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Two-dimensional "H-NMR and CD structural analysis in a micellar medium
of a bovine ag,-casein fragment having benzodiazepine-like properties
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The conformation of the benzodiazepine-like decapeptide, YLGYLEQLLR, corresponding to residues
91—100 of bovine ag,-casein, has been examined in SDS micelles using CD, two-dimensional 'H-NMR
and restrained molecular-dynamics simulation. Evidence is presented that the decapeptide adopts a rigid
structure in water/SDS micellar medium, but not in water or dimethylsulfoxide. The three-dimensional
structure, consistent with the proton-proton distances obtained from the quantitative analysis of the two-
dimensional NOEs, was generated by restrained energy minimization and molecular-dynamics simulation.
In water/SDS micellar medium, YLGYLEQLLR adopts an amphipathic helicoid structure with distinct
hydrophobic and hydrophilic faces. The relative disposition of the tyrosine aromatic rings was compared
with that of the aromatic rings in the benzodiazepines.
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Being the primary food for young mammals, milk does not
only afford a source of nitrogen for biosynthesis but also con-
tains molecules with biological activities that play a key role
in newborn development. These essential molecules are native
proteins, involved in the absorption of nutriments or in anti-
infectious mechanisms, and polypeptides, especially hormones,
the roles of which are not totally elucidated in neonate develop-
ment [1]. For most species, caseins are the main milk proteins
and have been considered for a long time to be only nitrogen
providers. However, since about 15 years ago, many authors
have observed that enzymatic hydrolysis of caseins or whey pro-
teins produces biologically active peptides such as opioid [2]
and opioid-antagonist peptides [3], angiotensin-converting-en-
zyme inhibitors [4], immunostimulating peptides [5], platelet-
aggregation inhibitors [6], casein phosphopeptides that are carri-
ers of minerals (Ca?*, Fe*') [7], and mitogenic [8] and antibacte-
rial peptides [9]. These activities can be found in milk from
several species. Some of these peptides have been shown to be
produced in vivo. In rat, blood-pressure reduction has been de-
monstrated in vivo after fermented milk ingestion [10]. How-
ever, the physiological significance of such peptides in develop-
ment of mammalian young remains to be determined.

Recently, it was observed that a tryptic hydrolysate of one
of the major bovine casein, ag,-casein, decreases pentylenetetra-
zole-induced convulsions in Wistar rats, and displays a similar
effect as diazepam in the plus-maze elevated test, a behavioral
test revealing anxiolytic properties of drugs. Moreover, it has an
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affinity of about 100 uM for the benzodiazepine site of the type-
A 4-aminobutyric acid (4Abu) receptor. Only residues 91100
of ag-casein (YLGYLEQLLR) carry that activity [11].

The type-A 4Abu receptor belongs to the family of ligand-
gated ion channels. It mediates rapid chloride fluxes in response
to 4Abu binding. In addition to the 4Abu site, the receptor has
distinct binding sites for allosteric modulators, such as benzodia-
zepines, barbiturates and steroids. Via one of these allosteric
sites, benzodiazepines potentiate type-A-4Abu-receptor medi-
ated CI™ influx [12]. The pharmacological profile of benzodia-
zepine-receptor agonists consists of anxiolytic, anticonvulsivant,
sedative and myorelaxant activities. For long-term use of ben-
zodiazepines, tolerance to certain effects and physical depen-
dence might develop. New agonists without these secondary ef-
fects should be of greatest pharmacological interest.

Because residues 91— 100 of as,-casein are probably critical
for the benzodiazepine-like activity, the conformational proper-
ties of ag,-casein-(91—100)-peptide have been investigated by
CD, 'H-NMR, and by energy minimization (EM) and restrained
molecular dynamics (MD) using the NMR parameters (NOE and
temperature-coefficient values) as geometrical constraints. Ex-
periments in water or dimethylsulfoxide indicate that the peptide
is essentially flexible. Addition of SDS in water results in a
conformational transition toward a rather rigid, defined struc-
ture. This micellar medium is often presented as an elementary
model mimicking the lipid-water interface of biological mem-
branes [13]. The resulting MD average conformation is dis-
cussed with reference to that of the benzodiazepine derivatives
[14, 15].

