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Abstract

The present work comparatively analyzes the interaction-bfSH and its more potent and long-acting analog fiNB-Ph€]a-MSH
(NDP-MSH) with lipid bilayers. The peptides were spin labeled with Toac (2,2,6,6-tetramethylpiperidine-1-oxyl-4-amino-4-carboxylic acid)
at the N-terminal, as those derivatives had been previously shown to keep their full biological activity. Due to the special rigidity of the Toac
covalent binding to the peptide molecule, this spin label is highly sensitive to the peptide backbone conformation and dynamics. The peptides
were investigated both by the electron spin resonance (ESR) of @ndcthe time resolved fluorescence of *Tppesent in the peptides. The
Toa® ESR of the membrane-bound peptides indicates that the two peptides are inserted into the bilayer, close to the bilayer surface, in rather
similar environments. A residue titration arounidy¥.5, possibly that of Hf§ can be clearly monitored by peptide—lipid partition. Ttime
resolved fluorescence indicates that the peptides, and their Toac-labeled derivatives, present rather similar conformations when membrane
bound, though Trhin NDP-MSH, and in its Toac-labeled derivative, goes somewhat further down into the bilayer. Yét E®Rcsignal
shows that the Toac-labeled N-terminal of NDP-MSH is in a shallower position in the bilayer, as compared to the hormone.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction would make the peptide more accessible to the membrane
protein receptor, and/or the presence of the peptide inside the
Melanocortin peptides are known to interact with mem- bilayer could change the bilayer structure favoring an appro-
brane proteins belonging to the super family of receptors priate receptor conformation.
coupled to the G-protein, which stimulate the adenosine  Considering the possible biological relevance of the
cyclic 3,5-phosphate (cAMP) signal transduction pathway lipid phase, a-MSH and several active analogs have
[11]. However, the lipid phase of the cell membrane possibly been tested for lipid affinity, membrane depth penetra-
plays an active role in the peptide—receptor interaction, not tion and peptide/bilayer structural alterations. Using lipids
only by increasing the peptide concentration at its surface, by spin-labeled at different chain positions, incorporated in
electrostatic effects (anionic lipids/cationic peptide), but also dimyristoyl phosphatidylglycerol (DMPG) bilayers, we have
by changing the peptide structural conformation, making it shown that the two cationic peptides, the hormane
adjustable to the receptor. Besides, the peptide—lipid partition MSH (Ac-Set-Tyr2-SerP-Met*-Glu®-Hisb-Phe-Arg8-Trp®-
Gly'0-Lys!-Prot?-vall3-NH?) and the biologically more
* Corresponding author. Tel.: +55 11 3091 6829; fax: +55 11 3813 4334, POtent analog. [N D-Phd]o-MSH (NDP-MSH), inter-
E-mail addressmtlamy@if.usp.br (M.T. Lamy). act with anionic DMPG bilayers, changing the membrane
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packing and altering the amount of water molecules in the parison between the peptides and their Toac-labeled deriva-
bilayer core[5,6,13] They interact with both the gel and tives. Moreover, the ESR of To4@nd the fluorescence of
fluid phases of the lipid. For fluid DMPG bilayers, above Trp® give complementary information about the whole struc-
35°C, the hormone and the analog were shown to harden theture of the peptides.

bilayer packing at all depth$,13], anda-MSH was found DMPG, used here as a lipid model system of acidic
to decrease the membrane hydrophobic barrier, increasingdomains in natural cells, increases the cationic peptide
interchain hydratiof13]. At low temperatures, from 5 to  local concentration at the membrane surface by electrostatic
15°C, in the highly organized lipid gel phase;MSH effect effects. Due to the 14 C-atoms acyl chain, this lipid presents
is rather complex, being bilayer position dependent: it signif- a gel-fluid transition around 2@, allowing the study of
icantly decreases the bilayer packing at the bilayer core andlipid bilayers in the gel and fluid phases, in a quite conve-
close to the lipid/water interface, but seems to increase thenient range of temperature. The two phases would mimic
packing around the 9th to 12th acyl chain C-atoms. Though acidic micro-regions of different fluidity present in biolog-
the actual position ak-MSH or NDP-MSH in DMPG mem- ical membranes at physiological temperatures. Low ionic
branes is still a matter of discussion, the peptides structuralstrength DMPG dispersions are used to increase the mag-
bilayer alterations are certainly related to their penetration nitude of the membrane surface potential, therefore increas-
into the membrane and could not be simply explained by ing the local peptide concentration. Those dispersions are

surface charge effecl43]. known to present an “intermediate phase”, over the temper-
On the other hand, the peptide—lipid interaction has also ature interval 17-35C, between the gel and fluid phases,
been monitored through the alterations on the® Thpores- with rather complex characteristifal,34] Therefore, most

cent properties in the presence of membranes. Tryptophanof the peptide—lipid interaction studies presented here were

fluorescence, both static and time resolved, and its suppres-done with DMPG in the gel, intermediate and fluid phases,

sion by nitroxide moieties positioned at different bilayer between 5 and 4%C.

