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SUMMA nfl’

1)opanmminme f3-hmydroxylase from bovine adrenal medulla lmnts been l)repared in a fornm free
fronm amitigenmic commtanmmimmammts. Time purified enizynme \VtLs use(1 to immduce time 1)ro(luctionl of
immummologically pure antienzyme mm rabbits. Tfhie latter was utilized imm time inmdirect mm-
munmofluorescenmt nietimod for localization of dopamine �3-hydroxylase in Peripimeral tissues

and brain. Time cross-reactivity of the antibody to the bovinme enzyme permits its applica-
tion to studies witim tissues from laboratory animals.

INTRODUCTION

Of time three enzymes involved in the
synthmesis of norepinepimrinme from tyrosine,

dopamine $-hydroxylase is time most difficult
to localize in tissue extracts or homogenates.
The adrenal meduila is time only organ in
wimicim meaningful measurements of dopa-
mmmc �3-imydroxyiase activity can be made.
In all other organms, only a small percentage

of time activity which would be predicted
from imorepinephirine synmthmesis rates oh-

served ‘in vivo can actually be measured.
This difficulty is apparently due to time

presence of potent native enmzyme inhibitors
in tissue extracts (1-4) . Antibodies to
dopamine �3-hydroxyiase have been pre-

pared (5), amid they offer a possible solution
to timis problenm. Since immunocimemical

methods of protein analysis operate in-
depemidently of enmzymatic activity, thmey
permit localization of time enzyme in time
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presence of immimibitors. In addition, anti-
body-tracing methods can be applied to
thin tissue sections in which the morphmo-
logical relationsimips have not been disturbed
by imonmogemmizationm. Cellular localization of
time syntimetic enmzymes involved iii norepi-
nephrine biosynthesis can also yield informa-
tion which may not be obtainable by direct

staining of time catecimolaminme itself (6).

This paper reports the preparatiomm of a
highly specific antibody to bovine adrelmal
dopanmine �3-hydroxylase anmd its applica-
tion to immunofluorescent tracing of the

enzyme in tissues.

MATERIALS AND METHODS

Enzyme A ssay

Time assay described by I’riednmamm amid
Kaufman (7), using 3H-tyramine as sub-
strate and measuring formation ()f mH�

octopamine, was modified in time following
manner. To each 1 ml of incubation nmixture
were added 5-10 pmoles of N-ethylmale-
in’iide, to inmactivate sulfimydryl inhibitors
(2), armd 1.0 jsmole of the monoamnirme oxidase

inhibitor pangylinme hydrochloride (Abbott
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Laboratories). Inmcubatioii time was 10 minm

at 300.

Enzyme Purification

All steps were per’fornmed at 4#{176}.Buffers

were prepared by dilution of 1 in potassium

pimospimate, pH 6.2, to time desired conicentra-

tion.
Preparation of bovine adrenal inedullary

particles. With the exception that time adrenal
cortex was grossly separated from time

medulla prior to imomogenmizatioim, adrenal

particles were prepared mtccording to Fried-

nmani and I#{176}aufmanm(7).
Solubilizatian of enzyme. Adrermal particles

were suspended mi an amount of 0.1 %
hexadecyltrimetimylammormium bromide (Dis-
tillation Products Inmdustries) 1 .5 times time
meduliary weigimt anmd lmonmogenized for 1
mini in a Waring Blermdor. Time Imomogeniate

was then centrifuged at 17,000 X g for 20

mimi. The supernmatant fluid, collected by

filtration timroughm a plug of glass wool, mi-as

broughmt to SO % saturation witim solid am-
monium sulfate and adjusted to pH 7. The
precipitate was collected by cemmtrifugatiomi

at 17,000 X ci for 20 mini arid dissolved in a
volume of 0.02 �n buffer equivalemit to 30 %
of the origimial nmedulla weigimt. Timis solu-

tion NVaS brougimt to 70 #{182}2saturation with

solid ammommiunm’i sulfate, and time precipitate

WaS again collected by cenmtrifugation and
redissolved in a volun’ie of 0.02 mn buffer

equivalent to 25 % of time original medulla
weight. This solutiorm �vas gently stirred for

10 mum follo�vimig time addition of acid-ivasimed
Norit (1 mg/mI). Tine Norit is-as removed by

a, and the supernmatanmt solution
was dialyzed against 0.02 .mr buffer.

