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Abstract

We have used an isolated chimeric protein El340E2¢6; that includes the ectodomains of
the envelope proteins of hepatitis C virus to study its interaction with model membranes.
El340E2661 has some of the membrane destabilization properties, vesicle aggregation,
lipid mixing and the release of internal aqueous content, which has been previously
ascribed to fusion proteins. The effects are preferentially produced on vesicles of acidic
phospholipids which would indicate the importance of the electrostatic interactions. In
fact, an increase of the ionic strength of the buffer induced a considerable decrease of the
destabilizing properties. On the other hand, fluorescence polarization studies show that
the recombinant protein reduces the amplitude of the thermal transition of DMPG
vesicles and increases the transition temperature at pH 5.0 in a dose-dependent manner.
These data would indicate an electrostatic interaction between the phospholipid polar
head and the protein which eventually would lead to the insertion of E134E2¢6; into the
bilayer. On the other hand, a decrease of the pH induces a conformational change in the
protein structure as evidenced by fluorescence of tryptophan residues and 4,4’-bis(1-
anilinonaphtalene 8-sulfonate. A model for the fusion of HCV with the host cell
membrane can be postulated. The dissociation of E1E2 dimers would uncover the fusion
peptides which can then interact with the polar lipid heads of the outer leaflet of the lipid
bilayer and next insert into the hydrophobic moiety producing the destabilization of the

bilayer which finally leads to fusion.



Introduction

Hepatitis C virus (HCV) is an enveloped, positive-stranded RNA virus that
belongs to the Hepacivirus genus of the Flaviviridae family [1, 2]. HCV is the major
cause of acute hepatitis and chronic liver disease, including cirrhosis and hepatocellular
carcinoma, being the leading cause of liver transplantations in the developed world.
According to the World Health Organization, nowadays the HCV infects 180 million
people worldwide, and every year 3 to 4 million of new cases emerge. Currently there is
no vaccine available against HCV and the present therapy consists of a—interferon and
ribavirin. However, only 10-20% of patients respond to interferon treatment and 54-56%
to the combined therapy [3].

The HCV envelope glycoproteins, E1 (gp31) and E2 (gp70), are released from the
polyprotein coded for by the HCV genome after cleavage by host-cell endoplasmic
reticulum proteases in positions 383/384 and 746/747 of the sequence, respectively [4].
The amino acid sequence analysis of El and E2 indicates that they are type-I
transmembrane proteins, highly glycosylated, with an N-terminal ectodomain and a C-
terminal hydrophobic domain anchoring these glycoproteins to the membrane. In vitro
expression studies have shown that both glycoproteins associate to form a stable non-
covalently linked heterodimer which accumulates in the endoplasmic reticulum that has
been proposed as the site for HCV assembly and budding [5]. However, recent studies
carried out using cell-cultured HCV (HCVcc) show that the envelope glycoproteins E1
and E2 form large covalent complexes stabilized by disulfide bridges in the virion [6].

Several molecules expressed on the cell surface have been implicated in HCV cell
attachment. Thus, HCV has been shown to interact with the tetraspanin CD81 and the
scavenger receptor class B type I (SR-BI). Also, claudins (claudin-1, claudin-6 and
claudin-9) and occludin, proteins that are present in the tight junctions of the cells, have

also been identified as key proteins in the HCV infection [7-9]. Other proposed co-factors
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involved in the endocytosis of HCV are LDL receptor [10], C-type lectins DC-SIGN and
L-SIGN [10, 11], glicosaminoglycans (GAGs) [12], and it has also been observed that the
Ewi-2wint protein inhibits HCV infection by blocking the interaction of CD81 with the
envelope glycoproteins of the virus [13].

Besides their role in cellular receptor binding, the viral envelope proteins must
induce fusion between the viral and host cell membranes. The difficulty of propagating
HCV in cell culture has hampered for many years functional studies on HCV infection.
The cellular mechanism of HCV entry has been studied using HCV pseudoparticles
(HCVpp), infectious retroviral particles with HCV envelope proteins on the surface, and
the cell culture model which allows for the production and propagation of virus in cell
culture (HCVcc) [14-16]. Reports using both HCVpp and HCVce models have evidenced
the pH sensitivity of HCV entry [17-19]. Several studies suggest that HCV enters cells by
clathrin-mediated endocytosis [17] and that fusion occurs in the early endosomes [20].
Furthermore, the acidic pH of endosomes triggers the fusion process probably by
inducing conformational changes in the envelope proteins [17, 20-22].

Studies concerning the entry mechanism carried out with HCV isolated envelope
proteins are scarce. Based on potential structural homology, E2 has been proposed as a
Class II fusion protein [23]. Moreover, E1 has also been proposed as a candidate because
sequence analyses suggest that it might contain a putative fusion peptide in its
ectodomain [24, 25]. In relation to the location of the regions involved in the fusion
process, some E1 and E2 peptides with a potential fusogenic activity have been identified
[26, 27]. Although peptides might be a useful model to study the interaction of E2 with
cellular membranes, a direct correlation with the fusion process in Vvivo is not always
possible because of the lack of properties such as oligomerization or conformational
changes. A directed mutagenesis study with HVCpp system has identified three important

regions for the fusion with model vesicles [28]. The first one is located in El (residues



272 to 287) and the other two region are located in E2 (residues 419 to 433 and 597 to
620). These data suggest that different E1 and E2 regions can cooperate for the fusion
process.

In order to shed light into the cell entry mechanism as well as into the protein and
amino acid sequences involved on it, we have used a chimeric protein containing the E1
and the E2 ectodomains connected by a small hydrophilic peptide (E1340E2¢61) and study
its interaction with phospholipid vesicles. This chimeric protein obtained by baculovirus
expression system has been previously shown to have the features of a correctly folded
protein and it is recognized by HCV patient sera antibodies [29]. El340E26¢6; is able to
insert into the hydrophobic core of the bilayer inducing aggregation, lipid mixing and
destabilization of the bilayers, which are the essential steps required for fusion [30].
Based on the results obtained, a model for the fusion activity of this chimeric protein is

proposed.



