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The term 'biological nembrane' is often used in a sense that
inplies considerable uniformty anong different types of menbranes.
Such uniformty of course, can only refer to some conmon principles
in organisation (structure) but not in function. There is after al
no reason to suppose that say carrier nediated transport, protein
synthesis, energy coupling or signal transnission all operate by a
simlar nechanism It is perhaps the large diversity of nenbrane
functions based on structural simlarities that makes research in
this area of such current interest.

In that all nenbranes are nade up of |ipids and proteins they
are simlar. (Carbohydrates, also constituents, are often consid-
ered in a separate class, being on the menbrane surface). Yet
the differences in fine detail (lipid-protein ratio,lipid and pro-
tein conmposition and structure) must be responsible for the func-
tional variations. Conbining spectroscopic studies (providing sone
of the fine structural detail) with biochenical ones (describing
functions) we can determne some structure-function relations. Pre-
sent spectroscopic techniques al one cannot provide an overall struc-
tural view while diffraction and electron mcroscopic neasurenents
are likely to produce sufficient detail only in specialised cir-
cunstances (1). W nust therefore conbine the results of different
types of nmeasurements. In this paper we shall examine some of the
properties of the chromaffin-granule nenbrane and describe observa-
tions on nodel nenbranes that are relevant to our understanding of
the former system

. THE Bl OCHEM STRY CF CHROVAFFI N GRANULES

Chromaffin granules are nenbrane linited vesicles of about
2000 A diameter contained within the adrenal medullary chromaffin
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cells. They are the major storage vesicles for catechol am nes
which they concentrate to 0.55M together with ATP (Q125M inside
the vesicles. Their two major biochemcal functions are the release
and uptake of catechol anines. The former process is thought to
occur by excocytosis, i.e. the fusion of the nembrane of the gra-
nule with that of the cell resulting in the release of the total
content of the storage system The trigger for this event is

Ca (2), although the exact formof the triggering is not known.
The required energy for amine uptake is derived fromthe hydro-
lysis of ATP. The ATP-ase seems to be |ocated on the outside of
the vesicles and in a My+2 dependent reaction drives the accumu-

| ation of adrenaline via a proton-linked nechanism (3,4,5). It is
likely that the granule nmenbrane contains a catecholamine carrier
since uptake can be conpetitively inhibited by reserpine (6 and
also shows saturation kinetics.

The role of the other nmenbrane proteins (notably an NADH
oxi dase, cytochrome b and DOPAnine hydroxylase) is not well under-
st ood.

The conposition of the menbrane lipids is unusual (Table 1) with

perhaps the two nost enphasized features being the relatively high
proportion of lysolecithin and chol esterol.

TABLE 1. PHOSPHOLIPID COVPCSI TION OF BOVI NE CHROVAFFI N GRANULES

Phosphol i pi ds

Lysol ecithin

Sphi ngonyel i n
Phosphati dyl chol i ne
Phosphatidylinosito
Phosphat i dyl serine
Phosphat i dyl et hanol ai ne 3.
Phosphatidic acid
Cardiolipin

NP e

= fHoo~NN®
O oo\ NO1 00

Taken from Wnkler, H, Schneider, N Zegler, E Naunyn-
Schm edeber gs Arch. Exp. Path. Pharnsk. 1967, 256, 407-415.

As in nost studies on biological nembranes so far we can nost
readily ask questions about the structure and notions of the phospho-
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|ipid components and to attenpt to define their role in nodul ating
bi ol ogi cal activities. W shall therefore first sunmarise our work
on phosphol i pid nodel nmenbranes and then exam ne the functional

rel evance of our observations.

1. MODEL MEMBRANE SYSTEMS

Two rmodel nenmbrane systems are commonly enployed to study the
bilayer properties of phospholipids. Unsonicated aqueous dis-
persions (liposomes) of many phospholipids consist of |ayers of
concentric bilayers arranged in an onion skin configuration. The
much smaller (250A) di aneter) "vesicles" obtained on sonication
of liposones consist of a single bilayer separating inner end outer
aqueous phases. It should be noted that vesicles are "good" nodel
systems as the lipid packing and the local motion available to the
phosphol i pid do not appear to be unduly perturbed by the high curva-
ture of the vesicle entity. In this regard it has been shown that
the gel-liquid crystalline phase transition for dipalmtoyl lecithin
occurs at the same temperature and has the same heat content in both
vesicle and liposome preparations (7), strongly suggesting that the
lipid pacg%ng is not significantly perturbed in the vesicle menbrane.
Furt her, P N\R results show that the local motion in the phosphate
region of the polar headgroup is sinilar in both vesicles and Iipo-
sones (8).

