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Abstract: T-1249 is a HIV fusion inhibitor peptide under clinical trials. Its interaction with biological membrane
models (large unilamellar vesicles) was studied using fluorescence spectroscopy. A gp41l peptide that
includes one of the hydrophobic terminals of T-1249 was also studied. Both peptides partition extensively
to liquid-crystalline POPC (1-palmitoyl-2-oleyl-sn-glycero-3-phosphocholine) (AG = —7.0 kcal/mol and —8.7
kcal/mol, for T-1249 and terminal peptide, respectively) and are located at the interface of the membrane.
T-1249 is essentially in a random coil conformation in this lipidic medium, although a small a-helix contribution
is present. When other lipid compositions are used (DPPC, POPG + POPC, and POPC + cholesterol)
(DPPC (1,2-dipalmitoyl-sn-glycero-3-phosphocholine) and POPG (1-palmitoyl-2-oleyl-sn-glycero-3-[phospho-
rac-(1-glycerol)), partition decreases, the most severe effect being the presence of cholesterol. Partition
experiments and fluorescence resonance energy transfer analysis show that T-1249 adsorbs to cholesterol-
rich membranes. The improved clinical efficiency of T-1249 relative to enfuvirtide (T20) may be related to
its bigger partition coefficient and ability to adsorb to rigid lipidic areas on the cell surface, where most
receptors are inserted. Moreover, adsorption to the sterol-rich viral membrane helps to increase the local
concentration of the inhibitor peptide at the fusion site.

Introduction CXCR4) triggers a conformational change in gp41, exposing a
fusion peptide and allowing its insertion in the membrane of

the target cell and fusion of the membranes of both depend onthe target cell, leading to the fusion of the two membranes and

the viral envelope glycoproteins complex formed by the mixing of the viral and cellular componertts.

transmembrane protein gp41, and the surface protein gp120, One feature of gp41is the presence of two heptad repeat (HR1
bounded to the external domain of gp41. The first step in the and HR2) sequencé£nfuvirtide (T20: Fuzeon) is a synthetic
process of HIV-1 infection of a cell is mediated by gp120 36-amino-acids peptide homologous to the C-terminal region
binding to the CD4 receptor, present in the surface of some of HR2 of HIV-1 gp41%7 This compound is currently the most
T-lymphocytes, macrophages, and other immune systemcells. advanced clinical drug for inhibiting HIV-1 enffyand has
This contact induces a conformational change in gpl120, recently received approval from the Food and Drug Administra-
facilitating its connection to a second receptor, usually CCR5 tion 8 Despite the therapeutic potency of enfuvirtide, it has met
or CXCR#4. The binding of gp120 to CD4 and CCR5 (or with the emergence of resistant straffsT-1249 (a 39-amino-
acids peptide) is a second-generation fusion inhibitor, composed
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Figure 1. (A) Amino acids sequence of T-1249 (top), enfuvirtide (middle), and CTP (bottom). The arrows indicate the sequence homology between the
CTP and the other peptides (black, T-1249; orange, enfuvirtide). (B) Top view of T-1249 (left) and CTP (right) arrangemewthielianHydrophobic
residues are blue, noncharged polar are green, and charged polar are red.

deficiency virus (SIV) Initial phase /1l clinical trials with choline), DPPC (1,2-dipalmitoydn-glycero-3-phosphocholine), and
T-1249 have shown promising results; namely, it is a more POPG (1-palmitoyl-2-oleysnglycero-3-[phospho-rac-(1-glycerol)])
potent inhibitor than enfuvirtide (even with a single daily were purchased from Avanti Polar-Lipids (Alabaster, AL), while
administration instead of the two used for enfuvirtide) and cholesterol and dehydroergosterol, DHE (ergosta-5,7,9(11),22-tetraen-

retains activity against most enfuvirtide-resistant strafglo -0, were from Sigma (St. Louis, MO). The spectrofluorimeter used
. L was an SLM Aminco 8100 (double monochromators; 450 W Xe lamp),
Similarly to enfuvirtide, the T-1249 sequence and presence

. g - the UV—visible absorption spectrophotometer was a Jasco V-530, and
of amphlpathlp segments (F_Igurg 1, A and B) suggest that_ the the cD spectropolarimeter was a Jasco J720 (450 W lamp). The time-
peptide may interact with biological membranes. Theoretical resolved instrumentation was previously descrifed.

