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In viva biosynthesis of the 2 subunit forms of dopamine 
B-hydroxylase (DBH) was examined in the rat brain. %-me- 
thionine was injected into the noradrenergic neurons of the 
locus coeruleus (LC) using a stereotactic device. Several 
hours later, newly synthesized 35S-Met-labeled DBH was im- 
munoprecipitated and quantitated. Both M, = 77,000 (77K) 
and 73,000 (73K) subunit forms were present in near-equal 
proportions after 4 hr of labeling, and these were indistin- 
guishable from those isolated from rat PC12 pheochromo- 
cytoma cells by electrophoretic mobility. Both forms sedi- 
mented with the vesicular subcellular fraction of LC 
homogenates, and a portion of the 73K form could be re- 
leased by hypotonic lysis of these vesicles. The 77K form 
predominated in the first 30 min labeling period, while the 
73K form appeared more slowly over the next several hours. 
By 16 hr, the 73K form comprised about 21’3 of the total %- 
Met-labeled DBH present. Inhibition of protein synthesis with 
puromycin 30 min after 35S-Met injection into the LC did not 
prevent the subsequent appearance of the 73K form, sug- 
gesting that this subunit form was the product of posttrans- 
lational modification of the 77K subunit form in a fashion 
similar to that seen in PC1 2 cells. Also, newly synthesized 
%-Met-labeled DBH that underwent axonal transport from 
the LC to the anterior hypothalamus was predominantly the 
73K subunit form. A single injection of the catecholamine- 
depleting drug reserpine (10 mg/kg, i.p.) produced a 17-fold 
increase in the relative synthesis of DBH 2 d later without 
affecting the proportion of its 2 subunit forms. Thus, induc- 
tion of DBH synthesis was regulated separately from the 
posttranslational modification of its subunit forms. 

PC 12 pheochromocytoma cells and sympathetic neurons have 
been used as models for the expression and regulation of the 
catecholamine biosynthetic enzymes. The relevance of such 
studies to neurochemical events occurring in the central nervous 
system has not been established. A basic knowledge of the syn- 
thesis and transport of transmitter-synthesizing enzymes is crit- 
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ical to our understanding of the regulation of metabolism and 
function of CNS neurons. In order to study such parameters 
directly, we conducted in vivo studies on the biosynthesis and 
transport of dopamine fi-hydroxylase. 

Dopamine p-hydroxylase (DBH) is the enzyme that catalyzes 
the formation of norepinephrine from dopamine in noradrener- 
gic neurons and adrenal medullary cells (Kaufman and Fried- 
man, 1965). In neurons and in adrenal chromaffin cells, DBH 
can be found in both membrane-bound and soluble components 
of the noradrenergic vesicles and chromaffin granules, respec- 
tively (Smith and Kirshner, 1967; Lagercrantz, 1976; Winkler, 
1976). The characterization of DBH and its biosynthesis has 
been well studied in the adrenal medullar and pheochromocy- 
toma cells (cf. Winkler, 1977; Sabban et al., 1983a), while its 
metabolism in the brain has been less well characterized. DBH 
has been purified from bovine brain (Bouclier et al., 1978; Mat- 
sui et al., 1982) and, while it is immunologically very similar 
to bovine adrenal DBH, the brain-derived DBH has an apparent 
molecular weight of 400,000, as determined by gel filtration, 
compared to 290,000 for adrenal DBH. Bovine brain DBH has 
been proposed to consist of 90,000 M, subunits with kinetic 
properties similar to the adrenal enzyme. 

In the PC 12 pheochromocytoma cell line, DBH is a tetrameric 
enzyme composed of M, 77,000 (77K) or 73,000 (73K) subunit 
forms (Sabban et al. 1983a; McHugh et al., 1985). The 77K 
form is membrane-bound and is the apparent precursor of the 
73K soluble subunit form (Sabban et al., 1983a). The relative 
proportions of the 2 subunit forms can be influenced by treat- 
ment with nerve growth factor, dexamethasone, dibutyryl cyclic 
AMP (Sabban et al., 1983b), or the carboxylic ionophore, mo- 
nensin (Kuhn et al., 1986). The physiological significance of 
multiple subunit forms of DBH and whether they might be an 
idiosyncrasy of tumor cell culture has heretofore been unknown. 
In this paper, we describe the in vivo biosynthesis and axonal 
transport of DBH in the noradrenergic neurons of the locus 
coeruleus (LC) of the rat brain and show that the biosynthesis 
of DBH and the formation of its subunits are similar in rat brain 
and PC 12 cells. 

