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ABSTRACT. The conformational dynamics of domain Il in annexin V bound to negatively charged
phospholipid vesicles of 1-palmitoyl-2-oleogi+glycerophosphocholine and 1-palmitoyl-2-olesyl-
glycerophosphoserine or incorporated into reverse micelles of water/sodium bis(2-ethylhexyl) sulfosuccinate
in isooctane, used to mimic the phospholipid/water interface, was studied by steady-state and time-resolved
fluorescence of its single tryptophan residue (W187). Upon interaction with sonicated phospholipid vesicles
in the presence of calcium, or upon incorporation into reverse micelles without calcium, a progressive
12—14 nm red shift of the fluorescence emission spectrum of W187 is observed. The indole environment
becomes therefore more polar than in the unbound protein. Three major lifetime populations describe the
fluorescence intensity decays of W187 in both systems. A long-lived excited-state population characterizes
the membrane-bound state of the protein. The existence of local conformers with different subnanosecond
mobility is suggested by specific association between lifetimes and correlation times both for the protein
in buffer and in interaction with the membrane surface. The interaction of the protein with the membrane
surface preserves the existence of a rapid unhindered rotational motion, which is coupled with all three
lifetimes. The longest lifetime is coupled to restricted motions in subnanosecond and nanosecond time
scales. The overall amplitude of rotation of the indole ring is increased in the membrane-bound conformation
of the protein. In reverse micelles, the local dynamics reported by W187 is also considerably increased
whereas the overall folding of the protein remains unaffected. The same conformational change of domain
Il can therefore be provoked by different conditions: calcium binding at high concentration, mild acidic
pH [Sopkova, J., Vincent, M., Takahashi, M., Lewit-Bentley, A., and Gallay, J. (1B&&hemistry 37
11962-11970] and the interaction of the protein with the membrane surface. The high flexibility of domain

Il in the membrane-bound protein suggests that this domain may not be crucial for the interaction of the
protein with the membrane, in contrast with previous models. Our data are compatible with atomic force
microscopy results which suggest that domain 1l of annexin V does not interact strongly with the membrane
surface [Reviakine, I., Bergma-Schutter, W., and Brisson, A. (1998}ruct Biol. 121, 356-361].

Annexins belong to a family of peripheral membrane as membrane effector8)(and also in the cytoskeleton as
proteins, which share large structural homologies and regulatory elements (9). The binding of these proteins to
biochemical characteristics. In particular, all annexins interact cellular membranes, and especially to the phospholipid
with negatively charged phospholipid membranes in a bilayer, may trigger biochemical processes implying probably
calcium-dependent manner at neutral @h énd with cell interactions with protein partners.

membranesZ—4). To date, the exact biological function(s)  The crystal structures of many annexins are known. The
of these proteins remains unknown. The propensity of theseanalysis has been initially carried out for annexin M0
proteins to interact with model membranes and also their 14) and later for annexins 1, Il, lll, IV, VI, VII, and Xl
frequent cellular location near membrane tracts and cyto- (15-22). These studies show that all annexins contain a
skeleton have suggested, however, that they can intervengonserved core of about 300 amino acids in length, organized
in cellular processes implicating membrane interaction or jn a cyclic array with 4-fold repeats of 70 residues, each
exchangeZ). More precisely, they can participate in physi- constituting a structural domain, with the exception of
ological processes involving interaction with constituents of annexin VI, which contains two conserved cores. Each
cellular membranes such as signal transductnexocy-  structural domain comprises fivehelices, wrapped into a
tosis €), as regulators of phospholipase Activity (7), or right-handed super-helix and contains generally one principal
calcium-binding site situated on the convex face of the

7J.S. is a recipient of a postdoctoral grant from the EC (ERBBIO4- molecule. The Ca_IC'um '_On is bound to carbonyl oxygens of
CT960083). Partial financial supports from CNRS, CEA, MESRT, and the loop connecting helices A and B, and to a carboxyl of

EC are acknowledged. _ the negatively charged amino acid side chain (Glu or Asp)
IureTJc-)pV;Bgr]I:’ correspondence should be addressed. E-mail: gallay@ oyt 40 residues downstream, in the loop connecting helices
f Universite Paris-Sud. D ant_j E in th(_e same domai_n. In annexin V, a part_icu!ar
8 |nstitut Curie and CNRS Bament 110. situation prevails since the existence of the calcium-binding

10.1021/bi982760g CCC: $18.00 © 1999 American Chemical Society
Published on Web 04/08/1999



5448 Biochemistry, Vol. 38, No. 17, 1999 Sopkova et al.

site in domain Ill requires a large conformational change to ferent lipid/protein molar ratios (L/P) and reverse micelles
take place. This change was observed by X-ray diffraction of surfactant in organic solvent at different water/surfactant
studies {1, 13, 14), showing that the IIIA-IlIB loop is molar ratios. This last system provides an optically transpar-
brought from a buried position onto the surface of the protein. ent experimental model of membrane/water interface, in
At the same time, the position of the loop IIID-1IIE changes which the proton activity and the availability of water
significantly, allowing glutamic acid 228 to approach the molecules for hydration is limitedd@, 43).
calcium site and to complete the calcium ligands. Interaction
of the protein with the membrane occurs by its convex side, EXPERIMENTAL PROCEDURES
which is oriented toward the membrane surface, the calcium
ions making bridges between the negatively charged head-
groups of the phospholipid molecules and the binding sites
on the protein. This hypothesis is compatible with the results
of electron microscopy studies on two-dimensional crystals
(23—26). The overall folding of the protein bound to the
membrane surface does not appear to be grossly modified
but interactions between molecules must occur due to their
self-association on the membrane surfaZ#.(
Conformational changes of annexin V on the membrane
surface have however been suggested both by calorimetr
(28) and fluorescence studie29—35). Two main observa-
tions were made by the latter studies which exploit the
presence of the single tryptophan residue (W187) in domain
lll: the fluorescence intensity increased by a factoraf
and the emission maximum was red-shifted by around 12
15 nm upon bhinding of the protein to negatively charged
phospholipid membranes in the presence of calcium. This
change of the emission maximum is similar to the one
induced by calcium in the absence of membrard &nd
by mild acidic conditions 37, 38), leading to the exposure
of the W187 residue on the protein surface where it is more

mobile 34, 36, 38). with the micro-tip of a Branson-B12 sonicator during 5 min

Crystallographlc studies of annexin V' complexed W'th with half-duty cycles. The POPS/POPC molar ratio of the
calcium and polar molecules such as glycerophosphoserine

. yesicles was varied from 10 to 25%.
and glycerophosphoethanolamine have suggested that W18 R icell d iouslyv d ibed
was in contact in the crystal with the glycerol backbone of EVerse micelies were prepared as previously describe

