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Abstract: Amphiphilic ABA triblock copolymers, such as poly(2-methyloxazoline)-block-poly(dimethylsiloxan)-
block-poly(2-methyloxazoline) (PMOXA-PDMS-PMOXA), form vesicular structures. Here, the interaction
of these ABA molecules with lipids is investigated by electron microscopy, fluorescence spectroscopy,
light scattering, and differential scanning calorimetry. Our observations suggest the formation of
homogeneous mixed polymer—Ilipid composites, independent of preparation method, i.e. film hydration,
dispersion, or detergent removal. When ABA polymersomes and liposomes are mixed, we observed
monomer exchanges on a time scale of minutes. The possibility of forming mixed structures and the
exchanges between preformed structures allow the combination of the properties of lipids and polymers
such as stability and loading encapsulation capacity.

Introduction tion of the formed structures. Several approaches based on cross-

Self-assembly of amphiphilic phospholipids may result in the Iméqng the lipid itself have been summarized by Ringsdorf et

formation of vesicular aggregates constituted by a lipid bilayer . . )
that is stabilized by hydrophobic interactions. Classical lipo- Biological membranes are adapted to the cell machinery and

somes, as described by Bangham et hhve an aqueous core find applications in many qther areas. Recently attempt; hz?lye
domain surrounded by a hydrophobic lipid bilayer, thus P€en made to replace lipids by self-assembling amphiphilic
mimicking cells or subcellular compartments that are sealed by P10Ck copolymers, to tailor size, form, and stability specifically
biological membranes. As model systems, they are extensively O individual applications.Notably, AB, ABA, and ABC block
employed to investigate in vitro protein reconstitution, organelle COPOlymers were shown to form micelles, vesicles, or “sponge’-
fusion, endo and exocytosys, viral infection, and membrane K& aggregateS.AB diblock copolymers preferentially form
permeation induced by toxins or channel-forming protéihs. Micelles, driven by segregation of the core from the aqueous
For example, as vehicles for drug delivery, liposomes are able milieu, dug toa comblnz?\tlon of |ntermolecular.for(?es including
to transport water-soluble cargo in their core domain and hydrophoblc, eIectrpstatlc, and hydrogen-bonding |nteracﬁ6ns.
lipophilic antioxidants inside the hydrophobic parts of the bilayer A Prominent, medically most relevant example are micelles
to prevent lipid peroxidation. However, unmodified liposomes Pased on adriamycin cross-linked poly(ethylene glycol)-poly-
suffer from a low stability against shear forces, extreme pH's, (@.5-aspartic acid) diblock copolymers, which possess antitumor
and osmotic stress. In vivo, rapid enzymatic degradation is activity:*

followed by opsonization, which triggers uptake by the mono- ~ ABA block copolymers such as the poly(ortho ester)-poly-
nuclear phagocytic systefrHence exploiting the self-assembly  (ethylene glycol)-poly(ortho ester) triblock copolymer formed
properties of lipids for technical applications requires stabiliza- microspheres with encapsulated protéiVesicular structures
could be formed in water when solubilizing ABA triblock
copolymers, composed of a hydrophobic and flexible poly-
(dimethylsiloxane) (PDMS) middle block and two water-soluble
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poly(2-methyloxazoline) (PMOXA) side block& 13 In a

somewhat surprising result it was shown that despite thg-2

fold higher thickness of the block copolymer membranes,
proteins could be readily integrated and remained functional
even after polymerization of reactive block copolymer end-
groupst* These chimera assemblies allow the preparation of
mechanically stable, defect-free nanocapsules with a highly

selective permeabilit}? At least two features of the polymer
membrane facilitated protein miscibility: (i) polymer chains can
be compressed considerably due to the high flexibility of the
PDMS block and (ii) polydispersity of the polymer allows small
chains to segregate around a membrane prétein.

