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SUMMARY

ROSENBERG, ROBERT C. & LOVENBERG, WALTER (1977) Active dimers of dopamine f3-

hydroxylase in human plasma. Mol. Pharrnacol., 13, 652-661.

Normal human plasma and serum have been shown to contain two active species of

dopamine f3-hydnoxylase (EC 1.14.17.1) by gradient ultracentnifugation and gel filtra-
tion. About 75-80% of the dopamine f3-hydnoxylase activity in plasma sediments almost

exactly like bovine dopamine /3-hydroxylase, and has a molecular weight of 289,000. The
remainder of the dopamine /3-hydroxylase activity in plasma on serum (20-25%) has a
molecular weight of 147,000, on one-half that of the principal species. No interconversion

is observed between these two species at pH 7.4, ionic strength 0.15. Thus a significant

amount of dopamine fJ-hydroxylase activity in plasma is in the form of an active dimen of
the basic subunit of this enzyme.

INTRODUCTION

Dopamine f3-hydroxylase (EC 1.14.17.1)

catalyzes the conversion of dopamine to
norepinephnine in the catecholamine bio-

synthetic pathway. It has been purified
from bovine adrenal medulla (1-6) and
from human pheochnomocytoma tissue (7,
8). The bovine enzyme is a glycoprotein

with a molecular weight of 290,000 and is
composed of four subunits (1, 9, 10). Sev-
eral species of dopamine f3-hydnoxylase
have been isolated from human pheochro-
mocytoma tissue (7, 8). The major species
has a molecular weight similar to that

found for the bovine enzyme. Additional
species with molecular weights of approxi-
mately one-half and twice that of the prin-

cipal species have also been found. It is not
known, however, whether these species
are in equilibrium with each other (7, 8) on

whether the additional forms of the en-
zyme are artifacts of the purification pro-
cedure.

Enzymatically active dopamine f3-hy-
droxylase is known to occur in human
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plasma (11). Considerable controversy ex-

ists regarding the relationship of the
plasma concentration of this enzyme to
various disease states, particularly hyper-

tension, and the use of plasma dopamine
f3-hydroxylase as an index of sympathetic
activity in humans (12, 13). During purifi-
cation of the enzyme from normal human
plasma we have observed that gel filtra-
tion resolves the enzymatic activity into
two species (14). In order to characterize
these two species further as well as to re-

solve the question of the biological rele-
vance of the multiple forms of human do-
pamine f3-hydnoxylase, we have examined
behavior of this enzyme in both whole hu-

man plasma and serum.

MATERIALS AND METHODS

All sedimentation coefficients were de-
termined by ultracentnifugation at 40,000
rpm for 16-20 hr with a Beckman SW 41

rotor on linear (5-20%) sucrose gradients,

by the procedure of Martin and Ames (15).
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The gradients also contained 0. 15 M NaC1

and ionic strength 0.01 potassium phos-
phate, pH 7.4. f3-Galactosidase (Worthing-
ton), bovine liver catalase (Calbiochem),
rabbit skeletal muscle aldolase (Sigma),
and ovalbumin (Schwarz/Mann) were used
as standards. Bovine dopamine /3-hydrox-
ylase (adrenal medulla) was purified by
the procedure of Foldes et al. (2) as modi-
fled by Wallace et al. (10). S2�,,, values for
the standard proteins were from published

data (16). S2(,,c values for bovine and hu-

man plasma dopamine /3-hydroxylases
were calculated from a linear least-

squares fit of the S2,,,1. vs. distance mi-

grated data for the standards. Gel filtra-
tion studies were performed using a col-
umn packed with Ultnagel AcA-22 (0.9 x
88 cm) equilibrated with the 0.15 M NaCl-
ionic strength 0.01 postassium phosphate
buffer pH 7.4. Fifteen-drop fractions were

collected, and the column was pumped at 3
ml/hr. This column was standardized with
Busycon canniculatum hemocyanin (mol

wt approximately 6,500,000) and phenol
red to mark the excluded and included
volumes, respectively. f3-Galactosidase,

catalase, aldolase, and ovalbumin (see
above for sources), as well as apoferritin

(Calbiochem), albumin (human serum),
peroxidase (Worthington), and myoglobin
(Miles), were used as the standards. Myo-

globin (2 mg/ml) was used as an internal

standard in all chromatographic runs and
was detected by its absorbance at 410 nm.

