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Conductance Changes Produced by I-Norepinephrine on Lipid

Membranes Containing a Proteolipid from the Bovine

Spleen Capsule
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sI’.\n n�t1r

-�‘ pfi)t(’()iipi(i. �5O)iitt(’(�l fionu bovinic- spleen entl)sulc’, -ivith a high :tllinmityfor binmclinig 17-11IId/-
n-norei)in-i(’l)inrinne, has bec’nn inncorpc)rato-’d innto artificial lipid biiayc-r n�c’n�brntnnes ti-nt septuate

two adlu(’ouls phase’s conntainninng ionns. To one of these- pl-nas(’s s(’v(-ral drugs wo’ne aclclc-d, anud
tic- c-ic’ctrical condmnctatncc cinangc-s wo’rc- recordc-c!. Tine aelditionn of /-nuore’pinnephrinc- produced

a transn-nnt conn#{128}!uetanicc’cimatngc- whose amplitude was relitto’d to tic’ etc-iso-./-lsc-iprotc-r(’muoi
gave nn smahlc’r rc’sponso’, and d-inorcpinu-pinrinnc- had no e-ffc-ct. Mc-mbrannc-s made with iargc

amounts of pinospi-itntidyicinchinne also rc’act’i! to /-nnorc’pinephrinne-. Sit-icc’ this PhtOsl)im0hiPitl is

absc’nt- from ti-ic protc’olipie! winicim binids norc’piinephrinc, it is conucluc!-d that piospiiat iclyi -
el-ioline- givc’s a nnoinspe-cific reaction. Several cc)nntrol o-xperimetnts and t-ho- obso’rvat-ionn tiat
the’ conductance cimanmgc’ toward l-norepinc’phrinnc- is biocko’cl wit i pimc’nntolaminuo’ suggest- tinat

timis proteolipid may plnty a ro’ce-ptc)r roic’ inn ti-ic’ spic’t’ni c�tpsulc’.

iN’rntOl)ucTnoN

Studic’s from timis labornntorv have e!enonn-
stratc’c! timat certain �-iroteohipids (1) (tinat is,
i-iyi!ropi iobic hipoprotci tns) ext racto-d from

the cerc-bral cortc’x o)u from ncrve-ennding
mc-fl’ni)ranes of cen-it ral synapses simow high

affinity for bindin-ig d-tubocurarine (2, 3),

serotoninn (4), atropin-ne (5), and adrenergic
b!ockinmg agents (6, 7). Furthc’rmore, a
special proteolipici witin cholinergic hgannd-

binmdinng properties has bc-en isolatc’d from

the electric organ-is c-if Torpedo and Elect ro-

p/torus (S). In these studies only ti-ic first sIc-I)
of ti-ne c!rug-rcceptor inntcraction, a high-affin-

This work was sumplmorted by grants from time

Nat ionmal Inst itutes I If Healt i-i, Ummited States

Piublic Health Service (5 1101 NS 06953-05 NEIJA),

am-id (‘onmsejo Nacionmal de Itivestigaciomnes Cienm-

t Ificas v T#{233}cnicas, Argenit inia.

ity binndinng, -ivas tic’tnonstratccl. i�he so-corud
step, eliciting a respon-isc-, inns 1)e(-n c’xplored
recently by Parisi et al. (9), with tinc- inncorpo-
rationn of the “ci-iolinen’gic proto-ohipid” from
Elect rop/i orus in-ito artificial lipid mc-mbranme

bilayers (i.e., black) separating two water

compartments count aining ionns. After ti-ic lo-
cal application of aec-tylehohinc’ there was nn

sudden increase in conductance across the

membratmes, wimich was tratnsiet-nt annd rever-

sible.
Fiszcr de Plazas an-id Dc’ llobe-rtis have

isolated from hovinne’ spieo-n capsule a protc’o-

lipid peak witin a high affinity for binneling

[7-H Jdl-nnorc’pinepimrinc’; in-i contrast, otlnc-r
proto’ohipid pc-aks, isolated from the same

tissue, sinowc’ei nno binding.’ It tinmns seemed

S. Fiszer de Plazas and E. 1)e Hobertis, nit-

Plublishcd e)i)servationms.
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I)c-rtinmc’nt to carn�’ out a similar stuti�’ on
artificial lipid mc-flil)ranes in-ito winich these

prot c-olipids coin lcl be incorpc)rat o’e!. These
membranes rc’sponmt!ed -ivitin a transient
cond!uctan-icc cimang � to i-norepinephrine 1)ut
not t c) (l-flc)n’c’pinephrine, whi he membranes

contnn-ininng ti-nc’ othe’r proteolipicis gave’ no

nc-action. Memhranc-s containing large coni-

cen-itrat ions i)f �Ji-iosphatid3�leholirie were a-iso

sc’nsitive to l-norepinephrine ; however, this
phospholipic! was absent. from the peak

