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Valinomycin as an Antilipolytic Agent
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SUMMARY

Valinmomycin blocked tine stimulationm by catecimolamines of lipolysis annd time accumulation
of botim total arid labeled cyclic AMP inn brown arid white fat cells. Unmder conmditionns uvhen
valinmomycini blocked hipoiysis produced by epinmephrinne, the ATP content of brown fat cells
was not reduced. Time hj)olytic actioni of dibutyryl cyclic AMP uvas also blocked by valino-
mycirm. The degradatiomm of tritiated adeniinne to labeled water uva.s stimulated by valinomycin.
In uvimite fat cell ghosts, catechmolaminme-stimulated adenyl cyclase activity uvas reduced 20 %
by valinomycin, arid basal activity uvas enhanced. In uvhite fat valinomycirn inmimibited both

basal and insulin-stimulated conversion of glucose to carbon dioxide, lactate, anmd total
lipids. In brown fat., imouvever, basal glucose conversion to carbon dioxide was stimulated by

vahinmomycirn. Basal respiration in brouvn fat. cells was doubled by valirmomycin in both the
presence anmd absence of either pyruvate or oxalacetate. Tine stimulat.ionm of respirationm by

octanoate uvas reduced 50 ‘X by vahinnomycin. These observations suggest. that. time anti-
lipolytic actioni of valinomycirn is time result of other factors inn addition to time inhibition of

adennvl cydiase.

INTROI)UCTION

Valinnomvcinn is a macrocychic dodeca-
depsipeptide anmtibiotic that. immcreases the
permeability of natural (1, 2) arid artificial
(3) membrannes to potassium but riot to

sodium ionms. Time ion-transporting antibiotic
also increases active potassium uptake by rat
liver niitocimondria (4). Fainn (5) reported

that vahinmomycinn inhibited cat.eclmolamine-
stimulated lipolysis inn uvhite fat cells if

potassium us’as present inn the medium.
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Vahinomycinn stimulated time respirat iomn of

brouvni fat cells in tire presence but riot inn time

absenmce of potassium (6, 7).
Kuo and Dill (8) found t imat valinomvcin

inhibited the lipolytic action inn uvhite fat
cells of mrorepinepimrinme, corticotropirn, caf-

feine, and t.heophmylline. Timey found t hat

although 1 �M valinomycin did not alter the
conversion of labeled ademmine�8�m4C to cyclic
AMP under basal conditions, it reduced by
half the enntry of label innt.o cyclic AMP due

to nmorepinnepimrine (0.1 ,.g/ml). Kuo and Dill

suggest.ed tinat tine anntihipolytic actiomm of

valinomycini resulted at. least. in part from

inimibitionn of adennyl cyclase (8) These

authors did riot rule out other possible

effects of valinomycinm; inouvever, no effect
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TABLE 1

Measurement Time
Glycerol

release

emotes/C.!
mmole triglyceride

cpin/,.umole triglyceride I

31 6 2

54 32 1

45 129 20

32 128 30

-3.2 ± 1.2 +7 ± 14 -55 ± 16 -2 ± 5

-12.8 ± 3.1 +9 ± 12 -64 ± 17 -15 ± 11
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orn plmosplnodiesterase activity of svimite fat.
inomogenales ss�as observed witim vaiimmomycin.

Inn the I)1eselmt studies the effects of valinno-

mycinr OIL lipoiysis, respiratiomm, glucose
met aboiisni , InIn(I conmversion of adenmine-S-3H
to cyclic A\IP anmd to otiner products us-crc
imnvestigate(I inn isolated brosvn and svimite fat.
cells. White fat cell “ghosts” uvere used to

assay adennyl cyclase activity. Timis report.
pre �(‘nr t 5 furl her evidemmce t lint valimiomyci nm

has several actionns on isolated fat cells, annd
suggest ..; t mat its anrt iiipoiytic act ionm cannmnot

be explainned solely by direct inmimibitiomm of the
adenrvl c\’clrnse system.

METHODS

l’ree brosvmi anid white fat cells were ob-

tainied from 13O-16O-g female Sprague-
Dawlev rats (Charles River CD strain) fed
laboratory clrow ad libitum. Brown fat cells
were isolated by digestiomn of minced dorsal

innt.erscapular adipose tissue for 1 lmr with
1 mg,/ml of crude bacterial collagenase (Cbs-

Iridium h.istolyticum, Worthington Biochem-
ical Corporation) inn a phosphate buffer
medium connt.ainning 4 U/0 albuminn (Armour,
lot 33,407, or Penntex, lot 81) (9). Trypsin

(t.uvice crystallized, Wort.hinmgton) uvas pres-
ent. at a conncenntrationn of 1 mg/mi during the

isolat.iomm procedure in some of tine experi-

merits. Winite fat cells were isolated by time
procedure of Rodbell (10) after digestioni of

parametrial fat j)ads ss-itir 0.5 mg/ml of
collagemnase for 40 mini. Tine pimospimate buf-

fer containned NaCl, 128 mM; CinCh2 , 1.4 mM;

MgSO4 , 1.4 mrsn; KC1, 5.2 mM; annd

Na2HPO4 , 10 m�i. It usins made up daily amid
adjusted to pH 7.4 w-itin XaOH after addi-
tioni of regular or defatted bovinne fractionm V

albuminm I)oss’der. Defatted albuminm svas
prepared by the procedure of Guillory anrd
Racker (11).

