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Abstract: A new technique is described that is suitable to determine the formation of aggregates from monomeric
biomolecules. This technique has been tested in the study of the self-assembling properties of the antibiotic
trichogin GA IV which belongs to the class of peptaibols. We have investigated the self-assembling properties
of three trichogin analogues by pulsed double resonance in electroregio (PELDOR) spectroscopy
combined with conventional continuous wave ESR spectroscopy. In the peptides examined Aib has been
substituted by its spin-labeled analogue TOAC at three specific positions of the sequence. More specifically,
the magnetic dipoledipole relaxation of the spin-labeled peptides is measured in glassy polar and apolar
solvents at 77 K. Specific assemblies of trichogin molecules are formed in an apolar solvent but addition of

a more polar solvent leads to dissociation of the aggregates. The estimates based on experimental data show
that each aggregate cluster contains four peptide molecules. Some of the distances between spin labels in the
cluster have been determined. In addition, CW-ESR data suggest the occurrence of aggregated species in the
same solutions at room temperature. The experimental results are consistent with a model wherein four
amphiphilic helical peptide molecules form a vesicular system with the polar amino acid side chains pointing

to the interior and the apolar side chains to the exterior of the cluster.

Introduction the potentialities of ESR spectroscopy in this area. The PELDOR
technique has been successfully used to examine the peculiarities

In the past few years methods of continuous wave ESR ¢ a1 spatial distribution of spins in the solid phase b
spectroscopy (CW-ESR) have been exploited to analyze peptide P P P y

L . . analyzing the phase relaxation of spins due to their dipole
secondary structures by using information about the distance . a5 .
N . - . dipole coupling*® Recently, the PELDOR technique was
between two nitroxide spin labels in a single molecule on the

. . . - employed to determine dipotalipole couplings of single and
basis of measurements of dipeldipole and exchange interac- . . . .
. AR . . g double spin-labeled trichogin GA IV molecules in frozen glassy
tion parameters in liquidg and in solids® In the solid phase

the dipole-dipole and exchange interactions of labels are usually alcohols and chloroformdimethyl sulfoxide mixtures.” These
masked by a strong inhomogeneous broadening of CW-ESRP2apers demonstrate the potentialities of PELDOR in the study

spectra determined by the anisotropy of thend hyperfine of the secondary structure of spin-labeled peptides in polar

interaction tensors. This broadening substantially limits the glassy solvents. . . . .
- : S The PELDOR method, which has been described in detail,
application of CW-ESR methods, as in this case only rather .

strong interactions can be studied. is a modification of the ESE method. The PELDOR sighéT,)

. in Figure 1, is the usual ESE signal measured in the presence
The pulsed ESR_metho_ds, such as electron-spafo (ESE) . of an additional pumping microwave pulse which changes the
spectroscopy and in particular the pulsed double resonance in

) . . : dipole—dipole coupling of spins and thus the ESE decay. Figure
electron Sp'ﬁecho (PELDOR) tephnlque, make It poss_lble to 1 shows a sequence of mw pulses in PELDOR (a) and the CW-
study the weak dipotedipole couplings of spins in solids hidden

by inhomogeneous broadening of the spectra. These methoolsESR spectrum of a nitroxide in the solid state in a frequency

permit one to extend the range of distances under investigationOlomaln (b). Two mw puises, 1 and 2, induce the ESE signal 3

. . at frequencywa in a spin system. The spirecho signal arises
up to several tens of Angstrs and thus to considerably expand at time 2 after the first mw pulse. Between pulses 1 and 2 a

* To whom correspondence should be addressed at Leiden University. pumping pulse 4 is applied at frequenoy at timeT after the
E-rpalli J_-Raap@?jChem-]}gdenunlv-NL- first pulse. The spins are labeled as spins Adfa} and spins
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Table 1. Amino Acid Sequence of Trichogin GA IV and the Single and Double Spin-Labeled Analdgliesandlll @
trichogin GA IV n-Oct-Aib-Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-lle-Lol

| Fmoc-Aib-Gly-LeuTOAC-Gly-Gly-Leu-Aib-Gly-lle-Leu-OMe
Il n-Oct-TOAC -Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-lle-Leu-OMe
1l FmocTOAC-Gly-Leu-Aib-Gly-Gly-Leu-TOAC-Gly-lle-Leu-OMe

Lol TOAC Aib Fmoc

a|n addition, the structures of the 1,2-amino alcohol leucinol (Lol), the amino ac&winoisobutyriclid (Aib) and 2,2,6,6-tetramethylpiperidine-
1-oxyl-4-amino-4-carboxylic acid (TOAC), and the protecting groiy®-fluorenylmethoxycarbonyl) (Fmoc) are shown.