Results

El:40E246; IS able to induce destabilization of phospholipid vesicles

Vesicle aggregation

The chimeric protein used throughout this study is composed of the two
ectodomains of E1 and E2 HCV envelope glycoproteins (Fig. 1). This protein is
produced in glycosylated form by insect cells infected by recombinant baculovirus,
The recombinant protein has an oligomeric nature and is composed mainly of
monomers, dimers and trimers [29]. Its ability to induce vesicle aggregation of PG, PS
or PC liposomes was monitored by measuring the increment of the optical density at
360 nm (AODs49) as a result of the increase in vesicle size upon incubation with
different concentrations of Elsz40E2661. The results obtained for the different
phospholipids vesicles at various phospholipid/protein ratios at pH 5.0 and 100 mM
NaCl are depicted in Fig. 2. In the presence of both PS and PG vesicles, the AODs¢
value increased up to a phospholipid/protein ratio of 0.018, 2.5 pM protein
concentration, and then remained nearly constant. However, El340E2¢6, induced little
aggregation of PC vesicles. Therefore, the specificity toward negatively charged
phospholipids points to the importance of the electrostatic component on the
interaction which is on the other hand not dependent on the nature of the acidic polar
head group. In fact when the experiment was performed at high salt concentration, 500
mM, a reduction of almost 60% of the AODsqy values reached at 100 mM was
observed. Moreover, at neutral pH the changes in the OD34p observed with either
phospholipid were almost negligible. The vesicles employed in these studies constitute
a homogeneous population with an average size of 130 £ 40 nm as determined by
dynamic light scattering. However, at the highest protein concentration used the

vesicles became heterogeneous with an average size of 840 + 500 nm.



As indicated by kinetic analysis performed at a protein/lipid molar ratio of 3.5
x 107, the presence of 20 mol% cholesterol in acidic phospholipid vesicles resulted in
an increase of almost 25% in vesicle aggregation at pH 5.0 produced by the
recombinant protein (Fig. 3). A similar increase was observed at every protein/lipid
molar ratio tested. Moreover, when vesicles composed of PC (36.8%), PE (20%),
cholesterol (20%), sphingomyelin (13.6%), phosphatidylinositol (5.6%), PS (3.2%)
and phosphatidic acid (0.8%), which resemble the plasma membranes of mouse
hepatoma cells, similar results to those obtained with plain negatively charged vesicles

were obtained.

Lipid mixing

The ability of E1340E266; to induce vesicle fusion, mixing of phospholipid vesicles
was followed by the decrease in fluorescence resonance energy transfer (FRET) between
the fluorescent probes NBD-PE and Rh-PE incorporated into a lipid matrix [31]. In this
assay, the mixing of phospholipids from labelled and unlabelled liposomes results in an
increase in the distance between the donor (NBD) and the acceptor (Rh), with the
concomitant decrease in energy transfer (%FRET) which reflects accurately the degree of
fusion. As it is observed in Fig. 4, Els;40E2¢6 was able to induce lipid mixing of PG
vesicles, both at pH 7.0 and 5.0, being the effect produced at neutral pH lower than that
observed at acidic pH. At pH 5.0, %FRET decreased from 60%, in the absence of protein,
to 7% at a protein/lipid ratio of 7 x 10. This value corresponds to a 9 fold dilution in
acceptor surface density. This fact together with the considerable increase in vesicle size
stated above argue in favour of the complete fusion of the vesicles, since their mere
aggregation would not result in such a change in energy transfer [32]. When neutral

phospholipids were used, a slight decrease in energy transfer was observed.



At neutral pH the presence of cholesterol has no effect on the lipid mixing of PG
vesicles. However, at pH 5.0 and a protein/lipid ratio of 3.5 x 10 the presence of 20%
cholesterol induced an additional decrease in the percentage of FRET, from 18% to 7%.
These values correspond to a decrease in the acceptor surface density of 3.5 in the

absence of cholesterol and almost 9 in its presence.

Release of aqueous contents

The ability of E1340E2¢6; protein to destabilize the lipid bilayer was assessed by
determining the release of aqueous contents of phospholipid vesicles. Liposome
leakage was monitored by measuring the increase in ANTS fluorescence at 520 nm
[33]. Fig. 5 shows the leakage induced by the recombinant protein when it is added to
PG vesicles at pH 5.0 and 7.0. El340E266; was able to induce the release of internal
contents of the vesicles in a dose-dependent manner. At a protein/lipid ratio of 0.45 x
10, an 80% of Finay is reached in both cases, and the 100% leakage was observed at a
protein concentration of 0.33 uM, concentration much lower than that needed to
induce vesicle aggregation or lipid mixing (1.4-1.8 uM). Then, there was no a pH-
dependence of the lipid destabilization as it was observed in the aggregation and lipid
mixing assays. On the other hand, when the experiments were carried out at 500 mM
NaCl a reduction of almost 35% of the leakage induced by the recombinant protein

was observed.

Els40E2¢6; interacts with phospholipid vesicles

Fluorescence polarization
To ascertain the interaction of Els4E2¢s protein with acidic and neutral
phospholipids, its effect on the thermotropic behaviour of the phospholipids has been

studied by measuring the fluorescence polarization of these liposomes labelled in the
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hydrophobic core of the bilayer with the fluorescent probe DPH. Fig. 6 shows the
fluorescence depolarization of DPH-labelled DMPG vesicles with increasing
temperatures in the presence of El340E266; protein a protein/phospholipid molar ratio of
3.5x 107 at pH 7.0 (Fig. 6A) and 5.0 (Fig. 6B). The addition of the recombinant protein
to DMPG vesicles at acidic pH induced a slight decrease in the amplitude of the
transition and an increase in the transition temperature. The effect on the fluorescence
polarization was observed almost exclusively at temperatures above the transition
temperature, indicating that the protein affected mainly the acyl chains in the liquid-
crystal phase, inducing a higher order in the chain packing (Fig. 6B). On the other hand,
the fact that the amplitude of the phase transition was modified reveals the importance of
the hydrophobic component in the interaction of El349E2¢6; with phospholipids. The shift
in the transition temperature indicates that the interaction of the recombinant protein with
lipid membranes induces perturbations of the lipid packing due to the relative
immobilization of phospholipid molecules around the protein. At temperatures below
Tm, El340E2¢6) is probably excluded from the ordered lipid phases and does not cause
substantial effects on the packing of the phospholipid acyl chains. On the other hand,
little changes in the transition curve were observed at pH 7.0 (Fig. 6A). Moreover, when
neutral phospholipids (DMPC) vesicles were used no changes in the amplitude nor in the

temperature of the transition were observed neither at neutral or acidic pH.

