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ABSTRACT: Infrared spectroscopy was used to study the secondary structure of peptides which imitate the
amino acid sequences of the C-terminal domains of the pro-apoptotic protein Bak (Bak-C) and the anti-
apoptotic protein Bcl-2 (Bcl-2-C) when incorporated into different lipid vesicles. Wh¢kgdsated sheet

was the predominant type of secondary structure of Bak-C in the absence of membranes, the same peptide
adopted different structures depending on lipid composition when incorporated into membranes, with the
predominance of the-helical structure in the case of DMPC and other phospholipids, such as POPC and
POPG. However s-pleated sheet was the predominant structure in other membranes containing
phospholipids with longer fatty acyl chains and cholesterol, as well as in a mixture which imitates the
composition of the outer mitochondrial membrane (OMM). Similarly, Bcl-2-C adopted a structure with

a predominance of intermolecularly bound plegtesheet in the absence of membranes, withelix as

the main component in the presence of DMPC and POPG, but intermolgestaet in the presence of

EYPC and cholesterol. Using ATR-IR, it was found that the orientation ottelical components of

both domains was nearly perpendicular to the plane of the membrane in the presence of DMPC membranes,
but not in EYPC or OMM membranedd NMR spectroscopy of DMP@s,4 confirmed the transmembrane
disposition of the domains, revealing that they broadened the phase transition temperature, although the
order parameter of the-€D bonds was not affected, as might have been expected for intrinsic peptides.
When all these results are taken together, it was concluded that the domains only form transmembrane
helices in membranes of reduced thickness and that hydrophobic mismatching occurs in thicker membranes,
as happens in the membrane imitating the composition of the OMM, where the peptides were partially
located outside the membranes.

The Bcl-2 family members are central regulators of BH1—BH3 domains of Bcl-x form an elongated hydropho-
apoptosis that promote or inhibit cell death—3). These bic groove, which is the docking site for the BH3 domains
proteins are characterized by the presence of distinctof pro-apoptotic binding partnerS)( Deletion and mutagen-
conserved sequence motifs known as Bcl-2 homology (BH) esis studies show that the BH3 domains of pro-apoptotic
domains, designated BH1, BH2, BH3, and BH4Z%, 4). In members are critical for their pro-apoptotic and heterodimer-
general, the anti-apoptotic members (e.g., Bcl-2, BecMcl- ization function 6). There is, in fact, a third subset of the
1, and Bcl-w from mammals and Ced-9 fr@daenorhabditis pro-apoptotic members of the Bcl-2 family, collectively
elegan} display sequence homology in all four BH domains, known as the BH3-only proteins (e.g., Bid, Bad, Bik, Bim,
whereas the pro-apoptotic members (e.g., Bax, Bak, and Bok)Bmf, Puma, Noxa, and Hrk/DP5 from mammals and Egl1l
have homologous BH1BH3 domains. Upon activation by  from C. eleganythat share sequence homology only in the
apoptotic stimuli, the pro-apoptotic Bcl-2 family members BH3 domain {).
are capable of forming heterodimers with anti-apoptotic ~ Many lines of evidence suggest that anti-apoptotic Bcl-2
members. The solution structure of Bgl-seveals that the family members appear to function, at least in part, by
interacting with antagonizing pro-apoptotic family members
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not been possible to measure Bcl-2- or Bellike channels Bak:

in intact cells, and it has not been confirmed in vivo whether Theoretical: 187 PILNVLVVLGVVLLGQFVVRRFFKS 211

Bcl-2-like anti-apoptotic proteins form membrane pores. Bak-C: 188  ILNVLVLGVVLLGQFVVRRFFKS 211
In addition to the BH domains, some members of this Bel-2:

family possess a C-terminal domain that has a hydrophobic Theoretical 216 SLKTLLSLALVGACITLGAYLGHK 239

character and is thought to be associated with membranes, Bal-2-C: 217 LKTLLSLALVGACITLGAYLGHK 239

at least in some cases. It ha; been.described that Bcl-2 (aggure 1: Comparison of the sequences determined by the
well as Bcl-x ) spontaneously inserts into membranes. It was theoretical prediction and those used in this study corresponding
hypothesized that the C-termiralhelix of Bcl-2 serves both  to the C-terminal domains of Bak (Bak-C) and Bcl-2 (Bcl-2-C).
as a membrane-targeting signal and as a membrane anchor he theoretical prediction was performed using the hydropathicity
This possibility has often been verified by the observation gi%fgyﬁgﬁgﬁgczwwwﬁﬁgag‘;grg?glr']tg%?r’] S%";'ifglti érllf)tg?nin o
that C-terminally truncated variants of Bcl-2 (and BelX  acid residues at the C-terminal end of each protein.
lose their ability to insert into membranes in vitro and in
vivo, as their anti-apoptotic activity increase {0), and BYLNVLVVLGVVLLGQFVVRRFFKS 2*~-COQO"). The
the same is true in yeast. Furthermore, these C-terminallylength of the C-terminal domains was selected according to
truncated variants are unable to prevent the effects of thethe theoretical prediction calculated with the hydropathicity
expression of Bax on the release of cytochram(@1) and degree of the sequence proposed by Kyte and Dooldg (
cell death {1, 12). It has also been shown that the isolated which is available in the ExXPASy website (www.expasy.org)
C-terminal domain of Bcl-2 is inserted into membrant3) ( (Figure 1). Furthermore, other authors have used similar or
Recently, certain C-terminally deleted mutants of the anti- even smaller fragments as the C-terminal domains of these
apoptotic protein Bcl-w were found to lose their anti- proteins R5-27). Both synthetic peptides and the N-
apoptotic function, although they are still able to bind BH3- acetylated form of Bcl-2-C were purchased from Genemed
only proteins, such as BimL and Bad, suggesting a novel (San Francisco, CA) and judged to be pur@$%) accord-
role for the C-terminal residues in modulating biological ing to HPLC and MALDI-TOF spectroscopy.
activity (14). Prosurvival Bcl-2-related proteins, which are  Egg yolk phosphatidylcholine (EYPC)egg yolk trans-
critical regulators of apoptosis, contain a hydrophobic groove phosphatidylethanolamine (EYPE-t), cardiolipin, cholesterol
targeted for binding by the BH3 domain of the BH3-only (Chol), sphingomyelin (SM), 1,2-dimyristoyr-glycero-3-
proteins. In this case, the groove appears to be occluded byphosphocholine (DMPC), 1-palmitoyl-2-olegh-glycero-3-
the C-terminal residues. Binding and kinetic data suggest phosphocholine (POPC), and 1-palmitoyl-2-oley3-
that the C-terminal residues of Bcl-w and Belmodulate ~ phosphorac-glycerol (POPG) were purchased from Avanti
prosurvival activity by regulating ligand access to the groove. Polar Lipids, Inc. (Alabaster, AL). The outer mitochondrial
Binding of the BH3-only proteins, which is critical for cell membrane (OMM) was prepared with 45% PC, 21% PE,
death initiation, probably displaces the hydrophobic C- 13% PI, 3.5% PG, 3% cardiolipin, 4.5% SM, and 10% Chol
terminal region of Bcl-w and Bclx Moreover, Bel-w does ~ (molar percentages), as previously describ2g).(2,2,2-
not act only by sequestering the BH3-only proteifig)( Trifluoroethar?ol (TFE) and tetrahydrofuran (THF) were .from_
In the case of pro-apoptotic proteins, it is controversial Sigma (Madrid, Spain), and all other reagents used in this
whether the C-terminal domain of Bax is or is not able to Work were analytical grade. Both deuterium water and
insert into the membrand %); however, Bak is localized in ~ deuterium-depleted water were from Aldrich (Madrid, Spain).

