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SUMMARY

PARK, DONG H. , KASHIMOTO, TAKESHI, EBSTEIN, RICHARD P. & GOLDSTEIN,

MENEK (1976) Purification and immunochemical characterization of dopamine /3-

hydroxylase from human pheochromocytoma. Mol. Pharmacol., 12, 73-81.

Dopamine /3-hydroxylase was purified from a human pheochnomocytoma. Following

sucrose density gradient centnifugation the enzyme was isolated in three different
molecular forms. The bulk of the enzymatic activity was associated with fraction II

(approximate mol wt 286,000), which possessed the highest specific activity. The specific
activity of dopamine f3-hydroxylase in fraction I (approximate mol wt 164,000) and in

fraction III (approximate mol wt S24,000) was 4 times lower than in fraction II. A specific

antiserum to human dopamine /3-hydroxylase isolated from fraction II was produced in
rabbits (antiserum H). Electrophoretic and immunological evidence supports the conten-

tion that dopamine f3-hydroxylase in fraction II was isolated in pure form. The lower
homospecific activity of dopamine f3-hydroxylase in fraction I as compared with fraction

II and the immunological titration data indicated that fraction I contained more enzyme
protein than was apparent from the enzyme activity. The immunological titration

studies showed that antiserum H, as well as the antiserum to bovine adrenal dopamine
f3-hydroxylase (antiserum B), reduced the activity of the homologous enzyme more
effectively than the activity of the heterologous enzyme. The poor interspecies cross-

reactivity suggests that for measurements of human serum dopamine /3-hydnoxylase
levels by radioimmunoassay a homologous system is required.

INTRODUCTION

The enzyme dopamine /3-hydroxylase

(3,4-dihydroxyphenylethylamine, ascor-
bate:oxygen oxidoreductase, EC 1.14.17.1)
has been purified by various procedures

from bovine adrenal glands (1-3). The bo-
vine adrenal enzyme has been character-

ized as a copper enzyme (4, 5), and it has
been shown that the valence of the copper

undergoes cyclic changes during the enzy-

matic /3-hydroxylation reaction (4, 5). Spe-
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cific antisera to bovine adrenal dopamine

/3-hydroxylase have been produced (6, 7)
and used for measuring serum levels of the
enzyme by a radioimmunoassay (8, 9) as
well as for its neuronal localization by im-
munofluorescent techniques (10-12). How-

ever, the loss of cross-immunoreactivity

between species could limit the usefulness
of bovine adrenal dopamine f3-hydroxylase

for human studies. We have therefore puri-

fied dopamine /3-hydroxylase from human

pheochromocytoma and used this prepara-
tion to induce specific antibodies in rab-
bits. In this paper we describe the purifica-
tion and characterization of various molec-

ular forms of human pheochromocytoma
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dopamine f3-hydroxylase. Partial charac-
tenization of the various molecular forms
of the enzyme was accomplished by physi-

cochemical and immunological analyses.
The interaction of rabbit antiserum di-
nected toward the human enzyme with hu-
man and bovine antigen was investigated.
Preliminary reports on these studies have

been presented (13, 14).

MATERIALS AND METHODS

Purification. About 100 g of a human

pheochromocytoma tumor obtained imme-
diately after surgery were used for each
enzyme preparation. The tumor was sus-
pended in 3 volumes of 0.25 M sucrose con-
taming 20 mM potassium phosphate buffer

(pH 6.5) and homogenized in a Waring
Blendor for 1 mm. The homogenate was
centrifuged for 10 mm at 700 x g, and the
sediment was discarded. The supernatant
was filtered through four layers of cheese-
cloth to remove the fat and then centri-

fuged at 100,000 x g for 1 hr. The sediment
was suspended in 150 ml of 20 m� potas-
sium phosphate buffer (pH 6.5) containing