Intrinsic and bis-ANS fluorescence spectroscopy studies

The effect of both the pH change and the interaction with phospholipid vesicles
on the protein structure was studied both by the use of tryptophan and bis-ANS
fluorescence. The later is a compound with a high quantum yield in hydrophobic
environments but which almost does not fluoresce in water. Hence it is widely used to
detect conformational changes which expose hydrophobic regions of the protein structure

[34]. The fluorescence spectrum of El340E2¢6; at pH 7.0 shows a maximum at 331 nm
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characteristic of Trp in a relatively low hydrophobic environment [29]. When the pH is
brought to 5.0 a 20% decrease in the Trp quantum yield was observed (Fig. 7A),
probably due to a higher exposure of Trp residues. The change is readily reversible since
the spectrum obtained after adding NaOH to bring the pH back to 7.0 is indistinguishable
of the initial one at that pH. The conformational change is also evidenced by the
fluorescence of bis-ANS (Fig. 7B). The increase in fluorescence observed at pH 5.0 is
indicative of the existence of new solvent-exposed hydrophobic surfaces in the protein,
compatible with tryptophan residues in a more hydrophilic environment. Again,
reversing the pH back to 7.0 recovered the bis-ANS fluorescence to its initial value.

Fig. 8 shows kinetic data of the effect of pH and the addition of PG on the
fluorescence of bis-ANS when added to Els4E2¢6. The exposed hydrophobic areas
which the recombinant protein possesses at pH 5.0 become almost instantaneously
labelled by bis-ANS (Fig. 8A). As stated above part of them become buried when the pH
is brought to 7.0 (Fig. 8A). However, when the protein in the presence of PG vesicles at
pH 5.0 is incubated with bis-ANS, the fluorescence does not reach the value observed
when the protein alone is incubated with the probe at pH 5.0 in the absence of
phospholipids (Fig. 8B). This result could mean that most of the hydrophobic regions of
the protein that become exposed at pH 5.0 are not accessible to bis-ANS in the presence
of PG vesicles. In fact, when PG is added to bis-ANS labelled E1340E266; at pH 5.0, the

fluorescence reach a value close to that observed at pH 7.0 (Fig. 8C).
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Discussion

The knowledge of the HCV viral cycle is scarce and the sequence(s) involved in
the fusion step between the host cell and the viral membranes have not yet been
identified. By searching for classical features of fusion peptides through the protein
sequence, several groups have identified some regions of HCV glycoproteins E1 and E2
that could act as fusion peptides [26-28]. These regions may contribute to merging of
viral and cellular membranes either by interacting directly with phospholipid membranes
or by assisting the fusion process through their involvement in the conformational
changes of E1E2 heterodimer at low pH. In this work, we have used an isolated chimeric
protein E1340E266; that includes the ectodomains of E1 and E2 envelope proteins to study
the interaction and destabilization of lipid bilayers. This protein has been previously
shown to have all the conformational features of a native protein [29]. Aggregation of
phospholipid vesicles results showed that both the phospholipid nature and the pH are
very important to ascertain the interaction of the recombinant protein with the
phospholipids. Thus, E1340E2¢6; interacts preferentially with acidic phospholipids, PG or
PS, at pH 5, although it is also able to interact with neutral phospholipid vesicles, PC, at
this pH but to a much lower extent. Furthermore, this protein was also able to induce
phospholipid mixing of acidic vesicles at pH 5.0 and the release of aqueous content of
acidic vesicles at both neutral and acidic pH. The fact that the protein concentration at
which E1340E266; induces the last effect is considerably lower than that needed to induce
aggregation and lipid mixing indicates that fusion is not necessary to destabilize the
bilayer and induce the release of the aqueous contents. A similar behaviour has been
described in other systems such as the amino-terminal peptide of HIV [35].

The pH dependence of the fusogenic properties of the protein might indicate that,

in vivo, infection might proceed through receptor mediated endocytosis. In this case, a
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conformational change in the viral envelope glycoprotein induced by the acidic pH might
be a prerequisite for membrane insertion and destabilization. Others authors have shown
that HCV entry occurs in a pH-dependent manner via endocytosis. Thus, the use of drugs
that inhibit endosomal acidification efficiently blocked HCVpp infection [18, 36-38].
Furthermore, low pH treatment of HCVpp led to the exposure of new epitopes in E2
[39], supporting the notion that low pH induces conformational rearrangements in HCV
glycoproteins, eventually leading to fusion with the endosome membrane. This would be
consistent with a membrane fusion mechanism similar to that described for the
glycoproteins of Flaviviruses, such as tick-borne encephalitis virus (TBEV) [40], dengue
virus [41] and West Nile virus [42].

The dependence of the interaction on the nature of the polar head group indicates
the importance of the electrostatic interactions. In fact, when these are diminished by
increasing the salt concentration, a considerable reduction of all the destabilizing
properties tested was observed. Analogous dependence with bilayer composition has
been observed with other fusogenic viral peptides and proteins. In this sense, one of the
features of the viral fusion mechanism is the variable requirement for specific lipids in
the target cell membrane. For example, for simian immunodeficiency virus and HIV
fusion peptides, lipid mixing occurs when there is PE in the lipid bilayer [43, 44];
vesicular stomatitis virus has a preference for PS [45], and influenza virus and Sendai
virus peptides interact preferentially with PC membranes [46-48]. However, this
dependence with the pH and the lipid composition observed in viral fusion proteins or
even with whole viruses does not necessarily have a physiological significance.

The effect of the recombinant protein on the transition temperature of DMPG
vesicles at pH 5.0, as indicated by fluorescence polarization studies, is indicative of an
electrostatic interaction at surface level, typical of peripheral proteins. Moreover, the

decrease in transition amplitude is characteristic of integral membrane proteins [49],

13



suggesting that some protein regions are able to insert into the membrane interacting in a
hydrophobic manner with the hydrocarbon core and restricting the mobility of the acyl
chain. Thus, the interaction of El340E2¢6; protein with the bilayer would take place in
two steps: a first one governed by electrostatic interactions between the phospholipid
polar head and the protein, and a second step driven by hydrophobic interactions which
leads to the insertion of the protein into the bilayer. When the first step does not take
place, such as when neutral phospholipids are used, the protein does not insert into the
bilayer. Moreover, this mechanism of interaction would explain the differences observed
with acidic phospholipids at pH 7.0 and 5.0 since an increment in positive charge as a
consequence of the decrease of the pH would favour the initial step and hence the
insertion into the bilayer.

