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SUMMARY

BAUMGARTNER, Hom�GEn, GIBB, JAMES W., H#{246}RTNAGL, HEIDE, SNIIEa, STUART R.,
ANI) \ViNKLE1�, HANS : Laht’ling of chronuaffin gramuules in adrenal medulla with [��S]-

sulfate. Mol. Pliarmacol. 10, 678-685 (1974).

Time biogenesis of chnomuuaffin granules imi adrenal nut’dulla was investigated wit-h [35S]sulfate,
which is known tI) label the sulfated rnuc(ipolvsacchanides tif tlies(’ organdies. I�’trognadely

p(’rfused boVine adnt’mual glands were pulst’-labt’led with [3�S]sulfate. Four hours after the
i!ijt’(tiOIi of the i5tIt(Ij)(� the adnemial nuedullae w(’re subjected to sui)cellulan fractionation. It
was found that the soluble material which had imicorponated [35S]sulfafe was specifically con-

fiuied to c(’ll particles identified as newly fornued chronia-flin gramiules. These granules differ

from maturt’ (lIlt’s l)V their lower density as determined by cemifnifugat-ion through sucrose
gra(ht ‘mits . �1’he IaI )t’l( ‘(I flint t’nial appeared to be associat (‘(1 ��it h flue acidic chrt)Inogramuins, as

sho�vn by polyacrylanui(le gel electropluoresis amid isoelectnic focusing. Imi experiments with
rats in ici() it \VtIS found that newly fornued chromuuaffin granules which had imicorporated the

ist itt Il)(’ ttiok about 4S hr tt) muuat-une.

I NTROI)UCTION

�i:ht:, (‘at(’Clitilamuuint’-storimig vesicles of th(�

a(lrt’Il)il nie(lul la , the so-called chniiuuaffin

grallul(’s, am�t’ conuplex organ(’lles. ‘Their

(�1 illtt’IIt imicludes hot-li mnacnoniol(’cular comui-

l)tIIlt’Iits and sniall iiuolecules, nuaimilv cat(’-
(‘hI lanuimies, nucleotides, and (�ti�t (1 , 2).

T1u ‘ niacrt )nuolt’(’uI(’s are t he chronuogranins,

a git IU� of R(’i(hic prott’ins, and the enzvnue

(lol)aIIiilie �3-iiV(1rOxylast’ (EC 1 . 14 . 2 . 1)

‘I’he \s(Irk 1)mest�mtt(�(1 iii I his paper was sll�)pI)rte(l

by t lie Fomids zur F�mderung der wissenschaft lithemi
Fom-uluiing (Aust na ) anti l)\� the 1)r. Legerlot z

St ifi ii 1g.

I Pt’rmiiamit’nt atl(lress , I )epartmiiemit of Pharmna-

olg�, lTmiiversilv (If IJi ah, Salt Lake City, Utah

-54112.

�i Pt’rmnamit’mtt 1(1(lress , l)epart taco! of Neu-

rologv. (Illitmiubia ITmuiversitv, New \(Irk, New

York 1()032.

(1-3). It �et’n�s likt’lv tluat flit’ intracellular

asst’iuuhlagt’ of 511(11 Rfl organelle requires a

nutmltistt’p l)r0(’(’ss.

Iii au attt’n�pt- tti (‘haractcnzt’ flit’ events

ili the hiogeiut’sis tif chrtinuaflin granules,

pt’rfust’d ox adrenal glands were pulse-labeled

with [3Hjlt’ucimie (4, 5). Jour hours after flue

i!ij(’(’tioli of this aluuiIiO aci(l flit’ mi(’Wly syn-

t ht’sizt’d , a!i(i t ht’reft ire radioact iv(’lv labeled,

(‘lilt iluut)granumis \vert’ ft iund iii sul)c(’llular

(Irgahit’ll(’s which ��t’rt’ Iij)pIirt’Iitly Ii(’\\lV

ft )nln(’(l (‘hroniafflli gramiules. T1’hese i)articles

(‘(11,11(1 l)(’ clearly difft’r(’ntiatt’(l fromui mature

gramiulei-z by (lt’tisity gradit’mit t’t’ntnifugatiomi.

‘flit’ p()ssil)l(’ (‘tlnvt’rsitimu (if thit’se ne�vly

firii�’d chronuafhn granult’s info iiiatune

out’S (�Olil(l hot he established in tht’se stud-

it’s, siluct’ t’xl)t’ruuuents with ii gland pt’rfused

in iitl() ar(’ ne(’t’ssanilv limited in tinue.
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Expeninit’nts 011 imitact amiinials were f lucre-

fore warranted.