the outer mitochondrial membrane in healthy ce8s16), Water was twice distilled and deionized using a Millipore
and its C-terminal domain has been shown to interact with System from Millipore Ibeca (Madrid, Spain).
membranes1(?). Fourier Transform Infrared Spectroscopy (FT-IR)he

There is a growing body of evidence that shows that lipid INfraréd spectra were obtained using a Bruker Vector 22
composition and, in particular, the presence of cholesterol FOUrer transform infrared spectrometer equipped with a
in a membrane may be important for determining the liquid nitrogen-cooled MCT detector. Each spectrum was

localization of these peptide domains with respect to the lipid OPtained after equilibrating the samples at’20for 20 min
bilayer. In some cases, the presence of cholesterol has beefll! the infrared cell by collecting 500 interferograms with a
described to alter the localization of the peptides in the nominal resolution of 4 cit and triangular apodization using
membrane 18, 19), inhibit their insertion 20—22), or the sample shuttle accessory to average background spectra

produce aggregation in the surface of the membrase ( between sample spectra over the same time period. The
In this paper, we have studied the C-terminal domains of sample chamber of the spectrometer was continuously purged

pro-apoptotic Bak and anti-apoptotic Bcl-2 proteins when \c/Jvll)tgcudrm iuetgaﬂgivg?gngggtsphenc water vapor  from
they are inserted in lipid vesicles, finding that lipid composi- 9 '
tion may modulate their secondary structure and their  Abbreviat ATRUR | otal reflection mfrared
; ; ; imid i reviations: -IR, attenuated total reflection infrared spec-
orientation with respect to the lipid bilayer. troscopy; Chol, cholesterol; DMPC, 1,2-dimyristasrglycero-3-
phosphocholine; EYPC, egg yolk phosphatidylcholine; EYPE-t, egg
EXPERIMENTAL PROCEDURES yolk trans-phosphatidylethanolamine; FT-IR, Fourier transform infrared
. . . . spectroscopy; LUVs, large unilamellar vesicles; MLVs, multilamellar
Materials. The synthetic Bcl-2 C-terminal domain pep-  vesicles; OMM, outer mitochondrial membrane; PC, phosphatidylcho-
tide (Bcl-2-C) encompassed residues 2289 of Bcl-2 line; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI,

+_217 239_ phosphatidylinositol; POPC, 1-palmitoyl-2-olecsi-glycero-3-phos-
(NHs LTKLLSLALVGACITLGAYLGHK Co0), phocholine; POPG, 1-palmitoyl-2-oleogt+3-phosphaac-glycerol; T,

whereas the synthetic Bak C-terminal domain peptide iransition temperature; TFE, 2,2,2-trifluoroethanol; THF, tetrahydro-
(Bak-C) included residues 18211 of Bak (NH'- furan.
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Ficure 2: FT-IR spectra of Bak-C (solid lines) in,D buffer [10 mM Hepes (pD 7.4) and 0.1 mM EDTA] at 2@, and in the presence
of different lipid mixtures, in the range of 186A400 cnt?, where amide’| amide 1, and amide 1lregions can be seen. The parameters

corresponding to the fitted component bands are shown in Table 1. The spectra of each lipid mixture alone are also depicted as dashed
lines.

Samples were prepared as previously descrid&d 17,
28) with 0.18umol of peptides dissolved in TFE and 1.8 or
18 umol of total lipid (i.e., 1:10 or 1:100 peptide:lipid molar
ratio, respectively) in a chloroform/methanol mixture (1:1,
v/v). These lipid/peptide mixtures were dried twice under a
stream of oxygen-free Nand then the last traces of solvents
were removed by a furthe3 h evaporation under high
vacuum. Samples were then hydrated in 1Q0of D,O
buffer [10 mM Hepes (pD 7.4) and 0.1 mM EDTA] and
dispersed fo 1 h with vigorous vortexing in the liquie
crystalline phase, i.e., above the transition temperature of
the lipid mixture, to produce multilamellar vesicles (MLVS).
Next, the samples were centrifuged at 13266 30 min.

procedure by three different persons. Therefore, we will
assume as being significantly different changes in the
structural components of 4%.

Attenuated Total Reflection Infrared Spectroscopy (ATR-
IR). This method is one of the most powerful tools for
recording infrared spectra of biological materials, especially
biological membranes3@, 34). ATR-IR requires small
guantities of sample (only a few micrograms) and gives
information about the orientation of various parts of the
molecule under study to be evaluated in an oriented system,
allowing the simultaneous study of the structure of lipids
and proteins in intact biological membranes without the
addition of foreign probes35).

