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SUMMARY

Observations of the light-scattering properties of several enveloped viruses
indicate that virions (vesicular stomatitis, SV5 and influenza), in common with other
membrane systems, are osmotically active, responding to NaCl gradients by swelling
in hypo-osmolar solutions and shrinking in hyperosmolar solutions. The permeability
barrier responsible for this osmotic response in vesicular stomatitis virions was
modified both by protease treatment to remove the viral glycoprotein and by treat-
ment with the polyene antibiotic filipin, an agent known to interact with cholesterol in
liposomes and membranes. Filipin altered the kinetic and equilibrium permeability
behavior of virions but the extent of leakage of osmotic shocking agent was less than
that in lecithin/cholesterol and lecithin/ergosterol liposomes and in ergosterol-
containing ciliary membranes. Negative-staining electron microscopy revealed that
filipin treatment caused structural changes in the viral membrane. Intact virions
exhibited appreciably larger responses to osmotic change than did protease-treated
virus particles. Thus, the osmotic barrier in intact vesicular stomatitis virions may not
be exclusively lipid in nature.

INTRODUCTION

Lipid-containing viruses that are formed from plasma membranes of host
cells by a budding process are of interest in studies of membrane structure and
assembly. The lipids of these enveloped viruses generally appear to be derived from
the lipids of the host plasma membrane [1-5] and to be arranged in a bilayer [6-8].
The viral polypeptides, which are few in number, are coded by the viral genome. The
arrangement and types of proteins appear to be very similar in various lipid-containing
viruses, even though the total number of major polypeptides may differ [9, 10].

Abbreviation: VS, vesicular stomatitis.
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Glycosylated protein(s) are present on the external surface of the viral envelope,
whereas a carbohydrate-free polypeptide is apparently associated with the inner
surface of the viral membrane.

Studies of permeability properties offer the advantage that no extrinsic probe
need be incorporated in the membrane. Light-scattering changes have been used to
record the changes in volume of intact cells and cell membranes that occur when the
osmotic pressure of the medium is changed. The kinetics of water diffusion into or
out of multiconcentric bilayer membranes (liposomes) has been measured in a
stopped-flow spectrophotometer as the osmotic equilibrium between the membrane
interior and the medium is restored [11]. Factors that complicate study of osmotic
water permeability in liposomes, such as the presence of multiple bilayers and marked
heterogeneity with respect to size and surface area, do not arise in most enveloped
viruses. Vesicular stomatitis (VS) virus particles are uniform in size (approx. 750 x
1750 A); electron spin resonance studies have indicated that the lipids of this virus
appear to be arranged in a bilayer [36]. The present study was undertaken to compare
the osmotic permeability properties of lipid-containing virus particles with other
biological membranes and with artificial lipid membranes. Since relatively large
amounts of membrane suspensions are required for studies of initial rates of water
permeability, VS virus was chosen because high yields of this virus may be obtained.

MATERIALS AND METHODS

Materials

The sources of egg lecithin, cholesterol, ergosterol and dicetyl phosphoric acid
were cited previously [11]. Phosphate-buffered salt solution was prepared as described
by Dulbecco and Vogt [12]. The osmolarity of phosphate-buffered salt solution is
0.311. All reagents were of analytical grade. Filipin complex (lot no. 8393-DEG-11-8)
was generously supplied by Dr. G. B. Whitfield of the Upjohn Co., Kalamazoo,
Mich. Stock solutions of filipin were prepared in dimethylformamide and aliquots
were added to phosphate-buffered salt solution (or other buffer solutions specified
below) to give the desired concentrations of antibiotic and dimethylformamide. The
concentrations of antibiotic solutions were measured spectrophotometrically using a
molar absorbancy of 5.0 - 10* M~! - cm ™! at 338 nm for pure filipin. Cholesterol was
assayed at 610 nm by the modified Liebermann-Burchard method of Huang et al.
[13]. Phosphorus was measured by the method of Fiske and SubbaRow [14] and
protein by the method of Lowry et al. [15] using bovine serum albumin as standard.
Ergosterol and tetrahymanol were analyzed by gas-liquid chromatography as de-
scribed by Conner et al. [16].

