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SUMMARY

1)opamuinue fi-imydroxylase (EC 1.14.2.1) fronm tissue honmogermates of three species was

subjected to) eleetropluoresis on polyacrylanmide gel and starch blocks. In both systems

dopanmine fi-imydroxylase in crude homogenates of solid tissues exhibited two electro-

phoretically distinguishable peaks of activity. Time smaller, more slowly migrating peak was
eliminated by hmigim-speed centrifugatiomi prior to electrophoresis, suggesting that this peak

represented a form of the enzyme hound to the membrane or to a subcellular constituent.
This iimterpretation is supported by partial conversion of dopamine fi-hydroxylase activity

front time slow’ly moving peak to time fast-migratimig peak by Triton treatment. Also in har�
mormy w’itlm this view are the observations that a nonparticulate tissue such as serum con-

tained onmly the faster-migrating peak and that prior treatment witim reserpine produced

elevations of both peaks in solid tissues. Time main peak of dopamine fi-hydroxylase activity

fronmm Imumarm, cow’, and rat adrenals differed in electropimoretic mobility, but within each
species time major peak of activity from all tissues, including serum, had the same mobility.

Human serum dopamine fl-hydroxylase activity migrated witim the niobility of a fl-globulin.
The major peak of enzyme activity fronm eacim species was broad and asymmetrical, and

possibly included several distinct molecular forms of time enmzyme.

INTR0m)UCTION

Dopamine fi-Imydroxylase (EC 1.14.2.1)
catalyzes time final reaction in time biosvim-

thmetic j)athlway leadimmg to norepitmepimrine
(1). Recenmt development of a sensitive
enzvmnatie assay for dopamine fl-imydroxylase

(2, 3) Imas facilitated determinmation of its

activity in homogeimates of sympathetically
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inmimervated tissues arid study of time 1)oSSible

role of cimaimges iii time activity of this enzyme

mm time regulation of catecimolanumme biosyn-

thesis. For example, reserpine admiministra-
tioni leads to nm tranmssvnmapticallv mediated
inicrease in dopaminme fi-hydnoxylase activity

in time adrenal medulla, sympatimetic ganmghia,

and sympathetically innervated tissues (3,

4) as time result of an increase in time quantity
of enzyme protein (5).

Two of time enzymes involved in cate-

cimolaminme biosynthesis and metabolism,

phenylethammolamine N-methyltransferase
and catechol O-niethylt ransferase, exhibit

marked species differences in electropimoretic
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mobility; multiple molecular forms of

cateclmol O-methyltransfera.se imave been
identified within a single species (6). Time
present study was undertakenm to investigate

certain properties of dopamine fl-imydroxyla.se

and to determine w’hat role, if any, multiple
forms of the enzyme migimt play in the
regulation of its activity. In addition, time
electrophoretic mobilities of dopamine /3-

hydroxylase from different tissues of time

same species as well as from differenmt species

were compared.

MATERIALS ANt) METHOI)S

A nimals and tissues. Sprague-Daw’ley rats
(130-200 g) of either sex were used as one

source of tissue. Frozen bovinme adrenal
glands were obtained from Pel-Freez, Inc.,
Rogers, Ark., and were stored at - 20#{176}.
Human adrenal glands w’ere obtainmed within

8 hr of death and were immediately frozen.
They were obtained from a 19-year-old girl

who died of Ewing’s sarcoma w’itim
metastases, a 61-year-old maim with chmronie

obstructive pulmonary disease, arid a 34-
year-old woman with rheumatic imeart (his-
ease, who died at the time of operatiorm. All

experiments were repeated at least three
times with different tissue preparations.

Chemicals. Tyramine HC1 and octopamine
HC1 w’ere purchased from Calbiochem.
Catalase was obtained from Boehriniger/

Mannimeim. The monoamine oxidase in-

hibitor pargyline was provided by Abbott
Laboratories, and S-adenosyl-L-[methyl-’4C]-
methmionine (specific activity, 42-4S mCi/

mmole) was purchased from New- England
Nuclear Corporationm. All reagents for poly-

acrylamide gel electrophoresis were obtained
from Catialco, Roekville, i\Id. Potato starcim

was purchased from Fisher Scienitifie Com-

pany. Triton X- 100 was a product of
Packard Instrument Company, anmd tris-
(hmydroxvmetimvl)aminmomethatme (t rizma

base) was purcimased from Sigma Chemical
Company. Reserpimie (Serpasil) w’as obtained
from Ciba Pharmaceutical Company.