: : . : 45). Briefly, reverse micelles of AOT and water in isooctane
the glycerophosphoserine moiefid]. This observation was ( ' ; .
extrapolated to the real membrane bilayer situation, which were prepared with 0.1 M AOT and the desired amount of

led to a molecular model where W187 is in intimate contact water. The water/surfactant molar ratiag, was varied from

with the first carbon atoms of the fatty acyl chains. In this é8| tg_?O.tThe t?tt?wl final tvc_;lung)eGOf th/e sLa;an?I\s was 1 mL.
putative model, the indole ring, inserted into the first carbon ar? duollléan:O?moL forefaprrt)J\ellgé : arg?agpfe 2; buosrgﬁ.ig:%i
region of the phospholipid, should produce a restriction of . : 9 )W 1ev y Icatl

the orientation and dynamics of the methylene groups. It is, mg Brznsgn—typ;bath somcato,\r/l for few minutes. h
however, the reverse effect that has been observed: the teady-State Fluorescence Measuremeiityptophan

amplitude of motion of the first methylene groups of the fluorescence emission spectra were recorded between 300

phospholipid acyl chains is increased even at complete and 420 nm (b_andwidth, 8 nm) on a SLM 8000 spectro-
coverage of the lipid bilayer by the proteiB9q 40). The ﬂupromgter, using 5< 5 mm (for the samples contamyng
lateral diffusion coefficients of PC and PS molecules, Pid vesicles) or 10< 10 mm (for the other samples) optical
measured either by excimer formatiat) or by fluorescence path cuvettes. BIanI_<s were always subtraptet_:i n th? same
recovery after photobleachingd), are considerably reduced. experimental cond|t|9n§. To remove polarization artifacts,
Therefore, the precise mode of interaction of the protein with the fluorescence emission spectra were reconstructed from

the membrane/water interface is still not completely under- the four polarized spectra as (_jescnbed_ prewoudl@r)._( .
stood. Steady-state fluorescence intensity and anisotropy excitation

In this work, we addressed the question of whether the spectra (bandwidth, 2 hm) were .performed with the same
outward swinging of W187 is an important molecular step spectrofluorometer with an emission wavelength of 340 nm

in the mechanism of interaction of annexin V with mem- (bandwidth, 8 nm).

branes. To this purpose, we investigated the influence of the, | Ime-resated Fluorescence Measuremerftiorescence
association of annexin V with membrane interfaces on the INtensity and anisotropy decays were obtained by the time-

dynamics of domain Ill. The rotational dynamics of W187

and of its environment were measured by time-resolved !AOT, sodium bis(2-ethylhexyl) sulfosuccinate; EDTA, ethylene-

; ; ; diaminetetraacetic acid; L/P, lipid/protein molar ratio; MEM, maximum
fluorescence intensity and anisotropy decay measurementséntrOIDy method: NATAN-acetyi-tryptophanamide: POPC, 1-palmitoyl,

Two membrane model systems were used: small unilamellar;_ojeoyisnglycerophosphocholine; POPS, 1-palmitoyl, 2-olesyi-
vesicles of phosphatidylcholine/phosphatidylserine at dif- glycerophosphoserine; SUV, small unilamellar vesicles; Trp, tryptophan.

Chemicals Phospholipids (1-palmitoyl-2-oleoy@rphos-
phocholine, POPC,and 1-palmitoyl-2-oleoyknphospho-
serine, POPS) were obtained from Serdary Research. Sodium
bis(2-ethylhexyl) sulfosuccinate (Aerosol OT, AOT) was
purchased from Sigma and used as supplied.

Protein preparationRecombinant human annexin V was
prepared as beforel4). In this procedure, EDTA is used
to remove all calcium during the purification and the protein
is stored in the absence of calcium. For measurements of
absorbance, circular dichroism, and fluorescence, the protein
Ysolutions were prepared in 50 mM of Tris-HCI, pH 7.5, and
NacCl 0.15 M. All chemicals were of analytical grade purity
and obtained from Merck, France.

Preparation of Phospholipidic Vesicles and:Rese Mi-
celles The phospholipid suspensions were prepared by
sonication using POPC and POPS dissolved in chloroform.
The organic solution was evaporated to dryness in a glass
tube under a stream of nitrogen. Remaining traces of organic
solvent were further removed by submitting the sample to
high vacuum during several hours. Hydration of the sample
was achieved with buffer, and after vortexing, the multi-
lamellar vesicles formed were sonicated at room temperature
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correlated single photon counting technique from lthé) 0.1 cm optical path cuvette. Protein concentration2fuM

and I,y(t) components recorded on the experimental setup (0.15 mg/mL) was used.

installed on the SB1 window of the synchrotron radiation

source Super-ACO (Anneau de Collision d'Orsay), which RESULTS

has already been describetl’). Optical path cuvettes of 5 The Interaction of Annexin V with SUV Modifies the

x 5 mm were used. Light scattering by the lipid vesicles Polarity of the W187 Esironment: Steady-State Fluores-

was strongly reduced by interpogim 1 M CuSQ filter (1 cence Intensity MeasuremenBinding of annexin V to

cm optical path) on the emission side. Subtraction of the negatively charged phospholipid membranes depends on the

blanks without protein was systematically performed in concentration of calcium at neutral pH, 2). The binding

experiments with liposomes. of the protein to SUV was examined by performing a “two-
Analysis of the Time-Reseld Fluorescence Datainaly- dimensional” titration (changes of phospholipid and calcium

ses of fluorescence intensity and anisotropy decays as sumg§oncentrations) of the three-component system, annexin-

of exponentials were performed by the maximum entropy calcium-phospholipid vesicles, by steady-state fluorescence

method (see refi8 for a review). The programs use the Mmeasurements. We estimated the concentration of calcium

commercially available library of subroutines MEMSYS 5 and phospholipids corresponding to the saturation of this

(MEDC Ltd., U.K.). The applications of the method to complex at a given concentration of annexin V and a mole

fluorescence intensity and anisotropy decays have beerfraction of POPS/POPC of 20% in the vesicles. A first

previously published in detail for lifetime distributiod9) titration measured the change of the fluorescence emission

as well as for rotational correlation time distribution (one- spectrum of W187 provoked by the addition of SUV at a

dimensional analysis) and for the coupling between lifetimes concentration of annexin V of~10 uM and a calcium

7 and rotational correlation times(two-dimensional analy-
sis) @6). In this last analysis, thE(z,0) coefficient represents
the relative proportion of the population of chromophore with
lifetime r and rotational correlation tim@in the expression
of the polarized fluorescence decays:

M= [5 [y T@0)e "1 +2Ae ") drdo (1)
L) =[5 [y T@@0) e "A+Ae ™) drdo  (2)

whereA is the intrinsic anisotropy.
In principle, such an analysis allows the description of

concentration of 0.5 mM. At this concentration, calcium does
not exhibit any effect on the fluorescence spectrum of
annexin V in the absence of phospholipids. The addition of
SUV induces a saturatable red-shift from 325 nm to about
335 nm for a concentration of phospholipids of 8.541M

(L/P = 85), above which the emission maximum remains at
a constant value (Figure 1A). A second titration was
performed with CaGl The sample contained the same
concentration of protein and 1.5 mM phospholipids (EfP
150). The calcium titration induced a red-shift from 325 to
342 nm (Figure 1B), comparable in magnitude to that
previously published29, 34). As compared to the spectral
shift induced by calcium ions alone, the average midpoint

lifetime heterogeneity and the detection of the possible Of the titration is decreased by about 1 order of magnitude
association between one particular excited-state lifetime of in the presence of SUV (56 mM in the absence and 0.5

the fluorophore and its rotational correlation time. There is

nevertheless an inherent limit to this method, since the

mM in the presence of SUV).
The influence of the vesicle composition was checked to

para||e| and the perpendicu|ar components of the p0|arized obtain accurate information about the interaction and to

decay involve in their expressions an harmonic mean
betweent; and 6;:

Lik; = 1k, + 116, 3)
wheret; and6; can be exchanged without any modification
in the «; value, leading to construction of isoeurves.