Cholesterol is a major component of mammalian membranes. When it
incorporates into the bilayer, the main consequence is that it enhances lipid lateral
interactions and it is able to locally induce negative membrane curvature [50]. It has been
found that there is an important relationship between membrane fusion and cholesterol
content for several viruses [51, 52]. In order to determine if this was also the case of
HCV, we measured the ability of ElssE266 to induce aggregation, lipid mixing and
leakage of liposomes containing 20 mol% cholesterol. In all cases, a lower protein
concentration was necessary to reach the highest destabilization when cholesterol-
containing vesicles were used. Thus, inclusion of cholesterol in liposomes, although it is
not essential, facilitates fusion of HCV, which could indicate the involvement of lipid
rafts in HCV entry. These results are consistent with other studies that have been
performed with HCV. Thus, it has been described that the presence of cholesterol
facilitates the fusion of HCVpp with the target membrane [18, 38] and enhances fusion of
HCVcc [19]. On the other hand, it has been described that cholesterol affects the

interaction of a peptide derived from the region 314-342 of E1 with liposomes, favouring
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that the peptide positions close to the bilayer surface [53]. Also, in other Flaviviruses,
cholesterol has been shown to enhance fusion [54]. Moreover, cholesterol has also been
reported to enhance entry, but not the fusion process itself, of many other pH-dependent
viruses [40]. In contrast, for alphaviruses such as the Semliki Forest (SFV) and Sindbis
viruses, the presence of cholesterol in the target membrane is an absolute requirement for
fusion to occur [51, 55-57].

The data on the conformational change induced by decreasing the pH and by the
interaction with phospholipids allow us to propose the following model for the fusion of
HCV. As a consequence of the diminution of the pH a shift to a more hydrophilic
environment of some of the aromatic residues could have been produced. On the other
hand, the acidic pH increases the surface hydrophobic area as monitored by bis-ANS.
Taking into account that the interaction with phospholipid vesicles preserves the increase
of bis-ANS fluorescence, it can be argued that the hydrophobic regions which become
exposed as a consequence of acidification are those which become inserted into the
bilayer impairing the interaction with bis-ANS molecules. These changes are compatible
with a split of E1 and E2 ectodomains in the E1349E2¢6; chimera which could uncover the
fusion peptides allowing their interaction with the polar lipid heads of the outer leaflet of
the lipid bilayer and next insert into the hydrophobic moiety producing the destabilization
of the bilayer which finally leads to fusion. This model is analogous to that observed with
other class II fusion protein in which glycoproteins contact with surface at pH 7.0
exposing aromatic side chains at the outer leaflet of the lipid bilayer [58, 59]. Next, a
conformational change is observed at low pH which allows insertion of fusion peptides
into the bilayer. This state precedes the opening of the fusion pore [60].

Therefore, the data presented herein indicated that Els4E2¢; could serve as a
good model to study the initial infective steps of HCV, allowing the location of those

regions responsible for the interaction and the fusion with the cellular membrane.
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Moreover, if this protein is involved in the fusion process it can be a good candidate to

develop antiviral strategies to block viral infection.
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Materials and methods

Reagents

Synthetic phospholipids, dimyristoylphosphatidylcholine (DMPC),
dimyristoylphosphatidylglycerol  (DMPG), and natural phospholipids, egg
phosphatidylcholine (PC), bovine brain phosphatidylserine (PS) and cholesterol were
purchased from Avanti Polar Lipids (Birmingham, AL, USA). Egg yolk
phosphatidylglycerol (PG) was obtained from SIGMA. N-(7-nitro-2,1,3-benzoxadiazol-
4-yl) dimyristoylphosphatidyl-ethanolamine (NBD-PE) and N-(lissamine rhodamine B
sulphonyl) diacylphosphatidyl-ethanolamine (Rh-PE) were provided by Avanti Polar
Lipids. 8-aminonaphthalene-1,3,6-trisulphonic acid (ANTS) and p-xylenebis-
(pyridinium) bromide (DPX) and 4,4’-bis(1-anilinonaphtalene 8-sulfonate (bis-ANS)
were obtained from Molecular Probes. 1,6-diphenyl-1,3,5-hexatriene (DPH) was from

Aldrich.

Expression and purification of E1l340E2¢61

El340E2¢61 was expressed and purified as described in [29]. Briefly, DNA
encoding El34E2¢; was inserted into a baculovirus transfer vector pAcGP67A with
the addition of a six-histidine tag. To produce the recombinant virus that expresses the
protein, Sf9 insect cells were cotransfected with the recombinant vector and wild-type
viral DNA. In a homologous recombination event, the Els;4E2¢6 gene was inserted
into the viral genome to generate the recombinant baculovirus. The protein was
expressed by infecting High Five cells in Insect X-Press serum-free media with high
titer virus (>10° pfu/ml) at MOI of 5-10. Medium was collected approximately 120 h
postinfection, dialyzed against 20 mM Tris-HCI pH 8.0, 50 mM NaCl and loaded onto
a Ni’"-nitrilotriacetic acid-agarose column (Qiagen) which had been previously

17



equilibrated with the same buffer. Once the protein solution had entered the column, it
was washed with 10 mM imidazole and later with 30 mM imidazole in dialysis buffer.
The recombinant E1349E2¢6; protein was eluted with 200 mM imidazole. The presence
of El340E26 was monitored by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) which was performed according to Laemmli using 15%
polyacrylamide gels [61]. By using this method approximately 2 mg of pure protein

from 1 L of culture media were obtained [29].

Vesicle preparation

In all cases a lipid film was obtained by drying a chloroform:methanol (2:1) solution of
the lipid under a current of nitrogen. This film was kept under vacuum 6-8 h. The
phospholipids were resuspended at a concentration of 1 mg/ml in medium buffer (5 mM
Tris-HCI, 100 mM NaCl, 5 mM MES, 5 mM sodium citrate, 1 mM EDTA) at the
appropriate pH value for 1 h at 37 °C and eventually vortexed vigorously. This
suspension was sonicated in a bath sonicator (Branson 1200, Bransonic) and was
subsequently subjected to 15 cycles of extrusion in an Extruder apparatus (LiposoFast™ -
Basic, Avestin) with 100 nm polycarbonate filters (Avestin). The size and size
distribution of the vesicles were determined by dynamic light scattering on a Malvern

Zetasizer Nano ZS instrument.

