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1 | INTRODUCTION

Michela Buonocore®
Anna Maria D'Ursi?

| Mohammad Firoznezhad* |

Feline immunodeficiency virus (FIV) shares structural similarities with human immuno-
deficiency virus (HIV): the surface glycoprotein gp36 corresponds to the HIV gp41,
which drives virus-host cell interactions and is targeted by the peptide entry inhibitor
enfuvirtide. Following a similar drug design strategy for the development of an anti-FIV

therapy, the present study investigates 52764

gp36 NHR, a peptide sequence derived
from a region of gp36 that was previously found to interfere with the antiviral activity
of the peptide C8, which instead derives from the gp36 MPER. CD, NMR, and MD sim-
ulations were employed to probe the conformational characteristics of ¢%74%%gp36
NHR in the membrane-mimicking environment of SDS micelles. Our data show that
627-6465n36 NHR is characterized by three dynamic helix structures. MD simulations
involving 427%*¢gp36 NHR, C8, and a larger protein, including the CHR and MPER
regions, suggest that the interaction of C8 with the MPER region, the origin of the anti-
viral activity of C8, is disfavored in the presence of 427-%4gp36 NHR in the simulation.
This evidence can be useful for interpreting the molecular mechanism that leads to
interference with the activity of C8, providing information on the folding/unfolding

mechanism of the viral glycoprotein to design new strategies to inhibit viral entry.
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feline immunodeficiency virus, FIV, MD simulation, NMR, peptides

120 nm enveloped virus containing a matrix protein and a cone-

shaped capsid, with enclosed two single-strand RNA core structures.*

Human immunodeficiency virus (HIV) is the etiological agent of
acquired immunodeficiency syndrome (AIDS), a disorder characterized
by a series of severe infections caused mainly by opportunistic micro-
organisms and particular neoplastic manifestations (Kaposi's sarcoma,

lymphoma).x® Morphologically, HIV is characterized by a 100-

Angelo Santoro and Michela Buonocore contributed equally to this work.

Among viral glycoproteins surrounding the envelope, encoded by the
viral env gene, we found gp160, whose proteolytic cleavage produces
gp120, a surface protein with anti-receptor function, and gp41, a
transmembrane protein with fusogenic activity, both involved in virus-
host cell interaction and viral infection. Despite being a small protein,
gp41 presents a peculiar architecture composed of many domains as
follows: the fusion peptide (FP), the fusion peptide proximal region
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(PR), the N-terminal heptad repeat (NHR), the C-terminal heptad
repeat (CHR), a 25-30 residues hydrophobic loop, the membrane-
proximal external region (MPER), the transmembrane domain
(TM) and the cytoplasmic portion (CP).” The virus entry mechanism is
based on the rearrangement of NHR and CHR in the trimeric gp41 to
assemble a low-energy stable six-helical bundle (6HB)®~8; during this
process, MPER plays a significant role by correctly driving the virus
membrane to blend with the host cell membrane.® Among the few
medicines approved by the FDA for HIV therapy,*® we find one of the
most known peptide drugs, enfuvirtide (T20, LaRoche®), which
derives from the CHR region of gp41 and proved to effectively inhibit
the virus entry in the host cell by preventing the correct folding of the
viral glycoprotein.!* HIV is morphologically comparable to other lenti-
viruses, in particular to the feline immunodeficiency virus (FIV), a

lentivirus infecting domestic cats (Felis catus)'?

which represents a
lethal threat in felines.**> The surface glycoproteins of FIV gp100
(analogous to HIV gp120) and gp36 (analogous to HIV gp41) play criti-
cal roles in the early stages of viral entry. Alignment of gp41 and gp36
sequences shows a high degree of homology with a common struc-
tural architecture.2®"18 In an attempt to replicate the rational design
of enfuvirtide for the development of anti-FIV sequences, several
short peptides were previously identified deriving from gp36
sequences, among which C8, an octapeptide deriving from the MPER

19.20 and whose

domain, exhibited significant antiviral activity in vitro,
conformation was studied by nuclear magnetic resonance (NMR) in
membrane mimicking micelle solutions.?! To gain information about
the mechanism of action of C8, we obtained the NMR structure of a
gp36-deriving construct including the full MPER, the loop, and a small
portion of the CHR ("3778gp36 CHR-MPER),” which pinpointed the
essential role of the three tryptophan residues in the C8 sequence for
the interaction with the membrane. Following this approach, we also
studied the NHR region, and we focused on an interesting sequence
deriving from the residues 627-646 in gp36 (2’ AGAGTGA-
TAIGMVTQYHQVL®*, ¢27-6%55536 NHR), which was previously
found to inhibit C8 antiviral activity®° (Figure 1).