Ammoniurn sulfate fractionation. The fol-
lowilmg ammolmium sulfate precipitates were

prepared by adding saturated ammonium
sulfate, pH 7.0: � :30%, 40%, 50%, and

60 %. Eacim of the precipitates was dissolved

in 2 ml of 0.02 �n buffer amid assayed for

enzymatic activity. rfhme precipitates ob-

tamed at 40 % ammd 50 % saturation generally
contained up to SO � of time total activity.

These ammonmium sulfate fractions were

dialyzed agairmst time starting buffer and
subjected to DEAE-Sepimadex (A-50) and
Sephadex 0-200 chronmatograpimy according

to Friednman amid Kaufman (7) . Following

the second chromatography on Sepimadex

G-200, the protein appeared mis a sinmgle band
on disc electrophoresis [method of Davis

(8)1, with a specific activity of 75-85 pmoles

of octopamine formed pen’ milligram in 10

mm at 30#{176}.

Preparation of Antibody

1mm the above manmnmer, 8.0 mg of pure

dopaminme �3-hiydroxylase were prepared. As

a final step in purificationm, the enzynme was

subjected to disc gel electropimoresis on eigimt

gels with 0.15 mg of protein in each. Tm-

mediately after electrophoresis each gel was

removed from time tube, immersed for about

3 miii in cold 0.003 % aniiinmonaphmtimalene-

sulfonate, buffered witim 0.05 �n sodium

phosphate (pH 6.4), and observed with a

portable ultraviolet lamp. Tlmis procedure
for localizing unmfixed protein on acrylamide

gels is described mm detail elsewhere (9).

‘�\Timen the enzyme band was visible it was

excised. The small gel segments containminmg

pure enzyme from each tube were eonmmbimmed

and lmomogenized mm a VirTis bienmden’ with

2 ml of 0.9 % XaCl and 2 ml of conmplete

Freund’s adjuvant. Timemi O.25-ml aliquots of

the imomogenmates u-crc i nj ected subeutane-
ously iii four places on time backs of eachm of

four rabbits, each aninmal r’eceivimmg 0.3 mg.
The dose was repeated every 2 weeks for

6 weeks, at whicim time all the rabbits had
specific precipitatinmg anmtibody levels cx-

ceeding 2 mg/mI of serum by quantitative

precipitin titratiomi. Time rabbits were given
booster inj ections at 2-nmonth i nmtervals.

Specificity of Antibody

Immunoglobulin was precipitated from
time serum at 50 % saturation with am-

monium sulfate (10). Double-diffusion agar
plates were prepared to test time anmtibody

for reaction agaimmst time folloiving: (a) purl-

fled dopaminme �3-imydroxylase, (b) adrenal
medulla particle (0.1 % liexadecyltrimethyl-

ammonium bromide) extract concentrated
by precipitationi ‘vi-ith /50 % saturated am-
monium sulfate, and (c) time protein eluted
before amid after time enzyme fron’i the
Sephadex G-200 chromatograms, pooled,
arid concentrated by precipitation in 70 %
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saturated anmmoniunm sulfate. Time last of
these soiutioims (c) contained no enzyme

activity and served as a control to detect
any contaminants likely to have been in-
jected durirmg inoculation. As shmownm in l’ig.

1, the first two protein solutionms gave a

single precipitin band, anmd time third, eon-
taming time most likely eontamimmatinmg Pro-

teins, simowed rio reactiomm.
Immummoeiectropimoresis \Vas donme on the

purified enmzvnme arid cr’ucle adremmal extn’act,
and time armtibodv was eompam’ed ivitim arm

antibody I)revic)rrslY prepared to an enmzynme

carried througim fewer steps of purificationi

(5). Figure 2 shoivs that time antibody to the
less purified preparat�)n1 i)rodrmeed nmultiple

precipitimm lines to time crude adrenal extract,
and tWo lines with time enmzvnmme purified

