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ABSTRACT. The kinetics of thermal inactivation of acetylcholinesterase from the venom of the snake,
Bungarus fasciatyswere studied at 4554 °C. An Arrhenius plot reveals an activation energy of 113
kcal/mol. The thermally denatured enzyme displays the spectroscopic characteristics of a partially unfolded
‘molten globule’ state. The rate of thermal denaturation is greatly enhanced in the presence of unilamellar
vesicles of dimyristoylphosphatidylcholine, the energy barrier for the transition being lowered from 113
to 52 kcal/mol. In contrast to our findings for partially unfoldédrpedo californicaacetylcholinesterase

[Shin et al. (1997Proc. Natl. Acad. Sci. U.S.A. 92848-2852], the thermally denatured snake enzyme
does not remain bound to the liposomes but is released after unfolding and subsequently aggregates. The
liposomes thus serve as catalysts for unfolding of the snake enzyme, and its rate of unfolding in the
presence of liposomes can be described by the Michalenten equationKm = 8 x 1077 M). The
phospholipid vesicles display a catalytic turnover numbek.gf~ 4 min~1, assuming 15 binding sites

per vesicle for the snake acetylcholinesterase.

The kinetics and thermodynamics of interaction of proteins revealed that the enhanced rate of unfolding was due to a
with the lipid bilayer are a requirement for understanding dramatic lowering of the activation energy for the-lMG
their mode(s) of insertion into and translocation across transition from 145 to 47 kcal/mol. Our data suggested that
biological membranesl( 2). These, in turn, are important either the native enzyme or a quasi-native state with which
for understanding both cotranslational and posttranslationalit is in equilibrium interacts with the liposome, which then
cellular traffic of proteins §—5). Endo et al. §) showed promotes a fast transition to the membrane-bound MG state
that binding of a tightly folded precursor protein to the by lowering the energy barrier for the transition. These
mitochondrial outer membrane involves a lipid-mediated findings raise the possibility that the membrane itself, by
conformational change, and a globular fragment of the lowering the energy barrier for thesRMG transition, may
bacterial toxin (colicin) undergoes a liposome-induced play an active posttranslational role in insertion and trans-
unfolding concomitantly with insertion into the lipid bilayer location of proteins in situ.
(7, 8). We showed recently that unilamellar liposomes |4 the following, we show that DMPC liposomes, by
composed of dimyristoylphosphatidylcholine (DMPG)eatly lowering the activation energy, similarly enhance the rate
enhance the rate of unfolding of a dimeric formTairpedo  of thermal denaturation of a monomeric form of AChE
californica acetylcholinesteraseT€AChE) to a partially purified from the venom of the Chinese kraBungarus
unfolded state displaying the physicochemical features of afasciatus(BfAChE; 9, 10). In this case, however, the MG
molten globule (MG) specie2). Unfolding of the native  gpecies generated does not remain bound to the liposome,
(N) water-soluble species occurred with concomitant incor- which thus serves as a catalyst of the unfolding process.
poration of the MG into the lipid bilayer. Arrhenius plots

MATERIALS AND METHODS
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1 Abbreviations: DMiDC, dimyristoylphosphatidylcholinEcAChE, cholate was from Serva (Heidelberg, Germany). Synthetic

Torpedo californicaacetylcholinesterase; MG, molten globule; N, DMPC and dansyl phosphatidylethanolamine (DsPE) were
native; BfAChE, Bungarus fasciatuacetylcholinesterase; ANS, 1-anilino-  from Avanti Polar Lipids, Inc. (Alabaster, AL). Guanidine
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Buffers Unless otherwise stated, the buffer employed was
0.1 M NaCl/10 mM Tris, pH 8.0 (buffer 1).

Assay MethodsBfAChE concentrations were determined
as described1) or by measuring intrinsic fluorescence,
exciting at 280 nm, and measuring emission at 340 nm.
AChE activity was monitored as previousl¥1).

Liposomes.Small unilamellar phospholipid vesicles were
prepared as describetld). Dansyl-labeled liposomes were
prepared similarly, using a ratio of DMPC to DsPE of 100:
1. Electron microscopy, using negative staining with uranyl
acetate, revealed a population of unilamellar vesicles of
diameter 306-500 A (12), in the range to be expected for
unilamellar vesicles 13). The number of vesicles was

estimated on the assumption that one lipid molecule occupies

~0.7 nn? of vesicle surface ared4), assuming an average
vesicle diameter of 400 A. From these two numbers, one
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can calculate that each vesicle contains, on the average,

~7200 phospholipid molecules with molecular weight.9

x 1. Large unilamellar vesicles were prepared as described

(19).