The lipid phase at the top of the solution and the supernatant
phase were separated from the pellet and centrifuged again The ATR-IR method is based on the fact that infrared |Ight
to obtain the highest degree of lipid phase separation from absorption is maximal if the dipole transition moment is
the supernatant. The lipid phase containing bound peptidepal’al|e| to the electric field component of the incident light
(25uL) was then transferred to a Specac 20710 cell equipped(35). In an ordered membrane deposited on the internal
with CaF, windows and 2%m Teflon spacers (Specac, Kent, reflection element surface (ATR plate), all the molecules and,
U.K.). With this procedure, the peptide signal detected by therefore, the transition dipole moments within the membrane
FT-IR arose only from the peptide bound to the lipid. The molecules have the same orientation with respect to a normal
spectra of the lipid mixtures alone were also recorded andto the ATR plate surface3d). It is therefore possible to detect
showed that they did not affect the amideband (1706 changes in the orientation of a number of chemical bonds
1600 cm?) (see Figures 2 and 3). The solvent contribution belonging to lipids and proteing4, 36, 37). By measuring
was eliminated interactively by subtracting the pure buffer the spectral intensity while turning the incident light electric
spectrum from the sample spectrum, using the Grams/32field orientation with a polarizer, we were able to obtain more
software (Galactic Industries Corp., Salem, NH). Data information about the orientation of the dipoles. In fact, all
treatment and band decomposition were performed as previthe orientation information is contained in the dichroic ratio
ously described(3, 17, 28—32). The fractional areas of the ~ RATR which is the ratio between the integrated absorbance
bands in the amidé region were calculated from the final  of a band measured with a parallel polarization of the incident

fitted band areas. The procedure used here to quantitativelylight (A;) and the absorbance measured with a perpendicular
calculate the secondary structure is usually assumed to haveyolarization of the incident lightA):

an error of~1% (32), and in this paper, we have assumed
it to be 1-2%, as deduced from the comparison of at least

TR _
three independent experiments and the repetition of the fitting R = A“/AD



C-Terminal Domains of Bak and Bcl-2 and Membranes Biochemistry, Vol. 44, No. 32, 2009.0799

AAbs AAbs
(0.02) (0.02)

POPG
EYPC
EYPC/EYPE-t

--------- (4:1)

S DMPC
\/J\/\/\ - EYPC/Chol
Bcl-2-C @)
1780 1740 1700 1680 1620 1580 1540 1500 1460 1420 1780 1740 1700 1660 1620 1580 1540 1500 1460 1420
wavenumber (cm) wavenumber (cm)

Ficure 3: FT-IR spectra of Bcl-2-C (solid lines) inJD buffer [L0 mM Hepes (pD 7.4) and 0.1 mM EDTA] at 20, and in the presence

of different lipid mixtures, in the range of 186A400 cnT!, where amide’| amide I, and amide Tlregions can be seen. The parameters
corresponding to the fitted component bands are shown in Table 2. The spectra of each lipid mixture alone are also depicted as dashed
lines.

The dichroic spectrum is the difference between the spectraplane by using a ZnSe polarizer (Specac) on a Bruker Vector
recorded with parallel and perpendicular polarizations. A 22 Fourier transform infrared spectrometer equipped with a
larger absorbance for the parallel polarization (upward liquid nitrogen-cooled MCT detector. The internal reflection
deviation on the dichroic spectrum) indicates a dipole element was a germanium ATR plate (Specac) (52 mam
oriented preferentially near the normal of the ATR plate. 20 mmx 2 mm) with an aperture angle of 45The crystal
Conversely, a larger absorbance for the perpendicularsurface was rendered hydrophilic by washing it with an
polarization (downward deviation on the dichroic spectrum) alkaline detergent, rinsing it with distilled water, and washing
indicates a dipole oriented approximately parallel to the ATR it with methanol and chloroform. A total of 500 scans were
plate. In this calculation, the perpendicular spectrum is accumulated for each spectrum with a nominal resolution
multiplied by a factor before subtraction to take into account of 4 cntt. The background spectrum was a single-beam
the differences in the relative power of the evanescent fields.spectrum collected from an empty ATR crystal. The spec-
This factor is the dichroic ratio for an isotropic distribution trometer was continuously purged with dry air to clean out
of the dipoles Rs°), which is difficult to find in practice, as  the water vapor absorption. The remaining interference of
all the molecules composing the film are oriented with water vapor absorption was eliminated by subtracting from
respect to the interface, including water. Bechinger eB8). ( these spectra a separately measured water vapor spectrum.
suggested that as the=© orientation is on average close Samples were prepared as previously stag8d) with a
to the magic angle with respect to the bilayer normal, the peptide:lipid molar ratio of 1:10. In this sense, a solution of
dichroic ratio of the band at 1738 cf i.e., »(C=0), 0.295umol of the corresponding lipid mixture in a chloroform/
provides a good estimation &¥. methanol mixture (1:1, v/v) was added to 0.028%0l of

The presence of residues containing secondary structurepeptide (8Qug) dissolved in TFE. Samples were then dried
other tharo-helix introduces some changes into the previous under N and stored in a vacuum for 1 h. Then, 200 of

analysis, and we have to consider tidaelix dichroic ratio, TFE and 2QuL of Cl,C were added, and oriented films were

R*: obtained by applying this solution onto one side of a
germanium plate and drying it under a stream of (88,

w RR4+2 39). The last traces of solvents were removed by a further 3
a RSO 4 1( —X) h evaporation under high vacuum. The crystal was placed

R“=A”/AD= = in the liquid sample holder with connections to allow a

_ 1R+ 2( —x) stream of air (wet in BO) to hydrate its surface for 15 min
RS°2RS° + 1 before collection of spectra.

H NMR SpectroscopySamples for?H NMR were
whereRAR is the amide | dichroic ratidR*° is the dichroic prepared at a peptide:lipid molar ratio of 1:14. Organic
ratio of the band at 1738 crh (C=0 band), andk is the solutions containing 10.92mol of DMPC-ds4 (8 mg) were
fraction of a-helix component in the protein sample. The mixed with 0.84umol of each peptide (2.3 mg of Bak-C
angles between the amide | dipole and the helix main axis and 2.0 mg of Bcl-2-C) dissolved in TFE. A sample including
that are reported in the literature vary between 20 arfd 40 only 8 mg of DMPCeés, was also prepared as a reference.
(33, 36, 37). Samples were dried under a stream of oxygen-free nitrogen,

Spectra were recorded at 20 with incident light, which and then the last traces of solvents were removed by a further
is polarized parallel or perpendicular relative to the incidence 3 h evaporation under high vacuum. Then, 2000f TFE
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Table 1: FT-IR Parameters of the AmideBand Components of Bak-C in,D Buffer [LO mM Hepes (pD 7.4) and 0.1 mM EDTA] at 2@,
and in the Presence of EYPC, OMM, EYPC/EYPE-t (4:1), EYPC/Chol (4:1), DMPC, DMPC/EYPE-t (4:1), DMPC/Chol (4:1), POPG, and
POPC MLV$