The aim of this work is to study the mixing behavior of
amphiphilic triblock copolymers with lipids and the feasibility
of forming mixed lipid—polymer nanopatrticles. We added lipid
and ABA during the vesicle formation and obtained mixed

Figure 1. Giant particle composed of a mixture of ABA and lipids observed
by phase contrast and fluorescence microscopy using rhodamine-labeled
phosphatidyl-ethanolamine.

method, but solubilization was enhanced by addition of 1% (vol/vol)
Triton X-100 (TX-100) to buffer D. Following solubilization, the

structures. Transmission electron microscopy (TEM), dynamic detergent was completely removed by addition of 150 mg/mL Bio-

light scattering (DLS), differential scanning calorimetry (DSC),

Beads (SM-2 Absorbent, Bio-Rad Laboratories,—30 mesh) and

and fluorescence experiments suggested that lipids were ho-overnight incubation under continuous rotational stirfifigesicles with
mogeneously distributed in these binary composites. We also? diameter from 50 to 150 nm were obtained, depending on the ABA/

observed molecular exchange between liposomes and ABA
nanocapsules by fluorescence resonance energy transfer (FRET)Br

Experimental Section

Materials. The lipids, egg-phosphatidylethanolamine (PE), brain L
PS (PS), La-phosphatidylethanolaming-(lissamine-rhodamine-B-
sulfonyl) (Rhod-PE),La-phosphatidylethanolaming-(4-nitrobenzo-
2-oxa-1,3-diazole) (NBD-PE), and dipalmitoylphosphatidylcholine
(DPPC) were purchased from Avanti Polar Lipids (Birmingham, AL).
Egg-phosphatidylcholine (PC) was from Lipoid (Ludwigshafen, Ger-
many). Calcein high purity was obtained from Molecular Probes
(Leiden, The Netherlands). PMOXA-PDMS-PMOXA triblock copoly-
mer, with a molecular weight of 9000 g mé) i.e., a PDMS middle
block of 5400 g mat! and of two hydrophilic PMOXA blocks each of
1800 g mot?, was synthesized as described eatfifihe polydispersity
was determined to bkl./M, = 1.7.

Formation of Vesicles.Three methods were used to obtain lipids,
ABA block copolymers, and mixed vesicles. In the ethanol injection
method, 20QcL of clear ethanol solution of 17 wt % PMOXA-PDMS-
PMOXA triblock copolymer was added dropwise to 5 mL of vigorously
stirred buffer D (145 mM NaCl, 2.5 mM HEPES, pH 73)This
technique led to vesicles of 50 nm average diameter. In the film
hydration technique, lipids were dissolved in chloroform and dried at
the bottom of a glass tube under nitrogen and theB founder vacuum
to remove all remaining traces of solvénhfThe film was solubilized
by addition of buffer D and vortexing for 1 min. Finally, 10 freeze
thaw cycles followed by extrusion through a 200 nm polycarbonate
cut-off membrane, using a Hamilton syringe extruder (Avanti Polar
Lipids, Birmingham, AL), gave monolamellar vesicles. The same
procedure was followed for ABA and the ABAipid mixture except

that the solubilization time was extended to 30 min and the extrusion
step was eliminated. The diameter was 200 nm for lipid and 500 nm
for ABA vesicles; that of the mixed aggregates varied between these
two values. In the detergent removal method, a homogeneous film of

ABA or/and lipids was made as described above for the film hydration

(11) Nardin, C.; Winterhalter, M.; Meier, WLangmuir200Q 16, 7708-12.

(12) Nardin, C.; Hirt, T.; Leukel, J.; Meier, W.angmuir200Q 16, 1035-41.

(13) Graff, A.; Sauer, M.; Van Gelder, P.; Meier, Wroc. Natl. Acad. Sci.
U.S.A.2002 99, 5064-8.

(14) Nardin, C.; Meier, WRev. Mol. Biotechnol.2002 90, 17—26.

(15) Meier, W.; Nardin, C.; Winterhalter, MAngew. Chem., Int. E200Q 39,
4599-4602.

(16) Kremer, J. M.; Esker, M. W.; Pathmamanoharan, C.; Wiersema, P. H.
Biochemistryl977, 16, 3932-5.

(17) Lichtenberg, D.; Barenholz, Yethods Biochem. Anal988 33, 337—
462.

lipid composition.