0.1% Triton X-100. The suspension was
homogenized gently with a ten Broeck tis-
sue grinder, then centrifuged at 100,000 x

g for 1 hr. The same process was repeated
once more, and the supernatant fractions
were combined. The enzyme was purified
from the supernatant fraction by
(NH4)2S04 fractionation as previously de-

scribed (1, 2). Following (NH4)2S04 frac-
tionation the enzyme was chromato-

graphed on a DEAE-Sephadex A-25 col-
umn (1.6 x 60 cm) equilibrated with 5 mM
potassium phosphate buffer (pH 6.5), and
was eluted with a linear gradient contain-
ing equal volumes of 5 m� and 300 mM

potassium phosphate buffer (pH 6.5). The
most active fractions were combined and

concentrated by Amicon Diaflo filtration

(XM-100A membrane). The concentrated
fractions were further purified by centnifu-
gation on a linear surose density gradient.
The gradients were prepared with a

Buchler universal density gradient mixer,
using equal amounts of 5% and 20% (w/v)
sucrose solutions in 5 m� potassium phos-
phate buffer (pH 6.S). The gradients were
centrifuged for 18 hr at 40,000 rpm in a

Beckman model L-2-65B ultracentrifuge,

using an SW 40 rotor. After centrifugation
fractions of equal volume were collected

from the top to the bottom of the gradient.

The enzymatically active fractions were
stored at 70#{176}in plastic tubes.

Enzyme assay. Enzyme activity was de-

termined spectrophotometnically (15), us-
ing a procedure as modified by Nagatsu
and Udenfriend (16). Unless otherwise
stated, each incubation mixture contained
the following components (in micromoles):
sodium acetate buffer (pH 5.5), 100; tyra-
mine, 10; ascorbic acid, 10; fumaric acid,

10; N-ethylmaleimide, 10; and pargyline
HC1 0.75. To each incubation mixture 700
units of catalase (bovine liven, Schwarz!

Mann, 6600 units/mg of protein) were

added. After addition of the enzyme solu-
tion the final volume was adjusted to 1
ml and the reaction mixture was incu-
bated at 37#{176}for 20 mm. The specific activ-
ity is expressed as micromoles of octopa-
mine formed per minute per milligram of
protein at 37#{176}.The immunoreactive dopa-
mine /3-hydroxylase was estimated by

solid-phase radioimmunoassay (9, 10), uti-
lizing an antibody covalently bound to
glass beads (17). ‘251-Labeled human dopa-
mine f3-hydroxylase was prepared by the
method of Greenwood et al. (18). To a solu-
tion of 40-SO p.g of purified dopamine /3-
hydroxylase (purified on a DEAE-Sepha-
dex A-2S column) in 0.5 M phosphate buffer
(pH 7.5) were added 2 mCi of Na 12�I (spe-

cific activity, 17 Ci/mg) and 0.1 mg of
Chloramine-T in 10 p.1 of phosphate-
buffered NaCl solution. The reaction was
stopped after 30 sec by the addition of 0.2
mg of sodium metabisulfite in 0.2 ml of
phosphate-buffered NaC1, and then 2 mg

of KI in 0.1 ml were added. The solution
was passed through a column (1 x 22 cm)

of Sephadex G-25 equilibrated with phos-
phate-buffered NaC1, and the eluted, io-
dine-labeled protein was then subjected to

linear sucrose density gradient centnifuga-
tion as described above. The ‘2�I-labeled
dopamine /3-hydroxylase recovered from
the middle portion of the gradient was
used as a tracer in the radioimmunoassay.
‘251-Labeled bovine adrenal dopamine /3-

hydroxylase was prepared by the same pro-
cedure.