For st udies inrvolvinmg labeled ademminme , t lme

free cells us-crc wasimed onmce and timen inicu-

bated for 15 mini uvitim a 4 ‘� albumin buffer
containing ademminnc-M-3H (3.1 �.rCi/mi, 22.6

Ci/mmole). Time labeled cells uvere uvashed

once uvitim a 1 .5 �‘; albumini buffer and added
to time incubationm tubes containmimig 1.5 ml of
1.5 #{182}�albumin buffer. Valinmomvcimm us-as

added inn 10 ,�l of a 95 � ethammol solution,
anid time same amount of alcoimol uvas ridded
to the conntrols.

At time enmd of tire imncubationn 1 ml of
medium uva.s rapidly rennoved, arid S % (v/v)
perchloric acid inn 40 � (v/v) etimanol svas
added to the 1 ml of medium or to the re-
mainiirmg cells and medium for the studies

Effect of vaiinoiny(’in on lipolytic action of epinephrine and on A TP and cyclic AMP in brown fat cells

Brown fat cells were isolated by digestion of brown adipose tissue for 45 nun with collagemnase and

trypsin, 0.5 nmg/nml each. After omne wash the cells were labeled by immcubatiomm for 15 mm in 2 ml of buf-
fer comntaimning adennimre-8-’H. Browni fat cells (10 pmoles of triglyceride per tube) were imrcubated for 5
or 20 flillI iii 1.5 ml of buffer comntainning 4% albumin, 0.8 mrs theophylline, and 2.8 mM glucose. The

values are the menus of five l)aired experiments, and the chammges due to valimnomycin (1 ,�g/ml) imn the

presence of epineplmrine are the mneans ± standard errors of the paired differences. The valinomyciun was

added in 5 MI of ethamnol amid air equal volume of ethanol was added to comntrol tubes.

Basal

With epinephrine (1.3 MM)

gumoles/mtnole

triglyceride

5 -5.7

20 -2.0

5 5.5

20 14.5

Labeled cyclic AMP
ATP

In cells In medium

Change due to valiimoniycimn (1

�g/ml) imi presence of epimneph-

rine
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silO\sli inn Table 1 . ATP usas deternminned cnn

ttli(lUOt 5 of the IneutlaiiZed perchloric acid
lilt rates by tire fluorometric procedures of
\Viiiianmsomn anrd (1orkev (12). Labeled cyclic

AMP ss’as determimmed by addimmg 0.2 nil of
5 (.; ZinC sulfate arnd 0.1 ml of saturated

bariunm irvdroxide to aliquots of tire nmeu-
traiized perchloric acid filtrates. Time pH
uvas adjusted to betuseenn 7 amid 5, time flux-
I tnre svas cenntrifuged, amid t inc enmt ire pro-
cedure uvas repeated. Iii tine otiner experi-

mmmennts time same I)rocedure svas carried out
oh cells or medium svimicin imad beenn boiled

p for 1 full. Inn some experinuenmts ahiquots of
tine sul)ernnatanmt fluid from tire barium-zilrc

procednnre us-crc counnted as described by
1s..u() annd I)ill (5) , altirougir ordinmarily tins
fraction uvas cimromatograpimed oni 4 X 70

flilii colunmnns of Dosvex SO (AGSOW-Xs, 100-
200 nuesh), time cyclic A\IP fractioni uvas col-

lected, iyoplnilized, amid tlmenn resuspended iii

0.1 ml of 50 mM Tris-HC1, pH 7.0, amid a
25-.il aliquot uvas counrted inn Bray’s solutiomn
(13).

Tss�() 25-,�l aliquots of tine cyclic A\IP
fractionn uvere annalvzed for total cyclic �\.\IP

by tine procedure of Goldberg et a!. (14),
usinmg sonic of time nuodificatiomns inmtroduced

by Kanneko arid l”ield (1.5). Onne aliquot us-as
inncubat (‘d us-it im act ive braini phospimodiest er-

ase, and time otimer uvitim boiled brainn pimos-

1)hodiest erase . Botim samples contained 10
mxi sodium phosphate (pH 7.0) annd 1 nmi
adenmosinme to inilnibit phospimatase activity.

