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Abstract

A new class of peptidomimetics termed *“y-AApeptides” was recently developed by our group.
Similar to other peptidomimetics, -y-AApeptides are resistant to proteolytic degradation, and
possess limitless potential to introduce chemically diverse functional groups. y-AApeptides have
shown great promise in biomedical applications. In this article, we will review a few examples of
v-AApeptides with biological potential. Certain -y-AApeptides can permeate cell membranes and
therefore they can be used as potential drug carrier. -y-AApeptides can also bind to HIV RNA with
high specificity and affinity, suggesting their potential application as anti-HIV agents. Moreover,
they can mimic host-defense peptides and display potent and broad-spectrum activity towards a
range of drug-resistant bacterial pathogens. They are also potential anti-cancer agents. For
instance, they have shown great promise in targeted imaging of tumor in mouse model, and they
are also capable of disrupting p53/DNA interactions, and thus antagonize STAT3 signaling
pathway. Recently, from combinatorial screening, -y-AApeptides are identified to inhibit AR
peptide aggregation, and thus they can be developed into potential anti-Alzheimer’s Disease agent.
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1. INTRODUCTION

The peptidomimetic oligomers have started to find important applications in chemical
biology and biomedical sciences in the past two decades [1,2]. Consisting of unnatural
backbones, peptidomimetics could overcome obstacles associated with canonical peptides,
including low bioavailability, susceptibility to proteolytic degradation, and limitation in
chemodiversity [3]. Thus, they could lead to the development of promising lead compounds
and drug candidates. Indeed, peptidomimetics, such as p-peptides [4], a/p-peptides [5],
peptoids [6-7], oligoureas [8], show capability to mimic hierarchical structures of proteins,
and are extensively studied for therapeutic applications. In the meantime, they are also
resistant to proteolytic degradation. To expand the family of peptidomimetics and to
facilitate their application in biomedical sciences, we recently developed a new class of
peptidomimetics - “y-AApeptides” [9-10]. They are termed “y-AApeptides”, as they are
oligomers of y-substituted-N-acylated-N-aminoethyl amino acids (Figure 1), similar to y-
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PNAs [11-13]. Our research endeavors have manifested that y-AApeptides are resistant to
enzymatic degradation, and are amendable to chemical madification. In this review we
highlight some therapeutic applications of this class of peptidomimetics.

2. Synthesis of y-AApeptides

2.1 Synthesis of linear y-AApeptides

The linear y-AApeptides (Scheme 1) are synthesized on the solid phase combining both
building-block [14] and submonomeric approaches [15-16]. In this method, A-alloc -y-
AApeptide building blocks are prepared (Scheme 1b) via route 1 or route 2 depending on
different R groups, and are used subsequently for solid phase synthesis in Scheme 1a. The
alloc group can be removed effectively, allowing introduction of a variety of side chains
through acylation. One advantage of this synthetic approach is that A-alloc -y-AApeptide
building blocks are very stable and thus they can be prepared in large batches. Moreover, the
same N-alloc -y-AApeptide building block can be functioned with virtually limitless type of
side chains, which significantly enhances the chemical diversity.

2.2 Synthesis of cyclic y-AApeptides

It is known that cyclic peptides generally exhibit improved biological activity and stability
compared to their linear counterpart due to the rigidification of backbone and functional
groups. Although y-AApeptides are resistant to enzymatic degradation, we envision that
cyclization of y-AApeptides may enhance binding affinity and cell permeability, and
therefore we have also developed effective methods for the synthesis of cyclic -
AApeptides, through either head-to-tail or head-to-side chain cyclization.

The head-to-tail cyclization is achieved in solution by cyclizing N-terminal NH, group and
C-terminal COOH group of the protected -y-AApeptide synthesized on the CTC (2-
chlorotrityl chloride) resin [17]. The Alloc-NV~Fmoc-N y-AApeptide building block (Figure
2) is used as the first building block attached to the solid support, because regular Fmoc
protected building block is easy to self-cleave from the solid support due to the formation of
ketopiperazine side products [18]. Such side reactions can be avoided by using the Alloc
protected building block because it’s removal is carried out under neutral condition. One
example of head-to-tail -y-AApeptide y-AA2 is shown in Figure 2.