analysis on the hydrophobicity of the amino acid residues ethods. Al studied peptides contain tryptophan residues (Figure
sequencE-12 of the peptide further confirms this hypothesis. 1A), which make fluorescence techniques suitable tools to probe these
We were prompted to study the interaction of T-1249 with molecules. In all fluorescence measurements, the excitation wavelength
biological membrane models. A gp41 20-amino-acids peptide used was 280 nm (except time-resolved fluorescence experiments, 287
that includes the hydrophobic C-terminal sequence of enfuvirtide hm). 10mM Hepes, pH 7.4/150mM NaCl buffer was used throughout
and T-1249 (hereafter named CTP-carboxyterminal peptide) wasthe studies. Enfuvirtide, T-1249, and CTP stock solutions R

H . . 4 4 . .
also studied, to conclude on the mode of insertion of these M. 1.985x 107 M, and 3.9 10™* M, respectively) in buffer were.
molecules in lipidic membranes diluted to the final desired concentration. T-1249 and CTP solubilization

required mild sonication. Remaining macroscopic aggregates of CTP
Materials and Methods were sometimes detected, although in very small quantities. In these
cases, a centrifugation step was added to separate the aggregates. Large
Materials. Enfuvirtide and T-1249 were a kind gift from Roche (Palo  unilamellar vesicles (LUV) were prepared by extrusion technidties.

Alto, CA), and the CTP fragment of enfuvirtide was purchased from Pure POPC and DPPC, POPC/POPG 80:20 (mol %), and POPC/
AnasSpec, Inc. (San Jose, CA). 5NS (5-doxyl-stearic acid) and 16NS cholesterol 67:33, 75:25, and 82:18 (mol %) were used on the studies
(16-doxyl-stearic acid) were from Aldrich Chem. Co. (Milwaukee, WI).  of the interaction of the peptides with membrane models systems.
L-Tryptophan, acrylamide, Hepes, and NaCl were from Merck (Darm- Average fluorescence lifetimeSi[, were calculated from triexponential

stadt, Germany). POPC (1-palmitoyl-2-oleyriglycero-3-phospho- intensity decays (error estimates of the lifetime components ranged from
0.2% to 3.2%).
(9) Eron, J. J.; Gulick, R. M.; Bartlett, J. A.; Merigan, T.; Arduino, R.; Kilby, Membrane partition studies were performed by successive additions

J. M.; Yangco, B.; Diers, A.; Drobnes, C.; DeMasi, R.; Greenberg, M.; R .
Melby, T.; %askino, CI: Rusnak, P.; Zhang, Y.; Splence, R.; Mirall%s, G. of small volumes of LUV (15mM) to the peptide samples (enfuvirtide
D. J. Infect. Dis.2004 189, 1075-1083. 1x 10°5M, T-1249 6.7x 1076 M, or CTP 9.1x 1078 M) with a 10
(10) Gulick, R. M.Clin. Microbiol. Infect.2003 9, 186-193.
(11) White, S. H.; Wimley, W. CAnnu. Re. Biophys. Biomol. Structl999

28, 319-365. (13) Loura, L. M.; Fedorov, A.; Prieto, MBiophys. J1996 71, 1823-1836.
(12) Jayasinghe, S.; Hristova, K.; White, S. H.Mol. Biol. 2001, 312, 927— (14) Mayer, L. D.; Hope, M. J.; Cullis, P. RBiophys. Biochim. Actd986
934. 858 161-168.

J. AM. CHEM. SOC. = VOL. 126, NO. 45, 2004 14759



ARTICLES Veiga et al.

min incubation in between. The emission wavelength used was 350 = 4.0
nm. Fluorescence intensity data were corrected for dilution effect. E 2.0
Quenching studies were carried out by successive additions of small =
amounts of 5NS or 16NS in ethanol to samples of the peptide incubated Q 0.0
with LUV (T-1249 4.5 x 10% M or CTP 6 x 10°% M). Ethanol ‘«’g 2.0 6" 12 18 4" %o
concentration in the sample was kept below 2% (v/v). After each (é 40

addition of quencher, the sample was incubated for 10 min. The .
effective quencher concentration in the membrane was calculated from Residue number
the partition coefficient of the quenchers to lipidic bilay&sThe

emission wavelength used was 340 nm. — 4.0

Fluorescence resonance energy transfer studies between the tryp- E 20
tophan (donor) and fluorescently labeled vesicles with DHE (acceptor) = :
were used to study the binding of T1249 to POPC/sterol (67:33 mol g 0.0
%) vesicles. The final concentration of T-1249 used was>2.20® = 50 9 18
M. The emission wavelength used to prevent interference of DHE o -
emission was 320 nm. The critical distance for energy tran$lgr, < 4.0
was calculated according to Berbereg®antos and Priett, Residue number B