Sucrose Gradient Centrifugation.Analytical sucrose
gradient centrifugation was performed on-Z0% sucrose
gradients made up in buffer 1§).

Interaction ofBfAChE with DMPC liposomes was inves-
tigated by a flotation-gradient centrifugation technigié)(
A 30 uL sample ofBfAChE (1.2 mg/mL) was inactivated
in the presence of 270L of DMPC liposomes (4 mg/mL)
at 48°C. WhenBfAChE activity was<0.5%, the reaction

mixture was loaded onto the sucrose step gradient, centri-

fuged, and analyzed as described previou&B).(
Fluorescence Measurementdntrinsic fluorescence of
BfAChE and ANS binding were measured in a Shimadzu

20 40 60 80 100 120 140

TIME, min

Ficure 1: Effect of liposomes on thermal inactivationBfAChE.
Samples oBfAChE (0.5uM) were incubated at 48C. Aliquots
were withdrawn at appropriate times for assay of enzymic activity.
(m) control; ©), in the presence of DMPC liposomes (5 mg/mL).
Inset: Arrhenius plots of the temperature dependence of the rate
of thermal inactivation of native AChE in the presenc® @nd
absenceml) of DMPC liposomes.

the same holds true f@fAChE. First-order rate constants
so obtained, in the range of 454 °C, permitted construction

of an Arrhenius plot from which an activation energy of 113
kcal/mol could be calculated (Figure 1, inset). This is in
good agreement with the value of 103 kcal/mol obtained by
differential scanning calorimetry (Shnyrov, Silman, Bon, and

RF-540 spectrofluorometer essentially as described earlier'Veiner, to be published).

(16).
Titration of Dansyl-Labeled DMPC Liposomes with
BfAChE. Fluorescence of dansyl-labeled DMPC liposomes

was measured in a PTI Deltascan 400 spectrofluorometer at

28 °C. A 4 mm x 4 mm cuvette was employed, with

magnetic stirring to maintain a homogeneous suspension.

Temperature control was with a circulating water bath.

Excitation was at 340 nm, and emission was measured at

390-650 nm. Dansyl-labeled DMPC liposomes (0.1 mg/
mL) were titrated withBfAChE (6.3 mg/mL), and the
titration was monitored at 470 nm, at which wavelength the
effect of the protein on dansyl fluorescence was maximal.

CD MeasurementsCircular dichroism (CD) spectra were
recorded in a Jasco J-500C spectropolarimeter as describe
previously (L6). Data are expressed as the mean residue
ellipticity, [©] (deg cn? dmol™?).

RESULTS

Thermal Denaturation of BT AChETo examine the effect
of liposomes on the thermal denaturationBfAChE, we
first studied the kinetics of deactivation and denaturation of
native BfAChE in the absence of liposomes as well as the

spectral characteristics of the product of thermal denaturation.

No spontaneous inactivation &AChE is observed at
room temperature, but significant irreversible thermal dena-
turation can be monitored at 4% at pH 8.0 (Figure 1),
with half-life ~90 min. It was shown earlier that thermal
denaturation oTcAChE obeys first-order kinetic4.6), and

Both mild thermal denaturation and exposure to low
concentrations of Gdn-HCI (1-21.5 M) convert native
TCcAChE to a partially unfolded state with the physicochem-
ical characteristics of an MGL6, 18, 19). To characterize
thermally denatureBfAChE, we applied CD spectroscopy,
intrinsic protein fluorescence, and fluorescence of the am-
phiphilic probe, ANS (Figure 2). For comparison, the
spectral characteristics &fAChE in 1.5 and 5.0 M Gdn-
HCI are shown. BfAChE equilibrated in 5.0 M Gdn-HCI
displays a broad emission spectrum with a maximum at 354
nm, typical of an unfolded (U) state2@). Furthermore,
ellipticity in the far UV is greatly decreased, the CD band
in the near UV is collapsed, and no binding of ANS is