Aggregation studies

The aggregation of phospholipid vesicles induced by the recombinant protein was
studied by adding different amounts of protein to recently prepared lipid vesicles in
medium buffer containing either 100 mM or 500 mM NaCl at the appropriate pH. The
change in ODj3s was measured on a Beckman DU-640 spectrophotometer after

incubation for 1 h at 37°C. The final phospholipid concentration was 0.14 mM. In all
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cases, controls of lipid vesicles in the absence of protein and protein in absence of lipid

were obtained.

Lipid mixing assay

To follow the adhesion and fusion of lipid membranes induced by the protein we
have used the classical fluorescent probe dilution assay [31], in which the decrease in
efficiency of the fluorescence energy transfer between NBD-PE (energy donor) and Rh-
PE (energy acceptor) incorporated into liposomes, as a consequence of lipid mixing, is
monitored. Liposomes, in medium buffer at the appropriate pH, labelled with 1 mol%
NBD-PE and 0.6 mol% Rh-PE were mixed in a 1:9 molar ratio with unlabelled
liposomes. Lipid mixing was initiated by the addition of the protein from a stock solution
in 20 mM Tris pH, 7.5, NaCl 100 mM. The samples were incubated for 1 h at 37°C and
the emission spectra were recorded in a SLM AMINCO 8000C spectrofluorimeter, with
the excitation wavelength set at 450 nm. Both the excitation and emission slits were set
at 4 nm. The excitation polarizer was kept constant at 90° and the emission polarizer was
kept constant at 0° to minimize dispersive interference. The efficiency of fluorescence
resonance energy transfer was calculated from the ratio of the intensities at 530 and 590
nm and the appropriate calibration curve which was obtained by using labelled vesicles
containing 1% NBD-PE and variable concentrations of Rh-PE (between 0 and 1%). The

final phospholipid concentration was 0.14 mM.

Release of aqueous contents

Leakage was determined by the ANTS/DPX assay [32] which is based on the
dequenching of ANTS fluorescence caused by its dilution upon release of the aqueous
contents of a vesicle population containing both ANTS and DPX. The assay was

performed by coencapsulating 12.5 mM ANTS and 45 mM DPX in 10 mM Tris, pH 7.5,
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20 mM NaCl or medium buffer, pH 5.0, in either PG or PC phospholipid vesicles. The
lipid film was vortexed and the vesicles were sonicated in a bath for 15 min. Afterwards,
the vesicles were subjected to five cycles of freeze-thawing in liquid nitrogen and passed
at least 15 times through an Extruder apparatus (LiposoFast™-Basic, Avestin) with 100
nm polycarbonate filters (Avestin). After the vesicles with the coencapsulated probe and
quencher had been formed, the whole sample was passed through a Sephadex G-75
column (Pharmacia) to separate the vesicles from the nonencapsulated material using 10
mM Tris, pH 7.5, 100 mM NaCl, 1 mM EDTA, or medium buffer, pH 5.0 for elution.
The final phospholipid concentration in the assay was 0.14 mM. Both the excitation and
emission slits were set at 4 nm. The excitation polarizer was kept constant at 90° and the
emission polarizer was kept constant at 0° to minimize dispersive interference. Leakage
was started by addition of the protein and the increase of the fluorescence emission at
520 nm upon excitation at 385 nm was continuously recorded (F;). The measurements
were performed in a thermostated cell holder at 37 °C. The fluorescence scale was set to
100% by addition of 0.5% Triton X-100 and to 0% by measuring the fluorescence of the

control vesicles after the addition of equivalent volumes of buffer.

Fluorescence polarization measurements

Fluorescence measurements were carried out on a SLM AMINCO 8000C
spectrofluorimeter. Excitation and emission slit widths were 4 nm. Phospholipid vesicles
were labelled with DPH in a probe:phospholipid ratio of 1:500. Emission spectra of DPH
were measured at 425 nm with the excitation wavelength set at 365 nm, after
equilibration of the sample at the required temperature. DMPG, or DMPC vesicles were
incubated in the absence or in the presence of E1340E266; at 37°C for 30 min, using a lipid

concentration of 0.14 mM and protein/lipid molar ratios of 1.75-10° and 3.5-10°.
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Intrinsic emission fluorescence

Emission spectra of Els40E2¢s protein were obtained at 37 °C on a SLM
AMINCO 8000C spectrofluorimeter. Excitation and emission slit widths were 4 nm. The
protein concentration was 0.05 mg-ml™” and a 0.4 x 1 cm cuvette was used. In all cases
medium buffer at the appropriate pH value was used. Excitation was performed at 275 or
295 nm, and the emission spectra were recorded over the range 285-450 nm. The
contribution of the buffer with different concentrations of phospholipid vesicles was
always subtracted. The excitation and emission polarizers were kept constant at 90° and

0° to minimize dispersive interference.

Extrinsic emission fluorescence

The fluorescent probe bis-ANS was dissolved in methanol. The fluorescence
emission spectra of bis-ANS were obtained on a SLM AMINCO 8000C
spectrofluorimeter by using an excitation wavelength of 395 nm, and were recorded over
the range 405-600 nm. Samples were prepared by adding 5 ul of 0.2 mM bis-ANS to
El340E2661 in 5 mM sodium acetate, 5 mM MES, 5 mM Tris, 150 mM NaCl at the
appropriate pH. These samples were incubated at 37 °C for 5 min before the spectra were

taken. Controls without protein and without protein and probe were obtained.

Protein and phospholipid concentrations

The UV-spectrum of the protein was routinely used to calculate the concentration
of E1340E2¢61. An extinction coefficient (0.1% w/v, 1 cm, 280 nm) of 1.99 was used [29].
Lipid concentration was calculated based on their phosphorous content determined

according to Barlett [62].

21



Acknowledgments

This work was supported by Grant BFU 2010-2201413033 from the Ministerio de

Economia y Competitividad.

22



References

1. Lindenbach, B. D. & Rice, C. M. (2001) Flaviridae: The Viruses and Their
Replication. in Fields Virology (Knipe, D. & Howley, P. M., eds) pp. 41, Lippincott
Williams & Wilkins, Philadelphia.

2. Lemon, S. M., Walker, C., Alter, M. J. & Yi, M. (2007) Hepatitis C virus. in Fields
Virology (Knipe, D. M., Howley, P.M. Eds., ed) pp. 1252-1304, Lippincott Williams &
Wilkins, Philadelphia.

