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The conformation of the natural peptide [Thr6]-bradykinin, Arg1-Pro2-Pro3-Gly4-Phe5-Thr6-Pro7-
Phe8-Arg9, is investigated by NMR spectroscopy and computer simulations in an aqueous
solution of sodium dodecyl sulfate micelles. The structural analysis of the peptide is of particular
interest since it displays a different biological profile from bradykinin despite the high sequence
homology (only one conservative substitution: Ser6/Thr6) and the fact that both peptides bind
and activate common receptors. The SDS micelles provide a model system for the membrane-
interface environment the peptide experiences when interacting with the membrane-embedded
receptor and allow for the conformational examination of the peptide using high-resolution
NMR techniques. The NMR spectra show that the micellar system induces a secondary
structure in the otherwise inherently flexible peptide (as observed in benign aqueous solution).
The distance geometry calculations indicate a â-turn of type I about residues 7-8 as the
preferred conformation. The results of ensemble calculations reveal conformational changes
occurring rapidly on the NMR time scale and allow for the identification of three different
families of conformations that average to reproduce the NMR observables. The three families
differ in the type of conformation adopted at the C-terminus: type I â-turn, type II â-turn and
a third conformation, intermediate between the two â-turns. The structural results support
the hypothesis of the determining role of the C-terminal conformation for biological activity
and can provide an explanation of the different activities observed for bradykinin and [Thr6]-
bradykinin.

Introduction

Bradykinin (BK; Arg1-Pro2-Pro3-Gly4-Phe5-Ser6-Pro7-
Phe8-Arg9) is a linear nonapeptide hormone produced
by enzymatic cleavage of its high molecular weight
precursor, kininogen, at the occurrence of tissue injury
or trauma.1 The role of the peptide in the regulation of
major physiological systems as well as in a wide variety
of pathological responses has been demonstrated (for a
recent review, see ref 2). It is one of the most potent
vasodilators and increases vascular permeability.3,4 BK
also elicits contraction of smooth muscles of the respira-
tory and gastrointestinal tract and the uterus.5 BK is
active in the central nervous system, where it initiates
pain stimuli6 and is responsible for the cardinal symp-
toms of inflammation.7 Recently BK has been associ-
ated with the symptoms of the common cold.8,9
The conformational analysis of BK, BK fragments,

and analogs is the object of considerable interest with
the aim of gaining insight into a possible bioactive
conformation and development of a structure-activity
relationship. The general conclusion of conformational
studies in aqueous solution is that BK exists in many
conformational states.10 However, in alternative solvent

systems the inherently flexible nonapeptide preferred
folded conformations. In the absence of X-ray crystal-
lography or NMR data on the structure of the peptide
when complexed to its receptor, one must rely on such
studies, possibly in a solvent that mimics the biological
environment the peptide experiences when bound to the
receptor, to establish possible bioactive secondary struc-
ture(s).
The receptor for BK (at least two classes have been

identified)2 belongs to the family of G-protein-coupled
receptors, characterized by seven transmembrane hy-
drophobic helical segments. A membrane-bound path-
way for the interaction between the peptide hormones
and their receptors has been hypothesized;11,12 the
mechanism implies the accumulation and orientation
of the peptide on the membrane, thus increasing the
local concentration and at the same time reducing the
degrees of rotational and translational freedom (i.e.,
reduction from 3D diffusion to a lateral, 2D dif-
fusion).13-15 This could also facilitate the transition
from the random coil structure, usually adopted by the
peptides in the extracellular solution, to the bioactive
conformation.16-18

The NMR study of peptides incorporated into mem-
branes is extremely difficult, owing to the drastic line
broadening, the high concentration of the lipid compared
to the embedded peptide, and the overlap of signals.
Therefore micellar systems have been often used to
mimic a membrane-like environment which may induce
biologically relevant conformations in oligopeptides19,20
and is suitable for NMR studies.21-26