Oy II, and lll whose primary structures are given in Table 1.
a o, O o, Peptaibols are peptides of fungal origin characterized by an
R — acylated N-terminal residue, a C-terminal 1,2-amino alcohol,
1 1 2” 3[\ V(M) and the presence of severataminoisobutyric acid (Aib)
H ! residues. It is generally assumed that the membrane modifying
0 T T 2T time properties of peptaibols are due to formation of amphiphilic

helix bundles with polar groups pointing to the inside of the
bundle and hydrophobic groups projecting toward the hydro-
b phobic membrane. However, despite a variety of investigations,
experimental data on the formation of peptide clusters in the
phospholipid bilayer or even in membrane mimicking hydro-

B A phobic solvents are still lacking. In polar glassy solvents, like
. chloroform—dimethyl sulfoxide, trichogin, does not tend to
O O ESR frequency aggregaté:’ It is the aim of the present study to investigate the

Figure 1. A sequence of mw pulses (a) and their schematic position effects of less polar solvents on the self-assembling properties
in the ESR absorption spectrum (b); 1 and 2 are ESE-producting pulsesof this particular antibiotic peptide by using the PELDOR
atwa, 3 is the ESE signal aba, and 4 is the pumping pulse afs. technique. Independent studies have shown that the 2,2,6,6-
The areas A and B in part b schem'atlcally present the section of the tetramethylpiperidine-1-oxyl-4-amino-4-carboxylic acid (TOAC)
ESR spectrum excited by the two different pulses. can replace Aib in the peptide sequence without causing any

. . . . ) significant change either in conformation or in biological
results in additional dephasing of spins A and hence in a agivity_g,g g g

decrease Of, the P'_ELDOR §|gnal. Th|s de(?rease d?Pe”dS on the Dipole—dipole couplings of spin labels have been determined
value of dipole-dipole spin coupling, time position, and {5 fro7en solutions of andl in chloroform-toluene (7:3).
Intensity of the pumping pulse. The main d‘?cay of _the PELDOR s solvent mixture is appropriate because it contains com-
signal occurs within tim& ~ 1/D, whereD is a typical value  ,5hants of low polarity, the peptides are readily solubilized and
of the dlpole—dlpole Spin CO“,F’“”Q between A and B spins. In i 5 5 transparent glass upon freezing to 77 K. An additional
the usual experiments, time intervabetween the pulses 1 and  gqent system, chloroforrtoluene-ethanol (3.5:1.5:5) was
2 is fixed and an analysis is made of the signal decay on time 515 examined to reveal the effect of a polar solvent on the
T. . ) . intermolecular interaction between peptides. We present also
Theoretical analysis and experimental results show that uponpg| pOR data of the double-labeled peptide in a frozen
a random distribution of spins in solids the relaxation due to methanol solution, which will be used for the determination of
spin—spin dipole interactions, which can be determined from eyperimental parameters in the analysis of the PELDOR results
PELDOR experiments, is described by a simple exponential for peptide,| andll . In addition, CW-ESR spectra of the above

decay of signal amplitude with timd. The characteristic  gpin-labeled peptides were obtained both at 77 K and at room
relaxation time is determined in this case by the concentration emperature.

of spins. Deviations from a random distribution of spins is

manifested in a more complicated relaxation behavior. For Experimental Section

example, when the local concentration of spins exceeds the mean pree synthetic TOAC single and double spin-labeled peptfdes
one (spin pairs, groups, clusters, etc.), there is a more effective(taple 1) were used in the experiments. In peptidei#l the C-terminal
relaxation at short times owing to the strong dipetipole leucinol of trichogin GA IV has been replaced by leucine methyl ester
coupling of spins which results in a fast decay of PELDOR (Leu-OMe), and in peptidé andIll , the n-octanoyl group has been
signal. As timeT increases, the relaxation efficiency becomes substituted by the Fmoc-protecting group. It has been shown before
weaker and approaches that for the average concentration ofhat the antibiotic activity as well as the membrane-modifying properties
spins. These deviations from simple exponential curves were ©f trichogin are not significantly changed by these substitutféns.