through time ermtire j)rocedtnre except for time

disc gel electropiioresis. Time seeonmd coru-
ponemit in time lmttter is a lmtrge molecular
weight protein eluted from Sepimadex (-200

cimromatograms j inst before ti me dopamimi lie

$-imydroxylmLse. Time purified fr’actionms frommi

time Sepimadex G-2()O (‘hronmatogranim coil-

FIG . 1 . Ouehterlonil plate, shou’ing the specificity

of anli-dopamine (3-hydroxylase

The center ‘well comnt aimie(l auti-dopamnimie )3-

hvdroxvla.se; Peril)heral �ve1ls: 11 o’clock, l)nirified

enzyme; 2 o’clock amid 7 o’clock, enzvnme-free comn-

taminants from Sephadex G-200 chronimatogramims;

4 o’clock amid 9 o’clock, bovine adrenal medulla
particle extract. The plate was developed for 4

days at 40

tamed less than 3 % of timis contaminatimmg
protein. Because time contaminmant migrated
toward time negative electrode, it was eonm-
pletely separated fronm dopanmine $-imydroxyi-

misc on disc gel electroplioresis. As shown iii

F’ig. 2, time anmtibody produced frormm the

enmzyme furtimer purified on disc gel dcc-
tropimoresis showed ommly one linme against tild

purified enzyme. Furtimernmor-e, only a siimgle

PreciPitin line i�-nts obtained betweemm the
anmtibody to time disc gel-purified enmzyme arid

time crude adrenmal particle extract. ibis
last observation is of prinmar�’ inmportance,

since it immdieates that time antibody was

specific emmougim to (iistinmguisii time t’nzynme
fronm otimer I)rotei!is winch would be Presemmt
iii tissue sectiomis (luring attenmpts to localize

the enzvnme by time application of inmmimmunio-
fluorescemmt techmmi �

Previous studies Ironi thm� laboratory

lma(l simownm that aimtihodv to bovinme (lol)armminle
�-invtlroxyla.se cross-reacts with tiid enzyme

derived fronmm time adn-ermmmls of all other species
inmvestigate(l (3). Because of the cross-

reactivity, reeormfi rniietl i nr t i (‘ J)I�5C!i t study,
it iN_mis possible to use the antibody for fluores-

eenmt stu(lies in tissues of other species.

FIG . 2 . hum u lno(-l(’ct)’ophoreti(- (l(’lflOflStlUfiOfl 6)1

the specificity of (iflhi(’flZ//flle

‘i’Iie till) 1 ronigli (Omit aimned amnti (l()l)amuuimne )3-

hvdroxvlase imI(luiCe(l �vit Ii emmzvnme chromisat

graphed liv dis( gel elect roplioresis (see t lie t cx t )

The l)ottomn trough (‘i)mntaimie(lantil)odv to emnzvnie

prirified omnlv It5 far as the l)1Al-cellumlose cliro-

flint ograj)imv step. Flie I � ami(l l)Ot I oni �vel1s coin-

t aimned crude adrenal l)art ide ext rae! , amm(l I he

cemiter ‘st-elI (Omit aimie(l emizvnme prnrifIe(l t hrough t lie

entire l)rocednmre except for (usc gel elect rophore-
sis. The positive terniimmal is at right ; metliuimn, V

agarose-barbiturate buffer, 1)11 8.2, ionic si remmgt Ii
0.04; developed for 1 (lays at ‘10,
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(�ompa rison of fluorescence Clii iIte(1 b/J ill ethanol-fixed bovine (u/renal sections following ad(iition of specific

antienzi�iune of various control solutions in the first step of the indirect method

. .. . . Observed fluorescence
I issue Step I : nonfluorescemit controls or antienzyme” intensity

None Noise

0.9w, NaC1 None

Nornimal ral)bit globulin (2 rug/nil globulin) Faint

Antiemizvn�e adsorbed with (h)l)aniimie )3-hy(lroXVlase Faimmt
(2 mng/ml globulinm)

5. A(lrenial iiieduilla Specific antiemmzymime (2 mimg/mnl globulimi) Strong

6. A(lrenal c()rtex Specific amitienzyme (2 mg/miml globulin) Faimit to nomme

Iii step 11 of the immdirect method, ammtibody was localized imi the tissue section with fluoresceimi-

conjugated anti-rabbit globunlimn (sheep origin), 0.5 nmg/mnl. See the text for details of the experimental

proced sire.