Both systens have advantages in certain situations for studying
notional and structural details of the constituent phospholipids
In particular the small vesicles tunble rapidly, resulting in high
resolution NWR spectra, anionic shift reagents such as ferricyanide
may then be used to obtain details of the outside-inside distribu-
tion of choline containing lipids such as sphingomyelin and phospha-
tidylcho%%ne, thus giving information on the vesicle size. In the
case of 7 'P NWVR, different classes of phospholipid present in the
vesicle may be resolved separately. Cationic broadening and shift
reagents may then be enployed to obtain information on both the
vesicle size and possible assymetric distributions of the constit-
uent phosphol i pids across the vesicle nenbrane. These points will
be el aborated in the next section.

The much larger |iposones on the other hand do not have such
rapid tunbling rates as vesicles. Thus the 3P NMR signals ob-
served in such systenms have a "solid state" |ineshape which only
reflects the local anisotropic notion available to the phospho-
lipidin a bilayer configuration. Biological nmenbrane prepara-
tions obtained by osmotic lysis also consist of relatively lgﬁge
menbrane fragments. The observation of simlar solid state 7P NWR
signals in such biological nenmbrane preparations thus strongly
i ndicates regions of bilayer phospholipid structure. In the case
of the chromaffin granule nmenbrane a large percentage of the con-
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stituent phospholipids nmust experience a relatiggly fluid bilayer
environment as indicated by the observation of P NMVR spectra
characteristic of liquid crystalline phospholipids in a bilayer
configuration (9).

1. Asymmetry O Lipids In Vesicles

It is well known that in biological menbranes not only the pro-
tein conponents but al so phospholipids are asymetrically distribu-
ted across the nenbrane

Recently on the basis of chenmical studies (10, nuclear nagne-
tic resonance (NWR measurenments (11,12) and theoretical considera-
tions (13) asymetric distribution of phospholipids across vesicle
menbranes has been reported.

V¢ have examined in detail the factors that are inportant in
determning such asymetric lipid distributions. In this we have
used three nethods: (i> The proton NWR signals fromthe choline
head groups of lecithin or sphingonyelin |ocated on the outside of
a vesicle can be shifted by the addition of ferricyanide (14,15).
%qi)nnst cl asses of phospholipids can be observed separately by

PNVMR.  Here we have used a non-penetrating broadening reagent ’
(Co2+) to neasure lipid distributions (15). (iii) Finally, the 5lp
NVR spectra of different lipids are easily resolved into outside/

i nside Sgnponents by the addition of a non-perneating shift reagent
like Nd”" (7). Since the technical details of these nmeasurenments
have been described el sewhere (7,12,15) only the conclusion will

be summarised here.

The ratio of the molecules in the outer and inner nonol ayers
(Ro/i) in phosphatidylcholine vesicles clearly depends on the sizes
of the vesicles. This can be denonstrated experinmentally in two
ways. Sonicated egg lecithin vesicles can be fractionated by gel-
filtration according to their size (15), or the size can be varied

in pure phosphatidyl cholines by changing the nature of hydrocarbon
chains (7). In both cases the Ro/i approaches unity for the |arger
vesicles and increases above 2.0 for the smaller ones (Table 2.
(We shoul d mention here that recently we have denonstrated that the
sizeg of phospholipid vesicles can be calculated fromthe wdths of
the LP N\R lines as a result of the fact that the linewidths are
dependent on the tumbling rate of the vesicles, which depends on the
vesicle size through Stokes |aw (16)).

In vesicles containing mxtures of phospholipids with different
head groups both charge and the packing properties of the head group
are inportant in determning phospholipid distribution (12,15).