Molecular weights and D20,,, values for the

standard proteins were from published
data (16). Stokes radii for the standard

proteins were calculated from the expres-
sion A = kT/6i�D2,,,4.. Apparent molecu-
lar weights and Stokes radii for the dopa-
mine /3-hydroxylase species were calcu-
lated from linear least-squares fits to the
appropriately treated data for the stan-

dard proteins (17). The protein contents of
both the sample and standard gradients
and column fractions were measured by a
micro-Lowry procedure (18). Dopamine /3-
hydroxylase activity (human) was deter-
mined with a two-step assay using phenyl-

ethanolamine N-methyltransferase (19).
Saturating amounts of catalase (bovine
liver, Calbiochem) were added in order to

eliminate any possible artifacts that might
arise from the presence of catalase in some
of the fractions (20). Each assay tube con-

tamed the following components: in step 1,
0.05 M sodium acetate (pH 5.5), 1 m� par-
gyline, 5 mM N-ethylmaleimide, 10 mi’,i
sodium fumarate, 6 mi�,i ascorbic acid, 0.4
mM tyramine HC1, 1 jAM CuSO4, and
12,000 IU ofcatalase in a volume of 1 ml; in

step 2, 200 mM potassium phosphate (pH
8.6), 67 mM cysteine, 13 m�i sodium
EDTA, 0.78 mi� S-adenosyl-L-[methyl-

“'Cimethionine (20 mCi/mmole), and 0.005
unit of phenylethanolamine N-methyl-

transfenase in a total volume of 1.5 ml.

Reagent-grade chemicals were used
whenever possible. Sucrose was ultrapure

special enzyme grade (Schwarz/Mann).
Ascorbic acid, fumaric acid, and N-ethyl-
maleimide (Aldrich), L-cysteine HC1 and
S-adenosyl-L-methionine iodide (Calbi-
ochem), and pargyline (Abbott Laborato-
ries) were used without further purifica-

tion. Tyramine HC1 (Aldrich) was recrys-
tallized from hot ethanol. S-Adenosyl-L-
[methyl-”'C]methionine was obtained from

New England Nuclear Corporation. Phen-
ylethanolamine N-methyltransferase (bo-
vine adrenal medulla) was purified
through the G-100 step according to a
slight modification of the procedure of

Connett and Kirshner (21), in which the

sulfaethyl-Sephadex step was omitted. Bo-

vine dopamine f3-hydroxylase was assayed
by the procedure of Wallace et al. (10).

In the initial sedimentation experi-
ments, freshly obtained plasma was di-

luted 1:3 with the gradient buffer, and 100-

200 jzl of the diluted plasma were layered

on top of each gradient. After centnifuga-
tion approximately 39 five-drop fractions

were collected from the bottom of each gra-
dient and stored frozen (-20#{176}) until as-
sayed. In the initial gel filtration experi-
ments, freshly obtained serum was diluted
1:3 with the column buffer, and approxi-
mately 0.7-0.8 ml was loaded onto the col-
umn. After chromatography the fractions

were assayed as soon as possible and then

stored at -20#{176}until further use. For the

resedimentation and rechnomatographic
experiments, the appropriate fractions
from the initial gradients or column runs
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FIG. 1. Sedimentation of u’hole human plasma

Human plasma diluted 1:3 with potassium phosphate (ionic strength 0.01) and 0.15 M NaCl buffer, pH 7.4

(150 pl), was layered over a linear 5-20% sucrose gradient containing the above buffer and then centrifuged

at 40,000 rpm and 40 for 20 hr. The dopamine /3-hydroxylase (DJ3H) activity (#{149}-#{149}) and total protein

concentration (O-O) of each fraction were determined as described in MATERIALS AND METHODS. Inset:

�2., determination of dopamine /3-hydroxylase species in human plasma by sucrose gradient ultracentrifu-

gation. Samples (150 pl) containing either ovalbumin (3.8 mg/mi), aidolase (3.7 mg/ml). catalase (5.1 mg/

ml), and /3-galactosidase (2.5 mg/mi) or a 1:3 dilution of human plasma were centrifuged and analyzed as

described in MATERIALS AND METHODS.
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were pooled, dialyzed against the ionic

strength 0.01 potassium phosphate-0. 15 M

NaCl buffer, pH 7.4, and concentrated ap-
proximately 10-fold by ultrafiltration, us-
ing an XM-50 membrane.