8bserved (Figure 2C). Both thermally denatuBfAChE

and BfAChE in 1.5 M Gdn-HCI appear to be partially
unfolded, since the intrinsic fluorescence emission maximum
is at 341 nm and intermediate between that of native enzyme,
N (336 nm), and of U (354 nm). The CD spectrum in the
near UV indicates that the tertiary structures of both the
thermally denatured enzyme and that in 1.5 M Gdn-HCl are
largely destroyed. Both are also characterized by reduced
ellipticity at 222 nm and by a concomitant reduction in both
o-helical ands-sheet content, calculated according to Green-
field and Fasman21) and Batra et al.42), as compared to
native BAChE (Table 1). The ellipticity in the far UV is,
however, substantially greater than that of the enzyme in
the fully unfolded (U) state in 5.0 M Gdn-HCI, as had been
observed previously fofcAChE (18). Also, as previously
observed foif CAChE, both thermally denaturdfAChE and
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FIGURE 2: Spectral characteristics of thermally inactivaBf\ChE. NativeBfAChE was inactivated by heating at 8@ for 5 min. (A)
Normalized intrinsic fluorescence emission specB8AChE concentration, 2M). (B) CD spectra in the far and near U\BfAChE
concentration, 8M). (C) ANS fluorescence emission spectBfAChE concentration, 0.4M; ANS concentration, 0.1 mM). 1, Native
BfAChE; 2, thermally inactivate8fAChE; 3, BfAChE in 1.5 M Gdn-HCI; 4 BfAChE in 5 M Gdn-HCI.

BfAChE in 1.5 M Gdn-HClI produce a large increase in ANS Table 1: Estimated Percentages of&lelix, 8 Structure, and
fluorescence, characteristic of the MG state, and other Random Coil ofBfAChE from CD Curve$

partially unfolded conformation®28, 24), whereas little or state o helix (%) S structure (%) random coil (%)
no increase in ANS fluorescence is observed in the presencepasive 23 37 40
of either N or UBfAChE (Figure 2C). heat-denatured 14 26 60
i i 1.5 M Gdn-HCI 13 27 60
Effect of Liposomes on Thermal Inagttion of BfAChE. & M Gdn-HCl 1 1o 80

Figure 1 compares the rates of thermal inactivation of
5fAChE in the presence and absence of unilamellar DMPC _ ([0 + 260)/35 740 according to Batra et 822 fstructure
I!posomes at pH 8 .and 450 ln. the presence of the and random coil content were evaluated according to Greenfield and
liposomes, the half-life of inactivation was decreased from Fasman 21).
~90 to~6 min. Similar experiments were performed at45
54°C. The first-order rate constants thus obtained were usedpound to the DMPC vesicles (Figure 3); whereas the
to construct Arrhenius plots which revealed that the activation liposomes float to the top of the gradient, the thermally
energy for thermal denaturation is lowered from 113 to 52 inactivatedBfAChE remains at the bottom.
kcal/mol in the presence of liposomes (Figure 1, inset). The fact that the unfoldeBfAChE does not remain bound
Interaction of BfAChE with DMPC LiposomesThe to the liposomes suggests that, in effect, they are catalyzing
acceleration of thermal inactivation 8fAChE by DMPC the unfolding reaction. Thus the native protein may be
liposomes demonstrates that the enzyme is interacting withconsidered as a substrate for the liposome and the partially
the lipid bilayer. In the case GfcAChE, we showed earlier  unfolded protein as a product. In fact, liposome-accelerated
that accelerated thermal inactivation in the presence ofinactivation ofBfAChE, as a function of the concentration,
DMPC liposomes resulted in concomitant attachment of the may be described by a Michaeliéenten plot withBfAChE
partially unfolded enzyme to the liposomé&y.( Interaction as the substrate and the DMPC liposomes as the catalyst
of thermally inactivatedBfAChE with the DMPC vesicles  (Figure 4A), with the rate of inactivation approaching a
was investigated by a flotation-gradient centrifugation tech- saturation value above @M. Plotting the data according
nigue that permits separation of free and liposome-boundto the LineweaverBurk equation yields a straight line
enzyme 2, 12, 17). In contrast to what was observed for (Figure 4B) from which an appareft;, value of 8x 107
TcAChE, thermally denaturedfAChE does not remain M can be extracted for interaction BfAChE with the

a2 The a-helical contentfy, was calculated using the equatioRi
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140 , ! 60 predict that addition of enzyme which had already been
7 thermally inactivated would inhibit liposome-catalyzed in-
€ 1207 50 3 activation of freshly added nativefAChE by reducing the
2 100- S area on the liposome surface available for catalysis of its
£ m40 3 unfolding. Figure 5 shows that the presence of previously
s 807 | an ® inactivatedBfAChE has no measurable effect on the rate of
S 6o 30 2 inactivation of a freshly added portion of native enzyme.
é:; oo 3 This demonstrates that the partially unfolded enzyme does
g 407 s not associate strongly with the liposome surface under
@ L0 F10 & equilibrium conditions.