3. Ronn, R. & Sandstrom, A. (2008) New developments in the discovery of agents to
treat hepatitis C. Curr Top Med Chem 8, 533-62.

4. Mizushima, H., Hijikata, M., Asabe, S., Hirota, M., Kimura, K. & Shimotohno, K.
(1994) Two hepatitis C virus glycoprotein E2 products with different C termini. J Virol
68, 6215-22.

5. Op De Beeck, A., Cocquerel, L. & Dubuisson, J. (2001) Biogenesis of hepatitis C
virus envelope glycoproteins. J Gen Virol 82, 2589-2595.

6. Vieyres, G., Thomas, X., Descamps, V., Duverlie, G., Patel, A. H. & Dubuisson, J.
(2010) Characterization of the envelope glycoproteins associated with infectious hepatitis
C virus. J Virol 84, 10159-68.

7. Evans, M. J., von Hahn, T., Tscherne, D. M., Syder, A. J., Panis, M., Woelk, B.,
Hatziioannou, T., McKeating, J. A., Bieniasz, P. D. & Rice, C. M. (2007) Claudin-1 is a
hepatitis C virus co-receptor required for a late step in entry. Nature 446, 801-805

8. Zheng, A., Yuan, F., Li, Y., Zhu, F., Hou, P., Li, J., Song, X., Ding, M. & Deng, H.
(2007) Claudin-6 and claudin-9 function as additional coreceptors for hepatitis C virus. J
Virol 81, 12465-71.

9. Ploss, A., Evans, M. J., Gaysinskaya, V. A., Panis, M., You, H., de Jong, Y. P. &
Rice, C. M. (2009) Human occludin is a hepatitis C virus entry factor required for
infection of mouse cells. Nature 457, 882-6.

23



10. Wunschmann, S., Muller, H. M., Stipp, C. S., Hemler, M. E. & Stapleton, J. T.
(2006) In vitro interaction between hepatitis C virus (HCV) envelope glycoprotein E2
and serum lipoproteins (LPs) results in enhanced cellular binding of both HCV E2 and
LPs. J Infect Dis 194, 1058-1067.

11. Cormier, E. G., Durso, R. J., Tsamis, F., Boussemart, L., Manix, C., Olson, W. C.,
Gardner, J. P. & Dragic, T. (2004) L-SIGN (CD209L) and DC-SIGN (0209) mediate
transinfection of liver cells by hepatitis C virus. Proc Natl Acad Sci USA 101, 14067-
14072.

12. Garson, J. A., Lubach, D., Passas, J., Whitby, K. & Grant, P. R. (1999) Suramin
blocks hepatitis C binding to human hepatoma cells in vitro. J Med Virol 57, 238-242.

13. Rocha-Perugini, V., Montpellier, C., Delgrange, D., Wychowski, C., Helle, F., Pillez,
A., Drobecq, H., Le Naour, F., Charrin, S., Levy, S., Rubinstein, E., Dubuisson, J. &
Cocquerel, L. (2008) The CD81 partner EWI-2wint inhibits hepatitis C virus entry. PL0S
ONE 3, e1866.

14. Lindenbach, B. D., Evans, M. J., Syder, A. J., Wolk, B., Tellinghuisen, T. L., Liu, C.
C., Maruyama, T., Hynes, R. O., Burton, D. R., McKeating, J. A. & Rice, C. M. (2005)
Complete replication of hepatitis C virus in cell culture. Science 309, 623-626.

15. Wakita, T., Pietschmann, T., Kato, T., Date, T., Miyamoto, M., Zhao, Z., Murthy, K.,
Habermann, A., Krausslich, H. G., Mizokami, M., Bartenschlager, R. & Liang, T. J.
(2005) Production of infectious hepatitis C virus in tissue culture from a cloned viral
genome. Nat Med 11, 791-6.

16. Zhong, J., Gastaminza, P., Cheng, G. F., Kapadia, S., Kato, T., Burton, D. R.,
Wieland, S. F., Uprichard, S. L., Wakita, T. & Chisari, F. V. (2005) Robust hepatitis C

virus infection in vitro. Proc Natl Acad Sci USA 102, 9294-9299.

24



17. Blanchard, E., Belouzard, S., Goueslain, L., Wakita, T., Dubuisson, J., Wychowski,
C. & Rouille, Y. (2006) Hepatitis C virus entry depends on clathrin-mediated
endocytosis. J Virol 80, 6964-6972.

18. Lavillette, D., Bartosch, B., Nourrisson, D., Verney, G., Cosset, F. L., Penin, F. &
Pecheur, E. 1. (2006) Hepatitis C virus glycoproteins mediate low pH-dependent
membrane fusion with liposomes. J Biol Chem 281, 3909-3917.

19. Haid, S., Pietschmann, T. & Pecheur, E. 1. (2009) Low pH-dependent hepatitis C
virus membrane fusion depends on E2 integrity, target lipid composition, and density of
virus particles. J Biol Chem 284, 17657-67.

20. Meertens, L., Bertaux, C. & Dragic, T. (2006) Hepatitis C virus entry requires a
critical postinternalization step and delivery to early endosomes via clathrin-coated
vesicles. J Virol 80, 11571-11578

21. Koutsoudakis, G., Kaul, A., Steinmann, E., Kallis, S., Lohmann, V., Pietschmann, T.
& Bartenschlager, R. (2006) Characterization of the early steps of hepatitis C virus
infection by using luciferase reporter viruses. J Virol 80, 5308-5320.

22. Tscherne, D. M., Jones, C. T., Evans, M. J., Lindenbach, B. D., McKeating, J. A. &
Rice, C. M. (2006) Time- and temperature-dependent activation of hepatitis C virus for
low-pH-triggered entry. J Virol 80, 1734-1741.

23. Yagnik, A. T., Lahm, A., Meola, A., Roccasecca, R. M., Ercole, B. B., Nicosia, A. &
Tramontano, A. (2000) A model for the hepatitis C virus envelope glycoprotein E2.
Proteins: structure, function, and genetics 40, 355-366.

24. Flint, M., Logvinoff, C., Rice, C. M. & McKeating, J. A. (2004) Characterization of
infectious retroviral pseudotype particles bearing hepatitis C virus glycoproteins. J Virol

78, 6875-6882.