- Figure 2. Theoretical analysis of partition into membranes of enfuvirtide
R, = 0.2108’®pn * o 1(A) e(2) A* da]V® (1) (A) and T-1249 (B). Values oAG, < 0 indicate the residues of the

peptides with a higher tendency toward insertion in membranes. Figure 1

. . . . highlights the match of both peptides with CTP.
where«? is the orientation factor (the valug = 2/, relative to the

dynamic isotropic limit, was used in this study®p is the donor 20
guantum yield in the absence of acceptdrp(= 0.106, the value
measured in this study for high lipid concentration, was used)the
refractive index it = 1.4 was used in this study as the refractive index
within the vesicle¥), I(4) is the normalized donor emission spectrum,
ande(A) is the acceptor molar absorption spectrum (expressed-as M
cmY). Ifin eq 14 is in nm, the calculated®, will be in A. Energy
transfer efficienciesk, were experimentally determined from

—
7]

Relative intensity

1.0

0.0 0.5 1.0 1.5 2.0 2.5
(L] (mV) A

E=1-Ip/lp )

wherelpa andlp are the fluorescence intensities of the donor in the
presence and absence of acceptor, respectively.

The final concentrations of T-1249 and enfuvirtide in the CD
experiments were 6.6 10> M and 7.3x 10°° M, respectively. CD
data are represented by the mean residue ellipti¢iy pbtained from
the observed ellipticity ) according to the equatiorf] = 6/(Nlc)
wherel is the path lengthg is the molar concentration, arid is the
number of amino acid residues in the pepfide.

Inner filter effects were correctétin the fluorescence emission
experiments.

g
=

g
)

Relative intensity

—
=]

0.0 0.5 1.0 15 2.0 2.5
Results and Discussion [L] (mM) B

Photophysical Characterization and Partition Coefficient Figure 3. ) Pﬁrtition Otlioeffiﬁier?t determinations forﬂT-1249 (A) and CTP
A ot ; B). For both peptides, the largest increase in fluorescence intensity is
Determlngtlon. Red edge eXCItatl.on. shift effects were not detected in the presence of LUV of PORJ(Although to a lesser extent,
detected in th.e quorgscence emission of T-1249 an.d CTP there is also an increase in the fluorescence intensity in the presence of gel
tryptophan residues. Linear Sterolmer plots were obtained  state vesicles, DPP@), and negatively charged lipid POPG (20% POPG
for peptides fluorescence quenching by acrylamide (not shown), in POPC;m). The POPC/cholesterol mixture (33% mol cholestesl;is

reveang that the Tp reidues are not localized inide hydro- 5156 et e nfcaseof 1 1240 Turesonceonsty sty
phobic pockets. concentration of the lipid available in the outer leaflet.

Figure 2 shows the result of a theoretical analysidof the
hydrophobicity of T-1249. Enfuvirtide analysis is also shown | Uy of liquid-crystalline POPC. There is also a blue-shift of
for the sake of comparisoAG,.t < O reveals the tendency of e emission spectra (3 and 12 nm for T-1249 and CTP,
peptides to insert in the membrane. respectively, when [POPCE 5 mM). This spectral shift is

As shown in Figure 3A and B, there is an increase in the f,rther evidence of the interaction of the peptides with the
fluorescence intensity of T-1249 and CTP in the presence of membrane model system. The partition coefficient between the

lipid and aqueous phasek, = [peptide]/[peptide]y, was

(15) Santos, N. C.; Prieto, M.; Castanho, M. A. R.Bochemistry1998 37,

8674-8682. ) determined in order to quantify the extent of interaction of the
(16) E;”fggﬁiﬁ%";f’s' M. N.; Prieto, B Chem. Soc., Faraday Trar®987 peptides with the LUV. [peptideland [peptide}, are the peptide
(17) Davenport L. Dale, R. E.; Bisby, R. H.; Cundall, R Bochemistryl 985 concentrations in the lipidic and agqueous environment, respec-
(18) Coutinho, A.; Prieto, MJ. Chem. Educl993 70, 425-428. tively. Since there is an increase in the fluorescence quantum
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yield upon membrane incorporatiof, can be calculated from
the fluorescence intensity data,by fitting eq 3° to the data.

