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Metal Binding Properties of Fluorescent Analogues of
Trichogin GAIV: A Conformational Study by Time-Resolved
Spectroscopy and Molecular Mechanics Investigations

Mariano Venanzi,*® Gianfranco Bocchinfuso, Emanuela Gatto,® Antonio Palleschi,™
Lorenzo Stella,”” Fernando Formaggio,”™ and Claudio Toniolo™

The metal ion binding properties of two fluorescent analogues of
trichogin GA IV, which is a natural undecapeptide showing signifi-
cant antimicrobial activity, were studied by circular dichroism,
time-resolved optical spectroscopy, and molecular mechanics cal-
culations. Binding of Ca" and Gd" to the peptides investigated
was shown to promote a structural transition from highly helical
conformations to folded structures characterized by formation of

Introduction

Trichogin GAIV (TrGA) is the prototype molecule of lipopeptai-
bols, a unique group of naturally occurring oligopeptides
exhibiting a remarkable antimicrobial activity."™ The primary
structure of TrGA, that is, Oct-Aib-Gly-Leu-Aib-Gly-Gly-Leu-Aib-
Gly-lle-Lol  (Oct=1-octanoyl; Aib=a-aminoisobutyric acid;
Lol =leucinol), which comprises three Aib and four Gly resi-
dues, anticipates the peculiar structural and dynamic proper-
ties of this peptide. The Aib residues, due to the gem-dimethyl
substitution on their C* atom,*” are well known to favour the
formation of 3,,/a-helical structures® and P turns,® while the
Gly residues confer conformational flexibility to the peptide
backbone. X-ray diffraction data showed that the first four resi-
dues at the N terminus attain a right-handed 3,,-helix, while
the C-terminal segment, next to the Gly5-Gly6 motif, populates
a right-handed a-helix."” NMR spectroscopy and CD studies
suggested that this 3,,/a-helix mixed conformation is basically
maintained in solution, although the C-terminal region was
found to be in equilibrium with unordered states.""'*! Recent-
ly, we investigated the conformational and dynamic properties
in solution of fluorescent labelled TrGA analogues by time-
resolved optical spectroscopies and molecular mechanics (MM)
calculations, and showed that a conformational transition from
an elongated, helical conformation to a family of compact,
folded structures that mimic a helix-turn-helix motif, takes
place in the microsecond time regime.l'*™

The close similarity of these folded conformers to the helix-
loop-helix motif of a number of calcium-binding proteins and
peptides’®'” urged us to investigate the metal-ion binding
properties of these TrGA analogues. Besides Ca", we selected
Gd" for its well-known properties as a magnetic probe and be-
cause due to its similar radius and coordination properties is
the best substitute for calcium."™® Furthermore, the efficiency
of Gd" in NMR contrast imaging has been shown to greatly in-
crease when embedded in a membrane phase.'™ Our ultimate
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a loop that embedded the metal ion. Time-resolved spectroscopy
revealed that peptide dynamics is also remarkably affected by
ion binding: peptide-backbone motions slowed down to the mi-
crosecond time scale. Finally, molecular mechanics calculations
emphasized the role of the central Gly5-Gly6 motif, which al-
lowed for the twisting of the peptide segment that gave rise to
the formation of the binding cavity.

goal is therefore to exploit the extremely high affinity of TrGA
for the lipid phase in the transport of paramagnetic Gd" ions
into the membrane for achieving better contrast conditions in
magnetic imaging.

Here, we report on the structural and dynamic properties of
the ion-peptide complexes formed by two different fluores-
cent analogues of TrGA with Ca" and Gd". The peptides investi-
gated, denoted as FO and FOT8 (Scheme 1), were both func-
tionalized with a fluorescent molecule (Fmoc: fluoren-9-yl-
methyloxycarbonyl), which replaced the Oct group at the N
terminus of TrGA. In FOT8 a TOAC (4-amino-1-oxyl-2,2,6,6-tetra-
methylpiperidine-4-carboxylic acid) residue, a C*tetrasubstitut-
ed a-amino acid bearing a nitroxide radical species in the side
chain, was used to replace Aib at position 8. It has already
been reported that while substitution of the Fmoc group does
not affect the conformational properties of the trichogin ana-
logues, inclusion of TOAC in the C-terminal segment slightly
stabilizes the helical conformation.'™ Permeabilization experi-
ments on phospholipid bilayers proved that the above substi-
tutions do not perturb the membrane activity of the peptides
investigated.™
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Fmoc-Aib-Gly-Leu-Aib-Gly-Gly-Leu-Aib-Gly-lle-Leu-OMe (FO)