Polyacrylainide gel electroph oresis. Poly-

aerylamide gels w’ere made and eleetro-

phoresis performed as described by Davis

(7). The separating gel (7.3%) was made

with riboflavin (1 mg/100 ml) instead of

persuhfate. The pH of time gel was 8.9, armd
that of the buffer solution ms’as 5.3.

Individual stehlatc gammglia �ver� imo)mmmoge-

mmized in 0.1 % Triton X-100 cotmtainmitmg 0.003
M Tris-HC1 buffer, j)H 7.4. Saimiples were
prepared for electrophoresis by mixing lOG

jul of imomogenate witim SO jnI of 37 � sucrose
and 5 �ml of tracking dye (O.()0l � bromo-

phenmol blue). A 100-1ul aliquot of timis mixture,
conitaining less than 100 �ug of protein, m�’as

layered on the spacer gel. Elect ropimo)resis
was performed at 1 mamp/tuhe at 3#{176}ummtil

time tracking dye imad moved 43-30 mm into
time gel. This usually required 2-2.3 imr. Time

gels w’ere removed from time tithes arid cut

mvith horizontal and vertical gel slicers

( (1anmalco). The vertical slicer l)roduced a
stack of segments, each 1.6 mnm thick, each

of wimich was divided into four sections to
facihit ate diffusiomi of substrates, cofaetors,
anmd products of the dopamitme fl-hmydroxylase
reactionm into and out of time gel. Gels treated

in this w’ay gave time same results as obtainmed
w’hen time gel slices m�’ere imomogenized. Time

four pieces from eacim segnmenmt were trains-
ferred into tubes eontaininmg 200 �l of cold
0.1 w sodium acetate buffer, pH 4.3. This

acidic buffer was necessary to reduce time pH
of the gel to about pH 6, wimicim is oJ)timal
for the enzyme assay.

Starch block electrophoresis. Starcim blocks
were prepared in 0.05 w sodiuni barbital
buffer, pH 8.6, as previously described (8).

One experiment was also performed in a
starch block prepared in pimospimate buffer,
pH 7.5, 0.03 �i. Tissues were imomogeimized
either in ice-cold water or in 0.1 % Friton
X-100, anmd time honmogenates were centri-

fuged at 10,000 q for 10 mm in a Sorvall
refrigerated cetmtrifuge. The supernat ant
fluid (1-2 ml) either was applied directly to

the starch block or was centrifuged againm at
100,000 X g for 1 hr inn a refrigerated Spinmco
ultracentrifuge; 1-2 ml of time fitmal super-
natant fluid were timen applied to the block.
Eleetropimoresis was carried out at 4#{176}for 16
hr at 360 V and SO mamp. Time starcim block

i�’as therm cut inmto O.5-inmcim segrnenmts, atid time
enzyme was eluted from each segmenit w’ith
1 ml of ice-cold 0.1 #{182}�Triton X-100. Betweenm

0.6 and 1.0 ml of 0.1 w sodiuni acetate
buffer, pH 4.5, was added to time fluid eluted
from each segmenmt of a given starch i)iock
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to brimig time l)H to approximately 6. The
volume of buffer added to the eluate from

each segment of a given stareim block was

constant.
Protein assay. Protein concentrations w’ere

determined with time method of Low’ry et al.

(9), using bovinme serum albumin as a

standard.
Dopamine fl-hydroxylase assay . Dopamine

/3-imydroxylase activity was determined using
a sensitive two-step enzymatic assay (3) , in
w’imich tyraminme is converted to octopamine.
Time octopamine is then N-methylated by

time enzyme pimenylethanolanunme -\‘-methyl-

tranmsferase, withm S-adenosyl-L-[methyi-’4C]-

metimionine as a methyl donor. Time labeled
N-methyloetopamine (synephrine) formed is

separated from time S-adenosylmethmionine by
solvent extractioti, arid its radioactivity is

determined.
The reaction mixture consisted of 200 �1

of enzyme and 1.2 Mmoles of sodium fumarate
(pH 6), 1.2 Mmoles of ascorbate (pH 6), 200

