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Summary. The title fluorescent probe crosses dihexadecyldimethylammonium bromide vesicular
membranes 1-2 orders of magnitude faster than it crosses the liposomal membranes of dipalmi-
toylphosphatidylcholine.

The membrane mimetic properties of simple surfactant vesicules continue to attract much
attention.1 Fundamental to the problem of chemically differentiating exovesicular and endo-
vesicular loci of fully-functionalized, synthetic surfactant vesicles,2 is the competition
between reaction of an added substrate at the exovesicular surface and its permeation to
endovesicular reactive sites.3 Studies have been made of the permeation of simple ions in
synthetic surfactant vesicles,4 but kinetic investigations of more complicated permeants are
few.5 The useful fluorescent probe of trans-membrane transport, l-anilino-8-naphthalenesulfo-
nate (ANS), although extensively studied in liposomal assemblies such as dipalmitoylphospha-
tidylcholine (DPPC),6 does not appear to have been examined with cationic vesicles, e.g.,
dihexadecyldimethylammonium bromide (162). We now provide initial ANS permeation results for
3 different types of 162 vesicles, and comparative data for small and large DPPC liposomes.

Additionally, we describe other important properties of these molecular assemblies.

Vesicle preparation. Vesicles of 162 and DPPC were prepared in pH 7.4, 0.01 M aq.

imidazole buffer by (a) sonication [Braun-Sonic model 1510, immersion probe, 55-60°C, 100 W,
10 min]; (b) rapid injection (250 ul Hamilton syringe) of ethanolic surfactant into buffer
at 55-60°C;7 or (c¢) slow injection (0.15 ml/min) of 1 ml of surfactant in CHCl:,> into 4 ml of

buffer at 70°C,8 with CHCl3 removed by continuous N, sparging during injection. Methods (a)l

2
and (c)8 afford unilamellar vesicles or liposomes, whereas (b)7 yields multilamellar assem-
blies. Our own electron microscopic investigations are in accord with these reports. All
vesicle preparations were cooled to 23°C and filtered through 0.8 u Millex-PF filters before

use.

Dynamic light scattering. Apparent hydrodynamic diameters were determined by dynamic

light scattering and are collected in Table I. Sonication affords ''small" vesicles,1 rapid
injection gives "medium' sized assemblies,7 and slow injection affords large, unilamellar
vesicles.8 All types of vesicles are larger at 45°C, above their phase transition temperatu-
res (T.), than they are at 23°C, below T.. In each size class, the DPPC liposomes appear
larger than the corresponding 162 vesicles. The large vesicles are size-stable (light scat-
tering) for > 7 days, but the small and medium vesicles become visibly inhomogeneous after

12 or 24 hrs, respectively.
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Table I. Physical Properties of Vesicles and Liposomesa

Diameter (R)b

crs c
Phase Transitions

Vesicle Type 23°C (Var.) 45°C (Var.) TC1(°C) AHld TCz (9] Asz
16, small 330 (0.45) 560 (0.72) 25.1 26.5  5.46 40.2 2.04
16, medium 1100  (1.02) 1250  (0.90) 24 <0.3 35.2 2.76
16, large 2740  (1.13) 3460  (1.19) 25 8.10 36.8 0.50
DPPC small 480  (0.52) 830  (0.69) 37¢ 7545 411 7.54%
DPPC large 3600  (1.10) 4300  (1.20) 358 1.608 41,28 8.208

®Methods of vesicle preparation and details of aqueous medium are given in the text.
bApparent hydrodynamic diameter, Nicomp TC-100 computing autocorrelator; Ar laser (488 nm),
90° scattering angle, Hazeltine microcomputer, cumulant program. The variant (var.) indicates
marked polydispersity when >1.0. “Microcal-1 differential scanning calorimeter [W.M. Jackson

and J.F. Brandts, Biochem., 9, 2294 (1970)].

Tc values are rounded to nearest deg. dEnthalpy
of transition in kcal/mol. eVery similar values appear in ref. 9. fTotal for both transitions.

Evalues for ""large multilamellar" liposomes given in ref. 9.

