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Protein-membrane interactions are the molecular basis of many Table 1. Band Position (v) and Full Width at Half-Maximum (Av)
biological processes. Among such protemembrane interactions ~ °f the Stretching Vibration of CN in MPx—CNy Peptides.

are membrane lysis by antibiotic peptides, fertilization facilitated Phecy position 5 6 7 8 9 10 11

by fusion peptides, and viral infections mediated by fusion peptides. vg (cm?) 22357 2234.9 2234.8 22356 2235.1 22352 22358
Other biological processes that are based on preteiembrane Ave (em™?) 128 141 138 110 120 133 1238
interactions involve proteins that are intrinsically associated with ZE;‘C{Q;L) igzsg.ﬁ gizg.s 120239'4 1%229'8 824228'9923229'39 3228'5
membranes such as ion channels and receptors. Therefore, develop, (Seg) 3017 4948 41+7 4746 6747 47+6 6847
ment of methods for the site-specific determination of protein o (deg) 6247 57+8 61+7 58+6 50+ 7 58+ 6 50+7

membrane interactions contributes to the understanding of the ¢:(deg)—trans 53 =~ 53 =~ 53 ~ 53 53 53 53
lecular basis of many such processes. The amide | band of o' (deg)—trans 37.9 855 391 713 488 568  60.6

mo . ofmany such p S , 0y(deg)—gauche 48 48 48 48 48 48 48
polypeptides, which arises mainly from the amide@ stretching og(deg)— gauche 81.8 448 688 548 556 66.1 46.8
vibration, has been used extensively to determine the conformation fraction trans 045 030 026 019 082 087 0.23
as well as orientation of transmembrane peptides in conjunction dA ers for f tid b dA

. . . . Ve an VE are parameters 1or iree peptiaes, whergaan vg are
with polarized attenuateq total reflection (ATR) llnfrared. OR) parameters for bound peptides. Also listed are angles of the CN transition
spectroscopy However, this method does not offer site specificity  dipole with respect to the helical axi®, and with respect to the membrane

because the amide | band of peptides and proteins is broadened byormal,a. 6;, o, 65, andog are the calculated values f@randa obtained

both homogeneous and inhomogeneous mechanisms Employinq;lom an ideal 3.6 residue/turn helix aligned parallel to the membrane surface,
’ ith Phexy built in the two most populous sidechain rotamer conformations

1%C=0s may sometimes help to resolve backbone conformation 4t each of the seven positions.
of individual residueg; however, the local environment seen by
individual side chains cannot be revealed by this approach. Heregn g phe, residue that is buried in a hydrophobic pocket,
we describe a new method for studying the local environment of indicating that the segment labeled with Blé.e., 5-11) in the
transmembrane peptides. MPx peptide is also buried in the hydrophobic region of the
Recently, Getahun et lhave shown that nitrile-derivatized  phospholipid bilayer and is dehydrated. Although previous studies
amino acids could be used as infrared environmental probes, duenaye shown that, when MPx peptide interacts with zwitterionic
to the sensitivity of the CN stretching vibration to hydration as |ipigs, it lies near the bilayer interfaésf is not clear if its polar
well as other factor$ Here we show that nitrile-derivatized amino  gjge chains are still exposed to solvent. Our results nevertheless
acids can further be used to provide detailed information regarding suggest that even the hydrophilic side of this amphipathic peptide
the interaction between peptides and membranes, especially thgjeg likely beneath the phosphate headgroups of the lipids and is
hydration state and orientation of individual side chains. To dehydrated.
demonstrate the validity of this method, we employed a well-studied Interestingly, the MPxCNy peptides in the bilayer exhibit small
membrane-binding peptide, i.e., mastoparan x (MPx peptide with 1t noticeable differences in the bandwidth of their CN stretching
the sequence INWKGIAAMAKKLL). Seven nitrile-derivatized  jiprations. For example, MPXCN5 has a relatively broader
mutants of the MPx peptide, i.e., MPXCNy peptides, with a Pk bandwidth, whereas those of MPEN6 and MPxCN9 are
residue (Supporting Information) replacing different positions along  rejatively narrower. This is due presumably to the subtle difference
the peptide sequence (i.g= 5—-11), were synthesized and studied i, the |ocal environments seen by these CN groups. Taken together,
spectroscopically.MPx is a typical amphipathic peptide, whose  {hese results suggest that the side chain of residue 5 in the MPx
structure in lipid bicelles and SDS micelles has been determined peptide samples on average a more inhomogeneous environment,
by NMR spectroscop§its binding to lipids has also been studied | hereas those of residue 6 and 9 see a less inhomogeneous
by other NMR methods. N . surrounding. This difference may be explained by the amphipathic
The free MPx-CNy peptides in water exhibit a CN stretching  patyre of the peptide. NMR studies have revealed that both residue
vibration centered at+2235 cnt* with a Lorentzian bandwidth of g 4nq 9 (i.e., 16 and M9) of the MPx peptide are buried deeply in
~13 cnt* (Supporting Information and Table 1). These results {he hydrophobic interior of the membrane. Thus, it is expected that
indicate that the Pl side chain in these peptides is fully hydrated. 6 sjde chains of these residues would sample a less inhomogen-
However, when bound to POPC phospholipid bilayers, the CN eous environment. On the other hand, the Rhie MPx—CN5
stretching vibration of these pepti_des shifts to_Iower wavenumbers probably has its side chain pointed toward the headgroups of the
and becomes narrower (Supporting Information and Table 1). In |iigs; as a result, it exhibits a broader absorption bandwidth (see
fact, its position and width are almost identical to those obtained below). On a similar note, the phase of the helix facing the lower