Calculations were performed on a DEC Alpha computer

Vax 7620. The program including the MEMSYS 5 sub-
routines was written in double precision FORTRAN 77. A

total of 150 lifetime values was used for the fluorescence
intensity decay analysis, and 100 rotational correlation time
values were used for polarized decay analysis. The global

analysis ofl,,(t) and l,y(t) was performed with 40 values,
respectively, forr and 6.

minimize the aggregation of the proteimesicle complexes,
which may occur at high concentrations of both calcium and
phospholipids. This aggregation results in strong light
scattering, which may interfere with the anisotropy decay
measurements, especially at short times. We observed that
the half-maximum saturation of the red-shift was occurring
at similar concentrations: 1.8 mM for 25% POPS, 2.3 mM
for 20% POPS, and 2.8 mM for 10% POPS, in conditions
of lipid/protein molar ratio= 54. The aggregation was
smaller at 10 and 20% than at 25% POPS. We therefore
used a POPS/POPC molar ratio of 20% for time-resolved
experiments.

The Interaction of Annexin V with SUV Affects the Local
Conformation around W187: A Fluorescence Lifetime Study
The fluorescence emission decay of W187 in annexin V in
the absence of calcium and of phospholipid vesicles is not

Orientational order parameter and semiangle of the wob- monoexponential. MEM analysis describes the decay with

bling cone of the indole ring rotation were calculated
according to Kinosita et al50).

Circular Dichroism MeasurementsCD spectra were

three excited-state lifetime populations (Figure 2A), in
agreement with previously published daB4{ 36). Decay-
associated spectra measurements show that the two major

measured with a J-710 spectropolarimeter (Jasco, Japan) difetimes remain invariant through the emission spectrum.

room temperature (22C). The bandwidth was 2 nm, and

Both populations display an emission maximum at around

the spectra were averaged over 10 scans of 100 nm/min with320-325 nm, as the steady-state fluorescence emission
integration time of 0.5 s. The spectra were measured in aspectrum (data not shown).
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Ficure 1: (A) Variation of the maximum emission wavelength of
W187 of annexin V as a function of the phospholipid concentration
(POPC/POPS 80:20 M/M). Protein concentration,.d\; CaCk
concentration, 0.5 mM. Excitation wavelength, 295 nm (bandwidth,
2 nm). (B) Variation of the maximum emission wavelength of W187
as a function of the concentration of CaG#®) In the presence of
SUV (POPC/POPS 80:20 M/M) corresponding to 1.5 mM phos-
pholipids. ©) In the absence of phospholipids. Annexin V
concentration, 9.ZM.

In the presence of 10 mM calcium, already inducing a
shift of 12 nm (Figure 1B), the lifetime profile is also
modified (Figure 2B). Three lifetime populations are still
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/\/b\ C

=
s
Q
o
2
£
(1] T
D
AAE
0.1 1 10

lifetime (ns)
FiIGUReE 2: Excited-state lifetime distributions of W187 at different
lipid/protein molar ratios (L/P). (A) L/R= 0, CaC} = 0; (B) L/P
=0, CaC} =10 mM; (C) L/IP= 59, CaC} =4 mM; (D) L/IP =
76, CaC} = 13 mM; (E) L/P= 143, CaC} = 10 mM; (F) L/IP=
730, CaC} = 10 mM. In all measurements the excitation
wavelength was set at 295 nm (bandwidth, 4 nm), the emission
wavelength was 325 for panel A and 340 nm (bandwidth, 8 nm)
for the other measurements. Protein concentratioryNMOTem-
perature, 20C.

The progressive red shift of the W187 fluorescence
emission spectrum as a function of the L/P ratio is ac-
companied by the gradual appearance of the long excited-
state lifetime of~6 ns (Figure 2, panels-€E, and Figure
3B). The increase of the proportion of this long lifetime starts
at the lowest L/P ratio we have tested (I#27) and levels
off at L/P ~ 200 (Figure 3B). The proportion of the major
excited-state lifetime population in the free form of the

detectable but the center of each peak is shifted to longerprotein (center 1 ns), remains first constant up to a L/P
values and the longest-lived excited-state becomes dominantratio of 50 and then decreases by one-half to reach ap-

The effect is similar to that observed at higher calcium
concentrations 36). This change of lifetime distribution
indicates that the interactions of the indole ring with

proximately a plateau for a L/P ratio of about 150 (Figure
3B). The number of peaks reduces to three at higher L/P
ratios where the shortest lifetime population disappears. At

proximate quenching groups occurring in its hydrophobic the highest L/P ratios, the two longest lifetimes dominate
pocket in the absence of calcium are suppressed for a largghe fluorescence decay (about 75% of the excited-state
part due to a partial exposure of the indole ring at the protein populations and 95% of the fluorescence intensity). The mean
surface. One of these groups is likely the peptide bond excited-state lifetime increases regularly by a factor-df
involving Thr224, which is H-bonded to the nitrogen atom until a L/P ratio of~150 (Figure 3A), in similar proportion

of the indole ring. as the steady-state fluorescence intensity (Table 1).

The interaction of the protein with SUV containing POPS/  Time-resolved acrylamide quenching experiments were
POPC at a mole fraction of 20% further modifies the excited- represented as SteriWVolmer plots for the longer and
state lifetime profile (Figure 2, panels<E). At the lowest intermediate lifetimes. Th&s, constants are, respectively,
point of L/P ratio, where the saturation of the protein by 0.93 and 1.13 M, allowing the calculation of a bimolecular
lipid vesicles is obviously not complete (Figure 2C), the three quenching constarkg of (1.7—2) x 10° M~1s™%, comparable
shortest lifetime populations are similar to that of the free to that measured for the membrane-free protein. It is much
protein without calcium, whereas a long-lived lifetime species lower than that measured in the presence of calcium or at
appears. It seems that in these low L/P values, we may dealpH 4 (38). This value corresponds to a low accessibility of
with a weight sum of the lifetime components of the “free” the indole ring to the quenchebl), despite its red-shifted
and “bound” protein lifetime spectra. emission.
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1 N ———— medium in the absence of motion both for NATA and bis-
70 L A 1 tryptophan $3, 54).
) i Addition of calcium in the millimolar concentration range
AT Tk ke A leads to only a small change of the fluorescence excitation
50 L A ] spectrum and a slight decrease of the anisotropy values
el | (Figure 4). By contrast, binding to SUV containing POPS/
4.0 POPC (20%) at a high L/P ratio of 500 enhances the
30 0 characteristic shoulder observed on the fluorescence excita-
L tion spectrum at 290 nm, which becomes a peak. This is
2.0 due to the enhancement of the fluorescence quantum yield
10 of W187 with respect to tyrosine residues. The anisotropy
0.0

60 [ "~
A

excited state lifetime (ns)

values decrease considerably throughout the whole excitation
spectrum. This indicates either that W187 becomes more
0 100 200 300 400 mobile or that the mean excited-state lifetime becomes longer
or both. Time-resolved measurements show that both effects
are present. Resonant energy transfer between Trp(s) of
different annexin V molecules on the membrane is not likely
since, in the red edge of the excitation spectrune (300

nm), the anisotropy spectrum lies always below that of the
unbound protein.

