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Abstract—Dopamine g-hydroxylase (EC 1.14.2.1.) activity showed a bimodal distribu-
tion pattern on isopycnic sucrose gradient centrifugation analysis of a crude preparation
of membranes of bovine adrenomedullary vesicles. The two peaks of DBH activity cor-
responded to the peak of catecholamines (CA) and to the peak of the mitochrondrial
“marker enzyme” cytochrome c oxidase. The high DBH activity of the latter peak was
found to be due to stimulation by mitochondrial contamination.

The specific activity of dopamine S-hydroxylase in membranes of highly purified
bovine adrenomedullary vesicles was shown to be reduced by approx. 85 per cent upon
dilution. This effect of dilution was abolished, and the activity enhanced, by the pres-
ence of a mitochondrial fraction. This enhancing effect is probably due partly to
nonspecific stimulation of the DBH activity by mitochondrial protein and partly to cata-
lase present in the mitochondrial preparation. A similar effect has been observed with
sympathetic nerve vesicles. The implications of this effect for other density gradient
studies are discussed.

THE ENZYME dopamine B-hydroxylase (DBH, EC 1.14.2.1) appears to be specific
for the catecholamine (CA) storage particles of adrenal medulla! and sympathetic
nerves.2 This copper enzyme is found as a constituent of the matrix as well as of the
membrane phases of these organelles although the highest specific activities are
obtained in fractions derived from the membranes. Thus, DBH activity has been used
as a “marker enzyme™ of CA storage particles as well as of membrane fragments
derived from these organelles in fractionation studies. However, on fractionation of
the various subcellular particles of adrenal medulla by density gradient centrifugation,
a small, but consistent difference has been reported between the distribution patterns
of DBH and CA.3-* No satisfactory explanation has so far been given for this dis-
crepancy in the density profile of the two “markers” of adrenergic storage organelles.

The purpose of the present study is to demonstrate that this discrepancy is an artifact,
i.e. due to an unspecific stimulation of the DBH activity by contamination with other
subcellular particles, notably mitochondria.

MATERIALS AND METHODS
Preparation of subcellular particles

Bovine adrenal chromaffin granules. These were obtained by two methods:
Method 1. A crude preparation of chromaffin granules was prepared by differential
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centrifugation of an Ultra-Turrax homogenate of bovine adrenal medulla. Coarse
particles were removed by centrifugation in a Servall SS-34 rotor at 6000 g, min and
a “large granule’ fraction was obtained by a subsequent centrifugationat 3 X 10° g,.,
min. This pellet was resuspended in 30 ml of 20 mM Tris—-HC], pH 7-5 in order to
induce hypo-osmotic lysis of the CA vesicles. The membranes of the lysed vesicles as
well as contaminating subcellular particles were sedimented at. 3 x 10° g, min and
the lysis step was repeated once. The pellet thus obtained was resuspended in 0-3 M
Tris-buffered sucrose (pH 7-5) to give approx 5 mg of protein/ml; the CA content was
60-90 nmoles/mg of protein. This preparation was used for isopycnic sucrose gradient
centrifugation.

Method 2. Highly purified chromaffin CA vesicles were obtained from bovine
adrenals as described previously.> Lysis was carried out as described above. The
procedure was repeated once and the final pellet of washed membrane fragments was
resuspended to give approx. 30 mg of protein/ml and was then stored at —20° until
used.

Sympathetic nerve vesicles. These were obtained in highly purified form from bovine
splenic nerves as previously reported.® Vesicles were not lysed prior to use, since about
80 per cent of the DBH activity has been found to be associated with the membrane
phase.”

Mitochondrial and microsomal fractions of rat liver homogenates were prepared
essentially as described in the literature.®

Analytical methods

Catecholamines. These were analyzed according to the trihydroxyindole method,®
protein with the Folin-Ciocalteu reagent.!® Cyrochrome c oxidase (EC 1.9.3.1)
activity was assayed polarographically!! and ATP by the fire-fly method.!?