Bak-C EYPC OMM EYPC/EYPE-t EYPC/Chol
assignment  positidr(cm™) are& positior? (cm™) are& positior? (cm™) ared positior? (cm™) ared& positior? (cm™) are&
turns 1679 10 1675 10 1675 6 1675 10 1675 7
a-helix 1658 33 1658 48 1656 45 1656 49 1656 47
random 1645 8 1645 3 1644 2 1644 3 1645 2
[-pleated sheet 1627 49 1635 39 1632 47 1631 38 1632 44
DMPC DMPC/EYPE-t DMPC/Chol POPG POPC
assignment  positidr(cm™) are& positior? (cm™!) are& positior? (cm™) ared positior? (cm™) ared& positior? (cm™) are&
turns 1676 12 1678 7 1678 6 1678 9 1676 7
a-helix 1657 58 1657 59 1657 57 1657 58 1656 59
random 1644 5 1642 3 1642 4 1642 4 1642 6
[-pleated sheet 1633 25 1632 31 1632 33 1632 29 1632 29

aSamples were prepared at a lipid:peptide molar ratio of 10:1 (see Experimental ProceédRes®) position of the amidé thand components.
¢ Percentage area of the amidéoand components. The area corresponding to side chain contributions located -ail&68@nm?* has not been
considered.

was added, and the samples were vortexed vigorously andocated at 1627 crit, and probably corresponds to intramo-
dried again, as described previously. MLVs were formed by lecular G=0 vibrations of peptidyl bonds withi-pleated
incubating the dried samples in 200 of buffer containing sheets 42—45). The component at 1658 crhamounted to
10 mM Hepes (pH 7.4) and 0.1 mM EDTA, in the liquid 33%, and can be attributed to-helix (44, 45), while the
crystalline phase, i.e., above the transition temperature ofcomponents at 1679 and 1690 ¢th{10%) can be assigned
the lipid mixture, fo 1 h with vigorous vortexing. This buffer  to turns or to antiparallgs-structures 46—49). Finally, the
was prepared using deuterium-depleted water (Aldrich band located at 1645 crh (3%) can be attributed to
Chemical Co., Milwaukee, WI). nonstructured conformations, including open loop3 @6,

°H NMR spectra were acquired in a Bruker Avance 400 47).
spectrometer at 61.54 MHz using the standard quadrupole The infrared spectra were quite different when Bak-C was
echo sequencet(). The spectral width was 150 kHz, with  resuspended in the presence of MLVs with different lipid
a 10us 90 pulse, a 4Qus pulse spacing, a 3.3z dwell compositions. As shown in Figure 2, there is a clear shift of
time, a 1 srecycle time, a 50 Hz line broadening, and the maxima toward a higher wavenumber (169658
accumulation of 2000 transients. Spectra were recorded atcm2), indicative of the predominance afhelical structures.
different temperatures, above and below the transition However, it is striking that membrane lipid composition
temperature T¢) of the pure phospholipid, as indicated in determined the amidé tontour and hence the secondary
each case. Spectra were de-Paked by numerical deconvolustructure of Bak-C, so the shoulder appearing-a631—
tion with the software supplied by Bruker. The de-Paked 1635 cnt! and which indicates the presence ®pleated
spectra correspond to the spectra that would be obtained fromsheet was more important with certain lipid mixtures.
a planar membrane with its bilayer normal aligned parallel  \yhen Bak-C was incorporated into EYPC vesicles, the
to the applied static magnetic field, enhancing resolution and panq decomposition of the infrared spectrum (Figure 2, Table
facilitating analysis of individual spectral peal&l). These 1, and Supporting Information) showed that the main
spectra were compared with the original spectra to ensurecomponent (48%) appeared at 1658 értu-helix), while
that the relevant features were maintained through the de-the pand at 1635 cm (B-sheet) represented 39%. When the
Paking process. composition of the membrane was designed to imitate that
RESULTS of the OMM, the structure thaf[ Bak-C ado_pted was clearly

different from that observed with EYPC (Figure 2, Table 1,

The interaction of Bak-C and Bcl-2-C with membranes and Supporting Information). In this case, the main compo-
was studied by using different spectroscopic techniques with nent (47%) was located at 1632 chindicating the presence
the aim of revealing how membrane lipid composition of S-pleated sheet, whereas the band correspondiaghlix
influences the secondary structure of the peptides and their(1656 cn1!) amounted to 45%.
orientation in the membrane, and also how the peptides affect It can be seen in Table 1 that the other lipid compositions
lipid dynamics. that were tested produced secondary structures of Bak-C with

Infrared Spectroscopy of Bak-C in the Presence of variations in the predominance afhelix or -pleated sheet.
Different Membrane Compositionghe amide'lband of the When EYPE-t was added to EYPC at a 1:4 molar ratio, the
infrared spectrum of Bak C-terminal domain peptide y©D  structure did not change with respect to pure EYPC (within
buffer showed a maximum at 1636 cin(Figure 2 and experimental error), but when cholesterol was added to
Supporting Information), indicating the predominance of EYPC at the same molar ratio, the structure was identical
[-sheet in its secondary structud2(-45). The correspond-  (within experimental error) to that seen with the mixture
ing parameters, band position, percentage area, and assigrimitating the OMM (Figure 2 and Table 1). This result shows
ment of each spectral component are shown in Table 1. Thethat the addition of cholesterol influenced the increase in
component with the maximum contribution (49%) was f-pleated sheet (from 39% in EYPC vesicles alone to 44%).
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Th_e effe_Ct _Of DMPC was different (_Fl_gure 2 ‘fmd Table Table 2: FT-IR Parameters of the AmideBand Components of
1), since, in its presence, Bak-C exhibited a higinelix Bcl-2-C in DO Buffer [10 mM Hepes (pD 7.4) and 0.1 mM
(58%) and a lovp-pleated sheet (25%) content. The different EDTA] at 20°C (14), and in the Presence of DMPC, POPG, EYPC,
composition of the fatty acyl chains between EYPC and EYPC/EYPE-t (4:1), and EYPC/Chol (4:1) ML¥'s

DMPC, both in the number of insaturations and in chain Bcl-2-C
lengths, must be involved in this structure change. No assignment positidricm ) ared
changes were observed when comparing spectra of Bak-C :

. : X urns 1681 4
with DMPC vesicles at different temperatures (10 and 30 turns 1668 19
°C) (not shown), indicating that the presence of gel or fluid a-helix, random 1649 35
phases did not influence the secondary structure of Bak-C.  f-sheet 1632 17
The addition of EYPE-t or cholesterol to DMPC resulted in aggregation 1620 28
an increase in th@g-pleated sheet content to 31 or 33%, EYPC
respectively, with some decreasesfiturn content. assignment positidr(cm ) area

In the presence of a negatively charged phospholipid like . o84 3
POPG, the secondary structure of Bak-C was very similar ~|® 1673 ;
to that obtained in DMPC vesicles. Thehelical structure a-helix 1654 57
(1657 cmt) was predominant with 58%, wheregspleated random 1640 13
sheet (1632 cm¥) amounted to only 29% (Figure 2 and Table f-sheet 1633 9