EXPERIMENTAL PROCEDURES

Peptide synthesis. The YLGYLEQLLR decapeptide was
synthesized on a Dupont Coupler 250 peptide synthesizer (Du-
pont Co.) from Na-tert-butoxy-carbonyl(Boc)-mesitylene-2-sul-
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fonyl-arginine-4-(hydroxymethyl)-phenylacetamidomethyl-
polystyrene resin (0.56 mmol/g substitution, Neosystem), using
Boc solid-phase peptide-synthesis protocols. The peptide chain
was assembled starting from 0.5 mmol mesitylene-2-sulfonyl-
arginine linked to the resin by 2 h coupling of the Boc-Xaa
(1.5 mmol), with the side chains of Glu and Tyr protected by
benzyl ester and 2,6-dichlorobenzyl ester, respectively, in the
presence  of  2-(1H-benzotriazole-1-y1)-1,1,3,3-tetramethyl-
uronium tetratluoroborate (1.5 mmol) and diisopropylethylam-
ine (4.5 mmol) in dimethylformamide/dichloromethane (1:3).
The completion of each coupling was monitored by Kaiser nin-
hydrin and 2,4,6-trinitrobenzenesulfonic acid tests. Deprotection
of the Boc group was achieved by 40% (by vol.) trifluoroacetic
acid in dichloromethane. A standard cleavage with 18% (by
vol.) trimethylsilyl trifluoromethane sulfonate, 65% (by vol.)
triflucroacetic acid, 11% (by vol.) thioanisol and 6% (by vol.)
1,2-ethanedithiol afforded the crude peptide, which was desalted
on Sephadex G-25 and eluted with the quaternary solvent n-
butanol/pyridine/acetic acid/water (15:10:3:12). Reverse-phase
HPLC was performed on a Merck L-6200 chromatograph cou-
pled to a Jasco 875-UV detector, on a 1 cmX25 cm Merck Lich-
rocart column packed with Lichrospher WP300 RP-18 (5 um)
using a linear gradient from 69% to 39% acetonitrile in 0.1%
(by vol.) trifluoracetic over 40 min (4 ml/min, 214 nm). Matrix-
adsorption  laser-desorption/ionization  time-of-flight mass
spectroscopy was carried out on a Bruker Protein TOF spectrom-
eter: calculated, 1268.48 (M+1); found, 1268.27.

Circular dichroism. The peptide (79 M) was investigated
in sodium phosphate, pH 5.9, with increasing SDS concentra-
tions up to 0.2 M. CD spectra were recorded at 25°C on a Jobin
Yvon CD6 spectrophotometer using a 1-mm—path-length quartz
cell, a 2-mm bandwidth, a scan speed of 4 nm/min, a time con-
stant of 8 s, and four scan accumulations. The air baseline was
recorded and subtracted after each series of four scans. All CD
spectra are reported in terms of deg - cm? - dmol ™.

NMR spectroscopy. The peptide (5 mM) was dissolved in
three media: dimethylsultoxide, sodium phosphate in H,0/D,0
{(95:5), pH 6, and the same solution containing perdeuterated
SDS. Tetramethylsilane and sodium trimethylsilyl-3-[2,2,3,4-
*H.]-propionate were used as internal standards in dimethyl-
sulfoxide and water, respectively. NMR experiments were per-
formed at 25°C on a Bruker DRX-400 spectrometer, and data
processing was achieved on a Silicon Graphics workstation
using Bruker-UXNMR software. TOCSY and NOESY experi-
ments were recorded in the phase-sensitive absorption mode
with quadrature detection in both dimensions using the time-
proportional phase-incrementation mode [16]. NOE build-up
curves were constructed for four mixing times (100, 200, 350
and 500 ms) to determine the mixing-time interval where no spin
diffusion occurs {17]. The water resonance was suppressed by
the WATERGATE method (water suppression by gradient-tai-
lored excitation) [18] incorporated in the TOCSY and NOESY
sequences to keep the exchangeable proton signals. This
WATERGATE sequence was composed of a field-gradient echo
combining one selective 180° radio-frequency pulse and two
short field-gradient pulses of the same amplitude (12 G/cm) and
sign. The spectral width in F, and F, was 5000 Hz. 512 experi-
ments with 2K data points in the F, dimension were performed,
and data points 7, were zero-filled to give a 1K X 1K data matrix.
On the basis of the NOESY cross-peak volumes, and assuming
an isotropic motion with a single correlation time for all interact-
ing spins, the interproton distances were calculated directly from
the ratios of the corresponding cross-relaxation NOEs [17], and
the interproton distance of 0.178 nm between the two Y94-CfH,
geminal protons as a reference. The temperature coefficients for
the NH proton resonances were measured in the water/SDS me-
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Fig. 1. CD spectrum of the benzodiazepine-like decapeptide in water
as a function of SDS concentration. The peptide concentration was
79 uM. The SDS concentration was (a) 0.0, (b) 1.5, (c) 3 (d) 15, (e) 30
and (f) 200 mM.

dium between 25°C and 68°C. Due to signal broadening, the
geminal and vicinal proton coupling constants could not be de-
termined.