Preparation of liposomes and membranes

Liposomes were prepared from egg lecithin and cholesterol or ergosterol as
described previously [11]. Liposomes contained 4 mol % of dicetyl phosphoric acid.
The total lipid concentrations cited in the tables are those obtained after mixing in the
stopped-flow apparatus. Ciliary membranes from Tetrahymena pyriformis W were
kindly supplied by Dr. Robert L. Conner and his colleagues of Bryn Mawr College,
Bryn Mawr, Pa.
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Virus

VS virus, Indiana strain, was grown in BHK 21-F cell monolayer cultures and
purified by precipitation with polyethyleneglycol and equilibrium zonal centrifugation
in a potassium tartrate gradient as described previously [17].

Spikeless virus particles

Treatment of the virus with protease type VI from Streptomyces griseus
(purchased from Sigma Chemical Co.) was performed as described previously [17].
Because of the possibility that impurities such as lipases are present in protease type
VI preparations, experiments using trypsin were also carried out. Trypsin (L-(1-tosyl-
amido-2-phenyl)ethyl chloromethyl ketone-treated, purchased from Worthington Bio-
chemical Corp. ) treatment was according to Cartwright et al. [18, 19]. Examination by
electron microscopy indicated that these treatments removed the surface (or spike-
like) projections. Relative virion concentrations were determined from the absorbance
at 280 nm of a 5 ¢ sodium dodecyl sulfate solution (obtained by a five-fcld dilution of
the viral suspension), which was converted to the protein content as determined by
the procedure of Lowry et al. [15].

Assay of osmotic permeability

Permeability measurements were performed at 25.0 °C on a Durrum-Gibson
stopped-flow spectrophotometer operated in the transmission mode. Equal volumes of
virions, dialyzed against phosphate-buffered salt solution, and osmotic shrinking or
swelling solutions were mixed in the stopped-flow apparatus within approx. 3 ms. The
osmotic shocking solutions resembled phosphate-buffered salt solution except for the
concentration of NaCl, which was varied to give the desired osmolarity. Measure-
ments of transmittance changes in the presence of filipin were made at wavelengths
where the antibiotic does not absorb. The changes in transmittance as a function of
time and at equilibrium (within about 4 min of mixing) were recorded on a Tektronix
storage oscilloscope. Oscilloscope traces for permeability measurements of virions
were similar to those shown for liposomes [11], but the direction of the transmittance
changes associated with shrinking and swelling conditions were opposite to those
found with liposomes. Initial rates of change of transmittance, d7/dt, were measured
from slopes of the initial linear portion that followed the region of disturbance (up to
approx. 200 ms after mixing). The initial rate of absorbance change, (d4/d?),- o, and
the total change in absorbance, 44, were calculated from the initial rate of change in
light transmission, d7/dz, and the total change in transmittance, AT as fcllows. For
virion swelling (decrease in transmittance),

T
d4/dr = log _ SotAT A4 — log So ;
So+AT—dT/dt So+A4T
for virion shrinking (increase in transmittance),
dA4/dr = log So—AT+dT/ds and 44 = log So__
So—AT So—AT

S, is the signal on the oscilloscope screen, which was generally adjusted to 800 mV
(in some experiments 1600 mV was used; see Table III) by varying the photomulti-
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plier voltage when the osmotically swollen or shrunken membrane suspensions were
present at equilibrium in the stopped-flow cuvet. For liposomes and ciliary mem-
branes (whose initial rate of volume change is proportional to the initial rate of the
reciprocal of absorbance change), d(1/4)/d¢ was calculated from the product of
d4/dt and —(4;4;)"", where 4, and A are the initial and final absorbance of the
suspensions. 4; was measured cn a Cary 14 spectrophotometer. Data reported for the
initial rates of absorbance change represent the mean of 8-15 measurements of the
same virion preparation exposed to a given osmotic shock, followed by the standard
deviation. When virions were mixed with an equal volume of isoosmotic phosphate-
buffered salt solution in the stopped-flow apparatus, no transmittance changes were
observed after the initial 200-ms disturbance period had elapsed.