In the hypothesis that this activity may be based on an interaction
between 427%%¢gp36 NHR and the region including C8, in this work
we report the conformational analysis of the peptide %27%4¢gp36

NHR by circular dichroism (CD) and NMR spectroscopies and

gp100

gp36 =—p

gp160
(env protein)

molecular dynamics (MD) simulations in a membrane-mimicking sys-
tem consisting of sodium dodecyl sulfate (SDS) micelle solution. The
structure experimentally obtained was then sampled together with
the already solved structures of C82% and 7%7-78%gp36 CHR-MPER
(PDB ID: 6FTK)® in classical MD simulations in SDS micelles, in order
to study the interactions among the three peptides and to gain infor-
mation about their mechanism of action, whose comprehension is
essential in view of the design and optimization of anti-FIV peptide

drugs.

2 | MATERIAL AND METHODS

21 | Solid-phase peptide synthesis of
627-64655,36 NHR

The 627-6%gp36 NHR peptide was manually synthesized via Fmoc
solid-phase synthesis?? using 200 mg acid resin (Wang) (1.1 mmol/g
resin substitution). The resin was swollen in N,N-dimethylformamide
(DMF) for 2 hours at room temperature, then washed with DMF.
Next, we added 4 equivalents of hydroxy benzotriazole (HOBT) and
hexafluorophosphate benzotriazole tetramethyl uronium (HBTU)
and 8 equivalents of N,N-diisopropylethylamine (DIPEA) as a coupling
reagent to the resin to ensure quantitative coupling between the
amino acids in the sequence. Deprotection of the Fmoc group was
performed by adding 30% piperidine into DMF.2® To cleave the pep-
tide from the resin and remove all the protecting groups, we used a
cleavage cocktail solution containing trifluoroacetic acid (TFA)/H,O/
triisopropylsilane (TIS) (95/2.5/2.5) under stirring for 2 hours. Subse-
quently, we collected the filtered solution, which was diluted with
cold diethyl ether until the precipitation of the product. The product
was washed with diethyl ether which was subsequently removed by
filtration. The raw product obtained was purified by reverse-phase
HPLC, using a Phenomenex C-18 column. The eluent phase consisted
of a mixture of H,O/acetonitrile (ACN) (90/10) with the addition of
0.1% of TFA. A linear gradient of ACN was applied until a final con-
centration of 90% in 30 min. After collecting the fraction, the purity
of the compound was measured by high-resolution mass spectrome-

try (HR MS) electrospray ionization (ESI).2*

737-786gp36 CHR-MPER 73’LQTKDLQQKFYEIILDIE
ONNVQGKTGIQQLOKWED
WVRWIGNIPQYLKM’8®

FIV 627646936 NHR ©2’AGAGTGATAIGMVTQYHQVIL®4®

C8 7TOWEDWVGWI’"7

FIGURE 1

Schematic representation of gp36 domains and amino acid sequences of the peptides under investigation.
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2.2 | Circular dichroism of ¢27-**6gp36 NHR

Circular dichroism (CD) experiments were performed at room tempera-
ture on a Jasco-810 spectropolarimeter, working on an average of
4 scans with 10 nm/min scan speed, 4 s response time, 2 nm bandwidth,
and 4 accumulations. We used a quartz cuvette with a path length of
1 mm, and a measurement range from 190 to 260 nm (far UV). Through-
out the measurements, we ensured a voltage lower than 700 V, which
guarantees the reliability of the obtained data. The final concentration of
627-6369,36 NHR for CD spectra acquisition was 50 UM in a solution
containing SDS micelles (80 mM) in phosphate buffer 20 mM (pH 7.4).