RESULTS

The dopamine f3-hydroxylase activity in

human plasma could be fractionated into
two species by ultracentnifugation on a lin-
ear sucrose gradient. The distribution of

activity over a typical gradient is illus-
trated in Fig. 1, which also shows the dis-
tribution of total protein. Approximately
75-80% of the activity sedimented in the
major band (fraction I). which had an s2.,,
value of 10.3 ± 0.1 S (Fig. 1, inset, and

Table 1). As the data in Table 1 indicate,
the predominant species of dopamine 13-
hydroxylase in human plasma sedimented

exactly like the bovine enzyme (adrenal

medulla). The remainder of the activity
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appeared as a shoulder on the low s2,,,, side
of the major band (s2,,, 6.8 ± 0.2 S; desig-

nated fraction II). Although the data re-
ported here were determined using plasma
from one individual with a high plasma
dopamine /3-hydroxylase content, we have

observed similar activity profiles on su-
crose gradients with plasma from other
individuals with medium to high plasma
concentrations of this enzyme. The ob-

served activity profile also appeared to be
independent of the age of the plasma, at
least up to 3-4 weeks. Thus the apparent
existence of two species of active dopamine

/3-hydroxylase in normal human plasma
would appear to be a general phenomenon.

In order to establish whether these two

forms of the enzyme were in equilibrium,
and also whether both forms were intrinsi-
cally active, each fraction was separately
resedimented. Resedimentation of fraction
I revealed no evidence for a species corre-
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TABLE 1

Sedimentation coefficients of dopam me /3-

hydroxylase

Dopamine f3-hydroxylase S.�,, (S)

Fraction I (whole plasma) 10.3 ± 0.1 (11)”

Fraction I (resedimented frac-

tion I) 10.3 ± 0.2 (3)

Fraction I (resedimented frac-

tion II) 10.1 ± 0.2 (3)

Fraction II (resedimented frac-

tion II) 6.8 ± 0.2 (3)

Bovine (adrenal medulla, pun-

fled) 10.1 ± 0.1 (6)

sponding to fraction II (Fig. 2B). All the
activity was observed at an s2,,1. identical
with that ofthe original fraction I. Resedi-
mentation of fraction II (Fig. 2C) showed

that most of the activity sedimented with
an � identical with that of the original

fraction II. However, a distinct band of
activity having a sedimentation coefficient
identical with that of fraction I was also

observed. The presence of some of this spe-

cies (s21111. = 10.3 S) was to be expected,
since originally fraction II had not been
cleanly resolved from fraction I (Fig. 2A).
In fact, by comparing the normalized ac-

tivity profiles derived from the curves
shown in Fig. 2A and B, the minimum

amount of activity associated with the
high �2O,,, dopamine /3-hydroylase species

contained in fraction II could be estimated.
On this basis we can account for oven 80%
of the activity observed at the position of
fraction I when fraction II was resedi-
mented. The results of the two resedimen-

tation experiments make it unlikely that
the two species of the enzyme are in equi-
librium with each other, and thus support
the independent existence of an active spe-
cies of dopamine f3-hydroxylase having an

�2O,u’ of 6.8 S. However, the activity profile
obtained upon the resedimentation of frac-
tion II clearly indicates that there are only

two active species of the enzyme in human
plasma.

The dopamine /3-hydroxylase activity in
human serum could be clearly resolved
into two species by gel filtration in our

system (Fig. 3). On the average, 78% of the

FIG. 2. Resedimentation of active dopamine /3-hy-

droxylase (Df3H) fractions in human plasma on lin-

ear 5-20% sucrose gradients

A. Sedimentation of whole plasma (1:3). B. Rese-

dimentation of pooled and concentrated material

(see MATERIALS AND METHODS) from fraction I. C.

Resedimentation of pooled and concentrated mate-

rial (see MATERIALS AND METHODS) from fraction II.