Protein was assayed by the fluonesca-
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mine method (19), using bovine serum al-
bumin as a standard, except in monitoring

column effluents, when the protein was
measured by determining the optical den-

sity at 280 nm.
Polyacrylamide gel electrophoresis was

performed by the method of Davis (20) and
Ornstein (21). Electrophoresis was carried

out in 0.4 M glycine-Tris buffer (pH 8.3) at
3 mamp/tube at 2-5#{176},using 5% gel if not

otherwise stated. Coomassie brilliant blue
was used to stain the protein on the gel. To
test enzyme activity, gels were sliced, and
each slice was dispersed in 0.2 ml of 0.1 M

sodium acetate buffer (pH 4.5). The activ-
ity was measured in these mixtures using

a sensitive isotopic procedure (22).
Immunization ofrabbits. About 0.2-0.3

mg of purified human dopamine /3-hydrox-
ylase purified by sucrose density gradient
centrifugation (fraction II) was subjected
to disc gel electrophoresis, loading S0-100

p.g of protein on each gel. The protein band
(2-3 mm wide) was cut out of the gel,
extruded through on a 20-gauge needle,
and allowed to stand in an equal volume of
0.9% NaCl for a few hours at 4#{176}.An equal

volume of complete Freund’s adjuvant was

added and thoroughly mixed. The entire
mixture (1 ml) was divided into four equal
portions, and each portion was injected
into the footpads of the rabbits. The immu-
nization procedure was repeated every 2-4

weeks for 3-6 months as described above,
but the antigen was injected intramuscu-
larly in four places on the backs of the
rabbits. Control preimmune serum was ob-

tained from each rabbit prior to the immu-
nization. The antibodies in the serum were

tested against the antigen by Ouchterlony
immunodiffusion-analyses (23) and mi-

croimmunoelectrophoresis (24). The anti-

sera to bovine adrenal dopamine /3-hydrox-
ylase were prepared in a similar manner.

The antisera to human pheochromocytoma
dopamine /3-hydroxylase (antisera H) and
the antisera to the bovine adrenal enzyme
(antisera B) were stored at -70#{176}.

Immunochemical titration. The immu-
nochemical titrations were performed by
adding increasing volumes of dopamine /3-
hydroxylase antisera to fixed aliquots of

antigen. Aliquots of control sera were
added to each sample to bring them all to

the same volume. The antisera and anti-
gen were incubated at 4#{176}for 24 hr, and

following centrifugation the supernatant
fraction was assayed for dopamine /3-hy-

droxylase activity.

Determination of sedimentation coeffi-

cients. Linear sucrose density gradient cen-
trifugation was used for determination of

the sedimentation coefficients and to esti-
mate the molecular weights of the differ-

ent forms of human pheochnomocytoma do-
pami ne /3-hydroxylase. Protein standards

employed in the sucrose gradients were
dissolved in 5 m� potassium phosphate

buffer (pH 6.5) and mixed with the enzyme
preparation. The sedimentation rates of
different forms of the enzyme were calcu-
lated as previously described, and the mo-

lecular weights were estimated (25). Fu-

marase (from pig heart, Sigma Chemical
Company) activity was determined by
measuring the enzymatic conversion of L-

malate to fumarate (biochemical cata-

logue, Boehringer, 1970). y-Globulin (hu-
man, Schwarz/Mann) and fibrinogen (bo-

vine, Schwarz/Mann) were measured by
determining the optical density at 280 nm,

and bovine ‘2�I-labeled dopamine /3-hydrox-
ylase was measured in a y-counter.

RESULTS

Purification of enzyme. A summary of
the results of the purification of dopamine

/3-hydroxylase from human pheochromocy-
toma is shown in Table 1. Following
(NH4)2S04 fractionation the enzyme was
further purified on a DEAE-Sephadex A-
25 column, which resulted in an over-all
34-fold purification with 11% recovery of

enzyme activity. Further purification of

the enzyme was achieved by centrifuga-
tion in a sucrose density gradient. Three

fractions of enzymatic activity were ob-
tained. The bulk of the enzymatic activity
was recovered in the middle portion of the

gradient (fraction II). A small percentage
of the total activity was recovered in the
upper portion of the gradient (fraction I)

and in the lower portion of the gradient
near the bottom (fraction III). The most

active enzyme was recovered from fraction

II and had a specific activity of approxi-
mately 30 units/mg of protein when as-

sayed under standard conditions. How-
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ever, when the protein in this fraction was

assayed by the procedure of Lowry et al.

