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ABSTRA CT 

Studies of NADH displacement in the presence of excess aldehyde 

dehydrogenase confirmed that a conformational change of the enzyme. NADH 

bina ry complex occurs as an essential step in the reaction mechanism. 

Modification of sulphydryl groups on the enzyme by the thiol 

reagent p- (chloromercuri)benzoate (P C MB ) produced either activation or 

inhibition of the enzyme activity ,  depending upon the relative 

concentrations of P CMB and aldehyde dehydrogenase, the mixing 

conditions, and on the concentration of the aldehyde substrate. There 

was no direct evidence to support the widely held vie w that a 

sulphydryl group is catalytical ly essential . 

Studies of the pH dependence of the steady state and presteady 

state phases of the reaction indicated that there was a change in the 

rate limiting step as the pH was increased from acyl-enzyme hydrolysis 

at low pH to release of NADH from the enzyme at high pH. At low pH the 

release of NADH may occ ur before acyl-enzyme hydrolysis. Activation by 

high concentrations of propionaldehyde was shown to occur over the 

entire pH range (5 to 10). 

The reaction could be reversed when acid anhydrides were used to 

acylate the enzyme. NADH complex b ut the binding of the substrates for 

the reverse reaction did not appear to be ordered. Under these 

conditions other groups on the enzyme were acylated with resultant 

inhibition or activation of the dehydrogenase activity of the enzyme 

depending on the relative concentrations of the su bstrates and 

reactants, and on the mix ing conditions. 

The enzyme catalysed the hydrolysis of p-nitrophenylacetate in the 

presence of NADH but with no significant production of acetaldehyde. 

It was concluded that ester hydrolysis does not occ ur at the site of 

aldehyde oxidation. 

Prel iminary studies on the reaction of the 

diethy lpyrocarbonate indicated that the enzyme may 

catalytically essential histidine residue. 
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I N T R OD U C T I O N  

At least three enzymes are thought to be involved in the o xida tion 

of acetaldehyde in the body, the flavoproteins xanthine o xidase 

( E C  1.2.3.1) and aldehyde o xidase (EC 1.2.3.2) and the NAD
+

-de pendent 

aldehyde dehydrogenase (EC 1.2.1.3) .  The first two of these enzymes 

have been shown to h ave much lower affinities for aldehydes 

( Rajogopalan & Handler, 1964, Mackle r  et al., 1954) than aldehyde 

dehydrogenase (Buttner, 1965, Feldman & Weiner, 1972, Crow et al., 

1974 ) , which is therefore considered to be the most important enzyme 

involved in the metabolism of acetaldehyde in mammals. 

Aldehyde dehydrogenase was first isolated from bovine liver by 

Racker (1949) , who reported that the enzyme was capable of o xidising a 

wide variety of aldehydes. It has been demonstrated that, in addition 

to o xidation of acetaldehyde produced from ethanol fol lowing alcohol 

consumption, aldehyde dehydrogenase is involved in the o xidation of 

aldehydes arising from biogenic amines ( Erwin & Dietrich, 1966) . The 

probable importance of aldehyde dehydrogenase in the o xidation of 

aldehydes arising from metabolic processes other than those following 

alcohol consumption is indicated by the distribution of this enzyme in 

the body. Whereas alcohol dehydrogenase (E C 1.1.1.1) , the major enzyme 

responsible for the conversion of ethanol to acetaldehyde, is found 

mainly in the liver, aldehyde dehydrogenase has been shown to be widely 

distributed throughout the body, with 7 0% in the liver, 1 0% in the 

kidneys, 7% in the adrenal glands, 4% in the smal l intestine, and 2% in 

the brain (Dietrich, 1966) . 

