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ABSTRACT

Three distinct plosmo membrone froctions were ísolqted from hypotonîc

whole homogenotes of rqt submondibulor glonds (SMSG) by discontinuous sucrose

density grodient centrifugotion of the 41000 x g supernqtont.

The chorocterisiic plosmo membrone enzymes, 5'-nucleotîdose, olkqline

phosphotose ond (No+ - K+¡-ATPore were morkedly increosed in specific octivity

over the orïginol whole homogenote. 5'-nucleotidose, 30 x; olkoline phosphotose,
-L -L

I x; (No' - K')-ATPose, B *.

Plosmo membrones were found to be enriched in their content of phospholipid,

cholesterol ond sioloproteìn over thot of the originol homogenote ond their molor

roiio of cholesterol to phospholipid wos oround unity. The spectrum of individuql

lipîds, their fotty ocids ond proteïn omino ocîds were not morkedly different from

fhot of the whole f issue homogenote.

The obsence of ocyl-CoA synthetose octivity in plosmo membrones wos

indicoted by their inobiliiy to utilize free (l-t'a)-polmitic qcid whereo, 1't-14C1-

polmitoyl-CoA wos reodily incorporoted into lípids. The presence of ocyl

tronsferose wos evidenced by the increosed incorporotion of polmitoyl-CoA info

phosphof idylcholïne ond phosphotidylethonolomine respectively on ihe oddition of

lysophosphotidylcholine ond lysophosphotidylethonolomine. Vorious feotures of the

polmïtoyl-lysolecithin tronsferose system of plosmo membrones ore reported. Acetyl-

choline, epinephrïne, cyclic odenosine-3',5'-monophosphote (cAMP) ond theophy-

lline inhibited the incorporotion of polmitoyl-CoA into phosphotidylcholine"

The plosmo membrone preporoiions showed cornitine-po lmitoyl -CoA trqns-

ferose ociivity os they formed polmitoyl-cqrnitine from polmitoyl-CoA ond L-

cornitine.

S'-nucleotidose octivity wos moximum ot 2 mM AMP, l0 mM Mg# ond

pH 7.5 - 10.0" K+ hod no effect on this octivity. UMP, AMP, CMP, GMP qnd
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IMP were hydrolyzed in thqt decreosing order. Sodium f luoride (NqF) completely

inhibited fhe enzyme whereos ouqbqin ond cAMP hod no effeci suggesting the

proboble non-involvement of 5'-nucleofidose in either cotion or exocrine secretion

ocross fhe plosmo membrones.

++
(No' - K')-ATPose wos purified from plosmq membrqnes by deoxycholote

ond sodium iodide treotments. The enzyme wos octivoted by No+, lo* levels of
++++++#,

K , Mg' qnd ATP. High levels of K', Mg ond ATP were inhibitory. Co"
very morkedly reduced the octivity. (No* - K+¡-ATPore octivity wos optimum ot

pH 7.0 -7.5 ond wqs very specific for ATP qs it d¡d not hydrolyze CIP, GTP,

ITP, UTP, ADP, AMP, glucose ó-phosphote ond p-nitrophenylphosphote. Low

levels of ocefylcholine, epinephrine, cAMP, ond NoF did nof olter the octivify,

however, ot higher levels, oll were observed to inhibit the enzyme to o vorioble
++++

degree. (No - K )-ATPose ond (Mg' )-ATPose ocfivÌties were offected differenf ly

by mony conditions suggesting thot f hey were seporofe enzymes.

Plosmo membrones con bind Co** qnd this binding wos slightly increosed

by ATP without undergoing hydrolysis concomitontly. No*, K* ond Mg#
-L-!

inhibited Co" binding. The binding wc¡s moximum ot pH 8.0 ond wos increosed by

epinephrine, cAMP, ouqboin qnd oxqlote buf nof by NoF or ocef lcholine. It
wqs concluded thot plosmo membrones possessqsmoll innote copocity to bind Co#
ond fhe binding wos independenf of the ATPose system of plosmo membrqnes.

The significqnce of qll fhese results in relotion to the process of exocrine

secrefion is discussed.
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A . I NTRO DUCTIO N

The oufer cell membrone or plosmo membrone (PM) is o ihin structurol

loyer which encloses the cyioplosm ond inirocellulor orgonelles ond, due to ifs

semïpermeoble properties, forms o regulotory borrier to overqll moleculqr tronsport

befween the cell ond iis surroundings (l). The bolonce in this moleculor exchonge

determines, in port, introcellulor composition ond, consequently, the noture of

cellulor processes. This moleculor tronsport in both directíons seems to be

reguloted in mony insfonces by the ïnnote noture of the membrones or in some

Ïnstonces by the synthesis of new membrone components under stimulotion of inducers

(2)"

hoteïns ond lipids constitute the moior portion of outer cell membrones

while corbohydrotes ond RNA ore present in smqll omounts (3)" Lipids form nof

only o borrier to the tronsport of molecules qcross cell membrones but ore olso

suitoble in combinofion wíth ofher mocromolecules to form o stoble yet flexible

boundory giving the cell iis innote shope. The expression of innote lipid chorocter-

istics is dependenf upon lipid-lipid ond lipid-protein interocf ions. Tronsformotïons

omong different qrrongemenis moy occur in the membrones sfimuloted by tronsport

processes (4).

It hos been shown thot the chemicol structure of fotty ocid in membrone

lïpids hos o significont effecf on physico-chemicol properties of membrone lipids

ond olso influences the moleculor pocking of the membrone components. Enzymes

which could regulote ihe exchonge of fotfy ocid in membrone lipid would contribute

consïderobly to the dynomic noture of the Iipid core of the membrones ond hence

determine much of the physico-chemicol properties of the membrone.

Plosmo membrones contqin enzymes, e.g. (No+ - K+)-ATpose, which render

specificïty to the moleculor tronsport qcross cell membrqnes. The octivify of some

enzymes depends upon both lipìds ond proteins. The induction of o conformotionol

chonge in protein by either on exho- or introcellulor stimulus, might olter ihe

intermoleculor orrongement between lipids ond proteins ond could hove o sïgnificont

effect on membrqne permeqbil¡ty (5). The isolotion of plosmo membrones ond o

-l -
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study of their chorqcteristics in terms of lipid, protein ond enzyme content would

seem to be o rewording proiect not only in helping to understond ihe structure

of membrones, buf olso fo give some informofion concerning their biologicol

functions. The present study wos undertoken to explore some of these ospects

of plosmo membrones.

Rot submondibulor solivory glonds (SMSG) were chosen os the tissue

source for severol reqsons. The secretion of elecfrolytes (e.g. No+ ond K+)

from solivory glonds is on octive tronsport process (6, 1l) ond is probobly

medïoted through on ATPose system (7,8). A (No+ - r*)-ATpose hos been shown

to be present in the membronous froction of rqt solivory glonds (7, g) qnd it
exhibits properties similor to the honsport ATPoses found in mony ofher tissues

(7' 8). The intro- ond exfrqcellulor movement of cotions in the ocini might

ínitiote or regulote the extrusion of mocromolecules (10 - l4).

Previous studies from thîs loborotory (15 - .l9) 
hove shown thof SMSG

exhíbit q very octive lipid metobolism. It wos shown thof SMSG slices oxîdized

vorïous fotty ocids to CO, ond thot this oxidotion wos enhonced by L-cornitine ond

by epinephrine (17). Acetylcholine enhonced both the secrefion of profeins from

the SMSG slices ond the incorporotion of 32P-Ohorphote 
ïnto totol lipids (15), iust

os hqs been reported byHokin ond his colleogues for mony secretory tissues (20).

There ore three poïrs of solivory glonds în most mommolion species: the

porotids, the submondibulors ond the sublinguols. They ore innervqfed by both

sympothetic ond poresympqthetic nerve fibers (21). These glonds secrete solivo

contoining woter, electrolytes ond proteins, the relotìve proportion of which

depends upon the noture of the stimulus (22). Solivq nof only helps to protect the

orol epithelium qnd the upper port of gostro-întestinol troct from ocid ond pro-

teolyiic ottock, but olso focilitotes the chewing ond swollowing of food by its

moÏstening qnd lubricoting oction (23). The secretion of solivo con be experîmeniolly

enhonced by eìther electricol stimulotion of the sympofhefic or porosympofhetic

nerve f ibers (21 ' 24) or by the iniection of their respective neuro- trqnsmitters,

qdrenqline (25, 26) ond ocetylcholine (21, 26)
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The secretion of mocromolecules involves the fusion of secretory

vesicles wïth the luminol sÌde of the outer cell membrone, the rupture of the

membrone of the point of fusion with subsequent releose of secretory mqteriol

into fhe ocinqr ducts (20, 2f . It hos been demonstrofed (20) thot the meto-

bolism of certoin phospholipids ïn solivory glond slices is oltered during the

ocefylcholine-stimulofed secretion of mocromolecules"



B. OBJECTIVES OF PRESENT STUDY

The purpose of this study wos to isolote plosmo membrones of rot sub-

mondibulor solivory glonds free from other subcellulor contqminonts ond to

determine their enzymic ond chemicol composition. Furthermore, it wos the

obiectïve of this invesfigotion to study the lipTd metobolism of isoloted plosmo

membrones in viho ond to exomine the effects of some secretogogues on thïs

lipid metobolism. The properties of plosmo membrqne enzymes ìn relqtion to

the secretion process were of further interest. In view of the role of Co#

in the secretion process, o knowledge of Co# binding properties of isoloted

plosmo membrones wos of some interest.
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C. LITERATURE REVIEW

1 . Structure of Cell Membrones

If wos ïn lóó5, when Hook recognized thqt the cell wos the bosic unit

of vegetoble tïssue" Von Mohl in lB52 (123) described the cellos o completely

closed, globulor or elongoted vesicle composed of o solid membrone enclosing

fluid. In 
.l855, 

Nägeli ond Cromer(28) described the plosmo membrone of o

plont cell os q thin, membronous loyer of protoplosm ond noted some of its
properties during exo- or endoosmosis which they produced by using sugor solutions.

Overton in lB95 (29) studied fhe entry of different solutes into living cells ond

orronged them in closses occordïng to their respective rqtes of entronce into cells.

On fhe bosîs of fhese studies, he suggested thoi the cell surfoce wos impregnoted

with lipids such qs lecithins ond cholesterol. Gorfer ond Grendel (30) using

lipîds exhqcted from red blood cells, meosured the surfqce oreo of spreod

monoloyers of these lipids. From this doto ond their colculqfions of the surfoce

qreo of erythrocytes, they clqimed thot lipïds of erythrocyies provided iust enough

surfoce oreo to cover twice the cell surfqce indicoting thqt the cell membrqne

consisted of o bimoleculor leqflet.

In 1935, Dqnielli qnd Horvey (3.l) noted ihot the surfoce tension of

biologÏcol membrones wos low when compqred to the high surfoce fension observed

in lipid monoloyers. Their meosurements of the permeobility, surfoce tension ond

electricol conductqnce of thin films of lipids led them to propose o poucimoleculqr

model of membrone sfructure. Accordingly, the lipids form o continuous bi-
moleculor leoflet sondwiched between two loyers of globulor proteins. The polor

groups of phospholipids were linked to proteins fhrough electrostotic forces.

These cell membrones were considered to be symmetricol (32).

Robertson in .l959 (33), proposed o unit membrone model for membrqnes

on fhe bosïs of his electron microscopic studies of the myelin sheoth of Schwonn

cells' He demonshoted thqt the membrone element of myelin consists of o triple-
loyered structure hoving two electron dense sfroto obout 20 Ao thick seporoted
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by o light interzone obout 35 Ao wide moking o unit of obout 75 A" ìn thickness.

The polor heods of phospholipids ond protein contribute to the dense shoto ond the

non-polor portion of the lipids form the ínner light oreo. He suggested thot the

protein loyers ore composed of on extended monoloyer in the ß-confígurotion"

The cell membrones were considered osymmetricol os the outer leoflet wos

slightly thicker thon the ïnner leoflet becquse of its content of polysocchorides.

Siòsfrond (34), ïn contrqst to the unit membrone hypothesis, proposed o

model of membrqne sfructure where globulor lipid micelles hove their polor heods

oriented outword from the membrqne element ond qre embedded in proiein.

Green qnd Perdue (35) showed thot mitochondriol membrones isoloted

ín theír loborotory, were composed of discrete ond repeoting subunits of lïpoproteïns.

The repeoting units were composed of o bose piece ond o defochoble sector.

None of these membrone models occounts for oll the complex feofures of

cell membrqnes. The membrone models proposed by Siostrond ond by Green

ond his ossocÎqtes seem to opply more to the cytoplosmic membrqnes fhon to the

outer cell membrc¡nes. Since fhere qre consideroble differences in fhe enzymic

snd chemicol composîtion between these fwo types of membrqnes, fheir structure

mïght not be ïdenticol.

In view of the vqrïous speciolized honsporf processes ond other cotolytic

obïlitïes locoted in the membrones, ond the numerous possibïlities of moleculor

ossociotions between lipids, between different proteins,ond between proteins

ond lipids, it is obvious fhot consideroble reseorch hos to be done before o detoiled

picture of the moleculqr orgonizotion of voríous membrones cqn be constructed.

The progress in understonding the moleculor structure of plosmo membrones

hos been rqther slow becouse of the problems encountered by investigotors in

preporïng plosmo membrones free from other subcellulor components.

2" Isolotion of Plosmo Membrones

In l95l (3ó) when Polqde wos studying the subcellulor distribution of ocid
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phosphotose in rot liver, he noied thot the 1200 x g pellet, obtoined from on

homoçnote in 0.88 M sucrose, conioined nuclei ond numerous cell membrones.

He described them os I ¡.r thick sheets of omorphous refringent moteriol which he

suggested os probobly representing the membrones of two odiocent cells stuck

together with interphose cement.

ln 1952, Hogeboom "t gl. (37) isoloted the nuclei from o rof liver homogenote

in 0.25 M sucrose contoining 1.89 mM CoClr. Their preporotion of nuclei

conloined o number of irregulorly shoped very thin shuctures which oppeored fo be

co llopsed ce I I membrones .

In 1958, Roiom ond Jockson (38) prepored o crude plosmo membrone frqcfion

from o rot oscites tumour cell lysote by repeoied low speed centrifugotion over

o loyer of sucrose. This tronslucent moteriql wos composed of thin sheets of trons-

porent membronous moteriol. A vqriqble omount of gronulor moteriol wos odsorbed

onto these membronous sheets ond wos considered to be of intrqcellulor origin.

Antìbody ond fluorescence techniques confirmed thot most of the membronous

moteriql originoied from the cell surfqce.

In l9ó0, Neville (39) mqde use of Roiom qnd Jockson's findings to devise

o method for the isolotion of plosmo membrone from rot liver homogenotes. This

method involved o genfle homogenizotion of tissue in I mM sodium bicorbonote

buffer (pH7.5) followed by o low speed centrifugotion which resulted in o crude

plosmo membrone frocf ion overloying the nucleor pellet. After cqreful removot from

nucleor pellet, fhe crude plosmo membrqneswere repeotedly woshed with buffer

to remove contqminonts ond then further purified by flototion in o discontinous sucrose

grodient (d = I .'ló ond 1 .22).

Emmelot ond his co-workers modified thïs method by introducing on extro

loyer of sucrose (d = 
.l.20) 

(40) ond loter by onother loyer, d = l.l8 (4ì) to
seporote plosmo membrone from contominoting mitochondrio. In 1966, (42), they

fortified the bosic homogenizing medium of Neville with 2 mM CoClrwhìch

rendered the nuclei resistont to mechonicol rupture, thus preventing the releose of
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nucleor moteriol which hindered the seporotion of plosmo membrone. Bosmonn

et ol. (43) working with HeLo cells overcome the difficulty of seporoting the

plosmo membrone from the nucleor pellet by using the 4000 x g supernotont rother

thon the nucleor pellet.

Since the method of Neville wos published, mony isolotion procedures

hove been reported, some modifying Neville's originol method, oihers using

completely different techniques" These include methods for isoloting plosmo

membrone from liver (41 , 44 - 4ó)" broin (47 - 49), red blood cells (50 - s2),

tood blodder epithelíum (53, 54), intestinol brush borders (55), odipose tissue

cells (5é, 5f, smooth muscle (58), skeletol muscle (sg,60)r poncreos (ól), kidney

(62)' HeLo cells (43, ó3) ond bocferio (64, 65)" The isolotîon of other subcellulor

porticles in oddition to plosmo membrone hos been fqcilitoted by the use of qn

isotonic homogenizing medium (44, 5n. The yield of plosmo membrone hos been

ímproved by the use of zonol centrifugotbn (46, 47, 49).

3. Composition of Plqsmo Membrqnes

In 
.l913, 

Burger ond Beumer (66) onolysed the lípids of sheep ond humon

erythrocytes ond found thot the cells of one litre of blood contoïned 0.5 g

sphingomyelin, 0.5 g of cepholîns ond lecithins ond 0.5 g of cholesterol. A few

yeors loter, Gorter ond Grendel (124, ì25) estimoted the surfoce oreo occupïed by

the individuol lipids ond described the relofive contrïbution of cholesterol, cepholin

ond lecithin, ond sphingomyelin os 3ó, 50 ond l3 per cent respeciively.

Burf ond Rossitet þn prepored ghosts from robbit erythrocytes ond reported

theTr lipid composition. In o number of other ínvestigotïons, vorioble lipid compo-

stion of red blood cell ghosts prepored from differeni species hos since been reported

(ó8)"

With the exception of these eorlier studies on intoct eryihrocytes ond their

ghosts, there wos essentiolly nothing known oboui fhe lipid composition of plosmo

membrones of other tissues-until recently when the procedure for isolotion of plosmo
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membrones wos developed by Neville. It is now estoblished thot profeins ond

lipids ore the moior components of plosmo membronesrhowever,osignificont omount

of corbohydrotesn seemingly os glycoprotein ond RNA ore olso present (3). Lipids

constitute obout 35 - 40o/o of the dry weight of most plosmo membrones (3, 71 , 73)

ond include approximarely 39o/o phospholipids, 35% neutrol lipids with vorious

other lípids formÏng fhe remoïnder. The phospholipids include phosphotídylcholine,

phosphotidylethcnolomine, sphingomyelin ond o smoll omount of phosphotidylserine,

lysophosphofidylcholine ond phosphotidylinositide,A very vorioble phospholîpid

eomposition hos been reported for plosmo membrone isoloted from liver (69 - 73),

brain (74, 75, 81), ïntestinol mucoso (55), poncreos (76) ond L cells (77). The

neufrol lipid froction contaïns free cholesferol, trïglycerides cnd free fotty ocids

(69, 78) "

Protein consfïtutesobouf 60 - 65o/o of the dry weight of cell membrones

(3, 69,7n,73, 78)" The proportíon of profein to lipid vories not only between

species" but olso befween plosmo membrones prepored by different methods from

the same species 
"

Corbohydrotes consfitute o smoll percentoge (1 - 5t/") of plosmo membrones

(3' 73)" The mosf eommonly found fypes ore siolic ocids, hexose (goloctose/

glucose) ond hexosomïne (3, 73, 82). Since olmost oll the siolic ocid con be

recovered in the protein froction of the membrones, it seems thot siolic ocid is

bound to glycoproteïns of the outer membrone surfoce (3) 
"

4. B_iologico_l Significonce of Lipids

The eorlier ottempts of Porport ond Dziemion (83) to corretote the

differences Ïn lipid composition of erythrocytes of vorious species to their perme-

obility to glycerol were unsuccessful. However, loter studie s (79) showed thot os

fhe rotio of sphingomyelîn to lecithin of erythrocytes from vorious species

decreosed, their permeobiliry to ureo, thioureo, glycerol, ethylene glycol olso

decreosed suggesting o relotionship between ihese lipids ond membrone permeobility.
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LÏver mitochondrïo of rots fed on essentïol fotty ocid deficieni dïet swell

more ropidly thon do normol mitochondrio (84). Loter studies by Woit ond von

Golde (85) showed thot these mitochondrio exhibited on oltered phospholipid

pottern which persumobly ollowed the ionic imbolonce resulting in on influx of

woter ond consequent swelling.

Lïposomes prepored from bocteriol lipids showed chonges in the perme-

obility to glycerol (Bó) in occordonce with the fotty ocid composition of the

growih medio. When liposomes were prepqred from noturol ond synthetic leciihins

wifh increosing qmountsof cholesterol, the permeobility of liposomes to glucose ond

glycerol wos decreosed (Bf . The effect of cholesterol esfers wos dependenf upon

the choin length ond degree of sqturofion of fotty ocids (86, 8n "

Forport ond Bollentine (BB) clossified the lipids of red blood cells of

vorious specïes os loosely-bound, weokly-bound ond strongly-bound on the bosîs

of theÏr extroction with dry efher, wet ether, qnd wíth olcohol-ether respectively.

In o sÏmilor study (89), the percentoge of loosely-bound lipids voried between

specïes in qccordonce with fheir permeobility to ethylene glycol, glycerol ond

thÌoureo " Anolysis of these froctïons showed thof ihe loosely-bound frocfion

contoined moïnly sterols wifh minor omounts of sphingomyef ins, phosphotidylcholines

ond phosphoiÏdylethonolomTnes while the strongly-bound froction contoined mosfly

polor lipids" These studies showed thot o given phospholipid moy disploy different

degrees of membrone-bÌnding(stobility)depending upon its protein portner" This

is supported by Von Deenen (4, 5) who suggested thqf the intermoleculor frons-

formotions might occur in o membrone depending upon not only fhe

chonges Tn the hydrocorbon choins buf olso on the noture of proteins present.

The possibility thoi conformotionol chonges in membrone proteins offect the orronge-

menf ond therefore the permeobility of the hydrophobic borrier of membrones hqs

been considered (4, 5).

According to the membrone hypothesis (90), o substrote binds to o specifíc

corrier in the membrone forming o lipid-oluble complex which diffuses ocross

the lipid cell membrone, releosing the substrofe ot the opposìte side, thus setting

up o concentrotion grodient for the complex within fhe membrone in the direction
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of tronsport.

Solomon ut gl. (91) studied the bindins of No* ond f* tjSlh*heric ond

lipids extrocted from red blood cells. It wos found ihot when No* or" K+ in

ogueous buffer were incuboted with lipids, these ions complexed with the lipids

ond subsequenfly were recovered in ihe lipid phose. When this lipid extroct wos

exposed io on oqueous medium, fhe complex dissocioted releosïng the ions into

the oqueous phose" K+ wos token up by these lipíds in preference to No*
showing some specificity .

LeFevre et ol. (92) olso corrïed out similor studies wiih monosocchqrldes

ond lipids of red blood cells. They found thot there were smoll differences omong

the monosqcchorides fo lipid bïnding which corresponded to the differences in

offinities of monosocchqrides for the tronsport system in intoct cells. Moreover,

the ïnhibitors which inhibited monosqcchoride tronsport in intoct cells olso ïn-
hibited their binding to lTpids. The binding process dïd nof exhibit stereo-

specificity. The results of these studies suggested fhot probobly lipids qct qs

corriers during the fronsport of some molecules ocross cell membrones.

The treotmenf of isoloted fot cells with phospholiposesA(93) ond C (94)

enhonced the introcellulor fronsport of glucose ond the oddition of lysolecirhin

mimicked the phospholipose effect (93). If wos suggested thof phospholîpose

octed upon the membrone phospholipids qnd consequently induced o chonge in their

configurotion, fhus enhoncÌng the tronsport of glucose.
ond his coworkers

Eorly studies of Hokinuwith pïgeon poncreos slices (95) ond robbit sub-

moxillory (9ó) ond porotid glond slices (9f showed thot ocetylcholine coused on

enhqnced secretion of omylose qnd olso morkedly sfimuloted the incorporotion of
32P-orthophosphote 

into phospholipids. Poncreo zyminproduced sïmilor effects in
pigeon Poncreqs slices (98). Loier studies with poncreos (99, 126) ondwith the

odrenql medullo (127) showed fhot the greotesf increose in specific octivity wos in

phosphoinositide ond phosphotidic ocid. The work of others wiih cot submoxillory

glonds (2ó), pigeon oesophogeql mucoso (128), leucocytes (l2g) ond poncreos
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('100) hove olso implicoted phospholipids in the exocrine secretion of mocromolecules.