depths confirm that-MSH, and some potent analogs, includ-

ing NDP-MSH, patrtially penetrate lipid bilayef20,22,12]

Based on the parallax methdd] it was proposed that, in 2. Materials and methods

«-MSH, the average depth of Trp penetration into DMPG

bilayers was around the sixth to eighth carbon of the lipid 2.1. Materials

acyl chain[22]. By the same methodology, the analog NDP-

MSH was found to go deeper into the bilayer, with the Trp Melanocortin peptides were synthesized as mentioned

residue located between carbons 10 and 11. in previous paper$3,26]. HEPES (4-(2-hydroxyethyl)-1-
The present work focuses on a comparative study of piperizineethanesulfonic acid) was purchased from Sigma

peptide—lipid bilayer interaction, with the hormoaeviSH Chemical Co. (St. Louis, MO, USA). The sodium salt

and its biologically more active analog NDP-MSH. Here, of the phospholipid DMPG (1,2-dimyristo@r-glycero-

the peptide—lipid interaction was monitored by electron spin 3-phosphaac-glycerol) was obtained from Avanti Polar

resonance (ESR), with peptides labeled with the paramag-Lipids (Birmingham, AL, USA).

netic amino acid Toac (2,2,6,6-tetramethylpiperidine-1-oxyl-

4-amino-4-carboxylic acid) at the N-terminal. The use of 2.2. Peptide preparation

Toac for peptide labeling was first successfully carried out

almost two decades ago by the synthesis of the dipeptide Stock solutions of peptides were prepared in water. Flu-

Toac-Gly[27] and of the octapeptide angiotensin Il (Angll) orescence and electron spin resonance (ESR) measurements

analogs Todt and Toaé-Angll [28]. Later, an alterna-  were made diluting the stock solution with 10 mM HEPES

tive approach enabled insertion of this spin probe at any buffer pH 7.4 to the desired final peptide concentration.

position of the peptide backborj@3]. The special tetra

substituted cyclic structure of Toac renders high sensitiv- 2.3. Lipid dispersion preparation

ity to this probe to monitor conformational features and

dynamics of the molecule or system where it is linked. A film was formed from a chloroform solution of DMPG,

Owing to this unique characteristic, a great amount of dif- dried under a stream of \Nand left under reduced pressure

ferent Toac application has been witnessed in last yearsfor a minimum of 2 h, to remove all traces of the organic

encompassing peptid§4,25,29,36,38,40br even peptide-  solvent. Liposomes were prepared by the addition of pep-

polymers studieg8,9,30] Among the peptides studied, tide HEPES buffer solution, followed by vortexing, with the

acetyl-Toaf-a-MSH[3] and acetyl-Tod&[Nle*, D-Phe]a- lipids in the fluid phase. When necessary, the pH of the dis-
MSH[26] were shown to retain entirely their native biological persion was adjusted to the desired value by addition of
potency. small aliquots of concentrated NaOH or HCI stock solu-
Toac-labeled and unlabeled peptides, incorporated intions. The DMPG final concentrations were 50 or 1 mM for
DMPG bilayers, were also studied via Pitime resolved flu- electron spin resonance (ESR), and 1 mM for fluorescence

orescence. The tryptophan fluorescence study allows a comspectroscopy.
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2.4. ESR spectroscopy the plots of weighted residuals and by statistical parameters
such as reducegf.