Aldehyde dehydrogenases have now been isolated and p urified to 

homogeneity from a number of mammalian sources, including horse liver 

( Feldman & Weiner, 1972, Eckfeldt & Yonetani, 1976) , bovine liver 

( Sugimoto et al., 1976, Leicht et al., 1978) , rat liver ( Shum & Blair, 

1972, Tottmar et al., 1973) , rab bit liver (Duncan, 1977) , sheep liver 

( Crow et al., 1974, MacGibbon et al., 1979, Hart & Dickinson, 1977) and 

human liver (Greenfield & Pietruszko, 1977, Kraemer & Dietrich, 1968) . 

Sheep liver aldehyde dehydrogenase has been e xtensively studied 

since it was first isolated by C row et al. ( 1974 ) .  The enzyme has 

been shown to be present in sheep liver as three distinct isoenzymes, 

one located in the mitochondria, one in the cytoplasm, and the other in 

the microsomes ( Crow et al., 1974) . Most of the enzyme is present, in 
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approximately equal proportions, in the mitochondria and the cytoplasm. 

Extensive studies of the kinetics of cytoplasmic aldehyde 

dehydrogenase have been carried out by MacGibbon et al. ( 1977a,b,c ,  

1978b), Bennett et al. (1982, 1983), Blackwell e t  al. (1983a,b), 

Buckley et al. (1982), and Deady et al. (1985) in this laboratory, 

and also by Hart & Dickinson (1978a, 1982, 1983), Dickinson and Hart 

(1982), Dickinson ( 1985), and Buckley & Dunn ( 1982, 1985). MacGibbon 

et al. (1977a,b,c) demonstrated that the enzyme operates by an ordered 

mechanism with NAD
+ 

binding before aldehyde and the steady state 

appears to be at least partly controlled by the rate of dissociation of 

NADH from the binary E. NADH complex. From stopped flow studies of the 

enzyme catalysed reaction Bennett et al. (1982) showed that a 

conformational change of the enzyme, which follows aldehyde binding 

(with simultaneous release of a proton) is rate limiting in the 

presteady state phase of the reaction. A more detailed summary of the 

established work is given in Chapter 2. 

Cytoplasmic aldehyde dehydrogenase is considered to be a good 

model for studies of hu�an aldehyde metabolism. Kitson (1975, 1978, 

1981) has shown that the enzyme is very sensitive to disulphiram 

(antabuse), a drug which is used in the "aversion therapy" treatment of 

alcoholism. Administration of this drug has been shown to result in 

elevated acetaldehyde levels if alcohol is consumed, producing symptoms 

very similar to those of a hangover. In addition the enzyme is s table 

and easily isolated from sheep livers which are always in plentiful 

supply in New Zealand. 

Despite very extensive studies of the kinetics of aldehyde 

dehydrogenases from mammalian sources, the nature of the reactive group 

in the active site has not yet been identified. A proposal by Jakoby 

(1963), based on supposed similarities between aldehyde dehydrogenase 

and glyceraldehyde-3-phosphate dehydrogenase, that a sulphydryl group 

may be involved at the active site, has not yet been verified. 

However, despite a lack of unequivocal evidence to support this 

suggestion, it has frequently been tacitly assumed (Hart & Dickinson, 

1978a, Dickinson, 1985, Duncan, 1979, 1985) that oxidation of aldehydes 

proceeds by means of an enzyme-thiol-acyl complex. 

O xidation of aldehydes by aldehyde dehydrogenase is normally 

irreversible. However, Hart & Dickinson (1978a) demonstrated that it 

was possible to reverse at least a part of the process by using simple 

acid anhydrides instead of acetic acid, and showed that oxidation of 
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NADH occurred. 