Differenfiol centrifugotion (l0l) ond rodiooutogrophic sfudies (102) showed thot

this effect occurred in fhe rough surfoced endoplosmic reticulum ond in the smooth-

surfoced golgi membrones. The finding thqt the omïssion of colcium from the

íncubotion medium completely obolished the effect of ocetylcholine on the secretïon

of omylose from poncreotic stices while the ïncorporqtion of 32P-orthophosphofe

into phosphotidyl inositol ond phosphoiidic ocid wos greotly increosed (.l03,
.I04) 

suggested thot the phospholipid effect of ocetylcholine (103) ond cotecholomines

(104) must be concerned with ospects of protein secret¡on other fhon those connected

with the qctuol exfrusion of mocromolecules. Hokïn (20) proposed thot fhe effecf

of ocetylcholine on phospholipogenesis involves either the repoir or formotion of

plosmo membrones fol lowing secretion.

The octive extrusion of No+ ond the concomifoni qccumulotion of K+ by

erythrocytes (105) ond nerve cells (10ó) wos occomponied by the hydrolysis of

ATP. Loter studies showed the presence of (No* - K+¡-ATPore in erythrocyte

membrqnes (107) ond crob nerve cells (108). The K for ihe No*ond K+ tronsport

system correspondstothot of (No+ - f+¡-afeose (1Sl) ,rgg"rting on intimqte

relotionship between ATP hydrolysis ond Nof ond K+ tronsport. The possible role
.L .L

of(No' - K')-ATPose in the tronsport of cotions ond other substonces hos been

the subject of three reviews (109" Iì0, 130)"

In vivo studies of Borcroft qnd co-workers showed thot ihe stimulotïon

of porosympothetic (l I l) ond sympothetic (25) nerves fo solivory glonds promoted

the secretion of solivo ond olso enhonced oxygen consumption. These findïngs

were lqter confirmed by in vitro studies with slices of solivory glonds where

ocetylcholine, pilocorpine (112, 1.l3) ond odrenoline (25) oll increosed the oxygen

consumption. Afropine blocked the effects of ocetylcholine or pilocorpine on

both secretion ond oxygen consumption. These findings indicofed thot oerobic

metobolism wos necessory for secretion. In vitro studies of Bdoloh et ol. ('13,

Il4), Bobod ond Schromm (ll5) ond perfusion studies of Petersen (lló) showed

thot DNP inhìbited both secretion ond oxygen consumption when epinephrine (13,
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I l4) or ocetylcholine (l ló) wos present indicoting the importonce of oxidotive

phosphorylof ion in the process of secretion.

The studies of Sondhu et ol. (l1f showed thot epinephrine while

enhoncing secretion from porotid glond slices qlso increosed the oxïdotion of

glucose. ln sïtu studies of Northrop Q4) showed thot sïmultqneous stimulotion

of sympotheiic qnd porosympothetic nerves to submoxïllory glonds of q dog coused

o decreose in glycogen, qn increose in lociic ocid ond o decreose in the creotìne

phosphote in the glond. These studies indicoted ihot glucose oxidotion might

hove provïded energy during secretion. However, Lindsoy et ol. (t l8) hove

shown thqt ot low levels, epinephrine increosed the solivory secretion without

offecting glucose oxidofion, ond ot hïgher levels, both the glucose oxidotion qs

well qs the secretion were increosed. These findings suggested thqt under resting

conditions, the secrefion wos probobly supported by energy derived from source(s)

other thon directly from glucose. However, under morked stïmulotion of secretion,

glucose might well serve os ihe prime energy source" Bdolqh:J ol. (13) recently

reported thot epinephrine could induce secretion when glycolysis wos completely

inhibited by îodoocetqte or N-ethylmoleimide while dinitrophenol qnd KCN

reduced epÎnephrine-induced secrefion of omylose from porotid glond slices.

Recent studies in this loborotory with isoloted rof SMSG mitochondriq hove shown

thot foify ocids con be oxidïzed very efficiently under resting conditions indìcoting

fhot fotty qcids could reodily serve os o source of energy for secretion (.l9).

Eorly studies of Lundberg (ì0) showed fhof nerve stímulotion produced

hyperpolorizotion of the ocinor cell of solivory glonds which wos followed by the

releose of secretory moteriol. These findings suggested thot cotions might hove o

role in the process of secretion. This view hos received consideroble support from

vorious ofher investigotors (12, l3). Douglos qnd Poisner (14) hove shown thot

epinephrine-induced solivory secretion voried with the exfrocellulor concentrotion

of colcium ond the effect of epinephrîne wqs completely obolished when colcium

wos omitted" Colcium uptoke by fhe solivory glonds is on qctive process (ll9).
The exoci mechonism by which colcium influences the secretion ìs ¡ot yet known
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but it does not seem to chonge the electricol properties of ocini (120) nor oct on

the energy metobolism of the solivory glonds (121) nor oct through cyclic AMP

(122). It mTght, however, be octing directly qt the membrone level by chonging

fhe permeobility to ions ond wqter.



SECTION II



A. ISOTATION OF PIASMA MEMBRANES

I . Introduction

A voriety of procedures hove been used to obtoin plosmo membrones

from liver (39 -42,4,45), erythrocytes (50 - 52) ond odipose fissue (56, 5n.
These procedures involve homogenizotion of tissue in hypotonic (39, 43, 46, s6),

isotonic (M, 45, 5fl ond hypertonic (59) buffered mediums. Some investigotors

supplement the homogenizing medium with CoCl, or MSC12Ø2, 44, 45, 69,

131) or EDTA (ß, 5n. All the procedures described in ihe literoture, thus for,

hove emphosized fhe significonce of gentle homogenizotion of tissue ïn order

fo ochieve preporotions with reproducible chorocteristics. In some procedures,

the plosmo membronesqre obtoined from the pellet ofter low speed centrifugotion

of on homogenote by repeoted gentle woshings with the homogenizing medium

(39 - 42' ó9), while in others, the heqvîer moteriol contoining nuclei ond cell

debrls ore first sedimented by low speed centrifugotîon ond the supernotont fluid

ïs processed for the ìsolqtion of plosmo membrone (43). A discontinuous sucrose

grodient is commonly used to seporofe plosmo membrone from other subcellulor

contqminonts (39'42, 44,45) olthough in some reports (45, 52, ó3) o contïnuous

sucrose grodient hos been used. Although sucrose hos been most commonly used to

prepore grodients, in some procedures, o Ficollgrodient hos been utilized (57, l3f ).
It hos been cloimed thot on q Ficollgrodient, comporoble plosmo membrone

preporotions cqn be obtoined inomuchshortertime fhon when o sucrose grodient is

used (57). The yield of plosmo membronesobtoined by differenf procedures hos

been rqther vorioble ond this could be eìther on innote feqture of on individuol

procedure, or due io vorioble degrees of contominotion by other subcellulqr

orgonelles. Plosmo membrones prepored by different procedures vory in their

relofive degree of purify qnd hence exhibit properties chorocteristic of the isolqtion

procedure. Generolly, the purity of plosmo membrone preporotions cqn be

increosed of fhe expense of yield qnd vice verso.

Colemon ef ol. (44) perfused livers in situ with the worm homogenizing

- t5 _



-ló-

medium before processing the tissue cloïmïng thot the presence of red blood cells

could leod to contominotion of liver plosmo membrone with plosmo membrone

of red blood cells. Benedetfi ond Emmelot (3) olso noted thot obout l8 to 33%

of the proteins in isoloted liver plosmo membrone were soluble in physiologicol

soline. These soline-soluble proteins were red in color while the soline-insoluble

profeins were colorless upon freeze-drying" On the bosis of color ond severol

ofher properties, these outhors concluded thot soline-soluble proteins of isoloted

plosmo membrone were cytoplosmic ìn origin ond were probobly odsorbed onto

the plosmo membrone during the isolotion procedures.

The composïtion of the homogenizing medium oppeored to be o very

ímporfont foctor in obtoining plosmo membrone free from other contominonts ond

the choiceof o proper medium wos dependent upon the fype of tissue used. It
hos been demonsfroted thof the homogenizotion of tumor cells in o hypotonic

buffered medium led to the rupture of nuclei, mítochondrio ond endoplosmic

reticulum (40 - 42, ól) ond the plosmo membrqne isoloted from such homogenotes

wcls contominqted with moteriql from these subcellulor orgonelles. This problem

wos resolved by supplementing the medium with either CoCl, or MgCl' or both

(42, 44, 45, 69)o which tended to stqbilize the membrones of subcellulor

orgonelles thereby preventïng fheir rupture.

Extensive or vigorous homogenizofion of most tîssues olso leods to the

rupfure of subcellulor porticles ond thus increoses the contominotion of plosmo

membrones" In fhose procedures where plosmo membrones ore obtoined from the

low speed pellef by repeoted woshings with the medium (3), vigorous homogenizotion

could leod to low yields os the smoll frogments of plosmo membrqne would not

be sedïmented by high speed cenirifugofîon. It is therefore essentïol thot on

oppropriote homogenizing medium qnd the proper homogenizotion conditions be

found, ond used consistently, in order to obtoïn plosmo membrones of comporoble

purïty ond in good yield. An isotonic homogenizing medium is often preferred

over q hypotonic medium os it ollows the simultoneous isolqtion of other subcellulor

orgonelles qs well os plosm'o membrones (44,45, Sn.
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Plosmo membrones ore distributed olmost equolly between the supernotonf

ond the pellet ofter low speed centrifugotion (43). The choice between these

two sources of plosmo membrqne generolly hos to be mode by on individuol

investigotor ond would moinly depend upon the chorocteristics of the tissue under

investigotion.

Some investígotors hove used zonol centrifugotïon rother ihon ísopycnic

centrifugotion which ollows the processing of much more fissue in o single run

thus increosing the yield of plosmo membrone " Zonal cenfrifugotion îs becoming

more common ond preferred over isopycnic centrifugotion especiolly when o

lorge omount of tissue ïs ovoiloble"

2 " Procedure

Figure I shows o flow diogram of the procedure used to ísolofe plosmo

membrone in the present study" This method is essentiolly thot described by

Bosmonn et ol. (43). The rots of the Long-Evons stroin, obout eight weeks old,

were mildly onesthetized with ether ond decopitoted. The submondibulor solivory

glonds (SMSG) were quickly excised, cleoned of extrqneous tissue ond ploced

in o pre-chilled beoker. The glonds were weïghed ond sliced into very smoll

pieces with o shorp razor blqde qt4oC. All the subsequent procedures were

cqrried out in the cold room ot 2'4oC unless otherwise noted. The minced tissue

wos homogenized in smoll portions of o time in o buffer contoining 20 mM Tris

ond l0 mM EDTA (pH 7.0) in q Pofter-Elveihem gloss homogenizer with l0 - .l5

hond-driven strokes, pooled ond mixed" The homogenote wos filtered through

three loyers of cheese cloth ond the volume odiusted to 14o/o (w/v). The homogenote

wqs centrifuged ot 4,000 x g for l0 min in o refrigeroted centrifuge ot 2oC"

The centrifugotion wos terminoted rother slowly os the loosely pocked pellet mixed

very reodily upon slight disturbonce. The supernotonf wos corefully withdrown

ond retqined while the pelfef wos resuspended in 2.5 volumes of the homogenizing

medium ond spun ogoin ot 41000 x g for l0 min. The supernotonts of both spins

were pooled ond mode 45/o in sucrose by odding pulverized sucrose slowly while

the mixture wos constonily stirred. Portions of 10.5 ml of this mixtúre were ploced
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in eoch tube of 30 ml copocity upon which loyers or 35/o (ó ml) , 30o/o (ó ml),

25o/" (5 ml) sucrose ond finolly 50 mM Tris-HCl buffer (l ml) were ploced.

The grodient wos spun oi 70,000 x g for ìó h in o fixed-ongle rotor in on

Internoiïonol centrifuge ot 2oC. Storting from the top of the grodient, froctions

of 3.0 ml (F,), 5.5 ml (F2) , 6.0 ml (F3), 3.5 ml (F4), 4.5 ml (Fr) ond ó.0 ml

(Fu) were removed with o pipette. The pellet (Fr) wos suspended in o smqll

volume of 50 mM Tris-HCl buffer (pH7.4). The pooled froctions were diluted

four fold with the buffer ond centrifuged ot70,0O0xg forl h.The supernotont

wos decqnted ond the pellet wos woshed once more in the some monner. The

resulting pellets were suspended in 50 mM Trîs-HCl buffer (pH7"a) ond mode to
q suitqble fìnql volume. The froctions were divided into suifoble smoll portîons

qnd stored frozen ol'70o for chemicol onolysis. Enzyme ossqys were performed

os soon os possible.

3. Discussion

At the onset of the presentstudy, the originol method of Neville (39)

wqs used. This method involves o gentle homogenizofion of the tissue in o

hypotonîc bicorbonqte buffer (0.001 M, pH 7"5) rollowed by repeoted low-speed

centrÏfugofion of the homogenote to sediment plosmo membrqne olong with nuclei

ond cell debris. Plosmo membrones qre seporoted from other components of the

nucleor pellet by repeoted woshïng with the buffer ond finolly purified by grodient

centrÌfugotTon. However, this method did nof yield sotisfocfory results. The

difficulty wos encountered ot o step where o white fluffy loyer wos to be seporoted

from o relotively pinkish loyer by repeoted woshings. In rot SMSG pellets,these

loyers were indistinct ond thus o sotisfoctory seporotion wos rother difficult.

The isolotion of plosmo membrones from SMSG homogenqtes in isotonic

sucrose medium wos olso corried out in our loborotory but the plosmo membrones

were not os pure os those obtoined by the procedure of Bosmonn et ol. (43)

whÏch wqs used to isolote plosmo membrones used in oll the results reported in

this thesis. The degree of plorrno membrone purity wos bosed upon the specific
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oct¡v¡ty of 5'-nucleoiidose. An ottempf wos olso mode to reduce the time of
plosmo membrone preporofion by using o Ficollgrodient os suggested by McKeel
ond Jqnefr ên' however, these plosmo membrone preporotions exhibited o

5'-nucleotidose octivity lower thon thqt of plosmo membrones prepored with
sucrose grodienis.

The procedure of Bosmonn ei ol" (43) wos ihen tried. As in the method

of Neville, the tissue wos homogenized ín on hypoionic medium, however, the

medium contoined 20 mM Tris-HCl buffer (pH 7.0) ond ì0 mM EDTA insreod of
the I mM NoHCO, used by Neville. Moreover, unlike Neville's method¡vhere

plosmo membrones were obtoined from the pellet ofter low speed centrifugotion,
the isolotion of plosmo membrones wos corried out using the 4,000 x g supernotont.

In this woy the difficulties usuctlly encounfered in isoloting plosmo membrones

from nucleor contqminqnts were ovoîded"

Approxïmotely I 5 to 20o/o of the toiol proteìns opplied to the sucrose grodient
were recovered in fhe seven distinct froctions (tl - F7). The remoining proteins

were presumobly soluble qnd were distribufed in the interfociql spoces. The

yield of plosmo membrones in F,, F, ond F, wos obout 0.76 mg plosmo membrone

protein per g wet weight of fissue ond wos comporoble to the yield of plosmo

membrone reported for vqrious other tissues (44, 7l , 75, 140).

In this procedure, os in others, the noture of the homogenïzofion step

wos criticol to reproducible results. Ten to fifteen hond-driven strokes in o potter-

Elvehiem homogenizer (cleoronce 0.004 inch) were found to yield reproducible

plosmo membrone preporotions" Excessive ond vigorous homogenizotion led to
both poor yields of plosmo membrones ond somewhot higher levels of contominotion

wïth other subcellulor orgonelles.

In the present sfudy, the sucrose grodients were spun in o fixed-ongle

rotor insteod of o swing-out rotor becouse more tissue could be processed in o
single run ond ihus more plosmo membrone would be obtqined. No difficulty wos

encountered in recovering ihe vorious loyered froctïons with this procedure.
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Residuol sucrose in the finol froctions interfered with both enzymíc ond

chemicolonolysis ond, therefore, the finol pellefs were olwoys woshed routinely

with Tris buffer before suspending them in on oppropriqte volume of buffer.



B. CHARACTERISTICS OF PLASMA MEMBRANES

I . Introduction

The reloiÏve purity of plosmo membrone preporotions is commonly checked

by such criteriq os the relqtive specific octivities of morker enzymes, chemicol

composif ion ond the morphologicol oppeoronce. The octivity of no singte enzyme

con be used to identify o subcellulor froction, os mony enzymes oppeor to hove

o wïde disiribution within the cell. One enzyme, 5'-nucleotidose, however,

does oppeor to be roiher exclusively present !n plosmo membrone, ot leost of

liver cells (.l32, 133, .l35)" 
Some octivïty hos been reported in liver microsomes

('134) but it is conceivoble thot this represents the contominotion of microsomes

by plosmo membrqnes (.l32). 5'-nucleofidose octivíty is, therefore, most commonly

used os on indicofor of plosmo membrones (43 - 45, 132) during isolotion pro-

cedures. Other enzymes, whose specific octivïty oppeors to be highest in plosmo

membrones ond con be used os morker enzymes, ore odenyl cyclose (s2, 136,
+-L

l3f , (Nor - f"¡-AtRose (3, t38), (Ms#)-ATpose (41 , 44,45), p-nirrophenyl

phosphotose (135, 150), I -leucyl nophthylomîdose (3, ì35), phosphoridylinosirol-

kinose (139) ond glycosidose (132) .

Enzymes whÏch ore obsent from plosmo membrones ond hove been estoblished

os chorqcteristic of other subcellulor porticles, ore used to estimoie contqmïnotion

of plosmo membrqnes by such porticulotes. Plosmo membrones, either lock, or

demonstrote o very low level of octivity of goloctosyltronsferose (l4l) ond UDpose

(43), o chorocterïstic of golgï bodies; glucose ó-phosphotose (43, 4s, 73), esterose

(43, 142) ond NADH-cytochrome c reductose (145), microsomol enzymes;

succinote cytochrome c reductose (45, ì43), succinic dehydrogenose (57), mono-

omine oxidose (144), cytochrome c oxidose (73), mitochondriol enzymes; ocid

phosphoiose (73) ond ß-glucosidose (14ó), lysosomol enzymes ond NAD+-pyro-

phosphofose (ì óì ), enzyme chorocteristic of nuclei. Thus relotive contominotion

of plosmo membrone preporotions cen be esiimoted ond ihe proboble source

identif ied.

-¿¿-
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The chemicol composition of plosmo membrones qppeors to differ from

thot of the other subcellulor orgonelles in severol respects (68,76). Plosmq

membrones contoin sphingomyelin ond cholesferol in lorge omounts while the

former lipid is locking in smooth endoplosmïc reficulor membrones ond the lotier is

present in only smoll omounts (ó8, 76, 135). The obsence of S-lïpid from plosmo

membrones is olso considered os on indicotor of purity of the plosmo membrone preporotion

(71). The cytoplosmic membrones confoin o high proportion of unsqfuroted

fotty ocids (óB), whereos soturoted fotty ocids predominote in both eryihrocyfe

membrones (79) ond in liver plosmo membrones (78). Per unit weight of protein,

rot liver plosmo membrones contoÌn more siolic ocid ond hexosomine ihon do fhe

oiher subcellulor froctions derived from liver (3). Cytochrome c representing

mitochondrio ond cytochrom" P450 representïng endoplosmic retïculor membrones

ore not found in plosmo membrones (3). RNA is virtuolly obseni from plosmo

membrones while found ïn considerqble qmounts in microsomes ond nuclei (3).

A molor rqtio of cholesterol to phospholîpids neor one is considered chorocterÌsfic

of plosmo membrones whil{rotio lower or higher thqn one indicqtesthotplosmo

membrqnes qre ossocioted with other subcellulor sfructures (135). Nucleor

membrones cqn be differentîoted from plosmo membrqnes on ihe bqsis of low phos-

pholipid content, the presence of DNA qnd q RNA/DNA rotio of 0.1 - 0.2

(147, 161) .

Liver plosmo membrones con olso be distinguished from membrqnes of

ofher subcellulor orgonell", Uff.Îr" of electron microscopy. Plosmq membrones

disploy o triple loyer structure of B0 - 90 A"ïnwidthqnd ore osymmetric, the

inner leoflet being slightly thicker thqn the outer (3). In controst, the endoplosmic

reticulor mernbrones qre symmetricol, 40 -ó0 A" ïn width ond ore globulor in

oPpeoronce. Mitochondriql elementory porticles qre 90 - 100 Ao in width ond

form o repeoiing pottern of discrete sub-units which ore obsent from plosmo

membrqnes, ond thus con be eosily distinguished from plosmo membrqnes. In oddifion,

plosmo membrones possess some speciqlized oreos such os the tight iunctions ond

desmosomes which ore not iornd in other membrones (3).
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On negotive stoining, some plosmo membrqnes hove been shown to disploy

o hexogonolorroy of globulor knobs obout 50 - ó0 Ao; such o configuroiion is

restricted to oreos obout tight iunctions ond desmosomes" These globulor sub-

units do not oppeor os independent porticles extending from the surfoce qnd

budding of the membrone edge os in the endoplosmic reticulor membrones where

they ore independent sub-unïts forming the membrone itself (3). Nucleor

membrones viewed under similqr conditions show pits ond pores. It îs possible,

therefore, to distinguish membrones of different subcellulor origin on the bosis of

morphologicol evidence" It should be stressed, however, thot the obove

mentioned feotures ore noted only under oppropriote conditïons of fixing ond

stoining.

2. Methods Used For Chorocterizotion of Isoloted Solïvory Glond
Plosmo Membrones

Plosmq membrqnes were locolized by ossoyïng the vorious frqctions

obtoined during the isolqf ion procedure for ociivities of 5'-nucleof idose,

qtkolïne phosphotose, (No+ - r+¡-Rteos", (Mg+*)-ATPoru ond odenyl cyclose.

The contominqtion of plosmo membrones with endoplosmic reticulum ond miiochondrio

wos estïmqted by determining the qctivities of glucose ó-phosphotqse ond succïnote-

INT reductose respectively. In oddition these froctions were chqrocterized morpho-

logicolly with the oid of electron microscopy qnd on fhe bosis of their chemicol

compos ition .

o) Enzyme Assqys

(i) 5'-nucleotidose (E.C. 3. I .3.5.)

The octivity wos meosured by fhe method of Michellond Howthorne (l48).

The reoction mixture in o finol volume of 0.5 ml contoined 100 mM KCl, l0 mM

MgClr,50 mM Tris-HCl buffer (pH7.4),10 mM sodium potossium tortrote . 2 mM

AMP ond obout 50 trg of proteín. The reoction wos stqrted by odding AMP,

coniinued for l5 min ot 37oC ond stopped by the oddition of 0.5 ml ice-cold TCA

(12.5o/o f inol concentrotionj. The omount of Pi releosed during incubotion wos

estimoted by the methodof Fisk ond Subborow (.l49) odopted for use ãn q Technicon

outoqnolyser. Controls confoined oll ingredients except AMP.
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.++(¡¡) (No - K')-ATPose (E.C. 3.ó" I "3.) ond

(Mg )-ATPose (E.C. 3.ó..l.4.)

