E. A. Ccasms, L. C. KOPALA, B. BLAWACKY and A. M. SPRONK, Phytochem. 7, 1125 (1968). 
3 J. H. DUFFUS, Phytochem. 7, 1135 (1968). 
l C. E. ERIKSSON, Acta Gem. Scand. 21,304 (1967). 
S G. R. WALLER. Nature. Land. 207. 1389 (1965). 
6 J. CHRISIDPHE and G. J. P~PJAK, Lipid Res. 2, 244 (1961). 
’ V. H. Porrv and J. H. BRUEMMER. Phytochem. 9, 1003 (1970). 
B J. BAT-MILE, A. 1. Bu~aorr and W. D. LOOMIS. Phytocochem. 7, 1159 (1969). 
9 F. H. WFZYIHEIMER, H. F. FISHER, E. E. CONN and B. VENNESLAND, J. Am. Gem. SC. 742402 (1951). 

lo H. F. FLYHER, E. E. C~NN, B. VENNEALAND and F. H. WFSTHJ?.~MLX, J. Viol. Chem. ZJ2,687 (1953). 
I1 J. W. CORNFORTH, G. RYBACK, G. POPJAK, C. D~NNINGER and G. SCHROEPFER, JR., Bidurn. Biophys. 

Res. Commun. 9, 371 (1962). 
I2 K. DALZIEL and F. M. DICKINSON, Biochem. J. 9!F, 311 (1965). 
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other hand enzymes have been isolated from liver13 and from Curwlaria falcata14 which 
are active with aromatic substrates and in which hydrogen transfer is specific for the B 
side of NADP. 

In this paper we report the separation of aliphatic and aromatic alcohol dehydrogenases 
from extracts of potato tubers and describe the properties of the aliphatic alcohol dehydro- 
genase with particular reference to substrate specificity and stereospecificity. 

RESULTS 

Purification and Properties of Potato Aliphatic Alcohol Dehydrogenases 

The results of the purxcation procedure given in the experimental section are presented 
in Table 1. It can be seen that nearly 90-fold purification was acheived. During initial 
attempts to purify the enzyme, activity was rapidly lost on standing. Preparations were 
stabilized by including mercaptoethanol (5 mh4) in all buffers and by including sucrose 
(2.5 g/IO ml) in the final preparation. Such preparations lost little activity over periods of 
34 weeks. 

Fraction 

Activity with 
aataldehyde 

activity Ratio 
Volume 

Protein (Z’ 
specilk Pllrifica- Activity with 

(mu (mg/ml) activity tion bemaldehyde 

Extract loo0 * o-7 O-194 2.3 
O-35 % (NH&so* 50 2.: 0.7 O-031 0 2-O 
35-50 % O’JH4IIsoI : 15.3 7-l 0465 2.4 10-O 
50-60% mH4)1~4 4.3 l-7 0.394 5.3 
35-50 % @JH*),SG* 
after dialysis for 16 hr 70 2.6 7.5 
DEAE peak fraction (I) 4 88 83-O 

Run 3. The units of activity and details of the purification are givem in experimmtal. 

During the purification, the activity of the fractions with various substrates was exam- 
ined. Some of these results are shown in Table 1 and Fig. 1. The data from Table 1 indi- 
cates that separate enzymes are responsible for activity with aliphatic and aromatic 
aldehydes. The results in Fig. 1 suggest the presence of at least 3 alcohol dehydrogenases 
with overlapping specificity towards aliphatic and aromatic substrates.ls The experiments 
reported in this paper are concerned with the properties of the aliphatic alcohol dehydro- 
genase represented by peak I (Fig. 1). Only the early fractions were combined to ensure 
that the enzyme was free from activity against aromatic alcohols. 