ESR measurements were performed with a Bruker EMX
spectrometer. Field modulation amplitude of 0.5G and 2.6. pH titration
microwave power of 10.13mW were used. The tempera-
ture was controlled to about 0:€ with a Bruker BVT-2000 The Henderson—Hasselbalch equation describes pH titra-
variable temperature device. The temperature was monitorection of individual sites. For a molecule with more than
with a Fluke 51 K/J thermometer with the probe placed just one titratable site, as the peptides used herein, the total
above the cavity. The magnetic field was measured with a protonation curve can be described by a weighted sum of
Bruker ER 035 NMR Gaussmeter, and, when necessary, theHenderson—-Hasselbalch curves. As discussed by Onufriev et
WINEPR software (Bruker) was used. al. [31], the total average protonation of a molecule contain-

For the highly anisotropic spectra yielded by peptides ing N sites, can be expressed by
incorporated in DMPG vesicles, the isotropic hyperfine split-
ting (ap) was calculated from the expressidm,17] Z 1QPKi—PH @)

1 V=L opkeH
= é(A” +2A)) (1) . .
wherey is a parameter representative of the molecule pH

whereA | (=Amax) is the maximum hyperfine splitting directly  titration, like the lipid-partition inFig. 5 whereg; is the
measured in the spectrum, and contribution of the individual Henderson—Hasselbalch curve
Aj = Amin corresponding to the titratable siteharacterized by itsk

Q20T ay @ Ve

where Z\min is the measured inner hyperfine splitting, and
Ax=5.9G Ay, =5.4G and\;,= 32.9 G are the principal val- 3. Results and discussion
ues of the hyperfine tensor for doxylpropd®].

Effective order parameterSys, were calculated fromthe ~ 3.1. Toac ESR studies

expression
) The ESR spectra yielded by 0.1 mM Ac-T8ae-MSH
Seff = Al — AL % \where and Ac-Toa€-[Nle?, D-Ph€]a-MSH in the presence of
— (1/2)(Axx + Ayy) a0 50 mM DMPG vesicles are shown ifig. 1 The spectra,
1 obtained with the lipids in the gel (F&) and fluid phases
= 3(An + Ay + Az) 3) (45°C), are certainly very different from those yielded by the

peptides in aqueous solutiofig. 1c). They seem to be com-

posite signals: a large amount of a rather anisotropic signal,
2.5. Fluorescence spectroscopy typical of spin labels incorporated in membranes, coexist-

ing with a small percentage of a very narrow signal, mainly

Time-resolved experiments were performed using an evident at the high field feature (see arrows-ig. 1). The
apparatus based on the time-correlated single photon countiatter looking very much similar to the signal yielded by the
ing method. The excitation source was a Tsunami 3950 peptidesin aqueous solutidfig. 1c). Accordingly, the Toac-
Spectra Physics titanium-sapphire laser, pumped by a 2060abeled peptides spectra in DMPG were subtracted from the
Spectra Physics argon laser. The repetition rate of the 5 ps‘free” peptide signal, at the appropriate temperattig. 2
pulses was set to 400 kHz using the pulse picker 3980 Spec-shows the resultant spectra, after the subtractions. The sub-
tra Physics. The laser was tuned to give output at 888 nm, andtraction was done by subtracting a weighted free spectrum.
athird harmonic generator BBO crystal (GWN-23PL Spectra The weight of the free signal was varied until the resulting
Physics) gave the 296 nm excitation pulses that were directedspectrum looked like a one component signal, as shown in
to an Edinburgh FL900 spectrometer. The spectrometer waskFig. 2 This subtraction proceeds by trial and error, judging by
set in L-format configuration, the emission wavelength was eye the quality of the resultant spectrum. Up t68Ghe sub-
selected by a monochromator, and emitted photons weretraction was rather straightforward. For higher temperatures,
detected by arefrigerated Hamamatsu R3809U microchannelthe free signal obtained at a somewhat lower temperature
plate photomultiplier. The FWHM of the instrument response had to be used in the subtraction, for a good match of the free
function was typically 50 ps, determined with a time reso- component in the composite spectra. That could possibly be
lution of 12 ps per channel. Measurements of the peptidesattributed to an increase in the rate of exchange between the
decays were made using time resolution of 12 ps per channel peptides in agueous medium and in the membrane, with the
The software provided by Edinburgh Instruments was used temperature rise, slightly increasing the line width of the free