Itt’ct’nfly it has bt’elu n(’port(’d that (titt’-

cholamint’-sfonimig onganelles contain sul-
fat (‘d mucopolysacchanides which cami be
labeled by [uiS}sulfate (6-8). \Ve fhuert’fore
decided to use this isotope for further char-

actenization of flue biogent’sis of chronuaflin

gramuules. The pn(’s(’nt l)al)(’n denuomist rates
that [35S]sulfate laht’ls flit’ soluble content of

chromaffin granules of both o� amid rat ad-
renal medulla amid establishes that flue comi-
version of n(’Wly formed chronuaffin granules
f-) mature ones requires about 48 hr.

METHODS

Experirnen Is nil/i Bovine _4 (lreltal.s

Bovine adnenals w(’re perfused as lrevi-

ously described (4, 5, 9). The l)(�rfusioii
mnediunu was Tyrode’s solution plus 10 (7�

( v/v) single-strength tissue culture iuuedium

199 (TC 45). Thirty minutes after the start

of the perfusion the glamuds were stimulated
once with 1 3 iuu�i carbanuylcholimie chloride
( 9). If a good secretory response was oh-

tamed, perfusion was contimuu(’d, hut withu
the omission of mt’diurn 199. Ten muuinutes

later sodiunu {BS]sulfafe (10 muuCi) wa&
jected oven 3 Illili imito the perfusion medium.
Two niinutes after the emid of the imijt’cfion
muiediuni 199, with the addition of uiulabeled

sodiunu sulfate (final c(incemifrafion, 1 mg/nil

Of penfusiomi fluid), was aganu added to flue
pt’rfusion rn(’dium. After 30 nuimiutes iuuediuni

199 without- additional sulfate was ust’d.

Perfusion was stopped 4 hr after the injec-

f-ion of the isotopt’ . TIme nu(’(Iullae ivere dis-

sected OUt- and huomuuogemuized withu a Potter-
Elvehj (‘Di luonuogenizer. The honuogenates

ivere subjected to differential and sucrose

density gradiemit c(’Iitnifugatitimi (120,000 X g

for 5 hr) as already d(’scnibed in detail (4, 5,
10) . The isolated subcellular fractit ins were
diluted with 0.005 u Tnis-sodiunu su(’(’inafe

buffer (pH 5.9), frozen and thawed once,

amid themu dialyzed for 30 hr against the same

l)uffer. After dialysis flue fractiiiis w(’re cen-

tnifugt’d at 140,000 x q for 40 nun imi order

to separate the soluble and insoluble (macrn-
brane) eonul)olit’Iit s. Auos �vt’rt ‘ cit lien

used for emizvnuatic assay on l)rt’cil)itIutedl

with 5 � trichltiract’tic acid. ‘Flit’ 1)rt’til)i-

taft’s wt’rt’ diss(ilvt’d in .V-t’thvl-,V-dtitltcvl-

_,\#{149}, _V-dinuethylanuiuoniuni huydnoxitle ill

ni(’thanol amid! couiited iii I 4 nil tif Bray’s
sohifioii (1 1) III a liquid! scintillation spec-

tronuet(’r.

Ion expenimt’iits with \T_d.(�t\.lp\.nidi1iit1Iuu

chloride, dialyzt’d and undialyzedl frattions

fronu flit’ gradient wen(’ diluted! with 0.01 ii

Tnis-HC1 buffer (pH 7.4) to 2 nil. The pro-
feill (‘OIIc(’IifrafiOIi \VRS I 50 mg nil. Varying

amounts (15-120 �l) (if amu �iV-cefylpvnidhin-
iunu chloride solution (20 mg1/nul) wert’ flit’n
added, which led to visible precipitation of
Iflat-enial. After 30 miii in ice flue mixture was
centrifuged for 30 nun at 100,000 X g. The
radioactivity was deternuined in the supt’r-

nata-mit amid sedi m(’nt fractious.

Experiments with Rats

Itats (130-300 g) were given an jIlt rain ri-

tomieal imijection of 13 nuCi�’nat of suidiunu
I35Sjs�ilf’ite At various times thereafter the

rats wer(’ killed with cliloroforni vapor, the

adremial glands were excis(’d, amid the fibrous

capsules surroumuding flit’ glan(ls wt’r(’ rt’-

mnovt’d. The glands of each inj(’cted rat went’

lioniogemiized together with two glands (If an

untreated rat 111 3 ml of 0.3 � sucrcise. Nuclei

amid cell debris wer(’ renuoved by low-speed
centnifugatiori (800 X g for 20 uutiti). A large

gramiule fraction was sedlimeluted at I 2,0(10 X

g for 20 rain. The large granules went’ rt’sus-

l)emided imi 0.5 ml of 0.3 �u sucrose solution.