Materials and Methods 

Materials 
The following materials were purchased from commercial sources: Y3- 
methionine ( 1100-l 400 Ci/mmol, 50 mCi/ml) from New England Nu- 
clear; ‘H-L-amino acid mixture (273 mCi/mg) from ICN Radiochem- 
icals; i4C molecular weight protein markers from Bethesda Research 
Laboratories; 6-hydroxydopamine HBr (6-OHDA) and puromycin from 
Sigma Chemicals; and Trasylol from Mobay Chemicals. Resetpine (Ser- 
pasil) was kindly donated by Ciba-Geigy. 



The Journal of Neuroscience, January 1987, 7(l) 193 

Sprague-Dawley rats were supplied by Charles River Breeding Labs. 
The guinea pig antiserum to dopamine P-hydroxylase from rat pheo- 
chromocytoma tumors was kindly provided by Dr. Menek Goldstein, 
Deuartment of Psvchiatrv. New York Universitv Medical Center. The 
preparation and characterization of this antisera have been described 
in detail by Fong et al. (1980). 

Methods 

Labeling of locus coeruleus proteins with )SS-methionine. The left LC of 
ether-anesthetized male Sprague-Dawley rats, weighing between 200 
and 250 gm, were injected over a 15 min period, using a stereotactic 
device, by means of a 26-gauge Hamilton microsyringe, with 2 pl of 
)S-methionine (1100-1400 Wmmol, 50 mCi/ml), according to the 
coordinates of Harik et al. (1981). The rats were killed at various in- 
tervals (30 min to 16 hr) and the regions of the dorsal pons containing 
the left and right LC were excised (Levin, 1978). The regions weighed 
about 18 mg per side. Tissue suspensions were prepared-by sonic&ion 
in PBS (0.15 M NaCl, 10 mM Na phosphate, pH 7.0) containing 2% 
sodium dodecyl sulfate. The samples were boiled and any insoluble 
material was removed by centrifugation at 12,800 x g. An aliquot of 
each supernatant was taken to determine incorporation of 35S-Met into 
labeled protein using trichloroacetic acid (TCA) precipitation (Mans 
and Novelli, 1964). Removal of insoluble material prior to the TCA 
precipitation did not alter the measurement of ‘S-Met-labeled protein. 

Irnmunoprecipitation of dopamine /3-hydroxylase. Immunoprecipi- 
tation of DBH was accomplished by an indirect procedure, using protein 
A Sepharose (Goldman and Blobel, 1978; Sabban et al., 198 1). The cell 
lysate, in PBS containing 2% SDS, was boiled for 2 min, diluted with 
4 volumes of solution A (190 mM NaCl; 50 mM Tris-HCl, pH 7.4; 5 
mM EDTA, 2.5% Triton X- 100; 100 U/ml Trasylol) and incubated with 
preimmune guinea pig serum. Insoluble material was removed by cen- 
trifugation at 12,800 x g for 30 min. The supematant was incubated 
for 16 hr with anti-rat DBH at 4°C then incubated with protein A 
Sepharose. The immunoprecipitate was eluted and analyzed by gel elec- 
trophoresis. 

Gel electrophoresis and fluorography. SDS polyacrylamide slab gel 
electrophoresis was performed according to a modification (Kreibich 
and Sabatini, 1974) of the method of Maize1 (197 1) on 6-l 2% gradient 
gels. Gels were processed for fluorography with sodium salicylate 
(Chamberlain, 1979) and exposed to prefogged Kodak XAR-5 film (Las- 
key and Mills, 1975). Some of the fluorographs were scanned with a 
Zeineh soft laser scanning densitometer in order to quantitate relative 
amounts of the DBH subunit forms. 