to analyze the individual decay curves. The adequacy of thesignal[2]. Hence, a low temperature signal would somehow
multi-exponential decay fitting was judged by inspection of mimic the line width broadening.
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Fig. 1. ESR spectra of 0.1 mM Toac-peptides in 50 mM DMPG dispersion (a and b), and in aqueous solution (c), at X&amdtdbspectra width 100 G.
HEPES buffer, pH 7.4.
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Fig. 2. ESR spectra of 0.1 mM Ac-Tdaa-MSH and Ac-ToaB-NDP-MSH in 50 mM DMPG dispersions at 15, 25, 35 and@5 subtracted from the ESR
signal yielded by the peptides in aqueous solution. Total spectra width 100 G. The spectral pardmgiéssin and AHp are indicated. HEPES buffer, pH
7.4.
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The relatively good subtracted spectra, showirig 2, T ' ' " T " T
allow us to conclude that the spin-labeled peptides partition sor * @
between the water and lipid media. Double integration gives .
the fractions of the components presentin the composite spec- 281 O 1
trum. At the lipid concentration used (50 mM), the peptides G 5
are mostly in the bilayer, the amount in solution varying from <§ 26} *® -
2 to 6%, as the temperature increases (see further discus- %
sion on peptide—lipid—water partition below). The spectra of o4l o ® i
Toac in both peptides are rather anisotropic, indicating that n
the peptides are not placed at the bilayer surface, but are 20 : : : :
going into the bilayer. It is important to have in mind that the I 0
rotational rate of the Toac spin label is tied to the rotational "
rate of the peptide backbone, therefore reflecting the pep- 0sl *® |
tide as a whole. This conclusion is supported by the work of ' O
Victor and Cafisd39], who showed that, when membrane- o * g
bound, Toac-peptides containing only the cationic residue 031 * Q |
Lys display a relatively isotropic ESR spectra, which can -
be attributed to the peptide in the aqueous double layer, at 0.4 * i 1
the membrane surface. The substitution of two or more Lys
residues by Phe drastically changes the Toac-peptide ESR 6 = = = =
spectrum, making it rather anisotropic, similar to the spec- P (c)
tra of Toac-melanocortins showed here. It is sugge@ep S5t * ]
that the backbone of the peptides containing phenylalanine Al o ]
lays several angstroms below the level of the lipid phosphate. 5 | * O
In the presence of DMPG bilayers, Toac bound at the N- = 3l x 04 J
terminus of bothh-MSH and NDP-MSH has its movement 5 *ox 2 ]
strongly restricted, indicating its insertion into the membrane, 2 =
at all temperatures investigated, with the lipid in fluid, inter- a4
mediate and gel phases. r " e 8 8 8 o

The Toac ESR signal was analyzed via three parameters, 10 20 30 20 50
directly measured in the spectra, sensitive to the spin-label Temperature (°C)

movement/order: the maximum hyperfine splittifygsx and

the width of the central line, shown Fig. 2, and the effective Fig. 3. Te'mperature dependence of the maximum hyperfipe splitting A

order parameter, discussed in SectiThe three parame- ﬁ?laizfggvfnotf:Eps?eri?eeé?;f é?é?%i@?ﬁﬁ?ﬂﬂfmﬁ?

ters decrease as the Toac environment gets more[flQid Toa@-NDP-MSH, in 50 mM DMPG. The central peak line widiHo (c)

While the Toac central line width for the peptides in solu- was also measured on the ESR spectraf &c-Toa@-a-MSH and ¢)

tion is nearly insensitive to the temperature variafiche Ac-Toad-NDP-MSH in aqueous medium. HEPES buffer, pH 7.4.

Toac-peptide incorporated in the membrane strongly feel the

bilayer temperature dependen&gy, 3). However, it is inter- the presence of electric fields or electron transfer complex

esting to note that the Toac-bound peptide does not monitor[16,35]. For labels inside a lipid bilayer, there are strong indi-

the DMPG temperature transition, as monitored by a phos- cations that an increasedg is mainly related to the increase

pholipid spin labeled at the acyl chain down in the bilayer in the amount of nitroxide—water hydrogen bondjhg,24]

core[34], but feels the lipid temperature packing variations As expected, for the Toac-peptides in aqueous medium the

as a lipid spin-labeled at the head grdeép. Still notewor- hyperfine splitting is rather high, around 16.25 G, and does

thy is the similarity between the Toac microenvironment in not vary much with temperatur&ig. 4). The relatively low

the two labeled peptides: the three measured parameters areg values yielded by the Toac-peptides in the presence of

rather similar for the two peptides. DMPG membranes, about 15.2 and 15.5G, for Ac-Peac

The Toac location in the membrane can also be monitored a-MSH and Ac-Toal-[Nle*, D-Phe]a-MSH, respectively

via its nitrogen isotropic hyperfine splittingg. It has been (Fig. 4), indicate that the Toac group is incorporated into the

shown that the magnitude of the nitrogen isotropic hyperfine DMPG membrane, but not down into the bilayer core, where

splitting (ap, one-third of the trace of the hyperfine tensor) the expectedy value would be even lower. The relatively

depends on several factors which increase the unpaired elechigher value found for the analog suggests that the Toac at

tron spin density at the nitrogen nucleus, like solvent polarity, the N-terminal of NDP-MSH is located at a shallower posi-

tion. It is interesting to have in mind that Toac-peptides in

1 This parameter is the only one that can be compared with those of the MiCelle structures present a rather isotropic ESR signal, with