In this study, the mecnanism of aldehyde dehydrogenase catalysed 

oxidation of aldehydes is investigated by an examination of the pH and 

buffer system dependence of the steady state and presteady state phases 

of the reaction, and by an in-depth investigation of the reverse 

reaction using a number of anhydrides. In addition, the ef fect of 

modification by thiol reagents of reactive sulphydryl groups on the 

enzyme �ctivity is examined to elucidate the role (if any) of 

sulphydryl groups in the enzyme catalytic activity. 
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CHAP TE R 1 

PU R I F I CA T I O N  O F  C Y T OPLA SM I C  ALDEH YDE DEH YD R OGE NA SE F R OM SHEEP S L IVE R 

1.1 I N T R ODU C T I O N  

Aldehyde dehydrogenase ( E C  1.2.1.3) was first isolated b y  Racker 

(1949) from bovine liver. Most early studies utilized crude enzyme 

preparations from acetone powders (Dietrich et al., 1962, Freda a nd 

Stoppani, 1970, Dunc an & Tipton, 1971 ). Aldehyde dehydrogenase from 

yeast was purified to homogeneity by C lark & Jakoby ( 1970) and the 

first homogeneous preparation of a mammalian aldehyde dehydrogenase was 

reported by Feldman & Weiner ( 1972), ut ilising ammonium sulphate 

precipitation and ion exchange chromatography. Dramatic improvements 

in the yield, purity and stability of aldehyde dehydrogenase resulted 

from the introduction to the purification procedure of more extensive 

column chromatography techniques, first reported by Shum & Blair (1972) 

In typical purification procedures, the tissue from which the 

enzyme is to be extracted is f irst homogenised. Centrifugation to 

remove insoluble cellular debris follows, and then ammonium sulphate 

precipitation is used to isolate a fraction containing the aldehyde 

dehydrogenase activity. Finally a variety of chromatographic columns, 

generally including both ion exchange and gel filtration methods, are 

used to complete the purification of the enzyme. 

The utilization of improved purification procedures led to the 

discovery of at least two isoenzymes in mammalian livers, one located 

in the mitochondria, and the other in the cytoplasm. These isoenzymes 

have subsequently been shown to have somewhat different kinetic 

properties (MacGibbon et al., 1978a Hart & Dickinson, 1977, 1978b) and 

different susceptibility to certain modifiers, such as 

tetraethylthiuram disulp hide (disulphiram) so that separation of the 

isoenzymes is a necessary prerequisite for meaningful k inetic studies. 

Methods used for the separation of the isoenzymes vary, depending 

on the species from which the aldehyde dehydrogenase is obtained. The 

two isoenzymes usually have different affinities for DEAE cellulose 

resins and separation methods based on this difference have been 

utilized by Feldman & Weiner (1972) and Eckfeldt et al. (1976) for the 

isolation of aldehyde dehydrogenases from horse liver. Sugimoto et al. 

(1976) used differential centrifugation to separate the isoenzymes from 

beef liver and af finity chromatography has been used by Greenf ield & 
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Pietruszko (1977) to separate the isoenzymes of human liver aldehyde 

dehydrogenase. 

Crow et al. ( 197�) have isolated two i soenzymes of aldehyde 

dehydrogenase from sheep liv er using similar procedures and more 

recently purification procedures for the c ytoplasmic .enzyme, using 

improved column techniques, have been reported by MacGibbon et al. 

(1979) and by Dickinson et al. (1981). 

Cytoplasmic aldehyde dehydrogenase from sheep liver was prepared 

for use in this study initially b y  the method of MacGibbon et al. 

(1979), but some alterations and refinements of this method were made, 

in conjunction with eo-workers in this laboratory, during the course of 

this study. However , the basic principles involved remain the same and 

both the initial method and all subsequent alterations are described in 

this chapter. 

Separation of the cytoplasmic enzyme from the · mitochondrial 

isoenzyme is achieved by remov al of the mitochondria by centrifugation, 

following homogenisation methods chosen to cause as little 

mitochondrial rupture as possible and with the addition of sucrose to 

the homogenising buf fer to prevent mitochondrial swelling. 