The rotational motion of the indole ring can be monitored
directly by time-resolved anisotropy decay experiments. The
fluorescence polarized decay data can be analyzed using two
models: a one-dimensional model, which correlates all the
excited-state lifetimes with all the rotational correlation times,
and a two-dimensional model, which does not assume any a
priori specific coupling between these parameters.

. . . . In the absence of calcium and membranes, the first analysis
' 0 50 100 150 200 250 300 350 400 does not reveal any fast rotational motion _of the ir_1do|e ring
(Table 1). Only the presence of the Brownian motion of the
monomeric protein is detected. In the presence of 10 mM
CaCl, a nanosecond rotational motion with large amplitude

amplitude

L/P molar ratio

Ficure 3: (A) Variation of the excited-state lifetime values
(barycenter of each lifetime peak) as a function of the L/P ratio

(POPC/POPS 80:20 MIM)®) 71; (O) 72; (O) 73; (A) 74; (W) <7>. is detectable (Table 1). In the presence of POPC/POPS SUV
(B) Variation of the amplitude valuag (normalized areas) of each ~ at low L/P molar ratios and 10 mM calcium, this motion is
lifetime population as a function of the L/P rati®) Cy; (O) Cz, preserved and an infinite component is observed. The
(ZDgTCS? (a) Cs. The mean lifetime<z> was calculated ast> = wobbling angle of the rotational motion of the indole ring is

(R E

reduced as compared to the value in the presence of calcium
only, but it is much larger than the value in the protein alone
(Table 1). This wobbling angle value is further increased at

. . . higher L/P ratios and additional correlation times appear. It
Flugrescence Anisotropy Studbhe rotational dynamics of should be remarked that in all cases the initial anisotropy

W187 when the protein is bound to p_hosphoI|p|d membranes value is always smaller than that expected for an immobile
has never been measured. A convenient way to perform thesel.rp residue at this excitation waveleng®g)

experiments is to measure the steady-state anisotropy value The two-dimensional analysis of the fluorescence-polarized
as a function of the excitation wavelength since the indole decays for the protein in the absence of membranes and
chromophorg d|_sp_Iays characterlstu_: spectroscopic f(':""‘turescalcium shows the existence of a subnanosecond rotational
allowing to discriminate between motional effects and energy o that was not observed in the one-dimensional analysis
transfer effects§2, 53). The latter process can be present (Figure 5A). This is likely due to the coupling of the minor

sr:nce ong p033|b|]!|ty of org_anlzlatlon of thebaggregadtes ON shortest-lived excited state with this fast rotational motion
the membrane surface may Involve contacts between domaingyegribing the rotational motion of the indole ring (Figure

(25, 27). 5A) as observed recentlg®). It should be remarked that if
The steady-state fluorescence anisotropy excitation spec-the short-lived excited-state population were also associated
trum of free annexin V, measured at the maximum emission with the Brownian rotation of the protein, this would have
wavelength (325 nm), shows high anisotropy values whateverappeared as an infinite anisotropy value since the lifetime
the excitation wavelength (Figure 4). This is a characteristic value (~300 ps) is much shorter than the Brownian rotational
feature of a quasi-immobilized Trp with a short mean excited- correlation time value. This short lifetime corresponds
state lifetime (the mean lifetime/mean correlation time ratio therefore to a conformer where the indole ring rotation is
is small). We observe the characteristic minimum of the Trp isotropic (with no steric hindrances). The major excited state
anisotropy excitation spectrum near 290 nm and a steepof 0.9 ns, in contrast, is associated more with the Brownian
increase at excitation wavelengths ranging from 290 to 300 motion of the protein than with the internal rotation of the
nm. The anisotropy value at 305 nm is between 0.25 andindole ring. It corresponds likely to a conformer where the
0.30, close to the maximum value measured in vitrified subnanosecond rotation of the indole ring is largely hindered.

The Mobility of W187 Is Modified after Interaction of
Annexin V with SUV: Steady-State and Time-Resbl
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Table 1: Fluorescence Intensity and Anisotropy Decay Parameters for W187 in Annexin V in Neutral Buffer, pH 7.5, in the Presence of 10
mM CaCl without Membranes and as a Function of the Lipid/Protein Molar Ratio (Experimental Conditions as in Figure 2)

11(ns) 72(ns)  t3(ns)  14(ns) 61 (ns)  62(ns) 03 (ns)
lipid/protein ratio M/M Cy C Cs Cy <7> (ns) P o Bs Ao S Wmax

0 0.32 0.95 2.67 0.94 14.9 0.174  0.93 17
0.20 0.72 0.07 0.174

+0.01 M 0.46 1.18 3.57 1.23 34 29.8 0.160  0.89 46

CaCb 0.45 0.40 0.15 0.15 0.089 0.071

+0.1 M CaC} 0.74 1.91 4.09 2.17 0.08 1.20 13.1 0.244 0.75 35
0.39 0.28 0.33 0.106 0.073 0.065

L/P =27 0.46 1.18 2.93 5.68 1.84 2.9 0 0.155 0.75 35
0.35 0.37 0.13 0.15 0.043 0.112

L/IP=54 0.55 1.68 5.39 2.42 1.7 7.5 0 0.152  0.69 39
0.40 0.29 0.31 0.035 0.022 0.095

L/IP=78 0.52 1.71 5.50 2.92 0.5 4.5 0 0.164 0.74 36
0.33 0.27 0.40 0.027 0.028 0.109

L/IP =342 0.45 1.76 5.68 3.50 3.2 18.0 ) 0.130 0.64 43
0.22 0.26 0.52 0.012 0.037 0.081

L/P =730 0.72 2.70 6.08 3.68 5.7 ) 0.100 0.59 46
0.26 0.30 0.44 0.030 0.070

a Excitation wavelength: 295 nm (bandwidth, 4 nm), emission wavelength: 340 nm (bandwidth, 8 nm) except for the protein at neutral pH in
the absence of calcium (325 nm). The mean lifetime> was calculated asit> = ZCiti. C; are the relative areas of the lifetime peaks. The
anisotropy analyses were performed with the one-dimensional model using a sum of exponéiiiats:y i5i exp(—t/61). The order parameter
was calculated fronfsA; = S2? (with A = 0.2) (63). The semiangle of the wobbling congn.x was calculated according to Kinosita et &0) as
S = [1/2 cOSwmax (1 + COS wmay)]?