The synthesis of cyclic y-AApeptides through the head-to-side chain cyclization can be
accomplished on the solid support (Scheme 2) [19]. To facilitate on-resin cyclization, a y-
AApeptide building block bearing the mono-allyl succinate group (y-AA3) is introduced as
the first building block attached to the solid support. After the desired sequence is
synthesized on the resin, the allyl ester is removed by Pd(PPh3)4/PhSiH3. The cyclization is
then conducted by reacting the free carboxylate group with the amino group of the N-
terminal building block.

3. The structure of y-AApeptides

Three-dimensional structures of natural biopolymers including proteins and nucleic acids
determine their function [20]. Understanding the folding of peptidomimetics could lead to
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rational design of molecules for therapeutic applications [21-22]. We recently have set out
to study the secondary structure of -y-AApeptides. To date, we have investigated folding
propensity of sulfono-y-AApeptides and 1:1 a/sulfono-y-AApeptides (Scheme 3) by X-ray,
CD, and 2D-NMR. Akin to the a-peptide, the protons of the secondary amide moieties can
potentially form intramolecular hydrogen bonding. Meanwhile, bulky nature of sulfonamido
moieties could contribute to the secondary folding by inducing backbone curvature.

3.1 Sulfono- y-AApeptides

2D-NMR studies suggest that the sequence y-AA4 (Scheme 4) comparable to a 16-mer
peptide in length adopts a helical conformation in solution, and interestingly, its helical
parameters including helical radius and pitch are similar to the a-helix (Figure 3) [23]. The
subsequent Circular Dichroism (CD) studies indicate longer sequences may possess more
pronounced helicity than shorter sequences. It should be noted that these helical structures
are reasonably stable over a wide range of temperature change.

3.2 1:1 a/sulfono- y-AA peptides

Encouraged by the abovementioned findings that sulfono-y-AApeptides exhibit helical
propensity, we further investigated the folding conformation of a new class of heterogeneous
peptides comprised of a and sulfono-y-AApeptide residues in a 1:1 ratio (Scheme 5) [24].
In contrast to homogeneous sulfono-y-AApeptides, we hypothesized that inclusion of a.-
amino acid residues may lead to the sequences with more stable folding structure due to the
introduction of more hydrogen bonding.

As anticipated, 2D-NMR of a heterogeneous sequence y-AAS5 containing alternative a and
sulfono-y-AApeptide residues strongly manifests the presence of a defined helical folding
structure (Figure 4). The availability of hydrogen bonds was confirmed by the existence of
most backbone NH resonances even more than 24 h in the H/D exchange studies. The
folding propensity seems to be universal in this class of oligomer as another 1:1 a/sulfono-
v-AA peptide y-AAG6 with different side chains also show similar right-handed helical
structure in solution.

While we are still excavating three-dimensional folding structures of -y-AApeptides, we have
also started to explore biological potential of y-AApeptides. Through either rational design
or combinatorial screening, some y-AApeptides have been shown to hold promise for
therapeutic applications.

4. Anti-cancer

4.1 Mimicking RGD peptides

Integrin a.,B3, a cell surface receptor, plays a vital role in biological processes such as
angiogenesis and has been found to be overexpressed in many cancers [25]. As such, it is an
attractive target for anticancer therapeutic development. It is known that integrin a3 binds
Arg-Gly-Asp (RGD) tripeptide motif in proteins and peptides, therefore, a wide variety of
peptides/peptidomimetics bearing RGD epitope have been developed.

Curr Med Chem. Author manuscript; available in PMC 2019 May 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nimmagadda et al.

Page 4

To specifically recognize integrin a3, we designed a y-AApeptide y-AA7 bearing
guanidino and carboxyl groups, which were introduced to mimic the RGD motif (Scheme 6)
[26]. Interestingly, the binding affinity of FITC conjugated y-AA7 towards integrin a3 on
U87MG human glioblastoma cells was similar to the FITC labeled c(RGDyK) peptide P3
(Figure 5). The binding specificity was confirmed by the blocking assay in which pre-
incubation of the cells with 2 uM of P3 largely prevented the binding of FITC-y-AA7,
analogous to what occurred when FITC-P3 was used. It should be noted that although -y-
AAT and P3 exhibited comparable affinity to a,f3, 84Cu-y-AA8 was more resistant to
proteolytic degradation than 84Cu-DOTA-P3 [26], augmenting its therapeutic potential.