Subcellular fractionation of LC preparations. 35S-Met-labeled LC 
preparations, pooled from 5 rats, were homogenized in ice-cold 0.3 M 

sucrose containing 100 U/ml Trasylol and centrifuged at 1000 x g for 
10 min. The pellet was resuspended, homogenized as above, and cen- 
trifuged at 1000 x g for 10 min. The combined supematants were 
centrifuged at 40,000 x g for 10 min. The pellet (crude neurosecretory 
vesicles) was resuspended by sonication in lysis buffer (5 mM Tris-HCl, 
100 &ml phenylmethylsulfonyl fluoride, and 100 U/ml Trasylol) and 
centrifuged at 100,000 x gfor 60 min. The supematant (soluble fraction) 
was adjusted to 2% SDS and the pellet (membrane fraction) was sus- 
pended by sonication in lysis buffer containing 2% SDS. 

Reserpine treatment. Rats were injected (i.p.) with either 10 mg/kg 
reserpine or vehicle. Two days later, 35S-methionine was injected in rat 
LC using a stereotactic device and, 5 hr later, the rats were killed. 35S- 
Met-labeled DBH from each individual LC was analyzed by gel elec- 
trophoresis and fluorography. 

assessed. An aliquot of )H-labeled L-amino acids (alanine, arginine, 
aspartic acid, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
phenylalanine, proline, serine, threonine, tyrosine, and valine) contain- 
ing 20 NCi in a 20 ~1 volume was injected into the lateral ventricle of 
the cerebrum, followed immediately by injection of 2 pl of the protein 
synthesis inhibitor, puromycin (10 mM) into either the left or right LC. 
The contralateral LC was injected with an equal volume of distilled 
water and the rats (n = 3 per time period) were decapitated 30 or 60 
min or 16 hr after the puromycin injection. Left and right LC regions 
were excised and 3H-labeled proteins from each side were precipitated 
with 10% TCA (Levin, 1978). 

Time course of biosynthesis of dopamine P-hydroxylase. Ether-anes- 
thesized rats were injected with ?&Met and the LC were collected after 
various time intervals (30 min to 16 hr). In some experiments, protein 
synthesis was inhibited. A second group of rats was injected in the LC 
with 2 ~1 of 35S-Met and, 30 min later, injected in the ipsilateral LC 
with 2 pl of 10 mM puromycin. The animals were killed after 16 hr, 
and DBH subunit form content was analyzed and quantitated as de- 
scribed above. 

Results 
Biosynthesis of 35S-methionine-labeled dopamine 
p-h ydroxylase 

In order to study the biosynthesis of DBH, YS-Met was injected 
into the LC on 1 side of the brain of anesthesized rats, using a 
stereotactic device. Several hours later, the rats were killed and 
the LC regions excised from the injected and noninjected sides. 
Four hours subsequent to labeling with 100 PCi of 35S-methi- 
onine, 3.3 f 0.54 x lo6 dpm (mean f SE; n = 16) was incor- 
porated into protein isolated from the injected side. This in- 
corporation was 21.6 f 3.0-fold higher (mean ? SE; n = 6) on 
the injected side than on the uninjected side. The total profile 
of YS-Met-labeled proteins is shown in Figure 1. 

DBH was immunoprecipitated and analyzed by gel electro- 
phoresis and fluorography. DBH synthesized during the 4 hr 
labeling period consisted of near-equal amounts of the 77K and 
73K subunit forms, and was indistinguishable, by electropho- 
retie migration, from DBH isolated from the PC12 pheochro- 
mocytoma cell line (Fig. 1). We obtained near-equal amounts 
of the 2 subunit forms of DBH from the LC of each of the 16 
rats examined. Immunoprecipitation was specific, and DBH was 
not precipitated using preimmune serum. The amount of DBH 
synthesized was estimated by comparison to the known radio- 
activity in 14C molecular weight markers. DBH comprised about 
0.05-O. 1% of the total 35S-Met-labeled protein in the LC under 
these conditions. 

To characterize brain DBH, YS-Met-labeled protein samples 
obtained from the LC of 5 rats were pooled and fractionated, 
and a crude fraction containing synaptic vesicles and mitochron- 
dria was isolated according to the method of Coyle and Kuhar 
(1974). Both subunit forms of DBH were found in this vesicle 
preparation; however, only the 73K subunit form of DBH was 
released to the soluble fraction upon sonication of the vesicles 
in hypotonic solution (not shown). 