IL
1+ KoL

I _
lw o1+ Key,[L] ®)

Relative Intensity

(lw and 1, are the fluorescence intensities expected when all 10 20 30 40 S0

the peptide is in water or in the lipidic phase, respectively; [Llee (mM) A
is the lipidic molar volumeé? and [L] is the molar concentration
of the accessible lipidouter leaflet of the bilayer.K, values

of (5.1+ 0.7) x 10° (AG = —7.0 kcal/mol) and (53t 8.5) x

10% (AG = —8.7 kcal/mol) were obtained for T-1249 and CTP,
respectively, in POPC. Thus thk, obtained for CTP is
significantly larger than those obtained for T-1249 and enfu-
virtide2! This indicates that the hydrophobic segment of
enfuvirtide and T-1249, which corresponds to CTP, is of major
importance for lipidic membrane partition, while the hydrophilic
segments tend to oppose them (theoretical expectations in Figure | L] ree (mM) B

2 are thus met). T-1249 has the hydrophobic amino acid moietieSrigure 4. Partition plots of enfuvirtide (A) and T-1249 (B) to LUV of
more evenly distributed than enfuvirtide, which concentrates ;’)Cr)F(’)OC/ZC(h.c;IeitgeorAt))I.;;uc;rr«]ascgg(;)e;r;tec?%ilt(ifs‘:»gg{)egg?:csi &nff\%iﬁg;)for
the hydrophobic residues at both endings. This may explain the AN g ‘

differences found i, (1.6 x 10° vs 5.1x 10° for enfuvirtide enfuviride (A) but not for T-1249 (8).

and T-1249, respectively). When other lipid comp05|.t|0ns are Although K, ~ 0, adsorption of the peptides to the rigid bilayers
used, theK, values of CTP and T-1249 decrease (Figure 3A g\ itace cannot be discarded because adsorption can leave Trp
and B). Ther(_e isa dgc_rgased partition _|nto gel phase membranes,agiques exposed to the bulk aqueous environment, with
due to the higher rigidity of DPPC bilayers. The presence of \,nchanged fluorescence quantum yield (i.e., not contributing
Fhe 20% POPG'tO'POPC, ratio mimics the environment of the for K, calculation). Vesicles with a lower content in cholesterol
inner leaflet of mammal biomembranes. T-1249 and CTP have 5¢ heterogeneous, having cholesterol-rich and cholesterol-poor
negative net formal charges of4 and —2, respectively. 50527 Thys, the liquid disordered phase and raft-like ordered
Decreased; in these systems can be related to electrostatic ,ase coexist. If partition is only occurring to the disordered
repulsion. However the most severe effect is related to the ypase (cholesterol-poor) areas and no adsorption to the ordered
presence of sterol. For T-1249_, _tKgls so small in chol_esterol- phase (cholesterol-rich) is taking place, then one expects
rich membranes that the partition cannot be quantif€d®  parition curves Iflw; eq 3) to be only dependent on the lipid

0). At variance with T-1249 and enfuvirtide, CTP partition in  ,ncentration which is involved in cholesterol-poor areas; i.e.,
these conditions occurs. Thus, the rigidity of the membrane is parition plots against the concentration of POPC external to
not the only factor that conditions the partition of the peptides. gered areas should all coincide, regardless of the cholesterol

Relative Intensity

1.0 = 1 1 1 1 J
0.0 1.0 2.0 3.0 4.0 5.0

Interaction of Enfuvirtide and T-1249 with Cholesterol- content of the vesicles. “Free lipid” (i.e., in cholesterol-poor
Containing Membranes. Lipidic rafts are plasma membrane  grea5) concentration can be calculated from lipid/cholesterol
domains that are enriched in cholesterol and sphingofijd. phase diagram (namely the lower and upper limits of two-

They are organized .in a_ti_ghtly packed,_ liquid oro_lered matther, phase coexistence) using the lever rule (eq 4):
with cholesterol maintaining the rafts in a functional st#.

was proposed that rafts may function as platforms for the o o 33— x

assembly of membrane-associated macromolecular complexes [lipid] free = [lipid + sterol}yy zo—¢ (4)

that are important in biological procesg€s his prompted us

to further investigate the interaction of HIV fusion inhibitor \wherex (5—33%) is the cholesterol mol % (18% and 25%, in
peptides with cholesterol-containing membranes. Vesicles with our study, Figure 4A and B).