After conmversionn of cyclic AMP t.o 5,-AMP

by phmospirodiesterase, the 5’-AMP uvas coin-
verted to ATP, us’imicim provided energy for time
pirO5�)imOrylatiOni of glucose to glucose 6-
phosphate, by time procedure of Kamneko arid
Field (15), usimng enizymes obtained from
Boehrimnger-\ lanmnnimeim . The recovery of
cyclic AMP added to cells arid medium us-as

approximately 30 #{182}�. Tine sensitivity of time
assay svitir time procedure described per-

mitted measuremerrt of approximately 10-
100 pmoles/sample.

Adenyi cyclase activity uvas deternuinned

using fat. cell ghosts prepared by hypotommic
lysis of uvhite fat cells by time procedure of

Birmibaumer et al. (16) Time ghosts were used
immediately after preparatiomi amid ss’ere
incubated at 37#{176}inn a total volume of 100 j�l
containminmg 40 mut Tris-HC1 (pH 8.0), 5 nu�i

MgCI2 , 30 mxm KC1, 1 nu�I cyclic A\IP,
S nuM phos�)lmocImoipyruvate, 10 �g of I)�’n’In-

VntttL� kimrnise, 1 ntsn ATP, amn(l 1 uCi of 3H-
ATP (0.94 Ci/nnmoie; Xciv Eniglanrd Nu-

clear). At time ennd of the 20-mini imncubationn

period, tubes svere boiled for 3.5 mini after
tire additionm of 50 ,.zl of a 5 m�t solution of
cyclic A’sIP. Time total volume ssas added to

a 1)owex 50 colununi, 3 X 65 num (AG5OW-
x(s, 100-200 mesim). Tine fraction comitairninig
cyclic AMP svas collected, anrd 0.2 ml of
ZmmSO1 (0.2 u) anmd 0.1 nil of saturated
Ba((.)H)2 uvere added. Tire pH svas adjusted
to 7.0-8.0. 1”oilosvinmg cenntrifugationm time pro-

cedure svas repeated, anmd a 1-nil aliquot us-as

counni tid inn 10 nil of scinmtiliat ion fluid. Pro-
teili conncenrtratiomms for time a(lenmvl cvclase

assays uvere determined accordinng to the
metinod of Loss-rv et al. (17).

lor st udies of unmiformlv labeled glucose-
‘4C nnetabolism, time cells svere inicubated inn
17 X 100 num polyetimylenme tubes conntainminmg
1.5 nil of 4(.� albuniinn buffer. All tubes conn-

tainninng brossmn fat cells us-crc gassed us-it ii
100 � O� anid capped. \Vinite fat cells svere

incubated ssitlm air nis time gas I)haSe. Time

values for each experimenmt are time averages

of duplicate tubes annd represent cimannges
occurrinng durinmg t lie inncubatioln period rela-

tive to tlI(’ inmitial controls, svimicim svere
incubated for onil�’ 5 nuinm. Carbon dioxide
us-as collected �ni rolled filter papers sus-

pended iii plastic center svells (Konites Glass

Companmv) attacimed to rubber septum stop-
pers, ss’imicir svere used to seal time tubes. At
the end of tue inmcubationi period 0.2 ml of a
solubilizer solution (“XCS,”) Nuclear-
Chicago) svas added to tine filter paper, arid

0.25 ml of 1 N H�SO.1 uvas added to the

medium. Time filter papers were removed
after 30 mimi and counted inn 10 ml of toluene

containninmg 0.4 % Omnifluor (New Enmgland
Nuclear). Label inn total lipid ‘s’as deter-

mined as previously described (10).

Aiiquots of time medium us’erc removed for
analysis of glycerol (18) and lactate (19) at

the enmd of time incubationm. I�’ree fatty acids
uvere determined for time cells arid remainder
of time medium by a modification (hexane

substituted for iieptanme) of the procedure of
Dole annd Meinertz (20). Triglyceride con-
tenmt was ba.sed on total fatty acids after
sapomiificatiomn arid wa.s a convenient, index
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1St) 470 +20 F’aimn (5) reported that valinnonmycinn inn-
26() 350 +90 imibited tine lip()lysis irnduced by epinnepin-

rime inn usimite fat cells. Time data in Table 1
14(1 1020 +580 . . . . . .

rnrdicat e t mat vaiinnoniycnnn aiso nnhibnted the
430 540 +110 . . . . .. . .

lnpolytnc act ion of epinmephrnnne inn brosvnn fat
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of t he amoulni of ceils ridded I o (‘acm t irbe

all I)armtmd�ters uvere expressed iii terms of

nmicromoles of triglyceride.
Oxygenn colnsumptiomi sva.s flmeasUre(l inn a

Gilsonn respirometer at 37#{176}.\Varbnnrg side-

arnn respironmeter flasks ss’ere treate(l svitim

silicoire prior t 0 eacim expen’inienmt . line res-

pirometer flasks, conmtaimminrg 3 nil of niediunm,
us’ere gassed svitin ioo”; oxygenr for 3 miln ali(l

equilibrated for 30 nun prior to t Inc start of
the I)eriod oven’ svinicim respirat ionn ss’as nmeas-

ured. (1arbonm dioxide uvas absorbed by 0.2 ml
of 10 r; ROB onm rolled strips #{248}ffilter paper

(5 X SO mnm) inn tire celmter svelis. Tine basal

rate of oxygen conmsunmptionn uvas linrear over

tine elntire period of tire respironieler studies.