Fmoc-Aib-Gly-Leu-Aib-Gly-Gly-Leu-TOAC-Gly-lle-Leu-OMe (FOT8)
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Scheme 1. The primary structures of the two trichogin GAIV analogues, FO
and FOT8, investigated. The molecular structures of fluoren-9-ylmethyloxy-
carbonyl (Fmoc) and 4-amino-1-oxyl-2,2,6,6-tetramethylpiperidine-4-carbox-
ylic acid (TOAC) are also shown; Aib: a-aminoisobutyric acid.

The well-established distance dependence of the Fmoc--
TOAC excited-state interaction allowed us to investigate the
conformational and dynamic properties of FOT8 in methanol
by combining fluorescence resonance energy transfer (FRET)
experiments and MM calculations.'*' Information on the pep-
tide dynamics in the microsecond time region was
also obtained from time-resolved transient absorp-
tion measurements by analysing the quenching of
the Fmoc triplet state decay by TOAC. Summarising
the principal findings of our previous investigations,
we showed that the FOT8 dynamics in the microsec-
ond time region is determined by a conformational
transition from an extended helical conformation,
similar to the 3,,/a-helix mixed conformation re-
vealed by X-ray diffraction and NMR spectroscopy
studies, to a family of compact, folded structures
characterized by a 3 bend involving the Aib4-Gly5-
Gly6 motif.™™ This transition requires an activated
torsional motion, that is, a +120° rotation around
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typical of structures rich in type Il B turns.?>?*¥ Gurunath and

Balaram®' analyzed the conformational features of the C-ter-
minal heptapeptide segment of TrGA by CD spectroscopy and
NMR Overhauser effect experiments, and concluded that the
positive CD signal at 212 nm could be assigned to nonhelical,
folded structures generated by multiple (3 turns, as proved in
particular by the occurrence of a series of NMR contacts. Most
probably, ion binding selects the appropriate values out of the
many possible torsional angles and stabilizes -turn structures.
The quasi-isodichroic point found for all systems between 196
and 202 nm indicates that the CD spectra essentially result
from the overlap of two spectral contributions. This conclusion
is strengthened by the observation that the CD signal at all
wavelengths can be accounted for by weighting appropriately
the CD curves typical of the free peptide (r=0) and of the
ion—peptide complex at high r. It is worth noting that, while
the peptide complexes with Ca" show molar ellipticities at
214-216 nm around 3x10* degcm?dmol™', the Gd"-peptide
complexes exhibit definitely higher CD values ([@]
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the Gly6 ¢ torsional angle, which is characterized by
a rate constant of 3.1x10°s™" (320 ns).”’ This ap-
proach was applied here for investigating the confor-
mational and dynamic properties of the ion-peptide
complexes formed by Ca" and Gd" with the afore-
mentioned TrGA fluorescent analogues.

Results and Discussion
CD measurements

CD spectra in acetonitrile of both TrGA analogues FO
and FOT8 show a negative band at 204-205 nm and
a weaker negative band at 220-230 nm (Figures 1
and 2); this profile is typical of oligopeptides popu-
lating preferentially helical conformations.”®*" Bind-
ing of Ca" and Gd" gives rise to a conformational
transition for both of the peptide analogues, as clear-
ly revealed by the CD spectra of F0-Ca", FO-Gd",
FOT8-Ca" and FOT8-Gd" at the different metal ion-
peptide total molar concentration ratios (r=[Me]/
[P],) reported in Figures 1 and 2. At high r values, the
CD curves of all ion—-peptide complexes investigated
show a positive maximum at 214-218 nm, which is