2.3 | Spectra acquisition and assignment of NMR
resonances

NMR spectra were recorded on a Bruker Avance Il 500 MHz spec-
trometer. 427-¢4%gp36 NHR peptide (3mM) was solubilized in the pres-
ence of SDS micelle (80 mM) in phosphate buffer 20 mM at pH 7.4.
2D *H-'H total ordered correlation spectroscopy (TOCSY) and nuclear
Overhauser effect spectroscopy (NOESY) spectra were acquired in
the phase-sensitive mode using quadrature detection in w1 by time-
proportional phase incrementation of the initial pulse.?>~?” The
1H-13C heteronuclear single quantum coherence (HSQC) spectrum
was also recorded. The water signal was suppressed by excitation
sculpting experiments.?® Experiments were run at 300 K; a mixing
time of 80 ms was used for the TOCSY experiments. NOESY experi-
ments were run at 300 K with a mixing time of 200 ms. The assign-
ment of the chemical shifts was obtained using the standard method
outlined by Wuthrich, involving the iterative analysis of 2D TOCSY
and NOESY spectra, which was performed with the aid of SPARKY
software.?”*° NOESY peaks were integrated using the Gaussian fit
integration method of SPARKY software. Ha obtained from NOESY,
Ca, and Cp obtained from HSQC values were uploaded on the CSI 3.0
server (http://csi3.wishartlab.com/)! to predict the secondary struc-
ture from the chemical shift index (CSI).

24 | ©627°%%gp36 NHR structure calculation

The *H-H NOESY cross-peaks integrated volumes were converted in
XEASY peaks format for the calculation of intramolecular distance
restraints and the 3D structure of %27¢%gp36 NHR with CYANA
3.1.32 The volumes were converted in upper bound distances using
the CALIBA macro. Redundant and duplicate constraints were dis-
carded, and the final list of constraints was used to generate a set of
20 structures using the simulated annealing protocol in torsion angle
space (50,000 steps). The best-resulting structures were evaluated
according to the lowest target function values (2-20 A). The struc-
tures were visualized using Schrédinger's Maestro 12.5.139.%3

2.5 | Molecular dynamics

The initial complexes for the molecular dynamics (MD) simulation

were obtained with an ab initio molecular docking using HADDOCK

Journal of 30f 10
Peptide‘cernce—WI LEY--2
2.4 web server.>* The NMR-derived structures of 737-78gp36 CHR-
MPER, 427%4¢gp36 NHR and C8 were uploaded as input structures.
The four best-ranked complexes were selected according to the HAD-
DOCK score, the number of structures in the cluster, and the RMSD
value calculated on the poses compared to the most favorable one in
the ensemble. Classical MD simulations were performed with GRO-
MACS®>2¢ using CHARMMZ36 force field.®” The structures were sol-
vated in explicit TIP4P water. The system in SDS micelles was
prepared using the micelle builder in CHARMM-GUI web server,*® by
inserting 200 molecules of SDS and a water thickness of 15 A. The
system was neutralized by adding neutralizing Na* and CI~ ions. After
these steps, the energy minimization of the system was performed,
and then the system was equilibrated using six cycles of NVT and
NpT runs. The system temperature and pressure were kept constant
at 300K and 1.01325 bar using the Berendsen weak coupling
method.3?%° The results were used for MD simulations using Particle
Mesh Ewald for long-range electrostatics under NpT conditions.**
The trajectory files were fitted in the box and converted into PDB
coordinates by using the trjconv tool of the GROMACS Package. The
number of H-bonds and neighbors within 0.35 nm was calculated
using the hbond tool of GROMACS. Coulomb short-range interaction
energies were calculated using the energy tool of GROMACS. Solvent-
accessible surface area plot was calculated using the sasa tool of
GROMACS. RMSD values were calculated using the rms tool
of GROMACS.

3 | RESULTS AND DISCUSSION

31 |
peptide

Structure determination of 274*¢gp36 NHR

627-6465336 NHR peptide was obtained using standard solid phase

peptide synthesis (SPPS) procedures according to Merrifield's
protocol.42 The peptide conformation was studied in a membrane-
mimicking system. Surfactants, such as zwitterionic dodecyl phospho-
choline (DPC) or negatively charged SDS, are used to form micelles at
concentrations considerably higher than their critical micelle concen-
tration (c.m.c.).22*3** The polar headgroups of these surfactants are
found on the surface, and the hydrophobic tails point to the center,
forming spherical aggregates. Micelle solutions are widely used as bio-
mimetic membrane systems to study the structural properties of
membranotropic molecules. From a technical point of view, they rep-
resent ideal systems for CD and NMR analysis in solution, as they
tumble sufficiently quickly to result in high-resolution spectral lines.
For this conformational analysis, we selected a system composed of
pure SDS in a concentration of 80 mM, 10-fold higher than its c.m.c.

3.1.1 | Circular dichroism analysis

To have preliminary information on the conformational properties of

627-6465336 NHR, CD spectra were recorded in SDS micelle solution.