S —y )< 1) shortest lifetime is associated only with this fast rotational
- ‘o N3 correlation time, while the long lifetime is coupled both to
> ¢ 44025 this fast rotation, to an intermediate motion (5 ns), and to
2 ] an infinitely long correlation time (Figure 5C and Table 2).
= 020 The short lifetimes correspond therefore to conformers where
% 1 2 the indole rotation is isotropic, while the long lifetime
kS 015 2 corresponds to a conformer where the indole rotation is
8 § restricted by steric hindrances. This conformer is also
8 0.10 sensitive to slower protein flexibilities that are still present
o N on the membrane surface. The Brownian rotational correla-
S \ 005 tion time is extremely long as compared to the lifetime
= ] because the protein is firmly bound to the large rotating body
0.00 constituted by the lipid vesicle, the size of which corresponds
255 265 275 285 295 305 to a tumbling motion of the order of microseconds.
excitation wavelength (nm) The Interaction of Annexin V with Rerse Micelles:

FiGURE 4: Steady-state fluorescence excitation spectra of (1) Changes in the W187 Eimonment as Probed by Steady-
annexin V in neutral buffer, pH 7, (2) annexin V in the presence State Fluorescence Spectrum and Excited-State Lifetime
of 5.5 mM CaC}, and (3) in the presence of 5.5 mM Ca@hd Distribution. The binding of annexin V to phospholipid

with a L/P ratio of 500. Steady-state anisotropy excitation spectra b t tral bH is classically depicted inl
of (4) annexin V in neutral buffer, (5) annexin V in the presence MéMbranes at neutral pr IS classically depicted as mainly

of 10 mM CaC}, and (6) in the presence of 5.5 mM Ca@nd driven by electrostatic interactions involving calcium ions,
with a L/P ratio of 500. Protein concentration, 4«51. Emission which maintain the protein at the membrane surfa$. (
wavelength, 325 nm for calcium-free and calcium-bound annexin The protein convex surface is most likely in contact with
V., 340 nm for membrane-bound annexin V. Temperaturel@0 e first water layers surrounding the phospholipid polar
The presence of 10 mM calcium slightly affects the local headgroups that constitute the interface of the membrane with
dynamics in such a way that the proportion of the conformer the aqueous solvent. In this interfacial water layer region,
which displays a fast mobility of the indole ring is increased the proton activity as well as the availability of water
(Figure 5B). This feature allows the observation of the fast molecules for hydration is significantly modified42).
depolarization motion in the one-dimensional analysis (Table Reverse micelles can be used to mimic this interfacial region
1). and its influence on protein conformation and dynamics.
The two-dimensional analysis of the polarized decays of These microemulsions can solubilize many proteins of
the membrane-bound protein shows also the existence ofdifferent kinds 42, 43, 45, 55, 56). They display convenient
specific coupling between lifetime and correlation times properties for optical studies (for a recent review se&gf
(Figure 5C). A fast rotation of 206400 ps affects all the In the micromolar concentration range, annexin V is
lifetime populations. At low L/P ratios (L/P= 35 and 54), soluble in reverse micelles formed by the surfactant AOT
the shortest lifetime is also associated with an infinite in isooctane at a water/surfactant molar ratig)(as low as
component while this is not the case at high L/P ratios (Table 2.8 as judged by the absorption spectrum which did not
2). This indicates the existence of rotational constraints exhibit any light scattering (data not shown). At this low
occurring at high protein concentrations on the membrane water content, the fluorescence emission maximum is already
that are released when the protein is diluted on the membraneed-shifted by about 12 nm with respect to the protein in
surface at low protein concentration. At LA 730, the buffer solution at neutral pH (Figure 6). The fluorescence
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Table 2: Distribution of thd'(z, 8) Parameters of the
1 Polarized Fluorescence Decays of W187 at Different Lipid/Protein
. A Molar Ratio$
@ 100 L w(ns)
< - o(ns) 0.4 1.1 2.9 5
) — 0.05-0.5 0.42
= OB 1.5-5 0.41 0.05
5 0 ~ - 8-20 0.09 0.03
& L/P=35
[]
‘g . ———t= 7(ns)
g oro s 6(ns) 0.7 1.7 4.2 7.3
® <0.02 0.22
= 0.4-1.8 0.21 0.23 0.08 0.06
10—-20 0.07
00 0.08 0.04 0.01
oot 010 1.00 10.00 L/P=54
excited state lifetime (ns) 7(ns)
10008 » 6(ns) 0.6 1.7 5.2
— T T 0.1 0.30
Ty o | 1.5-4 0.29 0.08
3t T 15 0.18
. o B AE o 0.13 0.02
2 o =" L/P = 342
g - - 7(ns)
= N 6(ns) 0.5 1.8 5.4
£ ¢ == 0.05 0.33 0.03 0.04
® - 15-2 0.20 0.10
8 . 30 0.19
5 o = L/P=730
E Y
e i 7(ns)
6(ns) 0.9 2.8 6.0
0.0t oo 0.3-0.4 0.26 0.26 0.14
oto o 5-6 0.21
excited state lietime (ns) 0 0.13
a CaClb concentrations as in Figure 2. No lipids, Ca€0 mM.
100.08- =
— : 346 R o  iasass
AWk 0 o
I ¢ £ 344} 4
FERLL = £ o
=R g %42 -
2 5
= - E 340 .
_156 1.00 _%
® _ £ 338 4
— - EE 336 L L L
g 0 10 20 30 40 50 60
£ o water/AOT molar ratio
o
e FIGURE 6: Variation of the maximum emission wavelength of W187
of annexin V @) and of NATA (O) incorporated into reverse
micelles of water/AOT in isooctane as a function of the water/
umm 1.00 1000 surfactant molar ratiov,. Protein concentration 2 &M for wp =

2.8 and 1«M for the otherswy. Excitation wavelength, 295 nm.

excited state litetime (ns)

emission maximum is sensitive to the water content of the
micelles. It is more and more shifted to the red with
increasing water content of the reverse micelles (Figure 6).
Its value culminates at 343 Nnn\imax = 17 nm) for awg
value of ~15 whereafter it stays at a constant value. Data
for NATA are presented for comparison. The maximum of
emission of this Trp derivative is always larger than that of

Ficure 5: MEM reconstructed’(z, #) distributions of (A) annexin

V in neutral buffer, (B) annexin V in neutral buffer with 10 mM
CaCl, and (C) in the presence of SUV (POPC/POPS 80:20) at a
lipid/protein molar ratio of 730 and 10 mM CaClProtein
concentration, 1«M. Dashed lines represents the isa@urves
defined in the Materials and Methods.
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Table 3: Fluorescence Intensity and Anisotropy Decay Parameters of W187 in Annexin V Incorporated into Reverse Micelles as a Function of
the Water/AOT Molar Ratiowp)?