~33% of cholesterol (i.e.~2 phospholipids:1 sterol) are Partition curves for enfuvirtide are almost mutually over-
homogeneous (liquid ordered phase). Considering its rigidity, lapped, regardless of the cholesterol content, showing that
this phase may be regarded as a crude mimic of lipid rafts. enfuvirtide does not significantly adsorb to the cholesterol-rich
areas. WherK; is calculated for 18% and 25% cholesterol in

19) Santos, N. C.; Prieto, M.; Castanho, M. A. R.HBochim. Biophys. Act - . N . .
(19) 2(%]3013612 123_2250_ astanno ochim. Blophys. Acta the [lipid]ee domain K, is similar to those obtained with sterol-
(20) ;:;igh?s'z\—lvz'z;l égkobsson, E.; Subramaniam, S.; Scott, Bidphys. J1999 free membranes. However, T-1249 (Figure 4B) shows a different
(21) Véiga, S.; Henriques, S.; Santos, N. C.; CastanhoBlichem. J2004 behavior: partition curves do not superimpose in the [lipid]
377, 107-110. i i i
(22) Campbell, S M.; Crowe, S. M.. Mak, J. Clin. Virol. 2001 22, 217 domain, and/lyw dgcreases Wlth.cholesterol content. T_hls may
227. be due to adsorption of the peptide to the cholesterol-rich areas,
(23) Silvius, J. RBiochim. Biophys. Act2003 161Q 174-183. i iqnifi iati ;
(54) Alonso, M. A.: Millan, 3. ) Coli Sci.2001 114, 39573965, W|t.hout §|gn|f|cant yfirlgtlon of the f!uorescence qua}ntum ypld.
(25) Simons, K.; Ehehalt, Rl Clin. Invest.2002, 110, 597-603. _ This additional equilibrium (adsorption) competes with partition,
(26) g)%yzag%r'll\élb;slgg%aavéi' E.; Abrami, L.; Turelli, P.; Trono, D. Virol. decreasing the molar fraction of molecules embedded in the
(27) Tauc, P.; Mateo, C. R.; Brochon, J.-Blophys. J1998 74, 1864-1870. lipidic bilayers. With the increase of the percentage of choles-
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Figure 5. Energy transfer efficiency from Trp residues of T-1249 (donors)
to DHE (acceptor) in POPC/cholesterol (33% mol cholesterol) vesicles (5
mM). Nonlinear regression (appendix 2) yieldls= 0.3 (molar fraction of
nonadsorbed peptides). The boundakes= 0.2 andA; = 0.4 are also
represented (dashed lines).

0 100 200 300 400
[Quencher| (mM) A

terol, a larger area is occupied by the domains and more
adsorption of T-1249 occurs. Appendix 1 quantifies the
equilibria balance and rationalizes the altered partition plots.
This analysis takes into account partition of T-1249 to POPC
and adsorption to the POPC/Cholesterol domains. Data fitting
with eq A1.9 (appendix 1; Figure Al1.2) leadskg = 3.1 x
10° and Ky = 4.6 x 10 for 18% and 25% of cholesterol, 0 5 10 15 20
respectively (adsorption partition coefficient). B
Interaction of T-1249 with Ch_olesteroI-Rich_ Area Vesicles_. ‘ | ot for the cuenahing of T-1249 fluorescence
A FRET Study. To further Con.ﬁrm and quantify the adsorption g)l;qilrrlzb;ier(i/\j;tsi;:jnﬁggprﬂmrcpn?oleculesqSNOX ar?d 16NS 4) in POPC
of T-1249 to the cholesterol-rich areas, we used a fluoresc(:"nc'?'vesicles (5 mM). Effective quencher concentration in the membrane was
resonance energy transfer (FRET) methodology using DHE asconsidered. (B) Using the SIMEXDA meth#cand fluorescence lifetime
an acceptor for T-1249 tryptophan fluorescence. LUV of POPC/ quenching data (Table 1), it was possible to determine the in-depth
cholesterol/DHE (339.9% cholesterol, ©23.1% DHE) were ﬁqlzti:::)uitxgrgafc-ira;llmg Trp residues in the lipidic bilayer. The location is
used. Figure 5 shows an increase in the energy transfer efficiency Y '
with DHE content. Thus, the Trp moieties of T-1249 are in the Table 1. Average Fluorescence Lifetimes of T-1249 and CTP#
vicinity of the sterol; i.e., adsorption occurs. To quantify the Gihs
fraction of molecules adsorbed, we followed the methodology

