Vol. 6, No. 1, 1961 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ON THE ISOLATION AND PROFERTIES OF THE D(-)p-HYDROXYBUTYRIC DEHYDROGENASE
OF BEEF HEART MITOCHONDRIA

Ichiro Sekuzu¥, Peter Jurtshuk, Jr.¥*, and David E. Green

Institute for Enzyme Research, Universlty of Wisconsin, Madison, Wisconsin

Received September 11, 1961

The D(-)B-hydroxybutyric dehydrogenase, discovered by Green et al. in 1937
and shown to be a‘ pyridinoprotein enzyme, has hitherto resisted all efforts
aimed at purification. The root of the difficulty has been the tight associa-
tion of this enzyme with mitochondria and mitochondrial particles. The applica-
tion of procedures designed to detach the enzyme from particles invariably has
led to loss of activity /[ cf., e.g., Lehninger et al. (1960) 7. The p-hydro-
xybutyric dehydrogenase is unique among the pyridinoproteins of the mitochond-
rion in the tenacity with which it remsins associated with the particulate
electron transport chain. It was, therefore, of considerable theoretical impor-
tance to ascertain the basis of this association and to determine what sets
apart the B-hydroxybutyric dehydrogenase from the classical pyridinoprotein enzjnnes

When & suspension of beef heart mitochondris is clarified with cholate (0.4
mg/mg protein) and then fractionated with ammonium sulfate, soluble extracts can
be obtained which catalyze the oxidation of D(-)p-hydroxybutyrate by DPN (but
not by TPN). In crude extracts, the enzyme is associated with cytochrome-contain-
ing complexes ‘which are at the borderline of solubility. To separate the enzyme
from these contaminants, & cycle of solubilization at pH 8.5 and then precipita-
tion at pH 5.7 is carried through twice (all other fractions being discarded). A
summary of the yields and purity at vaerious stages in the purification is given
in Table I. At the highest purity level, the enz.yme has a pale yellow color and

the specific activity is 135 times greater than that of the starting mitochondrial
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suspension. The overall yield at this purity level is about 8%. Tests for other
mitochondrial enzymes such as lipoyl, DPNH and Q-ketoglutaric dehydrogenases and

for bound flavin were negative when gpplied to high purity materisl.

TABLE T

Purification of the D(-)pB-hydroxybutyric dehydrogenase
of beef heart mitochondria.

Stage Total Protein Specific Units** Recovery
(mg) Activity*

A Mitochondria 172,000 0.1 17,200 100

B Green residue 70,000 0.2 14,000 81

C Extract of B ppt. with 8,300 1.k 11,600 67

(NHA)Esoh (0-45% sat.)

D C clarified by centrifuga- 4,900 2,1 10,300 60
tion 30,000 rpm for 40 min.

'E D ppt. at pH 5.6,%%% after 2,000 3.5 7,000 4
discarding ppt. at pH 6.3

F E adjusted to i 8.5 (dis- 594 6.8 L, 000 ok
carding insoluble fraction),
ppt. with (NH))580y (40%
sat.), and dissolved in 0.25
M sucrose-0.01 M Tris, pH
1.7

G F ppt. at pH 5.7,%% after 198 11,6 2,300 13
discarding ppt. at pH 6.7

H G adjusted to pH 8.0 (dis- 102 13.5 1,400 8
carding inscluble fraction),
ppt. with (NH)),S0), (k0%
sat. ), and dissolved in 0.25
M sucrose-0,01 M Tris, pH
1.7

¥ Specific Activity: pmoles DPNT reduced per min. per mg. protein at 350.
*% Units = Specific Activity X protein (mg.).
*¥%  For assay purposes all ppt. were suspended routinely in 0.25 M sucrose-0.0l
M Tris, pH 7.7, and assayed directly.