RESULTS

Osmotic permeability studies

When liposomes containing trapped solutes are exposed to hyper- and hypo-
osmolar solutions, loss or gain of intraparticulate water occurs to equalize the concen-
tration of the impermeant solute [20, 21]. The volume of liposomes in a given prepara-
tion is proportional to the reciprocal of the osmolarity of the resulting suspension.
This volume, in turn, is proportional to the reciprocal of the absorbance of the lipo-
somes [20, 21], where absorbance arises from scattered light only. Fig. 1 shows the
relationship between the absorbance and the reciprocal of the osmolarity of the
viral suspensions at equilibrium. The approximate linear dependence observed in this
figure suggests that for virions that have undergone osmotic shrinking and swelling,
volume is proportional to the absorbance arising from light scattering, rather than to
the reciprocal of the absot bance. Thus the change in volume is directly proportional to
the change in absorbance. Deviations from linearity became pronounced when
absorbance changes were measured at changes in 1/osmolarity of more than 4.5
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Fig. 1. Plot of the absorbance at 480 nm at equilibrium vs. reciprocal of the final osmolarity of the
viral suspensions. One volume of virions suspended in phosphate-buffered salt solution was diluted
with nine volumes of phosphate-buffered salt-like solutions made hyper-, iso- and hypo-osmolar in
NaCl (@), NaI(A) or CsCl (W). Absorbance values are relative to an Augo value of 1.00 in isosmolar
NaCl solution.
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Fig. 2. (A) Plot of the initial rates of water permeability, d4/d¢, vs. change in osmolarity. Virions
were suspended in phosphate-buffered salt solution and mixed in the stopped-flow spectrophoto-
meter with an equal volume of phosphate-buffered salt-like solution. The rates were normalized to a
common virion concentration (total protein content of 1.0 mg per ml). In osmotic swelling experi-
ments, hypotonic solutions were prepared by decreasing the concentration of NaCl in phosphate-
buffered salt solution to give the desired osmolarity changes. In osmotic shrinking experiments,
hypertonic solutions were prepared by increasing the concentration of NaCl in phosphate-buffered
salt solution. In one experiment (O), Nal was used in place of NaCl in the suspending and hypertonic
mixing solutions. (B) Plot of the initial rates of water permeability, dA4/ds, vs. relative virion con-
centration, protein concentration or A,gg, for virions subjected to a change of —0.104 osM. The
initial rates of volume change, d4/d¢, were recorded at 600 nm.

0sM ™. Preliminary results indicate that the response of intact influenza and parain-
fluenza SVS5 virions to osmotic gradients of NaCl qualitatively resembles that of VS
virions.

Fig. 2 shows that the relationship between the initial rate of absorbance
change, d4/d7, and the change in osmolarity for various preparations of VS virions is
approximately linear. For a membrane that is impermeable to solute, the initial rate of
osmotic volume change is proportional to the concentration gradient of the solute in
osmolar units [22, 23]. This behavior is predicted from an analysis of osmotic solvent
and solute fluxes according to irreversible thermodynamics [24]; moreover, the
relationships between changes in osmolarity and rates of volume changes, and
between changes in reciprocal osmolarity and extent of volume changes, are also
supported by a number of expzrimental observations in many biological membranes
and isolated subcellular particles (e.g. refs. 25-27). Thus both the equilibrium values
and the rates of change of light scattering from VS virions suggest that volume changes
in virions are directly related to absorbance changes. Fig. 2 also shows that the
initial rates of swelling of virions subjected to a given osmotic pressure change show a
linear dependence on the concentration of VS virions.

In addition to the linear relationships displayed in Figs. 1 and 2, a number of
other observations are consistent with the hypothesis that the absorbance changes are
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not only osmotically induced but are also related to water transport across the viral
membrane. First, the absorbance changes do not appear to arise from permeation of
specific ions through the viral membrane. The equilibrium absorbance values obtained
under swelling and shrinking conditions were identical when the osmotic gradient was
produced with NaCl, Nal or CsCl (Fig. 1). The initial rate and extent of absorbance
change was similar when Nal was used in place of NaCl in the suspending medium
and osmotic shocking solution (Fig. 2). Thus, each of these ions produces a similar
effect, i.e. net water movement across the membrane arising from the impermeability
of the electrolyte. Second, when the solute mixed with the VS virions consisted of
glycerol, ethyleneglycol, or xylose dissolved in phosphate-buffered salt solution,
there was an initial shrinking phase (loss of water from the virion in response to the
osmotic pressure gradient) followed by a swelling phase (permeation of nonelectro-
lyte, coupled with re-entry of water). When liposomes are exposed to the same
hyperosmolar medium of glycerol or ethyleneglycol in phosphate-buffered salt
solution, a 2-phase time course (shrinking followed by swelling) was also observed.
However, the initial rates of permeation of the nonelectrolytes into virions were much
greater than those for permeation into lecithin/cholesterol liposomes, and the absor-
bance change associated with each process was opposite in direction. When the
virions were exposed to an isoosmolar medium of 0.20 osM glycerol in 0.11 osM
phosphate-buffered salt solution, the only process observed was swelling, i.e. an
increase in absorbance; as expected, liposomes exposed to an isosmolar glycerol
solution also swelled, i.e. they exhibited an absorbance change in the opposite direc-
tion. The decrease in absorbance observed on shrinking of the virions in hyperosmolar
solutions is reversible, i.e. exposure of pre-shrunken virions to swelling conditions
gave absorbance increases. Conversely, exposure of pre-swollen virions to osmotic
shrinking conditions gave absorbance decreases.