Time course of biosynthesis of subunit forms of dopamine 
@-hydroxylase 

In PC 12 cells, DBH is initially synthesized exclusively as a 77K 
subunit form, which is subsequently partially converted to a 
73K form. After a 90 min time period, there is a near-equal 
distribution of the 73K and 77K forms. We examined the re- 
lationship between the subunit forms in the brain to determine 
whether the 77K form might also be the precursor of the 73K 
form in vivo. The time course of biosynthesis of these forms in 
the LC was examined. The LC was collected after various la- 

Axonal transport. Injections of 35S-methionine were made into the 
left LC of rats in which 6-OHDA (1 ~1 containing 4 rcg/rl free base) had 
been injected, 30 min previously, into the ascending LC pathway in the 
left rostra1 forebrain [A 9.0, L 2.0, down 8.0 mm from the skull (18)] 
to prevent anterograde transport of DBH proximal to the lesion (Levin, 
1981). Injections of 6-OHDA were also made in the posterior hypo- 
thalamus-into the right medial forebrain bundle, close to the right LC 
(A 5.0, L 2.0, down 8.4 mm) to prevent any transport oflabeled material 
from the right LC into the hypothalamus. Two days later, the animals 
were killed and DBH was immunoprecipitated from homogenates of 2 
mm anterior hypothalamus sections removed from the region just prox- 
imal to the left forebrain 6-OHDA injection sites (A 7.0-5.0) and from 
comparable anterior hypothalamic sections from the uninjected side 
(Levin, 198 1). 

Inhibition of protein synthesis. The effect of direct injection of puro- 
mycin into the LC on subsequent protein synthesis in that area was 
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Figure 1. Multiple subunit forms of DBH in rat brain. Ether-anesthetized rats were injected with 2 ~1 YS-Met in the left LC and killed 4 hr later. 
Homogenized right and left LC samples were pretreated as detailed in Materials and Methods, applied to 6-l 2% gradient SDS-polyacrylamide slab 
gels, and processed for fluorography. The total 35S-Met-labeled protein profiles from the left (UC, injected) and right (RLC, uninjected) LC are 
shown in the 4 left-hand lanes. The fluorographs of the immnnoprecipitated 77K and 73K subunit forms of DBH (arrows) from PC12 cells and 
from the left LC of 3 separate rats are shown in the right-hand lanes. Apparent molecular weights, as determined from concomitantly run molecular 
weight markers, are given on the left side of the figure. 

beling times, ranging from 30 min to 16 hr, and 35S-Met-labeled 
DBH was analyzed (Figs. 2 and 3). After the shortest labeling 
time (30 min), 90% of the DBH was present as the 77K subunit 
form. By 2-5 hr, the 2 subunit forms were present in near-equal 
proportions, while, by 16 hr, y of the DBH was present as the 
73K subunit form. This showed that the 77K subunit form was 
synthesized first, and suggested that the 77K form might, in 

turn, be processed to the 73K subunit form. In order to show 
that there was a precursor product relationship between the 77K 
and 73K subunit forms, we planned to stop protein synthesis 
30 min after 35S-Met injection and analyze the subunit forms 
of DBH several hours later. In preliminary studies, we found 
that the puromycin treatment inhibited protein synthesis in the 
LC by 87% within 30 min, and that inhibition remained sub- 
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Figure 2. Time course of biosynthesis of subunit forms of DBH. )5S-methionine (2 ~1 of 50 mCi/ml, 1200 Ci/mmol) was injected over a period 
of 15 min into the left LC of ether-anesthetized rats. The rats were killed at the times indicated, the left LC collected, and DBH analyzed by 
immunoprecipitation, gel electrophoresis, and fluorography. The puromycin-treated animals (pure) were injected in the left LC with 2 pl of 10 mM 
puromycin 30 min following the injection of ?+Met in the ipsilateral LC, and the LC collected at the times indicated. 

stantial (72%) even 16 hr later (Table 1). Therefore, we pro- 
ceeded to use puromycin to examine the relationship between 
the subunit forms. ‘S-Met was injected into the LC, and 30 
min later puromycin was injected to inhibit further protein syn- 
thesis. When the rats were killed 16 hr later, DBH was im- 
munoprecipitated and the 73K subunit form still represented 
78% of the total DBH present in the LC. These experiments 
indicated that, in the LC, as in PC12 cells, the 77K subunit 
form appears to be the precursor that is posttranslationally con- 
verted to the 73K subunit form. 