Fluoresceti I Stain in q i’ech nique

Preparation (If fluorescent anti- rabbit qiobu-
liii . Conmceimtrated armti-rabbi t globulin (sheep

originm) � obtained from Progressive
Laboratories, Inmc. , Balti nmore, lot 4312.

This -y-globulinm fraetionm was first ehron’sato-

grapimed 011 DEAE-eellulose and thenm comiju-
gated with fluoresceirm isotimiocyammate tic-
cording to Wood et al. (1 1 ). The eoimjugated
proteimi \%‘OS eimromnatogra�)hed on DEAE-

cellulose, timid fractions conmtainirmg 2-4 moles

of fluorescein per nmole (if -y-globuhmm [de-
termimied by time method of Wells et al. (12)1
were used in tue second step of time indirect

(anmtiglobuiin) method for localizing specific
antibody (10).

Three-millimeter slices of fresh tissue
were immediately frozeim againist the ivall of

a beaker imniersed mm 1)ry Ice-acetone amid

sectiommed at 3-7 M \Vitii a eryostat. The
sections were tiienm allowed to dry mm air anmd
fixed mi metimanmol or cimlorofornm - methanol
(2: 1 by volume) for 30 miii at 0#{176}prior to

staimmimmg. Unfixed tissues in genmeral gave

adequate fluorescermce but siiowed substan-
tial loss of cytological detail. The following

fixatives were tried but ii’ere found to in-

imibit the anmtigerm-ammtibody reaction : ethanol,
acetone, 10 % fornmaideimyde, arid 2 %
glutaraldehyde. �\ letimanol gave excellent

results in tissues other timanm brainm, and

cimloroform-metimanmol (2: 1) was found to be

best for br’ainm.
Method of stain ing. F’ixed sections were

covered ivitim uniconj ugated anmtienzynme and

vari( )O5 conmtrol solutions (see below) . Time
slides were allowed to incubate at 30#{176}for 1
hr mma 100 % humidity chamber. Timey were

therm removed, washed vigorously by im-
mersionm arid agitationm mm timree cimanges of

pimospimate-buffered XaC1 (0.16 U NaCl and
0.02 �n sodium phospimate, pH 7.5), and im-
merse(1 once mm distilled water to remove the

salt residue. Time wasimed slides were covered

i�-ith fluorescent anmti-rabbit globulin , 0.5
mg/mI, and again incubated for 1 hr. After

this, tine slides were washmed a.s before and
moummted iii a mixture of equal volumes of

glycerol and 0. 1 ri phmosphmate buffer, pH 5.0.
Time sectionms is-crc observed witim a Leitz

Ortimomat fluorescence microscope equipped

ivitim amm HBO 200 imigim-pressure mercury

lamp arid a blue excitationm filter, No. BG 12.
Arm amber barrier filter witim a low cut-off

wavelenmgth, including a portion of the blue
spectrum , was used.3 Pimotograpims were

taken with Armscocimrome 500 film.
Table 1 lists the various types of controls

used mUlti tine results obtained in each case
ivhemi slices of bovimme adrenmai gland were

used. Similar conmtrois were carried out with
the othmer tissues studied, and similar results
were obtained. Time conmtrois simown in the

figures described under 1IESULTS were pre-

pared witim antienzyme adsorbed with
dopaminme $-imy(lroxyltLse purified to the
seconid Sepimadex G-200 step. Exposure times

3 A more suitable harrier filter ma�- be the K530
l)lnie al)sorption filter. however, one niust accept
sonic decrease un sensitivity with this filter.