Molecular modeling. The EM and MD calculations were
performed on a Silicon Graphics workstation using Discover
Biosym program. On the basis of CD analysis and NOESY re-
sults, the 3,, and « helices were built for as,-casein-(91—100)-
peptide. Both structures were submitted to 300 steps of steepest-
descent restrained EM with a set of 39 backbone-backbone and
10 backbone-side chain distance constraints measured in a 200-
ms NOESY experiment. Due to the probable flexibility of the
side chains, the backbone-backbone and backbone-side chain
constraints were associated with different force constants (5600
and 1670 kJ - mol™' - nm 2, respectively). The backbone-back-
bone distance constraints from overlapping NOE cross-peaks
were affected with a low force constant (1000 kJ - mol™' - nm™?)
and a large distance-constraint interval (0.08 nm) to avoid over-
estimation of their contribution in MD simulation. The two cal-
culations converged toward quite similar conformers. The treat-
ment was followed by a short series of in vacuo MD simulations
of 0.1 ps each using the six-step temperature elevation (50, 100,
150, 200, 250 and 300 K). A 25-ps restrained MD under temper-
ature control via the direct velocity scaling was performed. After
thermal equilibration, a 320-ps restrained MD with weak cou-
pling (0.1 ps) to the thermal bath was calculated. The 30-ps last
period of MD simulation, which exhibited no substantial confor-
mational changes, was used for conformational averaging and
analysis. A 3r dielectric constant for coulombic interactions and
a double cut-off at 1.25 nm and 1.4 nm for all non-bonded in-
teractions were applied to the above calculations.

RESULTS AND DISCUSSION

Circular dichroism. The dependence of the CD spectrum on
SDS concentration in water is shown in Fig, 1. In pure water,
the spectrum essentially presents a negative band at 198 nm, typ-
ical of an unordered conformation [19]. Upon a addition of SDS,
even at concentrations below the critical micelle concentration
(8 mM), a positive band at 192 nm and two negative bands, at
208 nm and 220 nm, appear. Their intensity increases pro-
gressively with SDS concentration, and reaches a plateau at
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Fig. 2. Portion of the decapeptide NOESY spectrum in SDS/water showing the NH/NH (A) and CcH/NH (B) NOE connectivities. Peptide

concentration, 5 mM; SDS concentration, 0.20 M; 7, = 200 ms,

0.2 M SDS. This change indicates that the peptide experiences
a conformational transition upon interaction with SDS micelles.
In water/SDS, the positive band at 192 nm and the negative band
at 208 nm have similar absolute magnitudes, and the latter is
about twice as intense as the negative band at 220 nm. Such a
spectrum profile is in favor of a 3,, helix rather than of an «
helix [20]. However, the possibility of some @ helix cannot be
excluded completely since it is known that tyrosine may result
in a weaker contribution at 220 nm [21].

'H-NMR. The decapeptide in dimethylsulfoxide only exhibits a
few NOE connectivities, indicating the absence of any preferred
rigid structure in this strong solvating medium. In water, only
few weak rotating-frame-Overhauser-enhancement connectivi-
ties are observed for long mixing times, and the absence of NH-
NH correlations denote a flexible structure, in good agreement
with the CD spectrum. The NOE connectivities that appear on
addition of SDS in water reflect the peptide-micelle interaction
and the restricted flexibility of the peptide in this medium.

The spin systems in water containing SDS (0.25 M) were
delineated by COSY and TOCSY (z., = 75 ms) experiments.
The Y91/Y94 and L92/L.95/1.98/L.99 spin systems were sequen-
tially assigned from the aN(i,i+1) and NN(i,i+1) backbone
NOE connectivities (Fig. 2) [22]. The proton resonances are
listed in Table 1, together with the NH temperature coefficients.