We thus conducted PET imaging on an U87MG tumor-bearing mouse model. After
administering the tracer 54Cu-y-AAS8 intravenous (Figure 6), its uptake in tumor could be
detected as early as 0.5 h p.i., and remained persistent during the experimental period.
Similar to in vitro studies, administering the P3 significantly reduced the tumor uptake
(Figure 6), which suggests that the y-AApeptide tracer targets integrin a3 specifically in
Vvivo.

4.2 Mimicking fMLF peptide

The formyl peptide, N-formyl-Met-Leu-Phe (fMLF), is chemoattractant of neutrophils [27].
It binds to the G protein-coupled N-formylpeptide receptor (FPR) and activates a series of
biological events [28]. Its dysfunction has been linked to cancer and other diseases, and thus
there is considerable interest in the development of fMLF mimetics for therapeutic
applications [29]. To this end, we designed a number of y-AApeptides to mimic fMLF, and
investigated their biological function (Figure 7) [30].

It is known that fMLF can effectively activate calcium mobilization in human FPR1-
transfected rat basophilic leukemic (RBL)-2H3 cells, these fMLF-mimicking -y-AApeptides
were tested for their ability to induce calcium mobilization in the same cell line (Figure 7).
Interestingly, even though the lead compound y-AA9 was less potent than fMLF at lower
concentrations, it was more effective at high concentrations. In addition to calcium
mobilization, it is also common that the fMLF peptide can activate the MAP kinases ERK1
and ERK2 in human neutrophils through recognition of FPR. Indeed, y-AA9 can rapidly
activate the phosphorylation of ERK in just a few minutes (Figure 7). It should also be
mentioned that our sequent studies indicate that y-AA9 could also trigger ROS generation
and induce chemotaxis.

4.3 Disruption of p53/MDM2 protein-protein interaction

The p53/MDM?2 interaction is a viable cancer target, and also serves as a testing ground for
the design of helical peptidomimetics [31]. We have synthesized a number of y-AApeptides
and tested these sequences for their ability to modulate p53/MDM?2 interaction, in the hope
to identify potential anticancer therapeutics [14]. Interestingly, even though the tested
sequences were not designed to form helical structures due to the short lengths, a few y-
AApeptides exhibited reasonable activity in the inhibition of p53/MDMZ2. It is known that
Phe, Trp, Leu residues of the p53 helical domain are largely responsible for the strong
association with MDM2. Our energy-minimization for the most potent sequence y-AA10
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(Figure 8) suggested the side groups of y-AA10 may indeed overlap well with those
residues in the p53 helical domain.

4.4 y-AApeptides that disrupt STAT3/DNA interaction

STATS3, the signal transducer and activator of transcription 3, plays a critical role in the
regulation of a number of biological processes [32]. The activation of STAT3 is generally
transient and is tightly regulated. Upon phosphorylation and activation, STAT3 relocates to
cell nucleus, and mediates the expression of a variety of genes. The aberrant activation of
STAT3 is linked to many cancers including both solid tumors and hematological cancers
[33]. Thus, there is significant interest in the identification of inhibitors of STAT signaling,
so as to develop potential anti-cancer therapeutics. Inhibition of STAT3 signaling can be
achieved by inhibiting STAT3/DNA interaction or inhibition of STAT3 dimerization [34].
Using the one-bead-one-compound (OBOC) screening method, a library of y-AApeptides
was developed, from which a few sequences were identified to potentially target STAT3-
DNA binding (Scheme 7) [35].

Interestingly, none of these molecules showed any inhibitory activity to inhibit the binding
of the fluorescein-labelled GpYLPQTYV phosphotyrosine peptide, suggesting that these y-
AApeptides did not prevent STAT3 dimerization. In contrast, all the sequences could
effectively disrupt STAT3-DNA interaction (Figure 9a and 9b). Moreover, all -y-AApeptides
showed capability to cross cell membranes and inhibit STAT3-DNA interaction. (Figure 9c).