SpeciJicity of Aiiphatic Alcohol Dehydrogenates for Nicotinamide Adenine Dinucleotides 

The most highly purified fractions of the aliphatic alcohol dehydrogenase showed 
activity with NAD and NADP, though the activity with NADP was less than 5 % of that 
observed with NAD. The results shown in Fig. 1 suggest the possibility that the activity 

I3 H. W. CULP and R. E. MCMAHON, J. Biol. Chem. 243,848 (1968). 
** V. Pam, Pure Appl. Chem. 9, 119 (1964). 
I5 D. D. DAVIES, E. N. UGOCHUKWU, K. D. PATIL and G. H. N. Towms, Phytochem. 12, 53 (1973). 
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with NADP may represent contamination of the NAD specific enzyme with a NADP 
specific enzyme, which is eluted from the DEAE-cellulose, slightly ahead of the NAD 
aliphatic alcohol dehydrogenase. The kinetic constants for NAD in the presence of ethanol 
and butanol and for NADH in the presence of acetaldehyde and n-o&anal are shown in 
Table 2. 

A Activity with citral and NADH 

c Activity with citral and NADPH 

130 140 150 160 

. Activity with acetaldehyde and 
NADH 

o Activity with acetaldehyde and 
NADPH 

n Activity with benzaldehyde and 
NADH 

fl Activity with benzaldehyde and 

Fraction No. Fraction No. 

FIG. 1. h%RATI~N OF ALCOHOL DEHYDROOENASB OF POTATU TUBf3tS BY ION EXCHANOE CHROhfATOG- 

RAPHY ON A COLUMN OF DE.AE-cBLLuLQBB. 

Run 5. For experimental details see the text. Note. The scale of activity with acetaldehyde + NADH 
is 10 X the scale for other activities. 

Stereospecificity of Nicotinamidk A&nine Dinucleotide Reduction by Potato Aliphatic 
Alcohol Dehydrogenase 

The methods employed in the determination of stereospecificity were those described 
by Davies et a1.16 The potato enzyme was incubated with acetaldehyde and [3H]-NADH, 
the tritium being present in the B position. When the reaction had reached completion, 
the NAD was isolated and its radioactivity measured. The results shown in Table 3 estab- 
lished that, like alcohol dehydrogenase from yeast, 10 liver, and wheat germ,” potato 

TABLE 2. KINETICCONSTANTS FOR NADwnw El’HAlWl. AND BIJTANOL AS -T-ES AND FOR NADH WITH 
ACEULDEHYDEANDCKXANALM!WBSTRATE+ 

Nucleo- Constant 
tide buffer substrate 

NAD 8.4 Ethanol 
(5 mM) 

NAD 8.4 n-Butanol 
(5 mM) 

NUCICO- :Y constant 
tide buffer substrate ‘5; v#fu 

NADH 7.4 Acetaldehyde 2.8 O-57 
(6 mM) 

NADH 7.4 Octanal 1.2 0.021 
(O-5 mM) 

l In Tris buffer O-05 M. 

I6 D. D. DAWES, A. TEIXEI~A and P. K~NW~~UHY. B&&n. J. 127,335 (1972). 
*’ H. R. LEW and B. VENNISUND, J. Biol. Chem. 228,85 (1957). 
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alcohol dehydrogenase is A specific. The purilied enzyme also catalyses the reduction of 
cinnamaldehyde by NADH and the results shown in Table 3 demonstrage that with this 
substrate also the enzyme is A specific. This finding should be contrasted with the demon- 
stration that the aromatic aldehyde reductase of rabbit kidney cortex13 and the alcohol 
dehydrogenase from Curcalaria falcata, l4 both show specificity for the B side of the nico- 
tinamide ring. 

TAB= 3. Sm PECIFICKY OF NAD-LINKED ALIPHA~C ALCOHOL DEHYDROGENASE OF POTATO TUBERS 

Radioactivity in Recovery of 
B position of radioactivity 
[3H] NADH in NAD 

Substrate (cm) (%I Stereospecificity 

Acetaldehyde 
Cinnamaldehyde 

127000 82 A 
625 000 76 A 

For experimental details see the text. 