1.2 ME TH OD S  

1.2.1 Buffers 

Phosphate buffers were prepared from A . R. grade potassium 

dihydrogen phosphate and adjusted to the appropriate pH using NaOH, as 

described by Dawson et al . ( 1969). Buffer strengths are expressed in 

terms of phosphate concentration and all buffers used in the 

preparative procedures contained 0.1% vol/vol 2-mercaptoethanol. 
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1.2. 2 Enzyme Assays 

Assays for aldehyde dehydrogenase and various contaminant e nzymes 

were performed as follows: Initial reagent concentrations in the 

cuvette at the start of the assay are given in parentheses, and t he 

total volume was 3.0 cm3 in each case. 

( 1) Aldehyde Dehydrogenase 

2.20 cm3 of 35 mM phosphate buffer, pH 7.6 (25 mM) 

0.45 cm3 of 
+ 

16 mM NAD solution ( 1 • 0 mM) 

0.25 cm3 of 240 mM propionaldehyde solution (20 mM) 

0. 1 0 cm3 of enzyme solution 

Reaction was initiated by addition of propionaldehyde to a cuvette 

containing the other components which had been thermally equilibrated 

at 25° C .  Reaction progress was fol lowed by monitoring the production 

of NADH, observed as an increase in absorbance at 340 nm. 

In cases in which the sample was suspected to contain alcohol 

dehydrogenase , pyrazole (0.5 mM), a potent inhibitor of alcohol 

dehydrogenase (but which does not affect aldehyde dehydrogenase 

activity ) was added to the assay mixture. 

(2) Lactate Dehydrogenase 

2.2 cm3 of 35 mM phosphate buffer, pH 7.6 (28 mM) 

0.2 cm3 of 2.4 mM NADH solution (160 JJM) 

0.5 cm3 of 5.0 m�1 sodium pyruvate solution (83 JJM) 

0. 1 cm3 of sample 

The NADH solution was prepared in 0.035 M phosphate buffer p H  7.6 

and the reaction was initiated by the addition of the pyruvate 

solution. The reaction was followed by monitoring the decrease in NADH 

absorbance at 340 nm. 

(3) Alcohol Dehydrogenase 

2.5 cm3 of 35 mM phosphate buffer, pH 7.6 

0.2 cm3 of 2.4 mM NADH solution (as above) 

0.2 cm3 of 32 mM acetaldehyde solution 

0. 1 cm3 of sample 

(3 1 mM) 

( 160 JJM) 

( 12 JJM) 

The reaction was initiated by the addition of aldehyde, and was 

monitored by following the disappearance of NADH at 340 nm. 
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(4) Glutamate Dehydrogenase 

Glutamate dehydrogenase was assayed according to the method of Robins 

et al. (195 6). 

2.0 cm3 of 50 mM pH 8.0 triethanolamine-H Cl buffer (33 mM) 

0.15 cm3 of 3.0mM NADH in buffer as above ( 150].!M) 

0.03 cm3 of 10% w/v ED TA ( 0.1%) 

0.10 cm3 of 3.0 M ammonium acetate ( 0. 1 M) 

40 Jll of 0.4 M a-ketoglutarate (533 !lM )  

10 }ll of crude enzyme sample 

water to a total volume of 3.0 cm3 

Reaction was initiated by the addition of a-ketoglutarate and the 

disappearance of NADH absorbance at 340 nm was monitored. 

1.2.3 Enzyme Purification Procedure: Method 

Livers obtained from freshly slaughtered sheep were placed 

directly in ice and the purification was commenced within one hour. 

All preparative procedures were carried out at 4° C, 500 g of sl iced 

liver was homogenised in 1.8 1 of 0.005 M pH 7.3 phosphate buffer 

containing 0.25 M sucrose, using a glass-teflon Potter-Elvehjem 

homogenizer fitted to an electric motor. The homogenate was then 

centrifuged at 13,800xg for one hour using a Sorvall R C 2B Centrifuge. 

The precipitate was discarded and the supernatant was strained through 

glass wool to remove fat, then recentrifuged for two hours at 

34,000xg to sediment the mitochondria. The precipitate was again 

discarded. 