Relative location frequency

Distance from bilayer centre /X

system T-1249 CTP

described in appendix 2. The fraction of nonadsorbed molecules,

. . buffer 2.7 2.2
Ay, is Ay = 0.3 £ 0.1, corresponding to 70% of adsorbed [POPC]=5mM 4.4 4.4
molecules when [POP&- cholesterol]|= 5 mM (33% molar [POPC]=5 mM, [5NS]= 0.4 mM 2.9 3.2
cholesterol). These values confirm that adsorption of T-1249  [POPC]=5mM, [16NS]= 0.4 mM 3.6 3.6
to sterol-rich membranes occurs. Equation A1.3 (appendix 1) aTh N . :

. " . e average fluorescence life-time of peptides increases upon incor-

relates the adsorption partition constaki, lipid and sterol poration in lipidic membranes. Differential diffusional fluorescence quench-

concentrations, and the molar fraction of the adsorbed peptideing by 5NS'and 16NS inside the lipidic matrix enables in-depth location of
(1 — Ay). Therefore, 0.4 10® < K, < 1.0 x 103, which broadly the Trp residues.

concur to the values calcu_lated in the PreV‘OUS sect'{xa_rwa_s the interface of the membrane. Fluorescence lifetime quenching
calculated from the vqumlc concentratloq of the peptide mlthe data (Table 1) enable the application of the SIMEXDA meffiod
membrane'. The partition constgnt obtained from superficial y opiain the in-depth distribution of the Trp residues of the
concentrationKa.sup can be obtained fromka from Kasup = peptides (Figure 6B; CTP distribution is similar; result not
Kah, whereh is the half-bilayer thickness. shown). This location distribution does not differ much from

In-Depth Location of the Peptide; in Membrangs and the one obtained previously with enfuvirtieThe Trp moieties
Secondary Structure StudiesQuenching methodologies were . mainly located at the membrane interface.

used to evaluate the in-depth location of the Trp residues of = ~p experiments show that enfuvirtide and T-1249 are

the_peptides _inserted in POPC vesicles. Stearic acid mOIeCUIeSessentiaIIy in a random coil conformation in both aqueous and
derivatized with doxyl (quencher) groups at carbon-5 (SNS) and lipidic medium (POPC) (Figure 7). However, enfuvirtide has a

—16 (16NS) were used. 5NS is a better quencher for m°|eCU|esnegligiblea-helix content 8% and~10% in buffer and POPC,
near or at the interface, while 16NS is better for molecules respectively), while a helix component can be detected in

buried deeply in the membraA&Figure 6A shows the Stern T-1249, albeit small£30% and~25% in buffer and POPC,
Volmer plots obtained for T-1249 (similar results were obtained respectively). The obtained percentages ofdHeelix content

with CTP, not shown) using the effective concentration of SNS ¢ 11,4 peptides are independent of the method applied to
and 16NS in the bilayer matrix. The peptides are better quenched. |- 1ate thend9.3

by 5NS. So, the Trp residues of the peptides are located near

(29) Kliger, Y.; Shai, Y.J. Mol. Biol. 200Q 295, 163-168.
(28) Fernandes, M. X.; de la Torre, J. G.; Castanho, M. A. RArial. Biochem. (30) Mobley, P. W.; Pilpa, R.; Brown, C.; Waring, A. J.; Gordon, L. MDS
2002 307, 1-12. Res. Hum. Retroruses2001, 17, 311-327.
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107

[0] (deg cm” dmol™)

-15

Figure 7. Far-UV CD spectra of enfuvirtide (dashed line) and T-1249 (solid
line) in the presence of POPC vesicles ([PORER mM; X| enfuvirtide =
0.54; X t1-1249 = 0.8). The increased helicity of T-1249 relative to
enfuvirtide is noticeable. Spectra in buffer are similar.