I)iflding [7-H]o/l-norepinephrine.

METHODS

Isolation- of proteolipids. Bovine spiec -n�ts

were obtained from the slaughterhouse,

packed on-i ice, an-id processed in-i the Inborn-

tory. After section-ning into small slabs, the

spleenn capsule �‘a-s separated fri-in-i the panen-

chvma by mechanical teasing. Tinis proee-
durc’ gave re-ddish fragments of capsule,

w’iiici-i werc- subj c’cted to t hre- connsc-cut ive
wasinings in distilled water a-nd inomogenized

in a Waring Ble’ndor for 1 mini at h-nigh speed.
In c’ach-i case tine tissue fragments were
filtered through a Bflchner filter. The final

suspcnsion cont n-mined snahl, yci lowish frag-
men-nts of capsule ti-nat wo-re I)racticaIl� free
of parenehymal cells as cinecked with histo-
logical sections. Such fragments w’c’re frozen-i,

lyophilized, anti stored under vacuum over a

desiccant. Two grams of this material were
homogenized in 50 ml of cimloroform-
met-hato! (2:1, v/i’) in anUltra-Turrax (Karl
Kolb, Frankfurt). After standinmg at room

temperature for 5 mm, tine extract was
filtered through Whatman No. 2 filter paper

and the residue was w’ashed with-i 10 ml of
ci-nioroform-methanol (2:1, v/i’). The final
volunme of ti-nc extract was noted, an-nd half

tine volume of chloroform was added. The

c-xtract was then evaporated und-r vacuum
at room temperature to a final volume of 3

ml.

For studying the binding of [7-H]dl-

nnorepinn’pl-irinne (6.6 Ci/mmolc’, New Eng-

lanai Nuclc-ar Corporationm), ti-ic’cinloroform-

methanmoi extract was incuhatc’d (final con-
cenntrationn of ligand, 10 nit) for 15 mini at

room tempc’raturc’ and then subjected to
chromatography Ofl a column-n of Sephadex

LH-20 (2.1 X iS em) that had been equili-

brated overnnight- inn chloroform.

Elution was pc-rforn-i-ieil with SO nil of

chloroform followed by cinion’oform- n� ‘than-nol

(15:1, 10:1, 6:1, an-it! 4:1, v/i’) (20 n-i! of

each). Time eluate was noonnitored at 278 tnm

with ai LKB Uvicord ultraviolet absorption

meter. Time flow rate was conntroiled at 0.5
ml/min, and samples were coliecte’d as 2-mi
fractionms. Chemical determinations and

radioactivity measu rc’nwnt s were perforn-ic’d

as dc’scrihet! by La Torre ci (Ii. (8).

The clint ioti. pattern-i shoived four pro-

teoiipid pc-aks eluted wit-h cimlorofornn (sub-

sequently e!esignated peaks 1-4) and otne’ with

chlon’oform-rnethanol, 4 : 1 (peak 5) . Only

tin’ first l)eak showed a. high af-lin-nity for i)iIud-

ung t ho- cat echolaniine an-id rac!ioact ivity

e!utee! coincident w-ith tinis peak. rfhme cinro-
matograj)hic pa-ttc’rni was a-iso reproducible

withm higher concentrations of iigane! anne! in
the absence of ti-ne drug. At each conmcentra-
tion-i of norepinephri nnc, cc-in-itrot experinwnts
were pc’rfc)rnied by adc!inng the rac!ioact ive’
drug dissolved in chloroform-methanol, 2 : 1.

No radioactivity was dc’tccted in the elunate
unless an-i additional 120 ml of clmloroform-

methan-nol 2: 1 wc’rc- added to ti-ic column.
Details of the binut!inig of [7-H]dl-nnorepi-
nephrine to tine various fractions, as ivc-li as

data on protein-i recovery, will be presennted
in a forthcoming paper.