Enzymatic activity was measured as described in
MATERIALS AND METHODS.

activity was eluted in the major band
(fraction I). The remainder of the activity
(22%) was eluted as a smaller species (frac-

tion II). No other species having dopamine
/3-hydroxylase activity was observed. The

activity profile observed upon gel filtration
was remarkably similar to that seen when
whole plasma was sedimented on linear

sucrose gradients (Fig. 1). Two peaks of
dopamine /3-hydroxylase activity were ob-
served, and the major portion of the activ-
ity was associated with a larger molecular
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FIG. 3. Ultragel AcA-22 chromatography of whole human serum

Human serum diluted 1:3 with potassium phosphate (ionic strength 0.01) and 0.15 M NaC1 buffer, pH 7.4

(0.7 ml), was layered on the top of the column and eluted with the same buffer. Dopamine /3-hydroxylase

(D/3H) activity (-#{149}) and protein content (C- - -C) in each fraction were determined as described in

MATERIALS AND METHODS.
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species in each case. In addition, the distri-
bution of activity between the larger and
smaller species was also practically identi-
cal.

Since the initial resolution of these two
fractions was good, rechromatographing

each fraction separately could provide a
conclusive test as to their intenconventibil-
ity. Rechromatography of fraction I re-
vealed no evidence for an active species

corresponding to fraction II (Fig. 4B). Sim-
ilarly, rechromatography of fraction II
(Fig. 4C) yielded activity only at the elu-
tion volume for the original fraction II. In
order to check for a possible concentration-
dependent association-dissociation phe-
nomenon, the material from fraction I was
not concentrated but merely pooled before
the rechnomatography experiment de-

scribed above. On the other hand, the ma-

terial from fraction II was concentrated
before application to the column. The ac-
tivity profiles in Fig. 4B and C indicate

that no concentration-dependent effects
were observed. Thus, under the conditions

of our experiments, both species of the en-
zyme were independently active and there
was no interconversion between them.

The apparent molecular weights of the

human serum and bovine dopamine /3-hy-
droxylases were obtained by comparing
their elution behavior with those of stan-
dard proteins (Fig. 5A). Fractions I and II
had apparent molecular weights of 560,000

and 189,000, respectively, while bovine do-
pamine /3-hydroxylase had an apparent
molecular weight of 425,000. As was found
in the sedimentation studies, fraction I
and bovine dopamine /3-hydroxylase ap-

peared to be quite similar. The value we
found for the apparent molecular weight of
the bovine enzyme is 50% larger than the
accepted value (1). This discrepancy, how-
ever, could be due to an inherent asymme-
try in the dopamine /3-hydroxylase mole-
cule (see below) or to its being a glycopro-

tein (22).
A more realistic estimation of the molec-

ular weights of the various dopamine /3-
hydroxylase species could be obtained by
combining both the sedimentation and gel
filtration data. According to the theory of
Laurent and Killander (17), the elution

volume (or Kay) of a protein is related to its
Stokes radius. Thus we could use the gel
filtration data to determine the Stokes ra-
dii for the various dopamine f3-hydroxyl-
ase species (Fig. SB). The values for the
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R. C. Rosenberg. unpublished observations.
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FIG. 4. Rechromatography of active dopamine /3-

hydroxylase (Df3H) fractions in human serum on

Ultragel AcA-22

A. Elution of whole serum (1:3). B. Rechnomatog-

raphy of pooled material from fraction I. C. Rechro-

matography of pooled and concentrated material

(see MATERIALS AND METHODS) from fraction II. En-

zymatic activity was measured as described in MA-

TERIALS AND METHODS.

Stokes radii of fraction I, fraction II, and
the bovine enzyme determined in this
manner were 65.1 ± 1.4, 50.1 ± 1.2, and

61.3 ± 1.4 A, respectively. These data also
indicate that fraction I and bovine dopa-
mine f3-hydroxylase are quite similar, al-
though the bovine enzyme appeared to be

slightly smaller. In our experiments the
bovine enzyme was consistently eluted
several fractions behind fraction I of the
human serum enzyme.

Based on the independently determined
value of the sedimentation coefficient and

the Stokes radius, it is possible to calculate
the molecular weights of the dopamine 13-
hydroxylase species (23). The molecular
weights we calculated for fractions I and II

as well as for the bovine enzyme are sum-
marized in Table 2. The values obtained

for fractions I and II, 289,000 and 147,000,
respectively, clearly imply that fraction I

is a dimer of fraction II. The value we

obtained for the bovine enzyme. 267,000, is

slightly smaller but in reasonable agree-
ment with the accepted value of 290,000,

considering the sensitivity of the calcula-
tion to parameters such as i. In our esti-

mation of i we neglected contributions due
to the carbohydrate residues in dopamine
/3-hydroxylase [4% for the bovine enzyme
(10)1. The frictional ratios f/f of around

1.35 indicate that these enzymatic species
are rather asymmetrical. Whether this ap-

parent asymmetry reflects the inherent
shape of the enzyme molecule or is related
to the arrangement and/or solvation of the

carbohydrate groups on the surface of the
molecule (25) cannot be resolved on the
basis of our results. However, either factor
could explain why the enzyme was eluted

well ahead of its true molecular weight in

our experiments.