LOCALIZATION OF’ 1)OPA\I INE �-HYI)It0XYLASE 89

Fm ; , 3 , i)emonstralion of (IDp(L1)i 1116’ �‘h !/(11’�x!/l(1.Se l 0 /)l� rificui boiinc a(lrcnaI parti(’I(’s

(a ) St amidard (hmrk-fiel(l ill umni mat iomn ( f �um ininimumiofi nmorescemi I PrCPirnmi iomn of adremial part ides , (b

Specific innnmnmnoflmnorescemuce enmi t ted frommi i lie sanne field as (a ) �-liems cxci I (‘(1 sr-i I h nil t raviolet light as

described umider im.�’rm:mu .� I.S .� NI) ii m:’rH( )I)S. (c) (‘omit ml for (b ) ailremmal part ides were I real eti wit 11 ant i -

emmzvnne adsorbed wit Ii (lopamimm ne �3-hvdroxvlase as describei ii Table 1 The p�trt ide smear was fixed

nm-it h nnet Imamnol amid Pilot ogi-aphecl at 400X

varied froni 1 t 3 immiti,tlependiimg 111)011 the

initeimsity of time individual slide. In each case

the cotmtrol photographs ivere exl)osed

manmually for tue sanme tinme as that (leter-

mmmcd by time autonmatic light meter in
order to obtairm time best results with time
specificaily stanme(l nmicroscopic field.

RESULTS

Purified 1Vashe(i Bovine Adrenal Particles

Figure 3a simoivs a nmierose()pie field fronmm
a smear preparationi of washed alm(I stained
adrenal j)artieles as 5ddli un(ler sttumdar(I
dark-field iliuminiationm. 1’igure 3b slioivs tine
specific fluorescence emitted fromim tine same

field. It should be rioted that virtually every

particle emitted fi i1( )rescelmce. Time comitrol
( Fig. 3c) shows essenmtiaily hO fluorescence.

The implications is that every mediillary

particle had enzyme mLssociated witim it mmd
ivas capable of converting (lopamine to

mmorepinepimrinie.

Beef Adrenal

Frozen sections (3 j.�) were prepared anmd

fixed in nmethmanmol. 1mm sucim sectionms, as in

adrenal particles, specific staining of dopa-
mine fl-hydroxvlase was easy to denmommstrate.

The stained adrenal medulla sectiorm arid its

control are simomvnm in Fig. 4a and b. Medul-

lary cells starmd out as bright, greemmish-

yellow cytoplasmic fluorescence. Essentially
all the medullary parenichymal cells showed

a 1)t)sitiV(’ iettetioin. Ihere was, Inoivever, a

Immo(lerate anmount of variatiomm mm ilitelisity,

suggestiimg lieterogeineity imi the nunmber of

1)tmI’ticl(’s I)er cell. hid most inmtensely stainmed
cells were genmerally found inn time peripinerai

J)til’t of tiid flid(illlla ( l’ig. 4ni )

Rat ;1(l1enai an(l Kidney

F’igure ?iti mimic!b siiows tine adr’eimal (un’tieal

nmmedullarv j uimctiomi timid its control ivitii

brightly fluorescenmt (greenish-yellow ) immedini-
larv l)aI’eimcimYmal cells. in these sections tine

specifi c fluorescenmee aj)pears granular, ivitim
the granules being more pn’ominmeint near

time cell nmenmbranme. The adrenal cortex

simo�vs brigim t blue autofi uorescermce, mvitii

almost complete absence of green uluores-
cenmce inn botim comitroi arid stainmed sections.

Time kidimey section arid its control (Fig.

Ga anmd b) show time specific fluorescence for
dopanminme �3-inydroxylase as a finme mnetwork
around renmal tubules. Timese may represent
synmpatimetic fibers. There is nmo fluorescence
in time glomeruhi. Tinis field is from tine distal

cortex. Time intensity of staitmimig in time renmal

medulla (hot simowni) i�as much less than

mm time cortex.