Thus in mxtures of lecithin with phosphatidylethenol am ne, phospha-
tidic acid, phosphatidylserine and phosphatidylinositol, phosphatidyl-
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Table 2. DI STRIBUTION OF PHOSPHATI DYLCHCLINE (PC) ON THE OUTSI DE
AND | NSI DE LAYERS OF PHOSPHATI DYLCHOLI NE VESI CLES

R/ _amount of phosphatidyl choline outside nonolayer
o/i~

amount of phosphati dyl choline'inside nonol ayer

Al R 4 NMeasurenents at 30°C, except for the 16:0/16:0-phospha-
tidylc{olline and 18:0/18: 0-phosphati dyl choline vesicles where Rﬁéi

was measured at 50 and 60°C, respectively. Error in R /i is O.
(from ref.71 ol
Cal cul ated

. - Menbrane o .
Vesi cl e conposition Ro/i t hi ckness  (A) V?ZId(i:IUZ (Eﬁt)er
14: 0/ 14: 0-PC 2.65 32 84
16:0/16:0-PC 2.2 37 112
18:0/18: 0-PC 1.7 42 180
16:1¢/16:1c-PC 1.8 28 110
18:1c/18:lc-PC 1.75 32 131
18:1t/18:1t-PC 2.0 36 123
Egg PC 2.0 35 120

Table 3. DISTRIBUTION OF PHOSPHOLIPIDS IN M XED VESI CLES

Lipid mxture (1 :1) lipid conmponent Ro/i
PC-Ps(pH 7.2) total 2.3
PC 2.45
PS 2.06
PG PS(pH 4.9) t ot al 2.3
PC 3.7
PS 1.15
PC PE(pH 7. 2) t ot al 1.41
PC 1.76
PE 7.17
PG- PA( pHb) PC 2.8
14:0/14: 0- PC-chol est er ol PC 1.9

chol est erol
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Continuation of Table 3.

Liprda mxture (1.1) Li pid conponent R

o/ i
18:1¢c/18: ¢c- PC-chol esterol PC 2.95
chol esterol 0. 46

PC. phosphatidyl choline; PS: phosphatidylserine
PE:  phosphati dyl et hanol am ne; PA: phosphatidic acid

(From refs. 7,15, 16)

choline prefer to be located at the outside of the bilayer (Table
3). The last four lipids all have a smaller head group than |eci-
thin and this is clearly an inportant factor in deternmining the
observed asymmetry. In contrast the slight preference of sphingo-
myelin for the outside layer in mxtures with lecithin (Table 3)
may well be due to a difference in geonetry of the headgroup com
pared to that of lecithin, requiring a slightly larger area.

The effect of charge on phospholipid asymretry has been demon-
strated by Mchaelson et _al (11) and by our work on the effect c
the distribution of phosphatidylserine in mxed vesicles (15). As
expected (13) the effect of increased charge is to decrease the pre-
ference of the charged phospholipid for the inside of the bilayer.

In the case of phosphatidylserine this effect is in conpetition with
the opposite preference due to head group size (15).

The presence of cholesterol in nenmbranes raises special pro-
blens. The outside/inside ratio (R ,.) of both saturated and un-
saturated phosphati dyl choline specréglrs not much affected by the
incorporation of up to 3Cwl% chol esterol

Above this level of cholesterol the outside /inside ratio of
the phospholipid is markedly increased for phosphatidyl cholines
with cis-unsaturated fatty acid chains. In contrast this effect
was either absent or in the opposite direction when the fatty acid
chains were fully saturated or contained trans-unsaturation (16).
However, since in all instances above 30ml% chol esterol the vesicle
sizes also increased (but not below 30% the distribution of the
lipid across the bilayer became asymmetric with a disproportion-
ately larger amount of cholesterol on the inside. W have sugg-
ested that under these conditions chol esterol-cholesterol (as
opposed to chol esterol -phospholipid) interactions are mainly re-
sponsible for the increased vesicle sizes end also for the pre-
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ferential location of often over 50mol% cholesterol on the inside

of the bilayer. The dynam c shape of the cholesterol frame appa-
rently favours placing of adjacent nolecules on the inner nonolayer,
i.e. by locating the hydroxyl group on the concave surface,

It isnow appropriate to enquire as to the biological signifi-
cance, if any, of these observations on small [ipid vesicles

Phosphol i pi ds and chol esterol have been shown to be asymmetri -
cally distributed in a variety of nmembranes. |f this asymmtry is
entirely biosynthetic in origin one may argue that studies on smal
vesicles bear no relevance to the real situation. [If this is so
at worst we have |earned how to produce asynmmetric vesicles which
may allow one to determne how such lipid distributions affect trans-
port and coul onbic interaction with some proteins in situations
that are anal ogous to the known lipid orientations in biologica
menbranes. (The fact that in erythrocytes lecithin and sphingo-
myelin are largely on the outside while phosphatidylserine and phos-
phatidyl ethanolamine are mainly present in the inner layer (17) may
then be no nore than fortunate.)