5. Antimicrobial

The World Health Organization (WHO) reported that one major threat faced by public in
215t century is the development of resistance to conventional antibiotics by pathogenic
bacteria [36]. Recent studies have focused on the development of new antibiotics with novel
mechanisms to combat the bacterial resistance [37]. Host-defense peptides (HDPs) may be
an alternative strategy to the conventional antibiotics as these peptides show their mode of
action by bacterial membrane disruption. It is known that HDPs are diverse in structure and
can form helices, B-sheets, and extended structures. However, they frequently attain globally
amphipathic nature when approaching the bacterial surface. The hydrophilic cationic groups
direct the initial association of HDPs with the negatively charged bacterial membranes,
whereas the hydrophobic groups assist in the penetration of HDPs into the bacteria, leading
to rupture of the bacterial cell membranes. This kind of mechanism makes it difficult for
bacteria to develop resistance. However, HDPs are prone to proteolytic degradation and are
only moderately active.

Thus, there has been considerable interest in developing peptidomimetics that mimic HDPs
to overcome the disadvantages [38—-39]. We recently focused on developing y-AApeptides
that mimic the mechanism of action of HDPs. -y-AApeptides are proved for their stability
against enzymatic degradation and capability of forming secondary structures. Hence, we
investigated the potency and antimicrobial activity of different classes of y-AApeptides. The
findings suggested that -y-AApeptides could be an alternative approach of HDPs for
antibacterial development.
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Our initial attempt was made by synthesizing the linear y-AA15 sequence which has 7
amphipathic building blocks. (Each building block has one hydrophobic group and one
cationic group.) (Scheme 8, Table 1) [40]. y-AA15 showed potent activity against Gram-
positive bacteria. We hypothesized that -y-AA15 could adopt a global amphipathic
conformation when interacting bacterial membranes. In an attempt to analyze the impact of
the hydrophobicity on the antimicrobial activity, y-AA16 was synthesized by replacing the
two amphiphilic building blocks in y-AA15 with two hydrophobic building blocks. To our
delight, y-AA16 was found to be potent and had broad spectrum antimicrobial activity
against Gram-positive and Gram-negative bacteria. Florescence microscopy data suggested
that -y-AA16 acts by membrane disruption [41].

5.1 Linear helical y-AApeptides

Host-defense peptides, such as magainin [42], can adopt amphipathic helical structure. We
previously reported that sulfono-y-AApeptides can form helical structures [23]. It was
intriguing to investigate if antimicrobial sulfono-y-AApeptides can mimic magainin in terms
of helical amphipathic structure and mode of action. We thus designed a series of sulfono-vy-
AApeptides. Among all synthesized sequences, y-AA17 and -y-AA18 were found to be
potent against Gram-positive and Gram-negative bacteria (Scheme 9, Table 1) [43]. In fact,
v-AAL7 and -y-AA18 were comprised of same -y-AApeptide building blocks. The only
difference is that y-AA18 lacks an acetyl group at the N-terminus when compared to -y-
AAL7. The SAXS (Small-Angle X-ray Scattering) studies reveals that y-AA17 adopted
more defined folding structure than -y-AA18 in solution. However, y-AA18 was found to be
highly selective and less cytotoxic against human cells in comparison with y-AA17, which
is consistent to the findings that strong helical forming sequences are more hemolytic and
less active [44]. Florescence microscopy suggested that -y-AA18 could damage bacterial
membranes. In addition to strong antimicrobial activity, y-AA18 was also proved to be
highly stable in pronase for 18h, thus overcoming the drawbacks of HDPs which are
susceptible to enzymatic degradation.

5.2 Cyclic y-AApeptides

Cyclic peptide antibiotics are widely used and found to have more potent activity than the
linear peptide antibiotics due to their more rigid conformation and less susceptibility to
proteolytic degradation [45]. Although stability is not an issue for y-AApeptides, cyclization
may lead to sequences of more potent activity. We synthesized different amphipathic cyclic
v-AApeptides and the activity was tuned by changing the number of cationic and
hydrophobic groups in the amphipathic building blocks. Of all synthesized cyclic -y-
AApeptides -y-AA19 was found to have broad spectrum antimicrobial activity (Tablel,
Scheme 10) [19].