repeatedly observed in systems with a high local concentration  (8) Monaco, V.; Formaggio, F.; Crisma, M.; Toniolo, C.; Hanson, P.;
of spins in solid$. Millhauser, G.; George, C.; Deschamps, J. R.; Flippen-Anderson, J. L.
. . Bioorg. Med. Chem1999 7, 119.
Herein, the PELDOR method has been employed to inves- (9) Monaco, V.: Formaggio, F.; Crisma, M.; Toniolo, C.; Hanson, P.:

tigate the spin-labeled peptaibol trichogin GA IV analoglies  Millhauser, G. L.Biopolymers1999 50, 239.
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BmT Figure 3. PELDOR signal decay for glassy peptide solutions at 77 K:

1 and 2, peptide$ andl, respectively, in a chloroformtoluene-

Figure 2. CW-ESR spectra of peptidés-1ll in the solid phase at 77
g P pep b ethanol mixture; and 5, peptidd in methanol.

K: 1,2, dry powder of peptides andll ; 3,4, peptided andll in a
chloroform—toluene mixture; 5,6, peptidésandll in a chloroform-

toluene-ethanol mixture; and 7, peptidé in methanol. at the time region betweeh = 0 and 150 ns. A fast decrease

of the decay in this time region indicates the existence of

CW-ESR spectra of spin-labeled peptides were recorded on ancompact groups of spin labels in the system under studly.
X-band 380 ESP Bruker spectrometer at a modulation frequency of strong dipole-dipole coupling of spin labels in groups leads to
100 kHz and modulation amplitude of 0.1 mT in the absence of a fast dephasing at short times. This type of dependency was
spectrum saturation. repeatedly observed for glassy solutions of biradfcalsd

The PELDOR experiments were performed using a homemade qoyple-labeled peptidéd. The last mentioned systems represent
X-band ESE spec_t_rometer su_pplled with a blmpdal resonator and agy simple case of groups consisting of two spins, which is
source for the additional pumping mw pul@_é’.he difference between exemplified by curve 5 in Figure 3 obtained for a frozen solution
the recordingwa and pumpingws frequencies was about 100 MHz. of double-labeled peptidél in methanol. By comparing curves

Durations of the pulses 1 and 2 (Figure 1) were 40 and 70 ns, o A .
respectively. Durations of the pumping pulses were about 40 ns. 1, 2, and 5 one sees that, within the initial time region, the depth

The samples (glass ampules, 5.0 mm in diameter) contained aboutof the fast PELDOR signal decay of peptideand|l is much
0.1 mL of the solution studied, e.g. volume mixtures of chloroferm  greater than that of peptidd whose structure contains only
toluene (7:3) and chloroformtoluene-ethanol (3.5:1.5:5). The samples  two spin labels. According to our previous sty substantially
were frozen by inserting ampules into liquid nitrogen. The mixtures greater depth for peptidésandll , relative to the corresponding
turned into transparent glass after freezing. The chemically pure solventsya|ue for the biradical, indicates that these compounds form
were used without additional purification. aggregates which contain more than two peptide molecules.

In the CW-ESR and PELDOR experiments at 77 K the sampleswere - "1 ga00nd unusual feature is the observation of a slower
placed inside the nitrogen-cooled finger of a Dewar flask, which was decrease in the time region®t 150 ns, which is accompanied

located in the cavity of the spectrometer. The number of spin labels in . L .
the sample was controlled by comparing the double integrals of the by signal oscillations. The slow decrease\df) is probably