The temperature dependence 46/A4T for the NH resonances
is often used to discriminate solvent-exposed (high absolute 45/
AT value) and solvent-shielded amide protons (small absolute
A9/AT value), which generally denote hydrogen-bonded NHs.
The temperature coefficients listed in Table 1 reveal that the
five C-terminal NHs are less solvent accessible than the four N-
terminal NHs, in agreement with the hypothesis of a helicoid
structure suggested by the CD experiments. The E96 and .98
NHs are expected to be involved in strong intramolecular in-
teractions. The same holds true for the R100 NeH (46/4AT =
—1.8X107" ppm/K) and one R100 NyH guanidinium proton
(46/4AT = —1.6X107* ppm/K), whereas the other three R100
guanidinium protons are in rapid exchange with water and not
visible at room temperature. Therefore, the R100 N¢H and one
of the R100 NyH protons are involved in strong intramolecular
interactions, which could be a salt bridge with E96 C602~ and/
or R100 CO; [23]. The Q97 NeH, carboxamide protons are
moderately solvent exposed (46/AT = —4.1X107* ppm/K and
—4.2X107" ppm/K).

The particular pattern of short-range NOEs (Fig. 3) provides
information on the secondary structure. As a general rule, heli-
ces are characterized by strong NN(i,i+1) NOE cross-peaks,
corresponding to short NH;-NH, .., distances, and by medium or
weak aN(i,i+1), aN(i,i+3) and f(i,i+3) NOEs {24]. The 3,,
helix differs from the « helix in the presence of medium
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Table 1. Proton NMR resonance assignments for «,-casein-(91-100)-peptide (0.005 M) in H,O/D,0 (95:5) containing perdeuterated SDS
(0.2 M, pH 6). NH shifts () were measured from sodium trimethylsilyl-3-[2,2,3,3-"H,]propionic acid at 298 K. NH-shift temperature-dependance

coefficients (AJ/AT) are also listed.

Residue NH shift 49/4T Chemical shift of
CaH CpH CyH CJH CeH Other NHs
ppm 10 * X ppm/K ppm
Y91 4.27 3.30, 3.06 6.87 7.20
L92 8.64 —5.1 4.27 1.61 1.92 0.96
G93 8.30 —6.4 3.99, 3.84
Y94 7.92 —44 427 3.09, 2.99 6.80 7.07
L95 8.11 -58 3.96 1.58 1.79 0.99, 0.92
E9%6 7.66 —1.4 4.05 2.08 2.36, 2.50
Q97 8.14 —-4.0 3.82 2.15 2.39,2.54 6.82*, 7.39"
L98 7.63 —-2.1 4.18 1.60 1.77 0.87
199 7.61 -2.9 4.29 1.92 1.62 0.89
R100 7.78 —33 4.24 1.97. 1.87 1.62 321 7.11¢, 648"

¢ AAT = —4.2 - 1077 ppm/K.
© ASIAT = —4.1 - 10 * ppm/K.
¢ NgH, A0AT = —1.8 - 10 ppm/K.

¢ NyH, A9/AT = —1.6 - 10 ° ppn/K. Only one of the four R100 (N#H.). is visible at room temperature.
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Fig. 3. Summary of the '"H/'H NOE connectivities for the decapeptide
in SDS/water. The intensity of the NOE cross-peaks is indicated by the
thickness of the lines, classified as strong, medium and weak.

aN(i,i+2) NOE connectivities for the former and weak
aN(i,i+4) NOE connectivities for the latter. In addition, random
sequences are characterized by the presence of strong «N(i,i+1)
NOESs and the absence of other short-range NOEs involving the
NH and CaH protons [25].

In the present case, strong to medium NN(,i+1) and me-
dium to weak aN(i,i+1) sequential NOE cross-peaks are ob-
served with various medium and weak NN(,i+2), NN(,i+3),
aN(i,i+2) and aN(i,i+3) NOE cross-peaks (Fig. 3). However,
the partially superimposed resonances of the Y91, L92, Y94 and

L99 CaHs, of the G93, L95 and Q97 CaHs, of the L95 and Q97
NHs, and of the E96, 1.98 and 199 NHs, prevent various
eventual medium-range and long-range NOE connectivities be-
ing assigned because of their weak intensity, or of their superpo-
sition on other strong NOEs, or their close proximity to the diag-
onal, as for the L98-NH/L99-NH NOE cross peak. Except the
weak G93-CaH/E96-CfH NOE cross-peak, and due to the over-
lapping of the a and S proton resonances for the residues of the
same type (Y91/Y94, 1L.92/1.95/1.98/1.99 and E96/Q97), the other
afi(i,i-+3), NOEs are very weak or could not be identified. Nev-
ertheless, the presence of successive medium aN(i,i+2) cross
peaks argues for the occurrence of a 3,, helix from G93 to L99,
which is confirmed by the small temperature coefficients for the
last five C-terminal residues, compared with those for the N-
terminal part of the molecule. The weak aN(i,i+4) E96-CaH/
R100-NH NOE cross-peak (Fig. 3) suggests that the C-terminal
R100 residue could rather participate in an a-helix fragment.