,r" r fy of ATpose wos essentiolly thot

described by Quigley ond Gofterer (l38). Totol ATPose octivity wos meosured

in the presence of 50 mM Tris-HCl buffer (pH7"4,120 mM NoCl, 20 mM KCl,
7.5 mM MsClr, 5 mM ATP (disodium solt) ond 25¡rg of tissue protein in o totol
volume of 0.5 ml. (totg*t)-ATPose (ouoboin-ínsensitive ATPqse ociivity) wos

defermined os for totol ATPose except ihot I mM ouoboïn wos present in the

medium. The reoctonts were equilibroted for 5 mîn øt 37oC before the initiotion
of reoction by fhe oddition of ATP" After .l5 

min of incubotion, the reocfion wqs

fermlnoted by the oddition of on equcrl volume of ïce-cold TCA (l2.So/o)" pi

wos esfimoted in the supernotonl's by o slightly modïfied procedure of Fisk ond

subborow (.l49) os described on ¡nge 27 . The ocriviry of (No+ - K+¡-ATpor"
wos obtoined by subtrocting the ouoboin-ïnsensïtive octivity from totol ATpose

octivìty. The omount of Pï releosed non-enzymieally under similor conditions

without tissue wos olwoys exomîned. The control somples were ideniicql to the

test somples except thot the tissue wos pre-kïlled wifh TCA.

(T¡i) Alkoliry phosphorose (E.C. 3.t.3.'t .)

The reoction mixture, contoining 50 mM glycine buffer (pH 10.5), 0.5
mM Mgclr, 5"5 mM p-nitrophenylphosphote (sodïum solr) ond opproximotely 50

¡rg of protein ïn o finol volume of 0.5 ml, wos incuboted for 30 min øt 37oC.

The reoction wos ierminoted by the oddition of S ml of 20 mM NooH. The

conhols were heoted exoctly in the some monner except thot the tissue wos

odded ofter stopping the reoction wïth NoOH. The test somples were reod ogoinst

their own controls ot405 nm in o 0.5 ml cuvette with o I cm light poth in o

Unicom SP-ó00 spectrophotometer. One millîunit of enzyme octivity represented

ihe lïberotion of I nmole of p-nitrophenol from p-nitrophenylphosphote. This

meihod wos similqr to thot descrïbed by Emmelot ond Bos (r50).
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(iv) Adenyl cyclosq

The octivity wos estimoted occording to the procedure of Krishno et ol.

(l5l)with the modificotion suggested by Bär ond Hechter (152). The reoction

míxture ín o finol volume of 0"2 ml contoined 2 mM ATP mixed with ( c-32p-

ATP), 20 mM KF,20 mM ominophyllíne, 5 mM MgClr,50 mM TES buffer

þH7.4, I mM cyclic 3',50-odenosine monophosphote ond 50 - 100 Fr9 of

protein. The incubqtion wos corried out in 2 ml gloss-toppered tesf tubes for

l5 min qt 37ne " Reoction wos terminofed by plocîng the test fubesinboiling

woter both for 2 min. The mixture wos cooled in on ïce both for 5 min then

centrifuged ot 2,000 rpm for l0 min" The supernotont wos opplied to o Dowex-
+

50-H' column (0.4 x 3.3 cm), then woshed wïth 3 ml of distilled woter which

wos collecfed in o centrifuge tube . Equol volumes (0.2 ml eoch) of 250 mM

Bo(OH)2 ond 250 mM ZnS04 were odded to the eluonf ond mixed well. The pH wos

odiusted to7.0 with either Bo(OH), or ZnSOOond centrifuged for l0 min qf 2,000

rPm. The supernotont wos withdrqwn oncj the treotment with Bo(OH)2 ond ZnSO,

repeoted twïce more. A 3 ml oliquot of cleor pooled supernotonts wos mixed wïih

17 nl of Broy's solutïon ond the rodiooctivïty meosured in o liquid scintillotion

counter (Nucleor Chicogo Inc. o Model Unïlux II )" Counts were corrected for

quench ond odiusted fo 100o/o efficïency. The recovery of cyclîc 3',5'-odenosine

monophosphote wos determíned spectrophotomefricolly by meosuring obsorption

ot 260 nm in o Unicqm SP-8OO specfrophotometer.

(o) Glucose ó-phosphotose (E.C. 3..l .3.9.)

The procedure used to estimote ihe octivity of this enzyme wos thot

described by de Duve ef ol. (.l43)" The octivity wos meosured ot 37oC in o

tofol volume of 0.5 ml conioining 40 mM glucose ó-phosphote,70 mM histidine

buffer (pH ó.5) contoining l0 mM EDTA ond qbout S yg of enzyme protein. The

reoction wos corried ouf for 20 min ond stopped by the oddition of on equol volume

of ice-cold TCA (12.5o/.). The omount of Pi liberoted wos meqsured monuolly

qs described on poge 28 (King's Method)"
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(vi) Succinqte-lNT reductose (E.C. I .3.99.1 .)

The ociïvity of this enzyme wos meqsured by the method described by

Pennington (153). The reoction mixfure, contoining 50 mM potossium phosphofe

buffer (pH 7"a), 50 mM sodium succïnote, 25 mM sucrose, 0.05% (w/v) INT

(p-iodophenyl tetrazolium sqlt), 50 ¡.rg of protein in o finol volume of 0.5 ml, wos

ìncuboied ol 37oC for l5 min in gloss-stoppered tubes. The reoction wos

initioted by the oddition of INT ond stopped by odding on equol volume of ìce-

cold TCA (10%). The resulting mixture wos shoken with 2 ml of ethyl ocetote to

extroct the formqzon complex, cleored by cenirifugotion for 5 min ot 2,000 rpm

ond the opiicol density ofuupper phose contoining formozon wqs meosured qt 490

nm in o Unicom Model SP-ó00 spectrophotometer" The ociivify wos expressed

os the chonge ïn O.D. units per mg proteïn per h.

b) Electron Microscopy

Tissue froctions were prefixed with 2.5o/o glutoroldehyde in q solution of

0.54"/o d-glucose (pH7.4 ond postfixed ìn lToosmicocïd. Sompleswere de-

hydroted with ethonol. Frqctions 2,3,4 were embedded in Vestopol Wwhile

frqction I wqs embedded in methocrylote. The sectÍons were cut ond viewed

with o Philips 300 electron microscope.

3. Chemicol Methods

o) Inorgonic Phosphote (Pï) Estimqtïon

(i) Automoted meosurement of inorgqnic phosphqte (Pi) with the
Technicon Autoonolyser Sysiem

This method is bosed upon the formotion of phosphomolybdic ocid from

ocidic ommonium molybdote ond Pi. Phosphomolybdote is then reduced with ANSA

(l -omino-2-nophthol-4-sulfonic ocid) to form o blue complex, essentiolly occording

to Fisk qnd Subborow (149) os described in Technicon Method File N-4b.

The TCA-precipitoted proteins were sedimented by centrifugotion ot 2,000

rpm in q clinicol cenhifuge for l0 to l5 min ond the cleor supernotonts onolysed
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for Pi with o Technicon Autoonolyser (Technicon Instrunents, Inc. New

York, U.S.A.).

(¡¡) Monuol meosurement of Pi

King's Method: Occosionolly, Pi onolysis wos corried oui monuolly

crccording to King's modificotion (154) of the Fisk ond Subborow procedure (149).

The cleor supernotonts from TCA-treoted tissue (0.7 ml) were diluted to ì.9 ml

wiih woter, mixed with 0.3 ml of ommonium molybdofe solution (5./. (w/v) in l5%
(v/v) H¡SOT ) ond 0.075 ml of ANSA (0.2o/o (w/v) mode in o soluiion contoining

12% (v/v) sodium bisulfite and 2.5o/" (w/v) sodium sulfite) " The opticol density

wos rneosured qfter 5 min ot ó80 nm in o 0.5 ml quortz cell hoving o 1 cm light

pofh with o Unicom SP-ó00 spectrophotometer"

Toussky qnd Shorr's Method: In experiments with colcium binding ond
++

(Nq' - K')-ATPose, this method wos used fo estimote pi os it ollowed the

efficienf meosurement of very smqll qmounts of Pi (155). According fo this

rnefhod, ferrous sulphofe (FeSO, .7H20) wos used os o reducing ogent insteod

of ANSA os in the Fisk ond Subborow method. Ammonium molybdofe solution

(l}"/o, w/v) wos mode in lo N H2s04. The color reogenr wos prepored fresh

on the doy of use os follows: Ammonium molybdote solution (.l0 ml) wos diluted

to qbout 70 ml with distilled woter lo whîch 5 g of ferrous sulphote wos odded.

The finol volume wos odiusted fo 100 ml qnd the solution wos kepf in o dor[<

bottle.

In colcium binding studies, on oliquot of protein free filtrote wos mqde

to 12"5o/o (v/v) with TCA. In (No+ - t<+¡-af Rose experiments, the supernotonts

of TCA (12.so/")-killed iissue were used directly.

To on oliquot of 0.4 ml contoining obout 5 - 10 ¡rg of pi, 0.2 ml of the

color reogent wos odded, mixed 
""0 In: 

reoction wos ollowed to proceed for 5min ot

room temperoture" The obsorbonce olblue color wos fhen meosured ogoinst o

blonk ot ó00 nm on o Unicom spectrophotometer. Stqndqrds contoining

KH2PO4 were qnolysed simultoneously ond used for quontitotion of pi.
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b) Protein Esfimotion

Proteins were esfimoted by the colorimetric method of Lowry et ql. (.l5ó).

The color reoction involves the formotion of o protein-Cr** complex followed

by reduction of phosphomolybdic-phosphotungsfic reogent by the copper-freoted

protein under qlkoline condítions. The frqctions were diluted with 50 mM

Tris-HCl buffer (pH 7.a) such fhqt 100 Fl of eoch frocfïon contqined obouf 20 -
30 ¡rg of protein. They were then solubilized in I N NqoH. Somples were

diluted to 0.5 N for onolysis.

Copper-corbonote solution wos prepored fresh os follows: equol volumes

(50 ml) of sodium fqrtrofe (2To, w/v) ond copper sulphofe (lo/o, w/v); ond 2.5

ml of I N NoOH were mixed. To I ml of the resulting solution, 50 ml of sodium

corbonote (2V", w/v) wos qdded ond mixed thoroughly.

One ml of copper-corbonqfe solufion wos qdded to eoch somple, mixed

qnd qllowed to stond for ot leost l0 min qt room temperoture. 100 ¡rl of I N

Folin-phenol reogent wqs then odded, mixed qnd the color ollowed to develop for

30 min of room temperofure. The obsorbonce wos meosured ol 750 nm in o 0.5
ml quorfz cell hoving q I cm light poth with q Unicom-SP ó00 spectrophotomefer.

Tris buffer hos been shown to inferfere with the color reqction ond the

error due to fhis buffer in the test somples wos corrected by oaAin!,þqrol volume

of this buffer to stqndord somples. A series of protein stondords contoining bovine

serum olbumin (Froction V) were olwoys included in every onolysis.

c) N-qcetylneurominic Acid (NANA) Meosuremenf

NANA wos estimoted by the method described by Worren 05n. The

mefhod involves qf firsf fhe liberotion of NANA from tissue protein by ocid

hydrolysis ond then oxidofion of NANA by periodote in 3 M phosphoric ocid Ìo

form o chromogen which reocts with 2-th¡obqrbituric ocid to yield o colored

compound. This chromophore is then extrqcted into cyclohexonone qnd the

opticol densify is meqsured ol 549 qnd 532 nm. The infensity of color is o lineor

function of NANA between l0 qnd ó0 nmoles.
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(i) Tissue hydrolysìs fo liberote NANA

A 0"1 ml oliquot of somple wos ploced in o 12 ml gloss-sioppered tube

ond 0.1 ml of 0.2 N H2So4 wos odded. The tubes were heoted ot 80oC for

2.5h in outoreguloted heoting blocks. Hydrolysis for ihis length of time

wqs shown to be necessory for the optimum liberotion of NAl.lA from sioloprofeïns

of rot SMSG (158). At the end of hydrolysis, the iest iubes were cooled ond

centrifuged for 2min ino clinicqlcenhifuge. A blonk contoining 0.2 ml of dis-

tilled woter only ond o set of somples contoining known omounfs of NANA

in 0.2 ml of 0..l N H2S04 were prepored ond treoted sÌmilorly os fest somples"

(ïi) Estimotion of NANA

To eoch somple, 0.1 ml of 0.2 M sodium metoperiodqte in 9 M H3po4

wos odded ond mixed thoroughly. After exocfly 20 min, I ml of 10./" (w/v)

sodium orsenîte solution in 0.5 M sodium sulphote ond 0..l N H2S04 wos odded

to eoch tube ond mixed until the yellow color disoppeored" Finolly, 3 ml oî 0.6o/o

(w/v) 2-thioborbituric ocid in 0.5 M sodium sulphote wos qdded to eoch iube

with thorough mixing. The somples were then heoied in boiling woter for l5 min

when they were removed ond immersed in cold wofer for 5 min. The color wos

extrocted ïnto 4.3 ml of cyclohexonone ond seporoted by cenhifugotion for l0 min

ïn o clinïcol centrifuge. The obsorbonce of color wos meosured ol 149 nm ond

qf 532 nm. To minimize the vorioiion due to setting of wovelength ofter every

somple, oll somples were first reod ol 549 nm ond fhen qt 532 nm. Siolic ocid

content wos colculoted by using the followíng expression (15n.

¡rmoles NANA = 0.090 x O. D . 
54gnm 

- 0.033 * O" 0.532n,

d) LipÏd Anolysis

(i) Extroction of lipids

The method of 
.Bligh 

ond Dyer (.l59) wos used to exhoct ond purify lipîds.

The iissue is treoted with q mixture of chloroform ond methonol which breoks

mosf of the linkoges between ihe lipids ond proteins. The resulting crude lipid

exhocf contoins opprecioble omounts of woter-soluble contominonts such os in-
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orgonic solts, profeins, omino ocids, gongliosides, etc" These ore removed by o

further oddition of chloroform ond wqfer to give o biphosic system. The upper

methonol-woter phose contoining most of the coniominonts is removed from the

lower lipid-contoining phose .

Generqllyo 
I tLliquot 

of oqueous tissue suspension wos treoted w¡th 3.75
i

ml of o mixture of chloroform-methqnol (1:2, v/v). After thorough mixing the

tubes were centrifuged io sediment non-lipid moteriol mostly contoining de-

nqtured proteins" The supernote wos deconted into groduoted centrifuge tubes

to which 1.25 ml eoch of chloroform ondwqter wos odded, mixing fhoroughly

ofter eoch oddition. The tubes were then centrifuged in o clinicql centrifuge for

l0 min to obtoin two seporote phoses. The upper phose contoining wqter-soluble

contominonts wos removed ond discqrded in mosf instonces. The lower phose

contoining most of the lipids wos reduced to dryness ot 37oC under o streom of

nitrogen. The residue wqs redissolved in o mixture contoining chloroform ond

mefhonol (2;1, v/v) to on oppropriote volume. Aliquots of this lipid extroci

were used for the onolysis of totol Iipid phosphorus totql cholesterol ond for the

seporotion of lipids by thìn-loyer chromotogrophy.

(ii) Totol lipid phosphorus

A portion of the lipid extroct wqs ploced in o thick wolled tube (2 x

20 mm) ond evoporoted lo complete dryness qt room temperoture. Perchlorïc ocid

(60"/o), 0.7 nl, ond o gloss beod to prevent obrupt boiling wos odded to eoch iube

ond the somples were refluxed for 20 min to liberqte inorgonïc phosphote. After

cooling, 3 ml distilled woter wos odded in two portions such thot the moteriol

olong the wolls of the tubes wos woshed down, followed by 2 nl of 1.25o/o (w/v)

ommonium molybdote solution. After thorough mixing, 4 ml of .l00 
fold diluted

solution of ANSA (0.064"/" (w/v) mode in l57o sodium bisulfite) wos odded. The

mixture wos mixed thoroughly ond let stqnd f or 45 to ó0 min ot room femperoiure

when the intensity of color wos meqsured with o Unicom SP-ó00 spechophotometer

ot ó80 nm. Stondords, contoining KH2PO4, were processed for ihe quontitof ion

of phosphote.
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(i¡¡) Totol cholesterol estimotion

The method used to estimote cholesterol wos thot described by Momose

"tg!. (ló0). It involves preliminory dehydroiion of chotesterol to form2,4-
cholestodiene which then polymerizes to form q dimer or trimer. This is

followed by oxidotion in on qcid which is coupled with the reducfion of iron

to ferrous stote which produced o color mqxïmqlly obsorbed oi 450 nm. The

reduction of iron to ferrous stote is directly proportionol to the qmount of cholesferol.

The color reogenf wos prepored by dïssolving 4 g of ferric chloride
(FeClr.7H2C.) in 150 ml of 85% phosphoric ocid under o fume hood. Afier
dissolution, 50 ml of 70% perchloric ocïd wos odded slowly with continuol

stirring. The resulting solution wos stored in o dork bottle ot 2 - 4oC.

A portion of lipid extroct wos evoporoted to dryness ond the residue

dissolved in 2 ml of glociol ocetic qcid. One ml of color reogent wos odded ond

mixed well by inversíon. The tubes were stoppered qnd heoied ot T00"C for 20

min. They were then removed qnd cooled in o cold wqter both. The qbsorbonce

of color wos meqsured qt 450 nm ogoînst o reogenf blonk" Somples contoining

known omounts of cholesterol were treqted similorly.

(¡u) Seporotion of lipids by rhin-lqyer chromqrogrophy

gloss plote wos thoroughly cleoned wïth petroleum ether prior to use. A sO%

(w/v) slurry of silicq gel G (E. Merck AG, Dormstodr, Germony) in distilled

woter wos prepored by thorough mixing qnd o uniform loyer,0.5 mm fhick, wos

opplied fo the TLC plofe by meons of on opplîcotor (Model 200-ll, Reseorch

Speciolities Co., U.S.A.). The plotes were qllowed io dry ot room temperofure

overnight, octivoted for 45 min ot I lOoC on fhe doy of use ond cooled in q

desiccofor. Seven to nine norrow chonnels were drown so os to give ó - B, 2.5 cm

lones of sllico ge I .

SePqrotion of lipids: A suitoble oliquot of lipid extrqct wos reduced to

dryness ot 37oC under o streqm of nitrogen. The residue wos dissolved in o smoll

volume of o mixture of chtoroform ond methqnol (2:l , v/v) ond quontiiotively

rotion of Thin-loyer Chromotogrophic (TLC) plqres: A 20 x 20 cm
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tronsferred to o centrqlly locoted poïnt 3 cm from the bottom edge of o-thin-loyer

chromotogrophic plote. After the spots were dry, the TLC plote wos ploced in

o closed chomber contoinïng sufficient chloroform : methonol : wqter (14 :6 z 1,

v/v) to cover 2 cm on the bottom of the plote. When the solvent front wos opproximotely

2 cm from the top, the TLC plote wos removed ond ollowed to stqnd ot room

femperoture for 3 - 4 h. The individuol lipids were visuolized by exposing the

TLC plote to iodine vopors. A permonent record wqs mode by trocing freshly-

exposed plotes. The lipids were identified on the bosis of R, volues of known

lipids which were run simulfoneously. The iodine color wos ollowed to fode

qwoy overnight. The silico gel contoïning individuol lipids wos scroped ïnto

thick-wqlled tubes ond dïgested for 20 min with qn oppropriote volume of 60%

HCI04 to lïberote Pi. The silico gel wqs removed by centrifugotion prior to

nneosuríng the opticol density of the color developed by the procedure described

in Sectïon II, poge 3l .

Cholesterol, both free qnd esterified, wqs extrocted from silico gel

wÌfh glociql qcetic ocid. The silico gelwqs sedimented by centrifugotion

qnd on oliquot of the cleor supernofqnt wos onolysed for cholesterol occording

to the procedure described in Secfion II, poge 32.

(o) Fotty ocid onqlysîs by gos-liquid chromqrogrqphy

Preporotion of Fofty Acid Mefhyl Esters: Fotty ocid esters were prepored

from whole lipid extrocts by o direct trqnsesterificofion reoction in mefhqnolic-

¡-l2SO4. In fhe cqse of TLC-seporoted lipids, the silico gel contoining o lipid

wos tronsferred direcfly to cenhifuge tubes without prior extrocfion os this wos

found to produce o much higher yield thon otfempfing to elute the Iipid from the

ge l.

The qmount of methonolic-HTSOO odded to lipid conioined in groduoted

centrifuge tubes wos dependent upon the quontity of lipid present. Usuqlly, I - 2

ml were odequote. The somples were heoted of 70oC for 3 h or overnight qt 37oC.

One to fwo ml of woter wqs odded to eoch tube ond then fhe meihyl esters were
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extrocted with three 1 ml portïons of petroleum ether. The combined extrocts

were woshed with woter, dried over NorSO, ond reduced to dryness ot 30oC

under o streom of nitrogen 
"

redissolved in 50 - 100 ¡rl or 2,2, -trimethylpentone. An oliquoi of I - S ¡rl

depending upon the methyl esters content, wos iniected ïnto q column (Stoinless

steel, 5 feet x1/B inch) pocked wirh 3% sE-3q 100 - 200 mesh on Gos

Chrom Q, contoined in Pye "series l04" gos chromotogroph Model 64 (w.G.
Pye & co., Ltd., combridge, Englond). Nitrogen flowing qt o rqte or 40 ml/
min wos used os o corrier gos. Stondord somples contoining known methyl esters

were chromotogrophed similorly qnd o colibrotion curve from known methyl

esters wos constructed. Methyl esters contoíned in unknown somples were

identified on fhe bosis of their retenfion tïme os compored with the retention

time of known stondords. The oreq under eoch chromotogrophic peok wos colculoted

by holf height onolysïs, e.g. 1/2 x height x bose qnd the mole percenf com-

position co lcu lqied 
"

(u¡) Amino ocid qnolysís

l-lydrolysis of Proteins: The somple confoining obouf l0 - 20 pg of proteín

wos hydrolysed in ó N Hcl ror 21 h ot l2loC in on evqcuoted seqled tube.

SePorotion of Amino Acids: The hydrolysote wos opplied onto o column

pocked with Chromqbeods (typu C) ond seporoted into lndividuol qmino ocids on

the Technicon TSM-l omino qcid onqlyzer (Technicon Instrumenfs, Inc.). Amino

ocid peoks resulting from qn unknown somple were identified by comporing them

with those of known omino ocïds. The oreo under eoch omino ocid peok wos

determined by holf-height onolysis e.9., 1/2 x bqse x height qnd the omount of
qmino ocid present wos colculoted by using the following expressíon:

Areo of on unknown omino ocid
¡.rmoles of

unknown qmino
ocid

x ¡.rmoles of
stqndord omino

ocid
Areq of o stondqrd qmino qcid
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An ïnternol stqndord contoining norleucine wos crlwoys onolysed with eoch run

of unknown somple ond the omount of eoch omino ocid wos corrected to 
.l00%

recovery.



C. RESULTS AND DISCUSSION

I . Enzymic Studies

The qctivíty of 5'-nucleotidose, o plosmo membrone morker enzyme, in

F1, F2ond F, of opproximote densities J.0.l, l.l0 ond l.'14 respectively, wos

rnuch higher thon the octivity in other frqctions of higher density (F4- F7)

collected simultqneously (Toble 1). The octivities of other plosmo mortr<er enzymes

such os (No+- K+¡-ATPor", (Mg#)-ATpose ond olkqline phosphotose wos olso

hïgh Ïn t1, F2ond F, olthough fhe qctivity of olkoline phosphotose ond (tutg#)-
ATPose in F., wos not distinct from Fr. similorly, (No* - r+¡-ateose octivity
in F, wos not different from F, ond F, (Toble l)"

Electron microscopic exominoiion of F1, F2, F, ond Fo reveoled thot Fr,

F, ond F, hod the chorocferistic qppeoronce of o plosmo membrone froction while

F, oppeored to be more like smooth endoplosmic membrones (Figures 2 a, b, c, d).