�g of eatalase, 0.16 Mmole of pargyline, 0.3

/hmole of tyraminie (pH 6), 10 jzmoles of
Tris-HCI buffer (pH 6), and sufficient

CuSO4 to give optimal activity, in a final
volume of 310 MI. Time amount of CuSO4

required varied with time tissue and time
amount of protein applied to the eleetro-

phoresis block or gel.
Time dopamine fl-hydroxylase portioni of

the reaction was allowed to proceed for 20

miii wimen polyacrylamide gel segments w-ere
being assayed, and for 30 mm w’hen time

activity front starch block segments w’a.s
being determined. The reaction m�’as then
stopped, arid the phenylethanolamine N-
methylt ransfer#{226}se reaction was initiated by

changing time pH of time mixture to 8.6 by
time addition, in a total volume of 100 MI, of
80 Mmoles of Tris-HCI buffer (pH 8.6), 1

mMmole of [‘4CJS-adenosylmethionine (0.05

MCi), and 40-30 �g of the transferase, w’hichi
had been purified according to Axelrod (10)
and thmemm passed over a Sephmadex G-200
columni. Time �V-metimylation step was
stopped after 30 mini by time addition of 0.5

ml of 0.3 w borate buffer, pH 10. The

radioactive syneplirine formed was extracted

into 6 ml of toluene-isoamyl alcohol (3: 2,

i’ v), and time sample m�’as evaporated to

dryness at 80#{176}in a eimromatographmy oven.

Time sample was thenm dissolved in 1 ml of

absolute ethanol; 10 ml of a phospimor con-
taminmg 4 g of 2 ,5-diphenmyloxazole and 50
mg of 1 ,4-bis[2-(5-phenyloxazolyl)j benmzene
per liter of toluene were added, and time
radioactivity of the sample was determined

in a Beckman scintillation counter at a

counting efficiency for ‘4C of (iS %. A blank
value m�’as determinmed w’itim each assay by
earryinmg ann identical enzyme sample heated

to 95#{176}for 5 mm tlmrougim time entire assay
procedure. A standard conmsisting of 40 ng
of octopamine HCI added to a complete
assay mixture, including 200 Ml of sample
heated to 95#{176},was also determined. Results
w’ere expressed either as counts per minute

per gel slice per 20-mini incubation (poly-

acrylamide gel electropimoresis) or as nano-
moles of octopamine per milliliter of buffer

eluted from time block per 30-mm incubation
(for starch block electrophoresis) (1 nmole/

ml/30 nun represents 1 unit of dopamine
fi-hmydroxylase activity).

Statistics and kinetics. Standard methods
of statistical analysis ms’ere used in these

stUdi(�s (11). Km values were determined by
Wilkinson’s methmod (12), using a
FORTRAN program written by Cleland
(13) arid an IB,\I 1620 digital computer.

RESULTS

Homogenates of rat stellate ganghia yielded
two bands of dopamine fi-imydroxylase
activity on polyacrylamide electrophoresis
(Fig. 1). Time stellate ganiglia from rats

treated w’ith reserpinme simowed enhanced
activity w’imich had time same electropimoretic
mobilities as that scent for untreated animals

(Fig. 1).
Dopamine fi-hydroxylase activity has been

shownm to exist in a bound and a soluble
form in botim time adrenal medulla and sym-

pathmetic nmerves (14, 15). To examine time
possibility that the two electrophoretieally

distinguishmable peaks simow’n in Fig. 1 might
correspond to these two form.s, respectively,
stellate gaiiglia m�’ere homogenized in distilled

water. Wimen time homogenate was centri-
fuged at 100,000 X g for 1 hr, 54 ± 6 %
of time dopanminme fi-hydroxylase activity re-
mained in time supernatant fraction. Poly-
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portion of time hmonmogenmate was stored in
Triton X-100 at 4#{176}for 3 hr aimd thenm at
- 10#{176}for 16 imr. Timis treatment produced a

reversal mm time relative activity in time two

barmds; 64 % of the activity was now located
in the fast-moving peak (Fig. 3), �vitim a

conconnitanmt fall mm time slowly nioving peak.
Time total activity recovered on time gels after
timis prolonged treatment with Tritoim differed
by less than 5 % from that recovered after