An mi1ic�uof- (0.45 uiil) was layered t�n top tlf a
gradit’nt ranging froiuu 1 .3 to 2 u

solution (10) . After centnifugafion at 1 20,0()0

x �i for S hn, fractions were coll’t’ted by

piercimug f-he l)ot-tonu of flue tube with a ml(’e(Ilt’.
Aliquots of flit’ fractions were used for the

catechuolanuine assay. The nt’niairudt’r was

(lihllt(i’dl with 0.()05 �r Tris-sodiminu su(’ciIlat(’

l)ufft’n (iH 3.9). li-i tlndt’r to have sufiicit’nt

prot(’imu, 0.2 inl of a soluble lysate (If lit Ivine

(‘hiroluuaffin granules (4 nug of protein per

nuilliliten) was added to t’acli fraction. After
dialysis against flu’ sanut’ buffer flue Irac-

tiomus were t’entnifugt’d for 1 hun at- 100,000 X q
to sedinuemit the ilist)luhl(’ material (nit’in-

hramit’s). ‘The sul)(’rmlatant- fra(’tic)mis \\t’rt’

tI’t’Ittedl �vithu S � trit,hloract’tic at’itl. ‘The

1)rt’(’ipitated l)rott’ilis � (lis��(ilyt(l Ion
liquid s(’intillation (‘t)llIlt imig as Statt’(l al II Vt’.
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LIC(’lI(i/)h olesis

I � tlyacrvlaiuuide gel elet’t roj)hon(’sis (5 .6 #{182}/�
gels) \\#{149}tis pt’rfonnit’d a(’conding to Clarke

(12). Tht’ t’lectrtllytt’ hufft’n (pH 8.6) was
0.025 M Tnis-0.2 ti glycint’. For t’lectro-

I)ht II�( ‘sis t he st il ul)le muat enial fronu f he gradi-
tnt fr�u’tioiis w’as (‘(iIl(’(’ntrated liv ulfrafiltra-

titiii through collodion Ineliubrallt’s (San-

tonius, (�t’niuuativ). Aliquofs of the samiipl(’s

\vt re run for 45 miiiii at 80 V and themu for 15

i_lull at 160 \-‘. 1’tir (l(’tt’nmuuinillg the distnibu-
fjttii (If radioactive j)rott’ins, gt’ls �vt’rt’ stained

ft)r 10 nuimi 111 AIilidl() black (1 �- in 7 � acetic

tlci(l ), fht’ii dleStaillt’d for 12 hr iii 7 % acetic

Iiti’l(I. The gt’ls went’ fluen cut-, according to

tiit’ lticalizatioii of flit’ prot(’iII hands, into

l)it’(’t’s ranging froiuu 0.2 to 0.5 ciii. The pi(’c(’S
wt’rt’ trt’ated iii s(’imlfillation vials with 2 ml of

H202 at 67#{176},which (hisstilvt’d flit’ gels over-
night. ‘i’hit’mi 2.0 muul (If H20 alid 0.5 miil

of� .V-t’tliyl-.V-dodt’cyl-V , �V-dinuefliylamuurno-

lii an i hvdnt ixidt’ iii niethamiol wt re added.

Aftt’n 2 hr at 67#{176}14 iuul of Bray’s solution
(11) �vt’rt’ a(i(led.

Isoeleetii(’ /�()(�5�fl(/ (13, 14)

(t’ls (4 � ) were prt’par(’dl by dissolving

450 ing of Cyamuoguiui ill � nil of 7 in urt’mu
solutiomi. ‘1�hit’ii 1 .125 nil of glycerol, 0.56 nil

of Ainpholiuit’ (pH nangt’, 3.5-10; 40 � St)hi-

f-it )Ii ) , 0. 1 25 nil of dinut’t hylamuuinopropniomui-
fnile, aIl(l 1.;) nil of aIuumuutiniunu persulfate

stilution (12 iiug) were addt’d. This mixture

\viiS poured into glass tubes (Shandomi disc

electrophioresis apparatus) and thuemi �iven-
layered with �vatt’r. After polynut’nizatiomi

(appnoxirnatt’lv 2 hun) flit’ gels were subjected

to electrophoresis with I mnamp/gel until the
voltage reached 200 V. Electrolyte buffers

wt’nt’ 0.01 M phosphoric acid amid 0.02 ii

,SO(lillIuu hydroxide. Thut’n the extensively
dialyzed sal-nl)les went’ Iuuixt’(l wit-h Amuipholine

( titrated to I)H S ; final concentration iii

saiiiplt’, 4 %) aIR:! appli(’d to the top of the
gt’l. Flectnophuoresis was started at a coit-
sttunt current of 1 muuaiuup/gt’l, until the volt-
age nt’aclued 340 V. Themi the equipnuent was

switt’Iut’d to a ctinstamuf voltage of 340 V
( usually fir al)t)tlt 4 hun). In sonic experiments
(‘lt’ctrtll)hioresis was prolonged up to 15 hn,
which led tti ml t’atliodic shift- of the pH gradi-
(‘lit but otlut’rwist’ gave conupanable result-s.