Rat Brain

It imas been possible to demonstrate spe-
cific i mmummofluorescence i nm brain foliowinmg

fixation of time tissue with chloroform-

metimarmol (2: 1). However, most areas of tine
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braini iia\’(’ simu��’in (�)InSi(1e1’:tbl(’ imonspeciuic

biiidiimg of control globulins. 1”on’ tinis n’easonm,

inmteri)retationi of inmmnmuimofluorpicemit beau-

zatioin of (loptumminme /3-imvdroxv lase in nmiost

areas of brainm cannot yet be repon’ted with

certttiiity. Recenmt nimodificationis of time staiim-

inmg pn�c(�(l1mn’e iittV(� solved nmmamiy ()i the tech-

nmical l)roblelmms anti simouid nmake it I)()Ssible

to ttl)I)i�,’ the inmnmmuimofluiurescenit tecimni( me

successfuil�’ tO brainm.

1’im(� 01i(’ ar’ea �vimere there has been nmo

(lifhctnlty ill denmonistn’atinig time pn’esenice of

dopanmi tie �3-hydroxyla.se, evei i witi tout fixa -

tioni, is time imyputhmtlamus. Figure 7mm and b
simo�vs sPecific stainmiing in time lnypotiialanmus
1”ig. 7e 5(�I’�’(�5 as tt eOmitD)l. 1’in(�5(� fields tire
fr’oni tine an’ea of the su�)raoptie nuclei, time

am’ea nmost easi lv recognnze(l anmatonmical lv.

Fluorescence \�-as tOunn(l both in cell bodies

of neun’ons anm(l in ��‘limtt appeitr tI) be nmeirn’ommal

l)I’�c(’55e5.

Blood Vessels

One or t�V() large, intenisely stainiinig am’eas

�vere ainmost always observed ad�aeenit to

niuscular an’tem’ies in tine adrenal anmd kidney.

Figure S shows exaimmples of such observa-

tionms. Comparable fluom’escenit tiremis imave miot

been observed by time fluorescent imisto-

chemical staini for catecimolaminmes (6). The

large amounts of (iopanminme $-imydroxyiase

adjacent to blood vessels indicate timat time
mson’epinmepimn’imme fotnmmd timere is synthesized

locally.

I)Is(TS5ION

‘fine pUIl)Os(’ of timis ptipei. \\.��5 to den’monm-

strate time feasibility of using inmnmmunmo-

fluorescenmt teclmnu( lt1(�5 for time localization of

t I te enzvnmes inivoived in etiteehmolanmimme

biosynthesis ami(l nmmetabolisnm. Time nmaj or

problenm mm each applictttioii is time preptirti-

tiomn ()f ttnitigemmicaily Pt1n’C� emizynme. The

j)1’( )eedures reporte(l imer’e for time preparationm
� )f immmnmirnologicaily speci fic anmti-dopttminme

d-hydn’oxyltise amid its use for imnmunmo-

fluorescent loeaiiztitiomi in tissues can serve

as a n’iodel for subsequenmt studies witim time
I )t imer enizynmes i nvolve(I in time biochemist ry

of the 5\’fl’lj)tltimetiC nmervous systen’n. Sonme

I )f time teeimnmical problenms raised in this

n’(�l)Ol’t have beenm soltTd by recent advances
i nm sttiinming procedure. F’tmrtimermore, by
simbstittntinig ttni electron-denise label for

fluoresceini, it sinoUld be possible to immerease

tine resohrtionm of this I)roee(lure to time level

I )f electron micn’oseopv.

It is alrets(ly evident fronmm these immitial
stu(hies witim doptmnmmi ne �3-1mydroxy lase timat
inmnmunnofluoreseeiit stttirminmg can be use(l as

: ill � ni(lepenmdenmt nmetlmod to verify observtt-

tionis made by othmer pr�eedures amid to

\‘iei(I inmforniation whicim is not obtainable
by existimmg n’ietiiods. 1’or exanmple, time

nmethod of Falk fom’ demonistrating ctite-
eimoianminnes (6) provi(led a great deal of
valuable inmforn’iationm eommeermminmg time locah-

zationn of nmeurotranmsnmitters mi tissues.

Howeven’, it is commceivable that some tisstnes

FmG . 4 . I)eiiuin � I 1(11i Ofl of (lopainl PlC )1 -h/J(lrOXyla.�’C in b()liflc adrenal nie(1ul1u

(a) Specific inmnmumu)fluorescemnee ol)served in mednmllarv cells. (b) Cumitrol sectiomn, similar field.