Substrate Specificity of Aliphatic Alcohol Dehydrogenase 

The relative insolubility of higher alcohols and particularly higher aldehydes necessitates 
the use of a solvent in enzyme assays but we found none that was entirely satisfactory. 
Methanol, which is a very poor substrate for alcohol dehydrogenase, has been used by some 
previous investigators’ but, as expected, proved to be an inhibitor of the potato enzyme 
with n-pentanol or the aldehyde as substrates. The inhibition was complex, varying from 
apparent competitive to non-competitive and it is difficult to place confidence in kinetic 
constants determined in the presence of methanol. Tris buffers have been used by some 
previous investigators of alcohol dehydrogenase, 7~18-24 however, Tris is a trihydric alcohol 
and thus a potential substrate. Mahler25 has reported that Tris is a substrate for liver alcohol 
dehydrogenase and competes with ethanol for active sites on the enzyme. Consequently 
we have examined the effect of Tris on the potato aliphatic alcohol dehydrogenase. Tris 
does not serve as a substrate nor does it inhibit the enzyme when either ethanol or propanol 
is used as substrate. However, Tris does react with aldehydes2(j and its use with substrates 
containing a reactive carbonyl group should be questioned. In addition to its use in the 
assay of alcohol dehydrogenase, Tris has been used in the assay of aldehyde reductase27*28 
and it appears to be a suitable buffer provided that the reaction is initiated by the addition 
of the aldehyde substrate. Kinetic constants for various aldehydes and ketones are presented 
in Table 4. The kinetic constants for various alcohols are presented in Table 5. A very wide 
range of other compounds has also been examined for activity with the enzyme. We draw 

I8 K. B. JA~LWN, J. B. MURPHY, J. A. KNOPP and J. R. ORTIZ, Arch. Biochem. Biophys. 149, 22 (1972). 
l9 H. A. STAAFFORD and B. VENNESIAND, Arch. B&hem. Biophys. 44,404 (1953). 
2o K. EBISUZAKI and E. S. G. BARRON, Arch. Biochem. Biophys. 69, 555 (1957). 
*’ J. VAN EYS and N. 0. KAPLAN, J. Am. Chem. Sot. 79,2782 (1957). 
22 B. M. ANDERWN and N. 0. KAPLAN, J. Biol. Chem. 234, 1226 (1959). 
z3 N. 0. KAPLAN, H. M. CIOTII and F. E. ST~LZENBACH. J. Biol. Chem. 221,833 (1956). 
14 R. D. DE Moss, J. Bacteriof. 68, 252 (1954). 
tS H. R. MAHLER, Am. N. I’. Acad. Sci. 92,426 (1961). 
26 P. F. DUGGAN, D. M. X. DONNELLY and D. P. MELODY, Irish J. Med. Sci. 460, 163 (1964). 
17 S. BLACK, Arch. Biochem. Biophys. 34, 86 (1951). 
2o R. M. BURTON and E. R. STADTMAN, J. Biof. Chem. 202,873 (1953). 
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attention to the following findings: (a) secondary alcohols are poor substrates ; (b) activity 
with ketones is low-thus the activity with butane-Zone is only 0.5 % of the activity with 
acetaldehyde; (c) the preparation is more active with ally1 alcohol than with ethanol, but 
shows less activity with propargyl alcohol; and (d) rr~s4hydroxyproline acts as a sub- 
strate. 

Aldehyde or 
ketone (I%) 

V 
rdat% to 

acetaldehyde 
Aldehyde or 

ketone 

Tris at 0.25 M 
Acetaldehyde 
Propionaldehyde 
Butyraldehyde 
Pentaldehyde 
2-Methylbutyraldehyde 
Butan-2-one 

1.7 
2.5 

10-O 
1.6 

13.3 
21 

1.0 
O-6 
0.12 
0.52 
0.025 
0033 

Tris at 0.05 M 
Formaldehyde 
Acetaldehyde 
Propionaldehyde 
Butyraldehyde 
Pentaldehyde 

3.3 0.25 
0.8 1.0 
2.3 0.2 
5.0 Oxl2 
2.0 044 

Conditions of assay: Tris buffer pH 7.4.0.25 M or O-05 M as indicated, NADH (@4 m8) concentration 
of carbonyl compound varied and enzyme in a final volume of 3 ml. 