25



25. Drummer, H. E., Boo, I. & Poumbourios, P. (2007) Mutagenesis of a conserved
fusion peptide-like motif and membrane-proximal heptad-repeat region of hepatitis C
virus glycoprotein E1. J Gen Virol 88, 1144-1148.

26. Pacheco, B., Gémez-Gutiérrez, J., Yélamos, B., Delgado, C., Roncal, F., Albar, J. P.,
Peterson, D. & Gavilanes, F. (2006) Membrane-perturbing properties of three peptides
corresponding to the ectodomain of hepatitis C virus E2 envelope protein. Biochim
Biophys Acta 1758, 755-63.

27. Perez-Berna, A. J., Moreno, M. R., Guillen, J., Bernabeu, A. & Villalain, J. (2006)
The membrane-active regions of the hepatitis C virus E1 and E2 envelope glycoproteins.
Biochemistry 45, 3755-3768.

28. Lavillette, D., Pecheur, E. 1., Donot, P., Fresquet, J., Molle, J., Corbau, R., Dreux,
M., Penin, F. & Cosset, F. L. (2007) Characterization of fusion determinants points to the
involvement of three discrete regions of both E1 and E2 glycoproteins in the membrane
fusion process of hepatitis C virus. J Virol 81, 8752-8765.

29. Tello, D., Rodriguez-Rodriguez, M., Yelamos, B., Gomez-Gutierrez, J., Ortega, S.,
Pacheco, B., Peterson, D. L. & Gavilanes, F. (2010) Expression and structural properties
of a chimeric protein based on the ectodomains of E1 and E2 hepatitis C virus envelope
glycoproteins. Protein Expr Purif 71, 123-31.

30. Bentz, J., Duzgunes, N. & Nir, S. (1985) Temperature dependence of divalent cation
induced fusion of phosphatidylserine liposomes: evaluation of the kinetic rate constants.
Biochemistry 24, 1064-72.

31. Struck, D. K., Hoekstra, D. & Pagano, R. E. (1981) Use of resonance energy transfer
to monitor membrane fusion. Biochemistry 20, 4093-9.

32. Ellens, H., Bentz, J. & Szoka, F. C. (1985) H+- and Ca2+-induced fusion and

destabilization of liposomes. Biochemistry 24, 3099-106.

26



33. Verger, R. & Pattus, F. (1982) Lipid-protein interactions in monolayers. Chem Phys
Lipids 30 189.

34. Carneiro, F. A., Ferradosa, A. S. & da Poian, A. T. (2001) Low pH-induced
conformational changes in vesicular stomatitis virus glycoprotein involve dramatic
structure reorganization. J Biol Chem 276, 62-67.

35. Nir, S. & Nieva, J. L. (2000) Interactions of peptides with liposomes: pore formation
and fusion. Progr Lipid Res 39, 181-206.

36. Bartosch, B., Dubuisson, J. & Cosset, F. L. (2003) Infectious hepatitis C virus
pseudo-particles containing functional E1-E2 envelope protein complexes. J Exper Med
197, 633-642.

37. Hsu, M., Zhang, J., Flint, M., Logvinoff, C., Cheng-Mayer, C., Rice, C. M. &
McKeating, J. A. (2003) Hepatitis C virus glycoproteins mediate pH-dependent cell entry
of pseudotyped retroviral particles. Proc Natl Acad Sci USA 100, 7271-7276.

38. Lavillette, D., Tarr, A. W., Voisset, C., Donot, P., Bartosch, B., Bain, C., Patel, A.
H., Dubuisson, J., Ball, J. K. & Cosset, F. L. (2005) Characterization of host-range and
cell entry properties of the major genotypes and subtypes of hepatitis C virus. Hepatology
41, 265-274.

39. Op De Beeck, A., Voisset, C., Bartosch, B., Ciczora, Y., Cocquerel, L., Keck, Z.,
Foung, S., Cosset, F. L. & Dubuisson, J. (2004) Characterization of functional hepatitis C
virus envelope glycoproteins. J Virol 78, 2994-3002.

40. Corver, J., Ortiz, A., Allison, S. L., Schalich, J., Heinz, F. X. & Wilschut, J. (2000)
Membrane fusion activity of tick-borne encephalitis virus and recombinant subviral
particles in a liposomal model system. Virology 269, 37-46.

41. Despres, P., Frenkiel, M. P. & Deubel, V. (1993) Differences between cell membrane
fusion activities of two dengue type-1 isolates reflect modifications of viral structure.

Virology 196, 209-19.

27



42. Gollins, S. W. & Porterfield, J. S. (1986) The uncoating and infectivity of the
flavivirus West Nile on interaction with cells: effects of pH and ammonium chloride. J
Gen Virol 67, 1941-50.

43. Martin, 1., Schaal, H., Scheid, A. & Ruysschaert, J. M. (1996) Lipid membrane
fusion induced by the human immunodeficiency virus type 1 gp41 N-terminal extremity
is determined by its orientation in the lipid bilayer. J Virol 70, 298-304.

44. Saez-Cirion, A. & Nieva, J. L. (2002) Conformational transitions of membrane-
bound HIV-1 fusion peptide. Biochim Biophys Acta 1564, 57-65.

45. Carneiro, F. A., Bianconi, M. L., Weissmiiller, G., Stauffer, F. & Da Poian, A. T.
(2002) Membrane recognition by vesicular stomatitis virus involves enthalpy-driven
protein-lipid interactions. J Virol 76, 3756-3764.

46. Ghosh, J. K., Peisajovich, S. G. & Shai, Y. (2000) Sendai virus internal fusion
peptide: structural and functional characterization and a plausible mode of viral entry
inhibition. Biochemistry 39, 11581-11592.

47. Lear, J. D. & DeGrado, W. F. (1987) Membrane binding and conformational
properties of peptides representing the NH2 terminus of influenza HA-2. J Biol Chem
262, 6500-5.

48. Ghosh, J. K. & Shai, Y. (1999) Direct evidence that the N-terminal heptad repeat of
Sendai virus fusion protein participates in membrane fusion. J Mol Biol 292, 531-46.

49. Papahadjopoulos, D., Moscarello, M., Eylar, E. H. & Isac, T. (1975) Effects of
proteins on thermotropic phase transitions of phospholipid membranes. Biochim Biophys
Acta 401, 317-35.

50. Chernomordik, L., Kozlov, M. M. & Zimmerberg, J. (1995) Lipids in biological
membrane fusion. J Membr Biol 146, 1-14.