Membranes ii’ere made by nmcorporating
one of tine five proteolipid peaks in-ito) the

na’mbrane-forming solution to give a finnal
concentration of 3.5 �g/ml. In peaks 1 and 5

the pl-iospholipids i�’erc- separated and dc-ter-
mined by thini-layer chromatography on

silica gel (10) (sec Table 1).

TAI-iLE 1

Proteolipiol protein and phospholipid comilemil of

Iwo peaks used to mmuake artificial mmuemnbranes

The peaks were obtainned by Sephadex LH-20

c mlumn chromatography of bovi mmespleemm capsules.

l1esults are the meat-is cif two experin-ients.

Peak 1 Peak 5
proteolipid proteolipid

j.i,g,-’mni jig/mimi
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TAn-nn�: 2

Composition of artificial membranes, their resistance at 75 mmiV, and mimean conduu-tance ch-amm yes prod utced by

injection of various concentrations of I norepinephrine

Hestuits are means ± standard errors. 0

Cholesterol, 10 mg/ml

Cholesterol, 10 mg/mI; peak

1 prot-eolipid, 3.5 ,�g/mI

Cholest crc-il, 10 mg/mI; peak

2, 3, 4, or 5 proteolipid,
3.5 j�g/ml

Cholesterol, 10 nng, ml; phos-

phatidylimnositol 100 �g-’nnl

Cholesterol, 10 mg/ml; phos-
phat idvl et hanolamitne, 100

jig/mI

Cholesterol, 10 mnng/nil; phos-

phntt idyl chohimie:

10 jig/mI
100 jig/mill

5000 jig/mi

a Number of experiments.

0.5 mM 5 �M 50 mM

olamis /cm’ nano ampere

15 9.4 X 10�

7 7.6 x 10� 0.04 ± 0.002 0.08 ± 0.001 0.12 ± 0.03

6 3.9X106

6 3.8 X 10’

5 7.6X105

4 8.0X106 0 0 0

5 7.3 x 10 0.07 ± 0.003 0.09 ± 0.004 0.11 ± 0.02

5 8.3 X 10’ 0.10 ± 0.003 0.17 ± 0.003 0.19 ± 0.02

COfli J)OSiIiOlt of menibra-nes. Chloroform

and mc’thano! i�’ere obtained from Merck,
A.(., and were redistit!ed beforo’ usc-;

tetradecane, fron’n British Drug Houses;
cholesterol (99 standard for chromat og-
raphy) arid a-DL-phosphatidylcholine, from

Sigma Chemica! Compan�r ; and �i-nospi-nati-

dylinositol an-id pimosphatidylethanolamine,

from ‘sIann Research Laboratories. The

compd)sitionis of ti-ic artificial membranes are
summarized in Table 2. Ti-nc standart! solu-
t ion , containing ci-nloroform-met hanol-to’t-

radecane (1.0:0.8:0.4 by volume), was
employed as ti-ic solvent for cholesterol an-nd

phospholipids. The prot-eolipids were added
in ti-ne corresponding solvent in which they
were eluted from ti-ne column. The solutions

were freshly prepared, gassed w’ith N2,

preserved from humidity, and discarded

aft-er 2 days of use.

Membrane formation and apparatus. Tic
artificial membranes were made by brushinng

the membrane solution across a 1-mm hole

in a Teflon septum separating two chambers
containing 100 mit NaC1 and 50 m� Tris

buffer (pH 7.2) (Fig. 1). As described by

-� v---.

FIG. 1. .-Ipparatus used to stul(l!/ (IcOon of drugs

on artificial mmuemnbranes

A Teflon cup (a-) is irnnersed mu a Pc’t ri dish-i.
‘I’Inenernbrammes are mmdc in a 1-ntn hole (6) ;
calonel electrodes; (1, micropipette fon imnjection

of 50 ,�I of drug soltution. A light h)eam (c, e’)

reflects on-n the membramme ammd is observed with
the stereomicroscope.