Finely powdered ammonium sulphate (low in heavy metals) was added 

to the supernatant over 30 minutes with stirring to give 45% saturation 

(258 g/1 at 4° C). The mixture was equilibrated with further stirring 

for 30 minutes, then centrifuged for 15 minutes at 12, 500xg and the 

precipitate discarded. Further ammonium sulphate was added to give 70% 

saturation ( 156 g/1) and after a further 30 minutes equilibration the 

mixture was again centrifuged for 15 minutes at 12, 500xg. 

The precipitate was then dissolved in 250 cm3 0.005 M pH 7.3 

phosphate buffer with a conductivity of 360 JlQ-1 at 4° C  and dialysed 

against successive 20 litre changes of the same b uffer until the 

conductivity reached 360 }lQ-1• Normally about 36 hours were required 

for this, with b uffer changes every two hours during the day .  After 30 
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hours the pH of the crude enzyme solution was adjusted to pH 7 .3 with 

0 .. 1 M NaOH. 

When the conductivity reached 360 �n 1 any precipitate was 

removed by centrifugation (5 minutes at 12,000xg), and the enzyme 

sample was loaded on to a Whatman D E  5 2  cellulose column (20 x 5 cm) 

pre-equilbrated with dialysis buffer. The column was washed with 

0.005 M pH 7.3 phosphate b uffer until the absorbance at 254 nm was less 

than 0.1 (measured by connecting the column outlet to an L KB 8300 

uvicord ultraviolet monitor). It was then eluted with 0.022 M pH 7.3 

phosp hate buffer at an approximate rate of 1 cm3 /min. and collected on 

an L KB ultrorac 7000 fraction collector. Aldehyde dehydrogenase f irst 

appeared after about two hours and about four hours were required to 

completely elute the enzyme. The fractions were assayed for aldehyde 

dehydrogenase and lactate dehydrogenase activity and those fractions 

containing significant quantities of lactate dehydrogenase and those of 

a greenish colour (indicating the presence of catalase) were discarded .  

The fractions containing aldehyde dehydrogenase were combined and the 

volume reduced from approximately 300 cm3 to 6-10 c m3 over a period of 

4-8 hours using a diaflo ultrafiltration apparatus with an Amicon 

XM 100 filter. This filter retains all species with a molecular weight 

greater than 100,000. 

The concentrated sample was centrifuged for five minutes at 

6,000xg to remove solid material and then loaded onto a Biogel 0.5 M 

gel filtration column (5 x 35 cm) and eluted wi th 0.022 M pH 7.3 

phosphate b uffer. The eluate was collected on the L KB fraction 

collector described previously , at a rate of about 8-10 cm3 per hour. 

Enzyme was normally detected after about 30 hours and completely eluted 

after a further 5-6 hours. The enzyme samples were then sealed with 

parafilm and stored at 4° C until required. 

If longer storage was required samples were either stored under 

nitrogen in sealed containers or frozen. Enzyme could only 

dehydrogenase concentration 

be 

successfully frozen if the 

greater than about 90 �M 

v/v glycerol was added. 

aldehyde was 

or for enzyme of lower concentration if 50% 
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The following alternative method was developed as new equipment 

and different chromatographic materials became available. Several 

changes to the original method were made in order to reduce the time 

required for the purification procedure. These included: 

(a) Homogenization by a sonication technique to replace the Potter 

homogenizer. 

(b) Some shortening of the initial centrifugation times. 

(c) Use of polyethylene g lycol as the precipitating agent. 

(d) Use of a Sephacryl S 300 gel filtration column to replace the 

Biogel column. 

(e) Use of additional 

chromatography and 

optional chromatographic methods (affinity 

pH-gradient ion exchange chromatography) to 

further purify the enzyme after gel filtration, when necessary. 