51. Ahn, A., Gibbons, D. L. & Kielian, M. (2002) The fusion peptide of Semliki Forest

virus associates with sterol-rich membrane domains. J Virol 76, 3267-75.

28



52. Nguyen, D. H. & Hildreth, J. E. (2000) Evidence for budding of human
immunodeficiency virus type 1 selectively from glycolipid-enriched membrane lipid
rafts. J Virol 74, 3264-72.

53. Spadaccini, R., D'Errico, G., D'Alessio, V., Notomista, E., Bianchi, A., Merola, M. &
Picone, D. (2010) Structural characterization of the transmembrane proximal region of
the hepatitis C virus E1 glycoprotein. Biochim Biophys Acta 1798, 344-53.

54. Rawat, S. S., Viard, M., Gallo, S. A., Rein, A., Blumenthal, R. & Puri, A. (2003)
Modulation of entry of enveloped viruses by cholesterol and sphingolipids. Mol Membr
Biol 20, 243-54.

55. White, J. & Helenius, A. (1980) pH-dependent fusion between the Semliki Forest
virus membrane and liposomes. Proc Natl Acad Sci U S A 77, 3273-7.

56. Justman, J., Klimjack, M. R. & Kielian, M. (1993) Role of spike protein
conformational changes in fusion of Semliki Forest virus. J Virol 67, 7597-607.

57. Gibbons, D. L., Ahn, A., Liao, M., Hammar, L., Cheng, R. H. & Kielian, M. (2004)
Multistep regulation of membrane insertion of the fusion peptide of Semliki Forest virus.
J Virol 78, 3312-8.

58. Bressanelli, S., Stiasny, K., Allison, S. L., Stura, E. A., Duquerroy, S., Lescar, J.,
Heinz, F. X. & Rey, F. A. (2004) Structure of a flavivirus envelope glycoprotein in its
low-pH-induced membrane fusion conformation. EMBO J 23, 728-38.

59. Modis, Y., Ogata, S., Clements, D. & Harrison, S. C. (2004) Structure of the dengue
virus envelope protein after membrane fusion. Nature 427, 313-9.

60. Jahn, R., Lang, T. & Sudhof, T. C. (2003) Membrane fusion. Cell 112, 519-33.

61. Laemmli, V. K. (1970) Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 227, 680-685.

62. Barlett, G. R. (1959) Colorimetric assay methods for free and phosphorylated

glyceric acids. J Biol Chem 234, 466-488.

29



Figure Legends

Fig.1. Amino acid sequence of the chimeric protein El3,E2s61. Positions 1-16 of the
recombinant protein are introduced by the cloning procedure. Positions 17-166 and 181-
458 correspond to residues 192-341 and 384-661 of HCV El and E2 ectodomains
respectively. The FLAG region which connects both ectodomains and which contains the
enterokinase recognition sequence (DDDDK) is shown in bold [29]. The putative
fusogenic sequences of both ectodomains are underlined [26]. The tryptophan residues of

these fusogenic regions are highlighted.

Fig. 2. Aggregation of PS, PG, and PC phospholipid vesicles induced by E134E2¢6;.
The increment of the optical density at 360 nm (AODs3s) was measured after the
incubation of vesicles in medium buffer at pH 5.0 with El30E26 at different
protein/lipid ratios. (o) PS (m) PG (A) PC vesicles. The final phospholipid
concentration was 0.14 mM. The results shown are the average + SD of two different

experiments.

Fig. 3. Aggregation kinetic of vesicles induced by El34E266. PG vesicles in the
absence (e, m) or presence (o, 0) of 20 % Chol were incubated with Els40E2¢6; at pH
5.0. (o, @) and pH 7.0 (o, m). The optical density at 360 nm (OD3¢p) was measured after
the addition of the protein (arrow). The protein/lipid ratio was 3.5 x 10™. The results

shown are representative of those obtained for two different experiments.

Fig. 4. Lipid mixing of PG vesicles induced by El34E266:. Increasing concentrations
of El340E2661 were added to a 1:9 mixture of labelled (NBD-PE 1% and Rh-PE 1%) and

unlabelled PG vesicles hydrated in medium buffer at pH 7.0 (o) or 5.0 (e). The
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efficiency of fluorescence resonance energy transfer (FRET) was calculated from the
ratio of the intensities at 530 and 590 nm and the appropriate calibration curve. The final
phospholipid concentration was 0.14 mM. The results shown are the average = SD of

two different experiments.

Fig. 5. Leakage of ANTS/DPX from PG vesicles induced by El34E2¢6:. Increasing
concentrations of Els4E2¢s1were added to vesicles loaded with ANTS and DPX in
medium buffer at pH 7.0 (@) and 5.0 (m). Frmax was obtained upon addition of 0.5% Triton
X-100. The measurements were performed at 37 °C and the final phospholipid
concentration in the assay was 0.14 mM. The results shown are the average = SD of two

different experiments.

Fig. 6. Temperature dependence of fluorescence polarization of DPH-labelled
DMPG liposomes. The vesicles were incubated with El1340E266; at a protein/lipid molar
ratio of 3.5 x 10~ in medium buffer at pH 7.0 (A) and 5.0 (B). () DMPG vesicles alone
(w) vesicles in the presence of the recombinant protein. The results shown are

representative of those obtained for two different experiments.

Fig. 7. Fluorescence emission spectra of ElssE2e61 (A) and bis-ANS-E1340E 2661 (B).
The spectra were taken in medium buffer at pH 7.0 (— ) and 5.0 ( - - - ) upon excitation
at 275 (A) and 395 nm (B). The protein concentration was 0.05 mg/ml (A) and 0.025
mg/ml (B). The results shown are representative of those obtained for two different

experiments.

Fig. 8. Change of emission fluorescence of bis-ANS. bis-ANS was added to E1340E661

at pH 5.0 in the absence (A) or in the presence (B) of PG vesicles or at pH 7.0 in absence
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of lipid (C) and incubated at 37 °C. The arrows indicate the time at which the
corresponding compound was added. The addition of NaOH and HCI bring the pH back
to 7.0 and 5.0, respectively. The protein/lipid molar ratio employed was 1.75 x 107. The
excitation and emission wavelength were 395 and 495 respectively. The final
concentration of bis-ANS was 2.5 uM. The results shown are representative of those

obtained for two different experiments.
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