107 [0]/ deg cm? dmol
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Figure 1. CD spectra of FO in acetonitrile with increasing concentrations of A) Ca" and
B) Gd"; [FO]=10"*Mm, [Ca"]=0-5.7x107*M, [Gd"] =0-2.2x 10~*Mm, r=[metal ion]/[peptide]
total molar concentration ratio.
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Figure 2. CD spectra of FOT8 in acetonitrile with increasing concentrations of A) Ca" and
B) Gd"; [FOT8]=10"*Mm, [Ca"1=0-2.7x 10 *Mm, [Gd"1=0-1x10"*M, r=[metal ion)/[pep-
tide] total molar concentration ratio.
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~10° degcm*dmol™); this suggests a larger conformational
effect of the threefold charged Gd".*® Interestingly, titration
experiments with alkaline ions (Na*, K*) did not reveal pertur-
bations in the CD spectra of either the FO or FOT8 analogue
(see the Supporting Information), thus revealing the specific
character of the ion-peptide interaction. The normalized CD
molar ellipticities at 218 nm versus r (=[Mel/[P],) are reported
in Figure 3 for the complexes that FOT8 formed with Ca" and
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Figure 3. Relative variation of the CD molar ellipticity at A =218 nm in re-
sponse to various metal ion-peptide concentration ratios, r; A) FOT8-Ca";
B) FOT8-Gd".

Gd". These data show that the peptide conformational transi-
tion is almost completed at r=1; this indicates the formation
of a 1:1 metal ion-peptide complex at saturating conditions.
From the same Figure, some differences in the binding of the
two ions to FOT8 can be noticed, in contrast to what was
observed for FO (data not shown). This finding could indicate a
structural role for the TOAC group of FOT8 in the proximity of
the ion binding site.

Fluorescence experiments

We have recently investigated the distance dependence of the
excited state interaction between the fluorescent Fmoc group
and the TOAC nitroxide quencher for a series of TrGA ana-
logues."* '™ It has been shown that for Fmoc-TOAC centre-to-
centre distances longer than 4-5 A, the Férster dipole-dipole
interaction model® adequately describes the excited state in-
teraction between the aromatic molecule and the nitroxyl radi-
cal quencher® At shorter distances, the overlap of the elec-
tronic distributions gives rise to ultrafast relaxation mecha-
nisms that completely deplete the fluorescence emission.
Time-resolved fluorescence experiments have been performed
to study the peptide conformational and dynamic properties
in the nanosecond time region. The singlet excited-state time
decays is usually described by a sum of exponential time com-
ponents [Eq. (1)]:
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where ¢, is the weight associated to the ith lifetime, 7. Provid-
ed that the different conformers do not interconvert in the
nanosecond time scale so that dynamic averaging of the in-
stantaneous relative positions of the donor and acceptor pair
cannot take place, each decay time component can be associ-
ated to a specific conformer.™ Furthermore, in the absence of
ground-state interactions, the experimental pre-exponential
factor, a; can be directly associated to the Boltzmann-weight-
ed population of each conformer.”® An alternative procedure
describes the experimental time decays by continuous lifetime
distributions, each representing a family of structurally similar
conformations.®”

Besides structural factors, the width of the distribution de-
pends on the interconversion dynamics among the different
conformers pertaining to the same family.

Fluorescence steady-state quantum yields and time decay
parameters (7; and t,) for FO and FOT8 and their complexes
with Ca" and Gd" in acetonitrile at saturating ion-peptide con-
centration ratios are reported in Table 1. It can be seen that for

Table 1. Fluorescence parameters for the two trichogin GAIV analogues

and their complexes with Ca" and Gd" in acetonitrile.