Dopamine f-hydroxylase (EC 1.14.2.1) activity was determined radiochemically.!3
The reaction mixture contained 100 mM phosphate buffer (pH 6-5), 10 mM ATP,
1 mM ascorbate, 0-5mM tranylcypromine (Sigma), 0-5uCi 3H-tyramine (New
England Nucl. Corp., Frankfurt a. M.) diluted with non-radioactive tyramine to a
final concentration of 5-50 uM, 0-1-0 mM p-hydroxymercuribenzoate(PMB) (Sigma),
0-1% (v/v) Triton X-100 (Sigma) and aliquots of enzyme preparations, in a total
volume of 1-0 ml. The enzyme reaction was stopped after 15 min of incubation at 37°
by addition of 79 (v/v) perchloric acid, and the labelled p-hydroxybenzaldehyde
formed after oxidation of octopamine was extracted with toluene and measured in a
liquid scintillation spectrometer. The enzyme activity of each preparation was meas-
ured at three to six different concentrations of the vesicle suspensions and at least two
blanks were made for each series by addition of acid before incubation.

RESULTS

Figure la (lower curve) demonstrates how the DBH activity of a membrane
preparation of adrenomedullary vesicies varies as a function of the particle (protein)
concentration. Thus, a linear concentration-activity curve was obtained at a
protein concentration of 0-07 mg/ml whereas the specific activity increased as the
amount of enzyme is increased above this concentration. On the other hand when
the activities were assayed at a constant and optimal concentration of a mitochondrial
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preparation of rat liver, a linear concentration—activity curve was obtained (Fig. la,
upper curve), and the catalytic activity was greatly enhanced (approximately 10-fold
in the low concentration range of the enzyme). This finding suggests that the state of
aggregation of the membrane preparation is important for the catalytic activity of
DBH and that the inhibitory effect of dilution of the enzyme preparation can be
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F1G6. 1.(a) The relationship between the concentration of the enzyme preparation (adrenomeduilary
vesicle membranes) and the DBH activity in the absence (O) and presence (@) of a constant and
optimal concentration of a liver mitochondrial preparation (0-2 mg of protein/ml). For experimental
details, see Methods section; 0-05 mM 3H-tyramine and 10 mM PMB were used in the DBH assay.
The DBH activity is expressed in nmoles of octopamine formed/min. (b) DBH activity of sympathetic
nerve vesicles assayed in the absence (O) and presence (@) of a constant and optimal concentration of a
liver mitochondrial preparation (0-2 mg of protein/ml). Experimental conditions as in Fig. 1(a)
except that 0-01 mM 3H-tyramine was used in the assay of DBH.
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avoided by the presence of a mitochondrial fraction. The DBH activity of the nerve
vesicle preparation was found to be less sensitive to dilution and was stimulated to
about the same extent as the adrenomedullary enzyme preparation in the higher
concentration range (Fig. 1b).

In order to study the nature of the enhancing effect of the mitochondrial prepara-
tion, catalase, serum albumin and various subcellular organelles were tested for their
effect on DBH activity (Fig. 2). The enhancing effect of the mitochondrial preparation
was considerably higher than that of serum albumin but lower than that of catalase.
Preliminary experiments showed that lysosomal and microsomal preparations
stimulated the DBH activity to about the same extent as serum albumin. A Triton
X-100 solubilized preparation of mitochondria was about equally potent as intact
mitochondria. Mitochondria even after boiling enhanced the DBH activity (206-242
per cent). Lipid extracts of the mitochondrial preparation and phosphatidylethano-
lamine also slightly stimulated DBH activity (40~100 per cent), while serum albumin,
essentially free of fatty acid, had a higher enhancing effect than plain albumin.

DBH activity
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F16. 2. The effect of varying concentrations of a liver mitochondrial preparation (@), catalase ({J)
and bovine serum albumin (O) on the DBH activity of a highly purified membrane fraction of adrenal
chromaffin granules. Experimental conditions as in Fig. 1 except that PMB was omitted from the
incubation mixture. The amount of membrane protein was kept constant at about 0:1 mg/sample.

The enhancing effect of mitochondria might well be due to neutralization of DBH
inhibitors. This hypothesis was tested by adding different concentrations of PMB to
neutralize inhibitors. Even if PMB had some inhibitory action on the activity of
purified DBH it was not found to influence the above described stimulatory effects.
In fact the mitochondrial stimulatory effect was slightly enhanced in the presence of
PMB.