CW-ESR spectra of the sample with that of Cu@H,O crystals related to the dipotedipole coupling of spin labels belonging
containing a known number of paramagnetic centers. The concentrationt0 different aggregates. Since this coupling is almost independent

of spin labels in the samples amounted to about 208 cm 3, of the interaction between spin labels within the aggregate, the
Molecular models were constructed by using the program Sybyl, total decay of the PELDOR signal is usually considered as the

version 6.5, Tripos Associates 1999. The following respecpiand product of two time dependencie¥: = Vinter.Vintra, WhereVinga

y values were used to build models for secondary structuresz’, is the PELDOR signal decay function due to the interaction of

—30° (Buwrhelix), —63°, —42° (a-helix). For building the alternating  |3pels within the aggregate aMhe, is the same parameter for
residues of ther-helix two dlerrent sets op andy values were taken: the interaction of labels between different aggregat@se
—15%, 144 and 128, —124. amplitude oscillations observed for curves 1 and 2 are related
to the interaction of labels within aggregat&4.{,) and are of

the same origin as the previously observed oscillations of
Qualitative Peculiarities. CW-ESR spectra of the spin-  pjradicals and double-labeled peptides which have been mea-

Results and Discussion

labeled peptides—Iil , studied at 77 K, are shown in Figure 2. syred in frozen glassy solutién? They arise in the case of
The microcrystalline powder spectra (curves 1 and 2) are simplefixed distances between spin labels. In this case the dipole
singlets, whose widths are caused by strong dipdipole and  dipole coupling between the labels is averaged only by angles,

exchange interactions between spin labels at short distances ifyye to random orientations of aggregates, and not by distances.
crystals. The spectra of frozen peptide solutions (curveg)3 The averaging of dipoledipole coupling by angles is not
are typical for nitroxide radicals under these conditions. The gyfficient for complete smoothing of thgT) function. A spread
spectral shapes indicate that freezing of solutions does not caus¢n distances between spin labels would lead to both averaging
peptides to pass into a separate phase. of oscillations in the time interval studied and a decrease in

Curves 1 and 2 in Figure 3 illustrate the PELDOR signal their efficiency. Oscillations observed for the experimental
decays,V(T), for the two single-labeled peptidésand Il in dependencies 1 and 2 in Figure 3 indicate that the aggregates
glassy chloroformtoluene. Two unusual features are striking. of peptidesl and Il have fragments with a fixed structure in
The first peculiarity is a fast decrease in the amplitud&(@ which the distances between spin labels are determined with a

(10) Milov, A. D.; Salikhov, K. M.; Schirov, M. D.Fiz. Toerd. Tela minor spread. These distances can be estimated from the period
(Leningrad)1981,23, 975. of oscillations.
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L S E— T T case the correlation between the positions of spins B in the
aggregates can be neglected. As a result, eqs 1 and 2 in ref 12

| ] are reduced, and because of the coupling of spin labels within
the aggregates the echo signal behavior will have the form
I 2 1 N N
V(Dinra = NZ{ ﬂ(l = (1 — BosO D} (1)
1= =
k=]

Dy = ¥*A(1 — 3 cod(9,))r; 2)

I . . . .
*JHK\/‘“ 4 whereV(T)inrais the PELDOR signal decay function normalized

to unity atT = 0, T is the time separation of the pumping mw
pulse after the first pulseN is the number of spin labels in the
e 3w e e am aggregatej is the index of spins A in the aggregateis the
BmT index of spins Bpy, is the probability of spin B flip induced by

the pumping pulsey is the gyromagnetic ratio for an electron,
h is the Planck constanty is the distance between spipand

k, 0« is the angle between vectgk and the external magnetic
field, andLl..0is the averaging over valugh andri.

Addition of ethanol to the mixture of low polarity (chloroform Averaging of (1) over anglegj due to a random orientation
toluene) sharply changes the behavior of the PELDOR signal of aggregates provides a fast decay of the echo signal at time
decay. Thus, experiment®{T) functions 3 and 4 in Figure 3 T corresponding to the value of the mean dipedépole
were obtained from solutions of peptidesndll in a frozen coupling of spins followed by a slow decay with oscillations at
mixture of chloroform-toluene-ethanol. As compared with  frequenciesvj:
curves 1 and 2, in these cases the signal decays have no
oscillations and can be described by a simple exponential decay, Wy = )/Zﬁlrjk3 3)
typical for a random distribution of spin labels in the bulk.