Peptide Quantum a, T a, 7, E, E,
yield [ns] [ns]

FO 0.42 - 5.9 - -

Fo-Ca" 0.46 - 59 - -

FO-Gd" 0.44 - 5.9 - -

FOT8 0.26 0.14 24 0.86 4.7 0.59 0.20

FOT8-Ca" 027 027 21 073 54 064 008

FOT8-Gd" 0.26 047 185 053 55 069 007

FO the binding of both metal ions does not affect the Fmoc
emission. The absence of excited state interactions between
the Fmoc fluorene chromophore and Ca" or Gd" was con-
firmed by independent fluorescence quenching experiments
performed with a Fmoc derivative and the two metal ions
freely diffusing in solution. Hence, we can safely conclude that
the effect of the ion binding on the time decay observed for
FOT8 is not ascribable to a photophysical interaction between
the fluorene group and the metal ion, but it reflects the
changes in the relative distances and orientations of the
Fmoc-~TOAC donor (D)-acceptor (A) pair in the free FOT8 and
in the FOT8 complexes with Gd" or Ca"; this finding corrobo-
rates the structural changes of the peptide backbone revealed
by CD experiments. From the data reported in Table 1, it can
be seen that the fluorescence time decays of FOT8 and its
complexes with Ca" and Gd" can be described by two lifetime
components. A lifetime distribution analysis (those for FOT8
and FOT8-Gd" are reported in Figure 4) confirms that—in close
similarity with FOT8—the ion-peptide complexes populate two
distinct families of conformers. This finding, together with the
CD results, supports the view of the onset of a conformational
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Figure 4. Lifetime distributions from time-resolved fluorescence experiments
in acetonitrile; —: FOT8; ----- : FOT8-Gd.

equilibrium between two conformers (or two families of very
similar conformers interconverting on the nanosecond time
scale) characterized by a longer and a shorter lifetime (or life-
time distributions), as a result of the different relative distances
and orientations of the Fmoc-~TOAC D--A pair. This situation is
reminiscent of that we already found for FOT8 in methanol so-
lution.'* ™! From the data reported in Table 1 and from inspec-
tion of Figure 4, we can also argue that this conformational
equilibrium is strongly affected by the ion binding process. In
particular, the pre-exponential factor «, increases from 0.14 for
the free peptide (a,=0.86) to 0.27 for the FOT8-Ca" complex
(a,=0.73) and 0.47 for FOT8-Gd" (&, =0.53). Furthermore, the
ion binding moves the long and short time components of the
FOT8 fluorescence decay to longer and shorter lifetimes, re-
spectively, as a result of the structural changes of the peptide
scaffold upon ion coordination. The last two columns of
Table 1 report the experimental quenching efficiencies (E, and
E,) associated with the two time decays (it is worth noting that
the maxima of the lifetime distributions shown in Figure 4 co-
incide, within the experimental resolution, with the discrete
lifetimes reported in Table 1) according to Equation (2):
EP=1-2 (2)
where 7, is the lifetime of the reference compound FO. These
experimental quantities can be directly compared with the
theoretical efficiencies computed from the molecular structures
obtained by the MM calculations described below.

Conformational analysis by molecular mechanics
calculations

MM calculations were carried out to obtain structural informa-
tion on the conformations predominantly populated in solu-
tion by the ion-peptide complexes. In a series of papers we
have shown that time-resolved FRET experiments and theoreti-
cal conformational analysis can be jointly applied to determine
the conformational properties of sterically constrained oligo-
peptides in solution.”® According to the Férster model,”” the
energy transfer quenching efficiency is given by Equation (3),
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where R, and k’ are the D--A centre-to-centre distance and
the D--A orientation factor in the mth conformer, respectively.