0.3 lmr.
Dopaminme fl-imydroxylase activity occurs

inn time sent of various species (16, 17). When
Imuman seruni dopamine fi-hydroxylase was

subjected to imolyacr�’lamide gel electro-
pimoresis, the peak migrated in a posit ion

intermediate betw’eenm those of time two peaks
observed in rat stellate ganmghia. Because of

time hmigh molecular m�’eight of this enzynmc

and its relatively poor penmetration inmto time
gel, anmothmer supporting medium, starch

blocks, in w’hicim separationi is independenmt of

molecular’ weigimt, was used. Rat adrenals

were first examined for dopamine fi-imydroxy-

iase activity on starch blocks in barbital

IS
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0 Pettet

FIG. 1 . Polyacrylainide gel electrophoresis of

homogenates of rat steliate ganglia before and after

treatment with reaerpine

Rats that had been treated by injectiomi with

either 0.9% NaC1 or reserpine (2,5 mg/kg daily for

3 days) were killed on the fourth day. Each pair of

stellate ganglia was homogenized in 0.5 nil of

0.1% Triton X-100. No CuSO4 was added to the

reaction niixture for assay of stellate gammghionm

dopamine $-hydroxylase (DBH) activity after
polyacrylamide gel electrophoresis. Each poimut

represents the meamm ± standard error of five pairs

of ganmglia (five gels). Electrophoresis was per-

formed for 2.5 hr at 1 nmamp,titbe.

acrylamide gel electropiuoresis of thmis frac-
tion and the pellet solubilized by treatment

with 0.1 % Triton X-100 showed that time
mobility of time supernatant enzyme w’as
similar to thmat of the fast-moving band. Time

mobility of time sedimentable enzyme w’as
similar to that of time slow’ly movinmg band
(Fig. 2).

An attempt was made to determinme

whether time sedimenmtable, slowly moviimg
activity could be commverted into time faster-
movinmg peak. A homogenate of eight
ganglia w’as prepared inn 2 nil of 0.1 %
Tritonm, and after centrifugation at 16,000 X

g time supernmatanit fractioim WItS appliedl to
five duplicate gels (Fig. 3). TIme results

simowed time usual tw’o peaks, w’ith 40% of
the activity located in time fast-moving peak

and 60 % irm time slowly niovinmg peak. A
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FIG. 2. Polyacrylamide gel electrophoresis of rat

stellate ganglion dopamine fi-hydroxylase (DBH)

after high-speed centrifugation

One pair of ganglia was hommmogenized imm 1.0 ml

of distilled water, amid the homogemmate was (‘entri-

fuged at 100,000 X g for 1 hr. The pellet was re-

homogenized imi 1,0 ml of 0,1% Tritomm X-100 and

centrifuged at 16,000 X g for 10 mimi. The super-

natant fraction from each cent rifugation was sub-

jected to electrophoresis for 2 hr at 1 nmanmmp tube.
Each point represents the macaim ± standard error

of tlmree gels.
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FIG. 3. Effect of prolonged exposure of rat stel-

late ganglia to 0.1% Triton 1-100

Eight ganglia were homogenized iii 2.0 ml of

0,1% Tritomi X-100 and them centrifuged at 16,000

X g for 10 mini. Electrophoresis was carried out

after 0.5 hr omm five 100-ui aliquots of the super-

natant sample (0). The remainder of this fraction

was stored for 3 hr at 40 and then for 16 hr at - 100.

Electrophoresis of four 100-�1 aliquots (X) was

carried out after thawimmg the sample. DBII,

dopamimue j3-hydroxylase.

buffer, 0.03 M, pH 8.6. In time lower portioni
of Fig. 4 time rat adrenmals, after homogenniza-
tiomi in Triton X-100 and centrifugation at
10,000 X �j for 10 mini, exhibited tw’o
electroplioretically distinguisimable peaks of
activity (also see Fig. 3, bottom). In time

upper portion of Fig. 4 tIme rat adrenals, after
homogenization in w-ater and centrifugation
at 100,000 X g for 1 hmr, revealed a single

elect rophoretic peak of activity in time
superimatant fraction, without evidence of time
more slowly migrating, presumably bound,

peak. This result ��‘as similar to timat shown
inn Fig. 1 for imomogenmates of stellate ganghia
on polyacrylamide gel eleetrophmoresis.