Sectiomns 3 � thick were fixe(l in metimamnol amid photographe(l at 400X , The blue emissioim imi this amid

sui)seqnnent figures represemnts (omnmsedtive tissue or scattered light from artifacts present in some of the
fiel(ls.

FIG . 5 . Rat adrena I cort u-al m.e(IuIlar!/ J unction

(a) Sl)edific inimnuniofluorescemice iii the nmedulla (�1I) timid nommspecifie blue enimissiomi in the cortex (C).

(h) Control section, sinmilar field. Sections 5 .� thick were fixed iii nmethamnol amid photographed at 250X
FrIlL 6. l)opaiuine 3-hydroxyla.se in rat kidney

(a) Specific irnmmnummofluorescemsee observe(l imi the (listal cortex : T = tmibnnles ; G = glonmemulus. (b)
(�ommtrol for (a) : the blue line transsectimmg the artery is caused by light scattered fronm a surface scratch

on the slide, Sect iomns 5 � thick were fixed in methanol amid photographed at 250X.

FIG. 8. Inaiuunofluoresccnt 14)(’alization of (lopamine /�-hy(1ro.ryiasP aijaceni to blood vessels in rat kidne!,

cortex

(a) Small :srter�-. (I)) )dellimmmn-size(l artery. Sections 5 �,i thick were fixed imm mnethanol and photo-

graphed at 250X , The tomnt rol for timese sectiomns is Fig. Gb.
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FnG. 7. De,uonsI,’ation of (lopam 106’ (3-h)/ilI’o.rylase 60 6(11 hi-am from (h(’ (tI’e(t of the’ so pruoptie flO(1(’liS

of the h!jpolhalaluus

(a) Specific imrnmnniofl uoresce 11CC, 1)hOI Ographe( 1 it lOt)>< (I)) Spec i hc i mini mmi( nfl 11( ) rescem ice fromn

ammother pmepanatiomi, photographed at 250X , (c ) Connt rol for (a), Sect lonis 5 � I hick wem-e sI aimmed Wi thnout

the use of a fixative,

\viiichi do not simow nmucii sttiiniimig for nmeur’o-

trami.smitters by this nmethod may cunittunm

large amounits of the enzymes responmsible

for their synthesis. This would be true in

�treas where the tranismitter pool size is
small but the turnover is very rapi(1. Suclm

situations eta be revealed retidily by time
immuniofluorescenmt procedure. Furthermore,

on theoretical grounids, histoelmemical beau-
zation of a macromolecule should be more

reliable than time iocahizatiomi of a snmall

molecular weight, diffusible substance such

as norepirmepimrine.

Several of time observations nmade in timis

initial report are interestinmg enough to
warrant further immvestigation. One of tlmese

observations relates to time catecimolaminme-

colmtainimmg adrenmal particles, wimicim have

beemi widely investigated (13). Simice all time
particles were foumid to comitain dopamimie
$-hydroxyla.se, there would appear to be

none which specialize solely in storage of time
transmitter or solely iii the conversion of

norepineplmrine to epineplmrine.
The finding of large aceumultitionis of

dopamine $-hmydroxylase tmdj ticent to blood
vessel walls indicates a capacity for’ produc-

ing large amounts of norepiniephrine. Simice
the total mass of blood vessels is very large,

it is possible that blood vessels are time major

producers of niorepiniepimrinme in time body.

Similar suggestiomms commcermminmg time blood
vessels as a major site for nmorepinmephrimie

production were made by Bigelow ci al. (14)

mIIi(�1 by Spector anmd l�ei’l-�o��’itz4 on tim(?

basis of enmti nelv (lifferent expen’i menital

proceti ures.

A I)I)EN 1)U Al

-�‘ I)i(’li mmmimiam-v (omnmlnmnicat iomn (omncer ni og imn-

mnunmnolmislochenmical evidemmce for tIme I ramisporl of

(lOl)aIlui ne )�-hmv(lroxv1ase in s\’nil)at hot ic mierves

al)Peare(l �m’liile t his mnamnuscript ‘��‘ii5 i mn �)re�)tsrmt-

tiomn (15).
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