h 1
M= —

R, is a pure spectroscopic quantity characteristic of the D--A
pair and represents the distance at which 50% transfer of exci-
tation energy takes place for a randomly oriented energy
transfer pair (k2 =%/).">*" For the Fmoc-TOAC pair in acetoni-
trile, R, is equal to 10.7 A, as determined by spectroscopic
measurements. Therefore, the comparison of experimental
[Eq. (1)] and theoretical [Eq. (3)] quenching efficiencies allow us
to validate the conformational structures provided by MM cal-
culations. A detailed MM analysis of the conformational fea-
tures of FOT8 in methanol, which were performed previously,
showed that this peptide maintains the mixed 3,,/a-helix
structure observed by X-ray diffraction and NMR spectroscopy
experiments on TrGA (denoted in the following as confor-
mer A)." Compact 3D structures, in which the two N-terminal
(1 to 4) and C-terminal (7 to 11) helical segments are brought
to close proximity by the turn formed around the Aib4-Gly5-
Gly6 residues, were also found to be significantly populated
(conformer B)."™! These conformers were associated with the
longer and shorter lifetime components of the FOT8 fluores-
cence time decay, respectively. MM calculations on the metal
ion—peptide complexes show that ion binding causes a partial
disruption of the helical segment at the C terminus of confor-
mer A. The terminal residues strongly coordinate the metal
ion, and form a loop that encloses the positive charge through
interactions with the peptide C=0 groups positioned in a
pseudo-octahedral arrangement (Figure5 for the FOT8-Ca"
complex; Figure 6 for the FOT8-Gd" complex). The role of the
Gly5-Gly6 residues is particularly relevant for conformer B and
gives rise to a twist of the backbone that brings the C- and N-
terminal helices to collapse in a compact structure that
embeds the ion ligand (Figure 5, lower panel for the FOT8-Ca"
complex; Figure 6, lower panel for the FOT8-Gd" complex);
this arrangement mimics the helix-turn-helix motif usually
found in calcium-binding proteins and peptides.!'®”

In Table 2 we report the centre-to-centre distance (d,,) and
relative orientation (k2) of the Fmoc-TOAC pair, along with
the theoretical efficiency (E™) and the Boltzmann-weighted
population (P,) for the low-energy conformers of the bare
peptide and the peptide complexes with Ca" and Gd". While
the calculated quenching efficiencies are in very good agree-
ment with the associated experimental quantities, the relative
populations of the two conformers are somewhat more scat-
tered with respect to the experimental data, due to the sensi-
tivity of the Boltzmann factor weighting the conformational
energies. In the computed structures of the ion-peptide com-
plexes the Gd" ion appears to be deeply embedded in the
peptide scaffold and coordinates more tightly to a larger
number of carbonyl groups, as clearly shown in the structures
reported in Figure 6 for both conformers A and B. This finding,
which most likely reflects the larger electrostatic contribution
of the threefold charged Gd" with respect to Ca", could explain
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Figure 5. The most stable conformers of FOT8-Ca" from MM calculations
(top panel: conformer A; lower panel: conformer B). White spheres: carbon
atoms; dark grey: nitrogen; light grey: oxygen. The position of the metal
jon is also indicated. Hydrogen atoms are omitted for clarity. To the right a
ribbon representation of the backbone structure is also shown.

the differences between the complexes that FO and FOT8 form
with the two ion ligands, as revealed by CD experiments and,
for the latter peptide, by time-resolved fluorescence experi-
ments as well. It should be noted here that, despite the struc-
tural differences revealed by the CD and fluorescence time-
resolved experiments, the topology of the two conformations
differently populated by the bare peptides and the ion-pep-
tide complexes is essentially the same, as indicated by the
quasi-isosbestic point in the CD experiments, the similar time
distributions in the time resolved fluorescence experiments
and the conformational features obtained by MM calculations.

Transient absorption experiments and peptide dynamics

The quenching process of the Fmoc triplet state by TOAC al-
lowed us to obtain information on the peptide dynamics in
the microsecond time scale. This is because the triplet state
quenching mechanism requires that the Fmoc--TOAC pair ap-
proaches contact distances and is therefore governed by diffu-
sional motions of the peptide chain.®"” The Fmoc-~TOAC bimo-
lecular quenching constant, as determined by intermolecular
quenching experiments in solution, is 1.3x10°m~"s™', that is,
close to the diffusion limit. Therefore, once the two probes
attain a short separation distance, quenching of the Fmoc trip-
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Figure 6. The most stable conformers of FOT8-Gd" from MM calculations
(top panel: conformer A; lower panel: conformer B). White spheres: carbon
atoms; dark grey: nitrogen; light grey: oxygen. The position of the metal
jon is also indicated. Hydrogen atoms are omitted for clarity. To the right a
ribbon representation of the backbone structure is also shown.