1 .2.4. 1 Homogenisation Procedure 

( C .  Bishop, unpublished results) 

500 g sliced liver was divided into 3 

homogenized by sonication for 30 seconds 

batches and e ach was 

in 300 cm3 of 0.005 M 

phosphate b uffer containing 0.25 M sucrose and 0. 1% 2-mercaptoethanol 

using a Janke & Kunkel Ultra Turrax T45 sonicator. 

1.2.4.2 Centrifugation 

The homogenate was centrifuged for 15 minutes at 13,800xg to 

remove cell wall material, whole cells and connective tissue, and the 

precipitate was discarded. The supernatant was strained through glass 

wool as described pre viously to remove fat, and then recentrifuged at 

34,000xg for one hour to sediment the mitochondria. The precipitate 

was discarded. 

1.2.4.3 Precipitation of Enzyme using Polyethylene G lycol 

( C. Bishop and L. Myers, unpublished results) 

After the centrifugation procedures outlined above, the 

supernatant volume was made u p  to 1500 cm3 with 0.005 M phosphate 

buffer containing 0.25 M sucrose and powdered A. R. grade polyethylene 

glycol 6000 was added over 30 minutes with stirring to give a mixture 

containing 12% weight by volume (120 g/1) polyethylene glycol. 

Stirring was continued for a further 30 minutes to allow equilibration, 
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followed by c entrifugation for 15 minutes at 12,500xg. The precipitate 

was discarded .  Further polyethylene glycol was added to the 

supernatant as before, to increase the concentration to 2 0% w/v (a 

further 80 g/1) and the mixture equilibrated for 30 minutes. Following 

centrifugation for 15 minutes at 12,500xg, the precipitate was 

redissolved in 300 cm3 of 0.005 M pH 7.3 p hosphate buffer with a 

conductivity of 360 �Q-1• This solution was loaded directly on t o  a 

5 x 20 cm Whatman DE 52 or D E  32 column pre-equilibrated with the same 

buffer which was then washed and eluted as described above. 

1.2.4.4 Gel Filtration using a Sephacryl S-200 or S-300 Column 

Enzyme solution was concentrated to a volume of 6-10 c m3 by 

ultrafiltration as described above, or in a few cases by a 0-70% 

ammonium sulphate precipitation, and then loaded on to a 5 x 3 5  cm 

column of Sephacryl S-300 Superfine (Pharmacia Chemicals, Uppsala, 

Sweden) or alternatively a 3 x 50 cm column of Sephacryl S-200 

Superfine . S-200 separates proteins of molecular weights in the range 

5,000-250,000, whereas S-300 is used for the molecular weight range 

10,000-1,500,000. The enzyme was eluted with 0.022 M pH 7.3 phosphate 

buffer at a rate of 10-12 cm3 per hour. Fractions were collected as 

described previously and assayed for aldehyde dehydrogenase, lactate 

dehydrogenase and alcohol dehydrogenase activity. 

1.2.4 .5 pH-Gradient Ion Exchange Chromatography 

(Dickinson et al ., 1981) 

A solution of enzyme in 0.010 M pH 6.5 bistris 

(2-[2-bis (hydroxyethyl)arnino]-2- (hydroxymethyl)propane-1 ,3-diol) buffer 

was prepared, either by dialysis of the enzyme sample against this 

buffer, or by the addition of a large volume of the b uffer (approx .  

200 cm3) to a smaller volume (about 30 cm3) of enzyme solution to lower 

the conductivity to that of the bistris buffer. The enzyme w as then 

loaded on a 2 x 16 cm column of Pharmacia DEAE Sephacel which had been 

equilibrated with the same b uffer. All buffers containe d  0.1% 

2-mercaptoethanol .  

The enzyme was eluted using a p H  gradient produced by running 

400 cm3 of 0.010 M pH 4.6 sodium acetate buffer into 4 00 cm3 of pH 6.5 

bistris buffer. Fractions of 8-10 cm3 were collected using the 

appara tus described previously and the pH of each fraction measured 

using a Radiometer 28 pH meter. Fractions were assayed for aldehyde 
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and lactate dehydrogenase activity and those samples containing 

aldehyde dehydrogenase were adjusted to pH 7.3 for storage. 