water/AOT 1(ns) 12(ns)  t3(ns)  t4(nS) 61 (ns) 02 (ns) 03 (ns) 04 (ns)
molar ratiowg C: C Cs Cs <7> (ns) B B Bs Pa A=o S Wmax
5.6 0.19 1.28 3.14 6.12 1.9 61 0.143 0.76 34
0.30 0.30 0.35 0.05 1.86 0.027 0.116
11.2 0.13 0.82 2.19 4.52 0.1 0.8 7.1 35.6 0.206 0.58 46
0.25 0.29 0.38 0.08 1.46 0.062 0.026 0.050 0.068
16.8 0.41 1.47 3.30 0.17 0.7 2.6 22.3 0.193 0.61 45
0.28 0.47 0.25 1.65 0.058 0.013 0.047 0.075
22.4 0.22 0.93 2.22 4.56 0.08 0.5 2.9 26.1 0.17 0.60 46
0.26 0.28 0.39 0.07 1.48 0.027 0.023 0.058 0.071

a Excitation wavelength, 295 nm (bandwidth, 4 nm); emission wavelength, 335 nm (bandwidth, 8 nm). The mean fitetimas calculated
as shown in Table 1. The analyses of the anisotropy were performed with the one-dimensional model. The order garasesculated from
B40.2= 2, and the semiangle of the wobbling comg.x was obtained according to Kinosita et &0y

the W187 in annexin V, and it saturates at higher emission 40 _

wavelength values. These observations suggest that the

conformational change of domain Ill of annexin V does occur il 1

in these microemulsions. This leads to a partial exposure of 20 .

the W187 residue to the aqueous solvent pool of reverse Ed

micelles. A complete exposure would lead to a maximum E 0 1

emission wavelength identical to that of NATA, as has been o O

found for ACTH (1-24) (45). ° o |
The fluorescence emission decay of W187 is also modified

when the protein is dissolved into reverse micelles. Four well- -20 §

separated excited-state lifetime populations are detected 30 . . . . . .

(Table 3). This large heterogeneity suggests the existence 190 200 210 220 230 240 250 260

in these systems of large conformational dynamics in the Wavelength (nm)

slow time scale with respect to these lifetimes. The proportion Ficure 7: Circular dichroism spectra of annexin V incorporated
of the major lifetime of~0.9—1 ns, which characterizes in reverse micelles of water/AOT in isooctane at two water/
W187 emission in the protein in buffer at neutral pH, is surfactant molar ratiav, (dotted line,wy = 5.6; full line, wy =
strongly decreased when the protein is included into the 22.4).

reverse micelles. The proportion of a longer lifetime (3 ns)
is enhanced from few percent to -380% whatever the
aqueous content of the micelles (Table 3). These modifica-
tions of the W187 lifetime distribution show that the
conformation of domain Il is considerably changed in these
interfacial systems in a similar way as in the membrane- p|SCUSSION
bound protein.

The Mobility of W187 Is Modified after Incorporation of A humber of studies have focused on the understanding
Annexin V into Reerse Micelles: Time-Resad Fluores- of the mechanism of the interaction of annexins with pure

cence Anisotropy Studyhe subnanosecond and nanosecond Phospholipid model membranes in order to define the
rotations of the indole ring in annexin V incorporated into Mechanism of their potential physiological function(s) at the
reverse micelles are strongly increased. The analysis of themolecular level (for a recent review, see Bf The 3D-

polarized fluorescence decays by the one-dimensional ani-Structure of annexin molecules in increasing number has
sotropy model shows the existence of two or more rotational allowed the comparison with other interfacial proteins such

correlation times in the picosecondanosecond time range &S Phospholipases, which require calcium as a cofactor for
(Table 3). The values of the orientational order parameter Pinding to membranesg). This led to the observation that
of the subnanosecond rotatid® ére significantly lower and (€ consensus sequences and the structure of the calcium-
the values of the wobbling angle of rotation of the indole Pinding sites of annexin V share high similarities with the
fing (wma) are higher at aliv, than those calculated for the ~ Single calcium site of phospholipase (69). Nevertheless,
protein in neutral buffer (Tables 1 and 3). The local motion th€ @nnexin calcium-binding sites are highly exposed on the
of the W187 residue is of larger amplitude in the reverse Surface of the molecule, while that of phospholipasdiés
micelles, a situation similar to that observed for the protein Within the enzymatic site cavity, which suggests that the
bound to negatively charged membranes. The amplitude of Mde of interaction with phospholipids will be different.
internal rotation estimated byax increases when they On the basis of crystal studies using isolated polar
value increases from 5.6 to 11.2 and then remains at aheadgroups (glycerophosphoserine and glycerophospho-
constant value. The two-dimensional analysis does not revealethanolamine) as phospholipid analogues, a model of annexin
a specific association between lifetimes and correlation V/membrane interaction was proposedi) In this model,
times: all the rotations affect all the lifetime populations domain Il of the protein participates directly in the interac-
(data not shown). tion with the membrane via its calcium-binding site and the
Secondary Structure of Annexin V in/Rese Micelles  W187 residue. This can occur only if the protein changes
Assessed by Circular DichroisnThe overall secondary its overall concave shape: it should become more flat on

structure of the protein is not significantly modified upon
incorporation into reverse micelles at different water/surfac-
tant molar ratios as assessed from the dichroic bands
characteristic of thei-helical structure (Figure 7).
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the membrane surfac2€). Following suggestions obtained to values found for Trp at the membrane/water interface in
by fluorescence of W1873(), the model proposes that the model peptides §0). Moreover, a similar value of the
protein binds to the membrane interface not only by calcium maximum of fluorescence emission of W187 has been
bridges but also by hydrophobic interactions between phos-reported recently in moderately acidic pH conditions in the
pholipid molecules and the side-chain of the W187 residue. absence of membrane37( 38). A similar effect is observed

In the membrane-bound conformation of the protein, the in the present work in reverse micelles in the absence of
indole ring protrudes out of the protein surface, in a similar calcium.

way as in the high calcium structuréQ 11, 13). In this The large increase in quantum yield upon protein binding
model, the aromatic side chain is located in close contact does not give support to the existence of these interactions
with the first methylene groups of the fatty acid chaihé)( either. There is, in principle, no correlation between high

On the basis of this model, we can predict several features.quantum yield values and blue fluorescence emission or
First, the hydrophobic interactions between the indole ring conversely, between low quantum yield and red emission
and the acyl chains should be substantial. Second, a largeof indole. While the energy distribution of the photons (the
change of polarity of the local environment of W187, which emission spectrum) is sensitive to dipolar interactions in the
should be reflected in its fluorescence properties, should beéexcited state (or local electric field), the quantum yield
observed. Third, if the indole ring is indeed inserted in the depends on the respective efficiencies of the radiative and
membrane bilayer at the level of the first methylene groups nonradiative processes. External quenching efficiency is
of the fatty acid chains, it should restrict their dynamics. increased by the presence of electron scavengers such as
Finally, the mobility of W187 should also be strongly disulfide bridges for instance, peptide bonds or protonated
affected. amino acid side chains, in the close environment of the indole
ring (see ref6l for a recent review). There is no contradic-
tion, in fact, between the increase of quantum yield and the
red-shift of the fluorescence emission spectrum. The increase