Effect of filipin on osmotic permeability

To further establish that the light-scattering changes represent osmotic water
movement, a comparison of the effects of the polyene antibiotic, filipin, on liposomes,
ciliary membranes and VS virions was made. Filipin interacts with sterol in chole-
sterol- and ergosterol-containing liposomes and in ciliary membranes obtained from
Tetrahymena grown in the presence of ergosterol [28]. Table I shows that this mem-
brane-active agent causes appreciable diminution of the initial rate and extent of the
reciprocal absorbance change (volume change) that normally accompanies exposure
of liposomes and ciliary membranes to an osmotic gradient of KCIl. The effect of
filipin on the osmotic water permeability of liposomes prepared from lecithin alone
was not marked, and its effect on the initial rate of volume change of tetrahymanol-
containing ciliary membranes is less than that on ergosterol-containing membranes.
Thus, in order for filipin to exert an appreciable effect on both the extent (41/4) and
initial rate (d(1/4)/dt) of volume change, the presence of cholesterol or ergosterol in
liposomes and ciliary membranes is required. The affinity of filipin for lecithin/
cholesterol and lecithin/ergosterol liposomes far exceeds that for lecithin liposomes; in
addition, the rate and extent of complex formation are functions of the accessibility,
absolute concentration, and mol 9/ of cholesterol in the bilayer [29]. Therefore, the
observed permeability changes appear to be correlated with filipin-sterol complex
formation. It is well known that the addition of filipin to cholesterol-containing



69

65 ¥9 197 8¢ 8s S (¥/1)p ul asea10p 7,
88 LT oy €L 8L vl p/(p[1) P Ul asBAIP
90 0 0C £1 07 - [urdyi] /lroyosyv]
- - - - - LL {urdija] /funyrea]
@ n
1019350813 jouswAyea1a | 10421S3[0Yd/UIYyId97] 1019350813/UIy1109] unyodY
sauvIqudW AJeiI) sowosodi

uidijy 03 (JOUBWAYRIIS) PUE [013)SI[OYD [0121S0513) [OYOJ[E PIIOS
JO UIYII53] JO SOIIBI JRJOW 1B UMOYS SONEI S [ “WU 009 ¥ PIINSEIU SEM DUBGIOSqE Y, "A[9AN23dSa1 ‘W §0°| PUB 890°0 21am SaurIquuall
9Y) Ul [019150312 PUB [OUBWAYERIIO) JO SUOHRIIUIIUOD JRuy Y] "I @ T Sem [012]S 0O UIYIOA[ JO ONBI IB[OW 3y} pue WU | sem sowosodi| Y3 ut
uonenuouod pidif [euy oY [, (SWNJOA G IPTWRULIOIAYIAWIP % | Suruieiuod uonnjos s N 10°0/IOM W 81°0 Yllm paxiw d1am d1ym ‘(1) sawios
-odJ] [019)89[0YD/UII199] J0J 1dadX3) 2WINjOA AQ SpHUBWIOJAYISUNP O | SuuIejuod uonnjos S W 10°0/ID3 W 07°0 UMM paXiw a1am Sawos
-odry "y ¢ | 'xoidde 10j sanjerodwis) WoOOL e Yiep ay) ur utdijy Ylm PAJBQNOUT 310M PUB SWIN[OA AQ splweuLIojjAylawIp % | paureIuod suorsuad
-sns aueiquaw pue swosodiy (gL HA) uonnjos st W 10°0/1D3 W [0°0 Ul papuadsns 9Jom SoUBIQUSBIN "UONN|OS ST N FO'0/TOM N 90°0
ur paredasd 219m yolym (1) sowosodi| [0191S9[0Yd/UIYNd3I| J0J 1d90Xa ('L Hd) uonnjos sup W 10°0/IDM W $0°0 Ul paiedard azom sswosodi

SANVIIINIIN AUVITIO
ANV STINOSOJIT 40 STIONVHD TWNNTOA WNTYEITINOT ANV SALVYE DNIMNIYHS TVILINI GHL NO NIdI'Tld 40 1034449