Aitt’r t’lt’ctrophort’sis omie gel was cut into

0.5-ciuu pieces, which wen(’ eluted with water

for measuring the pH. The sample gels were
fixed in 12.5 � tnicluloracefic acid. After 30

nun the protein bamids becaine cleanly visible

as precipifaft’s. Thue gels wt’ne then cut to
nueasure the radioactivity as stated above.

Before staimuing the gels were washed re-
peatedly for 3 days imi 12.5 % tnichltiracet-ic
acid, stained for 4 hr imu 1 �Z Amido black
iii 7 #{182}-�acetic acid, amid fimially destained in

the saiuue acid.

Client ical and Enzymatic A ssays

Proteins were nueasunt’d with the biuret

reactiotu as described i)n(’viously (15). Cafe-
chuolanuines were determined either colon-
metrically (16) or by nit’asuning the muative

flutinesceiice (17) in penchlonic acid (3 %
final concentrations) extracts of the tissue.

Glucose 6-phosphuatase (EC 3. 1 .3.9) was

muueasured according to 1)e Duve et al. (18),

succimiate dehydrogenase (EC 1 .3.99.1 ) ac-
cording fti Ponteous and Clank (19), and acid
niboiuuclease (EC 2.7.7.16) as described by
Snuithu amid Wimuklen (10).

Materials

Sodiunu [�S Isulfat e (50-1 1 0 muuCi/rnmuuole)

was obtained fronu the Radiochemical Ccii-

tre, Amershuam, Emuglamud; tissue culture
rnediuiuu 199 (TC 45), from Welicome

Reageiuts, Ltd . , Beckemuham , Emugland;

_\_ - ethyl - �V - dodecvl - �V , �V - diniethylanumo-

miiunu hydroxide, from Merck AG., Ger-

nuany; Cyanoguni 41 , from Senva, (lernuany;

amud Anuphohimue (pH 3.5-10), fnttrn LT’ZB,
Sweden.

RESULTS

Experiments on Bovine Adrenal Glands

Subcellular fractionation after [3�Sjsnlfate

labeli-n�. Perfused adrenal glands were pulse-

labeled with sodiuiuu [33S]sulfate, and 4 hr

later a large granule fractiomu was isolated
and subjected to demusity gradient cemutnifu-
gatiomu. Figure 1 gives the results of a nepre-
sentativ&’ (‘xpeninuemit . Essemitially identical

results �vent’ ol)taint’d ill two additional cx-

penituut’nts. The distnibutioli of muianken coni-
p(in(’nts ill the gradient fractious displays

the well-kiiowmi behavior of lysosoluies (acid

nibomiuclease), of elernetuts of the emudoplasmic
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FIG. 1. Density gradient cen/rifnga/ion of a

large granule fraction from bovine adrenal medulla

isolated after pulse of sodium [‘5S]sutfa/e

In each histogranu the colunumis fronu left to right

correspond to the fractions fronu the top to the

bottom of the centrifuge tube (sucrose gradient

ranging froml.3to2.OM sucrose). The width of the

columns correspomids to the relative volume of the
density gradient fractions (total volume of the

fractions from one gradient- was 4.75 ml) . The ordi-

nates give the percentage of the total activity re-

covered in each fraction, which was obtained by

dividing the amount of conupomient per milliliter of
fraction by the total amount present in the gradi-

ent. The radioactivity in the 35S-labeled soluble

material was nueasured in dialyzed fractions after

removal of insoluble niaterial b�’ high-speed cen-
trifugation. The total amiuount of �S labeling in the

soluble and insoluble material was about equal
(27,500 dpm/gradient-) . The specific radioactivity
in the peak fractions anuounted to 354 dpm/mg of
protein for the insoluble nuatenial and 857 dpnu/nug

for the soluble material. Hecoveries fronu the

gradient ranged front 78% to 106%. Prot., protein;

lin-ase, acid nibonuclease; C�-6-ph, glucose 6-phos-
phatase; Cat., catecholamines.

reticulunu (glucose 6-phosphatase), and of
chroniaffiuu granules (catecholarnines) . A
mitochondnial marker, succinate dt’hydro-
genase (not shown), was distributed in the
gradient similarly to glucose 6-phosphatase
(cf. ref. 10).

I’igure 1 also gives the distribution of

soluble and imusoluble material labeled with
35S. The soluble material is mainly derived
fronu the content of cell organelles, whereas

the insoluble material is representative of

menubranes. The insoluble components which

had incorjx)nafed this isotope remained in
the top fractious of the gradiemit. This dis-
tril)ution would indicate localizatiomu of the

label either iii mitochondnia on in elenuents

of the endoplasmuuic reticulum. It seems
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G-6-ph likt’ly, howt’ver, fhuat the laht’l was prest’mif in

(‘l(’mui(’IlfS (if the t’Iidloplasfliic nefi(’uluni, since

thi(’ nu(’rtisomuial macfit in , wluich c )nsist-s

nuainlv t)f these t’lenit’nts, (‘(intaint’dl 44 � of

the lahelt’d iiusoluble niatenial (100 #{182}�= total

amount present i�u microsornal amid lange

gra-miul(’ fraction) . The correspondimig figure
for glucose 6-phosphafast’ was 58%.