† Abbreviations: BK, bradykinin; [Thr6]-BK, threonine6-bradykinin;
NMR, nuclear magnetic resonance; NOEs, nuclear Overhauser en-
hancements; SDS, sodium dodecyl sulfate; DG, distance geometry;
DADD, distance- and angle-driven dynamics.
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The conformational study of BK in aqueous solution
in the presence of sodium dodecyl sulfate (SDS) micelles
has been reported by Lee and co-workers.27 The peptide
adopts a folded conformation in the C-terminal region,
between Ser6 and Arg9, that from distance geometry and
molecular dynamics calculations has been identified as
a â-turn-like structure. This result, combined with
other conformational studies in solution on BK itself and
on peptidic agonists and antagonists, led to the hypoth-
esis that a â-turn in the four C-terminal amino acids is
a prerequisite for activity and that the type of â-turn
adopted is related to the difference between agonist and
antagonist, together with the required orientation of the
side chains.28-33

[Thr6]-Bradykinin, [Thr6]-BK, was discovered in the
venom of a solitary wasp34 in 1983. The venom leads
to an immediate and permanent block of transmission
at the presynaptic level.35 In the insect central nervous
system (CNS) [Thr6]-BK proved to be 10 times more
potent than BK, despite the single, conservative sub-
stitution in the sequence.36,37 The presence of [Thr6]-
BK and other BK-like peptides in wasp and ant venom
and frog skin also suggests a toxic effect in vertebrates,
although the mode of action on mammalian CNS is still
obscure.36
The peptide has been tested for the capability of

stimulating smooth muscle contraction, and the results
have been compared with those for BK. Its potency in
causing the contraction of the guinea pig rectum is 10
times higher than for BK, tested in the same experi-
ment.38
Here we present the results on the natural peptide

[Thr6]-BK, which was investigated in water and SDS
micelles by NMR spectroscopy. To our knowledge this
is the first conformational study of [Thr6]-BK (a parallel
study of [Thr6]-BK in dimethyl sulfoxide has been
recently completed; see: Pellegrini et al., manuscript
in preparation). Our goal is the development of high-
quality three-dimensional structures of the peptide in
the micellar solution to allow for greater insight, on a
structural basis, into the differences in activity observed
between BK and [Thr6]-BK.
In addition, since [Thr6]-BK is a small linear and

therefore flexible peptide, we consider the examination
of the possibility of conformational changes occurring
fast on the NMR time scale of extreme importance.
When this is the case, the NMR observables, and
restraints developed from them, will be consistent with
an average structure that may not exist in solution or
is not physically possible. The idea of “the structure”
is no more suitable, and an ensemble of conformations
must be taken into account to explain the experimental
data. When dealing with a highly flexible system it is
therefore imperative to apply the NMR restraints as

averages over multiple copies of the molecules. Using
the ensemble approach, different families of conforma-
tions are obtained for the C-terminal portion of the
peptide [Thr6]-BK.

Experimental Procedures
Nuclear Magnetic Resonance. The NMR experiments

have been carried out on a 4.1 mM sample (based on weight)
in aqueous solution (90% H2O-10% D2O; Cambridge Isotopes)
containing 200 mM SDS-d25 (98.6%; MSD Isotopes). The molar
ratio of peptide/detergent was used to obtain an approximate
occurrence of 1 peptide molecule/micelle.39 The final pH of the
solution was 4.5 (not corrected for isotope effect). Proton
spectra were recorded on a Varian Unity 500 MHz spectrom-
eter and processed using Varian VNMR software or Felix
(Biosym Technologies Inc., San Diego). Chemical shifts were
calibrated with respect to internal tetramethylsilane.
For assignment of the spin systems, DQF-COSY,40 TOC-

SY,41,42 and NOESY43,44 spectra were recorded in the phase-
sensitive mode using the method from States.45 A ROESY46

spectrum with a mixing time of 200 ms was recorded in order
to identify exchange phenomena for HN-HN and HR-HR

cross-peaks of the NOESY spectrum; a spin-lock field of 2500
Hz was realized by a series of short pulses as described by
Kessler47 sandwiched between two 90° pulses to compensate
for offset effects (compensated ROESY). NOESY spectra were
collected at 308 K with mixing times varying from 100 to 200
ms. Suppression of the solvent signal was achieved by
continuous wave presaturation at low power during the
relaxation delay (1.2-2 s) and for NOESY experiments also
during the mixing time. The typical spectral width was 5000
Hz in both dimensions; with 2048 data points in t2 and 512
data points in t1, and 32-128 scans at each increment.
Forward linear prediction to 1024 points and zero-filling to
2048 were applied to the incremented dimension; Gaussian
apodization was used in both t2 and t1. For the temperature
coefficients measurement 1D spectra were recorded at T ) 308
and 313 K. For overlapping resonances it was necessary to
acquire TOCSY spectra at 298, 303, and 318 K (4096 points
in t2, 256 in t1, and 4 scans/increment). The complete proton
assignment is given in Table 1.
For determination of homonuclear coupling constants, the