Concerning the first point, if the Trp residue is involved
in any hydrophobic interaction, their energy is insufficient
for tight binding to phospholipids, otherwise the protein . _ . ;
would interact with zwitterionic phosphatidylcholine mem- [N quantum yield of the Trp-exposed conformation with

branes 82) and its binding to negatively charged membranes "€SPect to the Trp-buried conformation can be explained by
would not be reversible by the addition of EDTAJ]. the suppression of the quenching interactions, which originate
from tertiary contacts between the W187 indole ring and

Calorimetric measurements also provide experimental close protein moieties in the former conformation.

arguments arguing against the existence of hydrophobic _ i L .
interactions of substantial amplitude involved in the stabiliza- Another experimental argument in contradiction with the
tion of the annexin V-calcium-membrane complex. Calcium €Xistence of hydrophobic interactions involving the W187
binding either to the protein or to the negatively charged "€Sidue in domain lil arose recently from studies of point
phospholipid molecules does not result in a large enthalpy Mutants constructed in the calcium-binding sites of each
change (about 3 kcal for one calcium site). The free energy domain of the protein. Specific disturbing effects on the
of interaction AG), estimated from the saturation curve of Propensity of the protein to bind to negatively charged
annexin V by calcium without membranes, is around 3 kcal Phospholipidic membranes were observ&@) (The removal
mol-L. Therefore, the proteincalcium interaction occurs of the ac@c amino aC|q involved in the calcium-binding site
with no entropy changes, which suggests that calcium binding©f domain Il (mutation E228A) left the fluorescence
and the corresponding conformational change of domain 111 intensity titration curve as a function of calcium concentration
involve electrostatic interactions mainly, in agreement with SUrPrisingly unchanged. The replacement of E72 in domain

the recently observed pH effect on the conformational ! by Q or of D144 in domain Il by N resulted in a strong
stability of domain Il @7, 38). Interaction of the protein decrease of annexin V binding efficiency to the membranes,