At all stages subsequent to the extraction §f mitochondria with c'hola.te
the enzyme shows an absolute requirement for lecithin (cf. Figure 1). Tri-
glycerides, fat soluble vitamins and various coenzymes were all inactive in
this regard and no phospholipid yet tested other than lecithin showed any

activity. When a suboptimal level of lecithin is used in the assay and in-
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creasing amounts of other phospholipids are added, the rate of reaction either
remains unchanged or declines. Thus no substitution for lecithin by other phos-
pholipids can be made either in part or whole, Other é.spects of the relation-
ship between lecithin and enzyme protein will be considered in the companion

commnication by Jurtshuk et al. (1961).
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Figure 1 - Activity of the p-hydroxybutyric dehydrogenase system as a function
of the concentration of lecithin. :

The asssy system (1 ml. final volume) contained 50 umoles of Tris chloride,
0.4t mg. of bovine serum albumin, 50 pmoles of cysteine, 0.5 pmoles of EDTA, 3%
ethanol, 4 umoles of DPN, B-hydroxybutyric dehydrogenase in the amount indicated
and verisble amounts of lecithin. The sbove components were incubated for 15
min, at 35° and then the reaction was initiated by addition of 40 pmoles of DL-B-
hydroxybutyrate (potassium salt). The change in absorbancy at 340 my was measured
over & period of 90 sec. - readings being taken each 15 sec. The pH of the reac-
tion mixture and of the Tris chloride was 8.1.

In general, the B-hydroxybutyric enzyme is completely inactive unless some
sulfhydryl reducing agent such as cysteine, glutathione or dimercaptopropanol is
present in the assay mixture (cf. Figure 2). Whether the requirement is com~
plete or partial depends upon the stage of purity a;ld the length of time of
storage of the enzyme. The addition of cysteine to preperations of the enzyme
which are being stored is useful for preservation of activity.

When the enzyme is incubated for 15 min. at 38o with the components shown
in the legend for Figure 1 and then substrate is introduced to initiate the re-
action, a linear relation is observed between the rate of reduction of DPN -and

time. However, if the enzyme is left out of the incubation mixture (now includ-
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Figure 2 - Activity of the B-hydroxybutyric dehydrogenase system as a function of
cysteine concentration.

 Assay details as in legend for Figure 1 except that lecithin in the form of
mitochondrial 1ipid (200 pg), and varisble smounts of cysteine as indicated were
used. The concentration of enzyme used in the asssy was 50 pg per ml.

ing substrate) and the reaction is initiated by addition of enzyme, the relation

between rate and time is entirely altered (cf. Figure 3). A considerable lag
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Figure 3 - The kinetic consequences of omitting in turn each of four components
from the assay mixture during the preincubation period.

The component omitted from the preincubation mixture was added to initiate
the reaction. Detalls as in legend for Figure 1 except for the order of addition
and the nature of the component used for initiating the resction. Lecithin was
edded in the form of mitochondrial 1ipid (200 pg). The values for the specific
activities have been celculated from the linear portions of the respective curves
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period intervenes and the limiting rate approaches but never equals the rate
which obtains when the enzyme is incubated with the other components. From stud-
ies of this kind we have come to recognize that the interaction of enzyme prptein
with both cysteine and lecithin under the conditions of the assay (to some degree
this is also true of DPN) is not instantaneous and a definite intubation period

is required to convert the enzyme to the fully active form in presence of excess
lecithin.
As demonstrated previously by Green et al. (1), the B-hydroxybutyric de-

hydrogenase system is reversible. The optimum pH for the forward reaction
{reduction of DPN”') is 8.1 and for the back reaction (oxidation of DFNH), T.O.
The lecithin and cysteine requirements also apply to the reduction of aceto-
acetate by DPNH.

The enzyme at the highest purity level shows only a single sedimenting
component but there is insufficient data now available for assessing homogen-
eity and the molecular weight of the protein.

Both the crude and purified enzyme preparstions are stable at -20° for con-
siderable periods providing the enzyme is kept in precipitated form in 40% sat-

urated smmonium sulfate containing 0.0l M cysteine (pE 7.0).
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