Sources of cimenmicals svere : valinnomycin
(lot 56003 1 ) annd l-epilmcpimrinme bit art rate,

(‘albiochenm ; t heopimvlhnme, \ lallinmckrodt
glucagonr-free I)orcilme innsuhnn, i��ii Lilly amid

�F�HLE 2

1 aiinonq/(in -ifl(lltrC(I stint ilation of lab(’I

(LC(U?!l itiation in barium -Zifl( tilt rat(’

of i,iediuin

Brown fat cells were isolate(l t� incubation
for 1 hr in 4 nil (if 11il)LIfliiIi butler comitaimiimig 4 nig

of collrLgenasc ami(l ademiine-8-311 . After one wash

the cells were further labeled witin tritiated ade-

nine by incuhatiomi for 15 nun in 2 mmmlof buffer

(Omit ainuung a(lenimie-8-511 . ‘Fire cells (average, 2.8

Mnmoles of triglyceri(ie per tube, 5.2 nmsi K�; 4.2

.Lnsoles of triglyceride ler tube, 0 iir�u K�) were
washed once amnd theui incubated for 60 mmmiii in 1.5

ml of buffer (ontainimug 4( � albuniin, 0.4 insi

t heophylline, 1111(1 1 .3 MM epiliej)hrimie. \‘alinomy-

(‘iii (1 .6 �g/’nnl ) ‘was ridded in 10 M1 of 5(’( et hamiol,

amid I he samine amnoumit of alcohol svn.s added t o the

runt rol tubes. At the emid of the i mucubat ion the

cells were separated from tine nmediuni, amid each

was t rented with Ba (( )i1) 2 amid ZmiS( ) �. The values

are time averages of two experiments, each domie

iii duplicate.

Change due
+ \alino-

( ontrol . to valino-
nlvcln

mvcnn

cp�n in b,zrz,t,,z-zi,zc filtrates

Cells

5.2 uiu�m K4

0 mM K�

\Iedium’n

5.2 ns�u K�

0 mit

FnG. 1. Effect of raiino,,si�rzn on a((’u?nulation

of tritiuin in barium-zinc filtrates of fat cells afld

?lie(!iiL in (1 ftc r in e ibat ion. wit/s (1(!en ine-8-3H

Browmi fat cells were isolated i)v immcubation of

I issue for 1 hr iii 4 ml of 4(� albuumimimi buffer coin-

tainimig 4 ring of collageminse. �i’he veils were washed,

resuspemided iii 4 nml of 4(( alinin�imn 1)uffer con-

I ainimig adenine-8-3H , 1111(1 iIlCui)ated for 15 niimi

i�1ne cells were washed 1(11(1 i i1(ui)ated iii 1 .5 ml of

1 5(’( aliMlnhimi buffer 1)1115 (‘l)inephririe (2.0 pM)

and theophvlline (0.4 minim) cit her with or without

valimionmycimi (1.76 pg.flml) for 4 nrmimn. The cells

amid mnediuin were i)oiIe(l , aml(l t he filtrates oh-

t aiiietl after precipit at iou wit h bariunm hydroxide

1111(1 Zimic sulfate were passed through I )owex

50-X8 colummis. I�ach value is the nmeami of three

1)aired replications. (AMP, cyclic AMP.

Conmpanry ; oxalacet ic acid, pyruvic acid,

pinospinoeimoipyrtnvate, arid sodium octanno-

ate, Signma Ciiemicai Conipanny ; glycero-

kinmase , j)�ruvat e kinnase, a-glycerol I)i105

phat e , amn(1 muscle met at e deimydrogenase,
Boeinrinmger-\ I annrrheinm ; dibutyryl cyclic

A:� I P, a(lelninne-S-3H , annd adeniiire-S-’4C,

Scinsvarz BioResearcii ; turd uniformly labeled

glucose-’4C, Ness� Enrglanmd Nuclear Corpora-

tionm. \Talinnomvcinn ss’as dissolved inn etinannol

anmd diluted to 5 � etharnoi uvith uvater. Stock

solut iomrs ss’ere kept frozemn annd prepan’ed

frequenntlv becatnse of the innstabilitv of

cert ainn valinnonmnvciir prepan’atiorms.

RESULTS
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cells. Tine antilipolytic action of vahinomycinn

ssas riot. associated uvith arty detectable drop
iii ATP conntennt (Table 1).