1.2.4.6 Affinity Chromatography 

(A. Bennett, unpublished results) 

The enzyme sample was f irst dialysed against 0 .030 M pH 6.0 

phosphate buffer. Any material which precipitated was removed by 

centrifugation and the sample was loaded on a x 20 cm Pharmacia 

5'AMP- Sepharose 4B column pre-equilibrated with the same buffer. This 

column has an affinity for enzymes requiring NAD+ or A TP as cofactors, 

including most N AD
+

-dependent dehydrogenases. The column was washed 

with 100-200 cm3 0.030 M pH 6.4 phosphate buffer, then eluted with 
+ 

0.030 M pH 8.0 phosphate buffer containing 3 mM N AD (normally 50 cm3 

was required). 

Alternatively, 0.030 M pH 7.0 phosphate buffer c ontaining 0.2 M 

sodium oxalate was used for the dialysis, equilibration and washing 

stages. The enzyme was then eluted with the same buffer containing 

3 mM NAD+. 

In each case, the column was recycled by washing with 6.0 M 

guanidine hydrochloride, followed b y  distilled water. 

1.2.5 SD S Gel Electrophoresis 

Slab gel electrophoresis was carried o ut using an Ortec 4200 

Electrophoresis System . A single layer 15% acrylamide gel containing 

1% sodium dodecylsulphate ( SDS) was run in 0.1 M pH 8.9 tris glycine 

buffer containing 1% SD S. Enzyme samples were prepared by incubation 

of a sample containing enzyme, SD S (1%) and 2-mercaptoethanol (5%) at 

10ooc for 5 minutes. Bromophenol blue was added as a d ye marker. 

Following electrophoresis (2-3 h at 150-200 V, 8 mA) the gel was 

stained using a Coomassie Blue stain prepared b y  the me thod of 

Blakesley & Boezi (1977). This stained only the protein material and 

therefore the gel did not require destaining. 
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1.2.6 Protein Determinations 

The determination of the protein concentration in the p urified 

enzyme sample was by measurement of the absorbance at 280 nm, using a 

value of 11.3 for A � �m (Dickinson et al ., 1981). Prior t o  the 

publication of this value, protein determinations were by the method o f  

Lowry ( 1951), o r  b y  the Coomassie blue protein estimation method of 

Bradford (1976). 

1.3 RESUL TS 

1.3.1 Homogenisation and Centrifugation 

A smooth homogenate of sheep liver was produced by the 

Ultra- Turrax , within 30 seconds, running at h alf speed. Following two 

centrifugation steps as described abo v e  (1.2.4.2), the supernatant was 

shown to contain not more than 2% of the mitochondrial marker enzyme, 

glutamate dehydrogenase, as compared with the original homogenate. 

Shortening of the centrifugation times had no detectable effect on 

the quality of the enzyme product. Glutamate dehydrogenase acti vity in 

the resulting supernatant was not significantly higher than pre viously 

obser ved for longer spin times. 

1.3.2 Precipitation using Polyethylene Glycol (PEG) 

Precipitation of protein material using 12% PEG produced a 

red-coloured supernatant after centrifugation. Aldehyde dehydrogenase 

acti vity in the precipitate was negligible and catalase was remo ved by 

this precipitation, since no catalase activity was detected in the 

supernatant. 

When the PEG concentration was increased to 20%, most of the 

aldehyde dehydrogenase was precipitated, and a viscous red-coloured 

precipitate and straw-coloured supernatant were obtained after 

centrifugation. This indicated a different precipitation pattern to 

that obser ved for ammonium sulphate precipitations, in which case a 

greenish precipitate containing catalase and aldehyde dehydrogenase and 

a red coloured supernatant were obtained. 

Although some aldehyde dehydrogenase acti vity was sometimes 
















































































































































































































































































































































































































































































































































































































































































