Giant ABA/lipid vesicles were prepared as previously descried.
iefly, 500 uL containing 5 mg of ABA/PC/PE/Rhod-PE (79/12/8/1,
mol/mol/mol) dissolved in chloroform was sprayed on two indium tin
oxide coated glass electrodes (Merck LCD division). Chloroform was
removed under nitrogen and vacuum. Electrodes were immersed in
buffer D using a Teflon spacer. Vesicles were formed by applying a
simple ac voltage o5 V at afrequency of 10 Hz fo3 h and 5 V at

0.5 Hz for 30 min. Vesicles were observed under a fluorescence
microscope with a 100 Zeiss plan apochromat objective.

Enzyme Encapsulation.A film of lipid and/or ABA (1 umol) was
solubilized with 20QuL of buffer D, containing 4 nmol obrosophila
melanogastercetylcholinesterase (AChE). Twenty-five freeze thaws
cycles were performed to allow for protein encapsulatfé Nonen-
capsulated AChE was removed by inverse affinity chromatography,
i.e. by passing the polymersome suspension through a procainamide
gel column that retains free AChE. Buffer D was added to reach a
concentration of 1mM lipid/ABA. Amounts of encapsulated protein
were estimated by measuring the AChE activity with the Ellman
method? after total disruption of the polymersomes with 0.1% TX-
100. Solubilization of the ABA/lipid mixed polymersomes by this
detergent was verified by light scatterify.

Fluorescence Rhod-PE fex = 550 nmAem = 590 nm), NBD-PE
(Aex = 470 nmAern = 530 nm), and calceimfx = 492 nmAem = 517
nm) were used as fluorescent probes. The distribution of lipids was
estimated via the self-quenching of Rhod-PE. Different concentrations
of fluorescently labeled lipids were incorporated into egg-PC/egg-PE
(2/1, mol/mol) liposomes, in which Rhod-PE homogeneously distrib-
utes. ABA vesicles were also labeled with Rhod-PE. Fluorescence was
measured in intact vesicles (IF) and after destruction (IFO) with 1%
TX-100, causing almost infinite dilution of the probe accompanied by
disappearance of self-quenching.

Fluorescence resonance energy transfer (FRET) was determined
using NBD as energy donor, and rhodamine as energy accéptor.

(18) Ueno, M.; Tanford, C.; Reynolds, J. Riochemistry1984 23, 3070-6.

(19) Sauer, M.; Haefele, T.; Graff, A.; Nardin, C.; Meier, @Whem. Commun.
(Cambridge)2001, 2452-3.

(20) Chaize, B.; Winterhalter, M.; Fournier, Biotechnique®003 34, 1158-
60, 1162.

(21) Colletier, J. P.; Chaize, B.; Winterhalter, M.; Fournier ADC Biotechnol.
2002 2, 9.

(22) Ellman, G. L.; Courtney, K. D.; Andres, V., Jr.; Feather-Stone, R. M.
Biochem. Pharmacoll961, 7, 88—95.

(23) Pata, V.; Ahmed, A.; Discher, D. E.; Dan, Nangmuir2004 20, 3888~
93

(24) Stfuck, D. K.; Hoekstra, D.; Pagano, R.Eochemistryl981 20, 4093-
9.
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Figure 2. DLS analysis of particles obtained by the detergent removal
method with ABA, lipids, and a mixture of ABA and lipids.
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Figure 4. Hypothetic structures of hybrid membranes composed of ABA
triblock copolymers and lipids. Lipids might either segregate into domains
leading to an aggregative distribution or disperse in an ABA triblock
membrane in a homogeneous phase.
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Figure 5. Self-quenching of Rhod-PE in an egg-PC/egg-PE (2/1) lipid
membrane £) and in an ABA membrandl). Self-quenching of Rhod-PE
was quantified by the ratio of IF/IFO, where IF is the fluorescence of the
labeled lipid in the absence of TX100 and IFO is the fluorescence after
solubilizing the membrane caused by addition of 0.5% TX-100. Concentra-
tions of ABA + Rhod-PE or lipid+ Rhod-PE were 0.05 mM.

200nm sulated into liposomes by 20 freezthaw cycles® Free calcein was

) removed by 6x 10° dilution in buffer D using dialysis through a 10
Figure 3. TEM of ABA (A), PC/PE liposomes (B), and ABAIPC/PE mixed  |pa cutoff membrane. After ABA addition fluorescence increase (IF)
vesicles (C) formed by the detergent removal technique. due to calcein efflux was determined. Total release (IFO) was estimated
by liposome destruction using 0.5% TX-100.
Liposomes were labeled with 0.6 mol % of NBD-PE and Rhod-PE,  Transmission Electron Microscopy (TEM) and Dynamic Light
respectively. FRET efficiency was determined by the ratio of the NBD Scattering (DLS). Nanoparticles were negatively stained with 2%
fluorescence (470/530 nm) before (IF) and after TX-100 addition (0.5% uranyl acetate solution, deposited on a carbon-coated copper grid, and
final) (IFO) corrected for sample dilution and the effect of TX-100 on &X@mined with a Philips Morgagni 268D microscope. Size distribution
the quantum yield of N-NBD-PE (multiplication by a factor of 1.4 in of particles was estimated using a Zeta&zer Nano ZS90 (Malvern
our experimental conditions). FRET efficiency is thus related to (IF/ Instruments, Malvern, UK) with S0optics and a HeNe Laser (4.0