PE COSY48 pulse sequence was employed. The spectrum was
acquired at 308 K with 4096 data points in t2 and 640
incremental data points. The t2 dimension was expanded with
zero-filling to 8196 points.
Cross-peak volumes from the 200 ms NOESY spectrum were

obtained using Felix, within the Insight II suite of programs
(Biosym Technologies Inc., San Diego). The volumes were
converted to distances using the isolated two-spin approxima-
tion and utilizing the cross-peaks between the two â-methylene
protons of each of the prolines as a reference (1.78 Å). No
evidence of spin diffusion was observed up to a mixing time of
200 ms. The distances were adjusted by (10% to produce the
upper and lower distance restraints (Table 2). Pseudoatoms
were used for aromatic protons, methyl groups, and methylene
protons that could not be stereospecifically assigned, with the
appropriate correction of the upper distance restraint following
standard procedures.49
Distance Geometry. The distance geometry (DG) calcula-

tions were carried out with a home-written program utilizing

Table 1. Proton Chemical Shifts (Referenced to internal tetramethylsilane, T ) 308 K), HN-HR Coupling Constants, and HN
Temperature Coefficients of [Thr6]-BK in H2O in the Presence of SDS Micelles

residue HN HR Hâ Hγ others J (Hz) ∆δ/∆T (-ppb/K)

Arg1 4.42 1.88, 2.04 1.88, 2.04 δ 3.29; εHN 7.32
Pro2 4.94 2.04, 2.56 δ 3.52, 3.90
Pro3 4.48 2.03, 2.35 2.14 δ 3.81, 3.93
Gly4 8.21 3.99 Σ ) 11.2 7.2
Phe5 7.83 3.10, 3.17 Ar 7.29 7.3 4.3
Thr6 7.94 4.64 4.18 1.20 OH - 7.9 6.5
Pro7 4.32 1.68, 2.20 1.77 δ 3.35, 3.57
Phe8 7.91 3.18, 3.31 Ar 7.42 7.9 7.9
Arg9 7.85 4.47 1.74, 2.04 1.74, 2.04 δ 3.30; εHN 7.18 7.5 3.2
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the randommetrization algorithm of Havel.50 Experimentally
determined distances which were more restrictive than the
geometric distance bounds (holonomic restraints) were added
to create a distance matrix.51 The structures were first
embedded in four dimensions and then partially minimized
using conjugate gradients followed by distance- and angle-
driven dynamics (DADD).52-54 The DADD simulation was
carried out at 1000 K for 50 ps, and then there was a gradual
reduction in temperature over the next 30 ps. The DADD
procedure utilizes the holonomic and experimental distance
restraints plus a chiral penalty function for the generation of
the violation “energy” and forces. The resulting structures
were then reduced to three dimensions using metrization, and
the optimization and DADD procedure were repeated.
The following ensemble calculations are identical with those

used for the DADDmethod, except that the penalty expression
for the experimental restraints (NOEs and coupling con-
stants)55 and the forces calculated from these restraints are
generated from an ensemble average. The metrization and
refinement of 94 structures required approximately 15 h of
CPU using a single processor on a SGI Indigo2 (R4400)
workstation, the ensemble calculations about 1 week time, for
470 structures. Energy minimizations and interactive model-
ing were performed using Discover (Consistent Valence Force
Field, CVFF91) and Insight II (Biosym Technologies Inc., San

Diego). Analyses of the structures in terms of hydrogen bond
identification, root mean square deviation (rmsd) values, and
dihedral angle distribution were performed using home-
written programs.