o Titration of Fluorescently Labeled Liposomes by BfAChE
0 0 To quantitate the interaction of nati&fAChE with the
0 5 10 15 20 25 DMPC liposomes, a dansyl conjugate of PE was employed

FRACTIONS as a fluorescent probe2%, 26). Figure 6 shows the
FiGure 3: Flotation gradient centrifugation profiles of native and  f|,orescence emission spectra of DMPC vesicles containing

thermally inactivate®fAChE in the presence of DMPC liposomes. 0 PE; ,
Flotation gradients were constructed as described under Methods.]'/0 dansyl-PE in the absence and presence of nB{AenE.

Native BFAChE (2—3 mg/mL) was incubated fdl h at 25°C with Addition of BfAChE resulted in an increase in dansyl
DMPC liposomes (10 mg/mL) before loading onto the gradients. fluorescence and in a blue shift in the emission maximum
30uL of BIAChE (1.2 mg/mL) was inactivated in the presence of (Figure 6). If it is assumed that interaction betw&AChE

270 uL DMPC liposomes (4 mg/mL) at 48C. WhenBfAChE and the dansyl-labeled liposomes can be represented by the
activity had decreased t60.5% of control activity, the reaction scheme:
d .

mixture was loaded onto the flotation gradient. Liposomes floate
to the top of gradient, i.e., to the left of the figure, as measured by e

monitoring phosphorug)). (@) nativeBfAChE; (a) BFAChE after E+L—EL

thermal inactivation in the presence of DMPC liposomes. )

_ _ where E, L, and EL are enzyme, liposome, and enzyme
liposomes. We earlier showed that8 molecules of the  liposome complex, respectively, and it is further assumed
TcAChE dimer were bound to the DMPC liposomes at that [E] > [L], the following equation can be derived:
saturation 12). If it is assumed that ca. 15 molecules of

the monomeri@fAChE per liposome are bound at saturation, 1/(F — F,)) = 1/K, Fg[L] + [E)/Fg[L]
a catalytic turnover number ok, ~ 4 mint can be
calculated. whereF is the experimentally measured fluorescence, and

The rate of thermal inactivation &fAChE, at 45°C, as Fo, andFg are respectively the fluorescence in the absence
a function of the liposome concentration was investigated. of protein and the fluorescence at saturation, Kpds the
The rate of inactivation increases linearly with liposome association constant. Figure 6 (inset) shows the plot obtained
concentration in the concentration rangelo5 M (data not by using this equation, from which a value K§ = 1/K, =
shown). This confirms our assumption that the liposomes 3 x 1078 M was obtained. It should be emphasized that
are catalyzing the unfolding process. titration of the dansyl-labeled DMPC vesicles by native

Although sucrose gradient centrifugation (see above) BfAChE was performed at 28C. At this temperature, the
revealed that the MG species produced by thermal denatur-enzyme retained full catalytic activity over the time course
ation does not remain tightly bound to the DMPC liposomes, of the experiment.
this is not an equilibrium measurement. It might indeed be  Aggregation in the Process of Thermal Denaturation of
expected that the partially unfolded species, due to its BIAChE Thermal denaturation of proteins is often ac-
exposed hydrophobic surfaces, would display higher affinity companied by aggregation, due mostly to exposure of
for the liposome than nativ8fAChE. One might thus  hydrophobic surfaces in the partially unfolded prote2i)(
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Ficure 4: Kinetic analysis of catalysis of thermal inactivationBfAChE by DMPC liposomes. Inactivation was performed af@5(A)
Michaelis—Menten plot; (B) LineweaverBurk plot. v andu; are, respectively, the rates of thermal inactivatioB#ChE in the presence
and absence of liposomes.
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Ficure 5: Effect of thermally inactivate8fAChE on the rate of
thermal denaturation of freshly added natiBAChE in the OO e e
presence of liposome&fAChE (0.6u«M) was inactivated in the @4-53 ¢11.33 B
presence of DMPC liposomes (0.4M vesicle concentration) at
45 °C. After 4 h, whenBfAChE activity was~10% of control
activity, a fresh aliquot of nativ@fAChE was added to a final
concentration of 0.&M. The arrow marks the time of addition of §
the fresh aliquot. fd
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FIGURE 7: Sucrose gradient centrifugation profiles of native and
thermally denatureBfAChE in the absence and presence of DMPC
0 . . . . . liposomes. M) Native BIAChE; (O), BFAChE denatured by heating
450 500 550 600 650 for 1 min; (©), BfAChE denatured by heating for 3 minx},
WAVELENGTH, nm BfAChE denatured by heating for 5 mir®), BfAChE denatured