(26), the specific activity was found to be

only 15.7 units/mg. The specific activity of

dopamine /3-hydroxylase was approxi-

mately 4 times higher in fraction II than in

fractions I and III. Using the same proce-
dure, the enzyme was purified from two
other pheochromocytoma tumors and simi-

lar results were obtained.

Elect rophoretic and immunoelectrophor-

etic studies. Polyacrylamide disc gel elec-

trophoresis of dopamine /3-hydroxylase in

fraction II obtained after sucrose density

gradient centnifugation revealed a single

stained protein band. No enzymatic activ-

ity was detected in the other sections of the
gel. An immunoelectrophoretic analysis of

antiserum H against purified human dopa-

mine /3-hydroxylase (fraction II) or against

the partially purified human enzyme prep-

aration purified by (NH4)2S04 fractiona-

tion showed a single precipitin arc (Fig. 1).
Estimation of different molecular pa-

rameters. To determine the average sedi-

mentation coefficients of the different

forms of dopamine /3-hydroxylase the en-
zyme as well as various standard proteins
were centrifuged in a sucrose density gra-
dient. The sedimentation coefficient of the
human pheochromocytoma enzyme with
the highest specific activity (fraction II)
was identical with the sedimentation coeffi-

cient of bovine adrenal dopamine /3-hydrox-
ylase. The molecular weights of the differ-

ent forms of the enzyme were calculated
from the sedimentation coefficients (Table
2). The enzyme activities in fractions I, II,

and III correspond approximately to aver-

age molecular weights of 164,000, 286,000,

TABLE 1

Purification of dopamine j3-hydroxylase from human pheochromocytoma tumor

Step Volume Total pro-
tein

Total ac-
tivity

Specific
activity

Yield Purifica-
tion

ml mg units units/mg 3F -fold

(NH4),S04, 80% ppt 51.0 342.21 114.6 0.335 100

(NH4)2S04, 25-45% ppt 10.3 105.58 60.3 0.570 52.6 1.7

Peak from DEAE-Sephadex A-25 (con-

centrated on XM-100A membrane) 2.1 1.126 13.0 11.5 11.3 34.4

Sucrose density gradient centrifuga-

tion

Fraction I 1.47 0.036 0.249 6.92 0.22 20.7

Fraction II 3.67 0.194 5.83 30.1” 5.1 89.7

Fraction III 0.79 0.017 0.124 7.28 0.11 21.7

“The specific activity was found to be 48% lower when the protein was estimated by the procedure of

Lowry et al. (26).

FIG. 1. Immunoelectrophoretic analyses of purified and partially purified human pheochromocytoma

dopamine /3-hydroxylase against 50 �d of rabbit antiserum H

The buffer was sodium barbital, pH 8.6; ionic strength 0.1. The upper well contained 20 �ig of partially

purified enzyme. The lower well contained 10 �ig of purified enzyme. The anode is at left.
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ity of dopamine /3-hydroxylase in fraction

TABLE 2

Molecular parameters of human pheochromocytoma

dopamine /3-hydroxylase and protein standards

calculated from sucrose density gradient

centrifugation

Protein s20� Mol wt

S x10�

Pheochromocytoma en-

zyme

Fraction I

Fraction II

Fraction III

Adrenal enzyme

vine)

Fibrinogen (bovine)

y-Globulin (human)

Fumarase (pig)

(bo-

6.20

8.96

13.47

8.95

9.72

5.46

7.17

1.64

2.86

5.24

2.90 2.90a

3.29 (3.30)

1.40 (1.60)

2.09 (1.94)

a The values in parentheses were reported in the

literature.