Table 2. Centre-to-centre distance (d,,), relative orientation (k2), theoreti-
cal quenching efficiency (EY), and population (P,) of the low-energy
conformers A and B for the two trichogin GAIV analogues and their
complexes with Ca" and Gd" from MM calculations.

Peptide d., [A] K2, E® P,

FOT8 (A) 14.5 0.79 0.16 0.58
FOT8 (B) 10.0 0.53 0.54 0.38
FOT8-Ca" (A) 11.6 0.02 0.02 0.85
FOT8-Ca" (B) 9.7 0.79 0.68 0.12
FOT8-Gd" (A) 12.6 0.04 0.02 0.60
FOT8-Gd" (B) 8.1 0.32 0.72 0.37

let state occurs almost instantaneously; this allows one to de-
termine the rate for achieving contact distances between the
two probes in FOT8.' Binding of Ca" or Gd" to FOT8 dramati-
cally affects the peptide dynamics, as it is clearly shown by the
time decays reported in Figure 7. The associated kinetic param-
eters, as obtained by a bi-exponential fit of the kinetic trace at
a fixed wavelength (Table 3), reveal that in the FOT8 complexes
with Ca" and Gd" the observed decay constants are strongly
depleted and become almost equal to the values obtained for
the complexes that Gd" and Ca" form with the reference pep-
tide FO, which lacks the TOAC quencher. The faster decay com-
ponent was unambiguously assigned to the Fmoc triplet state
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Figure 7. Transient absorption decays of A) FOT8; B) FOT8-[Ca"]; C) FOT8-
[Gd"] in acetonitrile; A =370 nm, T=25°C.

Table 3. Fmoc transient absorption decay parameters in acetonitrile for
the two trichogin GAIV analogues and their complexes with Ca" and Gd".
Peptide a, ky a, k,
[10°s™ [10*s™M
FO 0.28 1.9 0.72 4.1
FO-Ca" 0.15 1.9 0.85 3.0
FO-Gd" 0.09 26 091 3.1
FOT8 0.72 228 0.28 19.2
FOT8-Ca" 0.62 4.7 0.38 5.9
FOT8-Gd" 0.45 53 0.55 9.6

decay by oxygen quenching experiment.®’ Assuming kp, =k, +
kq, where k, is the triplet decay rate constant in the absence of
the quencher and kg is the unimolecular rate characterizing
the diffusional motions that bring the Fmoc:~-TOAC pair to very
close proximity, it turns out that the FOT8 dynamics (k;'=
480 ns) is markedly slowed down for both the FOT8 complexes
with Ca" (ky '=3.6 us) and Gd" (ky '=3.7 us). Most likely, the
binding of Ca" and Gd" slows down the torsional motions of
the peptide backbone and brings the Fmoc:~TOAC pair into
close proximity; this rigidity, however, inhibits the quenching
of the Fmoc triplet state. The ion—peptide structures reported
in Figures 5 and 6 clearly support this finding and emphasize
the role of the hinge residues Gly5-Gly6 in the formation of
the peptide loop that embeds the ion ligands.

Water-membrane partition experiments

Binding experiments, which were based on the enhancement
of Fmoc emission when inserted in an apolar environment,
were performed by adding a liposome formulation to FO and
the complex FO-Gd". The water-membrane partition proper-
ties of the peptide are not affected by coordination of the
metal ion, the association constant to the liposomes being K=
(1.6+0.1)x 10° for FO and (1.7 40.1)x 10° for the complex FO-
Gd”l.
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To verify that Gd" effectively penetrates the liposome, a
spectrophotometric assay based on Arsenazo Ill was carried
out.®? This dye exhibits a very high affinity to Gd" and an
extremely sensitive variation of its absorption spectrum to ion
binding. In brief, the experiment consists of preparing two lip-
osome solutions dipped in the upper section of two different
centrifugal filter devices. Upper and lower sections are separat-
ed by a cellulose membrane that is only permeable to mole-
cules with molecular weights lower than 100 kDa. The complex
FO-Gd" is added to one of the filter devices, while in the other
only Gd" at the same concentration is inserted. Then, ultracen-
trifugation is applied to both solutions to separate the aque-
ous layer from the lipids. Finally, the concentration of Gd"
passed to the lower section of both filters is measured by com-
plexation with Arsenazo Ill. A definitely lower concentration of
Gd" was found in the case of FO-Gd" (1.56 mm) with respect
to that measured in the reference cell (2.67 mm). This result
indicates that an important fraction of the complex FO-Gd"
was segregated in the upper section, bound to the liposome
phase.