Tiue elect rophoretic mohilities of dopaminme

/3-imydroxylase on stareim blocks were com-

pared in various tissues of the rat (Fig. 5).
Time mobility of tIme major peak of activity

was identical in all three tissues examined:

adrenal gland, stellate ganglia, and serum

(Fig. 5). Time absence of a slow’ly moving

peak in the stellate ganglion 10,000 X g

supernatant fractions was unexpected but

was repeatedly observed on starcim blocks,

altimougim, as shown in Fig. 1, stellate ganglia
yield two distinct peaks on polyacrylamide

gel electrophoresis. Since timese two tech-
niques differ in numerous ways, imetero-

geneity of proteins on acrylamide is not

unusual even timotmgh imonnogeneity occurs on
stareim blocks, as illustrated by time examples
of humaim haptoglobins, tranisferrinms, and

group-specific component. The absence of

FmG. 4. Starch block eiec1rophoresi.� of rat adrenal

fI-hydroxylase after high-speed centrifugation.

Twenty-four rat adrenal glands were homoge-

nized im 4 ml of distilled water, amid six rat adrenals

were homogenized imm 0.1% Triton X-100. Both
were centrifuged at 10,000 X g for 10 mm. The

supernatant fluid of the Tritomi X-100 homogenate

was applied directly to a starch block, while that

of the water homogenate was centrifuged at

100,000 X g for 1 hr prior to application of the

supernatant fraction to the same block. Both

samples were assayed for dopamine �3-hydroxylase

(DBH) activity in the presence of a final CuSO4

concentrationi of 12 �mM.
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FIG. 5. Starch block electrophoresis of rat tissue

Six rat adremmal glamuds amid 12 stehiate ganghia
were each honmogenized mi 2 ml of 0.1% Tritomm amid

centrifuged for 10 mm at 10,000 X g. The super-

miatanut fraction, as well as 2 ml of rat serum, was

applied to a starch block. After 16 hr of electro-

phoresis, 200-jsl aliquots of the fluid eluted from

0.5-much segnments of the block were assayed for

dopanmimme fI-hmydroxylase (I)BIl) activity with a

final CuSO4 comucentratiomi of 12 �tii for solid tissue

and 25 /ZM for serum.
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Fm;. 6. 1S’tarch block eIe(/rophorc.si.� of h oman

adrenal gland and 1llLman ‘(cr010,

After cemitrifugation at 100,000 >( g for 1 hr of a
hmomogemiate of 100 mug of hunman adremmal glamids imu

20 nil (If distilled water, the supcrmiatamit fluid was

applied to a starch block with 0.3 nil (If imunuamu

serum. The fimmal CuSO4 m’omicemmt rat iomi used for

serum was 3 � ami(l for the adremmal glammd, 12 �mit.

Because of time high activity presemmt iii serummi, the

samples were diluted 1:4 with ice-colEl water be-

fore assay. 1)B1l, dopamuimie fI-hvdroxvlase.

time slowly movitig peak itt stellate gaimglia
on starch block electropimoresis and its

presetmce in adrenmals suggest that the nature
of the bilm(limmg of dopanminme �-i mydroxylase

nmav differ in these two tissues.
Dopaminme �-hydroxylase from two human

tissues, serum arid! adrenal, simow’ed time same

elect rophoretic mobility, but time peak from
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time adrenmal glands mvas broader and less

synummetrical timanm timat from seruni (Fig. 6).
FIunmanm serum enmzynne activity flmigrate(l
�s’itIm thm(’ nmobility of a $-globulinm (Fig. 7).

S1 )ecies differences inn time elect roph moretic
immobility of dopaminme �-hydroxyiase were
exanminmed. Time electrophoretie mobilities of
the adrenal enmzvnmie differed in time three
species studied (Fig. 8), that from time rat

beinmg fastest arid that front man time slowest.
A broad, asymmetrical peak of activity �
consistently observed. This characteristic

suggests heterogeneity.
Th supernatanmt fraction from crrmde

Imomogenates of rat adrenal glands w’as also
separated on a starch block prepared mm

phospimate buffer, 1)11 7.5, 0.05 �n; time size
anmd simape of the two peaks of dopaminme
$-imydroxylase activity remained the same in
pImospiiat(’ as iii barbital buffer, 0.05 M, 1)11

8.6. .I’uithernnore, when time main, fast-

25- -IJMAN ADRENA.

BOVINE ADRENAL

Origin
RAT ADRENAL

I0

HALF INCH SEGMENTS

Fm. S. Starch block eleclrophoresi.s’ of adrenal

homogenates’ from various species.