Epirnepimrine markedly elevated time ac-

fumulationn of labeled cyclic AMP inn brouvn

cat cells after 5 mimi of incubation in time

iresemmce of thmeophyllinie (Table 1). Time in-
crease uvas sustaimmed for 20 mm. There us-as

some leakage of cyclic AMP into the me-

dium. Va.lirmomycimn depressed time stimula-
t.ion of cyclic AMP accumulatiomi by cpi-
uephrinme (Table 1).

J’ILU() annd Dill (5) reported that inn cells

previously labeled uvith adcnirme-8-m4C,
valinmomycini blocked time stimulation by
catechoiaminnes of labeled cyclic AMP ac-
cumulation inn barium-zinc supermnatant frac-
tions of fat cell extracts. Hosvever, in brown

fat cells labeled svitim tritiated adenninme (Table

2) , valimnom�’cinn stimulated time accumulat ion

of label as measured by time assay of Kuo and
Dill (8). Most of time inicrea.se in radioactivity

due to valinnomycimi occurred iii time medium
(Table 2). Inn another series of experimenmts
uve chronmatographed omn Dosvex 50 the
supernmat ammt fract ionis obt ainned from the

barium-zinmc procedure for purificatiomn of
cyclic AMP. Valinmomycin decreased time

appearance of label inn time cyclic AMP

fractiomm and increased timat in the first frac-

tioni eluted from the columns (Fig. 1).
Iii both svinite and brown fat cells tine in-

creased accumulation of label inn barium-

zinc supernrat amit fractions produced by
valinmomvcinn earn be attributed to tritiated
uvater. Time data in Table 3 shouv that. time

entire iimcrease mmradioactivity due to valinmo-
nmvcinr us-as lost if time first fraction eluted
from time columns usas lyophilized. Time in-

crease in appearance of tritium from position
S of adenninne ss’as probably a result of activa-

tion of xanthmine oxidase by valinmonmycinn.

The difference betsvcen our results anid those

of Is..u() arid Dill (8) cani be attributed to time
fact tirat they used r4C_labeled adermine.

Since valinmomycinm facilitates time excimange

of potassium across cell membralnes, time
effect of K+ omn time valinomvcinn-induced

stinmulationi of time appearance of label in tine
barium-zinc suj)ermnatannt fractions svas inn-
vestigated. Time data inn Table 2 indicate tirat
the inncrea.sed conversionn of labeled ademnine
to uvater due to vahinnomycini uvas markedly

Tusm.i; :3

Stint elation by valinoin !/ein of eon version of t ritiu in

at position 8 of adenine to tritiated water

Browir or white adipose tissue was digested for

45 mimn with 1 nmg.. nml of collagetrase. The cells

were separated and resuspemided un 1 ml of 4(

albunmin buffer containing t ri t iated adenine. After

15 miii of incubatiomn the cells were washed amid

then incubated in 2Cc albunmimi buffer either with-

out. or with valinomycin (1.7 pg ‘nil). After iii-

cubatiomn for the specified periods, the cells nut!

mediunm were boiled, treated with barium amid

zimnc, amid passed through Dowex 50-X8 colummis;

the first 4 nil were collected.

Radioactivity in
0-4-mI fraction

Before After
lyophili- lyophili-
zation zation

rpm cpm

White fat. cells, 60 nnin 3,380 200

White fat cells, 60 nmin,

+ valiunomycin 11,000 <10

Browmn fat cells, 5 nmin 240 <10

Brown fat cells, 30 mimi 84X) 100
Brown fat cells, 5 nmimi,

+ valimnomvcimi :360 <10

Browun fat cells, 30 mimi,

+ valiunomycin 1,680 <10

reduced if potassiunm uvas omitted from tine
buffer used for incubationm of time cells.

Time results in Table 4 shous timat valimmo-
mvcinn blocked time stimulationi by nmorepi-

nepimrimie arid theophylhinme of lipolysis arid
time accumulationn of both total anmd labeled
cyclic A\IP in uvinite fat cells. There uvas a

small stimulatory effect of valinnomycimi alone

on time accumulation of both total and labeled
cyclic A�\ IP.

Kuo and I)ill (5) suggested timat. valinio-

mycini reduced tire accunmulatiorn of cyclic
AMP by inimibitinmg adennyl cyclase. We us’ere

able to obtain (Table 5) a signnificanmt degree

of inmimibitioni by valinomvcinn of time catecimol-
amine-act ivat cd ademnvl cvclase activity of
ghosts prepared from uvinite fat cells by the
procedure of Birnnbaumer et a!. (16). Vahinmo-
mvcimi alone increased basal adermyl cyclase
activity (Table 5). Timese results are almost

idenntical ss-itin time effects of valinnomycini oni

cyclic AMP accumulation inn imntact white fat.
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inhibition bq ralinomycin of cyclic .I.1!P accumulation and lipolysis in white fat cells

White fat cells were isolated by digestion of parannetrial adipose tissue for 45 nmiui with 1 mg, nnl of

collageunase. The cells were washed, iuncubated with adenimie-8-3H for 15 miii, and theui washed again to

remove uunimicorporated adeuiimme. White fat cells (50 pnmoles of triglyceride per tube) were imrcuhated for

5 or 30 mm iii 1.5 nil of buffer comrtaimnimrg 4(’ albumimi. Valimionmycin to give a thin! concemit.ratioun of

1.7 pg/ml was added iii 10 pl of ethanol, amid miii equal volume of ethaumol was ridded to comit.rol tubes.