and 524,000, respectively. The enzyme ac-

tivity recovered in fractions I and II was

concentrated by ultrafiltration, and after

mixing with standard proteins, these prep-

arations were separately centrifuged in a

sucrose density gradient. The analysis of
the gradient containing fraction I revealed

a single enzyme activity peak correspond-

ing to the position of fraction I in the first

gradient. The gradient containing fraction
II showed a single major peak (approxi-
mately 96% of the total activity) corre-

sponding to the position of fraction II in
the first gradient. A small amount of en-
zyme activity was also recovered near the
bottom of the gradient.

Homospecific activity of various molecu-

lar enzyme forms. To determine the en-

zyme homogeneity in the three fractions
recovered after centnifugation in the su-

crose density gradient, we measured the
homospecific activity in each fraction (the

ratio of enzyme activity to immunoreac-
tive enzyme protein). The results in Table
3 show that in fraction II there was only a

slight difference between the amount of

total protein and the amount of immuno-

reactive enzyme. In fraction I immunoreac-
tive dopamine /3-hydnoxylase could ac-

count for 60% of the total protein, while in

fraction III it could account for only 17% of
the total protein. The homospecific activ-

II was twice as high as in fraction I and

lower than in fraction III.
Immunological characterization. In dou-

ble-diffusion reactions antiserum H was
tested against partially purified human

pheochromocytoma dopamine /3-hydroxyl-
ase and bovine adrenal dopamine 13-hy-
droxylase as well as purified human pheo-

chromocytoma tyrosine hydroxylase. A sin-
gle precipitin line was observed against
human and bovine dopamine /3-hydroxyl-

ase and none against human tynosine hy-
droxylase.

The dose-dependent immunotitration
curves of human pheochromocytoma and

bovine adrenal dopamine /3-hydroxylases

by antisera H and B are shown in Figs. 2
and 3. The amounts of the human pheo-
chromocytoma and bovine adrenal en-
zymes were adjusted so that their activi-
ties were approximately the same. The im-
munotitration curves of human pheochro-

mocytoma dopamine /3-hydroxylase with
respect to antiserum H and of the bovine

adrenal enzyme with respect to antiserum
B are similar. The apparent biphasic de-

dine ofenzymatic activity in both heterolo-
gous titration curves may suggest that the

antibodies have high and low binding affin-
ities for the corresponding antigens. It can

be seen from Fig. 2 that 1.5 p.1 of antiserum
H are required to decrease the human phe-

ochromocytoma dopamine /3-hydroxylase
activity by approximately 50% whereas
about 7 p.1 of antiserum H are required for

approximately 50% reduction of the bovine

adrenal enzyme activity. Similar studies

were done with antiserum B. It can be
seen from the results in Fig. 3 that 0.2S p.1

of antiserum B is required to decrease the
bovine adrenal enzyme activity by 50%
while about 30 times more antiserum is
needed to decrease the human pheochromo-
cytoma enzyme activity by only 40%.

In separate experiments the dopamine
/3-hydroxylase in fractions I and II (en-
zyme preparations purified by sucrose den-

sity gradient centnifugation) were titrated

with antiserum H. By extrapolating the

linear portion of the immunotitration

curve to the abscissa, the equivalence
points were estimated. The immunotitra-

tion curve of the fraction II enzyme showed

a much sharper decline than the immunoti-
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TABLE 3

Homospecific activity of various molecular forms of dopamine /3-hydroxylase isolated after sucrose density

gradient centrifugation

Enzyme frac-

tion

Total protein Specific activity Total immunoreactive

enzyme protein”

Homospecific activity

I

pg

17.2

units/mg protein

6.92

pg

10.34

units/mg immunoreactive protein

11.51

II” 92.4 30.10 110.60 25.11

III 8.2 7.28 1.35 43.70

“Determined by radioimmunoassay.