Quantitative estimation of CD data was performed on the DichroWeb
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FIGURE 2 (A) CD spectrum of 427-%*¢gp36 NHR in SDS acquired using a Jasco J-810 spectropolarimeter at room temperature with a cell
path length of 1 mm. The measurement range spans from 190 to 260 nm. (B) Secondary structure prediction of 42°**gp36 NHR from the CD

curve performed using the CONTIN algorithm.
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FIGURE 3 Overlap of low field regions in *H-*H TOCSY (blue) and *H-*H NOESY (black) of 427-%**gp36 NHR peptide in SDS micelle solution.

website using the CONTIN algorithm.*> According to the shape of CD
curves and the quantitative evaluation of CD data, 427%*¢gp36 NHR
in SDS micelle solution assumes 35% helix, 11% p-sheet, 23% turn,

and 31% random coil secondary structure conformation (Figure 2).

3.1.2 | NMR spectroscopy

NMR spectra of ¢?7%*5gp36 NHR in SDS micelle solution were
recorded on a Bruker Avance Il 500 MHz spectrometer. Chemical
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shift assignments of bidimensional *H-'H TOCSY and *H-'H NOESY
spectra (Figure 3) were performed according to the procedure of
Wi]thrich.25’26’29'30’46

The values of the proton and carbon chemical shifts derived
from NOESY and HSQC are reported in Table S1. The CSI derived
from the A& of Ha, Ca, and Cp is reported in Figure S2 and predicts
the presence of an a-helix structure between the residues 433A-1%¢.
NOE-derived restraints were extracted from the NOESY spectrum
and transformed in interprotonic distances to calculate %27%4¢gp36
NHR 3D structure by simulated annealing calculations using CYANA
3.1 software.®2 Figure 4A summarizes the regular sequential and
medium-range NOE effects observed in the NOESY spectrum. NOE

patterns on the 3°A-H%43

segment are characterized by the pres-
ence of several medium-range NOEs aN(i,i + 3), of(ii + 3), and aN
(i + 4) that are diagnostics of a helix conformation. This is con-
firmed by the backbone torsion angle values in the Ramachandran
plot (Figure 4B) that are predominantly distributed in the right-
handed a-helix region. The best 20 NMR structures selected accord-
ing to the lowest values of target function were energy minimized,

using the distance restraints with a progressively lower force

(A) “"AGAGTGATAIGMVTQYHQVL®*®
dnn(ii+1)
dn(isi+1) — — -

dpn(iii+1) —— i —
dxnGii+2) - = -
dan(i,i+2) -
don(i,i+3)
dop(i.i+3)
dan(i,i+4)

()]
180

Y0

-90
|
-180‘ : ! |
-180 -90 0 90 180
¢
FIGURE 4

Peptidescer—WILEY-1=

constant.*” Table 1 summarizes the statistics for the final NMR
ensemble. The obtained 3D structure bundle reported in Figure 4C

shows that the N-terminus is unordered while the central moiety is

TABLE 1  Statistics for the structural calculation of the NMR
ensemble of 627%4%gp36 NHR peptide.

Number of experimental restraints after CYANA

Total NOEs 250
Intra-residual 178
Sequential 27
Long-range 45
RMSD
bb/heavy A 0.73/1.09
Ramachandran analysis
Favorable regions 74.6%
Additional allowed regions 25.4%
Generously allowed regions 0%
Disallowed regions 0%
(©)

(A) Sequential and medium range connectivity collected in NOESY spectra of 42744¢gp36 NHR in SDS micelle solution.

(B) Ramachandran plot of the distribution of ¢ and Y torsional angles in the ensemble calculated by CYANA. (C) Bundle of the 20 structures (red

ribbons) split into two clusters that differ in the presence of an a-helix between the residues

moiety (blue ribbons).

640T_H%43 (green ribbons) and a 31 helix in the same
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Solvent-accessible surface area
12

10

FIGURE 5 Plot reporting the solvent-
accessible surface area calculated for the three
moieties of 27-%4gp36 NHR (627A-G%%2 as blue
S9A-Qo line, 433A-Q%*! as green line, and 4*2Y-L%%¢ as red
line) overlapped with selected snapshots of the
trajectory derived from the MD simulation
(627-%5gp36 NHR moieties are colored as before,
627A-G32 SDS micelles are reported in light pink CPK
representation, with the sulfur atoms in yellow).