Axonal transport of dopamine /3-hydroxylase 

To examine the axonal transport of newly synthesized DBH 
anterograde transport of 35S-Met-labeled DBH was blocked 
proximal to a 6-OHDA lesion made in the ascending LC path- 
way. Radiolabeled DBH accumulated in the anterior hypo- 
thalamus proximal to the lesion site ipsilateral to the 35S-Met- 
injected LC over a 2 d period and no radiolabeled DBH was 

found on the contralateral side, in which anterograde transport 
to the anterior hypothalamus had been blocked by a 6-OHDA 
lesion at LC. The results (Fig. 4) illustrate that predominantly 
the 73K subunit form was transported (83% oftotal transported 
DBH). It should, however, be noted that, at this time point, the 
73K subunit form was also the predominant form (75% of total 
DBH) in the noradrenergic cell bodies in the LC (see Fig. 3, 53 
hr). 

E#ect of reserpine on dopamine B-hydroxylase synthesis and 
subunit formation 

Reserpine treatment markedly depletes brain catecholamines 
(Levin, 1980, 198 1; Wakade, 1980), induces the synthesis of 
tyrosine hydroxylase and DBH (Reis et al., 1974, 1975; Ross 
et al., 1978), and affects their axonal transport (Levin, 1980, 
198 1). We examined the effect of reserpine on the synthesis of 
the subunit forms of DBH in the LC, using reserpine treatment 
conditions identical to those described by Reis et al. (1975) and 
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Figure 3. Time course for biosyn- 
thesis of the 73K subunit form of DBH. 
The relative proportions of the subunit 
forms of DBH at various times subse- 
quent to the injection of Y&Met were 
analyzed by densitometric quantitation 
of gels similar to those shown in Figure 
2. Each point represents a separate LC 
labeled and immunoprecipitated. The 
* represents data from puromycin- 
treated animals. 
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Ross et al. (1978) for maximal induction of brain DBH. Rats 
were injected with reserpine and, 2 d later, injected in the LC 
with W-Met; the LC from individual rats were collected 5 hr 
subsequently. The electrophoretic profiles of total ?S-Met-la- 
beled proteins were similar for control and reserpine-treated 
rats (Fig. 5) suggesting that there were no major changes in the 
overall pattern of protein synthesis. In 4 sets of control versus 
reserpine-treated rats, immunoprecipitation of DBH from equal 
amounts of total 35S-Met-labeled protein samples showed that 
DBH synthesis was greatly enhanced in reset-pine-treated rats 
(Fig. 6). Quantitation by densitometer scanning of fluorographs 
indicated that 2 d after reserpine treatment there was a 17-fold 
increase in the amount of DBH synthesized in the reserpine- 
treated rats. Despite the greatly increased amount of DBH syn- 
thesized, the relative proportion of the 73K subunit form of 
DBH was not altered in reserpine-treated animals (Table 2; 
average value = 54.5% of total ‘YS-DBH in control, 56.8% of 
total 35S-DBH in reserpine-treated). 

Discussion 

et al., 1985). The results of time-course labeling experiments, 
as well as studies involving inhibition of protein synthesis using 
puromycin, showed that DBH in the brain, as in PC12 ceils, 
was initially synthesized as a 77K subunit form and subse- 
quently converted to a 73K form. This posttranslational con- 
version appeared to stop at 90 min postsynthesis in PC 12 cells, 
yielding near-equal amounts of both subunit forms in untreated 
cells, or almost exclusively the 73K subunit form in cells treated 
for several days with nerve growth factor, dexamethasone, or 
dibutyryl cyclic AMP (Sabban et al., 1983a, b). In the LC, the 
conversion appeared to continue over a longer time period and 
to level off only after several hours. By 16 hr, about % of the 
total DBH was present as the 73K subunit form. We have re- 
cently shown that, in PC 12 cells, the posttranslational processing 
of the 77K to the 73K subunit form of DBH appears to occur 
prior to its exit from the Golgi apparatus or before acidification 
of the neurosecretory vesicles (Kuhn et al., 1986). This process 
may be slower in brain neurons, since a longer time period is 
required for posttranslational processing of DBH in the LC. 