Results

The 1H-NMR spectra revealed the presence of more
than one isomer in solution, in slow equilibrium on the
NMR time scale. Only the most abundant isomer
exhibits complete spin systems for all the residues and
therefore was considered in the following study. The
relative intensities of resolved peaks in a 1D spectrum
indicate that this isomer is present in a ratio of 8:1 to
the second most populated of the species. The different
isomers originate from cis/trans isomerization at the
three X-Pro bonds, and exchange cross-peaks were
identified in a ROESY spectrum.
In the major isomer all the prolines are in a trans

configuration, as determined from diagnostic HR
i/Hδ1

i+1
and HR

i/Hδ2
i+1 cross-peaks between the proline residues

and the preceding amino acids in a NOESY spectrum.
Stereospecific assignments for three prochiral centers
(position â of Pro 2, 3, and 7) obtained from the analysis
of NOESY and PE COSY spectra were used in the
calculations.
A total of 48 informative NOEs have been observed

(see Table 2 for the upper distance limits utilized in the
calculations). Of these, most are sequential or intra-
residue. In the amide region three HNi/HNi+1 connec-
tivities have been assigned to Gly4/Phe5, Phe5/Thr6, and
Phe8/Arg9. In the region of correlation between amide
and aliphatic protons, there is evidence for a folded
conformation at the C-terminus of the peptide: A strong
cross-peak is present between Pro7HR and Arg9HN. These
RN(i,i+2) NOEs are normally interpreted as arising
from â-turn structures.56-59 The presence of the turn,
centered about Pro7-Phe8, is further supported by the
short Phe8HN/Arg9HN distance and by three NOEs from
the side chain of Thr6 to Phe8HN and Arg9HN. In Figure
1 an expanded portion of the amide to aliphatic region of
a NOESY spectrum is reported, illustrating the relevant
NOEs.
The DG calculations produced 94 low-energy struc-

tures. The analysis of the backbone dihedral angles φ
and ψ indicates that the N-terminal part of the molecule
does not have a distinct preference for a ordered
conformation, as can be easily seen from a plot of the
order parameters of these angles (Figure 2). On the
contrary the φ and ψ values for Pro7 and Phe8, repre-
sented in the form of Ramachandran maps in Figure 3,
point to a type I â-turn extending from Thr6 to Arg9,
with slight deviation from the standard values for Phe8φ
(φi+1 ) -69 ( 9°, ψi+1 ) -46 ( 7°; φi+2 ) -58 ( 33°,
ψi+2 ) 3 ( 24°, averaged over the 94 structures).
The structures satisfy the requirements for a hydro-

gen bond between the carbonyl oxygen of Thr6 and the
HN of Arg9. This is in agreement with the temperature
coefficient measured for the amide proton of Arg9, which
displays the lowest values of the HN present in the
peptide. Figure 4 shows the 94 DG structures super-
imposed using the heavy backbone atoms in the â-turn
region (Thr6-Arg9). The average pairwise rmsd for the
heavy backbone atoms in this region is 0.76 Å.
The analysis of the violations to upper and lower

distance restraints reveals only two significant devia-
tions from the imposed values (the violations are

Table 2. Interproton Distances (Upper limits, Å) Utilized in
the Distance Geometry Calculations of [Thr6]-BK in the
Presence of SDS Micelles

atom 1 atom 2 distance

Arg1 εHN Arg1 γCH2 3.90
HR Pro2 δCH2 3.66

Pro2 HR Pro3 δCH2 3.53
Pro3 HâProR Pro3 δCH2 3.97

HâProR Pro3 HR 3.57
HâProS Pro3 δCH2 3.81
HR Gly4 HN 2.75
HâProR Gly4 HN 3.65
HâProS Gly4 HN 3.40
γCH2 Gly4 HN 3.48

Gly4 HN Gly4 RCH2 2.36
RCH2 Phe5 HN 2.46
HN Phe5 HN 2.94

Phe5 HN Phe5 âCH2 3.00
Har Phe5 âCH2 5.71
HN Phe5 Har 5.76
HN Thr6 γCH3 4.64
âCH2 Thr6 HN 4.30
Har Thr6 HN 5.76
HN Thr6 HN 3.05

Thr6 HN Thr6 γCH3 4.21
Hâ Thr6 γCH3 3.33
HN Pro7 δCH2 5.16
Hâ Pro7 δCH2 4.00
Hâ Phe8 HN 4.50 (i, i, + 2)
γCH3 Phe8 HN 5.11 (i, i, + 2)
Hâ Arg9 HN 4.50 (i, i, + 3)

Pro7 HâProR Pro7 HR 2.34
HâProS Pro7 HR 2.65
δCH2 Pro7 HâProR 4.15
HR Phe8 HN 2.69
HâProS Phe8 HN 3.08
γCH2 Phe8 HN 3.75
δCH2 Phe8 HN 4.43
HR Arg9 HN 3.31 (i, i, + 2)