: o : aggregation 1622 11
1). This result indicates that the negative charge was not
important in determining the secondary structure of Bak-C. DMPC
Finally, in the presence of POPC (Figure 2 and Table 1), assignment positir(cm Y area
the results were the same as with POPG (within experimental : 1085 s
error), and very similar to those obtained with DMPC, tﬂmz 1674 7
indicating again that the negative charge was not important a-helix 1654 65
in determining the secondary structure of Bak-C. It is random 1639 12
interesting that EYPC and POPC membranes have consider- ~ A-sheet 11%?525 %
ably different effects on the secondary structure of Bak-C. aggregation
In this sense, the content m-helix was higher in POPC POPG
membranes, whereas the percentagg-pfeated sheet was assignment positier(cn ) area
higher in EYPC vesicles. These differences may be explained

- . . turns 1684 4

by the differences in the fatty acyl chain length and turns 1674 8
unsaturation. a-helix 1656 66

Bak-C was prepared in the presence of EYPC or DMPC random 1641 12
at a peptide:lipid molar ratio of 1:100 to test whether the g'Shrge;tion 11%?53; %
aggregation was favored by a high peptide concentration. gareg
The spectra were very similar to those obtained with a EYPCI/Chol
peptide:lipid molar ratio of 1:10. Band decomposition assignment positidricm ™) area
showed that the calculated percentage of each secondary s 1684 2
structure component was the same, within experimental error,  ns 1673 4
i.e., with differences of less than 4% (see Supporting a-helix 1653 48
Information). random 1639 7

Infrared Spectroscopy of Bcl-2-C in the Presence of B-sheet 1633 6

. o . aggregation 1623 28
Different Membrane Composition§he maximum of the
amide | band of the infrared spectrum of the Bcl-2-C peptide EYPC/EYPE-t
in DO buffer was located at 1622 cr (Figure 3 and assignment positiéricm ?) ared
Supporting Information), a frequency which indicates the :

) e urns 1683 4

presence of aggregated peptide molecules with intra- or turns 1674 5
intermolecular hydrogen bonding and which is usual in a-helix 1653 58
thermally denatured proteinsld, 29, 30, 50, 51). The random 1639 6
corresponding parameters, band position, percentage area, /-Sheet 1633 6
P gp ! P P 9 ' aggregation 1623 21

and assignment of each spectral component of the arhide |

a Samples were prepared at a lipid:peptide molar ratio of 10:1 (see

region are shown in Table 2. The component with the Experimental Procedure)Peak position of the amide’ Iband

maximum contribution (35% of the total area) was located ¢omponentse Percentage area of the amidéand components. The
at 1649 cm?, which corresponds ta-helix. The component  area corresponding to side chain contributions located at-16605
at 1620 cm* (28%) can be assigned to aggregated extendedcm™ has not been considered.

structures 13, 29, 30, 50, 51). The band at 1632 cm (17%)
can be attributed tg3-sheets, while the high-frequency
components at 1668 (19%) and 1681 ¢énf4%) can be

EYPC, the maximum of the amidé band now being

centered at 1654 cm, indicative of a predominantly

assigned to turns g#-structures. o-helical structure (Figure 3, Table 2, and Supporting
Bcl-2-C was incorporated in similar lipid mixtures to Bak- Information) and representing 57%. The band at 1640'cm

C. In this case, the infrared spectrum was quite different which can be assigned to unstructured conformations includ-

when Bcl-2-C was resuspended in the presence of MLVs of ing open loops, amounted to 13%. The component at 1633
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cmt, which can be attributed to intramolecular=O influence the secondary structure results that were obtained.
vibrations of f-sheets, was 9%, while the high-frequency Samples with the N-acetylated form of Bcl-2-C and DMPC
components at 1673 and 1684 chfturns orj-structures) or EYPC at a peptide:lipid molar ratio of 1:100 were also
amounted to 7 and 3%, respectively. Finally, the componentrecorded, and the spectra and the percentages of secondary
at 1623 cm?, which probably arose from aggregated structure components showed no significant differences (not
extended structures, as in the sample containing peptideshown for the sake of brevity).

without lipid, was much smaller, representing onhL1% Orientation of Bak-C and Bcl-2-CThe orientations of

of the total area of the amidé band. This result indicates  these peptides were investigated in the presence of three
that most of the peptide aggregates disappeared in thedifferent membrane compositions: EYPC, OMM, and DMPC
presence of the phospholipid. (Figures 4 and 5 and Table 3). The orientation of the

Figure 3 and Table 2 also show that other lipid composi- membranes was assessed by means of the antisymmetric and
tions of model membranes similarly favored a conformation symmetric vibrations of lipid methylene-€H bonds that
with a predominance af-helix, as was the case with DMPC, can be observed at2920 and~2850 cnt?, respectively
wherea-helical structures (1654 c) amounted to 65%;  (Table 3). These methylene bonds are perpendicular to the
on the other handj3-sheet (1633 cnt) was 6%, and only  molecular axis of a fully extended hydrocarbon chain, and
5% corresponded to aggregation (1625 ¢mAs with Bak- thus, measurements of the dichroism of absorbance of
C, the spectra obtained at different temperatures wereinfrared light can provide information about the order and
compared in the presence of DMPC (10 and’@), and no orientation of the membrane sample relative to the germa-
changes were observed (not shown), indicating again thatnium crystal. Table 3 shows calculations 8™? (2920
the presence of gel or fluid phases did not change thecm™), with higher values for samples containing Bcl-2-C
secondary structure. In the presence of POPG, the secondaryhan for samples containing Bak-C for the same phospholipid,
structure of Bcl-2 was very similar to that obtained in DMPC except with DMPC, indicating that Bcl-2-C has a stronger
vesicles (within experimental error), with the-helical disordering effect on the membranes. Nevertheless, all the
component as the predominant one. This result indicates thatsystems were ordered, as indicated by the order parameters
negative charge was not important in determining the (S) oscillating between 0.292 and 0.707, and the angles
secondary structure of Bcl-2-C. formed with the plane of the bilayer, which varied between

The pattern was different, however, when the peptide was 26.2 and 43.%4 (36, 37, 39, 52—56). The order parameters
incorporated in an EYPC/cholesterol mixture (4:1 molar were maxima in the case of DMPC, and as a consequence,
ratio) (Figure 3, Table 2, and Supporting Information). In the angles formed with the plane of the bilayer were minimal,
this case, ther-helical component (1653 cri) represented  26.2 in the case of Bcl-2-C and 28.9or Bak-C. More
48%; 3-pleated sheet (1633 crt) was 6%, and the content  disorder was observed for EYPC, with angles of 43Bkl-
of aggregated extended structures (1623 %9rimcreased to  2-C) and 41.0 (Bak-C), probably due to the presence of
28%, compared with the structure observed in EYPC vesiclesgauche isomers, as was also the case for OMM with°36.9
(11%). Although the presence of cholesterol produced the (Bcl-2-C) and 31.6 (Bak-C). Very similar results were
highest increase in the level of aggregation, the EYPC/ obtained for theRATR of the C-H symmetric vibration at
EYPE-t membrane (4:1 molar ratio) also induced the 2850 cm! (Table 3). These values are similar to those
formation of aggregation in Bcl-2-C, with 58é¢helix (1653 described in previous works for well-oriented membranes
cm1), 6% fS-pleated sheet (1633 cri), and 21% corre- (39, 52—56). Since the membranes were oriented on the
sponding to aggregation (1623 chh (Figure 3 and Table  germanium crystal, it was then possible to study the
2). orientation of the peptides inserted in them.