Bovimme amid humans adremmals (100 nmg) were
honumogemmized imm 20 ml of distilled water, amid 10 rat

adrenal glammds were homnogemmized mm3 ml of water.
All Imonmuogemiates were centrifuged for 1 hr at
100,000 X g, amid 1 ml of the supernatamit fluid

from bovine amid hunmani and 2 nml of that fronum rat

adrenals were applied to a starch block, The

CuSO4 concemmtratomm was 12 �z1mt. DBH, dopanmimue

13-h s’dr (xvlase.

TABLE 1

After st arch i)lO(’k elect rllph(Iresis, tissue sani-

ples containing the nmajor peak of dopamimue
13-hydroxylase activity were Pooled. The activity

()f time Pooled sanmples %%Ui5 deterniimie(i at five con-
centratiomis of CuSO4 , fromui 0 to 32 �csr. K,, values

for tyramimme were deternmined at 37#{176}mi time prcs-

ence of air, mmsimig the comiccntratiomi of CuSO4

whicim had givemm 0l)tiflmmtl activity. Four concenu-

trations of substrate, fronm 0.12 to 0.96 mum, were

used to determine the K,,, values,

Tissue K,,,

rnovitmg peak of activity front human

adn’enmals was isolated after starch block
elect rophoresis in barbit al buffer amid rerun

oni aniotimer starch block under idenmtical

electropimoretic conmditions, no change oc-
curred in either its mobility or shape. As

anmotimer control, to cimeck for thme role of pro-
tein interaetionis inn producinmg time broad,

asynmimetrical, fast-nmoviimg peak, an experi-
menmt was performed inn which supernmatant
fractions from imomogenates of rat and bovine
adrenmals were mixed inn equal amounts and
time mixture was separated by starch block
electropimoresis. The difference in time dee-

trophoretic mobihities of dopamine $-lmy-
droxyiase front rat aimd bovine adrenals
show-nm in Fig. S also occurred in the mixture,

and the asymmetrical shape of the fast-
moving peak of both rat and bovine adrenals
was also preserved.

To characterize furtimer time nature of time
enzyme, Km values for substrate were

determinmed orm time main peak of dopamine
�-hmydroxylase activity isolated by starch
block electropimoresis from various tissues

and species (Table 1). Time Km values were
riot statistically differenmt. These kinetic

values are similar to timose reported else-
w’imere for the lmighly purified enzyme isolated

from time bovine adrenal (1), for serum (17),

and for stellate ganglia.4

� P. B. Molinoff, S. Brimijoin, and J. Axelrod,
muianus(’ript in preparat iomi.
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‘i��vo elect ropi moret ica 1ly clist i imgtmishm RI) Ic’

fortns of dopannimme /3-i ivdroxv lase act ivit y in

crude honiogenmates of several solid tissues
iiIt\’(’ been described here for time first tinme.

Previously time imigimly I)mmiifiedl bovine adrermal

(‘tmZVtfl(’ yielded a single (‘leetropimoretic 1)c’ak

(1). However, Gibb et al. (15) reported two

( ‘lect ropimoret ic 1)erti�S for imigim ly I)tmrili(’(I

hom’iiie adreimal dopanminie �3-hmydroxylase ; time
faster nnoviimg 1)eak COntltinne(l little I)m�t einm
OE (‘tmzVflI.atic activit�’ Itiidl \V1i5 attributed tO

altered native enmzynu� (18). Inn timese respects
it differed froni. OU1’ results on crude imoimiog-

(‘tiOtes of solid tissues, w’im(’re time two I)(�ttl�5

(If activity niay po�se�s �)hmysiological sig-
nmilicanice, the more sl()wly migrat ing peak
correspotmdinmg to a bourmd forrmn and tlm(’

faster_nioving peak to Ii SOhibl(’ forni. rflme

first reason for thmis inmterpn’etatiotm is timat time

j)l’esuniably bounici forum. can be eliimiinmated
i)\’ higim-speed cenmtrifugation of time sUp(’m’-

tmatanmt fractiorm fronm. hmomogenates of crude
tisSl.I(’s anmci fails to app’nmr altog(’thi(’m mm a
tissue sucim as serum, which coimtainms little

I)nmrticulat e material. Time second rea.sotm is
that treatment with a solubilizinmg agenmt
sucim as Tritonm partly converts dopaminme