Since o molqr rqtio of cholesterol to phospholipid oroundunîty is considered

os on indicotor of plosmo membrqnes (135), the molqr rqtios in F' F2 ond F,

of Ï.15, 0.94,0.92 (Toble III) lend support to these frocfions being composed

predomínontly of plosmo membrones.

The octivities of vorious enzymes in rqf SMSG plosmo membrones (Fr) were

compored with those in plosmo membrqnes of other tissues (Toble II). The specific

octivity of 5'-nucleofidose in F' F, ond F, showed on increose of obout 25 - 40

fold over the whole homogenote. The qctivity of the finol preporotíon wos similqr

to the reporfed octivities for most liver plosmo membrone preporotions (4.l , 44, 6g,

70,78) excepr rhose reported by Henning et ql. (23) ond Roy er ol. (Zl). Recenrly,

Meldosi et ql. (140) ond Zenigrof ('lól) hove reporred q very low ocrivity of

thïs enzyme in poncreqtic ond red blood cell plosmo membrqne respecfively,

suggesting thof the uncriticol use of this enzyme crs o unique plosmo membrone morker

is not worronted.

The specific ocriviiy of (No+ - r+¡-Atrore, (Mg#)-ATpose ond olkqline
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Figure 2. Electron mïcrogrophs of isoloted froctions from the solivory glonds.
o) F1 x 53,352; b) Frx65,208; c) t"x32,ó04; ond d)
F¡x'53,352. The tissúê wos fixed ond sioined os described under
Methods. Fl, F2 ond F3 contoined plosmo membrone vesicles
ond showed little confominotion with other subcellulqr porticulotes.
F¿ wos predomïnotely composed of smooth endoplosmic ref îculqr
tubules "
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phosphotose in plosmo membrone froctions showed on increose or 2.s - g,

2 - l0 ond I - 12 fold respectively over the whole homogenote (Toble I).++(No - K )-ATPose specific octivity wos similor to thot reported for plosmo

membrones derived from other tissue (Toble II)" However, ihe octivity of (Mg#)-
ATPose in rot SMSG plosmo membrones wos higher thon those volues reported for

liver plosmo membrones (41, 44, 45) except os reported by Fleischer ond Fleischer

(132) for bovine liver plosmo membrones. The exceptíonolly high octivity of (tr,tg#)-

ATPose in SMSG plosmo membrones could be o chorocteristïc of this iissue or could be

due to the foct thot ossoys were olwoys done with fresh plosmo membrone

preporotions. It hos been demonstroted thot on storoge, the octivity of (Mg#)-
ATPose in mony tissue preporotions decreoses consïderobly (162, 2ll7)"

There were some differences omong levels of some enzyme specific

octïvitìes in Fy F, ond Fr. While 5'-nucleotidose, (tutg*)-ATpose ond olkoline

phosphotose expressed their highesf octÌvïties in F2, (No* - K+¡-ATpore octivity
rvos highest in F., (Toble I). There were olso dîfferences in the octivity of ocyl-
tronsferoses (Toble )Q ond hydroloses (Figure 5) omong ihese frqctions (to be

discussed loter in Section III). These differences, olong with the differences in

iheir chemicol composition (Toble III), could suggest thof plosmo membrones in

these froctbns were probobly derived from differenf regions of cetl surfoce or

could hove resulted from the isolotion procedure where frogmentot'pn of

plosmo membrones into vorioble size porticles might hove occurred.

Controry to the eorlier reports with liver plosmo membrones where odenyl

cyclose wos shown to be olmost exclusively bound to plosmo membrones (136, ßn,
the odenyl cyclose octivify wos lower in plosmo membrone frqctions of rot SMSG

fhon in other isoloted porticuloter (F+ Fr) (Toble I)" These findings indicore

thoi odenyl cyclose olthough present in plosmo membrqnes of rot SMSG, expressed

its highesi specific octivify in other membronous frociions. Schromm ond Noïm

(ló3) hove recently reported the subcellulor distribution of odenyl cyclose ïn the

rot porotid glonds. They found 52o/o of totol octivity in the 200 x g pellet which

they presumed io contoin cell membrones, ond fhe remoining octivity wos moinly
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found in the microsomol froction olthough o little octivity wos olso presenf in

other porticulotes which might contoin golgi membrqnes ond rough endoplosmic

reficulum. Adenyl cyclose octivity of their preporofion wos higher thon thqt

found in the present preporotion (F' Fr). McKeel ond Jorreft þn olso reporfed

the octivity of odenyl cyclose both in fhe microsomes ond plosmo membrones of

odipose tissue; plosmo membrones exhibiting ihe highesf octivity. The octivify

of theÍr preporotion wos lower thqn thot noted in ihe present study.

Since odenyl cyclose octivify wos meqsured in the presence of 20 mM

KF in the presenf study, the results were therefore compored with the octivity

found by others under similor conditions. Since KF hos been shown to octivote

odenyl cyclose in mony differenf tissues (178), some of the differences in odenyl

cyclose octivity omong the isoloted porficulotes nofed obove might be exploined

on the bosis of vorioUe degree of qctivqtion of this enzyme by KF.

The contominotion of plosmo membrones with mitochondrio wqs estimoted

by onotyzíng these froctions for the octivity of succinofe-lNT reductose. ,A

moiority of succinote-lNT reductose octivify wqs found in the 4000 x g pellet,

indicoting fhot the supernotont wos qlmost f¡'ee of mitochondrio (unreported obser-

vofions). Plosmo membrone froctions (Fl, F2ond F3) disployed neglÎgible

ocfivity (Toble I). The obsence of mitochondrio wqs olso confirmed by electron

microscopy (Figures 2o, b, c). F4, t5, FU ond Frshowed increosing order of

fhe succinqte-lNT reductose octivïty (Toble I ). These results show thot froctions

(F4- F7) contoined some mitochondrio-

Gluscose ó-phosphofose octivity hos been consîdered representofive of

smooth endoplosmic reticulor membrones (43, 45, 73). A low octivity of this

enzyme wos nofed in the plosmo membrone froctions (Toble I). Simîlor low

specific octivity of this enzyme hos been reported in plosmo membrqnes prepored

from different tíssue sources ond by different techniques (Toble II). It is becoming

opporent fhot the presence of some glucose ó-phosphotose

octivity is on innote properfy of mony plosmo membrones ond moy indicofe either
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fhqt some glucose ó-phosphotose is octuolly port of the plosmo membrqne or

thqt qn irreducible omount of endoplosmic retículum (perhops fhrough plosmo

membrone-endoplosmic reficulum uniis) is present. Some evidence in support of

such o víew stems from the findings thot the propertìes of plosmo membrones ond

microsomol glucose ó-phosphotose were different in liver (41 , 164). It hos olso

been orgued thot if glucose ó-phosphotose octïvity in plosmo membrones truly

represented the microsomol contominotion,then the other microsomol morker enzyme

such qs inorgonic pyrophosphotose should showo simllor degree of confrominotion.

However, this hqs nof been found (1ó4).

2, Chemícql Composition of Plosmq Membrones

Plosmo membrones were enriched in totol phospholipids, cholesterol qnd

siolic qcids by obout 10, 12 ond 2 fold respectively over the whole homogenofe

(Toble III). Simílor observotions with respect to fhe levels of cholesterol (71 ,73),
phospholÏpids (43) ond NANA (43) ín plosmo membrqnes hqve been mode by orhers.

Phosphotidy lcho I ine, phosphotïdylethonolqmine, sphingomye I in ond

phosphotidylinosifide ond phosphotídylserine occounted for 49, 24, 18 ond 5%

respectively of totol phospholipids in the whole homogenote (Toble IV). In plosmo

membrones, these phosphoiides constituted qbout 30, 29,25 ond 17"/o respecfively

of the totol phospholipids (Toble IV). These resulfs show o decreose in the levet

of phosphotidylcholine ond on increose in ihe levels of phosphotidylethonolomine,

sphingomyelïn, phosphofidylinositide ond phosphotidylserine in plosmo membrqnes

in comporison to the whole homogenofe. Similor chonges in the phospholipid

composïtion of poncreofic plosmo membrone over the whole homogenote hove been

reported by Meldosi et ol . (76). The enrichment of plosmo membrones with sphingo-

myelin hos olso been well documenred (3, 7l - 73, 76).

A comporison of phospholipid composition of plosmo membrones isoloted

from different tissues by different techniques is given in Toble V. It is evident

thot in most plosmo membrone preporotions, phosphotidylcholine, phosphofidyl-
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TABLE IV

Percent Distributïon of Phospholipid in Froctions

Isolqted from SolivorY Glonds

Phospholipids

Pc sph. PI+PSPE

Whole
Homogenote

Ft

t2

F3

t4

Fs

Fo

tl

23.5 ! 1 "7

29.7 !4.0

28.6 t 1 .7

24"2!1"0

u.5t2.4

26.3 + 2.9

3ó.1 t 8.0

26.0 t 1 .4

48"B L3.7

33.2 + 4 "1

29 "8 !3.5

29 .7 ! 2.8

3r "2 ! 4.7

47 .B + 6.0

39.8 t 10.1

51 .2 + 3.4

17 .5 ! 2.2

il.3 1 3.ó

23.8 t I .3

27.8 !3.9

23.3 t I .3

14.3 ! 3.2

13.8 t 5.5

t4.8 + l.ó

4.5 !0.2

20.9 !3"7

16.6 + 3.6

14.3 ! 4.6

e.3 !4.2

4.2 !0.8

ó.4 t 3.1

8.0+1.8

The figures represent the distributïon of lipid phosphorus within o given frqction

ond con be directly interpreted in the horizontoldirectïononly'An estimotion of

the relqtive ororít, of pirospholipid between froctions cqn be obtoined using

Toble IIl. A smoll percent åf uniduntified phospholipid is not reported in ihis

toble "

Abbreviotions: PE = phosphotidylethqnolomines; PC, phosphotidylcholines; Sph"

,phingo'ye]ins;Pl,phosphoinosifideondPS,phosphotidylserines
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TABLE V

Comporison of Lipid Composition of Plosmo Membrones
Isoloted from Different Tissues

Phospholipids

Source PEPC SPH. PS+PI Reference

Liver

Liver

Liver

Liver

Liver

Poncreos

Bro in

Ste llqr Nerves

L-Cells

SMSG*

26.0**

34.8

r 9.3

40.0

4.l "0

24.5

33.9

4s.9

30.ó

29 "B

r 8.0

22.4

t 0.3

20.0
.lr.0

34.4

28 "2

u.4
ï1.3

28.6

8.8

20.5

9.8

18.0

33.0

19.2

3.0

10. t

23.1

23.8

5.0

17.4

troces

13.0

12.0

4.7

il.8
t 0.4

9.8

16.6

4
73

71

70

72

140

74

75

77
Present
Findings

*Submqndibulor so I ivory glonds

**o/o of totol phosphoiides

Abbreviqtions os exploined ín Toble IV.
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ethonolomine, sphingomyelin ond phosphotidylserine ond phosphotÌdylinositide

ore found in the decreosing order of concentrotions respectively. However,

ïn poncreofic plosmo membrones (7ó), phosphotidylethonolomine formed o lorger

percenfoge of totol phospholipids thon phosphotidylcholine. In SMSG plosmo

membrones, phosphotidylinositid"on$horphotidylserine were morkedly increosed

(Toble IV) over the whole homogenote. Roy et ol. (71) olso noted on increose in

phosphotidylserine in liver plosmo membrqnes over fhe whole homogenote,but

Meldosi etql. (7ó) d¡d noifind ony chonge in phosphofidylserine ond phosphotidyl-

ïnositide in poncreotic plosmo membrones compored to the rough endoplosmic

membrqnes. These differences in the phospholipid compositíon of SMSG plosmo

membrones from plosmo membrones isoloted from other tissues could not be due

fo vorioble recoverïes of phospholipids from the TLC plotes becouse fhe recovery

of lipid phosphorus wos olwoys close to 100%.

In poncreotic plosmo membrones, Meldosi et ol. (7ó) noted o high content

of free fotty ocids ond of lysolecithin (7 - 10o/o of fotol lipids) ond they demonstroted

thoto during fhe isoloiion ond homogenizofion procedures, the structurol phospho-

lipids were broken down by liposes ond phospholiposes to produce high levels of

free fotty ocids os well os lyso-lecithïn. Roy et ol. (71) olso noted o lorge per-

centoge of free foity ocids in liver plosmo membrones. The use of inhibitors of

hydroloses in fhe homogenizing medium did not reduce free foity qcíd level" In

fhe present study, free fotty ocids, cholesterol esters ond lysoleciihin oppeored

to constitute o very smoll percentoge of tofol lipids os ihey could not be found

with the techniques used in this study. The presence of lysolipids in SMSG plosmo

membrones wos only suggesfed by the incorporotion studies. The formotion of

phosphotîdylethonolomine ond phosphoiïdylcholine from odded (l-ìaC)-polmitoyl

CoA wos increosed severol fold by the qddition of lysophosphotidylethonolomine

ond lysophosphotidylcholine respectively suggesfing thot lysolipids were probobly

fhe endogenous occeptors. EDTA hos been shown to inhibit phospholiposes (lóf
ond the breakdown of strucfurol phospholipids in the present study would be

minimol os EDTA wos present in the homogenizqtion medium. This wqs not the

cose in either of the obove mentioned invesfigotions.
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The overoll fotty ocïd composïtion of the moior lipids of whole homogenote

ond plosmo membrone wos not greotly different (Toble VI). The fotty ocid profile

of the rot SMSG plosmo membrone lipids wos found to be very similor to those

published for rot liver plosmo membrones (70,73) ond somewhot similor to broin

synoptosomes (74). In rot SMSG plosmo membrones, both sieqric ocid (lB:0) ond

oleïc ocid (ìB:l) contributed olmost equolly ond formed obout 38o/o of toiol fotty

ocïds in phosphotïdylcholine qnd obout 54o/o in phosphofidylethonolomine. In

liver plosmo membrqnes (70), olthough the iotol contribution by these fotty ocids

wos comporoble to thqt found in SMSG plosmo membrones, steoric ocid wos

predomÍnent over oleic ocid ïn both phosphoiídylcholine (30% steoric ocid versus

l0% oleic ocid) ond phosphotidylethonolomine (32o/o steoric qcid versus 77o

oleic ocid).

Sphingomyelin ïn plosmo membrqnes contoined less polmitic ocid (ló:0)

ond oleÏc ocid (18:l) thon thof in the whole homogenote whíle steoric ocïd (.l8:0)

ond fotty qcìds longer ihon 20 corbon otoms of sphingomyelin in plosmo membrones

were higher thqn thqt in whole homogenote (Toble VI). Other fotty ocids of

sphingomyelin were similqr in both the plosmo membrqnes ond the whole homogenotes.

The fotty ocid composition of phosphotidylcholine wos not much different

in plosmo membrones ond the whole homogenote (Toble VI). Polmitic ocid in

phosphotidylethonolomÍne wqs less thon thot in whole homogenote while steqric

ocid wos more in plosmo membrones.

The relotive contribution of some fotty ocids of plosmo rnembrqne trÍglycerides

ond whole homogenote wos dífferent. The level of polmitic ocid, oleic ocid in TG

of plosmc membrones wqs consïderobly lower thon thqt in the whole homogenoie

while fotty ocids with hydrocorbon choins longer thon 20 corbon otoms were

slightly less in plosmo membrones thqn thot in the whole homogenote. On ihe other

hond, polmiioleic qcid (ìó:l)ond linolenic qcid (18:2) ond orochidonïc ocid (20:4)

in TG of plosmo membrqnes were morkedly higher thon fhot in whole homogenote"

Other foity ocids were similor.

In plosmo membrones, sphingomyelin contoined very high levels of long
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choin fotty ocids, o trend which wos opporent Ìn most of the other plosmo

membrone preporotions (70, 75, m. Triglycerides, on the other hond, contoined

the highest proportion of very short choin foity ocids.

Polyocrylomide gel electrophoresis showed some differences in fhe bonding

pofterns of F.,, F, ond Fr. However, the omino ocid composïtion of these

froctions wos not morkedly different from one onother nor from the omino qcid

composition of the whole homogenofe (Toble VII). Acïdic, bosic ond hydrophobic

omino ocids formed 20 - 24"/", 22 - 27o/o ond 26 - 29o/o of totol omino ocids

respectively. Cysteine (2o/o), serine ond threonine (7 'llVo) were olso present.

Glycine, olonine ond proline together omounted to l6o/o of totol qmino ocids.

The omïno ocid composition of rot SMSG plosmo membrqnes wos similor to thot

reporied for plosmo membrones isolofed from liver (69,73, ló5), red blood cells

(1óó) ond HeLo cells (43).

These doto demonstrote the similorify in enzymic qnd chemicol composïtion

of SMSG plosmo membrones ond plosmo membrones of other tissues isoloted by

different techniques. Furthermore, fhe doio provide bqsic informqtion for future

investigotions where one might study the chonges in the enzymic ond chemicol

composition of plosmo membrqnes isolqted from solivory glonds of onimols which

hove been iniected with q drug promoting secretion. By ihis opprooch, ¡t mighf

be possible fo relqte fhe observed chonges, if there ore ony, fo the process of

secretion.

A bîmodol distributïon of odenyl cyclose ond glucose ó-phosphotose

ocfivities suggests thot plosmq membrones might be continuous with the endo-

plosmic reticulum qt certqin regions of cèll surfoce, o view consistent with mony

others (41) .
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rABLE VII

Comporison of Amïno Acid Composif ion of hoteins
Isoloted from Solivory Glond

Tissue heporotion

Amino Acid Whole tr
homogenote ' I Fz Fg Fr

Bosic

Lysine
Histidine
Arginine

Acidic

fuportic
Glutomic

r 0.4
4.2
5.5

ãT

11 "7
r 5.'l
ñ

7.0
4.9
9.5
1.4
4.0

T6
ï"ó

2.9
4"1

il.9

5.0

8.7
4.7
7.2

T-¡

T0.5
t 3.5
ñ

6.9
4.7

t0.1
0.8
5.0m
1"4

4.9
4.0

8.2
7.4
1.9

7.8
4.0
7.2

im

6.4
5.1

r0.4
0.9
5.0m
1.2

4.7
4.7

7.9
7.6
3.0

9.1
5.8
7.7m

il.0
r0.5
ñ

7.4
4.7
il..|
2.1
0.5

ñ
3.9

5.9
5.4

7.8
7.7
tr.

8.5
2.1
6.2

iã3

10.5
12.5
ãõ

5.5
5.3

11 .4
1.7
4.8

NJ
1.7

3.7
4.0

B.t
7.4
4.5

10.7
12.9
ñ

Vqline
Isoleucine
Leucine
Tyrosine
Pheny lo lon ine

Cysteine (1/2)

Serine
Threonine

Glycine
Alqnine
Proline

Results ore expiessed qs moles o/o. Tryptophone ond mefhionine were not
estimoted. See Toble I for totol protein levels in eoch frqction.
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A. LIPIDS

I . Introduction

The eorly work of Hokin ond his colteogues (97, 128) with solivory glond
slices, ond the perfusïon studies of Burford ond Huggins (26) with poncreqs hqve

indicqted thof phosphoinositide5 ond phosphotidic ocid undergo metobotic otterotions
during the process of exocrïne secrefíon. The exoct subcellulor síte(s) of such

ocfivíty hos not been firmly estoblished. Von Deenen hos emphosized the importonce
of fotty ocid typesforthe integrify, os weil qs the function,for biologicol membrones

(4' 5). hevious sfudies from our loborotory with stice, homogenote ond isotqted
subcellulqr porticulote systems (15 - l9) hove shown thot rqt SMSG exhibit q

very octive overqll lipid metqbolism. Since ihe secref ion of mocromolecutes re-
portedly involves the migrotion of secrefory vesicles towqrds the periphery of the

cell, fusion of these vesicles with the outer cell membrone (plosmo membrone),

rupture of cell membrones ot the point of fusion qnd ultimqtely the dischorge of
secrefory mqteriol into the qcïnor lumen (20, 2n, fhe outer cell membrones musf,

therefore, undergo some chonges during this process. Some of the feotures of
lipid mefobolism in plosmo r"rbron"louu bu"n described in three reports (165, l6g,
170). In the present investigotion, hoving reosonqbly well chorqcterized the

SMSG plosmo membrone enzymîcolly ond chemicqlly, some ospects of its l¡pid
mefqbolÏsm were then studied porticulorly thot of fotty ocid upioke. Since ocefyl-
choline ond epìnephrine qre known io promote solivory secretion both in vivo (26)
qnd in vitro (l 5,97, 126, 128), simultoneously increosing the incorporqtion of

"t-*th.orlosphoie inro certqin phosphotides (l s, 97, 126, 12g), their effects on

the incorporqtion of 1t-l4C¡-polmitoyl CoA into plosmo membrone lipids ïn vitro
were exc¡mined.

2. Methods

Fresh plosmo membrqne froctions (obout 50

incuboted with lobelled lipid pr""rrsors in 50 mM

¡.rg plosmo membrone profeïn) were

Tris-HCl buffer (pH 7.4 for l0
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min of 37oC in gloss-stoppered centrifuge fubes. Totql volume of the reoction

mixture wos 0.1 ml. Other odditions ore gîven in the legends to oppropriote

fobles ond figures. Conhols, contoining on equivolent qmount of tissue

boiled for l0 min of l00oC, were olwoys performed. The reocfion wos ter-
minoted by the oddition of 3"75 volumes of o mixfure contqiníng chloroform ond

methqnol (1 22, v /v) .

The lipids were extrocted ond seporoted by procedures described under

Section II, 3. Chemicol Methods, d (i) on poge 30" Lqbelled lipids were

locoted by rodiooutogrophy wiih Ilflex 25 EP X-roy film (llford Limited, Ilford,
Essex, Englond). The sïlico gel contoining rodiooctive lipid wos scroped off
ond transferred fo countingviols. Scintillqtion f luid (10 ml) contoining ppO

(0"4o/o, w/v) ond PoPoP (0.005%, w/v) in toluene wqs odded qnd mixed well

before meosuring the rodiooctivify in o Unilux II (Nucleor Chicogo, lnc.,
Illinois, U.S.A.). Counts were corrected for quenching ond colculqted to I00%

efficíency" The results ore expressed os nmoles of the precursor ïncorporof ed/mg

plosmo membrone protein/l0 min, unless otherwise noted.