The distribution experiments on vesicles also give us sonme
insight into the packing requirenents of different phospholipid
head groups.

At the other extrene, one may wish to consider the possibility

that biological menbranes in vivo do possess large areas of high

curvature and that the packing of the lipids in these regions are
governed by the sanme kinds of interactions that we have discussed.
O an interesting possibility mght be that during the biosynthesis
of the menbrane the asynmetric phospholipid distribution is initially
set up in such curved regions. Transporting epithelial cells cer-
tainly have highly folded cell surfaces (18) and it has been sugg-
ested that the menbranes at the tips and bases of microvilli and
the deeper parts of basal infolds could be sites of high water per-
meability. Qher exanples include mtochondrial cristae and the
ends of cisternae of endoplasmc reticulum Intuitively, regions
of high curvature woul d be expected to occur during processes like
exocytosis and pinocytosis. Fromthe functional point of view
such regions therefore could have special significance

2. Phase Behaviour of Phospholi pids

In recent years many reports have dealt with existence of
phosphol i pid "phase transitions" in biological menbranes. Generally
non-linear Arrhenius plots for menbrane linked functions and "dis-
continuities" in probe (i.e. spin and fluorescent |abels) behaviour
have been used is support of such conclusions. It is unlikely that
tenperature dependent phase changes have any direct biological rele-
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vance. but their observation provides a valid and val uabl e method or
understanding the way the physical state of the menbrane |ipids modu_
| ates biochem cal functions.

In pure phospholipid bilayers (or their mxtures) two types of
wel | docunented phase changes may take place: (i) gel-liquid cry-
stalline transitions and (ii) lateral phase separations

(i) Co-operative gel-liquid crystalline transitions are a
result of the tight crystal like packing of the hydrocarbon chains
of phospholipids being expanded to produce a |ess ordered and ex-
panded structure.

Here we only wish to enphasize two sets of observations.

(a) The first is that 3'p VR can be used to foll ow such changes
in vesicles (7), Iiposones (8) and in some special biological nem
branes (19). This is because bel ow the phase transition tenperature
the rotational motion of phospholipids is hindered (9 resulting in
large NVR line widths, as the tenperature is raised towards the trans-
ition temperature the spectra undergo notional narrowing owing to
the onset of rapid axial rotation of the phospholipid. Perhaps an
inmportant feature of such observations is that line narromnng t akes
place over a relatively broad tenperature range (»15%) and is essen-
tially conplete several degrees below the calorinetrically observed
phase transition tenperatures.

(b) The second set of observations relies on an entirely diff-
erent type of measurement. Here we rely on the introduction of probe
mol ecul es (in our case various fluorescent nolecules (20))into the
phosphol i pid or nenbrane system The apparent rotational notion of
such nol ecul es (derived from measurements of the polarisation and
life-time of fluorescence) reflects the expected phase changes in
single lipid systens (21). In those measurements too the observed
temperature range for the transition is somewhat broader than that
obtained fromcalorimetric data. The most likely reason for this
is the progressive exclusion of the probe molecule fromthe crysta-
I'line regions of the phospholipids (see bel ow and (22)).

From the biol ogical point of view where one often relies on
correlations between functions and physical (structural) measure-
nments, it is therefore inportant to understand the precise contri-
butions to the observed changes in the physical nmeasurenments if the
observations are to be interpreted in terns of the effect of struc-
ture and motion on the functional behaviour.