Activity with Terpenoid Substrates 

The purified preparation showed activity with geraniol, and citral. The activity with a 
saturated solution of citral was less than 4 % of the activity observed with 5 mM acetaldehyde. 
The possibility that the fraction of aliphatic alcohol dehydrogenase used was contaminated 
with a terpene alcohol dehydrogenase cannot be excluded. The separation of activities 
towards various substrates shown in Fig. 1, indicates that an NADP terpene alcohol de- 
hydrogenase is eluted between the peaks showing activity with aliphatic and aromatic 
alcohols. 

TABLE ~.KINJ~C~ONSTANTSOF POTA'IY)ALCOHOLDEHYDROGENNWEWIIHVARI~USALCYXIOLS 

Alcohol 

vmx 
relative to rate 
with ethanol Alcohol 

vmm 
relative to rate 
with ethanol 

Ethanol 7 100 Hexanol 6-O 33 
Propanol 13.5 57 Heptanol 3-O 17 
Butanol 18.8 34 OCtMIOl 10 
Pentanol 16.6 53 Isobutanol - 

Conditions of assay: Tris buffer pH 8-4, 0.05 M, NAD (O-4 m8) concentration of alcohol varied and 
enzyme in a tinal volume of 3 ml. 

DISCUSSION 

The results indicate that potatoes contain at least three alcohol dehydrogenases-an 
aromatic alcohol dehydrogenase which appears to be relatively specific for NADP, a terpene 
alcohol dehydrogenase which has greater activity with NADP than with NAD and an 
aliphatic alcohol dehydrogenase which is relatively specific for NAD. 
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The aliphatic alcohol dehydrogenase demonstrates the broad substrate specificity 
characteristic of both yeast and liver alcohol dehydrogenase.29 However, it is difficult to 
be certain that the very low levels of activity observed when certain substrates are used at 
high concentrations, reflect the true substrate specificity of the enzyme. When substrates 
are tested at very high concentrations, impurities may reach significant concentrations in 
the assay mixture and produce erroneous results. An impurity present in tertiary amyl 
alcohol could explain the finding that tertiary amyl alcohol is a substrate for pea alcohol 
dehydrogenase.? Another difficulty arises from the uncertain purity of the enzyme prepara- 
tion which may contain more than one alcohol dehydrogenase. These considerations 
complicate the interpretation of data on substrate specificity and obscure the relationship 
between alcohol dehydrogenase from yeast, liver and potatoes. A comparison of the three 
enxymes with respect to substrate speciticity is shown in Table 6. However, attention is 
particularly drawn to the following considerations which suggest that the potato enzyme 
resembles yeast alcohol dehydrogenase rather than liver alcohol dehydrogenase: (a) 
methanol is a substrate; (b) activity with ethanol is greater than with butanol; (c) activity 
with acetaldehyde is greater than with benxaldehyde; (d) activity with acetaldehyde is 
greater than with Wbutyraldehyde; and (e) cyclohexanol is not a substrate. 

Tm~e 6. COhlPARISON OF SUBSTRATE SPECIFICXTY OF VARIOUS ALCOHOL DEHYDROOENASES 

iitE%Y’ 0 0.4 0 

FEzJiE$l 
:3 ‘3: 

l$ ‘3Y 14Y lOA 

39 g 18’ I.6 0.t 2 
36 60 163 120 

iEiIi%Ell 17 0.4 llg I% 

27 55 

0.4 
1:: :‘: 

‘(: 
Paltnnol 14 16 
Pentan-3-01 0 35 1.5 
Ally1 alcohol 100 142 141 167 
cycloheunol 0 100 0 0.2 

All values have been calculated as a percentage of the rate with ethanol as substrate. 

These points are not absolute-thus whilst it is generally stated that liver alcohol 
dehydrogenase is inactive with methanol, formaldehyde is a substrate. The statement that 
cyclohexanol is not a substrate for potato alcohol dehydrogenase is too strong, in fact 
activity with cyclohexanol was just detectable. This qualified statement should be balanced 
against the observation that the liver enzyme shows approximately as much activity with 
cyclohexanol as with ethanol. 