The secondary structure of Bcl-2-C in the presence of a Information about the orientation of am-helix can be
lipid mixture corresponding to the OMM was identical obtained by recording ATR-IR peptide spectra with polarized
(within experimental error) to that found in the presence of light, provided that the peptides are oriented with respect to
EYPC (ref13 and data not shown). the internal reflection element. Figure 4 shows thé @Q)

As mentioned above for Bak-C, Bcl-2-C was prepared in and O (An) polarization spectra of the Bak-C peptide coupled
the presence of EYPC or DMPC at a peptide:lipid molar to different types of lipid mixtures, as well as the difference
ratio of 1:100, to test the possibility that the aggregation could dichroic spectra/; — R°Ag), obtained using the €O)
be favored by a high peptide concentration. The spectra weredichroic ratio asRs® (36, 38). As can be observed in Figure
very similar to those obtained with a peptide:lipid molar ratio 4, the polarization difference spectra showed positive devia-
of 1:10. When band decomposition was carried out, the tion in the amide 'l band (1606-1700 cn1?) in all three
calculated percentage of each secondary structure componertases, indicating an orientation of the amiddipole parallel
was the same, within experimental error, i.e., with differences to the lipid acyl chains, although it was higher in the cases
of <4% (see Supporting Information). of DMPC and EYPC and lower in the presence of OMM.

Furthermore, the N-acetylated form of Bcl-2-C was used In the case of Bak-C, the calculated dichroic ra®in the
to check whether the peptide terminal charge influenced thepresence of EYPC (48% daf-helix) was 1.555 and cor-
secondary structure results. This modified peptide was responded to an angle of 58etween thex-helix of Bak-C
prepared in the presence of EYPC or DMPC at a peptide: and a normal to the germanium plate, whereas with OMM
lipid molar ratio of 1:10, and no significant differences were (45% of a-helix), the dichroic ratioR* was 1.364 and the
observed compared with the spectra obtained with Bcl-2-C angle 54 (Table 3). Finally, when the peptide was incor-
or after the calculation of the secondary structure componentporated in DMPC vesicles (58% af-helix), the dichroic
percentages (see Supporting Information). These resultsratio R* was 2.512 and the angle 2¢Table 3). The dichroic
confirmed that the terminal charge of the peptides did not ratio for the amide 'l region of this last sample and that
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Ficure4: ATR-FT-IR spectra of Bak-C in the presence of DMPC (A), OMM (B), and EYPC (C), &C20r parallel &) and perpendicular

(Ap) orientations of the polarizer. Difference dichroic spectra were obtained as parallel minus perpendicular spectra after multiplication of
the perpendicular spectra by the dichroic ratlg ¢ RS°A5; see the text). All spectra are shown in the same scale, except the dichroic
spectra whose intensity has been doubled for a better representation. The ATR-FT-IR parameters are given in Table 3.

calculated taking into account tieehelical contentR*) and together with the difference dichroic spectf, (— R°An)

the angle derived from them are in the range obtained for obtained as described above. The positive sign of the amide
several oriented peptides and protei3g~36, 38). The I' in the difference spectra indicated the transmembrane
angles calculated for all the samples were obtained with ancharacter of the peptides under the three lipid mixtures
order parameter of 1 describing the orientation of the studied, although, given the sizes of the peaks, the orientation
membrane plane with respect to the germanium plate and amust be better in the case of DMPC. Table 3 shows that in

value of 27 for the angle between the=€D dipole and the
helix axis. If this angle were 39 the calculated angles
between thex-helix and the normal to the plate would be
very similar (54 in the case of EYPC and OMM and 2ih

the presence of EYPC vesicles (54nelix), the calculated
dichroic ratioR* of 1.935 corresponds to an angle of°46
between thea-helix of Bcl-2-C and a normal to the
germanium plate, whereas with OMM (6886helix), the

the case of DMPC) (Table 3). We note that the angles dichroic ratioR* was 1.590 and the angle 49Vhen the
mentioned above are the maximum possible angle, becaus@eptide was incorporated into DMPC vesicles (6&%elix),
values of <1 for the order parameter would decrease the the calculated dichroic ratiB* was 2.838 and the angle °10
calculated helix-axis membrane normal angle. It should be Once more, the dichroic ratios for the amidedgion and
kept in mind that this technique does not discriminate R for this last sample, and also the angle derived from them,
between a fixed uniaxial orientation and the mean of two are in the range obtained for several oriented peptides and
(or more) populations with different orientations correspond- proteins 84—36, 38). The results calculated for all the

ing to an average oblique orientation.

samples were obtained again with an order parameter of 1

In the case of Bcl-2-C, Figure 5 shows the spectra parallel and a value of 27for the angle between the=€D dipole

to the membrane surfacéf) and perpendicular to itAQ),

and the helix axis. When the calculation was carried out with
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Ficure 5: ATR-FT-IR spectra of Bcl-2-C in the presence of DMPC (A), OMM (B), and EYPC (C), &C2for parallel &) and perpendicular

(Ap) orientations of the polarizer. Difference dichroic spectra were obtained as parallel minus perpendicular spectra after multiplication of
the perpendicular spectra by the dichroic ratlg  R°Aq; see the text). All spectra are shown in the same scale, except the dichroic
spectra whose intensity has been doubled for a better representation. The ATR-FT-IR parameters are shown in Table 3.