Transitions from dependencies 1 and 2 in Figure 3 to depend-According to eq 1 the oscillations are attenuated with time
encies 3 and 4 after addition of ethanol to the chloroferm  andV(T)inra tends to its limitV,. TheV, value can be obtained
toluene mixture indicate dissociation of peptide aggregates into from eq 1 aticosOyT)0= 0:

their monomeric constituents. Previously, an exponential be- No1

havior of the PELDOR decay similar to those of curves 3 and Vo= -1y (4)

4 has been recorded for the same single-labeled, randomly . ) . . ]
distributed peptides dissolved in the relatively polar frozen — Equation 4 makes it possible to estimate the number of spin
chloroform-dimethy! sulfoxide mixturé. labels in the aggregatdl). To this end it is necessary to know

Figure 4 shows the CW-ESR spectra of peptidesdIl in the V,, andpy values. _ o .
the same solvent mixtures at room temperature. Additional It is difficult to make a reliable determination &, directly
broadening of spectra 1 and 2 as compared with those of spectrdrom the experimental decay(T) (Figure 3), asV(T) is the
3 and 4 allows one to conclude that peptide aggregates do alsProduct ofV(T)inra @and V(T)inter. According to (1), th¥(T)inra
exist in liquid solutions at room temperature. This latter function, after the fast decay at shdtthas oscillations around
observation is consistent with the results of a previous FTIR theVp value.V(T)iner smoothly depends ofi in a similar way
absorption study in CDGI The broadening effort can be @s appears in curves 3 an(_j 4 (Figure 3). This means, unfortu-
caused by additional spin relaxation in the aggregates due tonately, that the increasing influence of teT)iner part of the
dipole—dipole or exchange interactions of spin labels. Similar decay and the not completed oscillation attenuation do not permit
CW-ESR spectra were observed for some double-labeledUs to get the precise value W from the experimental curves
peptides in other solutions at room temperafua additional ~ 1 and 2 at longT values. However, at shoff values the
contribution to the line width from the anisotropy of hyperfine contribution to the totaV/(T) decay bV(T)iner is relatively small
interaction andy tensor is also possible in the case of a slow and we can assume the(T) ~ V(T)inra. This means that the
rotational mobility of aggregates. A detailed analysis of these depth of the initial decay of the experiment4(T) function at
effects is currently in progress. shortT_corresponds to th_e’p value_ with the accuracy that is

Quantitative Estimates. The number of peptide molecules ~determined by the oscillation amplitude. TWevalue was taken
in the aggregate can be estimated from curves 1 and 2 in Figurefom the mearV('D'atT = 150 ns, for curves 1 and 2 (Figure
3 on the basis of a theoretical consideration about the decay of3)- The fast decay is by then over and the slow decay(finter
the PELDOR signal for the case where spins are distributed in iS not significant, due to the low interaction between spin labels
the bulk as separate group For simplicity, it is assumed N different aggregates. This estimate gives the mean value of
that all peptide molecules in the frozen solution under investiga- Ve = 0.51=+ 0.01 for both peptides and|l .
tion are combined into identical aggregates and each cluster 10 determine they, value for peptides andll, we used the
containsN peptide molecules. To neglect the probability that V(T) function of the double-labeled peptidé (curve 5 in
more than one spin B flips in the aggregate caused by a pumpingFigure 3). This approach is possible as fiaevalue is only a

microwave-pulse abg, the value ofN has to be small. In this ~ function of the ESR line shape and pumping mw pulse
parameter8. Therefore, the value ofy, is the same for all

Go(jg'c;rogi(')llgé gdﬁg{isé“?é'\g;o':‘gm;‘%gi%h':e-;npesgc?é%”éeci?l'\é'ogggg' V- peptides under investigation because the ESR spectra and the
(12) Milov, A. D.; Ponomarev, A. B.; Tsvetkov, Yu. OChem. Phys. experimental PELDOR parameters are the same for all peptides.