Phe8 HN Phe8 âCH2 3.28
Har Phe8 âCH2 5.62
HN Phe8 Har 5.48
âCH2 Arg9 HN 4.00
Har Arg9 HN 5.90
HN Arg9 HN 3.00

Arg9 HN Arg9 HR 2.85
HN Arg9 âCH2 3.10
HN Arg9 γCH2 3.30
HR Arg9 âCH2 4.00
εHN Arg9 δCH2 3.72
εHN Arg9 γCH2 4.01
εNH Arg9 âCH2 3.10
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calculated as an average over the ensemble of struc-
tures). Both of them are located in the turn region:
Pro7HR/Phe8HN and Pro7Hâ/Phe8HN, violating the upper
distances by 0.35 and 0.28 Å, respectively. The DG
structures seem therefore to adequately fulfill the
experimental restraints, with the exception of some
problems associated with the orientation of the Phe8
amide proton: A flip around the ψ dihedral angle of Pro7
and φ of Phe8 would project the amide proton in the

opposite direction, generating a type II â-turn that
typically displays a shorter distance between the HN
of residue i + 2 (Phe8) and the HR of residue i + 1 (Pro7).
Nonetheless, the requirement that each structure sat-
isfy all the NOEs produces a homogeneous ensemble
with a type I â-turn about residues 7-8 as a favored
conformation.
To examine the possibility that the NMR observables

(NOEs and coupling constants) are generated by differ-
ent conformations in fast equilibrium on the NMR time
scale and that this is the cause of the discrepancy
between the calculated structures and the experimental
distances, ensemble calculations were carried out. The
94 DG structures copied five times constituted the
starting ensemble. This is indeed a distorted starting
ensemble (i.e., the structures are clustered in the region
of the conformational space allowed by the experimental
restraints in the classical “one-structure” DG calcula-
tions). A nonbiased starting ensemble could be gener-
ated by a DG calculation using no restraints; however,
this proved not to be necessary because the DADD
protocol employed in the ensemble calculations allows
the structures to overcome the local energy barriers and
sample the conformational space: Simulations run
without any NOEs and coupling constants restraints
display complete sampling of the φ,ψ space.
In the ensemble calculations only the average of the

members of the ensemble (470 structures) is required
to fulfill the experimental restraints, allowing therefore

Figure 1. Expanded portion of a NOESY spectrum of [Thr6]-
BK in water solution with SDS micelles (mixing time ) 200
ms, T ) 308 K). The region containing some of the relevant
NOEs indicating a C-terminal â-turn is shaded.

Figure 2. Order parameter values for the φ and ψ dihedral
angles as obtained from the distance geometry calculations of
[Thr6]-BK in H2O/SDS.

Figure 3. Ramachandran maps for the angles φ and ψ for
residues 7 and 8 of [Thr6]-BK, as obtained from the standard
DG calculations.

Figure 4. Superposition of the 94 structures of [Thr6]-BK
obtained from distance geometry calculations. The heavy
backbone atoms are superimposed in the region of the C-
terminal â-turn, from Ser6 to Arg9. All backbone atoms (black)
and Phe8HN and Arg9HN (gray) are shown.

Figure 5. Ramachandran maps for the φ and ψ dihedral
angles for residues 7 and 8 of [Thr6]-BK, as obtained from
ensemble calculations.
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for fast conformational averaging to occur in solution.
No violations to upper or lower distance restraints
greater than 0.2 Å were observed in the resulting
ensemble, and in particular the restraint on the distance
Pro7HR/Arg9HN is fulfilled. The results in the form of φ,ψ
maps for Pro7 and Phe8 are shown in Figure 5. Two
families of structures can be easily identified from these
maps. The first family (labeled as I in the figure) is
the one observed from the classic DG calculations
corresponding to the type I â-turn. A second group of
structures (indicated as II in the figure) clusters around
dihedral angle values of a distorted type II â-turn (the
angle for Pro7ψ deviates from standard values). A third
family, which can not be identified from the Ramachan-
dran maps, is intermediate between the other two
families (Pro7 and Phe8 have φ,ψ values which belong
to families I and II, respectively) and produces a
structure that is partially extended instead of bent. The
turn region of representative structures taken from the
three families of conformations obtained from the
ensemble calculations is shown in Figure 6. The three
families are judged to have roughly the same potential

energy based on a full force field calculation (i.e.,
Discover force field).