The biosynthesis of dopamine /3-hydroxylase has been charac- 
terized in the noradrenergic neurons of the rat LC using in vivo 
labeling with 35S-methionine. This group of about 1500 neurons 
provides a major noradrenergic innervation to the forebrain as 
well as the brain stem and spinal cord of the rat (Moore and 
Bloom, 1979). After 4 to 6 hr of labeling, DBH in LC neurons 
was always present in near-equal amounts of 77K and 73K 
subunit forms. The subunit forms were indistinguishable, by 
electrophoretic mobility, from the subunit forms of DBH in 
PC 12 pheochromocytoma cells (Sabban et al., 1983a; McHugh 

The proportion of subunit forms of DBH in PC12 cells was 
subject to regulation by prolonged treatment (several days) with 
nerve growth factor, dexamethasone, or dibutyryl cyclic AMP 
(Sabban et al., 1983b) or short-term treatment with monensin 
(Kuhn et al., 1986). The monensin treatment also depleted the 
cells of catecholamines (Perlman et al., 1982; Kuhn et al., 1986). 
The effect of reserpine on the synthesis of the subunit forms of 
DBH in PC12 cells and in the LC was examined. Reserpine 
treatment has a very pronounced effect on catecholamines, and 

Table 2. Effect of reserpine on biosynthesis of dopamine 
&hydroxylase 

Table 1. Effect of puromycin on protein synthesis in the locus 
coeruleus 

Treatment” 

Time Vehicle Puromycin 

30 min 5.12 f 1.6 x 10Sdpm/gm 0.36 k 0.04 x lo5 dpm/gm 
60 min 7.64 f 1.1 x lo5 dpm/gm 0.92 + 0.010 x lo5 dpm/gm 

16 hr 3.03 f 0.57 x 105dpm/gm 0.86 * 0.19 x 105dpm/gm 

A mixture of ‘H amino acids (20 PCi) was injected intraventticularly and witbin 
5 min; 1 LC was injected with puromycin (2 ~1 of 10 mM) and the other with 
vehicle (H,O). The rats were killed after the time indicated, the area of the LC 
collected, and the radiolabeled TCA-precipitable protein content was determined. 
0 The numbers represent mean f SE; n = 3 animals per group. 

Area” Percentage 
77K 73K Total 77K 73K 

Control C, 12,826 11,123 23,949 46.4 53.5 

G 12,961 10,432 23,393 44.5 55.5 

Reserpine R, 274,044 208,198 482,242 43.2 56.8 

R2 203,231 137,323 340,560 40.3 59.7 

2 

250,378 200,978 45 1,356 44.5 55.5 
22,080 17,750 39,830 44.6 55.4 

The immunoprecipitates of DBH from the LC of individual rats shown in Figure 
6 were scanned and an average taken from 3 scans. Controls C, and C, were below 
the level of detection. 
n Area is expressed in relative densitometer units. 

SO- 

p 40. 
. 

0 
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Figure 4. Axonal transport of DBH in LC neurons. ?3-Met-labeled 
DBH synthesized in the left LC and transported to the ipsilateral hy- 
pothalamus accumulated over a 2 d period proximal to a 6-OHDA 
lesion placed in the left ascending LC pathway in the rostra1 forebrain. 
3SS-Met-labeled DBH from the left anterior hypothalamus proximal to 
the forebrain lesion (lanes I and 2) or from the comparable right (lanes 
3 and 4) anterior hypothalamic sections in which transport of DBH had 
been blocked by a 6-OHDA lesion placed in the proximal LC pathway, 
close to the LC, was immunoprecipitated and analyzed by gel electro- 
phoresis and fluorography. 

a single .injection into rats leads to a dramatic long-term effect 
of depletion of brain catecholamines (Carlsson et al., 1957; Lev- 
in, 1980; 198 1; Wakade, 1980). Several days after a single in- 
jection of reserpine, it was noted that the specific activities of 
both DBH and tyrosine hydroxylase in the noradrenergic cell 