The soluble iuuafenial wlii(’h had lu’coiuie

labelt’d I�’ uS exhibited a distribution whi(’h
is apparently different fromuu those shitiwim by

the nuarken conupont’nts. The lal)elt’(l iiua-
tenimul was specifically (‘(infimiedl t(I particles

whichi (‘(luilil)rat(’d in a pt)sition slightly

above that fakemu l)y chiroluuafIill gramiult’s.

C/i aractenization of soluble coinponen Is la-

beled by [35S}suilfale. Thit’ catioiiic (letergellt

_\-cetylpynidiniunu (‘hlonid(’ is kiitiwii to

pn(’cipitat e acidi(’ (‘onipont’Iif s I ike iii uco-

l)olYsacchanid(’s (‘omitainimig tail fat e groups
(20). Thert’fone this dt’tt’ngenf � use(l to

deternuimit’ whether t lit’ soluhlt’ nuat (‘nial

laI)t’lt’d ivithu [3�S]sulfate could 1)1’ pnt’(’ipi-
fated. More than 90 % of th(’ radioactive

niatt’nial presemuf imu the dialyzed soluble frac-
tiolis of the gnadit’mit- was consistt’iutly pre-

cipitable.
A charact(’nizat iomi of flit’ laht’led soluble

nuatt’nial by polyacrylamuuide gel t’lect nopho-

r(’tis is showmu in Jig. 2a. TIue stainc(l prtit ciii

pattt’nn is tvpit’al of the soluble prott’ins of
chrornaffin gnamiules ivifhu clopamimie �3-hiy-

droxvlase and chroniogramiin A, the main

compont’mit of flue acidic churomuuogranins (cf.

r(’fs. 3 and 21). The radioactivity was �‘on-
sistently found spread throughout flue gel.

There was an increase in radioactive lai)elrng
beginning with chrornogranimi A. The high-

est level of labeling was present in regions of

the gt’l where f-he fastest moving components
were foumud. In this region only very faintly

stainimug bands could he seen, which imudi-
cafes a high specific radioactivity of these

fast moving components.

Results of isoelectnic focusimig experiments

are shown in Fig. 2b. Thit’ staimit’d protein

pattern shows a f(’w minor haiids in flit’ less

acidic region. The main group of bands is

found between 1)H 4.7 and 5.5. Tht’se pitt-

teins wt’ne identified as fh(� acidic t’hronio-
granins.3 The distribution of radioactivity

3 11. Baunugartner, J. W. Gihb, and 11. Wimukler,
umipublished observations
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Fmt; . 2. C/laracteniza/ioPl of 35S-laheled SOlUble ?1la/ellal fiotu bonn-c a(lrenal niedulla

a. Polvacrylarnide gel electm(Iphomesis. The soluble fractiomis fromuu the density gradient- where the peak

(If laheled material was present (see Fig. 1) were used for electrophoresis. After electrophoresis tlue

gels wt’me stained wit Ii Amuiidi black. The staimied protein pattern is drawn schematically at- hot-toni. The
nu(ist slowly muigratimig haml(�l iS the enzyme dopamiuine �l-hydroxylase (I )BH) ; the major band represents

chrimmiigranimi A (A). Afterward the gels were (‘lit into pieces and the radioactivity present was deter-
mimiet! The dist mibimt i mi of radioact ivelv lal)eled n�at erial is given as a hist ogmam drawn above the gel.
Retoverv of ma(Iit)ItCt ivitv frtimn the gel was lOU �

II. 151 leleCt mi(’ ftit’usimmg. ‘l’he stained pr(Itein pat-tern and the distrihutiomu of radioactively labeled

iiuatemial are given. The pit nit’asumed in the various gel regions is indicated. Recovery was 114�

-I
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t’xhiliits a (lt’fihiitt’ I)t’ak which coincidt’s with

this group (If Proteins. However, there st’enus
f(I be �t J)r(’f(’nt’Iitial lal)t’lilig tif flit’ less acidic

l)m�t itt’iiis.

i�xp(’1inlents itiI/i rats

�At various timuu(’s aftt’n thud’ imujectiomi of

I3�SJsulfatt’ the adrenal glands were t’xc’ised.