‘[‘he counceuitratioui of theophylline was 1 mu, amid that of norepimiephrine was 1.3 pSI.

Cyclic AMP accumulation
A(Iditions Time -� - -�--� - ------ - - Glycerol release

Total Labeled

5L�noles/��:mole
triglyceride

None

Norepinephrimie + theophylliune

Vial i unonmycimi

30

5

30

2.8
1.9

30

1.0

1.0

1.3

0.5

0

0.6

0

1.0

‘1’sI3Lu� 5 lipolvtic action of dibintyryl cyclic AMP inn

Effect of u’alinomycin on. aden.yi cyclase activity of botim brosvnn amid usimite fat cells (Table 6).
white fat cell ghosts Inncreasinmg time concentration of vahinmomycinn

Adeuiyl cyclase activity was deternmined using to 4 �.ng/ml (data nrot sirosvni) did nnot result
fat cell ghosts. The values for basal activity are inn ammv furtimer decrease inn lipolysis, which
the means of six experimeuits, while the chaurges

due to valimionmvcin are the nmeans ± standard

errors of the paired differemnces. The comicemitratiomi
of valiunomycin was 1.7 pg/ml, amid that of nor-

epiuiephriune was 0.2 mmii. Approximately 90 pg of
. .. -

proteumn were j)resent ler assay tube.
---

ssmts almost maxinmally innhmibited by 0.8 �g/
nil (�Fbi 6). Time effects of vahinmomycini on

glucose metabolism for time same experiments

‘ire shown in Table 7.
. .

Lactate and total lipid productionm from
.

labeled glucose by both brosvmi arid uvimite fat

cells is reduced by valinonmycinn. Hosvever,

Atildition valiniomvcini had differennt effects iii brosvin

---

amid svlmitc fat on t lie conversion of glucose

to carbon dioxide (Table 7). Glucose coIn-
ven��i�n� to carboin dioxide is stimulated inn

. . . .
brosvn fat but ninhmnbnted inn uvimite fat by

.

. pimoles cyclic .IMP �
lorine4 .�20 mm nih’ protein.

Nomne 1.03 +0.65 ± 0.22

Norepiunephrmure 10.90 -2.0 ± 0.70
valinmomvcin. Inn brosvlm fat time effect of

. . , .
valmniomycnnn (0.5 � ml) is seen in botim the

presence and absence of dibutyryl cyclic

cells (Table 4). Ginosts are considerably less
sensitive timanm intact fat. cells to inornmomnes

AMP. Inn time prescmrce of insulimr, uvhcn
glucose metabolisnm by brossnm fat cells is

(16) ; it is possible that they are also less

senmsitive to vahiinornycinn, anmd that imigimer

comncemntrationns might imavc had a greater

already nearly maxinially stimulated, Inigher

conmcentrationns of vahinomycin nno lonmgcr

enmhancc carbonm dioxide productioni from

inmhibitory effect . glucose. Valimmomycin at 4.0 j.ig/ml actually

Timere appear to be otimer effects of valinmo- inhibited glucose oxidation to carbon dioxide

nmvcimi besides innimibition of adenvl cycla.se, by brouvn fnit cells in the presence of inmsuli�m

sinrce 0.18 ,ug/ml of valinmomycin blocked the (Table 7).
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I

Valinonnycimn + nore�)inephrimie +
theopimylline

in emotes,’ ��zmole

n triglyceride

5 0.1

30 0.1

5 33.4

12.5

5 3.8

1.6

cpm .‘�,nole

triglyceride

0.1

0.6

9.5
4.5

0

0 I

2.3

21.4

Adenvi cvclase activity

Change dueBasal .
to valinomvcin



TABLE 6

Effect of ralinoinyrin on lipolysis in white and brown fat (ell,�

\Vhite fat cells (average, 20.8 pnmoles of triglyceride per tube) or brown fat cells (average, 7.8 pmnmoles

of triglyceride per tube) were isolated by digestion of fat tissue with collageuiase. ‘Fine washned, free cells

were incubated for 4 hr imn 1.5 ml of buffer containing � alhumimm amid 2.8 mit glucose. Time final con-

centration of imisulin was 0.17 nnilliuuiit’nil , amid that of dibutyryl cyclic AMP w� 1 .0 mum. Valinomycin

was added imn 25 pl of S� ethanol, amid the same amoumit of 5(’ ethamiol was added to all tubes uiot con-

t.ainimig valimiomycimi. The basal values are meamis ± standard errors of three replicatiomis. Chnauiges dtue to

valimiomvcimi mire expressed as mnneamns ± st.amndard errors of the paired differemices.