V#{225}squez et al. (11), lipid film made onn a

horizontal septum hehavc’d in the same way

as that brushed on a vertical partition. Thue

circuit i�’as similar to that of Ehrenstein

et al. (12); a voltage difference across tine

membrane was maintained connstant by a
c!irect-cunrrent source and was measurt-el via

calon’ne-l electrodes, with agar bridges, using

0

0

0

0

0

0

0

0

0
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a Keiti-nIcy d.c. voltmetc’n, ‘slodel 200 B. The
current was mo’asur’d witii a Keithlev 150 A

microa-nmc’tc-r annd recorded with a Heath
EIJW sc-rvorecordc-r. Sinncc- ti-ic’ applied
voltage’ remained constant, the rc’corded d.c.

potential changc’ reflect ed variat iots in

membrane conductance. Tine rcsistanc(- of

the various membrannes at 75 mV is indicate-c!
in Tabic’ 2. \lc’mbrane formation was fol-
lowo-cl wit h a stc’reomicroseope ; ti-ic mom-

bran-ics bc’camc- black witinin 5-10 minm. Tint’
drugs, (!issoh’c-il in-i water, were applic’d by

n�’arus of a fin-ic capillary tube ending about

2 mn’n from the’ positively einargeci side- of ti-ne

mcnnbranm’ (1’ig. 1).

Tint- foilowinng drugs wc’rc’ tested : 1- or

ol-niorepinno’phri tie I)it art rat c nonohydrat e,

l-isoprotcrcnol hitratrati’ dihydra-te (Ster-
iing-\Vinthrop) , acety!clmolinc chloride, mis-
taminc- eiii-iydrochlorie!c-, s(’rc)tonnin crc’atinc-
sulfate, annd pi locarpinnc hydroci-iloriele

(Sigma) ; hexamethonium bromide (Sc1uibb);
(i-tltbo)cu rarinne ch bride anne! t iic’ophy iiiinc’

((‘ntibiochcm ) ; I)ibenamine h�’etrochloridc

(Szab#{243}) ; ProPranuolol hye!rochloridc- (1larnOn)

anmil phenmtolaminc’ mesylate (Ciba). For all

drugs t im(’ conneennt rat ion-i is c’xI)r( -ssc’ei below

in molo’s pc’n’ Iitc’r. In each case a 5O-�il aliqunot-
from thc’se so!utions wnts in-nject-d. The

aelrc’n io-rgic i)lOckinmg ag(-nt s ijimen-it olaninmc
a-nnd propranolol i�’ere dilute-cl in the bathing

sclut iotn pric )r to membrano ‘ format ioui, after
which thue agoniists werc’ ai)plic’d to the

nuc-mi)ranc.

RESULTS

Itn an artificial nenhrane conntainiuig only

ci oic-st c’rol , t lie current -volt age (1/ 1 �) curve

sinowc’tI an oinmic rclationushii) between 0 antI

175 mY. Above this voltage- ti-ic rclatiotmship
was n-not iitiear, n-n-nc!above 200 mV bri-akage

of the- mc-mbrannc’ nmnvariab!v occurred.

Similar I/i curve-s wer(’ with all the mem-
branes employed througinout the study. For
the study of conductance changc-s by drugs,
tint- membrane-s wc-u’cmaintainu-d at 75 mY.

1 igure 2A shows ti-ne effect- c)f l-norepinmcph-

ririo’ (50 �el of 0.5 m� solution) applied to
(he)Iesto’rol n’ncmbrancs conmtainung 3.5 /2g/ml

of th� nnorepinnepinrinne-binmding peak from

spit-en capsule. Injection of the drug resulted
in a siuddc’n inmcrease in conueluctanci-, whici-i

ret urnned to the original li-ye’! in 20-40 sec.

�7i
005 � �

oo�
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l”tc;. 2. (‘onduictance changes produced in artificial

mitemiutouimes 12// injection of 50 ,.d of l-nouepinephrine

011 diffet’en t con (‘en I ).(jt ions

8, inmjectiom-n of bat-him-ng solumtiomn. ‘Fine arrows

indicate the time of inject mu. .1 . Membranne

conmtaining ti-ne Proteolil)i(l of peak 1 (see the text-).