(ii) When the difference between the transition tenperatures
of two iipids is too large to allow co-crystallization of the fatty
acid chains in their mxture |ateral phase separation takes place.
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Thus i n an equinolar mxture of 18:1c/l8:lc-phosphatidylcholine
(dioleoyl lecithin) and 16:0/16:0-phosphatidylcholine (dipalnitoyl
lecithin) two phase transitions are observed. The phase transition
of 16: 0/ 16: 0- phosphat i dyl chol i ne, in the mxture, is broadened and
shifted to |ower tenperatures because of interactions with 18:1c/18
:1c - phosphatidvl choline which remains in the liquid-crystalline
state down to -20°C (7). Effects corresponding to lateral phase
separation in vesicle33¢1‘omposed of mixed phospholig:}d species may
also be observed with ~ P NMR . Fig. 1 shows the ©~ P NMR spectra

(b}

(e)

(4

Fig.l. 36.4 Mz 2P mR spectra at 10°% of (&3 18:1c/18:1c-phos-
phatidyl choline vesicles, (b) 16:0/16:0-phosphatidylcholine vesicles,
(c) 16:0/16: O phosphatidyl choline-18;1c/l8:1c-phosphatidylcholine
(1:1) vesicles and (d) 16:0/16:0-phosphatidyl choline-1~:1c/18:1c-
Phosphati dyl choline vesicles in the presence of 6nMCo %
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of 18:1c/18:1c-phosphatidyl choline (Fig.la) 16:0/16:0 phosphati dyl -
choline (Fig.lb) and 16:0/16:0-phosphatidyl choling-18:1c/18:1c-
phosphati dyl choline (L:l) vesicles (Fig.Ic) at 10 C. The spectrum

of the 16:0/16: 0 phosphatidyl choline-18:1c/I8:1c-phosphati dyl choline

(L1) vesicles is conposed of a broad line, which is ascribed to

16: 0/ 16: 0- phosphat i dyl choline ml ecules in the gel state and two
narrower conponents, presunmably due to the liquid crystalline 18:lc/
18: 1 c- phosphati dyl chol ine nol ecul es on the inside; and outside of the
vesicle. The outside resonances can be broadened beyond detection

by the additjon of Co2+ The resultant spectrum of the inside reso-
nances at 10°C, as shown in Fig. la is conposed of a broad and narrow
line, indicating the occurrence of phase separation in the inside
monol ayer of this vesicle. Fig.1l also denonstrates that the cheni-
cal shift difference between the outside and inside resonances of the
narrow conponent is much larger than the chenmical shift difference
between the outside and inside resonances of 18:1c/l8:Ic-phosphatidyl-
choline vesicles.

In a sinilar type of experinment in mxtures of dipalnitoyl and

di lauroyl phosphatidyl cholines lateral phase separation occurs
between the two endot herm ¢ phase transitions at 8 and 38 C (21).

AS in DPL,DLL and DPLIDLL {1/9)
&0 30

r— - -

3.1 3.2 3.3 34 35
1000/ T (°K)

Fig.2 Arrhenius plots of the rate of rotation of 12-(9-anthroyloxy)-
stearate bound to dipalnitoyl and dilauroyl phosphatidylcholines and
in equinolar mxture of the two. Probe concentration 1M, |ipid con-
centration 0.5mM  Excitation at 38nm enission neasured above 410nm
12-AS in dipalmtoyl phosphatidylcholine (A), in dilauroyl phospha-
tidyl choline @), in equinolar nmixture (©).
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When the fluorescent probe 12-(9-anthroyloxy-stearic acid is intro-
duced in this nixed systemthe probe mobility is insensitive to the
hi gher of the two transitions although as mentioned before it detects
the phase transition in pure dipalnitoyl lecithin (Fig.2).

This leads to the conclusion that in regions of lateral phase sep-
aration the probe is alnost exclusively localised in the fluid
phase. This observation has inportant inplications when fluor-
escent probes (and possibly other |abels) are wused in estimating
the fluidity ("mcroviscosity") of biological nenbranes, The Iike-
lihood is that the fluorescent molecule, being an impurity, is al-
ways excluded fromthe regions of the menbrane containing |ipids

in a nore ordered formand hence will only neasure the notion of
the probe in the less structured domains of the menbrane.

It is relevant and interesting to note that in lipid-protein
conpl exes (23) and bi ol ogi cal nenbranes (24) proteins have a pre-
ference for the disordered |ipid regions when phase separation pre-
sents a choice to the "protein inmpurity". Because of this it is
inportant to have a nethod for neasuring the presence of gel and
fluid phases (and their anmounts) in biological menbranes. It is
evident that both probe methods and to a lesser extent NMR tend to
detect preferentially the nore nobile conponents in mxtures of
phosphol i pi ds.