3. Resu lfs

o) IngorPorqtioj of Lobelled Lipïd Precursors ínto Plasmq Mqlbrone Lip¡ds

(¡) (l -l4C)-polmïtic ocïd

The results in Toble VIII show thof polmitïc ocid in the presence of ATp,

Co-enzyme A ond Mg** wqs reqdily incorporqted into phosphotidylcholine qnd tri-
glycerides of the pooled supernotont (Pr) ond smooth membrones (Fr) but not info

the lipids of the plosmo membrone froctions (F1, FZond F3). When L-cornitine

wos qdded, polmitoylcornitine wos formed by P, ond FO buf not by the plosmo

membrone froctions. These resulfs índicote thot plosmq membrones lqck polmTtoyl-

CoA syntheiose, o conclusion consistent with other outhors (ló5, 'l71 , lT2). How-
ever, fhey do not ogree with those of Stein et ol. (170). These outhors reported

thqf isoloted liver plosmo membrones could form phosphotidylcholine from oleote
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TABLE VIII

Meosurement of Fotty Acid Activotion by Solivory Glond Preporofions

pmoles (l4C)-poh¡t¡" /
ocid incorporofed / ^n protein/h

Tissue L-cornitine Acyl-
Preporotion Added cornitine PC TG

4000xs - 0 450 490
supernofont + 1900 420 330

Plosmo
membrqnes-000
(Ft-F3). + 0 0 0

Smooth
membrones-011701800
F¿) + le,Boo t22o Boo

Equïvolenf levels of tissue protein (50 - ó0 ¡rg) were incuboted in0.2 ml 50 mM
TES buffe.r 

{qA_.1.1) 
confoining l3 mM ATP, 0.5 mM CoA, 12.5 mM MgCl2, 5.21

nmoles (l-l4c)-polmitic ocid ond, when present, l0 mM L-cornitine for óõ min
ot 37o "
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(No solt), in the presence of ATp, CoA, Mg#ond lysolecithin. It is possibte

fhot their ocknowledged 20"/o mïcrosomol contominotion of the plosmo membrqne

preporotion wos the source of the ocyl-CoA synthetose. Ponde ond Meod (lZ3)

olso reported thot fotty ocid-CoA synthetose octivity wos ossocioted with liver
plosmo membrones, however, their plosmo membrone preporotion wos cr very crude

one "

(¡i) (U-C-14)-inositol

Since phosphotidylinositol hos been reported to be intimotely ossocioted

with qctive tronsport ond secretion (174), the copocïty of plosmo membrones to

synthesize phosphotidylinosîtol fror (l4C)-myo-inositot wos exomined under the

condition estoblished by Pritchord (ì7). The results ïn Tqble IX show thor plosmo

membrone froctions (Fl - F3) formed phosphotïdylinositol, however, the formotion

of this lipid wos obout óó7o less thon thot of the smoofh membrqnes (t4- F7).

If is possible thot the biosynthesis of phosphotidylinositol by ptosmo membrqnes

wos due to microsomql confominqfion but the comporison of relotive rotes of
phosphotidylinositol formqtion by microsomol froctions (F, - Fr) ond by plosmo

membrones would suggesf thot SMSG ptosmo membrqne does possess o smqll innqte

copocity for phosphotidylinosïfol formotion.

(¡i¡) (l -l4C)-potmiroyt CoA

The suggestion thot SMSG plosmo membrqnes lock ocyl-CoA synfhetose

octivity wos suPported by studïes on the incorporotion of polmîtoyl CoA into plosmo

membrone lipids. The results ïn Toble X show thot plosmq membrone frocf ions

(Fl - F3) reodily íncorporoted this precursor into phosphotidylcholine, phosphotidy-

lethonolqmine qnd triglycerïdes ond thot phosphotidylchotine received ihe lorgest

portion of the lqbel from polmitoyl CoA. The lock of ocyl-CoA synihetose in

plosmo membrones suggest thqt for plosmo membrqnes to utilize fotty ocids in situ

for the synthesis of lipids, they must be octivqted ot subcellulor site(s) oiher thon

plosmo membrones, presumobly of the microsomol membrones.

When L-cornitine wos odded io fhe incubotion flosk, plosmo membrones
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Formotion of Lipid from
by Submondibulor

TABLE IX

(u-l4c)-inositol ona 114c-methyl)-cornitíne
Solivory Glond Membrqne Preporotions

pmoles of precurso, /
incorporoted into lipid / mg protein /30 ^in

Tissue
Froction

(o) Phosphoiidyl
Inositol

(b) Acylcornitine

Fl - Fg (pooled)

Fa

L,5

142

t88

5447

10557

8320

298

3692

175to

Fz

SÏnce fhe incubotïon condiiíons for the fwo studies were different, o dïrect
comporison of (o) ond (b) is not wqrronted. The incubqtion medium for inosîtol
contoined 50 mM Tris buffer (pH7.4),3 mM MgCl2, 13 mMATP, 35 mM KF,
1.3 mM CTP, 0.03 mM polmitoyl CoA qnd ó15 pmáes (U-14ç¡-myo-inosïrol in
o totql volume of 0.2 ml. Incubotion wos for 30 min ot 37o. The medium for
cornitine studies contoïned 50 mM TES buffer (pH 7.4),0.043 mM polmitoyl
CoA, l5 mM ATP ond 14.3 nmoles (14ç-r"thtl)-Dl-cqrnifine in o fotol volume
of 0.07 ml. Incubotion os for (o).
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. 
TABLE X

Incorporotion of (l-laC)-polmitoyl CoA into Lipids of
Isoloted Submondibulor Glond Plosmo Membrone heporotions

Plosmo

Experiment Membrone
No. Frocfion

Added to
Bosic
Medïum

nmoles (l4C)-pol'itot" / lo ^g / s
incorporoted into lipid l erot"in / min

Acyl-
corn itïne TGPC

A.

Fr Nil

L-corn itine

lyso-PC

Nil

L-corn ïtine

lyso-PC

NïI

L-corn if ine

lyso-PC

0

r98

0

0

53

0

0

19

0

102

93

532

46

33

229

46

43

il5

ì40

129

I r3

22

25

ló

6

5

4

155

1il
119

18

ï3

t9

9

t0

7

Fz

F¡

B.

Fr

tz

F¡

N¡I

lyso-PE

NïI

lyso-PE

Nil

0

0

0

0

2.2

2.2

2.4

2.3

t.8

0.8

5.8

0.7

7.1

20.2

In eoch experimenf the bosic medium consisted of 50 mM TES buffer (pH 7.4 with '15 -
20 VS tissue protein ond, when odded, lysolecithin 50 ¡rM,lyso-phosphotidylethonolomine
1.7 nM ond L-cornitine l0 mM. Polmitoyl CoA contentwos (A) ó.4 nmoles, (B) 0.5
nmoles. Abbreviqtions os in Toble IV.
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formed polmitoyl cornitïne *¡il', o concomitont decreose in the formotion of

mosf other lipids (Toble )Q. These findings were confirmed in experiments using

(l4C-t"thyl)-cornitine ond unlobelled polmitoyt CoA (Toble IX). These results

demonstrote the presence of polmiioyl-cornitine tronsferose octïvity in plosmo

membrones" Smooth membrones (F4), however, showed much higher octivity
(Toble IX)" Pritchord etgl_. (lB) olso reporred rhe formorîon of polmitoyl-

cornitine by plosmo membrones ísoloted from rot SMSG by onother procedure.

Polmitoyl-cornitine trqnsferose hqs been considered o chqrqcteristic

mïtochondriol enzyme ond its role in the tronsport of fotty ocids ocross mítochondriol

membrqnes hos been esfoblished (221).7¡.,sresultof the present sfudy (Toble IX ond

Tqble X) ond those of Pritchord et ol. (18) demonstrqte thqt the octivity of this

enzyme wos olso present in smooth membrones (Toble IX) ond plosmo membrones

(Toble X). The functions of fhis enzyme in these loiter subcellulor porficulotes

is not yet known. However, ït !s possible thqt this enzyme system might function

in the tronsport of fotty qcids ocross the outer cell membrone.

The oddition of lysophosphotidylcholine ond lysophosphotidylethonolomine

increqsed the incorporqtïon of polmitoyl CoA info phosphotidylcholine ond

phosphotidylethonolomine respectively by plosmo membrone frqctions with o smoll

decreose in the formotion of ofher lipids (Toble X). These results strongly indicqte

the presence of ocyl honsferqse octivify in SMSG plosmo membrone qnd qre in

ogreementwïth the reports of Stohl ond Troms (ló5) qnd stein ef ol. (lZ0)

for liver plosmo membrone;but not with those of Eibl et ql. (176), of vqn den Busch

(ló9) ond of Kqulen et ol. (ló8) who reported fhot ocyl trqnsferose octivity wos

lorgely confined fo microsomes. Eibl et ol. (176) ond Koulen et ql. (1ó8) nofed

some octivity in plosmo membrones butotfributed this octivify fo the confominotion

of plosmo membrqnes by microsomes.

The present findings qlso indicofe thot lysophosphotídes were probobly the

moior endogenous occeptors for ocyl groups ín trqnsferose reocf ions forming

phosphotïdylcholine qnd phosphoiidylethonolomine, o suggestion consistent with the

reports of other quthors (1ób, t 70).
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Whether polmïtic ocid from polmitoyl CoA wos Íncorporoted into 1 or 2

position of lecithin wos not oscerfqined in the present study. The lysophospho-

tidylcholine ond lysophosphotidylethonolomine used in ihis study contoined o

mixture of I -ocyl and 2-ocyl isomers (Applied Science Loborotories, personol

communïcotion). Since it is known thoi fotty ocïds from soturoted ocyl CoA

ore preferentiolly fronsferred to l-ocyl posítïon by rot liver microsomes (169),

Ït ís possible thot polmitic qcid in the preseni study wos predominotely incor-

porofed into l-qcyl isomer of both lysolipids. However, hydrolytic studies hove

not yet been done to estqblish this point.

b) Effects of Vorious Incubqtion Conditions on the Incorporotion of

It hos been suggested by vqn Deenen qnd his co-workers (4, 5) thof

fotty ocids of cell membrone phospholipids might regulote the structure ond

permeobility of plosmo membrones. The enzymes which qre concerned with

the turnover of fotty ocid residues in the plosmo membrqne lipids might hove o

significont role in the dynomic nqture of plosmo membrones. As port of this

studyo the lysolecithin-polmitoyl tronsferqse system of plosmo membrones wqs

exomined in some detqil"

(¡) Tissue Concentrofion

Polmitoyl CoA incorporofion into phosphotidylcholine increosed with

increosing protein concentrqf ion up to 204 pg protein,/0.1 ml (Figure 3). In

the presence of lysolecithinrthis incorporofion wqs morkedly increosed reoching

moximum by 64 ¡rg plosmo membrone protein/0..l ml. These resulfs suggest

thoi o lysolecïthin concentrotion ot 64 ¡.rg plosmo membrone protein/0.I ml

soturoted ihe enzyme system completely under the present condiiions. The

incorporotion of polmitoyl CoA info phosphotidylethonofomine ond sphingo-

myelin wos reduced in fhe presence of lysolecithin indicoting fhot the incorporotion

into most lipids probobly took ploce from q common pool of polmitoyl CoA.
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(i¡) Time of Incubotion

In two eorlier studies with isoloted liver plosmo membrones (165, 170),

the incubqtion of fhe lipid precursor wos corried out for 30 min or longer. In the

present study, the incorporotion of polmitoyl CoA into phosphotidylcholîne ond

phosphotidylethonolomine by F, ond F, wos complete within l0 min qnd fhere wos no

further chonge up to 30 min of incubotion (Figure 4). Therefore, the incubotion wos

noutinely corried out for ì0 min. While F, wos more qctive thon F, in the formotion

of phosphotidylcholine, F, incorporoted less polmitoyl CoA info phosphotidylethonol-

cmïne thon F, (Figure 4).

ln F* the oppeoronce of rodioocfivity in free fotty ocids wos slow for the

first 5 min, groduolly increosing to o moximum oi l0 mïn with no further chonge up

to 30 min (Figure 5). The oppeoronce of lobel in free fotty ocids could result from

eÍther the hydrolysis of polmitoyl CoA or phospholipid, or both.

The slow formotÏon of free fofty ocids from polmitoyl CoA for the fírst 5

min of incubotion (Figure 5) might suggest thot polmitoyl CoA might hqve been

coverted to some intermediote before yielding fotty ocids" Stohl ond Troms reported

the formotion of s-ocyl ponfetheïne from polmítoyl CoA when ïncuboted wiih

plosmo membrones isolqted from either the liver (ló5), or odipose tissue or electroplox

tissue (222) ond the formotion of s-ocyl ponteiheine wos inversely reloted to ihe

formotion of fotty qcids. Further work of these outhors hos shown thot s-ocyl ponte-

theine wcrs on intermediote in the formqtion of fotty ocid from ocyl CoA by plosmo

membrones (223).

(i¡i)

The pH of the medium wos voríed from 4.0 to 5.0 with MES buffer, from

ó.0 to 8"0 wifh TES buffer ond from 8.0 to .l0.0 
with Tricine buffer. The incorporotion

of polmitoyl CoA into phosphotidylcholine wos moximum between pH 7.0 ond 9.0

(Figure ó) ond this findíng disogrees with Stqhl ond Troms (ló5) who reporfed thof

the formotion of phosphofidylcholine from polmitoyl CoA by liver plosmo membrones

wos greotest ot pH 5.ó.

(iu) Lysoleciihin Concentrotion

The incorporotion of polmiioyl CoA into phosphotidylcholine by F,

pH
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250

pH

Figure ó. Effect of pH on the incorporotion of (l-laC)-polmitoyl CoA
into phosphotidylcholïne (PC) by o plosmq membrone (Fe)
preporotion in the presence of 0.1 mM lysolecïthin. Th"e pH
wqs vqried from 4.0 - ó.0 with MES buffer, 6.0 - 8.0 with
TES buffer ond from 8.0 - Ì0.0 wîth Tricine buffer. Other
incubqiion condifions ond onqlyticol procedures were qs

noted in the legend to Figure 4.
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increosed wifh increosing concentrotions of lysolecithin up to 
.l.0 mM. At

4.5 mM, lysolecithin ìnhibited phosphotídylcholine formotion. Phosphotidyl-

choline formotion Uy F¡ reoched o moxímum of q lower level of lysolecîthin,

i.e. 0.5 mM (Figure 4"

Lysolecithin probobly íncreoses the formotíon of phosphotidylchol ine

by providing more substrqfe for ocylotion by polmïtoyl CoA. The possibility

thot lysophosphotidylcholine oltered the membrone shucture by its defergent

oction so os to enhonce ocylotion octivity, seems unlikely os Stein et ql. (lZ0)

hove shown thqi the treqtment of liver plosmo membrones wifh lysophosphotidyl-

cholïne (0.05 mM) did not olter the strucfure of plosmq membrones os evidenced

by electron microscopy. Further supporf is given by the unreported results of

Pritchord which showed thot severol defergents ïnhibited the synthesis of oll
lipíds.

(v) Polmitoyl CoA Concentrotion

Incorporofion Tnto phosphotidy lchol ine ond phosphotïdylethonolqmine

wos moximum of 0..l mM polmitoyl CoA, decreosing ot higher concentrotions

(Figure B). The formotion of triglycerides wos optimol ot 0 .2 mM polmitoyl

CoA ond wos inhibited ot higher levels. Similor findìngs hove been reported by

Pritchqrd (15) in o SMSG whole homogenote sysrem.

The inhibitory effect of polmitoyl CoA ot high levels could be due to irs
defergent properfies. Pritchqrd et ol. (lB) hove shown thot Lubrol W inhibited

fhe incorporotion of polmitoyl CoA into oll lipids of different subcellulor porticu-

lofes except fhe formqtion of polmitoylcqrnifine from cqrnitine ond polmitoyl CoA.

It wqs suggested ihot the operotïon of ocylcornitine tronsferose did not require

the presence of inioct membrqnes whïle the other enzymes concerned with the

lipid metobolism did.

(ui) Ions

++
No' (50 mM) ond K' (50 rM), eitherolone or togerher did not olier

the incorporotion of polmitoyl CoA into phosphotidylcholine whereo, Mg** (50 mM)
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Figure B" Incorporotion of (t-t'a)-oolmitoyl coA înto plosmo membrone (F2)
lipids in the presence of 0.1 mM lysolecithin os o function of
polmitoyl CoA concentrotion. The incubotion conditions ond

, onolyticol proiedures were similor to those described in the legend
to Figure 4.
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++
ond Co" (50 mM) decreosed the incorporotion to 33 ond 557o respectivety of

fhe control, ond F (45 mM) wos slightly stimulotory (Toble XI ond Toble XII)"

The incorporotion of polmitoyl CoA into sphingomyelin wos enhonced by
.++Fr++No , K'o co" ond Mg" to 167, 135, 125 qnd 2\0o/o of the control while F

hqd no effect (Toble XI qnd Toble XII). When No+ 150 mM) ond t<+ 1SO ,t,t¡
were Present simultoneously, there wos o slight further increose ìn fhe formotïon

of sphingomyelin (1957o of the control) over thof which occurred in the presence

of eoch of these ions, however, fhe effect wos not odditive. The synthesis

of phosphotidylcholine from polmitoyl coA wos uninftuenced by No*, K*
qnd F but wos diminished to l}|ì,o of control by co#, 24o/oby Mg* (Toble XI

ond Toble XII). The formotïon of triglycerides wos reduced to 67o/o of conhol

by No+, 3}o/o by K* ond to somewhof less extent, i.e. BÍo/oof control by
.. ff. #-Mg ond to 65o/o by co' . F hod no effect. The results of experiments,

where the effects of ïncreosing concenfrotion of No* (Toble XIII) ond F-

(Toble XIV) on the ïncorporotion of polmitoyl CoA info differenf plosmo membrone

lipids were studied, were similor fo those described obove.

These resulfs demonstrofe thot ihe effect of ions on the lipogenesis wos

not specific to the volency of cotions os oll the cotions either inhibited or

stîmuloted the incorporotion of polmitoyl CoA into lípids to o vorioble degree.

Yoshïdo et ol. (17fl olso noted the stimulotory effects of KCI on phospholipo-

genesis in broin slices from oceto tu.2-14C. However, it wos observed thot the

stimulqtion of phospholipogenesis by KCI required NoCl in ihe medium ond the

effects were evident only in slices ond not in the whole homogenote. Since

the turnover of phosphoiídic ocíd wos most offected, if wos suggested ihof

probobly this lipid might hove o role in the tronsport of cotions in the broin.

The present findings thor F enhonced the incorporotion of polmitoyt

CoA into phosphotidylcholine in plosmo membrones (Toble XI ond Toble XIV)

ore consÏstent with fhose of Pritchord (17) in o whole homogenote system of rot

sMsG. Ho*"u*lfaiffer fro-m rhose of stohl ond Troms (ló5) who reporred no

effect of NoF (.l5 mM) on the synthesis of phosphoiidylcholine by the li'¡er plosmo

membrones. It could be thot the F effecf is o chorocteristic of SMSG ond F
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TABLE XI

Effects of Ions ond Deoxycholqte on the Incorporofion of
1t -ì46¡-*lmitoyl CoÁ ¡nto plosmo Membrone Lipids

Lipids

Sphingomyelins Phosphotidyl- Phosphotidyl- Triglycerides
Conditions choline ethonolomine

Control
+

LYSO-PC

MsC12
(50 mM)

CoC12
(50 mM)

DOC
(.05%)

*75 "9 382 "4 142.4 42.6

211 "6 124 "0 34.3 3ó. 
.|

94.5 209 .4 25.6 27 .6

78"7 U5"9 149.3 26.6

*nmoles polmitoyl CoA incorporoted/mg protein,/l0 min

The reoction mixture contqïned 50 mM Tris-HCl buffer (pH7.4), 1.5 - ì.ó ¡iM
1t-14ç¡-polmifoyl CoA (lOl,Ol0 dpm/nmole), 25 - S0 ùg of píormo membrone
protein ond on effector to o finol concentrotion qs shown in the foble. The
incuboiion wqs cqrried out for l0 min qt 37oC. Lipids were extrqcted, seporoted
ond the rodioqctivify meosured occording to the procedure described under
Methods of this seclion.
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TABLE XIII

Effects of NoCl on the Incorporotion of 1t -l4C¡-potmiroyl CoA
into Plosmo Membrone (F2) Lipids

Lipids

eoncentrorion Phosphotidyl- Phosphotidyl- Sphingomyelíns
(*M) choline ethonolomine

0 .0 *ó80 .9 B0 .2 3ó.0
(673.6-ó88.3) (7e"1 -8r.0) (30.0 -42.0)

12.5 715.6 92.2 48 .5
(707 .t - 728 .B) (77 .7 - t 0ó.4) (40 .e - 5s . e)

25.0 729.2 93.8 5t .3
(711.s-746.e) (87.8 -9e"5) (47.2-55.r)

50.0 700 .9 90.5 t 00.4
(u9 .0 - 700 .e) (84 

" 5 - e0 .5) (ó0 .5 - 140 .2)

75 "0 ó88 .3 89 .7 66 .3
(ó83 . l - óe3.5) (85. I - e4 .1) (U.1 - ós. 5)

ï00.0 655.6 93.0
(637"3 - 673.6) (83.5 - t02"3)

*nonomoles of polmitoyl CoA incorporoted /mg protein /IO min

The numbers in porenthesïs show the rqnge of vqtues.

Incubqtion conditions ond onolyticol procedures were exocfly qs described
in the legend to Toble XII.
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TABLE XIV

Effects of NoF on the Incorporof ion of 1t -laC)-nolmiroyl CoA
into Plosmo Membrone (Fr) Lipids

Lipids

€oncentrotion
('M)

Phosphotidyl-
cholíne

Phosphotidy l -
efhonolqmine

Sphingomyelins

4

TO

*680.9
(673 .6 - ó88.3)

792.2
(n2.6 - 8l r.ó)

785.4
(781 "8 " 788.e)

783.2
(771 "5 - 794.e)

751 "6
(730.8 - 772.0)

773.7
(7s8.7 - 78e .2)

747.5
(712.0 - 782.e)

B0 "2
(7e.1 - Bl .0)

90.8
(8e.2 - e2.2)

84.0
(8r "5 - 8ó.5)

88.ó
(87.3 - e0.0)

84.8
(8r .3 - BB.l)

87.0
(85.ó - 88"4)

8s.4
(83.7 - 87.0)

3ó.0
(30.0 - 42 .0)

66.5
(55.ó - 7"2)

ó3. B

(ss.e - 71 .n

s4.s
(45.3 - ó3.8)

57.8
(45.3 - 70.1)

45.3
(43.6 - 46"6)

43.6
(32.7 - s4.5)

r5

20

30

40

*nqnomoles of polmitoyl coA incorporoted /mg pM protein /10 nin
The numbers in porenfhesis show the ronge of volues.

Other ïncubotion conditions ond qnolytïcol procedures were similqr to
those described in ihe legend to Tobte Xll.
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m¡ght hove inhibïted the breokdown of phosphotidylcholine by liposes in the

plosmo membrones. The stimulotory effect of NqF could not be due to the No+

component since No* itself hod o littie or no effect on the formotion of phos-

photidylcholine (Toble XI ond Toble XIII)"

(vii) Deoxycholote

The incorporqtion of polmitoyl CoA into plosmo membrone lipids wos

not oltered by 0,05/o deoxycholore (Toble XII). stohl ond Troms (ló5)

observed complete inhibition of phosphotidylcholine synthesis by deoxycholote

in isoloted liver plosmo membrones, howeveru these outhors used deoxycholqte

concentrotion l0 times higher thon thot in the present investigotion.

The resuits "{5år"", siudy show rhqr phosphorîdylerhonolomine

received less tobel thon phosphofidylcholine from (l-lac)-polmitoyl CoA ond

were consïstenf with the observotions of Stohl ond Trqms (ló5) with liver

plosmo membrqne. These results were olso consistent with the recent findïngs

of Wright ond Green (224) with liver porenchymol celts in vitro. These

outhors found thqt ofter incuboting the cells, with tac-*lmtt'* 
ocid, most of

the incorporqtion of polmitic ocïd occurred into phosphof idylchotine which

wos recovered in the plosmo membrqne froction. Their in vivo sfudies olso

showed thot ofter I min of T4c-polmïiic 
ocîd infusion ;tþ"r.rol vein of

rot, rodiooctive phosphotidylcholine concentrqted in ihe plosmo membrqne

froction prepored from liver but the proporfion of rodiooctivity preseni in this

froctíon declined ropidly indicoting the very ropid turnover of the ocyt moieties

of phosphotidylcholine in plosmo membrones. It wos otso found thot moximum

incorporotion of polmitic qcid into phosphotidylcholine occurred before the

peok ïncorporof ion into phosphofidic ocid or diglyceride. It wqs proposed

thot the ropid formofion of phospholipids ïn the plosmo membrones is by ocylotion
of their lysoderivotives.