IF0) and increases during membrane dilution corresponding to a FRET mvg,_ﬁ633 nml)s ina Calori DSC). DSC ¢
efficiency decrease. ifferential Scanning Calorimetry ( ). measurements o

the ABA-DPPC hybrid nanocapsules and lipid-only liposomes were
To follow ABA-induced membrane perturbation, liposomes contain-
ing concentrated calcein were prepared. Calcein (3 mM) was encap-(25) MacDonald, R. 1J. Biol. Chem.199Q 265 13533-9.

6244 J. AM. CHEM. SOC. = VOL. 127, NO. 17, 2005
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Figure 6. DSC experiments showing the endotherms of DPPC (1 mg/mL) with increasing ABA content.
4 of lipid and ABA. Hence, we conclude that ABA and lipids
may form mixed particles.
3 Evidence for Mixed ABA/Lipid Nanoparticles. ABA and

lipid vesicles, prepared by the detergent removal method, were
analyzed by DLS and TEM. ABA and PC lipid alone yielded
particles with an average diameter of 53 and 112 nm, respec-
tively (Figure 2). When vesicles were prepared using a mixture
of ABA and PC (3/1, mol/mol), we observed a monomodal size
distribution of particles with an average diameter of 75 nm.
This suggests the formation of hybrid particles. TEM of ABA

Encapsulation efficiency in%
N
1

0+ : : . . . alone gave spherical particles around 50 nm in diameter (Figure
0 20 40 60 80 100 3A). Liposomes alone (PC/PE; 2/1 mol/mol) did not resist
Molar ratio of ABAin % dehydration, leading to collapsed structures (Figure 3B). An

Figure 7. AChE encapsulation efficiency of hybrid ABA/lipid particles ~ ABA lipid mixture (ABA/PC/PE, 7/2/1 mol/mol/mol) did not
after 25 freeze thaw cycles. Encapsulation efficiency is given in % of the result in the formation of two distinct populations of particles
final versus the total initial enzymatic activity, and the total concentration - . ’
of ABA and lipid was together 1 mM. The final enzymatic activity was and spheres similar to those obtained for ABA alone could be
revealed by Pronase digestion of the nonencapsulated enzyme and revealingbserved. Hence DLS and TEM analysis are consistent, in that
the encapsulated activity by vesicle disruption with 0.1% TX-100 (see hybnd partides are formed when using a mixture of ABA and

Experimental Section for details). lipids. Hybrid particles seem to be as stable as ABA polymer-

performed with a VP-DSC (Microcal Inc., Northampton, MA). A Somes, r.'olt COI.Iap'SIng uppn c.iehydratl'on. o
temperature range of 30 °C was scanned with a heating rate of 30 ABA/Lipid Distribution in Mixed Vesicles. Both lipid and
K/h and a filter period of 1. Data were analyzed with Origin 5.0 ABA might form separate domains, leading to a heterogeneous

(OriginLab Co., Northampton, MA). membrane structure, or might distribute homogeneously in the
_ _ same phase, as illustrated in Figure 4. For a low lipid to ABA
Results and Discussion ratio we choose a fluorescence quenching technique with Rhod-

PE, which allowed us to compare the self-quenching of Rhod-
PE in lipid membrane to the self-quenching in ABA membrane.
We measured the fluorescence emitted from the particles before
(IF) and after solubilization with detergent (IFO). For Rhod-PE
incorporated into liposomes a decrease of IF/IFO with increasing
contrast, in the absence of mixing, a binary system composedprObe conc_entration was observeql (Figure 5). This is a typi_cal
feature of increased self-quenching as reported for similar

of fluorescent liposomes and nonfluorescently labeled ABA .
particles should be obtained. Only large fluorescent aggregatessyStems by Mac Donalé%.As it can be assumed that Rhod-PE

with a non perfectly spherical shape could be observed (Figureis. h°m°ger.‘e°.“3'.y distributed iq thc_a lipid bilayer, the curve in
1). Neither giant nonfluorescent ABA particles nor a structure Figure 5 is indicative for quenching in the nonaggregative state.