In some experiments the mitochondrial preparation increased the DBH activity
even in the presence of optimal concentrations of catalase. Thus mitochondrial con-
tamination might well cause artifactual distribution patterns of DBH on density
gradient analysis of subcellular particles. Figure 3 shows the result of a representative
experiment when a crude fraction of chromaffin CA vesicles, subjected to hypo-osmotic
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FiG. 3. Distribution of DBH activity, cytochomre ¢ oxidase, protein, CA and ATP on isopycnic
sucrose gradient centrifugation of a crude preparation of adrenal chromaffin granules subjected to
hypo-osmotic lysis. For experimental details, see Methods section and Fig. 1.

lysis, was analyzed by density gradient centrifugation on a linear sucrose gradient.
Two bands were formed, at about 0-9 M and 1-3 M sucrose, respectively. CA and
ATP occurred largely in the upper band. However, the DBH activity showed a bimodal
distribution, as did the protein, with one peak corresponding to CA/ATP and the
other one to the lower band, which mainly contained mitochondria as indicated by
the distribution of the cytochrome c oxidase activity. The possibility that the second
DBH peak was artifactual and due to stimulation of the DBH activity of granule
membrane fragments by mitochondria was investigated. The DBH activity of each
fraction was retested in the presence of a small amount of a mitochondrial preparation
isolated from rat liver. Although this mitochondrial preparation was devoid of DBH
activity, it induced a five to 10-fold increase in the DBH activity of the fractions of the
upper band. The potentiation was marked, but less dramatic, in the lower band,
indicating that the DBH activity may have been already submaximally stimulated by
other subcellular particles, e.g. mitochondria which represents the major proportion
of the particles in these fractions. Thus, the addition of a constant optimal concentra-
tion of mitochondria transformed the originally bimodal distribution of the DBH
activity to a unimodal (although slightly assymetrical) peak, essentially following that
of CA and ATP.

DISCUSSION

The specific activity of DBH in highly purified adrenomedullary vesicle membranes
has been shown to be dramatically reduced upon dilution (Fig. 1a), which suggests
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that the state of aggregation of the membrane preparation is important for the
catalytic activity of this enzyme. This observation lends support to previous assump-
tions of inactivation of various catalytic activities of these membranes upon dilu-
tion;!#15 it has recently been shown that the NADH: (acceptor) oxidoreductase
activities of chromaffin granule membranes are extremely sensitive to dilution.*
However, the mechanism by which the mitochondrial fraction stimulates the DBH
activity has yet to be elucidated. That the stimulatory effect is partly due to an un-
specific effect of solubilized mitochondrial protein is suggested by the fact that albumin
alone also stimulates the DBH activity. However, it is already well known that mito-
chondrial fractions of rat liver homogenate contain some catalase activity,'®~% and
Levin and Kaufman'® have shown that catalase stimulates the DBH activity of
purified preparations of the enzyme.

The implications of this stimulatory effect of mitochondria on the DBH activity of
membrane fragments of chromaffin granules and sympathetic nerve vesicles is well
illustrated in isopycnic sucrose gradient centrifugation (Fig. 3). Thus, using CA as a
marker the peak of chromaffin granule membranes was located at a density of 0-9 M
sucrose, and that of mitochondria using cytochrome ¢ oxidase as a marker at a density
of 1-3 M sucrose. On the other hand, the DBH activity revealed a bimodal distribution
pattern, with one peak corresponding to the CA peak and one to the mitochondrial
peak. The second peak might suggest that CA vesicle membranes contaminated the
mitochondrial fraction. However, as shown by the density profile of the DBH activity
in the presence of a small amount of a mitochondrial fraction of rat liver, the bimodal
distribution was found to be an artifact.

Our findings may thus explain the discrepancy often observed between the density
profiles of CA and DBH activity.3*#-7 Interactions of the kind observed by us may
complicate interpretation of density gradient distributions of DBH, especially in
relatively crude tissue homogenate. Even if optimal concentrations of catalase are
used there is still a risk that contaminating particles, e.g. mitochondria, may cause
artifactual patterns of DBH distribution.
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