In agreement with the CD data, the NMR data indicate that
most of the molecules probably adopt a helicoid conformation
in the SDS/water micellar medium. Many examples of SDS-
induced transitions from random to helical structures have been
reported, although the SDS micelles do not seem to be capable
of imposing an «-helix structure on any sequence independent
of its intrinsic folding tendencies [26, 27].

Molecular modeling. As a first approximation, the decapeptide
molecule was constructed in canonical 3,,-helix and «-helix
forms, from G93 to R100, which were used for starting re-
strained MD calculations based on 39 backbone-backbone and
10 backbone-side chain constraints with proton-proton estimated
distances. In the absence of stereoassignment of the a« and f
methylene protons, pseudoatoms with adjusted distance con-
straints were introduced. The first restrained energy-minimiza-
tion steps of the « and 3, helix led to two quite similar conform-
ers, which were used subsequently as the starting structures for
MD calculations.

Distance-restrained MD simulation of the decapeptide in
SDS micellar solution was carried out for 320 ps to derive con-
formations consistent with the NMR data (interproton distances
and NH proton accessibility). During the last 30-ps MD analyses
the structural variations were only fluctuations about an average
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Y91

Fig. 4. Ten superimposed structures of the decapeptide, extracted from the last 30 ps of restrained-MD simulation.

R100

Fig. 5. Stereoviews of the decapeptide time-averaged structure from the last 30 ps of restrained-MD simulation.

conformation, as shown by the ten superposed conformers for
every 3 ps of the 30-ps MD analysis (Fig. 4). As expected from
the non-stereoassignment of the « and f# methylene protons, and
from the lower force constant for the backbone-side chain con-
straints, the side chains were more agitated than the backbone.
Similarly, due to the small number of distance constraints con-
cerning the Y91 backbone, the N-terminal residue was relatively
agitated.

This 30-ps MD analysis was used for further analysis and
conformational averaging. The time-averaged structure was ob-
tained from 150 conformers and subsequent energy minimiza-
tion (Fig.5). The residue-by-residue rmsd between the final
average conformation and the 150 individual conformers was
less than 0.03 nm when applied to heavy atoms. The interproton
distances of the time-averaged structure are in good agreement
with those deduced from the NOEs. Only six of them (two back-
bone-backbone and four backbone-side chain distances) are out
of the margins by 0.029—0.045 nm, and the largest violations
are observed for the backbone-side chain distances. Such differ-
ences are commonly observed for oligopeptides which are
known to be rather flexible structures, especially in the orienta-
tion of their side chains [28].

Table 2. Main conformational angles of the time-averaged MD con-
formation from the last 30-ps restrained-MD simulation.

Residue o W x' Ve r P
Y91 ~79 65 —80

1L.92 —158 —33 —-173 —63, 175

G93 — 48 26

Y94 —146 23 65 =75

L95 - 62 -2t - 54 —63, 175

E96 - 36 -351 169 58 65

QY7 - 62 =32 —143 81 8

L98 - 74 -—15 —163 68, —170

L99 - 83 60 — 62 —66, 174

R100 —166 67 —72 93 179

The torsional angles of the average conformation are given
in Table 2. Except for L92, Y94, and L99, the ¢, w angles are
rather close to the values typical of 3,, or « helices. The short
NH to O distances typical of hydrogen bonding (Table 3) show
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Table 3. Dimensions and occurrence of the hydrogen bonds in ag,-
casein(91-100)-peptide during the last 30-ps restrained-MD simula-
tion.

Donor Acceptor Hydrogen N-H - O bond Oc-
bond type —— cur-
distance angle rence
nm ° o
E96 NH L92 CO i+t4—i 0.278 132 68
Q97 NH Y94 CO i+3—i 0280 137 90
L98 NH LS5 CO it3—i 0.318 125 67
L99 NH E%% CO it3—i 0.285 134 74
R100 NH  E96 CO i+4—1i 0263 170 90
R100 NeH R100 CO5 0.282 144 98
R100 NyH  E96 CJO; 0.295 114 75

a series of three consecutive {+3—1 interactions encompassing
the Y95-L-E-Q-L-L99 sequence, preceded and followed by
i+4—i interactions typical of an « turn. These results confirm
that the decapeptide in the SDS micellar environment assumes
a helicoid conformation that is essentially of the 3,, type.