Recently we have devised a new nmethod that involves the intro-
duction of positrons, positively charged anti-electrons, into the
lipid mtrix and the determination of their decay tinmes. The pro-
perties of positrons are currently investigated in-experinental
physics and theoretical chemstry (2527). Since, however, the
concepts and neasurenents are not fanmiliar to nost biol ogists we
shal | briefly summarise them here.

Positrons are positively charged particles with the mass of an
electron. There are several sources of such particles but the nost
conveniently and commonly used source is the isotope 22  Na which
decays to an isotope of neon by positron enission. This enission
i s acconpani ed by a gamm photon fromthe excited state of neon
and for nost purposes the ganma enission and positron emission can
be regarded as simultaneous. Once formed, the positron nust dissi-
pate nost of its energy before annihilation with an electron is
Possible. The positron may then either remain free, in which case
it has a natural lifetinme of the order of tens of picoseconds before
anni hilation, or else may bind an electron without being immediately
anni hilated. The bound state is known as 'positronium and may be
formed in either the singlet or triplet state with a yield weighted
by the multiplicity. The singlet state, p-positronium has a life-
tine of the order of 125 picoseconds in free space before selfanni-
hilation with the enmission of two simultaneous 0.511 MV gammm
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photons at 180°. The triplet, o-positronium' is much longer |ived
with a free space lifetime of about 140 ns, whereafter it decays by
the enission of three simultaneous gama photons at 120° to conserve
momentum  Since the triplet lifetime is conparatively long, the
species is susceptible to various 'quenching processes' which shorten
the measured decay tinme by providing additional routes for annihila-
tion. One such process is intersystem crossing with subsequent fast
anni hilation of the singlet positronium while another of chenical
interest is the oxidation leading to a 'bare’ positronium (ne other
process leading to premature annihilation of the triplet state posi-
troniumis 'pick-off' annihilation. 1In this process, the o-positron-
ium after reaching thermal energy, interacts with one of the elec-
trons froman outer orbital of a surrounding atom The o-positronium
is thus annihilated in a two-photon event. In nolecular materials
this "pick-off' annihilation is the predomnant route for |oss of
o-positroniumin nost circunmstances. The pick-off annihilation rate
is sensitive to the physical state of the material, and subsequently
it is possible to distinguish different phases of a given substance
by measurement of this rate.

One difficulty in the measurement is that the |arge amount of
water in biological materials results in a significant contribution
to the anni hilation pick-off rate. Previously an external source
of ““Na sandwi ched within two thin nica filnms and placed between
the scintillation detectors of the measuring apparatus was used. W
have taken advantage 25 the presence of water in biological sanples
by incorporating the ““Na’ directly into the solution. In this
approach a relatively small amount of isotope is needed and the effect
of pick-off annihilation within the walls of the containing vesse

is Q inimsed.

Positron decay tines were measured using conventional fast-slow
coi ncidence circuitry (2830 The operational tinme resolution was
0.7 nsec,or better,using ~ Co as calibration source

Typi cal decay time spectra obtained for aqueous dispersions of
dipalmthyl lecithin are shown in Fig.3. The "tail' of the decay
is aresult of pick-off annihilation in the lipid matrix: the com
ponent due to water contributes to the earlier part of the decay
(see Table 4.) The lifetime conponent resulting from pick-off anni-
hilation in the lipid remins constant within the accuracy of the
anal ysis at tenperatures below the gel-liquid crystalline transition
tenperature. Above this tenperature, the decay time becones |onger
and again remmins constant at high tenperatures. Decay tines of
2.8 and 3.3ns are found for the frozen and fluid phases respectively
For dioleoyl and dilauroyl phosphatidylcholine, which are fluid at
roomtenperature, pick-off decay times of 3.3ns are found. In a
11 mixture of dioleoyl and dipalmtoyl phosphatidylcholine at a
tenperature where phase separation occurs, the positron pick-off
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Fig.3. Decay tineospectrao for positrons in dipalnitoyl phospha-

tidylcholine at 69 and 25, Log (intensity) is plotted against
time, and |east squares analysis of the decay 'tails' gives life-
tinmes of 2.8 and 3.3 ns at 25 and 69 respectively. Gel-liquid

crystalline transition tenmperature for this lipid is 41.5".