It lirtiv(’d iiuiptissiblt’ tti r(’liuOve the (‘ortical

tissut’ (oluipletely �vithuout loss of nu(’dullary

tissut’. Thert’fort’ omily thu(’ fibrous (‘apsule,

witlu s(Ifll(’ adhit’ning t’tintical tissue, was dis-
sectt’(I away. Figure 3 gives flit’ nt’sults oh)-

taint’d l)\’ dlt’Iisit-V gradit ‘mit centnifugatitimi of

langt’ granule fractions in four (hiff(’nent cx-

penirnt’nts. At all timuue intt’nvals flit’ insolublt’

hum t t ‘na I whit’li hiadi iluconporat ed [3�S}sulfaf t’

nt’niaint’cl iii thut top fractions of fhit’ gradient.

‘I’hi ‘ sol able I3�5 Isulfat t’-laI)t’lt’d muiat enial

shu I\Vt’(l a l)ifluO(ltll distnibutioii in fht’ gradi-

t-’iit . At all tinut’ imitt’rvali thert’ was a Pt’�tk

111 tilt’ t(II) fractions of thit’ gradit-’mit, �vht’reas

a st’(’I)ll(l j)t’ak ��as foumid in a 1)tIsitioll �vhuichu
varied! ��it-hi ti�uut’. At S hun this pt’ak was foumid

b�t \\(‘(‘Il the less demuse fractiomus of f-lit’

gratlit’nt IiIi(I fhiost’ c(1)Iitainimugflue bulk tif

flue t’afecholaiuuint’s. After 24 hr this labelt’dl
miuatenial had nut)vt’d to dt’nser fractions of

flit’ gnadienf. B:�- 48 hr amid! 96 hr the 35S

labt’l was i)rt’st’mlt in a particl(’ which equihi-

brated in a position vt’m’y similar to that of

flit’ (‘huroluiathn gramiult’s contaimiimig the

catt’chtilanuint’s. In comutrast to f-he results

obtained in ox glands, f-lie distribution of

33S-labt’lt’d nuaft’nial st’t’iuued less specific,

since ctinsidt’nab)le muiatenial was also found

in the tol) fnactioii (cf. 1’ig 1). It is likely
f-hat this iuuat-enial is (l(’nived fnoni cortical

tissut’, sinct’ it was found tluat this tissue,

whit’ui disst’ctt’d sepmuraft’ly, (‘tintaint’d a con-

sidenal)lt’ tllii( iunf of solul)lt’ niatenial labeled

w�itlu [3�S]su1fate.

l)ISCUSSION

Several studit’s liavt’ (‘stablishied that the

chrornaffimi granules fnotuu flu’ adrenal

Iluedlilla contain siuuahl aniouuuts of iuiuco-

polysacchuanides (6, 22, 23). Studies with

{3�S]sulfate imidicated (6, 8) that these corn-

l)t)11(’Iuts (�iIi bt’ labeled in rico with this iso-
f t-)pe . Iii a l)rt’linuiIian� (‘oluinuumuicatR)mu Filliomu
et al. (6) rt’ponted for adrt’na-l nuedullae of

the dog and cat that cat-echuolamines and
nuat t’nial lal)t’lt’d aft en {3�S1sulfate inj ect ion

shuowt’d a renuarkablv sinuilan distribution

after centnifugation tif honuogemuates through
a density gradient. Tluis appaneiut-ly mdi-
cated specific lal)t’ling (if (‘atecholanuine-

storing vesicles. The presemut- study provides
detailed infornuation on the sul)cellular dis-
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Fit. 3. Density gradient cen/rifugation- of large granule fractions from rat adrenals

At varying time intervals aft-er the injectitin of [358]stmlfate into rats, large granule fractions from the
adrenals were subjected to density gradient centriflmgatioml (1.3-2.0 ii sucrose solutitln). The gradient

distribution of catecholainines (dashed line) arid of 35S-labeled soluble material (solid limie) is givemi

for each timiue interval (for presentation of results, compare with Fig. 1). For the insoluble 35S-labeled

material OnlY one distribution is given, since essentially identical results were obtained for all timmue

intervals. The total amuuount of radioactivity in the soluble nuaterial ranged from 438 to 2140 (1pm for the

various gradients. The corresponding values for the insoluble material are 1191-7700 dpni.

tnibutitin (if nuatt’nial label(’d by flu’ injt’ction
of [35S]sulfafe. Iii perfused ox adrenal glamuds

the 35S-labeled insoluble niatenial was present

in niembranes of the endoplasmic reticulum,
but not- iii nlernbnami(’s of chromaffin gran-

ules. Omu the other hand, the laht’led soluble
material was specifically confimied to pan-
tides wluich could be diffenemitiated from all

other cell organdies by their behavior iii a

density gradient. They equilibrated slightly

above chromaffin granules. In a previous

publicatiomi (5) ‘V(’ reported that newly

fonnued chrornaffimi granules which contained

newly synthesized chroniogramiin labelt’d
with [3H]leucine � found imi the sanue

positioiu. This would indicate that- the 3�5�

labeled soluble nuaterial is pn(’sent in muewly

formed cluromaffin granules. This suggestion
was confirmed by the expenirnemits �vifhi rat

adrenals in vivo. live hours after the imijec-

tion of the isotope some labeled stjluble
material was present in a particle foumid in a

position similar to that of the newly formed
granules iii the ox experiments. Betwet’mu 48
and 96 hr later these particles apparently
had beconue mature chrornaffin granules.