Lett 1984 110, 69. We chose the double-labeled peptltdein methanol as in this

ESR Signal
w

Figure 4. CW-ESR spectra of peptidésandll in solution at room
temperature: 1,2, peptidésandll in a chloroform-toluene mixture;
and 3,4, peptidesandll in a chloroform-toluene-ethanol mixture.
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case we have no oscillations in tN¢T) decay function. This a
property gives us the opportunity to determpadrom the depth

of the initial decay at shoff. For double-labeled peptidd

N = 2 and theV, value obtained is 0.& 0.01. After substituting

N = 2 andV, = 0.8 into (4), we obtairm, = 0.2, which can be

used in the calculation dfl for peptidesl andll .

It is necessary to mention here that it has been previously
shown for some double-labeled peptides that it is possible to
observe oscillations iV(T), but the frequency of oscillations
and their amplitude depend on the nature of both the solute
and the positions of the labels in the peptide cidi@ne other
reason for the absence of oscillation in the case of curve 5
(Figure 3) may be also the spread in distances between the
labels? Nevertheless, this absence makes this specimen very
suitable for the correct determination pf.

By substitution ofV, = 0.51+ 0.01 andp, = 0.2+ 0.01
into (4), we obtainN = 4 + 0.3 for both peptides. Thus, the
gquantitative estimate shows that in a chlorofertoluene
mixture peptided andll form aggregates consisting of four
molecules. Note that the assumption we have made above about b
the absence of a spreadihneeds additional verification. N
varies for different aggregates, only a mean effective value can
be determined using the method that has been develdpéd.

It is possible to roughly estimate a mean value for distances
between the labels within the aggregate from the fimef the
fast decay functiorv(T) (Figure 3, curves 1 and 2). This time
corresponds to the mean value of dipetBpole interaction
parameteD: T; ~ 1/D, D = y%i/r3, whereinr is the mean
distance between the spin labels in the aggregatel Rot 00—

150 ns this will giver ~ 30—36 A. This value gave us the
estimation of the aggregate dimension.

More correct distance values between spin labels in ag-
gregates can be calculated from the frequency of oscillations
of the PELDOR signal. The experimental values of oscillation
frequencies are 2.5% 107 rads™! for peptidel and 1.85x
10’ rads™t for peptidell. Using eq 3 for the oscillation
frequency, we obtain a distance of 23.5 A for peptidand
26.0 A for peptiddl . The error in the determination of distance
(r) depends on the error in the determination of the oscillation ) )
frequency {) of the PELDOR signal. From the experiment we Figure 5. A molecular model is shown for the following: (a) two

: : 0 : antiparallel [TOAC-1,4]-trichogin helices with polar groups oriented
Zi::rztiﬁ;mtg]?é)thh the accuracy of about-46% (Figure 3). to the inside of the cavity which is formed by tweoctanoyl groups

and two side chains of Leu-11; and (b) a tetramer that has been
constructed from four [TOAC-1,4]-trichogin helices with the polar sides
orlr = 1/3(50)/(1)) (5) pointing to the center. The axes of the four antiparaligitlices are
positioned at the corners of an imaginary beam (looking along the
and the accuracy faris about 1.5% diagonal the helices are oriented in a parallel_fash_ion). The yellow and
- R . . green colored atoms correspond to the nitroxide oxygens of the
Although the position of the spin label in the primary | esyective 1 and 4 Toac positions of the peptide chain. The following
structures of peptides and Il is different (Table 1), the  jnterresidue distances were calculated: TOAGTOAC-1, 29 (anti-
difference between the observed distances of the respectiveparallel) and 23 A (parallel) and TOAC-4TOAC-4, 26 (antiparallel)
peptides is not large. As mentioned above, oscillations indicate and 18 A (parallel).
the existence of rigid structural fragments in the aggregates
without any spread in distances between spin labels. Not all constraints that may be used to build a molecular model. X-ray
possible distances between spin labels are manifested in oudiffraction analysis of [TOAC-4,8]-trichogin revealed two
experiments. We are likely to observe oscillations due to pairs independent molecules in th@2; asymmetric unié* The
of spin labels with relatively small distances, because these pairsN-terminal region of each molecule folds in ag®elical
are located in rigid fragments of the aggregate. Therefore, the conformation, while the central and C-terminal regions are
values of distances obtained from oscillations can only char- mainly a-helical. From CW-ESR studies of three different
acterize the size of thegid part of the aggregate structure. double TOAC-labeled trichogin analogues it was concluded that
Molecular Model of Trichogin Aggregates. The values of the overall secondary structure of these lipopeptaibol analogues
distances found for aggregates of two different trichogin in solution remains essentially unchandgékhe strict similarity
analogues, one labeled at the first and the other at the fourthin the conformational propensities of Aib and TOAC residues
position of the peptide chain, establish a specific set of motivated us to build a tetrameric cluster of [TOAC-1,4]-