—— 642y 646

Time (ns)

structured in helix conformation with a small turn between the resi-

dues 4??AG%%°. The bundle can be further divided into two subclus-

ters, one including a regular a-helix in the residues 33A-Hé*®

interrupted by a 310 helix on %3’G-V¢*°, and the other including an
a-helix in the residues *°A-1°%¢ and a 310 helix in the residues
637G 643,

3.2 | MD simulations

321 | ©27%%gp36 NHR in SDS micelles

The NMR solved structure of 427-%4gp36 NHR was sampled and sim-
ulated in classic MD for 100 ns in the presence of polarized water
(TIP4P) and micelles composed of 200 SDS molecules in a 450 nm®
box. The system was prepared using the force field CHARMM36°7 at
physiological pH (7.4) and at 300 K. The results consistently describe
the structures found in the NMR bundle: for the whole simulation, the
peptide holds the a-helix structure in its central moiety, sprawling on
the hydrophilic surface of a 45-50 A diameter micelle, while the
N-terminus dynamically interacts with the hydrophobic tails of
the micelle, due to its apolar nature, assuming an unstructured confor-
mation with a turn between ¢*°G-G®32, The C-terminus instead, which
includes two polar uncharged GIn and a polar basic His, in the first
steps of the simulation acts as an anchor between the negatively
charged surfaces of the multiple SDS micelles that are formed and
then ends up being included in the a-helix in the last steps (Figure 5).
The plot in the figure quantifies the solvent-accessible surface area of
the three moieties under exam: the surface included in N-terminus
residues (62A-G%%2) is less exposed to the water, confirming that it is
inserted in the micelles. Differently, the helix moiety (¢*3A-Q%*%)
is rather exposed to the interface micelle/water for the whole simula-

642y_| 646)

tion, as well as the polar C-terminal tail ( which partly

interacts with the negatively charged heads of the SDS molecules and

partly is solvated.

322 | ©%7%%gp36 NHR, 37 78¢gp36 CHR-MPER,
and C8 in SDS micelles

The NMR-derived 3D structures of ¢?7%%*%gp36 NHR and C8%!
obtained in SDS micelles and of 73778¢gp36 CHR-MPER obtained in
DPC/SDS 90/10 ratio® were docked using HADDOCK2.4 web
server.>4*8 The four best-resulting poses from HADDOCK were sam-
pled for 4 250 ns runs (for a total of 1,000 ns) of classical all-atoms
MD simulations in SDS micelles. The complexes were prepared for
MD as described before. RMSD plot (Figure S3) indicates that the sys-
tem is equilibrated after 50 ns. From the resulting trajectory reported
in Figure 6A, it is possible to see that both C8 and %27 %*¢gp36 NHR in
the first steps of the concatenate simulation bind 737-78gp36 CHR-
MPER; in particular, C8 binds non-specifically the target peptide,
establishing interactions with the residues on the partial CHR moiety
and ending up to prefer the MPER moiety as the simulation proceeds,

while 627-646

gp36 NHR is globally involved in interactions with the
region upstream the loop in the largest peptide in the ensemble.
However, after around 650 ns, as also indicated by the increase in
short-range interaction energies (Figure 6B) and the absence of
H-bonds and neighbor contacts for the complex 73778¢gp36 CHR-
MPER/C8 (Figure 6C), the small peptide separates from the largest,

while 627-646

gp36 NHR tends to stabilize its interaction with the par-
tial CHR moiety, with the residues ¢**Gln, ®**GIn and ¢**Thr involved
in transients H-bonds with the amino acids 7#GlIn, 74" Tyr, 7>*Glu, and
753GIn belonging to 737784gp36 CHR-MPER (Table S2). Remarkably,
the interaction between NHR and CHR moieties favors the formation
of two ordered a-helices, reproducing the helix bundle that occurs in

the full-length protein gp36.
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(A) Snapshots of selected steps obtained from the concatenate 1,000 ns MD between 737-78gp36 CHR-MPER (green ribbon),
gp36 NHR (blue ribbon), and C8 (pink ribbon) in SDS micelles. Only the interacting residues are shown in the stick representation.

(B) Plotted Coulomb and Lennard-Jones short-range interaction energies for the 73”78¢gp36 CHR-MPER/C8 and 737784gp36 CHR-
MPER/4%7-46gn36 NHR complexes. (C) Graphs reporting the H-bonds and the neighbor pairs (within 0.35 nm) for the 73778gp36 CHR-MPER/

C8 and 7%778gp36 CHR-MPER/¢?7-%4¢gp36 NHR complexes.