resembling giant liposomé&swas observed by using a mixtue Similarly, a degrease of ".:/”.:0 with increasing .RhOd'PE
concentration, with a slope similar to that observed in the pure

(26) Angelova, M. I.: Dimitrov, S. AFaraday Discuss. Chem. Sat986 81, lipid system, was also obtained for the mixed particles. These
303-11. results suggest a nonaggregative distribution of lipids in ABA

Evidence for Mixing of ABA and Lipid in Giant Particles.
Giant ABA vesicles with fluorescently labeled lipids were
prepared to investigate the mixing behavior of ABA and lipids.
If mixed structures of ABA and lipid are formed, all particles
should be fluorescent due to an incorporation of lipids. By

J. AM. CHEM. SOC. = VOL. 127, NO. 17, 2005 6245
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Figure 8. Addition of ABA vesicles to liposome induces lipid dilution and transient pore formation. (A) Increase of NBD-PE fluorescence due to dilution
of lipids in liposomes by addition of ABA vesicles (28M lipids and 28u«M ABA). Liposomes were labeled with NBD-PE and Rhod-PE. Prior to ABA
addition, FRET causes an extinction of NBD fluorescence-{df< IF0). After addition of ABA, IF€) increases due to diminution of the FRET efficiency.

IFO is the fluorescence after addition of 0.5% TX-100 corresponding to the absence of FRET. (B) Release of calcein revealed by a diminution of self-
guenching. Prior to ABA addition calcein is concentrated in liposomes; release of calcein increased the fluorescence. IF0 is the fluoresadditiemfter

of 0.5% TX-100 corresponding to the complete release.

membranes. If domains had been formed, self-quenching, i.e.,regime, the hydrophilic side blocks of the polymer are widely
the slope of the curve, would be higher due to a higher local separated and only the hydrophobic B-block effectively interacts
concentration of labeled lipids. The self-quenching was even with the lipid membrane, thus reducing the enthalpy of the main
lower than for the liposome at the same concentration ratio. transition. When the copolymer concentration is increased, the
This may originate from the higher size of ABA compare to external A-blocks start to congest each other, and van der Waals
lipids, which decreases the surface density of the probe at therepulsive forces between the side blocks start to considerably
same concentration. Thus, we conclude that lipids dispersecontribute to the membrane integrity and modify lipid packitg.
homogeneously among the ABA molecules of the nanoparticle Upon further increase of the ABA concentration, lipids become
membrane for concentration ratios below 20 mol % of lipid. so widely separated from each other that the minimum coopera-
For higher lipid to ABA ratios, differential scanning calo- tive unit can no longer be formed, and hence the obtained scan
rimetry (DSC) was more appropriate to investigate lipid resembles that of ABA alone. Hence, as observed for fluores-
distribution. We analyzed the effect of ABA addition into the cence quenching, it can be concluded that ABA homogeneously
chloroformic DPPC solution, during the preparation of lipo- distributes in liposomal membranes.
somes via the film hydration technique. The insertion of the  Encapsulation Efficiency of Mixed Nanovesicledn the film
copolymer into the liposomal membranes has been extendedhydration method, encapsulation of protein into liposomes
by freeze-thaws cycleg€? As shown in Figure 6, the endotherm  occurs during freezethaw cycles, which rupture the lipid
for pure DPPC liposomes features a small tilted to rippled phase membrane, allowing the equilibration of protein concentration
transition (at a pretransition temperature Tp) and a main gel to between the intraliposomal compartment and the surrounding
liquid-crystalline phase transition at a melting temperature (Tm) medium?® With lipid, the encapsulation efficiency was equal
of 41.5 4+ 0.05 °C. ABA alone did not exhibit any phase to 3.5%, corresponding to the ratio of internal to the total
transition above OC, as expected for large polymers. In mixed volume. With ABA, the encapsulation efficiency is negligible
vesicles, the pretransition peak observed with lipids disappearedand freeze-thaws do not help the entrance of protein inside
upon increasing the ABA concentration. As already reported, the capsules (Figure 7). Upon addition of ABA in the lipid film,
this peak is sensitive to small amounts of contamin#ghts. the encapsulation efficiency diminished with a transition
Following addition of ABA in lipid vesicles, the main transition between 20 and 30% ABA to lipid. This suggests that
peak diminished and a second one appeared on its low-encapsulation of protein in liposomes was affected by the
temperature side. Upon increase of the concentration to 40 molpresence of ABA due to the formation of mixed structures.
%, this peak became more and more distinct from the actual Exchanges between ABA Particles and LiposomeERET
main transition peak of DPPC. Whereas the temperatures ofmay be used to monitor lipid dilution occurring during material
both the secondary and the main transition peak remainedexchange between two partickésFluorescently labeled lipo-
unaffected by the increase of polymer concentration, their somes containing NBD-PE and Rhod-PE were mixed with ABA
intensities diminished. According to Baekmark et?8lthe polymersomes obtained by the ethanol injection method. Excita-
appearance of the secondary peak should not be interpreted agon of NBD at 490 nm results in an emission at 530 nm, which
a segregation phenomenon but rather as two conformationalis reduced by the resonance energy transfer to rhodamine when
states of ABA in lipid membranes. In the low concentration the two lipids are in close proximity to each other. If molecule
exchange occurs between liposomes and polymersomes, it would