The results of preliminory experiments (Toble )0/) showed thot both
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epinephrine (l mM), ond ocetylcholine (l .5 mM) in the presence of eserine

(l .5 mM) slightly decreosed fhe incorporotion of polmitoyl CoA into phos-

photidylcholine fo 80 ond 90o/o of the control respeciivety whereos the incor-

porotion of this precursor into sphingomyelin wos increosed to 325o/o of the

control by ocetylcholine. The íncorporotíon of polmitoyl CoA info phos-

photÍdylethonolomine wos not qffected by epínephrine but wos reduced to 74o/o

of the control by ocefylcholine.

Further experimenfs were then corried out with severol concenfrotions

of fhese ogents. The resulfs ore shown in Toble XVI o, b, c ond were consistent

with the preliminory observotions (Toble XV) in thqt fhe incorporotion of

polmitoyl CoA into phosphofidylcholine wos decreqsed os the level of epin-

ephrine ond ocetylcholine wos increosed (Toble X/l o). The incorporotion of

fhis precursor into sphingomyelin wos increosed by ocetylcholine but wos

unoffected by epinephrine (Toble X/l c). The ïncorporotion into phosphotidylefh-
qnolomine wos lÏitle qltered by either epinephrine or ocetylcholine (Tqble )C/l b).

The findings thot epinephrine ond ocefylcholine decreosed the incorporofion

of polmïtoylCoA into phosphotïdylcholîne of plosmo membrones were similor to
fhose reported by other outhors for SMSG slices (15), nerve endings (lB0),

odrenol medullo (127) ond for liver slïces 0n)"

In other studïes with ïsoloted robbit pancrec¡s (212) ond with porotid glond

slices (115,225), it hos been demonstrqted thot cyclic 3',5'-oclenosine mono-

phosphote wos c¡n intermediqte in the process of secretion induced by epinephrine

(115, 225) ond poncreozymin (212) "The effects of severol concentrof ions of cyclic
3'r5'-odenosíne monophosphote on the incorporotion of polmitoyl coA into

plosmo membrqne lipids were exomined.

Cyclic 3'r5'-odenosine monophosphote qffected the incorporotion of
polmitoyl CoA into plosmo membrone lipids (Toble X/l o, b, c) in o similor

monner io epinephrine or ocetylcholine. Cyclic 3',5'-odenosine monophosphote
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TABLE XVI o

Effects of Secretogogues on ihe Incorporotion of
into Plosmo Membrone Phosphotidyl

(l -l4C)-polmitoyl CoA
Choline (Fr)

Secretogogues

Concentrotion
('M)

Dibufyryl-
cyclïc AMP

Epinephrine Acety lcholine
* Eserine (l .5 mM)

0.5

T.0

Ì.5

3.0

4.5

2"0

*ógo.gl
(673.6 - é88.3)

649.2
(64e "0 - 64e.3)

ó38.9
(63s.7 - 641 .n

569.7
(55s"2 - s82.2)

50r.5
(4e8"0 - 504.8)

M0.1
(43s.8 - 444.2)

(480.3 - s6s.n

482.4
(480.3 - 484.4)

425.6
(406.6 - 444.5)

3s7.4
(304 .7 - 410. I )

5n.02
(480.3 - 56s.n

486.5
(4s1 .6 - s21 "4)

400.7
(361 .4 - 43e.9)

l' 2¡nd,"ofe 
PM preporotion

*nonomoles of polmifoyl coA íncorporoted /mg proiein /ro min

The numbers in porenthesis show the ronge of volues.

other incubqtion conditions ond onolyticol procedures were the
some os described in the legend to Toble XII"
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TABLE )O/I b

Effects of secretogogues on the Incorporotion of (l -lac)-polmitoyl CoA
into Plosmo Membrone Phosphoiidyl Ethonolomine (Fr)

Secretogogues

Concentrotion Dibutyryl- Epinephrine Acetylcholine
(*M) cyclic AMP * Eserine (l .5 mM)

o.o ¡r Bo .21 vs.o2 -r*,
(7e"1 -8r.0) (t5e.5-te0.5) (15e.5-1e0.5)

0 .5 80 "7 125.1 227 .2
(76"e - M"3) (120.3 - 12e "e)

r .0 89.2 165"4
(8ó.5 - el .e) (t5l "3 - 179.s)

1.5 129.5
(122.6 - t3ó.3)

2.0 82.6
(80.7 - 84.5)

3 .0 85. ó 134.4 ó8 .5
(85. t - 86.2) (r20.s - t48.5) (ót .3 - 75.n

4.5 68.7
(65.2 - 72 "0)

l' 2¡ndi"oie 
PM preporotion

*nqnomoles of polmitoyl coA incorporoted /mg pM protein /10 min

The numbers in porenthesïs show the ronge of vqlues.

other ïncubotion conditions ond onolyticol procedures were fhe
some os described in the legend to Toble XII.
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TABLE XVI c

Effects of secretogogues on the Incorporotion of (l -l4c)-polmitoyl coA
into Plosmo Membrone Sphingomyelins (Fr)

Secretogogues

Concenfrstion Díbufyryl- Epinephrine Acetylcholine
(tM) cyclic AMP * Eserine (l .5 mM)

o.o *3ó.ol sss2 -=;2-
(30.0 - 42.0) (25"7 - U"e) (2s.7 - U.e)

0.5 37.4 76.4 317.7
(35.5 " 3e.0) (64"3 - 88.4)

T"0 51 "8 35"1
(50"2 " 53.2) (tó.t - 54.0)

T .5 1n.3
(105.ó - 252.e)

2"0 49.4
(43.4 - s5"4)

3 .0 56.2 47 "8 153.8
(51 .B-ó0.3) (38.1 -57.4) (117.0-1e0.0)

4.5 53.5
(53.5 - 5s.4)

1.2-' -indicote PM preporotion

*nonomoles of polmitoyl CoA ïncorporoted /mg PM protein /10 min ot 37oC

The numbers ïn porenthesis show the rc¡nge of volues.

other incubqtîon conditions qnd onqlyticol procedures were the
sc¡me os described in the legend to Tqble XII.
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inhibited the incorporqtíon of polmitoyl CoA into phosphotidylcholine more

strongly thon epinephrine" Theophylline (5 mM) which prevents the degrodotion

of cyclïc 3',5'-odenosine monophosphote by cyclic 3'r5'-odenosine monophos-

phote phosphodiesterose, produced effects similor to cyclic 3',5'- odenosine

monophosphote or epinephrine (Toble X).

4 " Discussion

The mechonïsm by which epïnephrine qnd ocetylcholine offecf lipogenesis

Ín plosmo membrones from polmitoyl CoA is not cleor becouse of ihe complex

noture of the system includïng the presence of mony enzymes competïng for the

some substrote (polmítoyl CoA)" However, some possibilities moy be considered.

All results of thÏs loborotory strongly suggesf thqt the incorporotion of

polmitic ocid into lipïds occurred from q common pool of polmítoyl CoA.

An ogent which could inhibït one or more enzymes leoding to the synthesis of

one lipid would likely increose the ovoiloble polmitoyl CoA for the formqtion

of other lipids. Mony of the effects of stimulonts of secretion tested in fhe present

study could be exploined on this bqsis since the totol incorporotion of polmitoyl

CoA into vorious lipïds wos not significontly oltered by ony one of these ogenfs.

hevíously, Pritchord (1fl noted fhot epinephrine ond ocefylcholine

decreosed the incorporqtion of polmitote into triglycerides ond increosed CO,
producfion Ïn slÏces of rqt SMSG ond suggested thot these ogents might hove

octivoted o lipose hydrolyzing triglyceride to free fotty qcids which were sub-

sequently oxidized. Simïlqrly, ït ïs possible ïn this study ihot these ogents might

hove octivoted nonspecific liposes in plosmo membrqnes which could deocylote

phosphotTdylcholine to produce lysophosphotidylcholine ond free fofty qcids.

Howevero in view of the findings ihot lysophosphotidylcholine enhonced the

synthesis of phosphotidylcholine from polmïtoyl CoA (Toble X), enhonced syn-

thesis of phosphotidylcholine should occur. No such increose in the formotïon

of phosphotidylchol ine wos'observed.
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Epinephrine octivotes odenyl cyclose in o voriefy of tissues subsequently

elevofing fhe tissue level of cyclic 3',5'-odenosine monophosphote (178). The

findíng thot plosmo membrones hod odenyl cyclose octivity (Toble I) ond thot

fhe effects of epïnephrine, cyclic 3',5'-qdenos¡ne monophosphote ond theo-

phylline on the synthesis of phosphofidylcholine were similor suggest fhot

epinephrine might hove octed through the odenyl cyclose system in plosmo

membrones. The mechqnism by which cyclic 3'r5o-odenosine monophosphote

influences plosmo membrone lipid metobolism remoins unknown.



B. PROPERTIES OF PIASMA MEMBRANE ENZYMES

I . 5'-Nucleotidose

o) Introductïon

It is generolly occepted ihot 5'-nucleotidqse octivy is predominently

found in fhe oufer cell membrones (41 -43, 55, 133, t35)" The function(s)

of thís enzyme ïn relotion fo plosmo membrqne metqbotism is not yet known.

Fronklin ond Troms (223) reporfed thot 5'-nucleotidose is one of the enzymes

concerned wïth the metobolism of nucleofides in liver plosmo membrones.

These quthors suggested thot since adenine nucleotides ore involved in

moÍntqining membrone sfructure, function ond permeobility, 5'-nucleotidqse

might be o regulotory enzyme. Sïmilor function(s) for ihis enzyme were proposed

by other investigofors in broin (246) ond in Aconthomoebo plosmo membrones

(188). However, no direct evïdence is yet ovqilqble to eifher substontiote or

reiect this hypothesis. In the present study, some of the properties of 5'-
nucleotidose of SMSG plosmo membrones (Fr) were studied. The effecfs of cyclïc
3'r5'-cdenosïne monophosphote, o stïmulont of solivory (ì 15, 225) ond poncreotic

(212) secretion; ouoboin, on inhibiror of cotion tronsport in o vorieiy of

tissues (130) ond NoF, both q meiqbolïc inhibitor (214,215,243) ond octivotor

of odenyl cyclose (lé3), on 5'-nucleotidose ociivity were determined.

b) Methods

Plosmo membrones in F, were used to study the properties of 5'-
nucleofidose. Thîs frqction wqs chosen for this study becouse of the higher yield
of plosmo membrone protein. In the eorlier experiments (Toble I) the octivity
of 5'-nucleotidose wos 29 .8 t 4.4 pmoles of Pi releosed/mg plosmo membrone

protein/h which wos 24 fold greoter thon octivify in the whole homogenote.

The onolyticol iechniques ond ossoy conditions hove been fully described

in SectÏon ll, 2"o) poge 24- Any chonge in ihe incubotion conditions ore given

-82-
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ïn legends to oppropriote tobles ond grophs.

c) Resu lts

Effects of incubotion conditions on the octivity of 5'-nucleotidose:

(¡) Time of íncubotion ond protein concenfrotïon

The rqte of Pi liberotion from odenosine-S'-monophosphote (AMp) wos

lineor up to 30 mín (Fïgure 9 o) ond the octïvity wos directly proportionol to

the concentrotion of protein up to 150 ¡rg/ml (Figure 9 b).

(ii) Adenosine-5'-monophosphote concentrotion

The octívity wos highest between 
.l.5 

ond 2.0 mM AMP. Higher

levels of AMP decreosed the octivity of 5'-nucleotidose (Figure ì I o).

(íi;) KCI concentrotion

No chonge ïn octivity wos observed by the qddition of KCI up to 200

mM (Fïgure l0 o).

The ossoy mixture described by Michell ond Howfhorne (l48) for

estimoting the octíviiy of 5'-nucleotidqse contqined 5 mM AMp ond 
.l00 

mM

KCl. l"lowever, the present resulfs show thot AMP ot this level inhibited the

enzYme octivify (Figure I I o), ond KCI hqd no effect upon the octivity of this

enzyme over o wide ronge of concentrotions (Figure l0 o). In the present study

2 mM AMP wos used in the ossoy mixture but KCI wos retoined ot 100 mM so thot

the results of this study could be compored with published doto.

(iu) MOCI, concentrqtion

5'-nucleotidose exhibited qn octivity of 30 ¡.rmoles of Pi releosed/mg

plosmo membrone protein/h ìn the qbsence of MgCl, which wos increosed by

MgCl, reoching q mqximum (55 ¡rmoles ei/mg/h) ot obout l0 mM Mg*
(Figure l0 b). This wos obout s 50o/o increose in octivity. Further increosing

fhe level of MgCl, to 50 mM did not chonge the ocfivify.
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The finding thof 5'-nucleotidose exhibited octivïty in the obsence of

MSCI, dìd not ogree with reports on 5'-nucleotidose of cerebrol corticol tissue

(lBl) or rot liver (lBó) os the enzyme prepored from both these sources exhibited

complete dependence on the presence of Mg#. It is possible fhot Fo, os

prepored in this loborotory, contoined o smoll omount of endogenourïn*. If

moy olso well be thot the SMSG enzyme wos not entirely dependenf upon MgClr.

5'*nucteotidose octivity wos moximum qt l0 mM Mg#, o finding consistenf with

the report of Bosmonn ond Pike (TBl) for cerebrol corficol tissue. However, the

enzyme prepored from rof heorf showed on inhÏbition by low levels of MSCI,

(182) as compored to the results of present investigotion.

(v) Effect of-pH

The octivity of 5'-nucleotidose wos low ot pH 4.0 ond, os the pH wos

increosed, the octivity increosed reoching o moximum oround pH 7.5. Further

increosïng the pH up to 
.l0.0 

did not olter the octivify (Figure ll b).

The pH optimum for 5'-nucleotidose of rot cerebellum wos ó.8 (lBl)
qnd of chicken liver ó.5 (lgó). It vqried from ó.5 -7.5 in sheep broin (l87).

While Edwqrds ond Moguire (182) reported o pH optimum of 7.5 with the enzyme

preporotion from rot heorf, Boer et g!_" (l83) noted the moximum of 5'-nucleo-

tidose ocfivíty oi pH 9.2in the some tissue. The discreponcies in these vqrious

results hos been ottributed to the voriqfion in level of Mg# In the incubotion

mixture of 5'-nucleotidose ossoy by Boer et ol. (ìs3). Song ond Bodonsky (l85)

hove shown thof in the obsence of Mg#, 5'-nucleotidose ocfivity of liver ptosmo

membrones wos optimum of pH 7.5. However, when the ìncubotion mixture
J-+

contqined Mg", there wqs on odditionol pH optimum befween 9..l - 9.3. In

the present study, MgCl, wos included in the qssc¡y mixture qnd this could be

one of the reosons why fhe octivity of 5'-nucleotidose wos moximum over o wide

rqnge of pH, e.g.7.5 - 10.0" Mg#-f."" medio were not iested.

(ui) Substrote specif icity of 5'-nucleotidose.
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As shown Ín Toble )0/ll, the enzyme hydrolysed UMp, AMp, CMp,

GMP, ond IMP oi different rotes. While UMP ond AMp were hydrolysed

ot olmost equol rotes, CMP, GMP ond IMP were hydrolysed much more slowly.

The opporent Michoelis constonts for AMP, uMP, GMp, cMp were 4,ooo,
4,000, 2,340 ond 1,370 ¡.rM respectively. These volues were different from

those reported by Bosmonn ond Pike (lBl) for 5'-nucleotidose of cerebrol cortex/

ond ore most probobly due to the degree of purificotion of these preporofions.

The enzyme preporotion of Bosmonn ond Pike (lBl)wos highly purïfied.

The results in Tqble x/lll show fhot ouqboin (r mM) ond cyclic 3',5'-
odenosine monophosphote (2 mM) hod no influence upon 5'-nucleotidose

octivÏty" However, NoF (10 mM) completely inhibîted rhe ocrivity which is

consistent with the eorlïer findings of other învesfigotors with preporotions

from cerebrql cortex (l8l) ond chicken liver (lBó).

d) Discussïon

The foct thot cyclic 3',5'-odenosïne monophosphofe qnd ouoboin did

not modify the octivïfy of 5'-nucleotïdose demonstrotes thot olthough the

preporotion of 5'-nucleotidose wos rqther crude ïn the present study, ¡t did

nof exhibit ony (No+ - f*)-ATPose octivïty which is very srrongly inhibited

by both cyclic 3',5'-odenosine monophosphoie ond ouobqin. A further

discussion of ATPose will be found in the following secfion.

It hos been demonstrofed thqf the stimulotory effect of epinephrine

(115, 225) ond poncreozymin (2i2) on the exocrine secref ìon of proteins is
mediqted through cyclic 3'r5'-odenosine monophosphote. In ihe present

investigotion, cyclic 3'r5'-odenosine monophosphofe did noi influence 5,-
nucleof idqse octivity in ïsolqted plosmo membrones nor did odded F , o siim-
ulotor of odenyl cyclose, suggesting thot the 5'-nucleotidose octivify of plosmo

Effecfs of ouoboin,



C
on

ce
nt

ro
tio

n
('.

nM
)

T
A

B
LE

 )
O

/II

sp
ec

ifi
ci

ty
 o

f 
P

lo
sm

o 
M

em
br

on
e 

5'
-N

uc
te

ot
id

os
e 

A
cf

 T
vï

ty
 fo

r 
su

bs
tr

ot
e

0.
25

0.
50

0.
7s

r 
.0

0

1.
50

2.
00

*1
2.

2
(1

2.
2 

- 
12

.2
)

24
.8

(2
4.

8 
- 

24
.8

)

37
.2

(3
ó"

3 
- 

38
.0

)

42
.7

(4
r.

8 
- 

43
.6

)

43
.6

(4
0.

 r
 -

 4
7.

1)

47
.1

(4
6.

0 
- 

48
. 

1)

A
M

P

ï3
.ó

(t
3.

ó 
- 

13
.ó

)

25
.3

24
.4

 -
 2

6 
"2

)

34
.9

(3
4.

e 
- 

34
.e

)

39
.5

(3
8.

4 
- 

40
.5

)

43
.1

(4
2"

s 
- 

53
.ó

)

46
.6

(4
6.

0 
- 

47
 .

1)

C
M

P

*¡
rm

ol
es

 o
f 

P
i r

el
eo

se
d/

m
g 

pr
ot

ei
n/

h

S
ub

st
ro

te
s

In
cu

bq
tio

n 
co

nd
ifi

on
s 

on
d 

qn
ql

yt
ic

ol
 p

ro
ce

du
re

s 
w

er
e 

si
m

ilo
r 

to
 th

os
e 

de
sc

rí
be

d 
in

 t
he

 le
ge

nd
to

 F
ig

ur
e 

9 
ex

ce
pt

 t
ho

f 
A

M
P

 w
os

 r
ep

lo
ce

d 
by

 o
th

er
 m

on
on

uc
le

ot
id

es
 q

s 
su

bs
tr

ot
e,

12
.3

(1
1 

.e
 - 

12
.6

)

20
.6

(2
0 

"2
 -

 2
0 

"e
)

22
.2

(2
1 

.6
 -

 2
2.

4

n.
a

(2
3.

0 
- 

23
.0

)

23
.9

(2
3.

4 
- 

24
"4

)

25
.1

(2
4.

4 
- 

25
.e

)

G
M

P

t4
 "

4
(r

4.
0 

- 
14

.n

22
.3

(2
2.

3 
- 

22
.3

)

23
.1

(2
2.

A
 -

 2
4"

x)

23
.8

(2
3.

4 
- 

24
 "

1)

24
.3

(2
4.

1 
- 

24
.4

)

24
.1

(2
3.

0 
- 

2s
"1

)

IM
P

14
.4

(r
4.

0 
- 

14
.n

26
.2

(2
s.

8 
- 

26
"s

)

40
 "

1
(3

8.
4 

- 
4t

 "
8)

48
.5

(4
7.

8 
- 

4e
.2

)

52
.5

(5
2.

3 
- 

52
.n

5s
.8

(s
4.

1 
- 

17
.5

)

U
M

P

I æ \o I



-90-

TABLE )O/III

Effects of Agents on Plosmo Membrone 5'-Nucleotidose Activity

Effecfors
AMP

Concenfrotion
(*M)

Control Ouoboin
(l mM)

NoF
(10 mM)

cAMP
(2 mM)

0.25

0"50

0 "75

'¡ 
"00

t.50

2"00

*12.2
(12"2 - 12.2)

24.8
(24"8 - 24 "8)

37.2
(3ó"s - 38"0)

42"7
(4r.8 - 43.6)

43.6
(40.r " 47.1)

47.1
(46"0 - 48. r)

13.7
(r3.3 - 14.0)

25.6
(25.1 - 26"2)

37 "5
(3ó.ó - 38"4)

41 .0
(40.1 - 4ì .8)

46.2
(4s"7 " 46"n

3.5
(3.5 - 3"5)

3"5
(3.5 - 3.5)

3.5
(3.5 - 3.5)

3.5
(3.5 - 3.5)

3.5
(3.5 - s.5)

r 3.8
(r3.ó - 14"0)

26"2
(26.2 - 26.2)

35.4
(34.e - 35.e)

37.7
(36"6 - 3e"n

42"9
(42.2 - 43.6)

*¡.rmoles of Pi releqsed/mg proteïn/h"

The incuboÌion conditions ond onolytïcol procedures were exoctly os descrïbed
in the legend to Figure 9 excepf thot fhe effectors were qdded to the noted
f inq I concentrotion .
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membrones of rot SMSG might not be directly învolved in the process of cyclic

3'r5'-odenosïne monophosphote medìoted secretion. Furthermore, the presenf

finding thot 5r-nucleotidose octivïty wos nof influenced by ouoboin or NoF,

inhïbitors of cotion fronsport ATPose in mony tíssues (130) indicqtes the unlike-

lihood of this enzyme involved in fhe tronsport of cotions. These conclusions,

however, remqïn somewhot tentotive os the present invesfigotion wos not

sufficïent to produce unequïvocol dqto.

2. Sodium-, Potossíum-Activoted AdenosTne Triphosphotose

o) Introduction

The presence of sodïum, pofossium-ociivoted odenos ine triphosphotose

((No+ - f*)-ATPose, E.C. 3.ó.1"3.)) ocrívity in borh secrerory (38, l89,

190) ond non-secretory tissues (162, 191) is well known (see olso 192).

(No+ - f<+¡-ATRose hqs been ïmplicoted in the tronsporf of Nq+ or..'d K* in o

voriefy of tïssues (8, 107, 
.l30) 

ond olso in the obsorptÏon of qmino qcids qnd

sugors from the smoll iniestíne (ll0). Until recently, mosf of the work wos

cqrried ouf with preporotions from either whole tissue (7, 189, 192, 193) or

microsomes (194, 195)" However, recent reports (130, 138, 196, l9f indicote

thot plosmo membrqne is the site of much, if nof oll, (No+ - K*)-ATPqse octivity.

It would seem unlikely, however, thqt the enzyme would be exclusive to plosmo

membrones in oll tissues (194, 196, 19n. Hence c¡n enzyme prepored from the

whole tissue could be heterogenous în ïts subcellulor origîn qnd its overqll

properties might differ in mony respects from the enzyme prepored from one

porticulor subceltulor froctïon. Recently, the properties of (No* - K+¡-ATpor"

in the plosmo membrones of intestinol mucosol cells (198) ond of rot myometrium (ló2)

hos been reported. In this section, some properties of (No* - K+)-ATpore ond
+(Mg )-ATPose extrocted from plosmq membrone of rqt submondibulor sqlivory glonds

qs well os the effects of some secretogogues on ihis qctivity ore described.
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(¡) Purificotion of (No* - K*)-ATPose from plosmo membrones

After density grodient centrifugoiion of 4,000 x g supernotonf, three

plosmo membrqne froctions (F_l: Fzond F3) exhibîfing different levels of

(No' - K')-ATPose ond (Mg")-ATPose qctivitïes were obtoîned (Toble I).
++

(No' - K')-ATPose octivity wos highest in F, while F, ond F, showed similor

qctivities" As the yïeld of plosmo membrones was highest ïn Fo of the three

plosmo membrone froctions, this froction wos utilízed to pr"poå lNo+ - K+¡-

ATPose "

Deoxycholqte Treotment: The tissue suspensîon wos treoted w¡fh 9

volumes of 0"1o/o deoxycholote (w/v) in Tris-EDTA buffer (pH 2.0) ond

homogenized by 15 - 25 hqnd-driven strokes in o Poiter-Elveihem homogenïzer.