DISCUSSION

Our findings indicate that it is very

likely that there are two independent spe-

cies of dopamine /3-hydroxylase in normal
human plasma that are catalytically ac-

tive. These results are mostly consistent
with those of Park et al. (8) regarding the

nature of dopamine /3-hydroxylase isolated
from human pheochnomocytoma tumors.
However, we found no evidence for any

active species larger than fraction I in
plasma or serum. Thus it is possible that

the species (s2,,,,. = 13 5) found by Park et
al. (8) was an artifact of their purification

procedure, as we have observed that treat-
ment of either the bovine or the human

plasma enzyme with ammonium sulfate
can cause aggregation to species larger

than fraction I. Alternatively this discrep-
ancy may reflect the different sources of
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STOKES RADIUS (A)

FIG. 5. Determination of apparent molecular’weight and Stokes radius of dopamine f3-hydroxylase species

by Ultragel AcA-22 chromatography.

A. Determination of apparent molecular weight of dopamine /3-hydroxylase (DBH) species. B. Determi-

nation of the Stokes radii of dopamine /3-hydroxylase species. using the model of Laurent and Kiliander (17).

dopamine f3-hydroxylase used in these droxylase is also consistent with the re-
studies. sults of Park et al. (8) for the human pheo-

Our finding that there was no apparent chromocytoma enzyme. However, these
interconversion between the two active studies appear to differ from the findings

species of human plasma dopamine f3-hy- of Stone et al. (7), who reported that dopa-
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TABLE 2

Molecular parameters of dop amine f3-hydr oxylase

Species Stokes radius
(A)

Mol wt” f/f�

A S

Fraction I (human serum)

Fraction II (human serum)

Bovine enzyme (adrenal medulla)

65.1

50.1

61.3

10.3

6.8

10.1

289,000

147,000

267,000

1.37

1.32

1.33

Molecular weights were calculated from the relationship (23)

&rn�NAs2,.
Mol wt =

(1 - vp)

where i� = solvent viscosity, p = solvent density, and i = partial specific volume of the enzyme. z’ = 0.731

was calculated from the amino acid composition of the bovine enzyme.

Frictional ratio was calculated from the relationship (23)

f L3 x mol wt (: h /p

where S = soivation factor, with an assumed value of 0.2 (24).

mine /3-hydroxylase from human pheo-
chromocytoma reversibly dissociates or ag-

gregates as a function of enzyme concen-
tration. Since the conditions of pH and
ionic strength of these three studies were

not comparable, the apparent inconsis-
tency in the behavior of the human en-

zymes could reflect the different conditions
under which the experiments were done.
Alternatively, these differences could re-

flect the fact that we could detect only

enzymatically active dopamine f3-hydrox-
ylase. A systematic study of the effects of

pH and ionic strength on human dopamine
/3-hydroxylase is clearly needed before
these apparent inconsistencies can be com-

pletely resolved.
The values we found for the sedimenta-

tion coefficients of both the human plasma
(10.3 S for fraction I) and bovine dopamine
/3-hydroxylases (10.1 5) differ significantly

from the values reported by Park et al. (8)
(8.9 S for both the bovine and human en-

zymes). As mentioned above, however,
there are considerable differences in the

experimental conditions employed in these
two studies. Our experiments were done at
pH 7.4 and an ionic strength of 0.15 in
order to model the conditions in plasma,
while theirs were done at pH 6.5 and an
ionic strength of less than 0.01. In this
regard, the value we found for the sedi-

mentation coefficient of bovine dopamine

/3-hydroxylase is identical with the value
(10.2 ± 0.1 5) found by Foldes et al. (26) at

pH 7.2 and an ionic strength of 0.1,
whereas Friedman and Kaufman ( 1),

working at pH 6.8 and an ionic strength of
1.0, found the sedimentation coefficient of

the bovine enzyme to be 8.9 S. These re-

sults clearly indicate that the sedimenta-
tion coefficient of bovine dopamine /3-hy-
droxylase is dependent on pH and/or ionic

strength. Yet all workers have consist-
ently obtained a molecular weight of
around 290,000 for the bovine enzyme.
Thus it is possible that the shape of the
enzyme in solution is sensitive to changes
in the surrounding medium. Similar be-
havior was observed for the principal spe-

cies of human dopamine /3-hydroxylase. It
is apparent that under specific conditions

of pH and ionic strength the bovine en-
zyme and the principal species of human

dopamine /3-hydroxylase (our fraction I)

are practically indistinguishable, at least
as regards their sedimentation and elution
properties.