B. ‘ilennbramme c-u)nAaiimirug ProteoliPid of Peak 5.

C. )den-nbran-ie conmt uuining t inc Prot eol i1)id of peak 1

treat-cc! with-n five comnsecuitive doses of l-nmor-
epineplnrinie (see the text )

Bothn the- anphitudc arie! k’ngtin of thmc- ro’-

5I)0t150� incrcasc’e! witi-n tue elosc-, rc-acinirug a

maxinnunn with tine innject-ionn of 50 jsl of

50 mit l-nnorepinncphrinme. This response was
rei)roe!ucible in filns obtained ftc-in-i-n freshly

pncpa-rc’d nenui)ranne--fo)rniin-ig solutic-ins i)rop-
erly gassed! with-n nntrogenn. Inji-ction of tine

optica 1 isonner (/-nmore�)inc-phrifle gave’ con-

l)letclY negative result s. Experiment s wit in
peaks 2, �3, 4, and 5, which do n-not- bit-id
[7-Hjdl-norcpina’phrinu -, gave negative r’-

stilts -i�-iti-i l-nort’pinc-phrine (Fig. 2B).

Sinnce tine 1)rotcoiipici of peak 1 conntainns

relativc-iv large’ amounits of phc)s�)holi�)ids,
it w�a-s of in-iterest to deterniinne’ wimc’thcr thi’
conductance chango’ was clue’ to) tine- I)n�o)tc’in

or to time lipid moic-ty. This problc-m became
evemm more important who-nm it- was observed

thmat mo’mbrane-s conntnunning phospinatidy!-

cimo!ine (100 or 5000 jig- ml mi time membrane-

forming solution-n) gave a eonuiuct i-it-icc’ci-nange

with l-nnorcpinnc’phrinc’ some-what- similar to

thnat givc’nn by tine protcc)hpid (Table 2). A

study of ti-ne phmospholij-iue!s pneso-nut in the

pnoto’olipid of pc-ak 1 rcvealo’d ti-iat phospha-
tidylcholine was abso-nnt. 1”urt iu-umore, the

snall amount of phospi-inntie!ylchohnnm’ pnc’sc’nt



T.umnE 3

Adrc-mmem’gic agomiist s

i-Nut repi mmephri mie

ul -Nom’epi mmepinrm mme

1- Isu ml)ru ut eremmol

0.5

0

So

0.5

0

50

0.5

0

50)

0.04 ± 0.002

0.08 ± 0.001
0.12 ± 0.03

0

0

0

0.01 ± 0.01

0.02 ± 0.01

0.05 ± 0.03

0.8 0.10 ± 0.03

0.8 0.04 ± 0.01

1 0

10 0
it) 0.12 ± 0.01

0

0

0

0

Other (lmuugs

lust anni mme

Serot onimi

Theophylhinme

± 0.02
± 0.02

± 0.01

± 0.07
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il-i pea-k S (sc-c Tahk’ 1) was inot enougim to

give a rc’action-i withn l-nnon’epinephrine. In fact,
inucorporating as much as 10 jig/mI of 1)h05

phatid�’icino!ine o the membrane-forming
Sc)ltltiOfl i)roduecil io r(-action. Ti-ic’ sanu’

ro-sult occurred un films matte from solutions
cc)nntaining only cho)l(-stcrol on’ inn thc)s(- in
whicin 100 jig/mi of phospimatidyhinositol ut

I)h051)httt idviethanolaminno- had bee-n-n incor-

porat(-d (Table 2). 0th-ic-n’ control e-xpc’ri-
meints, which gave no-gat iic’ result s, i n-i-
cluded tine aI)pliCatiot of saline solutionms,

distilled water, or 10 nut so)eiium bitra-tratc’.

Figurc- 2(1 sinc)ws ti-ne’ c’ffc’ct of succcsive’

applicat ic-il-is of l-nor’pinnephrine on-n ti-ic’

mennhranuc’ made from chok’sterol and con-

taining ti-ic’ norcpitnc-phrinnc-binding protc’c-i-

lipid (tx-ak 1) c-ifti-ne spiecn capsule. Five

consecutivo- eioscs, one of thmc’m 10 times

greatc’r than tin(’otho-rs, did not cinango’ the

pattc’rnn of rc’sponsc’. Figure 3 sinows a (10)50’-

response cinrvc’ in-n ivinich tine amplitude of the
condtnctannee cinanngo’ is plotted against- log