Table 3: ATR-FT-IR Data of Bcl-2-C and Bak-C in Different Lipid Mixtures

Bcl-2-C Bak-C

EYPC OMM DMPC EYPC OMM DMPC
RATR (2920) 1.561 1.357 1.100 1.483 1.217 1.154
S 0.292 0.459 0.707 0.353 0.588 0.650
6 (deg) 43.4 36.9 26.2 41.0 31.6 28.9
RATR (2850) 1.625 1.406 1.071 1.522 1.296 1.121
S 0.244 0.416 0.738 0.322 0.513 0.684
6 (deg) 45.2 38.6 24.7 42.2 34.7 27.3
Rs° (C=0) 1.558 1.418 1.207 1.535 1.352 1.269
RATR (amide 1) 1.838 1.554 2.250 1.549 1.360 2.012
R* (%) 1.935 (57%) 1.590 (68%) 2.838 (65%) 1.555 (48%) 1.364 (45%) 2.512 (55%)
6 (deg) @ = 27°) 46 49 10 54 54 22
6 (deg) @ = 39°) 40 45 10 54 54 21

an helix axis=C=0 dipole angle of 39 the results were 2H NMR Study of the Interaction of Bak-C and Bcl-2-C

very similar, giving slightly smaller angles (2t the case  with Perdeuterated DMPCThese peptides were incorporated
of EYPC, 45 in the case of OMM, and TGn the case of  ata 1:14 peptide:lipid molar ratio. The effect of the peptides

DMPC).

on acyl chain order was characterizedyNMR. Figure
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/\J\R/L—/_\ sre Ficure 7: Dependence of order paramefy, on the segment
number of the?H NMR samples: DMPQ, (black circles),
DMPC-ds4 and Bak-C (gray circles), and DMP@; and Bcl-2-
3200 CTD (white circles). The calculation was made at the highest
temperature, i.e., 38C.
ments according to the equation
29°C _ _
AV =,(EQqh)Sp
— %°C where Qg is the quadrupole coupling constant, 167 kHz
(58). The order parameter is higher in the carbon segments
next to the glycerol backbone and continuously decreases
r~ 2°C along the acyl chain toward the terminal methyl group. This
204G gives rise to the peak pattern shown in Figure 6 (inset)
R consisting of eight Pake doublets, with the outermost peak
N e pair corresponding to the plateau of superimposed peaks from
/N 14°C carbon segments-% (59, 60) and the innermost pair of
11 peaks representing the terminal methyls. As can be observed
______/\____ 8oc in Figure 7, theSp order parameters were not noticeably
—TTTT T changed for any carbon segment by the addition of either
80 60 40 20 0 20 40 60 80 Bak-C or Bcl-2-C. It has already been shown that intrinsic
KHz proteins would have little effect on hydrocarbon chain order

FiGURE 6: 2H NMR spectra of DMPGks, vesicles in the presence 1N membranes above the gel to liqeidrystal phase transition
of Bak-C (14:1 molar ratio), as a function of temperature. temperatureT.) of the pure lipids, at least in the time scale
Temperatures are shown on the right-hand side of each spectrumof 2H NMR (61).

The inset shows the de-Paked spectrum at the highest temperature,

i.e., 38°C. DISCUSSION
6 depicts the spectra at different temperatures of the Bak- In this study, we present results suggesting that the lipid
C/DMPC-ds4 mixture (1:14 molar ratio), from 8 to 38C. composition of the membrane modulates the mode in which