5.3 Lipo y-AApeptides

Another class of antibiotic peptides are lipopeptide whose mechanism was found to be
different from the HDPs. Lipopeptides are composed of peptides with varying length of
aliphatic acid chains [46]. The lipid chains are believed to contribute to the overall
lipophilicity of the peptide, which helps in bacterial membrane penetration [47]. Based on
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the conception, two lipo-linear peptides y-AA20 and y-AA21 with saturated and
unsaturated alky! tails were synthesized respectively, and were found to be active against
Gram-positive and Gram-negative bacteria (Table 1, Scheme 11) [48]. y-AA21 showed
potent antimicrobial activity and high selectivity to bacteria, suggesting that the peptides
with the unsaturated tail are more sensitive to bacteria than the mammalian cells.

Moving forward, we developed a series of lipo-linear peptides which had a hybrid back bone
fused with y-AApeptides and lipidated a-peptides (y-AA22, y-AA23, y-AA24, Table 1,
Scheme 12). Surprisingly, these fused lipo-linear peptides had demonstrated broad spectrum
anti-bacterial activity. These findings can augment the chemo diversity of lipo-linear -y-
AApeptides for optimization and enhancement as a new class of antibiotic agents [49].

Lipo-Cyclic antibiotic peptides such as Daptomycin and Polymyxin are used to treat Gram-
positive and Gram-negative bacterial infections, respectively [50]. We assumed a
combination of lipidation and cyclization in -y-AApeptides could therefore show enhanced
antimicrobial activity than the previously reported lipo and cyclic y-AApeptides. Initially,
lipo-cyclic -y-AApeptides were synthesized with the C16 tail attached to the ring directly.
Interestingly, they were not active at all. Subsequently more lipo-cyclic y-AApeptides were
synthesized in which the C16 tail was attached outside of the cyclic ring. Among them, -
AAZ25 (Table 1, Scheme 10), which had a small amphipathic ring and a C16 tail, displayed
most broad spectrum antimicrobial activity in comparison with other lipo-cyclic -y-
AApeptides. The lipo-cyclic y-AApeptides were also proved to be more potent against
Gram-negative bacteria than the non-alkylated cyclic -y-AApeptides. Lastly, y-AA25 was
found to kill the bacteria by membrane disruption mechanism by florescence microscopy
study [50].

Remarkably, lipo-cyclic -y-AApeptides displayed dual roles as antimicrobial and
inflammatory agents as y-AA25 was showed to inhibit the lipopolysaccharide (LPS)
activated Toll-like receptor 4 (TLR4) signaling. A more recent study also reveals that lipo-
cyclic y-AApeptides could prevent the growth of biofilms efficiently than conventional
antibiotics, which might be due to the presence of the lipid tail [51]

6. y-AApeptides that disrupt Ap aggregation

The AP4o peptide is recognized as a major etiological factor for Alzheimer’s disease (AD)
and plays a key role in AD pathogenesis. Using the split-and-pool method, we prepared a -y-
AApeptide library containing 192000 compounds [52], which were screened for their
binding to AP4g peptide. One hit compound y-AA26 was identified (Figure 10 and Scheme
13) and tested for its binding activity towards AB4q peptide. Surprisingly, y-AA26 is almost
100-fold as potent as the hydrophobic core of the Ap peptide P4, KLVFF, in the inhibition
of AP aggregation (Figure 11).

The subsequent TEM studies confirmed the ability of y-AA26 for the inhibition of A
aggregation [52]. In addition, one equivalent of y-AA26 could remove the toxicity of A
aggregates towards N2a neuroblastoma cells. (Figure 12).
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Mimicking Tat peptides

Future

It is of importance in the biological and medicinal chemistry to identify novel molecules that
specifically target RNA [53-54]. The Tat peptide is a known peptide which tightly binds to
HIV TAR RNA. To the end, we designed a -y-AApeptide y-AA27 which contains same side
chains as Tat 48-57 (Scheme 14). Interestingly, this sequence could bind to HIV TAR RNA
and BIV TAR RNA with affinity and specificity akin to the Tat peptide [55].

In addition to HIV RNA recognition, it is known that the Tat peptide also exhibits excellent
cell permeability [56], and as a result it has been widely used as a carrier to deliver drugs/
molecular probes into intact cells [57]. We have also investigated the cell permeability of -y-
AApeptides by attaching the fluorescein moiety to y-AA27 (Scheme 14) [58]. Flow
cytometry (Figure 13) showed that the cellular uptake of y-AA28 (fluorescent y-AA27, red
bar) is similar to that of P2 (fluorescent P1, black bar) at the same concentration. It is
interesting that y-AA28 displayed a higher cellular uptake at low concentrations, possibly
because y-AApeptide backbone contains tertiary amide bonds [59]. In agreement with the
previous studies, even at high concentrations the short y-AA10 (Figure 13, Scheme 16)
didn’t display any cellular uptake.