Toac membrane-bound spectra. high ag value, around 16.2 @0].
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Fig. 4. Temperature dependence of the isotropic hyperfine splitiing

) TS 5
measured on the ESR spectra of 0.1 mil) (Ac-Toa-a-MSH and ) Fig. 5. pH dependence of the percentage of lipid-partition gf1H > M

Ac-Toa®-NDP-MSH, in 50 mM DMPG, and on the ESR spectralllj Ac- of Ac-ToaC-a-MSH (squares) and Ac-To3®DP-MSH (stars), at 10C
Toad-a-MSH and ¢) Ac-Toa®-NDP-MSH in aqueous medium. HEPES ~ (0Pened) and 40C (closed), in 1mM DMPG. The fitting curves (E())
buffer, pH 7.4 for data at 10C (---) and 40 C (—) are shown.

Peptide-lipid interaction studies with trichogin GA IV, a  are showniffable 1 The K, values are rather similar for the
short lipopeptaibol antibiotic (10 amino acid residues), Toac- tWo peptides, at the two temperatures. The titratable group
labeled at the first, fourth and eighth backbone position, found could possibly be Hf§ whose de-protonation would make
rather anisotropic ESR spectra for the peptides labeled at thethe peptides less positive, therefore, would decrease their
three positions, in the presence of egg-lecithin membraneslocal concentration at the negatively charged DMPG bilayer
[25]. The measurefimax Values for these peptides are fairly ~Surface, leading to alesser amount of peptide inside the mem-
higher than those found for the T8aklabeled melanocortins  brane. The higherif, values measured for His, as compared
in fluid DMPG bilayers, indicating a more restricted move- 0 the [Ka found in aqueous solution (about 6[1}], is pos-
ment for Toac at the middle of a peptide backbone, as sibly related to the local low pH value at the negative DMPG
expected. However, the calculated nitrogen hyperfine split- bilayer surface.
tings are rather similar to those of melanocortins, between ~ Though less probable, the monitored residue titration
15.1 and 15.4 G (s€@ig. 4). By the similar values presented ~could be that of Gle, increased by a few pH units due to the
by Toac bound at the three positions in trichogin, first, fourth close proximity to the negatively charged DMPG phosphate
and eighth, it was concluded that the peptide lays parallel to 9roup. As the pH increases, both labeled peptides go out of
the membrane surface, not very deep into the bildgs}. the membrane. Thatis possibly related to the loss of one more
That also seems to be the melanocortins location in a bilayer, POsitive charge, as indicated by the Henderson-Hasselbalch
allowing their charged residues to be at the polar interface. fitting (Table 3, possibly that of Ly or Tyr?, making the

The peptides lipid—water partitioning was carefully stud- peptides neutral, therefore, drastically diminishing their con-
ied with 5x 10~>M peptides in the presence of 1M centration at the DMPG bilayer surface. Curiously, the pep-
DMPG, where the water partition is sufficiently high to tides membrane-partition is somewhat higher in the bilayer
be properly calculated by spectra subtraction. As discussedhighly packed DMPG gel phase, at 10, than in the lipid
above, the peptides lipid—water partitioning can be well eval- fluid phase, at40C (Fig. 5). That could possibly be attributed
uated by the subtraction of the free peptide signal from the t0 the tighter lipid packing at the gel phase, increasing the
composite spectrum yielded by Toac-labeled peptides in thebilayer surface density charge (magnitude), hence increasing
presence of DMPG lipid vesicles. The peptide—lipid partition the peptide local concentration at the bilayer interface. Also
was studied at two temperatures, 10 and@pwith the lipid ~ interesting is the higher lipid partitioning of the hormaie
inthe gel and fluid phases, respectively, at different pH values MSH as compared to the analog NDP-MSH, for high pH
(Fig. 5).2 Below pH 7, the peptide—lipid partitioning is rather ~ values.
high, both the hormone and the more active analog NDP- Table 1
MSH pres,entmg similar Ilpldlpartltlonlng Values’_ at th,e .|Ipld pKa values determined from the fitting (E€L)) of the pH dependence of
geland fluid phases. Interestingly, the Toac-peptide—lipid par- \ne peptide—lipid partitionfig. 5
tition can well monitor the titration of a group, around pH