o by heating for 15 min. Arrows mark the positions of catalase (11.3
FiGURE 6: Fluorescence emission spectra of dansyl-labeled DMPC S) and of the peak of enzymic activity of natiBAChE (4.5 S)
liposomes in the absence (1) and presence (2) of nBISENE  \\hich served as markers. A) Thermal denaturation &G the
(2.5uM). The dansyl-labeled liposomes were prepared as describedgpcance of liposomes. (B) Thermal denaturation atGin the

under Methods. The lipid concentration was 1 mg/mL. Inset: ocance of linosomes. The linosome concentration was 10 ma/
Titration of dansyl-labeled liposomes wiBfAChE, monitored at ﬁﬂ_ and that I(?iBfAChE.was 1I(§Z¢M. fon w 9

470 nm. Measurements were performed ate8

Sucrose gradient centrifugation revealed that thermally prepared according to Hope et dl5j, with that of the small
denaturedBfAChE aggregates rapidly (Figure 7A). Thus, unilamellar vesicles (SUV) employed for most of the study.

after 5 min at 53°C, which results in>99% inactivation,  Inactivation of BIAChE at 45°C in the presence of LUV
<10% of the denatured enzyme can be found in a ca. 4.55proceeds much fastek (= 0.0564 minl) than in their
S peak, corresponding to the monomeric spe@e&9). If absence = 0.0068 minl), but more slowly than in the

thermal denaturation is carried out at in the presence of presence of SUV at the same lipid concentratiorr 0.1141
DMPC liposomes 52C, a temperature at which the rate of min~Y). We earlier showed that MG species derived from
inactivation is similar to that at 53C in the absence of  TcAChE bound well to SUV, but only poorly to LUV of
liposomes, a similar sucrose gradient profile is obtained e same lipid (DMPC)X2). Thus, liposome curvature may

(Figure 7B). Thus, the liposomes have no effect on the rate ;o ninyte to binding and, thereby, also to the rate of thermal
of aggregation of the thermally denaturBAChE. denaturation oBfAChE.

Mechanism of the Interaction of BfAChE with Lipid ) o . o
Bilayer. We showed earlier that, under conditions in which ~ Analysis of the kinetics of thermal inactivation BFAChE
native TCAChE alone is stable and catalytically active for s @ function of the concentrations of LysoPC (Figure 8)
many hours, DMPC liposomes promote a rapid transition to and cholate (not shown) reveals that the rate of the thermal
the MG state in which the protein remains bound to the denaturation is not significantly affected by either the
membrane Z). For BfAChE, the liposomes also lower lysolipid or by cholate at concentrations below their critical
substantially the energy barrier for transition to the MG state, micelle concentrations (CMC). Above the CMC, however,
but the partially unfolded3fAChE so generated does not the rate of thermal denaturation increases linearly with the
remain bound to the membrane. To better understand theconcentration of either compound. It could thus be con-
role of the membrane in the unfolding process, we comparedcluded that the surface rather than its chemical constituents
the effect of large unilamellar DMPC vesicles (LUV), is responsible for enhancement of the rate of unfolding.
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7 ' : ! ' ) This is in contrast to the situation observed BJAChE, in
o | which the partially unfolded protein is released from the
membrane. It was shown that the peptide responsible for
e 5 B interaction of the MG species GfcAChE with the bilayer
; 4 i membrane contains the most extended hydrophobic sequence
o g in the protein, 35 amino acid4d?). Three shorter hydro-

2 3 - phobic peptides, which we identified on the basis of
A . hydropathy plots, containing 22, 22, and 27 amino acids,
“_.,--"" did not appear to be involved in the enzyniglayer
17 " interaction. Inspection of the sequencdMChE (10) using
0 : : : ‘ : the same procedure employed flAChE (34, 39 reveals