In this review, we have highlighted a few examples of -y-AApeptides for their therapeutic
applications. Our research findings indicate that y-AApeptides can form well-defined
structures, which makes it possible to rationally design novel agents that specially target
proteins of medicinal interest. Meanwhile, their chemodiversity and stability allow them to
be rich source of ligands for the identification of potential drug candidates. A few research
areas in -y-AApeptides could be expanded in the future to strengthen their potential in
biomedical sciences. First, although solution structures of sulfono-y-AApeptides were
obtained, crystal structures are still necessary to gain insight into their folding principles,
which could guide the design of bioactive peptides. In addition, in vivo animal studies
should be conducted as the next step to manifest the biological potential of y-AApeptides.
Moreover, combinatorial libraries could be further developed by introducing functional
group diversity and structural constraints, e.g. cyclic y-AApeptide library. Such
development may lead to new y-AApeptide-based drug candidates or leads.
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The structure of y-AA1 and y-AA2.
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Figure 3.
The helical structure of y-AA4. Reproduced with permission from ref 23. Copyright 2015

John Wiley & Sons, Inc.
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Figure 4.
The helical structure of y-AA5. Reproduced with permission from ref 24. Copyright 2015

American Chemical Society.

Curr Med Chem. Author manuscript; available in PMC 2019 May 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Nimmagadda et al.

Page 16

109 10° 102 10° 104
FITC
-~ Negative control
= FITC-P3
== FITC-r-AA7
— FITC-P3 + vlocking
FITC--AA7 + blocking

Figure 5.
Flow cytometry analysis of FITC-conjugated -y-AApeptides. Reproduced with permission

from ref 26. Copyright 2012 Royal Society of Chemistry.
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Figure 6.
Serial PET imaging and biodistribution studies of 4Cu-y-AA8. Reproduced with

permission from ref 26. Copyright 2012 Royal Society of Chemistry.
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Figure 7.
The induction of calcium mobilization of y-AA9 and activation of ERKs. Reproduced with

permission from ref 30. Copyright 2014 John Wiley & Sons, Inc.
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Figure 8.
The chemical structure of y-AA10. Energy minimized structure (MM2) of y-AA10.

Reproduced with permission from ref 14. Copyright 2011 Royal Society of Chemistry.
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Figure 9.
a and b is the DNA-STATS3 binding assays. c is the effect of the y-AApeptides on cell

signaling. Reproduced with permission from ref 35. Copyright 2014 Royal Society of
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The ThT assay of compounds against Ap40. Reproduced with permission from ref 52.
Copyright 2014 Royal Society of Chemistry.
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Flow cytometry study of the Tat peptide analogue. Reproduced with permission from ref 58.

Copyright 2012 American Chemical Society.
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Scheme 1.
Synthesis of linear y-AApeptides (a) and -y-AApeptide building blocks (b).
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The chemical structure of the sulfono-y-AApeptides.
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Scheme 5.
The chemical structure of the a/sulfono-y-AA peptides.
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Scheme 6.
The chemical structure y-AA7, y-AA8 and control c(RGDyK) P3.
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The chemical structure of y-AAll, 12, 13, 14.
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The chemical structures of y-AA15, 16.
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The chemical structure of y-AA19.
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The chemical structure of y-AA22, y-AA23, y-AA24.
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The chemical structure of y-AA25.

Curr Med Chem. Author manuscript; available in PMC 2019 May 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nimmagadda et al. Page 38

NH,

NH,
J\)/) 0 /@ 0 0 0
HoN ;lxl\\)k” N\)J\H N\)k NQ&NH

07 0 0

: NG

v-AA26
NH,
H O H O
N N NH
H,N \)km Qku 2
P4

Scheme 14.
The chemical structure of y-AA26 and the KLVFF P4.
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Scheme 15.
The chemical structure y-AA27 and control Tat 48-57.
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Scheme 16.
The chemical structures y-AA28, y-AA29 and control Tat 48-57.
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