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SUMMARY

By time use of ATP-m-egencratilmg systems it can be slmown timat time ATP leaking from
adrenal churomaffin granules in viti-o produces time same effects on timese granules as diocs

the additionm of exogenmours ATP, i.e., m-elease of catecimohamimmes anud chmammge imu light-scatter-

inmg properties.

We have demonstrated timat time additiolm

of ATP to isolated chromaffin grammules

causes the release of catecholamincs, ATP,

and protein in proportions compai-abhe to
thuose secreted from the intact adrenal gland
in response to acetylcluoline (1). This
process was shown to be associated with

structural cimanges as revealed by light-
scattering cimanges in granule suspensions

(2).

Simmcc time clun-omaffin granumles timemmmsehves

are extremely rich sources of ATP, it woumidl
seem that time ATP leakinug fn-onmmciuromaffinu
granules might also melease catecholamimmes.

However-, the ATP escapimmg spontanernnsly
from isolated cimmomaffin gnammuhes is ordli-

nam-ily hydnolyzedi to ADP andi then to
AMP by the gnanule rnemhn-ammc (3, 4), thus

pm-cventing the buildup of a hmigiu commcentra-

tion of ATP in time suspemusion mediumm. By
using seven-al ATP-regencmating systems,

we huave now ol)taincd evidemuce that en-

dogenous ATP can act onu cium-oniaffin gn-an-

ules in the same way as exogemuoums ATP.
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Preparation of chromaffin granules. Chro-
maffin granules were pnepared from bovine

adrenal mcdullac using Millipore filtration

as described previously (1) . The only mod-

ification was that vaeurunm filtration was
employed ratimcr than positive pressure
generated by meamus of a symimmge alud barrel.

Timis mctimod redunces the yield of granules
1)ut also medumces the contamination by
lai-ger particles which can be squmcezed

thmougiu iones smaller timan time particle size

(S. Malamed, personal communication).
For most studies granules filter-cd through

0.3 � filters were used ; for some, granules

pusimed thmoumgim 0.22 � filters were employed.
In cuba t ion procedure . Incubations for

studying catechuolaminc melease were cannied

out at 30#{176}as descm-ibed b)cfom-e (1) in a

standard incubation mediummu containing
(m�i): KC1, 160; NaC1, 5.0; MgCl2, 0.5;

P0.1 buffer-, pH 7.0, 10. Inucuh)ations were

temmimmated by rapidly diluting w’ith ice-cold
0.3 M sumcn-ose commtainuimmg 2 nmi EDTA,

i)ricfly cooliimg mm anm ice bath, and centrifug-
ing at 20,000 q for- 10 mumin. Time supemnatant
was umsed to assay eatecimohamumimues (5).

Light -sea ttei-ing experiments. Studlies on

ligimt scatterimmg were carried out using a

Zeiss PMQ II spcctropimotomcter at 540 m�



SHORT COMMUNICATION 197

Mol. Pharmaco!. 4, 196-199 (19@8)

as described previously (2) . Either 1.0 ml
volumes plus 50 �.d granmule suspension on
2.0 ml volumes and 100 ph granules were

emnployed.

Substrates and enzymes. ATP, cn-eatine

phosphate (CP) , pluosphoenolpyn-uvate
(PEP) , creatinephosphokinase (CPK) , and

pyruvate kinase (PK) wet-c ohtaimmedl from

Boehringer Mannheim, New York. Time CP
and PEP were stated to be clmromatograph-

ically free of adenine nucleotides. The com-

bination of PEP plus PK and CP plums CPK
will be referred to as the PEP-PK and

CP-CPK systems, respectively.
Effect of ATP-reqenerating systems on

catecholamine release from isolated chro-

maffin granules. The PEP-PK amud CP-

CPK systems are known to catalyze time

formation of ATP fn-om APP:

(1) PEP + ADP -� ATP + pyruvate

(2) CP + ADP -* ATP + creatine

Wherm either PEP or CP (5 m�t) was used

by itself, a small and variable immcrease in

catechohamine release was obser-ved (lesser

concentrations had no effect). The enmzymmmes

PK and CPK similarly had small or negli-
gible effects. However, whuen time PEP was

combined with PK, and CP was comhincdl
with CPK, significant eatechuolamine release

was obtainmed whicim was clearly more than

additive (Table 1 ) . Furthermore, when the

ATP-regeneratiiug system was employed to-

gether witim exogenuous ATP, time releasing
action of ATP was potentiated (Table i).