“In two subsequent experiments the differences between the amount of total protein and the amount of

total immunoreactive protein were 11% and 14%.

FIG. 2. Titration of human pheochromocytoma

(Pheo) and bovine adrenal dopamine /3-hydroxyl-

ase (D/3H) with antiserum H

The results are the means from three experiments

± 3-5% (SE). The amounts of human pheochromo-

cytoma and bovine enzymes were adjusted so that

the activities of both were similar. The initial activi-

ties are expressed as micromoles of octopamine

formed per assay in 10 mm at 37#{176}:human pheochro-

mocytoma enzyme (100% of controls), 0.043; bovine

adrenal enzyme (100% of controls), 0.046.

tration curve of the fraction I preparation

(Fig. 4). The fraction I enzyme required 1.9

times more antiserum to reach the equiva-

lence point than the enzyme in fraction II.

DISCUSSION

While this study was in progress (13, 14)

another report described the purification

of human dopamine �3-hydroxylase from a

pheochromocytoma tumor (27). The two

procedures differ in some aspects. Stone et

al. (27) purified the soluble form of the

0? 04 0b 08 10

Bo�in� DOH antiserun 1

FIG. 3. Titration of bovine adrenal and human

pheochromocytoma (Pheo) dopamine [3-hydroxylase

(D[3H) with antiserum B

Results are the means from three experiments ±

3-6% (SE). The initial activities were the same as

indicated in Fig. 2.

enzyme obtained from osmotic disruption
of the chromaffin vesicles, while we puri-
fied a mixture which contains the soluble

form and the enzyme bound to the granule
membrane, liberated by detergent solubili-
zation. The purification steps were also
different in these two studies: we purified

the enzyme by (NH4)2S04 fractionation,

DEAE-Sephadex A-2S chromatography,

and sucrose density gradient centnifuga-

tion, whereas Stone et al. (27) purified it by

DEAE-cellulose and Sephadex G-200 chro-

matography. The specific activity of the
human enzyme purified by the procedure

described in this paper is much higher

than the specific activity reported in the

other study (27). It is noteworthy that the
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specific activity of the human dopamine /3-

hydroxylase is comparable to the specific
activity of bovine adrenal dopamine /3-hy-
droxylase purified by affinity chromatogra-

phy (28). The high specific activity ob-

tamed in this study is probably due in part

to isolation ofthe enzyme by a gentle proce-
dune (DEAE-Sephadex instead of DEAE-

cellulose column chromatography2) and in
pant to separation of the enzymatically ac-

tive forms from the inactive forms by su-
crose gradient centrifugation.

Recent studies have shown that homos-
pecific activity can be used as an index of

homogeneity during enzyme purification
(28). The lower homospecific activity of do-

pamine /3-hydnoxylase in fraction I as com-

pared wth fraction II, as well as the immu-
nological titration data, indicates that frac-
tion I contains more enzyme protein than

is apparent from the enzyme activity. This
could imply that fraction I contains enzy-
matically inactive dopamine /3-hydroxyl-

ase, or that the specific activity of the di-
men (fraction I) is lower than the specific

activity of the tetramer (fraction II), or
that the dimer has more active sites ex-

posed to interaction with antiserum H
than the tetramer. Since antiserum H was

obtained from immunization of rabbits

against the tetramer, the latter possibility
seems unlikely to us. The highest homospe-
cific activity of the enzyme in fraction III

does not necessarily indicate that this frac-
tion contains the lowest amount of immu-

noreactive dopamine f3-hydroxylase by ra-

dioimmunoassay per unit of enzyme activ-
ity, since it may be attributable to the
lower immunological potency of antiserum

H toward the aggregated antigen. Alterna-
tively, the aggregated antigen may have

fewer binding sites for interaction with
antiserum H than the tetramer. The immu-
notitnation experiments of antiserum H

with dopamine /3-hydroxylase in fracton
III yielded inconsistent results, probably
because of variations in the aggregation

stage of the enzyme.