Table II. Fluorescence of Pyrene and Permeation of ANS in Vesicles and Liposomes

Pyrene Fluorescence®? t1/9 (s_l) of ANS Permeationb’C

Vesicle Type 1390/T370 1475/1392 15°C 25°C 35°C 40°C 45°C

162 small 0.78 0.14 0.40d 0.20 0.08 0.07

162 medium 0.78 0.18 0.60° 0.19f

162 large 0.78 0.32 0.08 0.07 0.03

DPPC small 0.88 0.23 g g g 4.5 9.0M

DPPC large 0.93 0.45 i i 2.5 14 8.0

3 6

8[162]=[DPPC]=1.0x10_ M; SLM 4800 spectrometer, Xe lamp; 23:1°C; [Pyrenel=2x10" M
(390/370) or 1x10_5M (475/392); Aex=337 nm. bDurrum D-130 stopped-flow spectrometer
modified for fluorescence (90°), 150 W Xe lamp (368 nm), 420 nm cut-off filter.
Final concentrations: [vesicles)=5.0x10-4M, [ANS]=5.0x10—5M. See text for vesicle
preparation and buffer. crl/z is half-1life time for development of ANS fluorescence
at indicated temperatures. dMaximum, 0.70 sec at 12°C. “Maximum value at 14-15°C.
f23°C. 8No fluorescence below ~38°C. hMaximum, 14 sec at ~43°C. iNo fluorescence

below ~30°C. JMaximum, 24 sec at ~42°C.
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Phase transitions. Differential scanning calorimetry of 2x10'3 M vesicle solutions afforded

the TC values and associated enthalpies in Table I. Generally, Tc values for the major transi-
tions of the DPPC liposomes are significantly higher than those of the corresponding 162 resi-
dues. The two widely-separated, high-enthalpy Tc's of the small 162 vesicles may signify the

presence of different vesicle populations.9 The Tc data define appropriate temperature ranges

for the permeation experiments.

Fluoroescence studies. Table II collects fluorescence data for pyrene (Py) solubilized in

vesicles and liposomes. The intensity ratio of Py fluorescence peaks IIT and I (%390 and ~370
nm) reflects the polarity of the pyrene's microenvironment.10a Py solubilized in micellar CTABr
(I ratio=0.80) andall types of 162 vesicles experiences a polarity comparable to that of CHSOH

(I ratio=0.75).10a Py microenvironments seem less polar in DPPC liposomes, resembling that of

ethanol (I ratio=0.91).loa The intensity ratio of Py excimer fluorescence (475 nm) to monomer
fluorescence (392 nm) is indicative of the medium's microviscosity.mb The data in Table II
suggest that DPPC liposomes offer less resistance to Py translation than corresponding 162

vesicles, and that translation is easier in the larger vesicles.

Trans-membrane transport. The time-dependent development of ANS fluorescence on stopped-

flow mixing of aq. solutions of ANS and DPPC liposomes has been taken as a kinetic measure of
the transport or permeation of the ANS across the exoliposomal surface and into the liposome.6a
We measured half-lives (11/2) for the development of ANS fluorescence with each type of vesicle,

over temperatures from ~10°-45°C. Selected data appear in Table II. With 16, vesicles, permea-

tion occurred rapidly (<l sec) at all temperatures sampled, both below and ibove Tc. With DPPC
liposomes, no permeation was evident below ~30°C, and Tj,, values were 1-2 orders of magnitude
greater than in 162 vesicles at comparable temperatures.{l There is -no-direct correlation bet-

ween "membrane fluidity" (Table II) as reported by Py translation and excimer formation, and ANS

transport; the former phenomenon is greater in DPPC liposomes than in 16, vesicles, but ANS

transport is slower in the liposomes. Possibly, the charge type of the sirfactant assemblies
plays a role in determining the rate of trans-membrane transport of ANS and other large ionic
probes (at least above the Tc). Anionic ANS may exggrience more difficulty crossing thfzzwitter—
ionic surface of DPPC, where it is strongly bound, than the cationic surface of 162. This is
not true of simple ions, however.

Our results are potentially important for the design of exovesicular reactions.z’3 Taking
vesicles at 25°C by ANS-like probes, leads to

2
. If 162 vesicles can serve as models for fully-functionalized cationic surfac-

11/2 0.1-0.2 sec for the permeation of 16

k n3-7 sec’!

—perm

tant vesicles, then exovesicular reactions of the latter with ANS-like substrates will require
-1 . . . . :

E¢>>10 sec = to ensure exclusive exovesicular reaction. We intend to extend the present studies

to other kinds of vesicles and probes in order to better define those factors essential to

locus-specific vesicular reactions.
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