0 0.02 0.04 0.06 0.08 0.1 0.2 five hydrophobic stretches IBfAChE. None of these
[LysoPC], mg/ml sequences, which contain 16, 24, 19, 20, and 18 amino acids,

Ficure 8: Concentration dependence of the effect of LysoPC on respectively, is as long as the extepded sequenteAChE
the rate of thermal denaturation BFAChE. Measurements were  that was found to adhere to the liposome. Thus, none of

performed at 45C and aBfAChE concentration of 0.5M. The them may possess the capacity to anchor the partially

CMC of LysoPC is 0.02 mg/mL. unfolded form ofBfAChE to the liposome surface. It should
also be noted th&tcAChE is dimeric and thus can contribute

DISCUSSION two hydrophobic sequences to its anchoring, whelB$a€hE

We earlier demonstrated that the lipid bilayer could greatly 'S MONOMeric.

accelerate inactivation afcAChE by lowering the energy Whether movement occurs cotranslationally or posttrans-

barrier for transition from the native to a partially unfolded lationally, it is commonly accepted that proteins do not cross

state with the characteristics of a MG speci®s (The MG biological membranes in their native conformatio8). (

species so generated remained tightly bound to the liposomeFurthermore, it is well documented that proteins in partially
The data presented above show that DMPC liposomes alscunfolded states can be trapped by molecular chaperones both
increase the rate of theRMG transition forBfAChE. But in vitro and in vivo @6) and that chaperones play an
the crucial difference, in the case BfAChE, is that the important role in translocation of proteins across biological
partially unfolded protein is released from membrane. Thus, membranes4). The fact that a lipid bilayer can actually
the DMPC liposome serves as a catalyst of theMIG catalyze the unfolding of a fully processed protein under
transition. Indeed, we were able to show that the rate of physiological conditions suggests, in turn, that the plasma
transition can be described by Michaeliglenten kinetics membrane may similarly act to generate partially unfolded
and to obtain an appareKt, value at 458, less than 4-fold  species in vivo that can then serve as substrates for
lower than the dissociation constant for the complex of translocation, assembly, or degradation.

BIAChE with the DMPC liposomes as determined directly | rgcent years, evidence has accumulated that protein
by fluorescence quenching at28It is important to note  isfoiding, resulting in misassembly of normally soluble

that when thermal denaturation BfAChE was performed — qteins into fibrillar structures, may be a causative agent in

in the presence of liposomes, sucrose gradient centnfugatlona variety of amyloid and prion diseas&7), In some of

revealed that a substantial monomer remained after thermal, e diseases which may be referred to as ‘conformational
Inactivation was es_sentlally complete (F'gl."e 7B). Th's diseases’38), at least part of the protein is correctly folded
permits the_ con(_:lus_lon that the role of the I!posomes IS 10 and released in its native form, and the disease condition
accelerate inactivation .rather than aggregapon. . arises from subsequent changes that lead to aggregation and
The effe_cts of_ organic solve_nts on protein conformation deposition of the protein. It was recently shown that a MG
has been investigated extensiveB8¢31). Methanol has  giate of a mutant lysozyme is the intermediate that leads to

been shown to induce transition of cytochroroeand  4yioid fibril formation in autosomal dominant hereditary
f-lactoglobulin to MG-like states3g, 33), and the authors 5y j6idosis resulting in familial visceral amyloidos9.

believe that the polar solvent may be simulating conditions |; \vas earlier suggested that the scrapie prion protein has

near the membrane surface where a low dielectric constanty o onformational characteristics of an aggregated MG
is believed to prevail. It was not, however, clear whether folding intermediate 40). The mechanism(s) of fibril

the transition could be ascribed to a c_ha_nge in the averag ormation are under active discussion (see, for example, refs
dielectric constant of the splvent, Fo binding of. the alcohol 41 and42). Our finding that a lipid bilayer can catalyze
molecules to the polypeptide chain, or to an influence on partial unfolding of a native protein, with subsequent
water structure. aggregation raises the possibility that the membranous

Our data clearly show that the surface itself as well as gy cryres within the cell may play a role in such confor-
surface curvature play crucial roles in promoting theMG mational diseases.

transition, since practically no effect of detergents was

observed below the CMC (Figure 8) and small unilamellar ACKNOWLEDGMENT
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