Free fatty acid release � Glycerol release

Measurement �-�-�-----. - �---------. -.-�-�-.-�--- �- ... -�- . . �-.-

. White fat � Brown fat � White fat Brown fat

j.t?floles . inniole triglyceride

0 ±0 0.5 ± 0.5

p,noles ininolc triglweride

6.3± :3.4.

.�cIcIitions

Nomne

Instil itt

Dibutyryl cyclic
AMP

Insulimi + di-

butyryl cyclic

AMP

0.5

I3asal

Chamige (Itte

tO valimmo-

mvcimn (0.8

pg nil)

Basal

Chamige due

to valimio-

mvcimi (0.8

pg ml)

Basal

Chamige due

t0 yahoo-

mvcimi (0.8

jig ml)

Basal

Chamige due

to VllliflO-

nmvciui (0.8

pg,. nil)

4.7 :3:: 4.7

+0.4 ± 0.4 � +0.5 ± -1.2 ± 1.�) � +1.4 ± 1.4

0 ± 0 � 0 ± 9.4 ± 2.7 4.7 ± 4.7

+3.8± 3.8� 0 ± 0 -4.7± l.3� +0.7± 0.7

202 ± 22 � 422 ± 28 96 ± 37 � 134 ± 23

-186 ± 23 � -297 ± 101 -76 ± 47 � -95 ± 42

182 ± 21 355 ± 70 78 ± 13 144 ± 13

-92 ± 40 � -222 ± 64 � -40 ± 19 -98 ± 36
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Reed anid 1’aimn (6) suggested that tine mi-

crease inn respiration accompanying lipolysis

is due to a potassium-dependent uncoupling
action by the free fatty acids released

througim hipolysis. They aLso reported a

stimulation of respiration by valinomycini

in time presence of potassium (6). Inn Table S

some further observationis on tine effects of
valinomycin on respirationi are summarized.

A fatty acid (0.9 mM sodium octanmoate)

stimulated the respiration of brosvnn fat cells
without. added substrate, arid inn time pres-

ence of 10 mM oxalacetate or 10 mM l)�ru-
vate. Valinmomycini doubled respirat ion either

inn the absence of added substrate or in time

presence of pyruvic acid or oxalacetic acid.
\Vimerm valinnonmycinn and fatty acid svere

present simultanneously, less oxygen svas
consumed t hani uvhenn a fatty acid alone was

added to time cells. Valinnomycimm (2.0 �g/ml)
reduced by half time respiratiomm of bross-nn fat

cells inn time prescnmce of octanmoate, usirng

oxalacetic acid or pvruvic acid as substrate.

n)rsc U5SION

Icuo anmd Dill (5) attributed tine anti-
lipolytic effect of valinomycinn in part to
interference uvitim tine ability of the mmmcm-

brane-bounid adenmyl cyclase system to con-
vert ATP to cyclic AMP. Time prcscnmt report
sinows timat vahimiomycinm hma.s a complex mode

of action timat involves more tlmann a direct
effect. on the adenyl cyclase system, since

it also innhibited lipolysis due to dibutyryl
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2 Ummpublished experiments.

TAIILF: 8

Effect of valinomycin on respiration in the presence of oxalacelate (zn(l p��ittvate

Brown fat cells were isolated by iuncubat.ioui of mimnced tissue iii 5 ml of buffer couitaiuuiuig 4( ; defat te(l

albunmium aumd 1 nmg ‘ml of collagenase. The cells (average, 10.5pnmoies of triglyceride ier flask) were added
to respirometer flasks contaimnimig 3 ml of albumin buffer plus the agemits and substrates indicated. ‘fine

flasks were gassed with 100C� oxygeui for 3 nniui amid equilibrated for 30 miii. l3espiratioui was nmeasured

for the mrext hour. The basal values are the nmeans of three experinmeunts, amid the effects dtie to added

agents are shown as the nmeans ± standard errors of the paired differences between basal values amid those

obtained imi the presence of added agemits.