19474Vl



70

"W Lg1 sea uldiTy Jo UOIEIIUIUOD [RUY oy xx
"W 69 sem widiy Jo UONRIIUAcU0D [RUY oy x

£9 0s 60000+ 05000 €900 -

- - xx95°0
9¢ Ly L100°0F 98000  OF00 9 oL 010007 €£000  7T00 Ul parean-uidrg
- - €1000FPEI00  $80°0 - - 0T00°0°F8170°0 €L0°0 - pareanuf)
wiYe v PIVIDP v/Dr
asva109(q %, PP Vi osea1nnq %, PIYIDP (r/Dy
—_— . = —————— . B B oner Ipjow
SUOIIA sawosodi widiy/joaasajoy)

‘T21qR 1 ur paqLysap se urdijy yum patean) 2Jam SUOLIA pue sawosodip
‘[W/BWr /(0 SEM SUOLIIA 3Y) JO JUSIUOD u0ad ej0} 3y "A[PAndadsal ‘w 7o PUB §°0 3Jom SUOLIIA pUE sdwosodI] Y] JO SUONBNUIUOD pidy
[BUY 94] "W 0§ 1 painseaul d1om safueyd SuLIaeas-1ySIT pO['0 - sem Auejowso ur a8ueys sy “uonn|os Hes parogng-ajeydsoyd jo 1ey
UBL1 JOMO] SEM LUONBIIUADUOD | DHBN 9SOYM UOIIN[OS 3YI[-}[BS paiagng-areydsoyd e jo ownjoa jenbs uw P 1eswoloydos)dads moy-paddors oy ul
paxiur pue uonN|os jjes pareyng-sieydsoyd ur pspuadsns srom SUOMIA PUE OljRd JR[OW | : T UI [0J3]SI[OYD PUB UYILO] WOoJy paALIAP sowosodi|

SNOI™IA
ANV STNOSOdIT 40 STONVHD ANNTOA WNIELITINOT ANV SALVY DONITTIMS TVLLINI FHL NO NIdITI4 40 LOdd49

[ 474V.L



71

membranes results in rearrangements in lipid organization (e.g. refs. 28 and 30). An
apparent consequence of this membrane disruption is that the concentration gradient
of KCl across the liposomal and ciliary membranes is diminished.

Comparisons of the effect of filipin on lecithin/cholesterol liposomes and
VS virions are given in Table II. Filipin diminishes the extent and initial rate of
volume change, as measured by 44 and dA4/ds. Spectral measurements confirmed the
interaction of filipin with cholesterol in the viral bilayer (unpublished observations
from these laboratories). Thus, interaction of filipin with the viral membrane, which
was found to contain a cholesterol : phospholipid molar ratio of 0.65 when obtained
from virions grown on BHK cells, apparently results in rearrangements within the
viral membrane, alteration of the permeability barrier, and concomitant solute
passage. This indicates that cholesterol is accessible to filipin and is involved in the
viral permeability barrier.

Fig. 3. Morphological alteration by filipin of the envelope of VS virions, negatively stained with
sodium phosphotungstate, pH 6.2. (A) Virion from a control preparation, with projections distributed
uniformly over the surface; (B, C) Virions from a preparation treated with filipin at a concentration
of 0.25 1M for 30 min. The envelope exhibits a series of striations with a periodicity of approx. 150~
200 A. The surface spikes are redistributed, and along the periphery of the particle they are seen to be
attached to the ridges in the envelope. The central core extending from the base of the bullet-shaped
particles in B and C, and not in A, results from an infolding of the envelope. It is frequently observed
in control preparations as well as in filipin-treated particles. Magnification: A and C % 150 000;
B > 200 000.
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Electron microscopy

Modification of the viral envelope by filipin was also indicated by a distinct
morphological alteration. As shown in Fig. 3, filipin-treated virions exhibit a periodi-
city along their surfaces of 150-200 A, consisting of a series of depressions and ridges
in the envelope. These features extend across the particles, giving the envelope a
striated appearance. It is of particular interest that the surface spikes are redistributed
in the filipin-treated virions, being attached only to the ridges and not to the depres-
sions in the viral envelope. Occasionally, virions are disrupted in the negatively
stained preparations, and their membranes exhibit characteristic ring-like structures
approx. 250 A in diameter, of similar appearance to the “pits” described previously
in filipin-treated liposomes [28].