Attention is drawn to the following considerations which suggest, that the potato 
29 H. SUND and H. THEORELL, The Enzymes (edited by P. D. BOYER, H. LARDY and K. MYRBACK), Vol. 7, 

p. 25, Academic Press, New York (1963). 
Jo T. ti~en, Arch. Physiof. Acud. Sci. Hung. 13, 103 (1958). 
31 E. S. G. BARRON and S. LEMNE, Arch. Biochem. Biophys. 41, 175 (1952). 
31 F. M. DICKINSON and K. DALZEL, Biochem. .I. 104,165 (1967). 
53 A. D. WIN-, Actu. Chem. Swtd. 12, 1695 (1958). 
s* A. D. Mtxarrr and G. M. T-INS, J. B&f. Chem. 234,2778 (1959). 
js M. J. ARSLANUN, E. PASCOE and J. G. RHEINGOLD, Biochem. J, 125, 1039 (1971). 
36 This paper. 
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enzyme resembles liver alcohol dehydrogenase rather than yeast alcohol dehydrogenase: 
(a) pentan-341 is a substrate; and (b) the preparation is active with terpene alcohols and 
aldehydes. However the activity with pentan-3-01 is less than 2% of the activity with 
ethanol and the presence of a minor impurity in the pentan-3-01 cannot be ruled out. It 
should be noted that in the case of the liver enxyme V, with pentan-3-01 is approximately 
one-third the V,, with ethanol. The activity with terpcne alcohols could be due to the 
presence of a specific terpene alcohol dehydrogenase. 

On balance it appears that the substrate specificity of the potato enzyme is similar to 
that of yeast alcohol dehydrogenase. &enzymes of alcohol dehydrogenase have been 
reported in yeast,37*3* liverJ9 and higher p1ar1t.s.~~~ The properties of potato alcohol 
dehydrogenase reported in this paper are presumably those of a population of isoenxymes. 
The comparison with alcohol dehydrogenases from various sources is valid since these 
also represent populations of isoenzymes. DifIiculties of interpretation, however, become 
apparent when the physiological significance of the enzyme is considered. 

Current opinion on liver alcohol dehydrogenase is that its role is to remove ethanol 
from the blood.43 The physiological role of alcohol dehydrogenase in plants is generally 
taken to be the reduction of acetaldehyde formed under anaerobic conditions. However, 
in the case of potato tubers, pyruvic decarboxylasc is absent or very low in activity.44 
Acetaldehyde could be formed by a number of alternative routes, e.g. from threonine,4s 
deoxyribose phosphate& or #%alanine 47 but under anaerobic conditions potato tubers 
produce lactic acid rather than ethanol. 4* Thus the role of the enzyme in potato tubers is 
uncertain and its involvement in the metabolism of higher alcohols (e.g. hexanol or leaf 
alcohol) should be considered. 

After prolonged periods of anaerobiosis, potato tubers produce ethanol and on sub 
sequent transfer to air the ethanol disappears. 4* The simplest assumption is that a single 
alcohol dehydrogenase is involved in the formation and removal of ethanol. However the 
proposal37*38 that the &enzymes of yeast alcohol dehydrogenase are specialized--one 
functioning in the production of ethanol, the other in ethanol utilization-suggests that 
the alcohol dehydrogenase of potato tubers should be isolated after prolonged anaerobiosis 
and compared with the enzyme reported in this paper. 

Finally, we draw attention to the kinetic constants for alcohols and aldehydes in relation 
to chain length. The alhnity of the enyme for alcohols decreases as the chain length increases 
from C, to C4 but then the athnity increases with increasing chain length (Table 5). A similar 
situation occurs with the aldehydes-the a.fIlnity for aldehydes decreases as the chain length 
increases for C2 to C4 but the affinity for pentaldehyde is significantly greater than for 
butyraldehyde (Table 4). 