Conclusions

Two fluorescent peptide analogues of TrGA were synthesized
and their binding properties with Ca" and Gd" ions were char-
acterized by CD, time resolved optical spectroscopy, and MM
calculations. The last methodology revealed that both of the
conformers predominantly populated by the bare peptide are
able to bind the two metal ions. lon binding promotes a shift
in the conformational equilibrium and gives rise to a peptide
loop that embeds the metal ion into a binding cavity formed
by carbonyl groups. Peptide dynamics is also strongly affected
by ion binding: the peptide torsional motions were slowed
down to the microsecond time scale. The effective coordina-
tion with Ca" and Gd" of the TrGA analogues investigated, and
their high affinity to the lipid phase strongly suggest that
these peptides could be used as Trojan horses to insert Gd",
which is a well-known magnetic probe, into the membrane.
These properties are particularly important for the high con-
trast capacity of Gd" ions in NMR imaging when embedded in
a lipid phase.®¥ Preliminary, unpublished results (Arsenazo Il
assay) have confirmed the feasibility of this approach. In addi-
tion, by taking advantage from the presence of the Fmoc
group, these peptides could also be of real interest in biologi-
cal and medical assays by using optical (fluorescence) imaging.

Experimental Section

The synthesis and chemical characterization of the TrGA analogues
FO and FOT8 were already reported.®” CD spectroscopy experi-
ments were carried out by using a Jasco J-600 (Tokyo, Japan) di-
chrograph. The reported CD signals were normalized with respect
to peptide molar concentrations. Fluorescence spectra were re-
corded by using a Jobin Yvon Fluoromax-2 (Longjumeau, France)
spectrofluorimeter operating with single photon counting (SPC)
detection. Fluorescence time decays were measured by a CD900
SPC apparatus from Edinburgh Analytical Instruments (Edinburgh,
Scotland, UK). UV excitation was achieved by a flashlamp filled
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with ultrapure hydrogen (300 mm Hg; 40 kHz repetition rate; full
width at half maximum: 1.1 ns). The experimental decays were
fitted through iterative reconvolution of discrete exponential func-
tions or continuous lifetime distributions by using standard soft-
ware licensed by Edinburgh Analytical Instruments. Transient ab-
sorption experiments were performed with an Applied Photophy-
sics LKS60 instrument (Leatherhead, UK), by using a Quantel Bril-
liant B Nd:YAG Q-switched laser (Les Uils, France) for pump excita-
tion. A fourth-harmonic generator module was employed to obtain
a 266 nm excitation wavelength (4 ns pulse width; 10 mJ energy).
All solutions for spectroscopy experiments were freshly prepared
before measurement. Spectrograde solvents (Carlo Erba, Rodano,
ltaly) were exclusively used. To determine the Gd" concentration
associated to liposomes, a spectrophotometric assay, based on Ar-
senazo lll, was carried out by measuring the absorption of the ion—
dye complex at 660 nm. Centrifugation was performed with an
ALC PK110 centrifuge at 6000 rpm for 50 min by using Microcon
Eppendorfs with a regenerated cellulose filter. Phospholipids were
purchased from Avanti Polar Lipids (Alabaster, AL, USA). The proce-
dure for liposome preparation has already been reported.®™ MM
calculations were carried out by using a homemade program
linked to Hyperchem 7.0,°¢ with a MM+ force field implemented
with the TOAC parameters.?”
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