Osmotic permeability properties of intact and protease-treated virions

The involvement of the envelope glycoprotein of VS virions in the osmotic
barrier was examined. Table 111 shows results of osmotic permeability studies perfor-
med with intact virions and spikeless particles obtained by treatment with protease
type VI or trypsin. The initial rate of osmotic water parmeability of intact virions was
appreciably greater than that of the spikeless particles. The extent of osmotic swelling
was also larger in the intact virions. Treatment with either protease has been shown to
be without effect on internal proteins of the VS virion [17, 19].

TABLE 111

INITIAL SWELLING RATES AND EQUILIBRIUM VOLUME CHANGES OF INTACT
AND SPIKELESS VIRIONS

Intact and spikeless virions from the same preparation were suspended in phosphate-buffered salt
solution. Each virion suspension was exposed to an equal volume of hypoosmolar phosphate-buffered
salt-like solution (0.137 osM) whose NaCl concentration differed from that present in phosphate-
buffered salt solution. The change in osmolarity was (1) --0.087 and (2) —0.104 osM. Changes in
light scattering at 375 nm were recorded on the stopped-flow spectrophotometer using a total signal
of 800 mV for (1) and 1600 mV for (2). (This accounts for the larger changes in signal amplitude
observed in (2) compared to (1)). The total protein concentrations of the virions were 0.31 mg/ml
for preparations (1) and (2) of the intact particles, 0.14 mg/ml for the protease type VI-treated virions
(spikeless preparation (1)), and 0.23 mg/ml for the trypsin-treated virions (spikeless preparation (2)).

Type of virion dd/de-10* (s7') A4

Intact (1) 30.8--3.4 0.019
Intact (2) 50.9 1 2.8 0.050
Spikeless (1) 6.4 1-1.3 0.012
Spikeless (2) 8.4-12.7 0.032
DISCUSSION

Analysis of the response of VS virions to osmotic pressure gradients suggests
that the observed light-scattering changes represent water permeation through the
viral membrane. Unlike the situation observed for osmotically driven volume changes
in artificial bimolecular membranes (liposomes) and some naturally occurring systems
(e.g. ciliary membranes, mitochondria, red blood cells), virions are found to possess a
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direct rather than an inverse proportionality between volume change and absorbance
change. Although a theoretical justification involving a Raleigh-Gans approximation
has been made for treating absorbance increases as a function of particle shrinkage
[31], there are many exceptions to this theoretical relation. They probably arise
because the intensity of scattered light is a complicated function of the mass, size,
shape, refractive index and volume of the particles. Experimental results and theoreti-
cal calculations show that particle size, internal structure, suspension concentration
and scattering angle may be important variables in addition to volume in the relation-
ship between optical change and volume change; shrinkage can result in increased
light scattering (decreased transmission) for some particle sizes, and in decreased light
scattering for other particle sizes [32-35]. Therefore, relationships between volume
changes and absorbance changes need to be established empirically. The light-
scattering changes we observe apparently do not arise from changes in the shape of
the virus particle or in the conformation of glycoprotein because (a) electron micro-
scopic investigations of virions collected from the stopped-flow apparatus after
osmotic shock revealed no shape changes and (b) protease-treated virions produced
the light-scattering data summarized in Table 1II. The results obtained with filipin-
treated virions and with virions exposed to a variety of electrolytes and nonelectro-
lytes as the osmotically active species provide further support for the conclusion that
the light-scattering measurements reflect osmotically driven volume changes.

The fact that the slope of the plot of initial rate vs. change in osmolarity is
larger for swelling than for shrinking (Fig. 2) suggests that the nonglycosylated mem-
brane protein(s) that appear to be associated with the inner surface of the viral mem-
brane, and the nucleocapsid structure that underlies it, may limit the extent or rate of
volume change resulting from osmotic shrinking. Gravimetric analyses of viral
preparations centrifuged from solutions of different osmolarities suggested that the
osmotically active space represented less than approx. 20 % of the isosmotic viral
volume.

The present results indicate that the envelopes of VS virions exhibit permeabil-
ity characteristics similar to those observed with other biological membranes. The

ermeability properties have been modified in the present studies using two specific
perturbations, introduction of the antibiotic filipin into the lipid bilayer and removal
of the major portion of the glycoprotein spike by two different proteolytic treatments.
It therefore appears that both proteins and lipids are functional components of the
viral permeability barrier. The lipid-containing viruses thus represent a biologically
important system in which permeability measurements may provide insight into the
role of lipid-protein interactions in membrane structure and function.
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