The suspension wos then centrifuged ol 12,000 x g for T5 min. The super-

notont wos retqined ond the pellet wos rehomogenized in 0.05% deoxycholote

(w/v) ín TrÏs-EDTA buffer ond centrifuged os before" The supernotonts of bofh

spins were pooled ondspun ot 100,000 x g for 45 min. The resulting pellei wos

woshed once wïth Tris-EDTA buffer ond finolly mode to on oppropriote volume

with the some buffer.

sodium iodide treotment: A portion of the obove preporotion wos

treoted wifh 0.5 volumes of ice-cold ó M sodium iodide solution contoining

150 mM Tris-HCl buffer (pH 8.4), 15 mM EDTA ond7.5 mM Msct' ollowed

to stond for 30 mïn in on ice-both. It wos then diluted 2.5 times the oríginol

volume with Tris-EDTA buffer qnd qllowed to stond for o fewmin.lt wos then

centrifuged ot 35,000 * g for 20 mïn. The resulting pellei wqs woshed fwice

with the Tris-EDTA buffer before suspending Ìt to on oppropriote volume with

the some buffer. The finol preporotion wos divided into smoll portions ond

frozen ot -75oC. Required portíons were ihqwed qt 2 to 4oC overnight prior

fo use.

(¡¡) Assoy of ATPos.e octivîty
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The ossoy method used in fhis study wos thot descrïbed by Schwortz ond

Moore (9). Totol ATPose octivity (No* - Kn - Mg*)-ATpose wos meosured

in o mixture contoïning 50 mM Tris-HCl buffer (pH 7"4), 100 mM NoCl, 20

mM KCl, 5 mM MSClr, 5 - l0 Fg of enzyme protein ond 5 mM Tris-ATp,

whenever o cotion-free medium wos requïred; otherwise, fhe dísodium solt of

ATP wos used. To estimote the octivity of (¡¿g#)-ATPqse (ouoboin-insensitive

ATPose), 1.5 mM ouoboin wqs odded to ihe obove medium. Totol volume of

the reoction mixture wos 0 "2 ml "

The reoctqnts were pre-equiliberoted for 5 min ot 37oC before ïnitioting

fhe reoctÌon with either ATP or the enzyme. The reoction wos continued for

l5 min ond stopped by the oddition of on equol volume of ice-cold TCA (12.5o/o

finol concentrotion). The omount of Pi releosed wos estimoted by the method of

Toussky qnd Shorr (155). Profeins were meqsured by the procedure of Lowry

et ql. (15ó) .

The (No+ - f+¡-lfRose octivïty wos obtoined by subtroctÌng the+
octivity of (Mg )-ATPose from the totol ATPose octivity. Both enzymic octï-
vities were correcfed for nonenzymic hydrolysÍs of ATP under simitqr conditions"

The ociivity of bofh the enzymes wos expressed os ¡.rmoles of Pï releosed/mg enzyme

protein/h.

b) Resu lts

The treotment of plosmo membrones twice with deoxycholqte ond once

with sodium iodide yielded o preporotion of (Non - f+¡-atfose which exhibited

on octivity of 109 ¡.rmoles of Pi releosed/mg/h qnd thus showed o purificofion of

obout 28 fold over the whole homogenote (Figure l2). The octivity of rhis finol

preporotion wos lower thon thot reported for preporofions from odrenot medullo

(200) ond kidney (201). Schwortz ond Moore (9) prepored on enzyme from whote

homogenotes of rot SMSG which exhibited o specific octiviiy of 137.3 - 300.2

¡.rmoles of Pi releosed/mg protein/h which wos higher thon fhe specific ocfivity
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of finol preporotion in this study. The reoson for thìs difference in octivity
is not cleor but it might be thot if oll the three plosmo membrqne frqctíons

(F1, F2ond Fr) were used to extroct the enzyme in the present study, o pre-

porotion with octivity os high os reported by these outhors could hove been

ochieved. It is pertineni to point out thot the ïnsoluble resïdue ofter the treot-

ment of plosmo membrones twice with deoxycholote retoîned qbout 160/o of the

originol protein ond exhibited o relotively high specific octivify of (No+ - K*)-
ATPqse (unreporfed observotions) .

(i) Effects of .vorious incubotion conditions on the qctivíty of
..++.#(No - K )-ATPose ond (Mg' )-ATPqse

Time of Incubofion qnd hotein Conce¡trqtion: (No+ - K+¡-ATporu

octivity increosed lineorly with the time of incubotion up to l5 min qnd

oppeored to be reoching o ploteou thereofter (Figure t3 o). The octivity wos

olso directly proportionol to the enzyme concentrqtion in the incubotion mix-

ture up to75 ps/ml ond reoched o ploteou ot 175 vs protein/ml (Figure l3 b).

cqtions: The octïvity of (No+ - K+)-ATpose wqs not influenced by No+

up fo 5 mM, however, qs the concentrqfion of No* *o, increosed furfher, the

octivity wos stïmulofed ond contïnued to increqse in o hyperbolic mqnner up to

300 mM No+ stillnot hoving reoched o ploteou ot this concentrqtion (Figure l4).
#

1ÀAg-¡-etPqse octivity wos olso stimuloted by low levels of No+

reoching o moximum level qt 50 mM No+. However, unlike (No* - K+¡-ATpor",

the octivify of (Mg#)-ATPose tended to decreose ot higher levels of No+ ond

wos lowere d to 64o/0 of the mqximum octivity ot 300 mM No+ (Figure l4).
++

(No- - K-)-ATPore r:ctivity wos stimuloted by low levels of K+reochïng

o mqximum level ot l0 mM KCl. However, hïgher levels of K+ were inhibitory

os the octivity wos decreosed to 43o/o of the mqximum octivify qf 150 mM KCI

(Fisure l5) .

K* olro stimulofed ihe octivity of (Mg#)-ATPqse buf the mqximqt stimulotion
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Fïgure 14. Effect of Nocl on rhe octïvity of (No+ - r+¡-areose qnd
(Mg' ')-ATPose of plosmo membrones. The incubotion condïtions
ond onolyticol procedures were the some os noted under Methods
of this secrion. Specif ic ocrÌviry of (No+ - fl-¡fpose (e-+ )
ond (Mg')-ATPose (e-o) is expressed os ¡rmoles of Pi releosed,/
mg protein/h.
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Fígure 15" Effect of KCI on rhe ocriviry of (No+ - Kl-ATpose ond (Mg#)-
ATPose of plosmo membrones. The incubotion conditions ond
onolyticol procedures were the some os noted in Methods of this
section. Specific ocrivity of (No+ - f*)-ATpose (e< ) ond
(futg+l-ATPose (o< ) is expressed os ¡.rmoles of pi re leosed/
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of the enzyme occurred ot 40 mM KCI slightly higher thon the level of KCI which

moxïmolly stimuloted (No+ - K.)-ATPose (Figure l5). Moreover, (fufg*)-ATPose

octivífywos somewhot less offected by higher levels of KCI os (Mg#)-ATPose

octiviiy wos decreosed io 68o/o of ïts moximum octivity ot 150 mM KCl.

#++++M9' offected both (No' - K')-ATPose ond (Mg' )-ATPose similorly,

groduolly increcrsing theÍr octivitles to o moximum level oround 5 mM MSCI,

(tigure ló)" However, t0 mM Mg* decreosed the qctivity of (No+ - t<*)-Ãtporu

to 49o/o of the moximum ocfivity whereqs the octivity of (Mg#)-ATPose wos only

reduced to7lo/o of the moximum octivity (Figure ló)" The concentrotion of MgCl,

necessory to fully octïvote (Noo - K+¡-ATPore ond (tutg*)-ATPose seems to be

direefly reloted to the levelof ATP in the ossoy system os wos noted by Skou

(202) îor the enzyme of nerve membrones "

Somewhot sîm!lor effects of fhese cotions on the octivity of (No+ - K.)-
ATPose prepored from ovion solt glond (189), red blood cells (107), peripherol

nerves (202), kidney ond broin (203), intestinol mucoso (l98) ond porotid glonds

(Ð hove been reported " Some differences qs to the concentrotion of q cof ion

of which moximol octivify of the enzyme wos observed were evident ond it

oppeors thot the optimol concentrotion of o cotion for moximol enzymic octivity

depends upon the concentrotion of other ions present ïn the iest medium (107,

108, 189,203).

Tris-ATP concenhotion: (No* - K+¡-ATPore octïvify wos increosed qs fhe

€oncentrotïon of Trïs-ATP wos increosed reoching o moximum level ot 5 mM ATP

(Figure I Z). Higher levels of ATP were inhíbitory os the octivity wos completely

qbolished by l0 mM ATP.

.¡-+
(Mg )-ATPose octivity wos olso ïncreosed by low levels of Tris-ATP.

However, the enzyme wos moximolly stimuloted by I mM ATP os compored with

5 mM ATP required for ihe moximol siimulotion of (No+ - K*)-ATPose (Figure l7).

Tris-ATP beyond I mM ïnhibited fhe octivify of (tv19#)-ATPose completely
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onolyticol procedures wge osJloted under Meihods of this section.
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Figure 17" Aciivity of (No+ - r.l-ATPose ond (Mg#)-ATpose of plosmo membrones
os o funciion of Tris-ATP concentrotion in the reqction mixture. Other
incubotion conditions ond onolyiicol procedures were the some os _" r
described under Methods of this secfion. Specific octivity of (No'- K*)-
ATPose (ç--e ) ond.(Mg#)-Arpose (oå) is expresr"á o, ¡rmoles of Éi
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obolishing it ot l0 mM ATP.

Effect of pH, (No+ - f*)-ATPqse exhibited highesr ocrivify or pH 7.S
#

(Figure I B). (MS )-ATPose octívity olso showed o mqximum qround pH 7.5,

however, this enzyme showedf"*"åhonnes with voríotions in pH" A pH optimum

of oround 7"5 hos been reported for (No+ - K+¡-ATPore prepored from intestinol

mucosol cells (198), red blood cell ghosts (20ó) ond from crob nerves (202)"

These findings show the similorïty in pH optimum omong enzymes prepored

from different f issues.

Ouoboïn concentrotîon: Totol ATPose ocfivity wos reduced rother

ropidly by low concentrotions (0.05 - 0"10 mM) of ouoboïn (Figure l9). At

I mM, ouoboin inhïbited qbout 85o/o of the originol octivity ond I .5 mM or

higher tevet of ouobqin completely obolïshed the No+ ond K* -stimutoted octivity.

The degree of inhibition of (Nn* - K*)-ATPqse by ouoboin seems fo depend upon

flre source of enzyme. The present findings thot l.5mM ouqboin wos required to

completely ïnhibit (No* - K+¡-ATPore ociivity is consistent with eorlïer ob-

servotions wherein it wqs demonstroted thot (Noo - K+)-ATpose prepored from

rot tissues showed more resisfqnce to ouoboin inhibition fhon the enzyme

prepored from tissues of other onimol species (193, 20n.

(ii) Substrote specificiry of (No+ - K.)-ATpose ond (Mg#)-ATpose

The obility of the (No+ - f+¡-afRose preporofion to hydrolyze vorious

nucleotides qnd other substrqtes wos exomined (Toble XX). The results showed

fhot the enzyme hydrolyzed ATP ot the highest rote(l3l .7 ¡rmoles of Pi releosed/

mg protein/'t) *h¡1" CTP wos hydrolyzed to o slight extent (18 ¡rmoles of pi

releosed/mg protein/h). Other nucleotides such os GTP, ITp, UTp, AMp ond

ADP were not hydrolyzed. Some hydrolysis of glucose ó-phosphote wos observed

but none with p-nitrophenylphosphote. similor results of (No+ - K+)-ATpose

prepored from red blood cell ghosfs (107) ond intestinol mucosol cells (t98)

hove been reported.
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Fïgure ì8. Effect of pH of the incubqtion medium on the octivity of (No+ - r*)-
ATPose ond (Mg+f -ATpose of plosmo membrqnes. T'he pH of the ïn-
cubqtion medium wos voried rrom4.0 - ó.0 with MES buffer, 6.0 -
8.0 with TES buffer qnd from 8.0 - 10.0 with Tricine buffer. Orher
incubotion condiiions ond onolyticol procedures were the some os
nofed under Methods of this section. specific octivity of (No+ - Kl-
ATPose .(o-o ) ond (Mg+l-Arpose ( o< ) ís expråssed qs 
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Fïgure T 9. Inhibitïon of (No
ouoboïn. Other
thïs secf ion 
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++- K )-ATPqse octivity of plosmo membrones by
conditions were exoctly os noted in Methods of
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+(Mg )-ATPose hydrolyzed ATP, GTP , lTP, UTP ond ADP ot decreosing

rotes ïn fhqt order (Toble XIX). AMP and gtucose ó-phosphote were not utilized

ss substrofes while p-niirophenylphosphote wos siightly hydrolyzed (Toble XIX)"

These findings indicote thoi while (No* - K+)-ATPose wos very specific for ATP,
+

(MS )-ATPose wos much less so.

(iïi) Effects of secretqgogues on the octivity of (No+ - K+)-ATPose
#

ond (Ms )-ATPose

At low concentrotion, ocefylcholine (0.2 mM), epinephrine (0.2 mM)

or cyclic 3',5'*odenosine monophosphote (0"25 mM) did not influence the

octivitÏes of either enzyme (Toble XX). However, ot higher levels, fhey oll
++

inhibited (Nc, - K )-ATPose octïvify, with epïnephrine being the most effective.
JJ.

(Mg' ')-ATPose ocfivîty wos slightly inhibited by epïnephrine (0 .2 ond

r "0 mM) ond ocetylcholine (0.2 ond 1.0 mM) but wos much reduced by cycllc

3',5'-odenosine monophosphote (l .25 mM) (Toble XX).

Inconsistent effects of ihese ogents on the octivity of (No+ - K+¡-ATporu

hove been reported. While epinephrine hos been shown to ïnhibit the ociivity
of this enzyme prepored from rot gostric mucoso (208), no such înhibitory effect

wos noted in the preporotion from coi groy motfer qnd retino (192) ond rot brqin

Qgn. Acetylcholine did not influence rhe octivity of (No+ - K+)-ATpose

prepored from rqt gostric mucoso (208), cot groy motter ond retino (192), rot

broTn (ì97) ond from oviqn solt glonds (l89). Consisfent with the present findings

cyclic 3',5'-odenosíne monophosphofe inhibited (No* - K+¡-ATPore of rot gostric

mucoso (209)" Inconsistenf effects cf these ogents on the octivity of (No+ - Kl-
ATPose could be due to differences ïn the tissue sources or due to differences in

the levels of ihese ogents used in vorious investïgofions. The presenf findings in

rot SMSG preporofion show thqt these ogents dïd not olter fhe ociivity of this

enzyme qt low concentrofion but they oll inhibited the enzyme ot higher concen-

trqtion "
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. 
TABLE XX

ATPose Activity in the hesence of some Metobolicolly Actïve Mqteriols

Additions to Medium

Conc. tris-ATP (mM)
oddedTó-medium

Specific Activity (¡rmoles P, /mg protein /h)

2"0ï.5t.00.5 2.5
-L+

(No' + K')-ATPose

N"*
Acefylcholine (0.2 mM)

(l "0 mM)

Epinephrine (0.2 mM)
(l .0 mM)

cAMP (0.25 mM)
(l .25 mM)

NoF (l .0 mM)
(5.0 mM)

CoCl,, (l .0 mM)z (5.0 mM)

.L.L

Ms' '-ATPose

N.*
Acetylcholine

Epinephrine

cAMP

NoF

CoCl^
z

(0 .2 mM)
(l .0 mM)

(0.2 mM)
(l .0 mM)

(0.25 mM)
(l "25 mM)

(l .0 mM)
(5.0 mM)

(l .0 mM)
(5.0 mM)

84

82
65

74
55

71

67

67
2l

23
0

20

l5
t5

l0
lt
19

I

t9
9

II
0

B3

76
71

5l

8l

7l
24

32
29

39

26
23

,:

¿5

23
l8

3

0

B5

u
74

7l
57

75
65

82
l8

39
33

49

43
35

3l
33

4t
17

28
26

20
0

7l

89
59

75
47

73
6l

óì

53
42

41

45

49
33

43
29

49
7

43

42
35

5l
35

39
37

41

7

ï5
0

37

5l
48

48
46

53
40

47
33

3l
27

69
l5

3t
t3

Medium os described in Methods except thot ATP concentrotion wos voried os

shown ond oppropriote oddif ions were mode qs shown.
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(¡u) Effects of inhibirors on (No+ - K+¡-ATpore ond (

NoF ot I mM concentrotion did not offect the qcfivïry of eîther enzyme,

however, 5 mM F inhibire¿ (tutg#)-ATpose considerqbly ond (No* - r+¡-atR:
ose very strongly (Toble XX). Inhibirion of (No+ - K+)-ATpose (204,20s) ond

(lrng#)-afPose (205) by F- hos been reporred.

when compored with oll the other ogents tested in this sfudy, co#
(f mM) wos found to be one of the most pofent inhibitors. This inhibition,

however, wos not further increosed by íncreosing Co# concentrofion indicoting o
-¡J-

bosic level Co' '-ïnsensitive octivity.
.Jl

(Mg'')-ATPose octivity wos oJso considerobly reduced by I mM cocr,
but 5 mM eoCl, completely obolished fhis octivify"

These findTngs were in ogreement with the observotions mqde by oiher

oufhors (7, 107, 108, 192). Co#mighr hqve inhibired borh these enzymes by

competïng with Mg# ions which hove been shown to be necessory for the octïvitîes

of both rhe enzymes (102, l0B). Ir oppeors ,r.'r{ñrn** sire of (M;*)-ATpose

is more sensitive to co*+ tr'r"llÑ.* ond K+ sïres of (No* - K+¡-ATporu.

e) Dïscussion

Throughout fhis invesiigofÏon, differences ïn the propertíes of (tutg#)-++
ATPose ond (No' - K')-ATPose were observed. Moreover, fhe octivTties of borh

the enzymes were offected differently by the sc¡me ogent, i.e. epinephrine,

ocetylcholine, cyclic 3',5'-odenosine monophosphqte (Toble XX). These findings

suggest thot eïther (No* - K+¡-ATPore ond lrttg#¡-AfPose ore seporote enzymes or
++

thot the Mgt'cotolytîc sïfe is much different from thot for No* ond for K*. The

differenf iol loss of (No* - f+¡-Arrose qnd (¡¿g#)-ATPose during storoge supports

the two enzyme postulote (162, 21n.

Riddersirop ond Bontíng (211) showed by perfusïon studies of isoloted rqbbit

poncreos using vorious inhibitors thot enzyme secretion wos not coupled to

the sodium PUmp whïch tigÀt be responsible for fluid qnd electrolyte secretion.
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Their further work with perfused poncreos showed thot poncreozymîn or ocetyl-

choline enhonced the secretion of proteins ond this effect could be elicited by

cyclic 3',5'-odenosine monophosphote or by theophylline (212)" Consistent

with the obove studies were the fìndings of Pritchord (15) with solivory glond

slices where ouoboin hod no effect on the secretion of proteins in vitro. The

resulk of this study with purified (No+ - K+)-ATPose preporot'-f.r plosmo

membrones of rqt SMSG provide evidence in support of the obove conclusion.

If wos demonstroted thot the potent stimulonts of solivory secreiion did not

qctivote but rother inhibited ihe octivity of (No+ - t<+1-AtRose of ptosmo mem-

brqnes. These findings demonshote thot epinephrine, ocefylcholine ond cyclic

3'r5'-odenosine monophosphote promote the exocrïne secretion from rqt submqnd-

ibutor solïvory glonds by mechonismþ) other thon the ocfivqtïon of (No+ - K+)-

ATPose of plosmo membrones 
"

The inhibifion of (Noo - f+¡-ltfose by epinephrine, ocetylcholine ond

cyclic 3'r5'-odenosine monophosphote ot higher levels could serve os o protective

meosure ogoinst the deplefion of cell ATP becquse in the presence of epinephrine,

ond ocetylcholine, odenyl cyclose would be strongly ocfivoted to utilize ATP.

If both ATPose ond odenyl cyclose were octïvqfed simultoneously, ATP would

be ropidly utilized ond the cell would be depleted of energy. Consistent with

this vÍew ore the findïngs of Moszik who nofed thot epinephrine (208) ond cyclic

3',5'-odenosîne monophosphote (209) inhibited (No+ - f+¡-atPose ocrivify of o

preporotion from the rot gostric mucoso. He proposed q scheme depicting on

inverse retqtionship between the octivity of (No+ - t<+)-etpose qnd odenyl cyctose.

Accordingly, øny substonce octivoting odenyl cyclose would inhibit lt to+ - rc+¡-

ATPose not only by its dírecf oction but olso through o feedbock înhibition by cyclic

3',5'-odenosine monophosphote. The present findings (Toble XX) supporf the obove

scheme.



C. CALCIUM BINDING PROPERTIES OF PI-ASMA MEMBRANES

Ï " Introduction

The requiremenf for colcium inþcretion of omylose from porotid glonds

(T4, 'lU, 216,226), insulin from poncreos (210, 22n, cotecholomines from

odrenol medullory gronules (228, 229), ond in the releose of neurotrqnsmitters

from synoptic iunctions (230, 231) ïs well known" Cqlcium could olter the

permeobility of cell membrones by binding to the membrones or by stimuloting

one or rnore enzymes concerned with the secretory process" Both these

possibilities hove been discussed ïn o recent poper (215)"

Although the uptoke of colcium by microsomes (232,233) ond by mito-

ehondrio (234) is well documented, much less is known obout the bindÏng of

colcium to the outer cell membrones (235,236, nn" Gentef ol. (235)

reported thot the cell membrones of humon erythrocytes con bind colcium ond

this binding wos not energy dependent. Controry to this report qre the findings

of Cha et ol. (23ó) who reporied thot this process wos closely ossocioted with

the octivify of o Co#-stimulqted ATPose in red blood celt ghosts. Recently,

Thorpe ond Seemon (237) reported thot cell membrqnes of skeletol muscle hqve

the obilïty to bind cqlcium, ond this binding wos increosed by ATP. However"

they ottr'Ïbuted the ATP-ougmented colcïum binding to microsomol contominotion

of their plosmo membrqne preporotion. The doto reported in this section show

thot plosmo membrone preporotions isoloted from rqt submondibulor solivory gtonds

bind cqlcium qnd this process is influenced by the ionic environment, ATp

ond severo I secrefogogues.

Since F, oppeored to be the plosmo membrone froction with the leost

confominofion by other subcellulor moteriol occording to enzymic, chemicol ond

morphologicol indicotors (see Section II), it wqs used for exqminqtion of the Cq#
binding properties of SMSG plosmo membrones.