�-hmvdroxvlase activity from time slower to time
faster-nmovinmg peak. Furtimermore, this mm-
tetpretatiotm is mm imarmony w’ithm previous

descriptionms (14, 15) of a free and a hound
form of the enmzynme mm both adremmal medulla
atmd sympathetic imerves. It also agrees witim
our observatiomm tlmat prior treatment witim
reserpinme elevates both peaks of activity,
simmce thme existemice of niajor structural dif-

feremnces betw’eenm tim(’ molecular species con-
stituting timese two peaks might lead to

nmajor differences in their response to mini

i nmducirmg agenmt. Ti me broad, asymnm ‘t neal
simape of time fast-moving peak of dopaminme
$-hvdroxvlase activity may conmceal several

distinct molecular forms. Preservation of its
ni.tobilitv and asvnmnmetrv on a second ei(’e-

tropimoretic runt arid mm an exp(’rim(’tmt inn
wimich supernmatatmt fractions from rat mmmd

bovinme adrenmah homogenates w’ere mnx(’d anmd

separated electropimoretically suggests timat

time asymmetry of thus fast-moving peak is

nmot attributable to metastable I)Olyflu’I’s Or

to binmdinmg to different protein nmoleeules.
Heterogenmeity of atmotimer variety occurred

inn itmt(’t’sp(’ci(’sstmndie. Ihi(’ 1imitJOl’ l)(’mml�of

(lopa fliiim(’ �-hi�I’(lt’OX�’lrmse act ivity imm time

adrenal glands of each of time timre(’ species
w�e exanminmed (mmmatm,cow, anmd n’at) differed iti

elect ropimoret mc nmol)i lit y . However, t i 1(’it

i\hielmaelis coimstaimts were sinmilar. r#{231}jmese

kinmet ic si mmmilimit k’s are coiisistenmt m�’it m(‘arlier

studies otm thm(’ cofactor, oxyg(’nl, anmd copper

requir(’nleimts of imllmmmrtmms(’nitfli dlopaiuine

/3-hl\’(iroxvlmmse ins conmpan(’(l to time I)lmn’iti(’dl
bovine mmdnemmal (‘nizvni(’ ( 17) . \Vithmitm a given

sl)(’cies time activit V ftonm (liffen’(’nt tissues
was sinmmilar imm lotim (‘lectropimOretic immobility

anmd SIl1)stn’tttt’ affinity.
It(’c(’tmt r(’ports of (1Oi)ILilmitl(’ �-imydrd)xylase

activity inn s�’runm (16, 17) imave raiseC! th(�
qu(’stionm ()f its relatioimshmip itt blood to t hme

enzvnme iii adrenal glnmimds arid synmpmmtiietie
nmen’ves. Inn time rat, serunm dlopaminme fl-hiy-

droxvlmmse activity rises during stress that
ilmct’(’as(’S time excreti()tm of cateehmolanmitmes

( 19) ; itt timese expeninmetuts time adrenal glmmtmds
IIF(’ imot nm(’ceSsarv eitim(’n’ for time nmainmt(’nianmc(’
of nmonnmal s(’i’mnnm enmzvni(’ activity on’ for time

inmcr(’�ms(’ occut’ninmg �vitim Stn’(’sS (19). .l’urtil(’t’-
more, in mats time nmdminmistration of 6-

imydroxydopaminme, a drug wimicim dest E( )ys
53’mpmmthmetic nerve terminals (20), l(’Itds to
decreased s(’nmmm dopamimme $-luydnoxylase

act ivitv (21). Time observation timat time

activities of this enzvnme in imumarm atmd nat
serum hmave elect ropimoret ic mobi lit ies similar

to timos(’ of thm(’ enmzvme front other tissues

fnonm t lie sanm(’ species provides addit iommal
evidence t hat serum dopami tie �-imyd roxylase

activity originates from time ciuromaffin

gnatiules of the adnenal gland, time catecimola-
nmminmestorage vesicles of sympathetic nerves,

on hothm.
Ili’sen’pinme nm(lnmmrmistnrmtionm catnst’s a tnanms-

svnntj)t ic immerease itm clopamitme (�-imydroxylase

activity iii time adrenal medulla anmd in time
sympatimetic cell bodies and terniinmals (2, 4).
This increase appears to result front (‘levated

sympathmetie nerve activity oven a pro-
longed time. The presetmt studies reveal thmat
reserpine causes elevatiomm of botim time slow’ly

movinmg, presumably bound, form of time
enmzyme arid time fast-migrating, presumably

soluble, peak.
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