/-nmorcpi nno-phrinc cc)tncetmt rat-ion-n (concent ra -

tion rcfo’rs to the’ criginal solution fu’om

whnich a SO-jil aliquot was applied). The

rc’sponnsc’ to’nmde-e! to I)c-COflu’ saturated with

tint- injc-ction of 50 jii of 50 mM l-nmorcpinc’pim-

rin-ne.
Tahhc- 3 sinow’s tine- ro-sponso’ of me’nnbrannes

containing the pre-iteolipid of 1)0-ak 1 to ti-ic’

012--

0I0� .�

/

006/-

0� /

- -2

log l-norepinephrine (M)

FtG. 3. ;lfllpli(ul(le of conductance change u.s a

function of log l-norepinephrine concentration

Concentration refers to the origiunal soluutionn

from which a SO-pl aliquuot was taken. In each

case the clruug was applied to the membranme cmam-

taimming the proteolipid of peak 1. Each poimmt is

the meant m�f five experinwmmts.

(‘omm (ltlctamm � eh ammyes jim artificial imiemmibra mmes

produced by injectiomm of I-mmorepimmephrine (10(1

other (lrugs

1mm each-i case t ie meamm response (± st andard

error) of sevetn experinmemmis is slnowmm. All nnc’mn-

bmammes conit aimmed 10 mg;nmnl of clmolest ermd anmd 3.5

pg mmmlof the l)rot eolipid of peak 1

Concen-
1)rug

tratuon

“i-Il

.\elremmc’rgic an-it agm must S

Phent ol an-i-nit-ic

Prmmprammolol

(‘holimmergic agommists

Acet vlchmmlinme

Pilocarpinmc-

(�holi mien’gic ammt ag must s

1llexanmnet hommituni

10

o/-T’ubocumari ma- 1

10

Comnductancc

cimange’

?1(I?loui uuz�erm

1 0.05

10 0.12

0.1 0.07

1 0.10

10 0

injc-ctit)nn of various drugs. Tine’ cholinnc-rgic

eirugs aco’ty lcholi nnc’, lnc-xamct lnoniiun , and

(l-tubocurarin-ne gavo’ negat ive ro-su its . 1-

Isoproterc’noi, a beta-adre-nncn’gic agonnist,

gave responses significant ly iowc-r t mnaim those

(-if l-nmore’pin-io’phrine (j) < 0.01). Thc’ adrenner-
gic anntagonnists also producc-d a rc-sponsc-, butt

that of the heta-adrcncrgic hiocking agent

propran-nolol was smallc-r thann tinat givctn by
phucntolaminne’ (p < 0.01). Other drugs
giving a r-sponnsc aftc-r inmjection were pilo-
carpinc-, histnnmine, an-nd serototitn (Tnthlc’ 3).

Who-ni tho- adrc-nnc’rgic a-nt-ago)fliSt pinenn -

tolamino- was in-icorporatcd it--ito-i the bathing
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#{182}t#{182}t t t

�

FnG. 4. Effect of phntolammmine on response of

a ri ificial macnub manes con tam ing peak 1 proteolipid

to l-norepineph rine

The antagomnist was incorporated in-ito the bath-

ing solution, at the concenntrationns inmdicated,

prior to nmembramme formationm. The agonist was
injected itt SO-pI aliquuots at the concentrations
indicated. The arrows indicate the time of in-

jectic)mm.

solution-i prior to ti�ie formation-i of the arti-

ficiai mc-mbranc’ containing the proteolipid

of 1)0-ak 1 , t hc’re was an evident blockade of

the effect- of l-norepinephrine (Fig. 4).
Phc-nntolaminc at a concentration of 10 joii

greatly rc’ducc’d tine response, and at 0. 1 mis

completely abolishncd it-. Similar results were

obtained with propranolol for the response

given by l-isoproterenoi . In membranes

containing 100 jig/mI of phosphatidyl-

cimolin-ic- in-n tine original solution, there was no

blockade of ti-ne response to l-norepinephrine

with phentolamine at 0.1 mis.

DISCUSSION

The use’ of artificial lipid membranes for

ti-ne study of the “choiinergic proteohipid”

from Electrophorus opene’d the possibility of

studying conductanc’ changes resulting
from drug-receptor interact-ion-is (9). In the

present study also, the possibility of con-

tamination with material of bacterial origin

similar to tho’ excitability-in-nducing material

of Muc-iler and Rudin (13) could be rulc’d out-.