Conclusions

T-1249 is a fusion inhibitor peptide under clinical trials but
its mode of action is not totally understood. The use of
fluorescence spectroscopy-based methodologies to study the
interaction of the peptide with model membranes shows that
(2) partition to LUV of POPC is very extensive and the peptide
is located near the lipids polar heads level, mainly in random Figure 8. Schematic representation of the proposed involvement of lipidic
coil conformation; (2) i the presence of gel phase membranestSTE R 1 Tt ERE 0 SCh, C e e domaine, Trandio-
(rigid DPPC bilayers), POPG-containing bilayers that mimic cation is prevented due to charge effects. The virus outer membrane has
the environment of the inner leaflet of mammals biomembranes, loosely bound T-1249, contributing to the rise of the T-1249 local

and cholesterol-rich membranes, insertion in the lipidic environ- concentration at the fusion site. Moreover, the ability to loosely bind to
’ lipid rafts in the direct vicinity of the receptors improves peptide action at

”_‘en_t_ 1S Severew_ decreased; (3) however, Fhere IS @ VeIYthe fusion site. The cell membrane and the virus are a reservoir of the
significant adsorption of T-1249 to cholesterol-rich areas. Thus, peptide. gp41 fusogenic approach to the target membrane enables direct

lipidic membranes may play an important role in the mode of contact of the peptide with the gp4l C-region, which leads to fusion
action of T-1249 (Figure 8). Namely, T-1249 can insert in the "™niiton.

external layer of cell while it is prevented from translocation

due to the repulsion caused by the negatively charged lipids of virtide.>* T-1249's longer half-life in circulation (enabling a
the inner layer. This way, T-1249 concentrates at the cell Single daily administration, instead of the two daily administra-
surfaces. Unlike enfuvirtide, T-1249 is able to adsorb to tions of enfuvirtide), together with its promising results in
cholesterol-rich membranes. This ability raises the concentrationclinical trials, even with patients whose virus have reduced
of T-1249 in the surface of the cell directly at the fusion site Susceptibility to enfuvirtidé,can be (at least partially) justified
because HIV-1 receptor CD4 and co-receptors CXCR4/CCR5 by T-1249 combination of hydrophobicity, membrane partition,
are considered to be localized within lipid raftdt is possible ~ and “selective” adsorption, a capability not shared with enfu-
that the coalescence of several small rafts, containing thesevirtide.

proteins, would be necessary to form an active larger raft  cionledgment. This project was partially funded by FCT-
domain?> enabling receptors oligomerization, viral binding, and /=g (Portugal), including a grant (SFRH/BD/14336/2003)
membrane fusion. Because the HIV. membrane is very rich in nqer the program POCTI to A.S.V. T-1249 and enfuvirtide
cholesterof®3! the local concentration of T-1249 is further were kind gifts from Roche (Palo Alto, CA).

raised. Enfuvirtide inhibition occurs when target and viral

membranes are near each otérafd references therein). The Supporting Information Available: Appendix 1: simulta-
increased extension of partition of T-1249 relative to enfu- neous partition and adsorption. Appendix 2: fluorescence
virtide,2! and the possibility to adsorb to cholesterol-rich resonance energy transfer. This material is available free of
membranes might be the main cause of its improved efficiency charge via the Internet at http:/pubs.acs.org.

as HIV fusion inhibitor. Hydrophobic derivatives of enfuvirtide ;9159852

proved to be 108 more efficient than enfuvirtide itself in HIV-1
replication inhibition3® Gene therapeutic-based strategies are (33) Hildinger, M.; Dittmar, M. T.; Schult-Dietrich, P.; Fehse, B.; Schnierle,
currently being developed with membrane-anchored enfu- B S. Thaler, S.; Stiegler, G.; Welker, R.; von Laer,DVirol. 2001, 75,

3038-3042.
(34) Egelhofer, M.; Brandenburg, G.; Martinius, H.; Schult-Dietrich, P.;
(31) Campbell, S. M.; Crowe, S. M.; Mak, AIDS 2002 16, 2253-2261. Melikyan, G.; Kunert, R.; Baum, C.; Choi, |.; Alexandrov, A.; von Laer;
(32) Ba, S.; Alizon, M. J. Virol. 2004 78, 811-820. D. J. Virol. 2004 78, 568-575.
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