layer was determined by fitting the variation in the square root of

:gg&?fmngﬁfgﬂeéﬂzm‘;{‘ée should be addressed. the CN bandwidth as a function of position to a sinusoidal function.
* Department of Biochemistry & Biophysics. The phase computed from the bandwidth matches that calculated
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with hydrophobicity to within 8. This further supports that the In contrast, the angle between the nitrile group and the membrane
bandwidth relates to the degree of insertion into the membrane. It normal should depend both on the sequence position and the rotamer
is worth noting that the free peptides in water also exhibit variations state of Phegy. Thus, the value of the experimentally determined

in their CN bandwidths, due probably to either peptide self- can be used to determine the relative populations of the two rotamer
association or residual structures. states of Phg. As shown (Table 1), the fractional contribution of

Further ATR polarization studies of the amide | band of the MPx each conformer was found for each rotamer using the following
peptide indicate that the peptide lies in the membrane plane, relationship: oo = F*a; + (1 — F)*ag, whereF is the fraction of
consistent with previous resufté-or example (Supporting Informa-  the trans conformer. Interestingly, it appears that each position
tion), the amide | absorbance of the MPEN5 peptide depends  favors one conformation over the other with the exception of residue
on the polarization of the linearly polarized IR light and the dichroic 5, which samples the two different conformations almost equally.
ratio gives rise to an angle of B4 7° between the helical axis and  This result is consistent with the inhomogeneity of the environment
the membrane plarfe.Within experimental uncertainty, other at this site suggested by the broader bandwidth of the CN stretching
peptides (labeled and unlabeled) give rise to the same angle,vibration of Phey at position 5.
indicating that the incorporation of the Rgesidue does not alter In summary, we demonstrated here the utility of using nitrile-
the structure and orientation of the peptide significantly. Since the derivatized amino acids to determine the hydration state of specific
helix lies at a slight angle in the membrane, one of its termini would sites of membrane-interactive peptides (upon binding). We have
be buried slightly deeper into the membrane, whereas the otheralso shown that polarization measurements can further be used to
would be close to or at the interface. For MPx peptide, NMR%ata uncover information regarding the spatial orientation of individual
have shown that it is the N-terminus that lies close to the membraneside chains as well as their rotamer distributions.
interface. Consistent with this picture is the broader bandwidth
observed for the CN stretching vibration of the MF@NS5 peptide. ~ Acknowledgment. We thank the NIH (GM-065978) for fund-
Because the side chain of residue 5 is closer to the more dynamic'n9-
lipid headgroups, it would be expected that it experiences a more
inhomogeneous environment and, thus, a broader vibrational
transition.

In addition, polarized ATR-IR measurements were carried out
for the CN stretching vibration (Supporting Information). Since the
molecular axis of the CN group lies parallel to the phenyl group of
the Phey side chain, the direction of the vibrational transition dipole (1) Tatulian, S. ABiochemistry2003 42, 11898-11907.
moment of the CN group, which can be obtained by measuring its  (2) (a) Ludlam, C. F.; Arkin, I. T.; Liu, X. M.; Rothaman, M. S.; Rath, P.;
dichroic ratio, directly reports the angle of the Rhiside chain ’;‘gggtgbysfgrg_'t{‘;%_c(’g)E,j'l?aelgag'_ BMGef;‘mﬁC?'dv\'fﬂgpr}ysv\f .
with respect to either the membrane normal or the helical axis (Table DeGrado, W. F.; Gai, FJ. Am. Chem. So@001 123 1211112112.
1). Because of the rigidity of the structure of the side chain between (3) Getahun, Z; Huang, C. Y.; Wang, T.; De Leon, B.; DeGrado, W. F.;

- X : : Gai, F.J. Am. Chem. So@003 125 405-411.
the @3 and the nitrile group, the orientation of the CN group is (4) (a) Reimers, J. R.: Hall, L. 5. Am. Chem. S0d999 121, 3730-3744.

Supporting Information Available: Regular and polarized FTIR
spectra of MPxCNy peptides as well as methods (PDF). This material
is available free of charge via the Internet at http:/pubs.acs.org.
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