In another series of cxperimemmts, time i-c-
leasimug effect of ATP + PEP + PK was
colnpan-ed on granmunies passed timrougim 0.3 �
filters with granules passed thun-ougim 0.22 j�

filters. Timere was no difference between time

two gr-ammule suspensions: The ATP + PEP

+ �ic released 74.2 ± 1 .0% of the granule
catecimolamimmes mu 10 minuntcs usiimg the

0.3 � gmammunles, anmdl 77.8 ± I .2% using time

0.22 � granules.
Effect of ATP-regenerating systems on

optical density of chrornaffin granules sus-

pensions. Pn-evioums work has shmownm thuat

coinucidenut w’ithm time release of catecimol-
aminmes, ATP, and pnotcin fnonn cimromaffin

granules, timer-c is a fall in optical density

(OD) of graninhe suspensions (2) . Tiuem-e-

fore the effect of time PEP-PK anmd CP-CPK
systems \vene examinmed usinmg timis light-
scattering techniqume. Whem-eas PEP ammd PK
alonme iua(l negligible effects onu Of), to-

getimer tlmey caused! a signuificamut fall in OP.
Time effect of exogenous ATP was also en-

hanced mu time pm-esemm(-e of PEP-PK (Fig. 1).
A similar n-esult w’as obtainmed witlm time CP-
CPK system: neit-lmcr conmponenmt imani muncim

T.�BmE 1

Eflect of A TV and A TP-regenerating systems on catecho!amine re!ease front iso!aled rhromaffin graii o!e.s

Isolated chronmaffin granules were incubated at 30#{176}in a mediunm containming (nms(�: KCI, 160; NaCl, 5;

KPO4 buffer, pH 7.0, 10; MgC�, 0.5. Incubation and preincubation times for each experiment are shown at

the top. At the end of the preincubation period additions were made as follows: ATP (0.5 msn), PEP (5.0

laM), PK (1 �ig/mfl, CP (5.0 msn), CPK (1�tg/nmmfl. The total volunme was 1.05 imil. Each value represenmts the

percentage of hotrnmd catecimolamines released above timat of the (-oat rol and is time mean (± SE) of three

observations.

Experiment:

Preincubation (mm):
Incubation (mm):

I

0

20

II

10

30

III

15

30

IV

15

10

.-�TP 30.0 ± 1.0 49.7 ± 2.1 - 35.2 ± 0.3

PEP - 14.8 ± it) 26.6 ± 4.5 --

PK - 12.7 ± 1.1 -2.3 ± 1.3 -

PEP + PK 13.6 ± 0.7 41.8 ± 3.2 72.0 ± 5.5

ATP + PEI’ + PK 66.7 ± 0.2 - - -

CP - - 21.0 ± 1.4 3.3 ± 1.8

CPK - - -0.1 ± 4.2 1.5 ± 0.1

CP+CPK - - 50.7 ±2.5 19.8± 1.0
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effect on OD by itself, but togethuer timey
produced a marked fall iim OD (Fig. 2).

Discussion. Marmy stundics imave simown

that chromaffinu granmules caim hydrolyze
ATP to A1)P, inmeiuding time ATP whicim
sponmtaneously leaks out from time granumles.