(27) ﬁ)astile, J. D.; Taylor, K. M.; Buckton, Gnt. J. Pharm.1999 182, 101~ increase the distance between NBD and Rhod, thus leading to
(28) BiI‘tonen, R. L.; Lichtenberg, DChem. Phys. Lipid4993 64, 129-42.
(29) Baekmark, T. R.; Pedersen, S.; Jorgensen, K.; Mouritsen, Biophys. (30) Hristova, K.; Kenworthy, A. K.; McIntosh, T. Macromoleculesl995

J. 1997 73, 1479-91. 28, 7963-99.
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an increase in fluorescence at 530 nm, i.e., a decrease of FRET. ABA vesicles are more stable than liposomes since they are

As shown in Figure 8, incubation of ABA particles with resistant to dehydration and to freeze thaw fractures. Mixing

liposomes results in an increased fluorescence originating fromABA and lipids led to a hybrid membrane with intermediary

a reduced FRET efficiency. Interestingly, we found that the properties, i.e., stability against dehydration but reduced loading

fluorescence depends on the liposomal composition and pH.capacities by freezethaw. As post-addition of ABA to lipo-

PE-rich liposomes were more sensitive to ABA incubation than somes may result in mixed vesicles as pluronic F-68 stabilizes

liposomes rich in PC or PS. The characteristic cone structure membraneg?3>the encapsulation efficiency of liposomes could

of PE which creates hydrophobic defaults on the memiStane be used to load the capsules, which, afterwards, will be stabilized

may facilitate insertion of ABA. Fluorescence did not stabilize, by insertion of ABA molecules.

even afte 6 h of recording, featuring a slow equilibration to

hybrid particles. In addition, lipid dilution is a function of pH. Acknowledgment. We are most grateful to Alexandra Graff
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shape, and phase transition temperature, thus facilitating orand Laurent Roux for technical support. We thank Lipoid for

inhibiting ABA insertion into the membrar. the gift of egg-PC. This research was supported through the
This observation evokes the question about the orientation EU-RTN network Nanocapsules with functionalized surfaces

of monomer exchange: do lipids insert into polymersomes? Or and walls (HPRN-CT-2000-00159), ACI nanosciences (NN/02

do ABA monomers insert into liposomes? To tentatively answer 2 0147), and the CNRS project on “Proteique et geie des

this question, we loaded liposome with calcein and recorded Proténes”. Financial support by the NCCR Nanoscale Science

its release upon ABA addition. We observed a transient calcein is acknowledged.

efflux (Figure 8B) as observed for insertion of peptides in lipid JA043600X

bilayer3® This suggests that ABA inserted into liposome

membranes. This is con_sistent with the difference in the critical (32) Tocanne, J. F.. Teissie, Biochim. Biophys. Actd990 1031, 111-42.

aggregation concentration (cac) of ABA (1M)12 and the (33) Bonnafous, P.; Stegmann, I..Biol. Chem200Q 275, 6160-6.

critical micellar concentration (cmc) of lipids (below 1 nM).  (34) Palomares, L. A; Gonzalez, M.; Ramirez, OERzyme Microb. Technol.

200Q 26, 324-331.
(35) Firestone, M. A.; Wolf, A. C.; Seifert, SBiomacromolecule®003 4,
(31) Chernomordik, LChem. Phys. Lipid4996 81, 203-13. 1539-49.

J. AM. CHEM. SOC. = VOL. 127, NO. 17, 2005 6247