Discussion

The micellar environment was effective in inducing
an ordered secondary structure in [Thr6]-BK. The
peptide adopts a bent structure at the C-terminus, as
indicated from characteristic NOEs. The DG calcula-
tions identified it as a â-turn of type I. The NOEs
observed are qualitatively similar to those reported by
Lee27 in the study of BK in aqueous solution of SDS
micelles, although these authors found looser con-
straints on the relevant distances Pro7HR/Arg9HN and
Phe8HN/Arg9HN. The temperature coefficients provided
evidence of a hydrogen-bonded HN for Arg9. â-Turns
of different types were identified at the C-terminus of
BK only after the DG structures underwent restrained
energy minimization or restrained molecular dynamics;
the turns are indicated as type I, II, or VII, with severe
deviations from ideal values.27 The differences between
the calculated structures are explained by the authors

Figure 6. C-terminal turn region of representative structures of the three families of conformations obtained from ensemble
calculations: (A) the âI-turn structure, (B) the âII-turn-like structure, and (C) the intermediate, extended structure.
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as arising from the lack of sufficient NOE restraints and
from the characteristics of the calculation programs.27

The structures calculated for [Thr6]-BK in this study
converge to a definitely better defined â-turn at the
C-terminus when compared with those calculated for
BK. However, this comparison (i.e., the structures
calculated here and in the work of Lee et al. for BK)
must be carried out with great care; the calculations
have been carried out with different algorithms and
protocols, and as pointed out by Lee and co-workers, the
detailed structural information of their results is greatly
influenced by the DISGEO algorithm and/or in vacuum
molecular dynamics simulations. In addition, the ex-
perimental conditions differ greatly: Lee et al. used a
BK concentration of 16.4 mM and a peptide:micelle ratio
of 5, compared with a ratio of 50 used in this study. In
theory, this could produce a different association of the
peptide with the micelle. Despite these experimental
differences, we believe that the largest factor for the
more stable conformation observed for [Thr6]-BK is the
substitution at position 6 (i.e., Thr6 for Ser6). This is
evidenced by the presence of a greater number of NOEs
in the region of the â-turn involving Thr6.
The information obtained in this conformational study

of [Thr6]-BK is completed by the application of the
ensemble calculations. In this manner, not only was
the conformational flexibility assessed but the preferred
conformations contributing to the NMR observables
were also determined. Most of the structures are found
to populate a â-turn of type I or II in the residues 6-9.
This particular structure has been predicted as favor-
able for BK from molecular dynamics studies by Perez60
and with simulated annealing calculations by Salvino.61
There is evidence of a tendency of BK to fold into a bent
structure at the C-terminus also in solvent systems such
as dioxane:water, 9:1, and dimethyl sulfoxide and in the
presence of lisophosphatidylcholine micelles.62 The
existence of a well-defined â-turn in [Thr6]-BK in the
presence of a membrane mimetic, together with the data
on the peptide biological activity, substantiates the
hypothesis that this structural motif is determinant for
high receptor affinity and activity.
In addition to the conformational studies on BK itself,

data are available on a number of peptide antagonists.
A correlation has been hypothesized between a C-
terminal â-turn and the antagonistic effect,10,28-33 but
it is not yet clear if the antagonist maintains this
conformation upon binding to the receptor. This conclu-
sion is supported by the results on the highly potent
BK antagonist Hoe 140 (Hoechst-140: D-Arg0-Arg1-Pro2-
Hyp3-Gly4-Thi5-Ser6-D-Tic7-Oic8-Arg9) which adopts a
C-terminal turn in water/SDS micelles solution identi-
fied as a â-turn type II′ from restrained molecular
dynamics simulations in a biphasic membrane mimetic
(H2O/CCl4).25 In the accompanying paper the two
â-turn-containing conformations obtained from the en-
semble calculations are studied by molecular dynamics
in the biphasic membrane mimetic. This will allow for
the characterization of the peptide utilizing a full force
field in the presence of a two-phase environment, similar
to that utilized in solution, and for the determination
of the peptide orientation relative to the membrane-
interface.
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