The ionic interactions R100-N¢H to R100-CO; and R100-
Nz to H-E96-CJ0O; are in agreement with the small temperature
coefficients indicated for these guanidinium resonances. An
ionic interaction between an arginine guanidinium and an aspar-
tic or glutamic carboxylate three or four residues ahead is known
to be an important helix-promoting factor {29]. This is con-
firmed in the present case by comparing the CD spectrum evolu-
tion upon SDS addition for the natural peptide and its [Ala100]-
analog (data not shown). The transition from a random to an
ordered helicoid structure is much more rapid for the former
than for the latter.

The time-averaged structure exhibits an amphiphilic charac-
ter, evidenced by the clustered Y91, L92, Y94, 195, L.98 and
L99 hydrophobic side chains on one side of the molecule, while
the three hydrophilic residues (E96, Q97 and R100) are on the
other side. Such an ampbhiphilic structure may favor its interac-
tion with the apolar core of the micelles [30, 31],which are a
rough approximation of the cellular membrane in which the ben-
zodiazepine receptor is anchored.

Comments. Although the affinity of the decapeptide to the type-
A 4Abu receptor is much lower than that of the benzodiazepines
[32], their recognition by the same site of the receptor suggests
that they share common structural properties.

Benzodiazepine agonists [14, 15] contain one seven-memb-
ered diazepam ring A, which is in a boat conformation, and two
nearly planar phenyl rings B (fused to A) and C (connected by
one bond to A; Fig. 6). Structure/activity relationships for ben-
zodiazepines emphasize the importance of the relative orienta-
tion of the two aromatic rings B and C, of the presence of an
electroattracting group on B, and, to a lesser extent of the car-
bonyl in A. Although C may rotate around the bond connecting
it to A, and A may experience an inversion of boat concavity,
the distance between the centers of rings B and C is constant,
and equal to 0.515 nm in the crystal structure of nitrazepam [33].

In ag;-casein-(91—100)-peptide, the tyrosine aromatic rings
can be related to the mandatory aromatic rings B and C in the
benzodiazepine agonists, and are predicted to be at a short dis-
tance (Fig. 5). Although there are less backbone/side chain than
backbone/backbone NOE connectivities, Fig. 3 lists various
NOE correlations between the protons of each tyrosine side
chain with the NH and CeH of adjacent residues. By taking
these experimental constants into account in the MD simulation,
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Fig. 6. Crystal structure of nitrazepam, a benzodiazepine derivative
[33]. In solution, ring C may rotate with reference to the diazepine ring
A,

we observe that the distance between the tyrosine centers fluctu-
ates in the rather narrow 0.50—0.67-nm range during the last
30-ps MD analysis, with a time-average value of 0.56 nm. The
distance of 0.515 nm between the centers of B and C in nitra-
zepam can be found in the 0.50—0.61-nm range described
above. Therefore, the flexible tyrosine rings in as,-casein-(91—
100)-peptide can easily adopt, upon recognition by the type-A
4Abu receptor, a relative disposition similar to that of the aro-
matic rings in the rigid benzodiazepine agonists.

CONCLUSION

The conformation of the bovine ag,-casein-(91—100)-pep-
tide (YLGYLEQLLR) has been determined in SDS/water micel-
lar medium by two-dimensional-NMR and restrained-MD simu-
lations. The time-averaged structure of the decapeptide is in
good agreement with the NMR and CD data. The G93-LEQL-
199 sequence adopts a 3;,-helix structure initiated and termi-
nated by an « turn. The hydrophobic side chains (two tyrosine
and four leucine residues) are located on the same side of the
molecule, while the hydrophilic side chains (glutamine, glutamic
acid and arginine residues) are situated on the other face, giving
the decapeptide an amphiphilic character compatible with its in-
teraction with SDS micelles. The ionic interactions between the
R100 guanidinium and the R100 and E96 carboxylates itlustrate
the key role of the C-terminal Arg residue in the stabilization of
the helix structure.

The substitution of an alanine for the R100 residue results
in a decrease of helical propensity in the SDS/water medium,
compared with that of the natural sequence. In the helicoid struc-
ture of the decapeptide, the two tyrosine aromatic cycles are
oriented so that the distance between their centers and that be-
tween the centers of the benzodiazepine aromatic rings have
comparable values. This might explain the affinity of as,-casein-
(91—100)peptide for the type-A 4Abu reptor.
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