Thus we cami (‘t)nclud(’ that [3�S]sulfate be-

c’an-ie inconponaft’d imitt) flit’ stiluble contemut-

of chirtiiuuaffin gramiules. It shutiuld be noted,
howt’vt’n, that this isotoi)e is also incon-

ponafed info menul)namit’s unrt’lat(’d to (‘hrti-

muuaffin granules, amid in rat glands the solubit’

conuponents (-)f flit’ cortical fissut’ also (‘xhuibit

significant- labeling. [uiS1Sulfatt� thiert’fore

camunot i)(’ considered as specific a nuarkt’r aS

flue studies of I�’ilhioii ci al. (6) st’enued to
illdi(’ate, although with propt’r t’art’ it (‘all

s(’rve as a useful ttiol.

\Vhuaf- is tht’ nature of the soluble (‘t)nlpo-

uients of chunonmafhmu granules laht’lt’d by
F3�S]sulfate? \Iang(Ilis et al. (S) luave shiowuu
that after labt’ling of adrenal glands with
[3�S}sulfate radioa(’tive Iuuat(’nial can be rt’-

lt’ased l�’ stiniulation of flit’ glamid with
acetvlcholine. This agrees very wt’ll with
our results demomistratimig that the solul)le

c(ilitemit of chronuaffimu granules was labt’lt’d

with this isotopt’. In addition, those authors

(8) estal)hsh(’d that nearly all the laheled

nuatenial was sulfated mucopolysacchanides.
\v(’ therefore att(’Iuipt(’(l to define the pnott’imu

t’t)lulpomi(’Iit t 0 wluich su(’hi niucoptilysac-
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chianidt’s ant’ hil�’ly fti be btiUIl(l (see nt’f. 24).

\\(‘ found that the t’atioliit’ (l(’tengent �V-ct’-

fvlpvnidiniuni ehultlnidt’ l)Ie(’ipitatt’d the Ia-

beled Iuiat(’nial. II) addition it has alrt’ady

bet’n shown that fhuis dt’tergt’nt gives quamu-

titative prt’cipitafiolu (21 ) of flue acidic
churt inn)gnanins, the nuaj tin st iluhlt’ pnott’ins

of clint imaflin granules. Since, however,

N-ct’tylpynidiluiulul chlonidt’ I)neciPitatt’s both

iii u(’t ipolysacchanides an(l aci(hic prof (‘1115

(20), our results are only (‘olisistemit with a

linkage bt-’t �vt ‘(‘11 cluroluiogrluliil amid in uco-

polysacchmunitles hut tan (lifer no proof. In
elt cf nophuoret 1(’ expeniniemit s wit Ii pOlya(ryl-

aiuuidt’ gels flit’ labeled nuat(’nia) st’(’nued to

nuigrate f ogef hen wit-li f-he chnt)niognarlins.

However, flit’ highest radioactivity was pres-

(‘lit 111 faster nuoving t’tin�I)ont’nts. Two cx-

j)lanatiolis for this l)(’hiavion art’ pt)Ssil)le.

First, the [3�S]sulfatt’-labelt’d mnucopoly-

saccharides art’ himuked to flit’ t’hironuognaluins,

aml(l thi(’ iuuintin (‘onupt)nt’nts iuuigratimug faster

than chrtinuogranin A. art’ I)nefenelltially

labelt’d. St’cIlld, the 3�S-labt’led nuatenial

only nuignaf-es with f lie (‘hunonuogranins, but
is imot- a(’t-lilullV 1)01111(1 to tlueni. I’�xpeniinemuts

with isoelectnic focusilug, whmichi separates

pr(It(’ins according to thut’ir iso(’Iectric points,
favor the first suggestion. The radioactive

labehimug was comifimit’d to a group of proteilus
focust’d bt’twet’ii pH 4.7 and 5.5. Again iuuinon