- lt0 -



- ilt -

2. Methods

The method of esfimoting colcium binding described by Sulokhe ond

Dhollo (238) wos used in the present study with slight modificotion. The

incubotion medium contoined 100 mM Kcl" l0 mM MsClr, 50 mM Tris-HCl

buffer (pH 7.4),0.I mM 
Atcoclrmixed 

w¡rh CoCl2 (1,000 - 2,OOO dpm/

nmole of CoCl,,) ond opproximotely 25 VS of plosmo membrone profein in o finol¿'

volume of 0"2 ml" Whenever noted, Tris-ATP of vorious concentrotions wos

odded to the obove medTum. The somples were incuboted ot 25"C in o shokîng

woter both for l0 min. The reoction wqs termínoted by fïtterïng the totol re-
oction mixture through o 0.45 ¡: Míllipore filier (HAWP 013 00, Miltipore

Filter Corp., Bostono Moss., U"S.A.). A set of confrols contoining oll the

reocfonts except tíssue wos olwoys employed. A 50 ¡rl oliquof of the cleor

filtrote wos mixed wîih '10 ml of Broy's solution ond the rodiooctivîfy meosured

in o Unilux II scïntïllotion counter. The omount of colcium bound to plosmo

membrqnes wos colculoted os the difference in the rodioqctivity befween the

filtrotes from tesf somple ond controls.

dpm bound Co# = (dpm in control) - (dpm in test)

The results ore expressed os nmole co# bound/mg plosmo membrqne

protein,/10 min. Controls confoining either the equivolent omount of boiled

tíssue or bovine serum olbumin were employed. Co# binding in both these

controls wqs less thon thoi to fresh plosmo membrones.

The omount of Pi liberqted when ATP wos present in the incubotîon

medium wos meosured in the filtrqtes by the method of Toussky ond Shorr (155)

(Section II, Chemicol Methods,3.o)(ii) on poge 28. Correction for non-

enzymic hydrolysis of ATP wos olwoys mode. The results ore expressed os ¡.rmoles

of Pi releosed/mg plosmo membrone protein/h unless otherwise noted.

3 . Resu lts

Effects of vorious conditioni on colcium binding to plosmo membrones:
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o) Tíme of Incubotion

The binding of colcium to plosmo membrones wqs rother ropid boih in

fhe qbsence ond presence of ATP (4 mM), reoching o volue of obout ó0 ond

ó8 nmoles, respective ly, oî Co# bound/mg plosmo membrone profein within

5 min of incubotion. No further chonge up to 30 min (Figure 20) wos observed.

Plosmo membrone oppeored to bind slightly more colcîum in the presence of

ATP. In somples contoîning ATP, the releose of Pi from odded ATP wos evidenf

only ofter 3 min of ïncubqtion but increosed lineorly thereofter.

Ropid equilibrotion between cqlcium ond microsomes of odrenql medullo

(229) ond red blood cell membrones (235, 236) hos been reported.

b) Calcium Concentrqtion

Colcïum binding increosed lineorly wÍth on increqse in colcium con-

centrotion up to 150 ¡.rM both in the obsence ond presence of ATp (80 ¡rM)

(Figure 2l). However, ATP seems to slightly enhonce the rote of colcium

binding without under-going hydrolysîs qs the omount of Pi releqsed wos not

offected by on increqse in colcîum concenfrotion.

c) KCI Concentrotion

In o medium contoining l0 mM Mgclr, 80 ¡.rM Tris-ATp ond 0.r mM

coclr, 20 nmoles of co# were bound to plosmo membrone (Figure 22). on
qddition of KCl, there wos o rcpîd increose in Co# binding reoching q mox-

ímum qt obout 25 mM K+. However, I50 mM KCI slightly reduced (B7o/o of

moxÏmum binding) Co# binding. The omount of Pi releosed wos uninfluenced

by KCI up fo 150 mM.

d) MsCl, Concentàtion

-L.L

cq" bïnding fo plosmo membrqne in o medium confoining 100 mM KCl,
B0 ¡.rM Tris-ATP ond 0.1 mM CoCl, wos obour 100 nmoles (Figure 23) ond wos

5 fimes more thon in (c) whère 100 mM KCI wos reploced by l0 mM MsCl,
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5tot5
Time of lncubotion (min,) ot Z5"C

{-+
Figure 20. Co" bïnding to plosmo membrones in fhe obsence ond presence of 4 mM

ATP (disodium solt) os q function of incubqtion time ot 25"C. The
incubotion conditions were similor to those described under Methods of
this section. The releqse of Pi during incubotion is qlso shown.
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Figvre 22" Influence of KCI on co# binding to plosmo membrones in the
presence of l0 mM Mgc12 qnd B0 ¡rM Tris-ATp. The omount of
Pi releosed is qlso shownl Other incubotion conditions were
exoctly os noted under Methods of this section.
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(tigure 22)" The oddition of MgCl, to o medium contoining ì50 mM KCI ond
_t-+

ATP increosed Co" binding reoching o moximum of I mM, however, of S mM,

it reduced the bïnding to o level well below thot seen in its obsence. Furfher

sddÏtion of MgCl, to l0 mM did notolter the binding (Figure 23). The foîlure
+.|- 1 J.J-

of Mg to completely obof ish Co" binding suggests thqt fhere were two types.-¡- ++of Ca' ' binding sites, ones which were offected by Mg'.- ond others which

were not. These findings olso índicqte thof Mg* competed w¡th Co# more

effectively thon K*" similor inhibitory effecis of Mg# ond K+ on colcium

binding hove been reported with microsomes (236, 23g, 240) " The mechonism

by whïch low levels of Mg# ond Ki enhonced colcium binding in the presence

of ATP is not known.

e) Effects of Ions on Colcium Bïnding to Plosmo Membrones in ihe Absence
of ATP

To elucídqfe the mechonism of fhe effect of cofions on colcium binding,

further experiments were cqrried oui to evoluqte the effects of these ions on

colcium bindÏng in o reoction míxture locking ATP ond confoining 50 mM Tris-

HCI buffer (pH 7.4), 0. I mM CoCl, ond opproximotely 25 pgof plosmo membrone

proteìn" Both No* ond Ki ot l0 rl decreqsed cqlcium bindïng qf different
+.L J.-L

levels of cq*. Mg* (2.5 mM) did not influence co** binding ot l0 ond 20 ¡.rM
-.* ++Co , however, reduced it considerobly (35% of control) ot 50 ¡rM Co'''
(Figure 24)" At o level of 5.M, Mg# inhibired cqlcium binding ot 20 ¡rM co#
ond completely obolished it ot 50 ¡rM Co#. The results of these experiments ore

ïn complete ogreement with those of Cohen ond Selinger (239) with endoplosmic

retÏculum of robbit skeletol muscle ond of Corvolho (240) with microsomes of

liver.

Whether these ions ïnhibited colcium binding by increosing the ionic

strength of the medium or by competing wîth Co# for the some binding site(s) ïs

not certoin" The finding thot Mg# reduced colcium binding more thon K* o.

No+ ¡nd¡"otes thof probobly oll these ions bind to fhe some binding site(s) but Mg#
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cc¡n compete wïth Co# more effectively thqn No* ot, K+, o conclusion consïsfent

wïth reports of others (239, 240). The Co# bindîng sites do not seem fo be
-H.++#

specifïc for Co" os No' , K' , Mg ' reduced colcium binding by competing with
-L-r

Co" for the some binding sites. The degree of colcïum binding înhibition dis-
,++#

plcyed by No', K', ond Mg" seems to depend upon the Ca'. concentrotion,

being higher ot higher Co# concentrotïons (Figu re 24)" These findings suggest

thot ionic strength might be portly responsible for the reduced colcium bindïng in

the presence of these cotions" Similqr conclusions hove been deduced by other

workers from observotions mqde on red blood cellmembrones (235) ond microsomes

ïsoloted from vqrious tissues (239, 240) "

r) pH

In q medium contoining oll

wos moximum ot pH 8.0 qnd ït wos

(Figure 2ó). A simïlor pH optimum

derived from robbii skeletol muscle

the reoctqnts except ATP, colcium bindíng

reduced ot both ocidic qnd olkoline pHs

for colcium binding to endoplosmic retïculum

hqs been reported (239) 
"

g) Epinephrine, Acetylcholine, Cyclïc 3',5'-odenosine Monophosphote,
Ouoboin ond Oxolote

The control somples contoined 100 mM KCl, T0 mM MgClr, 50 mM Trîs-
Á.4

HCI buffer (pH7.4),0.1 mM CoCl, (+-"CoClr) ond obouf 25 ps of plosma

membrone proteins in o finol volume of 0.2 ml. Aceiylcholine (0.5 mM) did not

ïnfluence colcium binding (Toble XXI)" The oddition of epinephrine (250 pM)

increqsed colcium binding only slightly,brt cyclic 3',5'-odenosine monophosphote

(l mM), ouoboin (l mM) qnd oxqlote (5 mM), oll enhqnced colcium binding

considerobly but the hydrolysis of ATP, os meosured by the liberotion of Pi, wos

unoffected (Toble XXI).

Although Morineiti et ol. (136, 241) hove shown thot liver plosmo membrone

binds epinephrine/ our efforts to demonstrote epinephrine binding to SMSG plosmo

membrone hove been unsuccessful thus for" The findings ihot cyclic 3',5'-odenosine

monophosphote, ouobqin ond oxolote enhonced colcium binding equolly ore puzzling.
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o medium contoining l0 mM Mgcl2, 100 mM KCI qnd no ATp.
Other conditions were similqr fo th-ose described under Mefhods
of this section.



-122_

TABLE XXI

Ëffects of Some Compound, on Co# Binding to Plosmo Membrones
in the Presence of 100 mM K+, l0 mM Mg# ond 0.08 mM Tris-ATp

-L:L

Co' ' Con"entrotîon (¡rM)

Addïtions 5102550
Ions +fi¡P 5.9* 11 .7 22.5 4B.l

+ Acetylcholine 7.7 4.1 10.ó 49.4
(0.5 mM)

+ Epinephrine 5 "7 22.7 40 .g 57 .2
(0.25 mM)

+ cAMP 16"2 37"1 116.7 159.2
(l mM)

+ Ouobqin I8.8 39.3 114.5 159.0
(l mM)

*Oxolqte ló.3 39.1 lfg.4 167.6
(5 mM)

-F NoF 2"1 14.9 3l .S s8.s
(l .25 mM)

-I-L*nmoles of Co' ' bound/mg profein/T0 min

Other Íncubqtion conditions were the sc¡me c¡s described in Methods of
fhis sectïon.
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Since there is no structurol similority between ihese compounds except negotïve

surfoce chorges, it is possible ihot they might hove enhonced colcium binding

by chetotïng Mg# o,. K* from fhe medium which compete with co# for the

binding site(s). However, the findïng thot cyclic 3',5'-odenosine monophosphote
#

Ïnereosed Co bínding in the obsence of ïons orgues ogoinst this explonotion

(Fígure 25).

h) Tris-ATP Concentrotïon

In the qbsence of ATP, 53 nmoles of Co#/^g protein were bound to plosmo

membrcnes. On oddÏtion of ATP to 20 ¡.rM, the bïnding wos decreosed (Figure 27).

On further increosÎng the ATP concentrotion, there wos on increose in colcium

bÏnding to o moximum volue between 'l00 to ó00 ¡rM ATP" At ATp levels higher

fhon T mM" colcium binding wos decreosed. The reteqse'of pi from ATp wos

negligîble upto 500 ¡rM ATP, thereofter, pi releose increqsed reoching o

moximum ot 2 mM ATP"

¡) Sodium Fluoride

In the complete medium contoining ions ond ATp, NqF (l .2s mM) did
not influence cqlcium binding qt severol concentrqtÌons of cqlcium (Toble XXÐ"

4. Discussïon

The results of the present study show thot ATp ougmenfed colcium

bïndÎng slïghtly but consisfently. The findings thof colcium binding wos greotly

influenced by mony conditions without porollel chonges in the liberofion of pi

from ATP indicote thqt fhe effect of ATP on colcium bínding wos not lïnked to

ATP hydrolysis, i.e" on ATPose system. Further support for the non-involvement

of on ATPose system is given by the fÌndings with NoF, o known inhibitor of

ATPoses which did not oltur Co# binding. MocLennon ond Wong (242) hove

recently reported o colcium binding protein (Colsequeshin) from sorcoplosmic

reticulum of robbÏt skeleiol muscle which wos distincf from ATPose suggesting fhof#Co bindîng process is sep'orote from ATpose system.
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The effects of íons, oxolote ond ouoboin on cqlcium bïnding to SMSG

plosmo membrones were similor ïn some respecfs to those reported for microsomes.

It ïs possible thoi Co# bínding to plosmo membrones noted in this siudy wos

due ot leost ín port to microsomol coniominotion of the preporotion. Choudry et ol.
(245) hove odvocoted fhot microsomes con be distinguished from plosmo membrones

on the bosis of ATP-dependent Co# binding which is obsent from the plosmo

membrones" The present findings ihot ATP slightly enhonced Co# binding but

this effect wos not medioied through o Co-ATPose system qrgues ogoïnst the

rnicrosomol pcrficipotion if SMSG plosmo membrones ond microsomes ore comporoble

to those of liver ond musele tissue"

Acyl CoA synthei'ose octivity ïs consïdered to be present rother exclusively

in mïcrosomes (.l71, 172), ond the present findîngs thot SMSG plosmo membrone

preporotïons locked meosuroble octivity of this enzyme indicote thot plosmo

membrone preporotions were reosonobly free from microsomes. Moreover, the

enzymïc ond chemicol eomposition of SMSG plosmo membrone wos comporqble to

plosmc membrones prepored from other tïssues for which the investigotors clqimed

hod little mícrosomol contqminotion.

Since mony morphologists cloim thoi plosmo membrones ore continuous

wïth the endoplosmic reticulum qt certoin regions, the possiblity fhot the present

plosmo membrone preporoiions were slightly contqminoted wiih configuous smooth

endoplosmic reticulor membrones cqn noi be completely excluded. The observed
#Co binding to plosmo membrqnes might be portly due fo this contominotion.

AccordÏng to Rosmussen (2.l5), o secretory stimulont inferocts with fhe cell

surfoce leoding to on increose in its colcium permeobility ond io odenyl cyclose

octivotion. It wos suggested thot the subsequenf increose in infrocellulor cyclïc

3'r5'-odenosine monophosphote prevents the upioke of Co# info introcellulqr

pools ond qctivotes o phosphorylose kinose in severol tissues leoding to the

phosphorylotion of the micro-tubulqr system ond converting ii from o colcîum in-

sensitive form to o cqlcium-sensitive stote. It wos furiher cloimedthqtthe increosed
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ïnflux of colcíum octivotes this complex ond the secretory vesicle moves to the

cellsurfoce. Contocf befween vesicle membrones ond plosmo membrones leods

to fusion with subsequent dischorge of secretory mqteriol"

The findings i) fhot odenyl cyclose octivity wos present in SMSG plosmo

membrones (Toble Ð, i¡) thot epinephrine octivofes odenyl cyclose in voriefy of

tïssues (178), iii) thot epinephrïne ond cyclic 3',5'-odenosine monophosphote

enhonced colcium binding to SMSG plosmo membrone (Toble XXI), ond iv) thot
#Co wos required for epinephrine- ond cyclïc 3'r5'-odenosine monophosphote-

induced omylose secretion from solivory glond slices (184, 21ó) ore completely

consistent wiih Rosmussen's scheme for secretion.

The finding thot the treotment of smoofh membrones with phospholipose

reduced the colcium bindïng (2M) indicoted the ïnvolvement of plosmo

membrone phospholipïds ot the binding sites. It hos been suggested thot Co#
forms bridges between odiocent phosphote groups of phosphotides especiolly

phosphoinositïdes (230). The plosmo membrqnes used in this study contoined

opproximofely lBlo of fotol phospholipids os phosphoinositides ond phosphotidyl-

serine. It is possible ihot colcium binding fo SMSG plosmo membrones wos

ossocïoted with fhe phosphote groups of phosphoïnositides qs wellqs the corboxyi

groups of siolic qcid contoinTng protelns. The findings thot the bîndìng of

colcium to plosmo membrones wos influenced by pH ond by îonic environment

ore not inconsistent with fhe obove inference.



SECTION IV



GENERAL DISCUSSION AND CO NCLUSIONS

Plosmo membrones of rai submondibulor solivory glonds were locolized

in three froctions of vorioble density. The enzymic ond chemicol composition

of plosmo membrones în ihese frqctions wos different. These findings were not

unïque to SMSG os other ïnvestigotors (218,219,22)) hove olso reported similor

findings wïth liver plosmo membrones. These outhors qlso noted differences in

the enzymïc (2.l8, 219, 220) ond chemicol compositïon (219) of plosmo membrones

in sub-fractions whïch were quïte comporoble fo the results of present study" The

light sub-froction obtqined by E.rons (2lg) expressed high specific octivity of 5'-
nueleofïdore, (Mg# .= I(*)*ATPose ond contoined more phospholipids, cholesterol

ond NANA thon ihe heovy sub-frocfion. It seems thot their light ond heovy sub-

froctions corresponded fo F, ond F, respectively of the present study. These

oufhors regord lTver porenchymo-cell membrqne os o complex composed of three

physïologïcolly speciolized surfqce c¡reos. Certoin porfs of plosmo membrone qre in

cont'oct with locunqe ond neighbouring porenchymol cells, whereos other ports

form microvTlli thot surround bile conqlîculi. It is likely fhqt these liver cell

surfoce oreos hove different enzymïc qnd chemicol composition. Byonology, one

might conclude from the observotïons mode with the sotivory glond plosmo

membrone in ihe presenf study thot probobly Frrepresenfed q rype of microvïlli

ond F, contoTned thot portïon of the cell surfoce which wos in contqct with the

other cells" One should note thot the Fl, F2ond F, frqciions did not dïsploy the

morphologicol differences noted by Evons (219) in liver plosmo membrone sub-

froctions. This could be due to the presence of EDTA in the homogenizing medium

of the present preporotion which reportedly disrupts the contocts between

neighbouring cells ond persumobly the morphology of plosmo membrones in fhese

isoloted froctions would not be quite the some os if might be Tn situ.

Plosmo membrqnes isoloted from rqt SMSG were not much differenf in
Ìheir enzymic qnd chemicol composition from plosmo membrones isoloted from ofher
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f issues by different ïsolotion procedures. The present f indings thot plosmo

membrones of SMSG contoined 60o/o or more soturoted fotty ocids ond high levels

of cholesterol qnd sphingomyelins were consistent with the findings of others (3)

ond support the view thot the structure of plosmo membrones is rother rigid
ond compoct os befitting its role os on outer cell coverîng.

The findings thof fotfy ocids were token up by the isototed plosmo

nnembrones into vorious lipid species demonshqte the viobilïty ond dynomic noture

of plosmo membrones in vlew of the findings thot the removot ond replocement of

fotty ccíds from lipids of cell membrones might determine not only the sfructure

of membrones but might also chonge the permeobility chorocteristics of cell

membrones (4' 5). Foctors which would influence the octivities of plosmo

membrqne enzymes' such os ocyltronsferoses ond phospholiposes which ore con-

eerned wïth the furnover of fotty ocid residues of plosmo membrone lipids might

regulote the structure, qs well os fhe biologicol functions, of cell membrones"

Mony foctors were shown to influence the uptoke of polmitic qcid into vorious

lïpids of plosmo membrones isoloted from SMSG. However, no precise mechonism

could be proposed on fhe bosïs of the presenf doto becquse of the complex noture

of the system" Future studïes on isoloted enzyme systems from plosmo membrones

might be rewording.

The present findings olong with the reports of other investigotors (15, 2ll)
demonsfrote the non-poriicipotion of (No* - K+¡-ATPore of plosmo nnembrones in the

secref ion of mocromolecules from the solivory glonds.

On fhe bosis of published doio ond the resulfs of the present investigotion,

o possible scheme for secretion hos been constructed (Fïgure 28). According io
this scheme, o sfimulus of secretion moy oct simultoneously upon multiple enzyme

ond tronsport systems (sites I - 5) locofed in fhe plosmo membrone.

A stimulus of secretion moy oct upon the odenyl cyclose system of plosmo

membrones (Site l) to produce cyclic 3',5'-odenosine monophosphote (Reoction t)
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Figure 28. This diogrom shows the possible sites, ï.e. I - s of oction of q
stimulus of secretion on the plosmo membrqne ond illustrotes the
introcellulor sequence of events qnd ulf imofe rupture of ptosmo
membrqnes which reportedly occur duríng the exocrine secretion
of mqcromolecules. The numbers in porenthesis rercer fo fhe
number in the Reference section. p.F. stonds for present
findings. The (+) symbol indicofes thoi fhe pro""r, is stimulqted
ond the (-) sign thot if is inhibited by o stimulus of secretion.
A question mork (?) indicqtes o possible poini of reoction where
fhere ís no firm evidence yet ovoiloble. 

-Reqction 
numbers ore

denofed os R., - Rrr.

Following qbbreviqtions ore used: pDE-, cAMp phosphodiesterose;
5'-AMPose, 5'-nucleotidose; Lyso-ppL, lysophosphqiides qnd
F.4", foffy ocids.
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(178' 212). Cyclic 3',5'-odenosine monophosphote con either be metobolized to

odenosine ond phosphote by cyclíc 3',5'-odenosine monophosphote phos-

phodiesterose (Reoction 2) qnd 5'-nucleotidose (Reoction 3) of ptosmo membrqnes

or con octïvqte phosphorylqse kinose (Reoction 4) which cotolyzes the phosphorylotion

of o mïcrofubulor controctile system rendering this system sensifive to colcium (215).

The some sfimulus of secretìon simultoneously enhonces the ïnflux of

cqlcìum (s¡te 2) eifher by increosïng fhe concentrofion of Co# ot the Co#
binding sites of ptosmo membrone (242) and/or by some other mechonism(s)

(Reoction 5) (214). The increosed level of infroce!lulor Co#then octs upon the

mícrotubu lor system previous ly sensitized by cy clic 3', 5' -odenosine monophosphote

through phosphorylotion (Reociion ó). This sequence of metobolic events couses the

movement of secretory vesïcle fowords the periphery of o secretory cetl (Reoction fl.
Ultimotely, the vesícle membrone fuses wifh the oufer cell membrone (Reoction 8)

ond o rupture ot the point of fusion releoses the secretory moteriol into fhe lumen

of the ocini duct system (Reoction 9) (215) 
"

The some sfÏmulus of secretïon mc¡y qlso influence fhe qctivïties of phos-

pholiposes (Site 3) (Reoctïon I0) ond/or ocyltronsferoses (Site 4) (Reocrion 'll) of

plosmo membrones either through cyclic 3',5'-odenosine monophosphofe or

direcfly (Figure 28)o such thqt the level of lysophosphotides in fhe ptosmo membrones

is increosed" An increose in the level of lysophosphotides of plosmo membrqnes

could either rupture oreos wÏthin the plosmo membrones due to the tytic properties

of lysophosphotïdes (5) or render the plosmo membrones more permeoble by

chonging the configurotion of lipids in relotîon to other plosmo membrqne compo-

nents (5). The tronsformotion between lecithin ond lysolecithin (Reoction l0 ond

Reoction ll) hos olso been implicoted in the tronsport of fotty ocids ocross the plosmo

membrones (Sites 3 qnd 4) (224). The present findings provide some support for

the octïon of q stimulus of secretion ot the Sites l, 2 ond 4 (Figure 28).

The some sfimulus of secretion moy olso modulote the octivity of ATpose
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system (Reoction 1l of the plosmo membrones (S¡te 5) ond subsequently olter

the flux of cotïons (Fïgure 28) ocross ihe cell membrones. They mighi in port

be responsible for the coupling between o stimulus ond the secretory mechonism

(10 - l4). However, the present fîndings olong with those of Pritchord (15)

ond of Ridderstrop ond Bonting (2ìf ) indicote thot this enzyme sysfem (Síte 5)

is not dírectly involved in ihe process of exocrine secretion of proteìns.
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