with membranes occurs with an apparent dissociation Wheréas mutation of domain IV (D303N) did not change
constant in the nanomolar concentration range, as estimatedh® Pinding 40).
from the data of saturation of vesicles by the prote&d) ( With respect to the effect of the protein on the phospho-
This leads to a value &G of interaction of~12 kcal mot™. lipid dynamics, the results dH NMR are the opposite of
A large enthalpy of binding of the protein on the membranes what is expected, since a decrease of the order parameter of
has been directly measuretiHpinging ~ 25 kcal mot™) (28). this part of the acyl chain has been observag 40). This
Therefore, the calcium-mediated binding of annexin V to can be interpreted as resulting from a reduction of intermo-
the membrane vesicles results in only small entropy changeslecular interactions between phospholipid headgroups pro-
This suggests that the annexirn-vhembrane interaction does duced by annexin V binding. Annexin V appears to behave
not involve strong hydrophobic interactions. The largd as a “spacing” agent of the lipid packing. No effect of
of binding of the protein to the membrane can be due in annexin V binding on the phosphorus order parameter of
part to the associated conformational change of domain Ill PC molecules has been found 3 NMR, which indicates
and to membrane lipid reorganizatio?8]. that the orientation and motion of the PC headgroups remain
Moreover, if hydrophobic interactions involving W187 unperturbed by the proteir@). Earlier > NMR studies
were occurring, the fluorescence emission spectrum should(62) do not unfortunately provide information on this point
be blue-shifted with respect to that of the W187 exposed Since the authprs had bgen working on small vesmlgs Whl(;h
conformation when calcium ion is bound to domain Ill. Only l€ad to dynamic averaging of the phosphorus chemical shift
a weak spectral shift is however observed for the protein anisotropy.
bound to the membrane as compared to the unbound protein These observations are therefore difficult to reconcile with
at the same calcium concentration (10 mM). The maximum the insertion of a moiety of the size of indole between the
of the fluorescence emission stays at 3380 nm, similar lipid molecules at the level of the first methylene groups or
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near the glycerol backbone in the membrane bilayer whereon the three-dimensional structure in its different forms.
the packing constraints are the highest. Quenching interactions are released in the protein membrane-
Several data in the literature have nevertheless beenbound form (as in the calcium-bound form in domain IIl)
interpreted as supporting the hypothesis of hydrophobic and dipolar interactions are stronger in the new environment.
interactions involving the indole ring of W187 of annexin These quenching interactions involve most likely the car-
V and phospholipid molecules. Among them, fluorescence- bonyl group of Thr224, which is H-bonded to the nitrogen
guenching measurements by doxyl-labeled phospholipids,atom of the indole ring. Such an interaction has been shown
using the “parallax method”, have suggested that W187 wasto be strongly efficient for decreasing the fluorescence yield
located in the lipid bilayer, close to the membrane surface by an electron-transfer mechanism, the peptide bond being
(29). It has been claimed furthermore that the aromatic side an electron accepto(). Time-resolved fluorescence mea-
chain of W187 was situated near the first carbon atoms of surements (this work angb) clearly show that the increase
the sn-2 acyl chain, using modified phospholipids in host in quantum yield of W187 upon protein binding to the
micelles 81—33). The quantitative estimation of the quench- membrane, is in fact due to the appearance of a new long
er—chromophore interdistance by spin-labeled phospholipids excited-state lifetime that does not exist in the unbound state
is however limited by several factors. In particular, these of the protein. This is similar as in the calcium-bound form
reagents are not strictly contact quenchers but rather short{34, 36). This unquenched lifetime population characterizes
range quenchers68—66). The fluctuations in the vertical the new conformation in which W187 is exposed to the
direction of the unlabeled and of the doxyl-labeled phos- protein surface, with no interaction with proteinaceous
pholipids have also to be taken into accousit)( Perhaps guencher groups.
the most severe drawback of the estimation of the depth of These measurements also suggest a heterogeneity of
a fluorophore inside a membrane bilayer using these spin-conformations of the W187 environment, giving rise to a
labeled fatty acids or phospholipids arises from the distortion composite lifetime distribution coupled to a dynamic het-
of the acyl chain conformation by its substitution with the erogeneity. In the membrane-free form of the protein at
bulky polar doxyl group. Energy minimization calculations neutral pH, the short lifetime is associated with a fast
show that a kink is formed at the level of the substituent subnanosecond motion while the major lifetime is associated
(not shown). In the case of the C5-labeled derivative, this with the Brownian motion of the protein. This pattern is not
leads to a location of the doxyl group at the same level as due to a macroscopic heterogeneity of the protein, which
the phosphocholine polar headgroup. Moreover, resultshas been checked by HPLC, and which exhibits a single
obtained in C12E8 micelles should be treated with caution Brownian rotational correlation time of-15 ns, fully
since they may reflect the specific case of the host micelles compatible with a monomer. This lifetime heterogeneity is
of the surfactant, which has been used for these stuBlies ( more likely due to the coexistence of conformers in slow
33). Surfactant micelles in water are not quite similar to exchange where the indole ring is submitted to different
bilayer membranes especially concerning their dynamics. Therotational constraints. The short-lived excited-state population
packing forces of the polar headgroups are weaker in thecorresponds to a “relaxed” conformer where no rotational
surfactant micelle systems than in the phospholipid bilayer. barriers are present, whereas the major longer-lived excited-
This may favor the ability of surfactant molecules to state population is subjected to rotational hindrances and
penetrate the protein crevices more readily than phospholipidcorresponds to a “tight” conformer. The existence of these
molecule 68). different conformers can be due to slow “breathing” motions
The influence of the W187 residue on the binding of the of helices in domain lll, leading to flexibility of the 11IA-B
protein to lipidic membranes was recently checked with a loop where the W187 residue is located. Such breathing
mutant lacking this residues®). The effect of the mutant  motions are suggested by molecular dynamic calculations
protein on the self-quenching of NBD-PS, used as a binding (Sopkova et al., manuscript in preparation). In the case of
test, appeared less pronounced than that of the wild-typethe membrane-bound protein at high L/P values, a similar
protein. This could however be interpreted either by a weaker lifetime heterogeneity and coupling between lifetimes and
binding of the protein or by a lower number of affected PS correlation times are found. The flexibility of domain Il is
molecules. The second binding test, involving a blood therefore preserved or even enhanced in the membrane-bound
coagulation assay, did not show any significant difference form of the protein, since nanosecond depolarization motions,
between the wild-type protein and the W187 muta68) ( that were not seen in the unbound protein, are now
In our opinion, an important feature of the model proposed observable. This is also the case in reverse micelles.
by Swairjo et al. {4) concerns the mobility of the W187 From these results, we therefore suggest that W187 be
residue and the flexibility of domain Ill in the complex of probably not inserted into the membrane bilayer. It remains
annexin V with the membrane. In this model, the mobility in the hydration water layer of the membrane, which extends
of W187 as well as the local flexibility should be strongly some 5-6 A from the molecular membrane surface, i.e., the
reduced in the complex as compared to that of the free thickness of two-three water layers, where the diffusion of
protein in the conformation where the calcium is bound to small molecules such as acrylamide can be slowed. The
domain Ill. We have therefore measured the effect of the reduction of the relaxation rate of local dipoles would explain
binding of the protein to the membrane on the W187 mobility the shift of the fluorescence spectrum with respect to bulk
and reexamined in more detail the interpretation of the water. The interactions of domains | and Il of annexin V
changes of the steady-state fluorescence data brought abouippear stronger than those of domain Ill and IV according
by interaction of annexin V with membranes, in the light of to the mutation experiments mentioned abod@ @nd also
time-resolved data. from parallel studies of binding enthalpies and intrinsic
Our interpretation of the change of the fluorescence fluorescence change8) but our studies cannot give
parameters upon membrane binding of annexin V is basedinformation on this point. The insertion of a Trp residue
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in each of the calcium sites of the protein might provide that another closely related annexin molecule, annexin lll,
such an answer. Furthermore, annexins | and Il, which have exhibits a Trp residue partially solvent-exposed in domain
a K instead ®a W in domain Ill, bind to phospholipid Il in the absence of either membranes or high calcium ion
vesicles with equal or better affinity than annexin ¥1). concentrations at neutral pHY). The accurate examination
The deduced location of domain Il1, not in intimate contact of the respective sequences and conformations of domain
with the membrane surface, is in agreement with recently Ill of the two homologous proteins, shows that Asp226,
proposed models of membrane bound annexin V using which forms a H-bond with Thr229, stabilizing the loop
supported bilayer systems. The protein forms trimers both IC—IIID, is replaced in annexin Il by a Lys. The
in crystals and on the phospholipid surface used for 2D importance of this residue in the stabilization of the “closed”
electron microscopy analysig?). The common trimer is  conformation of domain Il is also emphasized in molecular
organized with domain Il situated in its center. It is stabilized simulations of the transition between the calcium-free and
by a few complementary contacts between domains | on onecalcium-bound forms (Sopkova et al., manuscript in prepara-
side and domains Il and Ill on the other. The domains Ill tion). Point mutations of a few charged residues involved in
then lie on the exterior of this common trimer. If the the stabilization of the loops IIA-1IIB and HIEIID in
interaction of annexin V with the membrane surface involves annexin V are currently performed in order to test the role
the formation of this trimer as a basic unit, then the most of these polar residues in the conformational stability of
external domains Ill and IV would indeed seem less crucial domain lIl.
to this interaction. Furthermore, they could be more flexible, coONCLUSIONS
thus allowing the adaptation of the trimer on the membrane Using time-resolved fluorescence spectroscopy and espe-
surface. A movement of domain Il upon membrane binding cially fluorescence anisotropy data, we propose that the
has been suggested from 3D reconstruction of electron yomain |11 of annexin V is probably not in strong interaction
microscopy images at 16 A resolutic?6j and in projection  \yith the membrane. Contrary to earlier models of the
at 8 A resolution {3). Very recently, atomic force micros- jnteraction of annexin V with phospholipids, we suggest that
copy (AFM) measurements have suggested that the proteiny ;g7 is not inserted into the membrane bilayer. It remains

attaches more strongly to the membrane by domain II. This i, the hydration water layer of the membrane that extends
domain was less visible in the AFM images, which suggested g5 me 576 A from the molecular membrane surface, i.e., the
that this domain was closer to the membrane surface tha”thickness of two-three water layers.

the other domains. This has the important consequence that
in these supported bilayers, the convex shape of the solubl
form of the protein 10, 13, 14) seems to be preserved to

The conformational change observed upon binding of the
eprotein to the membrane is most likely the same as the one
: induced by higher calcium concentrations in the absence of
some extent at the membrane surfatd.(Domain Ill does membrane systems, by mild acidic pH conditions and the

not seem to be close to the membrane surface. These reSUItﬁ1corporation into reverse micelles. The mechanism of this
are at variance with the proposed three-dimensional structure

calculated from negatively stained electron microscopy data conformational change at the membrane surface involves
; ; : 'pr I hift of th renk f ific ionizabl
in which domain Il was proposed to be the furthest from probably a shift of the apparenk(s) of specific ionizable

h b ; h d in il th cidic group(s). This is likely to occur in the membrane
(Zg)mem rane surface, whereas domain [il was the neares ydration layer and also in reverse micelles, due to the

. . ._increase of the proton activity in the membrane/water
The time-resolved fluorescence experiments reported injnterfacial region 7). This may facilitate the conformational
the present work allow to refine the interpretations of the

change of domain Il on the membrane surface at low
steady-state fluorescence changes that are observed UPOR,|cium concentrations.

annexin V binding to phospholipid membrane, in a more
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