Increment due to

Substrate Basal .
Octanoate Vahnonnvcmn Octanoate +

(0.9 mM) (2 pg ml) vahinomscin

p1 Os eons it nicd/pmole triglyceride/hr

Noire 2.3 ± 0.2 +16.4 ± 1.4 +2.6 ± 0.4 +13.7 ± 0.6

(ixalacetate (10 mit) 7.0 ± 0.3 +24.2 ± 4.1 +9.8 ± 0.7 +12.5 ± 1.2

Pvruvate (10 mit) 7.3 ± 0.9 +16.5 ± 2.0 +11.3 ± 0.4 +8.0 ± 2.2

cyclic AMP. Furthermore, vahimiomycin

alone stimulated adenmyl cyclase arid cyclic
Ai\IP accumulation miwhite fat cells svitimout
increasinmg lipolysis. We have found that.
epinmephrirmc alone can activate lipolysis to
the same extent in time presence of timeophmyl-

line, as simosvni inn Table 4, but produces a

smaller increase inn cyclic AMP timani was
obsen’ved uvitlm valinnomvcinm.2

Fain (5) su�ested that time inmimibitionm of
catecimolaminme-stimulated hipolysis by vahinmo-

mycinn uvas due ti) a reduction inn time total
energy available for time activation of lipoly-
sis, secondary to enmergy expenmditure for

cyclic flux of pota.ssium. It. imas been shosvn
that valinnomycinn rapidly depleted ATP
stores inn Eimrlicim ascites tumor cells (21).
Inn our studies, imouvever, valinomycimm had
no significant effect. on time ATP content of

brous-mn fat cells after 5 or 20 mm of incuba-
tion (Table 1). Timis suggests that time effects
of vahnnomvcin are unrelated to total ATP
conntemnt, but does not eliminate time possi-

bihity that vahimiomycini may divert energy
uvimicln is ordinarily used for other metabolic
processes inito potassium flux. Since uve

measured only time total ATP comitemit of fat.

cells, uve must conrsider time possibility that

valinomycin depletes time ATP content of a
pool wimich accoumits for only a small fraction
of the total ATP. We imave found a markedly
anitilipolytic action of carbonyl cyanide in-

cinloropiremiylhydrazomme, a classical unncoupl el

of mit ocimonmdrial oxidative pinospinor3’lat mu

omi brown fat. cells under condition.s inn uvimicln

time total ATP content is unaffected.3 Thus,
in inntact cells, uncouplers of oxidative phos-

pimoryla.tiomi earn affect elrcrgy-iinnked pro-
cesses umnder circumstanmces inn uvlmich nrcgli-

gible cimammges inn total ATP cOlitelmt are ob-
served.

Time effects of vaiinmomvcinn on imnctmtte tic-
cumulation arid glucose comnversioln to total
lipid uvere similar inn brouvin anmd uvinite fat

cells; in brosvni fat cells, hosvever, vahirmo-

mycinr stimulated glucose oxidationm while un
uvhite fat cells it caused inmhibitiomn. Timese

differences inn the respomnscs of brouvn arid
uvhite fat. cells uvitim respect to glucose oxida-

tion are similar to those observed uvitim

oligomycinm (22). It is nnot clear sviny valinmo-

mycinr amid oligomycinm have opposing ef-

fects on glucose oxidation in brouvmn and uvhnit.e
fat cells, but this may be attributable to time
larger number of mitocimormdria irm brosvln fat.
cells (9). Time rate of oxygen consumption of
brouvn fat. cells is far greater tinan that of

uvhite fat cells, aind results from time larger
number of mitochmomidria in brous’In fat cells.

Time anntihipolytic actiomn of valinonmycin is

quite distinnct fronm tinat of iirsuiin. Time re-
suits in Table 6 indicate that inn neither

brosvnn nor svhmite fat cells did inmsulinn ilrhibit.

3 J. N. Faiun and J. W. 1loseiithal, unl)ublishe(l
observations.
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tine hipolvt.ic actioIn of dibutyryl cyclic A\IP,

iii agreenment uvithi time results of others for
svlnite fat celLs (23, 24). Insulimi is able to

itninibit. tine iipolytic actioni of loss’ concenntra-
t iolms of cat ecimolamines or met hrylxannt hninnes,

but timis effect is abolished by inmcreasilng time
colrcenitrationi of tire lipolytic agent (25). The

ability of valiniomycin to inhibit the lipolytic
action of dibutyryl cyclic AMP suggests that

vahinmomycinn interferes uvithm time energy-dc-
penndenit Steps inn time activation of triglyceride

lipase by cyclic AMP, as previously sug-

gestcd (5). Houvever, uve are riot sure uvimetlner

time mechanisn’is by uvimich exterlnal addition
of fairly high colncennt rationms of dibutyryl
cyclic AMP result imi activation of lipolysis

arc idennt.ical uvithr those by uvimicim endogenious
cyclic AMP activates time triglyceride lipase.

Time present results inmdicate that valinno-

mvcin has mamnv effects on isolated fat. cells,

since glucose metabolism, respiratioln, mmdc-

nunc catabolism, anid hipolysis are altered.
Exactly hoss’ these effects of vahinmomycin
are related to its ability to increase passive
flux of potassium timrougim niatural and arti-

ficial membranes aund accelerate time niet. up-

take of potassium by isolated mitocinondria

renmainms to be establisimed.
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