2OOK- 

97K- 

68K- 

43 K - 

26K- 

18K- 
12K- 

Figure 5. Effect of reserpine on protein synthesis in the LC. Two days 
following a single injection of resetpine (10 mg/kg, i.p.), %-methionine 
was injected into the LC and labeling continued for a 5 hr period. The 
electrophoretic profile of ?3-Met-labeled proteins (150,000 dpm) from 
the area of the LC is shown. Reserpine-treated (lanes I and 2); controls 
(lanes 3 and 4). 

bodies of the LC had increased nearly 2-fold (Reis et al., 1974; 
Brooke and Fibiger, 1975). The increase in tyrosine hydroxylase 
activity in reserpine-treated animals was a result of enhanced 
mRNA levels in the LC and was maximal 2 d after a single 
injection of reserpine (Mallet et al., 1983; Biguet et al., 1986). 
Immunotitration studies showed that the increase in DBH ac- 
tivity in reset-pine-treated animals was due to the accumulation 
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77 K 
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F&we 6. Effect of resernine on bio- 
synthesis of DBH. The eldctrophoretic 
urofiles of 3SS-Met-labeled DBH from 
controls (C) or reserpine-treated (R) rats 
are shown. Each lane represents DBH 
from a separate rat. Lanes C,, C,, R,, 
and RI are immunoprecipitates from 
1.5 x lo6 dnm, lanes C, and R, from 
1.5 x lo5 &pm, and lanes C, and R, 
from 1.5 x lo5 dpm of total TCA-pre- 
cipitable protein. 

of specific enzyme protein (Reis et al., 1975). Such an accu- 
mulation could result from enhanced synthesis or decreased 
turnover. The present study also established that there was an 
apparent enhancement of synthesis of DBH in the LC of reser- 
pine-treated rats. 

Our experiment showed that, 2 d after a single injection of 
reserpine, there was a 17-fold increase in the amount of DBH 
synthesized. These results are higher than those observed by 
Ross et al. (1978), who used 3H amino acids and found a 1.9- 
fold increase 3 d after reserpine treatment. In their experiments, 

the immunoprecipitates were only 10-I 5% DBH, and therefore 
they had to slice and count the gel. They were unable to detect 
DBH directly by electrophoresis. We chose to examine the syn- 
thesis after 2 d since that corresponded to the beginning of the 
increase in DBH activity (Reis et al., 1975). 

While the amount of DBH synthesized was markedly in- 
creased after reserpine treatment, there was no effect on the 
proportion of subunit forms of DBH, and these forms remained 
in near-equal amounts after a 5 hr labeling period. We also 
found that treatment of PC 12 cells with reserpine, under con- 
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ditions that depleted the cells of catecholamines, did not alter 
the proportion of the subunit forms of DBH. These experiments 
suggest that regulation of the amount of DBH synthesized is 
independent of regulation of the relative proportion of the sub- 
unit forms of DBH resulting from posttranslational modifica- 
tion. The regulation of the proportion of the subunit forms may 
reflect the relative amount of the putative processing enzyme, 
or the amount of time DBH spends in the Golgi apparatus prior 
to entry into an acidic compartment. 

The DBH in the brain was present in a vesicular fraction, and 
the soluble form of DBH in the LC appeared to consist exclu- 
sively of the 73K subunit form. DBH, isolated from a variety 
of tissues, is known to be present in a membrane-bound and 
soluble form within the neurosecretory vesicle. The biochemical 
nature of the differences between these forms and the relative 
proportion of these subunit forms in a variety of tissues are 
subjects open to considerable controversy. Several investigators 
have failed to detect differences between membrane-bound and 
soluble forms of DBH, and reports indicate that DBH consists 
of 4 identical glycosylated subunits with molecular weights of 
about 75,000 (Park et al., 1976; Fong et al., 1980; Rush and 
Geffen, 1980). On the other hand, Bjerrum et al. (1979) differ- 
entiated an amphiphilic, membrane-bound form from a hydro- 
philic, soluble form of bovine DBH using crossed immuno- 
electrophoresis. Slater et al. (198 1) noted subtle differences 
between peptide maps of soluble and membrane-bound DBH, 
while Sokoloff et al. (1985) did not find intraspccies differences 
in amino acid composition or peptide maps of soluble and mem- 
brane-bound DBH from bovine adrenal medulla or human 
pheochromocytoma tumor. Saxena and Fleming (1983) char- 
acterized the membrane-bound form of DBH from bovine ad- 
renal and found it to be different from the soluble form. They 
suggested that the membrane-bound form contained 2 non- 
identical subunits, as well as bound phospholipid. 