) ) = T(°C Ko
7-8. The obtainedlf, values, yielded by the fittings shown AoTond e SH 1(§ ) I:(;io 1 il orol
. . . . C-loacC-a- . . . .
in Fig. 5, with the Henderson—Hasselbalch equation (E)Y, 0 2 6£01 115801
. Ac-Toad®-NDP-MSH 10 77404 11.4£0.1
2
The data should be analyzed for pH values higher than 5, to be sure 20 78402 111401

DMPG is fully deprotonateB3].
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weighted lifetimes according ter) = > otirl-z/ > aiti. The
longer excited state mean value lifetime for the peptide in
the presence of lipid membran&aple 2, evident in the
slower decay curve, indicates the Yrpenetration into the
lipid hydrophobic region, as discussed beff#t@]. The pen-
etration of Trj into DMPG bilayers is mainly evident by the
great increase of the long lifetime componentfor the four
peptides, though there is also a significant increase for
NDP-MSH and Ac-Toa®&NDP-MSH (Table 9. The extent
ofincrease inthe mean lifetime is not the same as the increase
in the lifetime components because the distribution of pre-
exponential factors is also affected in the interaction with the
Time (ns) bilayer.
Itisinteresting to examine the Trp lifetime pre-exponential
Fig. 6. Excited state decay 0610~° M a-MSH in (a,0)) aqueous medium factors. As observed ifable 3 complementing the informa-
andin (b, -) 1 mM DMPG. HEPES buffer, pH 7.4, 5. Excitationwave-  tjon from Table 2 for the peptides inserted into the bilayer,
length 296 nm, emission wavelength 355 nm. the pre-exponential factors of intermediate and short lifetime
component are approximately the same, and the contribu-
3.2. Trp time resolved fluorescence studies tion of the long lifetime component amounts to values near
10-15% of the total population. The presence of three life-
Fig. 6 shows the fluorescence decay profiles of*Tip time components for Trp in peptides has been attributed to
a-MSH, in the absence and presence of DMPG bilayers. Thethe occurrence of different rotational conformers of the indole
experimental data, measured in emission wavelength 355 nmying around the €-Cg bond of the alanyl side cha[87,41]
could be described by a multi-exponential decay function and several recent studies support the m@t[18], allow-
I(1) =) i e'/% wherey; andr; are, respectively, the pre-  ing a correlation between lifetimes and Trp side-chgin
exponential factor and the lifetime of the componienitthe rotamer distributions. Several cyclic hexapeptides contain-
decay. At 25C, the data obtained for the peptides in DMPG ing a single Trp residue were examined by fluorescence and
(Table 9 can be compared with those in aqueous medium, *H NMR [32], and lifetime components ranging from 2.7 to
previously publishedtL4]. As shown before, in the pH inter- 5.5 nswere assigned to gotamer. In most cases, the rotamer
val between 5.0 and 7.0 the peptide—lipid partitioning is high, g* is less populated, with a short lifetime, having the smaller
above 95%FKig. 5 and fluorescence data are representative pre-exponential factor.
of the peptides in the bilayer. Comparison was made with  The occurrence of Trp rotamers itMSH and analogs
fluorescence data in aqueous medium obtained at pH 5.0in solution was observed by NMR studies, and it was
in order to have the same ionization state for the His side reported that the ‘gconformer is less populatdd]. Cyclic
chain residue, both in absence and in presence of DMPGmelanocortin peptides were the subject of a recent NMR
vesicles. Mean value&) can be calculated from intensity  study reported by Ying et a[42] showing that in aque-

Table 2
Trp excited state lifetimesr(), mean valuegr), and normalized pre-exponential factoss) (in melanocortin peptides (5 10-° M) in aqueous solution and
DMPG dispersion

71 (ns) 72 (ns) 73 (ns) (t) (ns) o1 o a3

a-MSH H,O? 3.68+0.05 228+0.05 0544 0.01 280 0.27+0.03 0.62+0.04 0.11+0.01
DMPG° 5.28+0.05 236+ 0.04 0594+ 0.02 321 0.144+0.01 0.43+0.01 0.43£0.02
04C +43 +4 +9 +15