As we have reported (13, 14), the results
obtained with sucrose density gradient cen-

tnifugation show that human dopamine /3-
hydroxylase occurs in different molecular

2 M. Goldstein and D. H. Park, unpublished obser-

vations.

4.081

FIG. 4. Titration ofhuman pheochromocytoma do-

pamine f3-hydroxylase (Pheo Df3H) fractions I and II

with antiserum H

Results are the means from four experiments ± 2-

5% (SE). The initial activities are expressed as mi-

cromoles of octopamine formed per assay in 10 mm

at 37#{176}:fraction II, 0.063; fraction I, 0.054.

forms. The findings that after recentrifuga-
tion on a sucrose density gradient fraction
I was recovered in the same position as in

the first gradient, and that following recen-
trifugation of fraction II no enzymatic ac-

tivity was recovered in the gradient posi-
tion of fraction I, suggest that fraction I is
not an artifact formed during the centnifu-
gation procedure. However, it is not yet

clear whether fractions I and III are arti-
facts formed during the over-all purifica-
tion procedure or whether they occur natu-
rally. The lowest molecular weight form of

the enzyme obtained in this study corre-
sponds to the molecular weight of the di-
mer which was isolated in the presence of 6
M guanidine HC1 from the bovine adrenal

(29, 30) and human (27) enzymes. Further-
more, we have shown that the dimer (13,

14) and the aggregated form of the human

enzyme have catalytic activity.

Immunization of rabbits with purified
human dopamine /3-hydroxylase yielded a
highly potent antibody. This antiserum
has been shown to be specific, since it inter-
acts by enzymatic and immunological crite-
ria with dopamine /3-hydroxylases derived
from tissues of various species but not with

other enzymes involved in the biosynthesis
of catecholamines. It is noteworthy that

the sharpest decrease in activity was ob-
tained when antiserum H was titrated

against the fraction II preparation, indicat-
ing that antiserum H (antiserum to dopa-
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mine /3-hydroxylase in fraction II) has

some specific determinants to this antigen.
The immunological titration data show
that the antibody to human dopamine /3-
hydroxylase, as well as the antibody to the

bovine enzyme reduces the activity of the
homologous enzyme more effectively than

the activity of the heterologous enzyme.
The poor interspecies cross-reactivity is

manifest in the findings that the quantity

ofantibody to bovine dopamine /3-hydroxyl-
ase which reduces the activity of the bo-
vine adrenal enzyme by approximately

80% is not at all sufficient to reduce the
activity of the human serum enzyme. This

raises the question whether antibodies to
bovine dopamine /3-hydroxylase can be uti-

lized for measuring the human serum en-

zyme by a radioimmunoassay. We have

consistently shown a significant correla-
tion between human serum dopamine /3-

hydroxylase activity and immunoreactive

enzyme levels when the latter were meas-
ured by a radioimmunoassay system em-

ploying human ‘25I-labeled enzyme and an-
tibodies to the human enzyme (9, 31). Rush

et al. (32) found no correlation between
human serum dopamine /3-hydroxylase ac-

tivity and immunoneactive enzyme level

when the latter was measured by a ra-
dioimmunoassay employing antibodies to

bovine dopamine f3-hydroxylase. More re-
cently Rush et al. (33) measured human
serum immunoneactive dopamine /3-hy-
droxylase levels with a radioimmunoassay

employing antibodies to the human en-
zyme and confirmed our original finding
that there is a good correlation between
human serum dopamine /3-hydnoxylase ac-

tivity and immunoreactive enzyme level.

It is obvious from the results of the present
study that antibodies to bovine dopamine
/3-hydroxylase cross-react poorly with the
human enzyme and therefore a radioimmu-
noassay which utilizes bovine antibodies
and ‘25I-labeled bovine enzyme may not be
sensitive enough to measure specifically
the content of dopamine /3-hydroxylase in
human tissues.
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