The pnescnmt exl)erimncnts (utilizing two

independent ATP-rcgenen-ating systems)
demonstrate tlmat if timis endogenous ATP

is allowed to i)uii(1 ump, timen it can act orm

.-. Co�t�o�

�0-0 PEP
A-A PEP 4 PK

x-x ATP

.-. ATP + PEP + PK

I 1
10 20

TIME (mnufes)

Fic. 1. Eflect of ATI�, PEP, (1)1(1 PK on optical

dens�1y of cli roma/Jin gra,t ales

Chromaffin granules were snrsn)ended jim the

standard nmedium. When a(lditiorms were made at

zero time, time final cormcenmtrations were: ATP, 0.5
m�r; PEP, 5.0 nm�n, and PK, 1 �zg/ml. Absorbance

is expressed as a percentage of the valine at zero

time.

cimronmaffinm grammuics mm time same way as

exogenuous ATP. Bothu time pimospimoemmol-
pyruvate-pyruvatekinuase amud time creatine-

phospiuatc-creatinephosphok inasc systems

evoked release of catecimolamirmcs from
ciuronmuaffiru gr-anuuhes and produced the

chamuges mu optical density eiuaractcristic of
release of soluble granule constituents (1,

2).
Time cimnonmaffin graninles mire by far the

ricimest sounn-ce of ATP in time chmromaffin cell

anud timen-efon-c time most likely source of the

AI)P untilized 1)y time PEP-PK and CP-

CPK systemmms. However-, sinmce traces of
mitoclmommdria are pnesemmt mm 0.3 � filtrates

FIG. 2. Effect of ATP, CP, and CPK on o�tt�cal

(l(fl.�it!J of chroinatJi,i granu!es

(�imrormia6in graninles were suspenmded in the

starn(lar(i l1u(lilrm. \\Then additions were made at

zero time the final concentrations were: ATP, 0.5

nmr�i ; CP, 5.0 mM ; and CPK, 1 pg/mi. Absorbance

is expressed as a percentage of time value at zero

tirmme.

of meduhlary homogemmates, some experi-

menuts were done witim 0.22 � filtrates, wimere
evenu less mitochondn-ial contaminatiomi is
pm-cscmmt (6) . Time effect of the PEP-PK sys-

tem was time sanue with the two types of
gm’anuie preparations and therefore must be
due to time pnimmcipah species present-time
chunomaffinm gnanmumles.

Time present mesults raise the qunestionm
wimetimer time spomutarmeous release of cute-
cholamines observed in clmm-omaffinu gr-anmule

preparations mighmt be (lue to the action of

endogenous ATP. Various workers have

nuotedi tiuat time sponmtaneous release of cute-

cholanuines is greaten- in KC1 media thanm in

sucrose (7), anmd we have pointed ourt timat
sucn-ose inmimibits time ATP-cvoked release
process (1). Since tn-aces of Mg must have

l)eerm prcsenmt mu timese studies (Mg is re-

quired for time ATP-cvokcd release) the
imigimer sponutaneous melcase in KCI media

timamu mm sucrose mmuay be partly accounted
for i)y activatiorm of the ATP-cvoked re-

lease pi-ocess.
We have surggested timat ATP may i)e

involved mu time m-clease of catechohamirmcs
In-ommu the adrenal gianu(l in vivo in response
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to acetyichohine (1). It is conceivable that

the spontaneous release of catecholamines

in vivo [which can be seemu even in de-
nervated glands (8) ] may also be related
t.o the action of ATP. Perhaps the muon-
granule ATPases and other ATP-urtilizing

systems, by limiting time concentration of

endogenous ATP, are important factors in

maintaining low levels of catceimolamine
secretion during resting conditiomms in vivo.

It can be calculated timat time ATP levels
in vitro achieved by leakage of granule
ATP must be much less than 0.05 mM; and,

since the PEP-PK and CP-CPK systems

must be acting on ADP derived from gran-

ule ATP, then it is clear that when the ATP
level is stabilized an extremely low concen-

tration of ATP can act onu ciuromaffin

granules.
This extreme sensitivity plus chemrmicah

and morphological similarities between re-

lease of catecholamines from the adrenal
nmeduhla and of vasopressin fronmi time neuro-
hypophysis (9, 10) suggest timat a similar

process may be involved in time release of

this neurosecretory substance. This possi-
bility is now under investigation in our

laboratory. It is hoped that further studies

will reveal whether ATP and ATPase an-c

involved in time release of other granule-

bound substances from nerve endings and

cxocrimme glands.
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