Table 4 Pl CK-OFF DECAY TIMES FOR 0- POSI TRONI UM
I'N PHOSPHCLI PI DS

Temperature Posi troni um

System 0) |ifeiime (ns) oteof liquid
Wt er 1.9 -
18:1¢/ 18: 1c-PC 18 3.3 liquid crystal
12:0/12:0-PC 18 3.3 liquid crystal
eqg PC 18 3.25 liquid crystal
18: 0/16: Q@ PC 69 3.3 liquid crystal
16: 0/ 16: 0- PC 25 2.8 . gel
6 lofll(ls?b-lgbpc(lz 1 18 3.05 gel and liquid

phases

Sanples contai ned 25-5QuC of 2%\la+(as NaCl) in 20ng of lipid dis-
persed in 0.5 m buffer (10 mM trishydroxynethyl ani nonethsne, pH 8.5).
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anni hilation rate would be expected to resolve into conmponents cha-
racteristic of annihilation in fluid and frozen phases. Since these
rates are sinmilar (decay times of 3.3 and 2.8ns respectively), wth
equal weighting of conponents the resultant decay would be difficult
to analyse, but would visually resenmble a single conponent of inter-
mediate lifetime. The nmeasured positron pick-off decay time for the
mxed lipid system was 3.05nsec (Table 4).

Cearly the decay times of positrons are sensitive to the flui-
dity of phospholipid-water systems. Positron |ifetimes character-
istic of fluid and frozen |ipids have been established. In a system
where fluid and frozen phases co-exist at room tenperature on account
of lateral phase separation, an internediate apparent life-time is
found;, Careful analysis of the decay times is thus likely to provide
a nethod for estimating the extent of phase separation in biological
menbr anes

3. Lateral Diffusion and Custer Formation

Rapid lateral diffusion of phospholipids and of some nenbrane
proteins has been denonstrated by several nethods in recent years.
It is true to say that we do not know if such observations
have any direct biological relevance. Nevertheless, their denon-
stration undoubtedly contributes to the dynanmic view of nenbrane
structures (29), first proposed in the 'fluid nosaic nodel' by Singer
and N chol son (30).

V¢ have recently introduced a new fluorescence nethod for diff-
usion studies on |ipid and nmenbrane systems (22). The fluorescent
mol ecul e 12-(+anthroyloxy)-stearic acid that has been wi dely used
as a lipid like probe (20) dinerises on irradiation with |ight of
366nm wavel engt h.

This dimerization proceeds by a diffusion linited second order
mechani smin many solvents and in honogeneous fluid lipid dispers-
ions and vesicles. The 'apparent diffusion coefficients' (for
details see ref.221 for this probe in a variety of systens are shown
in Table 5. In oriented lipid multilayers these diffusion co-
efficients are simlar to those found by other techniques. It is,
however, significant that the photodimerisation rates for the probe
influid lipid vesicles are greater than those found for the rates
in oriented multiTayers of the same |ipids.

There are two effects which may contribute towards the higher
rates of diffusion of 12-(9-anthroyloxy)-stearic acid in vesicles.
Firstly, the curvature of vesicles may cause structural differences
pernmitting more rapid diffusion than in the nultilayers. Secondly,
the Brownian notion of the bul k aqueous phase, experienced by the
probe in vesicles but not in multilayers, may increase the rate of
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lateral diffusion (31).

To determine which of these effects is responsible, the rates
of diffusion of a probe which is |ocated exclusively in the hydro-
carbon region of phospholipids, and thus experiencing the Brownian
motion of the bul k agueous phase in neither vesicle nor oriented
mul tilayers were investigated using excimer formation by pyrene de-
rivatives as a means of conparing diffusion rates in the two nodel
systems. Pyrene is located in the hydrocarbon interior of nodel
membranes, while pyrene-butyric acid is accessible to the bulk aqu-
eous phase in vesicles on account of its anmphiphilic character. For
a given lipid: probe ratio the amounts of excimer formed in vesicles
and oriented nultilayers were conparable for pyrene. This is con-
sistent with the data of Cullis an Wa%dék‘ﬁ%)i, who cal cul ated a

diffusion coefficient of 3.0 x 10° cm“sec™' for this probe in vesi-
cles (32). For pyrene butyric acid excimer formation was consider-

ably greater in vesicles than in oriented nultilayers for a given
lipid:probe ratio.