C(ilulj)OIlt’mIts set ‘nied t o I )t’ �)r� ‘fert’mit iallv

labt’led . lJIlInlblisIit’d ‘xpeninut’mifs3 with

purified clunoluut)gnanill tonul)(int’ntS have
established that tht’se pnott’iiis ant’ iii fact-

chromognanins. ‘J’hius flue result s ibtained

with �V-cetylpynidiiuiunu chulonide, p(ilyacryl-

anuide gel (‘lt’t’t m’(ipIl(Ir(’sis, and isoelectnic

focusing tire t’t ilisiSt (‘lit wit hi thie possibility

f-hat flue 3iS�labt�led niatt’nial is linkt’d to the

11t’i(hiC chnoiuiogi’amiimis. H i�vt’vt ‘1’, Sifl(’t’ minor

(�( iIIlpont’Ilt 5 �I)I)t’tl� t t) I tt� l)rt’ft’n(’m1tiall�’ Ia-

l)(’l(’d, further studies, e.g., l)ioch(’luui(’al
analysis of punifi(’(I chnoliu(Ignanins, are

nee(icd to t’stal)hshu the exact relationship

bet weemu t hest ‘ prot t’ifls amid nuucopolvsac-
chandes.

The pr(’s(’mit 1111(1 ii previtius study (5) have

shltiWIi that n(’iVIV fonmuied chntiiuiaflin gran-

tiles (‘(lilt ailuing clint inuogranills labeled with
(‘ithut’n [3Hlleucine or [3�S]sulfate ar(’ less dense
thian niatur(’ (ines. Ion ox adr(’nal glands

pt’rfulS(’(I ill (jilt) thue possibility that flit’ 1ow�

(lt’llSitV of mit’�� t’hintiiuiaffin granult’s was an

artifact could not l)(’ t’ntim’t’lv excluded. It
was reassuring, thierefcirt’, to obtain tIme sanue

results in (‘xpt’ninu’nts under conditions -in

tiVO. 1’untheniuiont’, in flit’ rat t’xl)t’ninuents
Itimugt’n tnuue imutervals after the injection of

the isotope could be studied. This tnal)led us
to (It’fliOnstnafe that the (‘(inversion of’ �iewly

fonmuued gnanul(’s into inafure omit’s takes

ai)ouf 48 hr. Previous studies on nal)l)ifs amid

rats (25, 26) alsti imidicated that newly

foniuued (‘huronuaffmn granult’s cXhiil)it a lower

(It’Iisitv fluan niaturt’ omit’s. Iii fhest’ t’xpeni-
iuit’iits the catt’cholaiuuint’ stones of flit’ ad-
renal nuedulla were sevent’lv deplt’ted with

imusulin, iuuaking if pOssil)lt’ to dl(’tect the

populatiolu of heW’ vt’sicles, which otherwise
cannot l�’ (Iiffen(’ntiatt’(l fronu the great
nunul)er of iuuature tines. Our studies now

shut�iw that even iii unstiiuiulat-ed glaiids newly

formt’d vesicles takt’ about 48 hr to niatune.

It s(’eiuis hikeh\- (st’e also refs. 25, 26) that

fht’se nt’w vesicles and’ less demls(’, sinct’ they

luavt’ iiot- acquired their full coiuipleiiut’uit of

nucleofides and catt’chuolanuiiues. In this con-

nection it is intent’sting fti iiofe that these

vesi(’les are ap��ant’iitlv til)l(’ to se(’rett’ them

cont(’mif. As early as 30 muhi after [3H]lt’utine

adnui iiist rat ion the rt’lease of radioactively
lal�’1t’d chnoliuognanins (‘ould he (‘licited by
stiniulation of the adnemual iuuedulla (5).

Funthut’rnuore, Margolis ci al. (8) have shuown

that 24 hun after [35S]sulfatt’ iiujection labeled

nuucopolysacchanides could be s(’cneted froni

tht’ adrenal gland. Thus flue adrenal nuedulla

appant’iitlv can secret t’ fronu graiuules which

do mitit yet comutaimu their full cOIuiI)leiiuent of

cate(’hollunuin(’s. This s(’t’fliS a rather un(’co-

flt)Iuuit’tll procedure for a gland, flue iiiaili

function ttf which is comusidt’ned to be the
secretion (If catecholamines. Is this Secn(’tiOn

fntini inimuiatune granules an expnt’ssiomi (If flue
possibility that the churtiiuuognaniius, like flit’
(‘atechlolaniines, art’ secnt’tony products with

a honmuuonal action?

The prt’semif study provides further (latmi

(‘omuct’nnimig flit’ biogenesis and niatunaf ion if

(‘huromuuaffilu gramiules by using [uiS1sulfatt� as a

fool. This isotope is incorporated ilito the

St luhlt ‘ (‘t Iluupt)miemuts of churoiiiafhmu granules.

Thins [3�S]sulfatt’ iuua-y pnovt’ useful for study-

imig flue synthesis amid tramusport of t’att’(’hol-

anuiiit’-stoning vesicles (‘V(’ll iii fludint’ coliij)hi-
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cated structures such as sympathetic nerves

or brain tissue. However, the relative lack of

sp(’cificitv of this label nuust he consident’d.
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