At low temperatures, below the transition temperatig, Bak-C and Bcl-2-C insert into the membrane and the
the spectra were powder patterns characteristic of a gel phassecondary structure that they adopt.
(57). At temperatures 0£20 °C, the spectra corresponded The study of the secondary structure of both domains
to a fluid-phase bilayer and were axially symmetric with reveals that their insertion in some membranes (such as
some resolved quadrupole splittings arising from methylene DMPC, POPG, or POPC) increases the proportiom-belix
segments in the acyl chains. These spectra were nearlywith both peptides and decreases the proportighpleated
identical to the spectra observed after the incorporation of sheet in the case of Bak-C or aggregated extended structures
Bcl-2-C to DMPCéds, (1:14 molar ratio), and to those inthe case of Bcl-2-C. These two last kinds of structure were
corresponding to pure DMP@s, (not shown), although in  very important when the peptides were in solution. On the
this last case the transition temperature was observed at 23ther hand, when the peptides were incorporated in certain
°C. membranes (such as EYPC or OMM), the increase helix
Since not all the individual methylene signals were content and the decreasefrpleated sheet content (Bak-C)
completely resolved in these powder spectra, the spectraor aggregated extended structure (Bcl-2-C) were not so
above the transition temperature were transformed into pronounced. It is noteworthy that, in general, the presence
oriented ones by means of the de-Paking procedure. Theof cholesterol increases the likelihood that the peptides
de-Paked spectrum of the Bak-C/DMRIg: mixture at remain infS-pleated sheet (Bak-C) or aggregated extended
the highest temperature, i.e., 38, is shown in Figure 6  structure (Bcl-2-C).
(inset). The quadrupole splittinga\¢'), the distances be- It is interesting that the negative charge of the lipids was
tween the pairs of symmetric peaks, are related to thenot important in this context, as the secondary structure of
order parameterScp of the various CBR acyl chain seg- both peptides in the presence of POPG was more similar to
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that in DMPC vesicles than that in EYPC vesicles. In this peptide bound to lipid is being measured, we determined it
sense, the composition of the fatty acyl chains (saturationis possible that different lipid mixtures might have a
degree and chain length) of the phospholipids may be preference for adsorbing peptides with a certain secondary
important in determining the peptide structure. Note that the structure. This interpretation should be taken as an alternative
fatty acyl composition of the EYPC used was 16:0 (34.0%), to the conclusion that certain lipid mixtures induce secondary
16:1 (1.7%), 18:0 (11.0%), 18:1 (32.0%), 18:2 (18.0%), and structural changes.
20:4 (3.3%). In the presence of a membrane formed by The?H NMR study is also compatible with the conclusion
DMPC which bears short fatty acyl chains, the peptide will concerning the transmembrane disposition of both Bak-C and
match the hydrophobic thickness of the membrane and will Bcl-2-C in DMPC membranes, since it indicates a broadening
adopt a predominantlyt-helical structure, which will be  of the phase transition but no change in the order parameter
nearly perpendicular to the plane of the lipid bilayer, as values. It is noteworthy that both peptides were well-oriented
shown by ATR-IR. On the contrary, in the presence of lipids in the presence of DMPC vesicles, where they exhibited a
bearing longer fatty acyl chains and in the presence of highao-helix content and the lowest valuesfpleated sheet
cholesterol, the hydrophobic thickness of the membrane will content (in the case of Bak-C) and aggregated extended
be increased and a hydrophobic mismatch will appear so thatstructures (in the case of Bcl-2-C). With the rest of the lipid
the peptide will adopt a different secondary structure with mixtures, highers-pleated sheet contents and aggregated
the predominance gf-pleated sheet; the orientation with extended structures were observed, as seen by FT-IR, and
respect to the plane of the membrane will not be perpen-in addition, a certain disorder was observed from the ATR-
dicular, but instead, the helices will appear as disordered. IR data. These results suppose that the penetration of both
This suggestion is certainly supported by the changes peptides in the membrane is probably related to the thickness
observed in the secondary structure of Bak-C and by the of the membrane.
ATR-IR study on the orientation of the-helical component It is interesting to mention here some data determined
of the domain in the membrane. In this sense, dHeelix experimentally with respect to the hydrophobic thickness of
was observed to be clearly transmembranal, although slightlymembranes as a function of lipid composition. The thickness
tilted with respect to the normal to the plane of the membrane of the hydrocarbon region of a DMPC bilayer in the ligtid
(22°), in the case of DMPC membranes. However, in the crystalline phase was calculated as 2.3 nm using X-ray
presence of EYPC or OMM vesicles, Bak-C was not clearly diffraction (62), which is in perfect agreement with the
oriented, since the result of $#neans that it is not possible  theorethical value of 2.28 nm obtained with the equation
to say whether this angle reflects the fact that there is a realgiven by Sperotto and Mouritsei63) [d = 1.750 — 1),
tilt of 54° or that this is a mean of different orientations, wheren is the number of carbon atoms of the fatty acyl
indicating in this sense a certain degree of disorder or evenchain]. In the case of POPC, the bilayer thickness in the fluid
the possibility that the peptide was partially or completely state was estimated to be 2.58 nm usthy NMR (64),
located outside the membrane. whereas for an EYPC bilayer, it was 2.75 nm as seen through
The ATR-IR study of the orientation of the-helical X-ray diffraction 65). The addition of cholesterol produces
component of Bcl-2-C also confirms this interpretation since an increase in the hydrophobic thickness of the membrane;
it is differently oriented, depending on membrane composi- therefore, the addition of 50 mol % cholesterol to DMPC
tion. In this sense, it is clearly oriented nearly perpendicular produced a bilayer thickness of 2.61 nm&6), and the
to the plane of the membrane in the case of DMPC presence of 30 mol % cholesterol in POPC increased the
membranes, with a maximum tilting angle o Miith respect bilayer thickness from 2.58 to 2.99 nid). There are, then,
to the normal to this plane. However, in the case of OMM, clear quantitative differences between the thicknesses of the
the angle was 49and in the presence of EYPC membranes membranes under consideration.
it was 46, indicating again disorder and a possibly superficial ~ Several reports can be found in the literature where the
location of Bcl-2-C. lipid composition of the membrane has been associated with
In conclusion, the fatty acyl chain composition (in both the location and structure of membrane peptides and proteins.
saturation degree and chain length) and the presence oHydrophobic matching between peptide and hydrophobic
absence of cholesterol produced different structures in boththickness has been associated with the degree of spontaneous
peptides, with differenf-pleated sheet contents (in the case insertion of a single spanning membrane prot&m).(The
of Bak-C) or aggregated extended structures (in the case ofpresence of cholesterol, in particular, has been associated
Bcl-2-C), anda-helix. Taking into account these observa- with a lower degree of penetration into the membrane of
tions, we know Bak-C may have a different location or several synthetic peptides designed as transmemlrduge
organization in the membrane, depending on the lipid lices due to the increase in the hydrophobic thickn@8s (
composition, and we suggest that hydrophobic matching may 21, 68).
be the key factor in determining the peptide’s organization.  Given that Bak-C has a maximunt-helical percentage
In the case of Bcl-2-C, this interpretation seems to be valid of 58% (in a DMPC membrane) and that its length is 24
because the presence of longer fatty acyl chains andamino acyl residues, 14 residues must be present in this
cholesterol favors a more disordered or superficial location conformation, and assuming 0.15 nm/residue forthelical
of the domain. conformation, the length will be 2.1 nm. Since the bilayer
It should be mentioned at this point that the area of the thickness of DMPC can be assumed to be 2.28 nm in a fluid
amide | band varies from one sample to another. Taking bilayer 62, 63), this means that Bak-C forms anhelix
into account the sample preparation procedure (see thestretch which totally spans the DMPC bilayer. In fact, the
Experimental Procedures) and the fact that only the lipid o-helix will be 0.18 nm shorter, i.e., approximately one
phase was loaded onto the FT-IR windows so that only the residue, and it can be assumed th&0% of the first and
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last residues of the-helix are introduced in the hydrophobic
part of the membrane (see Figure 8). We may assume that

Bak-C adopts the same structure in POPC, POPG, and 1g.

DMPC/EYPE-t membranes as in pure DMPC. In DMPC/
cholesterol membranes (4:1 molar ratio), the hydrophobic
thickness is slightly increased, and since théhelical
percentage is not altered, it can be concluded that Bak-C
forms the samer-helical stretch that it does in the absence
of cholesterol.

In the case of Bcl-2, the-helical percentage in a DMPC
membrane is 65%, and since it spans 23 residues, this means
that 15 residues form the-helix, with a length of 2.25 nm,
which is very close to the length of 2.28 nm assumed above
for a fluid bilayer of DMPC 62, 63) (see Figure 8).

In the OMM, where Bak and Bcl-2 are assumed to insert 14.

their C-terminal domains, we have demonstrated that the
hydrophobic thickness of the lipid is sufficient to produce a
secondary structure of the peptides that will not include an
a-helical stretch long enough to span the membrane. The
reduceda-helical stretch will not be oriented within the
membrane, and at least a portion of the peptide will probably
be outside the membrane (see Figure 8). If this can be
extrapolated to the full proteins, these C-terminal domains
will not be transmembrang-helices but will be only partially

in this conformation and not oriented perpendicular to the
plane of the membrane. In any case, it cannot be ruled out
that some experimental results might be very different if the
experiments are repeated with full-length proteins.

Hence, it will be necessary to experimentally test the
assumption made up to now that the C-terminal domains of
proteins such as Bcl-2 and Bak, which are thought to act by
permanently anchoring them to the OMM, will adopt an
a-helical structure or other secondary structures.

20.

SUPPORTING INFORMATION AVAILABLE

FT-IR spectra of Bak-C in BED buffer at 20°C (Figure
1), FT-IR spectra of Bcl-2-C in BD buffer at 20°C (Figure
2), and control experiments with lower peptide:lipid molar
ratios and with the acetylated form of Bcl-2-C in@buffer

12.

13.

15.

16.

17.

18.

19.
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at 20°C (Figure 3). This material is available free of charge

the Internet at http://pubs.acs.org.
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