The proteolipid was made from freshly dis-

sected spleen capsules, lyophihized, an-id cx-

tracted with organic solvents. Furthnermore,

the proteolipid exhibited conductance

changes only when excited by specific chemi-

cal agents. We also ruled out changes in

conductaimce that might have resulted from

sudd-nm variations in hydrostatic pressure

i)c’t-wto’nn tine two) sides of the mo’nbrane, as

ohserv-d by Parisi and Rivas (14) when more

t-hnan 50 � of solutioni were applied.
Tine mc’mbrane-s made �vith ti-ic “cho-

hitno-rgic 1)rOtcolipid” contained a larger

pro)portio-in of protein-i (10 jsg/ml), as well as

chc)l(’Sterol anne! total phospholipids from the

cere’bral cortc-x, and their resistance w’as

about S X 10� ohms/cm (9). In ti-ic present

study membranes containinng total phos-

�)holipids from the cerebral cortex could not

ho- usc-d, bc-cause’ the large phnosphnatidyl-

cimolinme content ‘ ‘masko’d ‘ ‘ the response

produec-d by the i)rOteOiipid of peak 1.
Therefore wc used artificial membranes-

made from cholesterol or from cholesterol

and pure phospholipids, which had 10 times

ti-ne resistance of ti-nose containin-ng total

phospholipids from cerebral cortex (Table

2). However, our experinncnnta! connditions

have n-not permitted us to establish-n exactly

the concentration of the drug reaching the

membrane surface, which may be influe-nnced

by factors such as convection curre-tits or

uneven distribution of the drug.

The results described here reveal tinat

artificial membranes made from cholesterol

an-id containing small amounts of the

norepinephrine-proteohipid of ti-ic spleen-n

capsule undergo transient conductance

channges with the application of l-norepineph-

rinc’ . Evidence is also presented ti-nat the
conductan-ice change may be a consequence

of the protein moiety and does not depend
on the phospholipids present in the peak (see

Tables 1 and 2). Furthermore, membranes

made with proteolipids which do n-not bind

norepincphrine did not react to ti-ic inje-’ction

of l-norepinephrine.

The fact that phosphatidyleholine, at

much greater concentrations ti-nan-n the proteo-

lipid, induces a reaction-i toward i-nor-

epinephrine is of interest- because of a

possible role of phospholipids in adrenergic

mcchannisms. Belleau (15) has suggested that -

phosphatidyicholine could provide a hydro- -

phobic cavity for ti-ne adrc’nic-rgic binding site.

Our results indicate that this phospholipid

probably gives a rather unspecific response

with l-noreinc’phrine. This interpretation is

also supported by ti-ic lack of blockatlc of

this response- with phe’t-itoiamine.
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The authors thank Dr. M. Parisi for his helpful

suggestions on the techniques for making artificial

Time fact that- histaminc-, serotonin, an-nd

pilocarpine gave a response with the proteo-

lipid of 1)eak 1 poses sonic interestinng

problems, since these drugs are able to

induce contraction or relaxation-n of ti-nc

smooth muscle cells of the sple’cn-i capsule

(16). It may be that the various reco-ptors

present in this tissue are diffe’rc’nt- mok-cular

entities that are separated in-i ti-ic’ sn-i-me

region of the chromatogram, hut this sup-

position needs further work to) be proven-n.

Anothc’r interesting possibility is that, while’

in solution, the adrenergic drugs, as well as

hist amine, serotoninn, and pilocarpine, may

have a common $-cthyiamine group w’i-iich

may be important in ti-nc intc-raetion with

the macromoiecular receptor (17).

Strongly in favor of a specific conductance

response toward l-norcpinephrinc is ti-ne fact

that the optical (i-isomer gave n-negative

results. Ti-ne blockade of the reaction to i-

norepinephrine obtained with phentoia-minne

is also in line with this interpro-tation.

The results reported here do n-not allow’ us

to draw’ conclusions about tho’ aipha or beta

nature of ti-ne response obtain-ned with the

proteolipid of peak 1 of the spleen capsule.

The fact that- a purely beta-agonist, 1-

isoproterenol, produced a conductance

change much smaller than that given by 1-

norepinephrine would be more in accord

with the well-known pharmacological evi-

dence that alpha-adrenergic receptors pre-

dominate in ti-ne spleen capsule.
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