Since the native form of bovine dopa-
mine /3-hydroxylase is known to be tetra-

menic (9, 10), and since the bovine and
human enzymes appear to be so similar, it
is reasonable to assume that the species in
plasma we have called fraction I is tetra-
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menic, as has been proposed for the pheo-
chromocytoma enzyme (7. 8).2 On this
basis we tentatively conclude that the spe-

cies we have called fraction II is an active
dimer of dopamine /3-hydroxylase. These

species correspond to fraction H (tetnamer)

and fraction I (dimer) identified by Park et
al. (8) in their preparation of dopamine /3-
hydroxylase from human pheochnomocy-
toma tissue.

Craine et al. (9) found that native bovine

adrenal dopamine /3-hydroxylase consisted
of two dimens linked by hydrogen bonds
and that each dimer was made up of two

monomers linked to each other by disul-
fide bonds. To our knowledge no one has
found activity associated with the dimenic

form of bovine dopamine /3-hydroxylase.
Our results indicate that the dimenic spe-
cies of human dopamine /3-hydroxylase oc-
curs in situ in an active form (at least in
plasma). The present data are insufficient
to resolve the question whether the dimer
and the tetnamer of the human enzyme
have identical catalytic properties. Our re-
sults and those of Park et al. (8) indicate

only that the dimenic form of the enzyme is
active. Park et al. (8) found a lower specific
activity for the dimer, but unfortunately
they did not analyze their preparations for
copper. Our work, using whole plasma,
precluded such an analysis because of the
presence of other copper-containing pro-
teins, notably ceruloplasmin. Resolution
of this question will have to await a deter-
mination of both the specific activity and
metal content of the purified dimenic and
tetramenic human dopamine /3-hydnoxyl-

ase species.
The genesis of the two species of dopa-

mine /3-hydnoxylase we have found in
plasma is not clean. Our results and those
of Park et al. (8) indicate that a dissocia-

tive mechanism is unlikely, since no inter-

conversion of the two enzymatic species

On several occasions we have purified human

plasma dopamine f3-hydroxylase almost to homoge-

neity. Analysis of these preparations by polyacryl-

amide gel electrophoresis in the presence of sodium

dodecyi sulfate and mercaptoethanol revealed a

high proportion of a protein species with a molecular

weight of around 75,000 (W. Lovenberg and E. A.

Bruckwick, unpublished observations).

was evident over a relatively wide range of

conditions. While it is possible that the
tetramenic form of the enzyme was de-
graded between the time the blood was
drawn and the plasma was fractionated on
the sucrose gradients, we do not consider
this to be very likely. Ifthe dimenic form of
the enzyme had been generated after the
blood sample was taken, we would have

expected to see some time dependence in
the relative amounts of enzymatic activity

in the two forms. However, as mentioned

above, the relative proportions of the two
forms of the enzyme in plasma remained

constant. Thus we conclude that both the
dimenic and tetramenic forms of the en-
zyme exist in the bloodstream. Currently
available data do not permit us to elimi-
nate the possibility that the dimeric form

of dopamine /3-hydnoxylase results from
some degradative or dissociative process
occurring before the enzyme enters the
bloodstream. In this regard Stone et al. (7)
have reported that human pheochromocy-
toma dopamine /3-hydnoxylase reversibly
dissociates to dimers as a function of en-
zyme concentration at pH 5.0. Chromaffin
storage vesicles (bovine adrenal medulla)
have been reported to have an internal pH

of 5.5 (27). A similarly acidic environment
at the site(s) of origin of human plasma
dopamine f3-hydroxylase (nerve terminal
storage vesicles) could give rise to some of
the dimenic form of the enzyme. This dis-
tribution of dimenic and tetramenic species
could become fixed when the enzyme en-
counters the more neutral pH values of the
extracellulan body fluids, giving rise to the
mixture of species we have observed in

plasma.
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