Ac-Toad- H,0?2 3.22+0.04 203+0.03 0504 0.01 245 0.26+0.02 0.62£0.03 0.12£0.01

a-MSH DMP@ 4.64+0.04 205+ 0.03 Q037+0.02 286 0.13+0.01 0.37:0.30 0.50£0.04
%C +44 +1 -26 +17

NDP-MSH HO0? 3.40+0.10 195+ 0.05 048+ 0.03 273 0.39+0.03 0.52+0.04 0.09£0.01
DMPG° 5.94+0.11 2464+0.03 0584 0.03 312 0.09+0.01 0.42+0.05 0.49£0.05
%° +75 +26 +21 +14

Ac-Toad- H,0?2 3.10+0.10 170+ 0.06 0424 0.02 243 0.36+0.04 0.52+ 0.05 0.12£0.01

NDP-MSH DMPQ@ 6.39+0.47 216+0.15 038+ 0.03 338 0.08+0.01 0.33+0.03 0.59+0.05
%C +106 +27 -10 +39

Excitation and emission wavelengths 296 and 355 nm, respectively. Hepes buffér,[2BIPG] =1 mM.
a Lifetimes (from Global analysis) and pre-exponential factors (at pH 5, see text) fr#jm
b Values are averages calculated between pH 5 to 7 (see text).
¢ [(Tlipid - faqueouyfaqueoul x 100.
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Table 3
Trp excited state lifetimesr(), and normalized pre-exponential factoss)(in melanocortin peptides (510-2M) in DMPG gel (10°C) and fluid (40C)
bilayers

T(°C) 71 (nS) 72 (ns) 73 (nS) a1 o2 o3
a-MSH 10 6.02£0.10 2.68+0.16 0.71+0.03 0.16:£0.01 0.45+0.06 0.39+0.01

40 4.00+0.11 1.80+0.10 0.53+0.04 0.13+0.02 0.44+0.07 0.43+0.01
Ac-Toad- 10 5.37+0.21 2.36+0.13 0.58+0.06 0.14+0.02 0.40+0.05 0.46+£0.05
a-MSH 40 3.74+0.15 1.64+0.05 0.4740.04 0.08+0.02 0.43+0.01 0.49-0.02
NDP-MSH 10 6.63:0.16 2.86+0.08 0.714+0.02 0.16+0.02 0.43+0.03 0.41+0.04

40 5.07+£0.17 2.09+0.07 0.59+0.05 0.040.01 0.43+:0.03 0.50+0.07
Ac-Toad- 10 5.814+0.20 2.36+0.16 0.56+0.04 0.12+£0.01 0.38+0.01 0.50+0.02
NDP-MSH 40 4.23:0.15 1.7140.07 0.4H40.02 0.08£0.01 0.39£0.04 0.53:£0.04

Excitation and emission wavelengths 296 and 355 nm, respectively. Excited state lifetimes, and normalized pre-exponential factors arel@avetades ca
between pH 5-7 (see text). Hepes buffer. [DMRG mM.

ous medium transfgrotamers predominate and potamers 4. Conclusions
account for less than 20% of the total population. The vari-
ation of the pre-exponential factors with the partition of the ~ Due to the special rigidity of the Toac covalent binding
peptide in DMPG suggests that the gotamer, which pre-  to the peptide molecule, the Toac spin label is highly sen-
dominates in aqueous medilitid], is less presentin the lipid  sitive to the peptide backbone conformation and dynamics.
bilayer. The opposite trend was observed for theajamer, Despite the insertion of this non-natural probe to the struc-
associated to the short lifetime component, which becomesture of the melanocortin peptidesMSH and the more potent
more populated with the insertion of the peptides into the analog NDP-MSH, those peptides, labeled at the N-terminal,
vesicles. It is suggested that the change in rotamers popuwere shown to retain their entire biological activ[8,26].
lation has its origin in the conformational changes driven In the present work, Ac-To8ax-MSH and Ac-ToaB-[Nle?,
by the different environment around the peptides interacting D-Ph€']a-MSH were comparatively investigated concerning
with DMPG bilayers. their lipid partition, their lipid position inside the bilayer, and
While in aqueous medium lifetimes from NDP-MSH were the structural alterations felt by those peptides when inserted
smaller than those from-MSH [14], insertion of peptides  into the less polar bilayer environment. The peptides are stud-
into the bilayers leads to the opposite situation, and the life- ied via two complementary approaches: the PdasR and
times of the more potent analog are higher than those of thethe Trp fluorescent properties.