In the rat PC12 pheochromocytoma cell line, we showed that 
DBH was present as a 77K membrane-bound subunit form and 
a 73K soluble subunit form in near-equal amounts (Sabban et 
al., 1983a). The DBH that is secreted concomitantly with cate- 
cholamines consists of the 73K subunit form (Kuhn et al., 1985; 
McHugh et al., 1985), but it may differ from the soluble form 
in carbohydrate or sulfate composition. McHugh et al. (1985) 
confirmed the presence of the 77K and 73K subunit forms of 
DBH in PC 12 cells, and concurred in finding the soluble form 
to be comprised of 73K subunits. However, they contended that 
the membrane form consists of both 77K and 73K subunits. 
Their results may be due to incomplete osmotic lysis of their 
vesicles, whereas we used sonication in hypotonic media to 
isolate DBH from PC1 2 cells (Sabban et al., 1983a). Inadequate 
lysis of vesicles may have allowed soluble DBH trapped in 
unlysed vesicles to sediment with the membrane fraction ob- 
tained by McHugh et al. (1985). Alternately, our fractionation 
procedure (Sabban et al., 1983a) may have been too harsh, 
leading to the dissociation of 73K subunits from the membrane. 

more efficiently using a French press. We attempted to use a 
French press to homogenize the LC tissue, but it appeared to 
be too harsh and seemed to release membrane-bound DBH into 
the soluble fraction, possibly by fragmentation of the membrane. 
We were, however, able to show that both subunit forms of 
DBH in the LC were present in near-equal proportions (5 hr 
labeling time) in a crude vesicle fraction, and that only the 73K 
subunit form was released by sonication in hypotonic media. 
These results are consistent with previous findings that indicated 
that the soluble DBH consisted of the 73K subunit form, but 
we are unable to ascertain whether the membrane form of DBH 
in the brain consisted exclusively of the 77K form or whether 
the 73K subunit form was also normally part of the membrane- 
bound DBH. 

The axonal transport of newly synthesized DBH could be 
monitored by its accumulation proximal to a specific catechol- 
amine neurotoxin lesion in the anterior hypothalamus. The 
transport of proteins from rat locus coeruleus to the hypothal- 
amus has been shown to occur in 5 successive waves (Levin, 
1978). Norepinephrine and DBH appear to travel in the second 
wave at 24-48 mm/d (Lcvin and Stolk, 1977; Levin, 1979). In 
our study, predominantly the 73K subunit form of DBH ap- 
peared to be transported, and thus the soluble form may pre- 
dominate within vesicles moving along the axons of LC neurons 
(Levin, 1979). The proportion of subunit forms transported to 
the anterior hypothalamus was similar to that in the cell bodies 
of the locus coeruleus at the same time. Thus, DBH may undergo 
most of its posttranslational processing from the 77K to the 73K 
form prior to its transport, as would be indicated by experi- 
mental results with PC12 cells, which showed that the post- 
translational processing of DBH occurred prior to the exit of 
DBH from the Golgi apparatus or acidification of the vesicles 
(Kuhn et al., 1986). 

In conclusion, in vivo labeling of rat brain DBH has shown 
that the enzyme is present as 2 subunit forms and that there is 
a precursor-product relationship between these forms, as seen 
in PC12 cells. Subcellular distribution of the forms in brain 
appears to be similar to that found in PC 12 cells, and reserpine 
treatment causes an increase in DBH biosynthesis but not al- 
teration of posttranslational processing in both in vivo and in 
vitro systems. These fmdings indicate that the PC12 pheochro- 
mocytoma cell line appears to be a valid system for the study 
of the principles involved in the biosynthesis of dopamine 
@-hydroxylase. 
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