57 U. LIJTSTXXP and R. MEGN~, A&. &i&em. Biophys. 126,933 (1968). 
3* L. SCHIMPFESSEX, Biochim. Biophys. Acta 151,317 (1968). 
39 J. P. VON WARTBURG, U. M. BR=-LUTS~RF and T. M. !SCHENKER, 8rh Inr. C&g. Biochem. p. 87 (1970). 
4o G. E. HART, M&c. Gen. Gener. 3.61 (1971). 
*I Y. EFRON, Science 170, 751 (1970). 
42 D. SCHWARTZ, Science 164, 585 (1%9). 
43 H. A. KREBS and J. R. PERKINS, Biochem. J. 118,635 (1970). 
14 W. 0. JAMES, A&. Enzymol. 18,281 (1957). 
45 D. M. G-ERG, in Meruhlic Puthwuys (edited by D. M. GREENBERG), Vol. 2, p. 92, Academic Prcas, 

New York (1961). 
46 E. RACKER, J. Biol. Gem. 196, 347 (1952). 
l ’ A. PIHL and P. FIUK?SON. J. Biol. Chem. 215,345 (1955). 
*O D. F. FORWARD, in Plonr Physiology (edited by F. C. SEWARD). Vol. IVA, Acadanic Press, New York 

(1965). 
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EXPERIMENTAL 

Chemiuzfr. NAD, NADP, NADH and NADPH were obtained from Boehringer Corp. (Land.) Ltd., 
London WS. Trixma base and hydroxyproline were obtained from Sigma (London) Chemical Co., London 
SW6. The higher alcohols and most of the aldehydes and ketones were gifts from Dr. Derek Lund, Food 
Research Institute, Colney Lane, Norwich. Compounds were distilled under N1. DEAE-cellulcae was ob- 
tained from Whatman. other chemicals were obtained from British Drug Houses, Poole, Dorset, U.K. 

Enzyme preparation. Potato tubers were peeled and (750 g) passed through a domestic Kenwood 
centrifuge juice extractor together with 500 ml of Tris buffer (O-1 M, pH 7.4, 5 mM mercaptoethanol). The 
juice extractor was lined with ‘Miracloth’ obtained from Calbiochem., to yield a clear potato extract (750 
ml). (NH&SOI (184 g) was added to the extract and after stirring for 10 min, the precipitated protein was 
removed by centrifugation at 13 Ooo g for 10 min. @III&%& (79 g) was added to the supematant and after 
stirring for 10 min the precipitated protein was collected by centrifuging at 13 000 g for 10 min. The pre- 
cipitate was dissolved in 50 ml of Tris butfer (PH 8.4, 0.05 M) containing 5 mM mercaptoethanol. The 
supernatant was treated with (NH&SO. (52 g) and after stirring for 15 mitt the precipitated protein collected 
by centrifuging at 13 Ooo g for 10 min was dissolved as described above. Activity was usually concentrated 
in the middle fraction but if signi6cant activity was found in the third fraction, the 2 fractions were combined. 
The fraction was dialysed overnight against 5 1. of Tris buffer (0=05 M, pH 8.4) containing 045 M mercaptc+ 
ethanol. The extract was chuitied by centrifuging at 13 0008 for 15 min and applied to a column (42 x 2.5 
cm) packed with DEAEcellulose previously equilibrated with Tris but&r (pH 8.4. 0.05 M) containing 
kptoethanol(5 mM). The column was eluted by applying a linear concentration gradient obtained by 
dacinn 250 ml Tris but&r (pH 8.4.0-05 M) in the mixing cylinder and an mual volume of Tris buffer - _ 
-@H 7:4, 0.25 M) in the ma&oh. Fractions .(45 drops) were collected and assayed for activity. Active frac- 
tions were preserved by adding sucrose (2.5 g/10 ml). All steps were carried out at 2”. 

Enzyme arsoys. The standard assay was carried out at pH 7-4 by measuring the decrease in extinction 
at 340 nm associated with NADH oxidation. The assay mixture contained Tris bufkr (pH 7.4, m5 M) 
NADH (O-4 mg) and enzyme (O-1 ml) in a vol. of 3 ml. The reaction was started by the addition of @l ml 
acetaldehyde (3 x 10mz M). Under these conditions, the relation between reaction rate and enxyme con- 
centration was linear. Assays were carried out at 30” with a Unicam SP 500 spectrophotometer. 

Unit of enzyme activity. A unit of enxyme producing an AF 3w of l*O/min. Specific activity is defined as 
the number of units of enzyme activity/mg of protein. Protein was measured by the method of Warburg 
and Christian.49 
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