(13) Ponomarev, A. B.; Milov, A. D.; Tsvetkov, Yu. IXhim. Fiz 1988 (14) Crisma, M.; Monaco, V.; Formaggio, F.; Toniolo, C.; George, C.;
7, 1673. Flippen-Anderson, J. LLett. Pept. Sci1997, 4, 213.
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trichogin molecules starting from the crystal structure of but in this respect it is worth recalling a recent X-ray study of
[TOAC-4,8]-trichogin. Aib at position 1 was substituted by another amphiphilic peptaibol molecule, antiamoebin, that was
TOAC and TOAC-8 was replaced by Aib. After applying a set cocrystallized withn-octanol*® One solvent molecule mimics

of P2, transformations, four different tetramers were selected a membrane segment along the hydrophobic exterior of a
which are in agreement with the experimental data. However, channel-like assembly. The other solvent molecules fill the polar
because of the “roof tiles” like packings of these nanocrystals, pocket of the channel in such a way that thei®H termini

it is difficult to understand why crystallization would stop at satisfy the carbonyl moieties pointing to the interior of the
the tetramer. channel.

In the next attempt to model the aggregate we investigated
first a set of dimers with head-to-head, tail-to-tail, and head-
to-tail ordered monomers with different kinds of secondary  The dipole-dipole coupling of spin labels has been studied
structures, e.go-, 3¢, or z-helices. On the basis of the in frozen glassy solutions of trichogin GA IV spin-labeled
amphiphilic nature of the peptaibol helices, tetramers were built peptide analogues by PELDOR spectroscopy. Peptide aggregates
from the dimers by adjusting helix orientations with polar groups have been found in a chloroforrtoluene mixture at 77 K.
oriented to the inside of the cavity. However, none of these Results from CW-ESR experiments indicate that the peptide
models gave a satisfying account of our experimental PELDOR clusters are also conserved to some extent in liquid solution. It
observations. has also been shown that addition of ethanol to the chloreform

From X-ray studies it is known that transition between  toluene mixture leads to dissociation of the aggregates.
and 3¢helix types is often readily achieved, for instance by ~ Using the data of dipotedipole relaxation in frozen glassy
changing the crystallization mediuth.In contrast to the  Solutions, the number of peptide molecules in the aggregates
amphiphatica-helical structure of trichogin, the;@helical has been estimated. Despite the different structure of the
structure shows the hydrophobic side chain of Leu-11 at the N-terminal group and the position of the spin label in the
hydrophilic side of the helix. Because of this bulky group, the Sequence, all aggregates consist of four 'pept|de molecules. .It
intermolecular distance of the dimer, constructed by docking has been established that the aggregates include fragments with
two antiparallel helices together, is significantly larger than for @ rigid structure in which the distances between spin labels have
a dimer consisting of twa-helical molecules (Figure 5a). been determined to be in the range of 226 A. These

Next, a model was constructed from foutoBelices by distances provide a characteristic size of r|g|(_j fragments_m the
adjusting the helical axes in pairs with the polar sides pointing 299regate structure. A model of founc3ielical trichogin
to the center of the tetrameric peptide cluster (Figure 5b). Four Molecules has been proposed that is consistent with the
helices were arranged in an antiparallel manner. After several €XPerimental data. , ,
steps of energy minimizations a model was produced with the N conclusion, we believe that the new observations made
following averagénter-residue distances: TOAC~1TOAC-1 by using the PELDOR technique reported in this work open a
26 A and TOAC-4--TOAC-4 22 A. These values are consistent Promising avenue to determine not only peptide conformations
with the distances obtained from the PELDOR experiments: but the details of self-assembling peptide structures as well.
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The question on how solvent molecules are interacting to
stabilize these aggregates has to be examined in further detai

Conclusions
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