Table 5. INITIAL RATES OF BLEACH NG OF
| 2- (9- ANTHHOYLOXY) - STEARIC ACID IN VARI QUS MEDI A

Medi um Kpleaching Probe Distribution
n- But anol 2.9 . 10:2 i sotropic
Vit er 2.0 . 10 ¢ clustered
Dodecane 3.7 . 10 ¢ partly clustered
Lauric acid 2.0 . 10 clustered
Di | auroyl -PC -7
‘ . 10 i sotropic
V&Rl £l Syers 9§ - 18-8 LoF
Di el aj doyl - PC "
vesj c| es 3. .
HEP ] 5er s 98 - 0] 10 "
Di ol eoyl - PC B
i 1 9 . "
vesj c| es -
mJFth, ayers 2.0 .10 10_£ "
Di pal m toyl - PC
vesi cl es 2.0 . 10-6 clustered

Bl eaching rates are in arbitrary units at 20°%. Diffusion coeffic-
ients can be calculated fromthese as in ref. 22. These cal cul a-
tions involve certain assunptions, but the ratio of rates in diff-
erent lipid systenms gives the ratio of diffusion coefficient directly.
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These observations suggest that nolecules which are accessible
to the bul k aqueous phase will have significantly greater diffusion
coefficients in phospholipid vesicles than in oriented nultilayers
on account of reduction of translational drag by the surrounding
wat er (31).

Finally we should nention that anomalously high rates of photo-
di nerization of 12-(9-anthroyloxy)-stearic acid are seen in water, in
het erogenous hydrocarbons like liquid paraffin, phospholipids bel ow
their phase transition tenperatures end in heterogeneous but fluid
lipids Iike egg lecithin (Table 5.) In all these cases we have
attributed the observed anomaly to the formation of localised high
concentrations (clusters) of the fluorescent nolecule. Wile it is
not surprising that below the gel-liquid crystalline transition tem
perature of the phospholipid the probe tends to be excluded from
the gel phase of the lipid matrix (see in lateral phase separation
above) clustering in fluid lipids (and in hydrocarbon mxtures) is
not necessarily obvious. W have suggested before on the basis of
fluorescence polarisation experinents that even in liquid systens
‘short range order' or 'liquid clustering' takes place (21). This
woul d al so account for the unusually high photodinerization rates
of the fluorescent nolecule.

As far as the biological problens are concerned 'correl ated
fluid notion" (which in a sense is equivalent to the formation of
short range order above the nelting tenperature) could have a role
in the rapid opening and closing of 'channels' in the menbrane that
could be responsible for passive diffusion processes across the |ipid
bi | ayer.

[11. THE RELATION BETWEEN THE PROPERTIES OF PHOSPHCOLI Pl DS
AND Bl OCBEM CAL FUNCTI ONS OF THE CHROVAFFI N GRANULE MEMBRANE

VW now return to the problem of the chromaffin-granule mem
brane and some of its special properties that may be inportant in
the process of exocytosis (nenbrane fusion). W record that both
the ATPase end NADH  acceptor oxido-reductase activities of the
chromaffin-granul e nenbrane have discontinuous Arrhenius tenperature
versus activity relationships with "transitions’ at 33 C (33).
Thetransition for the NADH : acceptor oxido-reductase is renoved
by treatment with the detergent triton X-100. It is inportant to
enmphasi ze that such anomalies in Arrhenius behaviour in themselves
may have no special significance (a fact that is often overlooked
in nmenbrane studies). \Wat is significant in the chromaffin granule
systemis that the fluorescence properties of four different fluor-
escent probes (33,34) and the behaviour of five other types of spin
labels (35) all indicate that some ordering of the nenbrane Iipids
occur bel ow 332°c. What makes this observation particularly attrac-
tive is that this transition tenperature is so close to the physio-




LIPID ASYMMETRY, CLUSTERING AND MOLECULAR MOTION 405

| ogical operating range of the system It is almst as if this mem
brane is poised to undergo some transition (responding to the trigger-
ing signal) as part of the fusion process. The cholesterol content

of the menbrane which is close to the region of 30% chol esterol per
total lipidwhere cholesterol segregation (see above) is just beginn-
ing to becone a possibility, my well be significant to this. A though
at present it is clear that the biological systemis still too com
plex to draw definite conclusions, the nodel studies have allowed us
to point to possibilities and defined the linmitations and advantages
of the various methods that hopefully will lead to a solution.
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