natural hormoneTable 3. Thus, despite the similarities in Trp time resolved fluorescence data indicate that the pep-
the rotamer population of the two peptides, the above resulttides, and their Toac-labeled derivatives, present rather sim-
suggests that the environment around®TirpNDP-MSH is ilar conformations when membrane bound. This result par-
more hydrophobic compared to the fluorophorextiviSH, allels those found for the peptides in aqueous mediLdh

in agreement with the observation of its deeper penetration The clear distinction between the ESR spectra of Toac-bound
in DMPG bilayers[22]. As Trp’ is in the critical message  peptide in solution and in DMPG bilayer allows a very reli-
region ofa-MSH comprising the sequence His-Phe-Arg-Trp, able calculation of the lipid-partition of the peptides. It also
the results stress the importance of the hydrophobic environ-permits a good analysis of the peptide-bound ESR signal,
ment around the aromatic residues for the biological activity after spectral subtractions. It also permits the analysis of
of melanocortic peptides. The lifetimes of Toac-labeled pep- the peptide-bound ESR signal, after spectral subtractions. A
tides are smaller than the lifetimes of non-labeled peptides, residue titration around pH 7.5, possibly that of Hisan

due to energy transfer between Trp and the Toac gfbdip be clearly monitored by peptide—lipid partition. This is an
However it is to be noticed that comparison of the results interesting result, in the sense that all the data obtained with
from Toace-MSH and Toac-NDP-MSH follows the same the peptides around neutral pH, in the presence of anionic
behavior as the non labeled peptides, indicating the moreaggregates, should take into consideration that the peptides
hydrophobic environment around Trp in the analog peptide, are partially positively double-charged and partially mono-
which maintain its biological activity even with binding to  charged.

the spin label group. Itis also interesting to observe that ESR It is clearly shown that the two peptides incorporate into
results indicate that the Toac group in NDP-MSH is in amore DMPG bilayers, both in the more rigid gel lipid phase, and
polar environment compared to ToacdAMSH, in contra- in the fluid bilayer. They seem to be localized close to the
diction with fluorescence results. However the information bilayer surface, at not very different positions. However®Trp
from the paramagnetic group is related to the N-terminal in NDP-MSH is in a somewhat deeper position inside the
region, indicating that the peptide is structured so that the N- bilayer, as indicated by the longer excited state lifetimes,
terminal and the central core occupy different positions in the though Toag points to a shallower position for the N-terminal
bilayer. in this peptide, as compared to the hormone. The equilibrium
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among the three Trp rotamers, @* and trans, changes when  [12] Fernandez RM, Ito AS, Scbih HB, Lamy-Freund MT. Structural
the peptides are inserted into the DMPG bilayer, indicating study of melanocortin peptides by fluorescence spectroscopy: iden-

e s . B tification of B-(2-naphthyl)p-alanine as a fluorescent probe. Bioch
that they undergo structural modifications upon bilayer pen Biophys Acta 2003:1623:13.20.

etration-_ The four peptides_StU_dieﬂ?MSH- NDPO"MSH'_ _ [13] Fernandez RM, Lamy-Freund MT. Correlation between the effects
and their Toac-labeled derivatives, seem to present similar  of a cationic peptide on the hydration and fluidity of anionic lipid
average conformation inside the membrane, as they present bilayers: a comparative study with sodium ions and cholesterol. Bio-
similar equilibrium Among the three Trp rotamers, when phys Chem 2000;87:87-102.

inserted into the DMPG bilayer, indicated by the similar Trp [14] Femandez RM, Vieira RFF, Nakaie CR, Lamy MT, Mo AS.
e . Acid-base titration of melanocortin peptides: evidence of Trp rota-
lifetime pre-exponential factors.

" ) tional conformers interconversion, Biopolymers, in press.

Toac-labeled peptide can detect conformational changes15] Gaffney BJ. Practical considerations for the calculation of order
on peptide backbone due to membrane, or receptor, inter- parameters for fatty acid or phospholipid spin labels in membranes.
action, as well as monitor peptide partition between two In: Berliner LJ_, editor. Spin labeling. Theory and applications. New
different environments. The Toac-labeling of melanotropins vork: Academic Press; 1976. p. 567-71.

. " . . [16] Griffith OH, Dehlinger PJ, Van SP. Shape of the hydrophobis barrier
at different backbone positions will further increase the pos- of phospholipid bilayers (evidence for water penetration in biological

sibilities of monitoring peptide structural alterations. membranes). J Membr Biol 1974;15:159-92.
[17] Griffith OH, Jost PC. Lipid spin label in biological membranes.
In: Berliner LJ, editor. Spin labeling. Theory and applications. New
York: Academic Press; 1976. p. 453-523.
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