4 | CONCLUSION

Peptides represent a valuable tool in medicinal chemistry, especially
in fighting pathogen microorganisms. Among the many FDA-
approved peptide drugs targeting viral glycoproteins, we find the
enfuvirtide (T20, LaRoche®), a lifesaving therapy against AIDS, which
is a 36 amino acids sequence deriving from the HIV's gp41 CHR

region and effectively inhibits the viral entry.*’ Hence, following this

model, various peptides were designed starting from the sequence of
the envelope glycoprotein gp36 of the FIV,%° a lethal virus with tro-
pism for domestic cats, an animal model suitable for the development
of anti-HIV drugs.so'52 Previously C8, an octapeptide deriving from
gp36 MPER with antiviral activity, was identified®?° moreover,
737-7869,36 CHR-MPER, a larger construct whose NMR-derived 3D
structure in DPC/SDS 90/10 M ratio allowed to investigate the

involvement of the MPER domain in the folding mechanism.” In this
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study, we analyze the conformation of %27%%gp36 NHR, a
20-residues peptide deriving from the NHR region. Among the previ-
ously studied gp36 NHR-deriving sequences, this peptide was the
only one demonstrating an effect in interfering with the antiviral
activity of C8, reducing its ICsq by 25 folds,?° yet its mechanism of
action was never examined. With the aim of enriching the knowledge
of the mechanism of the C8 peptide, in this work we focus a struc-

627-6465,36 NHR, exploiting its antagonist role

tural investigation on
to hypothesize its involvement in the binding of C8 with the assumed
target 737778%gp36 CHR-MPER, using a computational approach start-
ing from experimental coordinates. For this purpose, we started with
CD and NMR conformational analysis of ¢27-%*gp36 NHR in SDS
micelle solution. Our data demonstrate the preference of 427%4¢gp36
NHR to assume helix structure in the central part of the sequence

6297G%%C and ran-

with a short segment of turn between the residues
dom coil in the N-terminal part. A 100 ns MD simulation in SDS
reflects this conformation and, interestingly, points out that the
N-terminus is immersed in the core of the micelle, while the central
helix lays down on its surface and the C-terminus also interacts with
the charged surface of other micelles. The mechanism of linking two
or more micelles has been experimentally observed with the peptide
C8, which causes the tubulation of multilamellar vesicles (MLVs).'?
This might be a common characteristic among envelope-derived
sequences that we will further investigate. Finally, to study the
mechanism of action of 427°%*¢gp36 NHR in inhibiting the antiviral
activity of C8 as experimentally found before, we sampled the NMR-
derived structures of 27-%*6gp36 NHR and C82! in SDS micelles and
of 73778%gp36 CHR-MPER in DPC/SDS 90/10 micelles (PDB ID:
6FTK?) and performed 1,000 ns classical MD simulation in SDS
micelles. The results show that C8 is inclined to non-specifically
interact with 73778gp36 CHR-MPER, interacting with residues in
both CHR and MPER moieties; however, the binding is undermined
by the presence of 427-%*gp36 NHR, which, in the last steps of the
simulation, stabilizes the binding with the partial CHR domain in the
target and disfavors the C8 coupling with 73”7%gp36 CHR-MPER.
This behavior is in agreement with the known mechanism of action
based on the interaction of the NHR-derived peptide with the CHR
moiety.>®>>* The MD results are potentially useful for interpreting the
molecular mechanism leading to interference with the C8 peptide's
activity, as seen experimentally. In conclusion, the structural analysis
of 4274536 NHR and its interaction with other domains of gp36
provide insight into the folding/unfolding mechanism of the viral gly-
coprotein to design new strategies to inhibit viral entry. Moreover,
the mechanism of short peptide sequences that have a dual nature and
are able to potentially interact with both the inner hydrophobic core
and the charged surface of the micelles is an aspect that should be fur-
ther investigated, as it might be useful in the development of new cell-
penetrating sequences, whose advantages in terms of cellular uptake,
biocompatibility, versatility, immunogenicity, intracellular targeting, and
the potential for combination therapies, make them valuable tools for
various biomedical applications.>® These findings may facilitate the
development and optimization of peptide-based drugs targeting FIV,
thereby offering potential therapeutic strategies, but also the design of

peptide sequences interacting with both the charged surfaces of

micelles/vesicles and their hydrophobic cores for different purposes.
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