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The great potential of peptides as therapeutic agents has stimulated numerousefforts to increase their stability to
proteolytic cleavage. Stammer and co-workers previously established that a,3-dehydroamino acids (AAAs)
such as APhe and ALeu are able to impart rigidity and proteolytic stability to peptides that contain them.[1-
4] Presumably, the aryl or alkyl substituent attached to the 8 -carbon of these residues introduces A; ; strain into
the peptide that destabilizes many of its conformations. This decrease in low-energy conformations can lead
to an enhanced preference for rigid folded states over flexible randomcoil conformations. Intrigued by the
presence of AVal and Alle in the anticancer peptide yaku’amide A,[5] we reasoned that these bulky
dehydroamino acids containing two B-substituents would exhibit high levels of A, 3 strain. Accordingly, they
should have a greater impact on peptide rigidity and proteolytic stability than AAAs such as APhe and ALeu

that possess just one -substituent (Figure 1).
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Figure 1: Normal Versus Bulky AAAs

Based on previously published studies of AVal by others,[6,7] we hypothesized that placing this residue or its
slightly larger analogue dehydroethylnorvaline (AEnv) at the (i + 1) position of a B-turn would result in increased
proteolytic stability without compromising the secondary structure. We selected the B-hairpin designed by
Waters and co-workers[8] (NG, Figure 2) as a system for evaluating this concept. We synthesized two variants
of NG (AValG and AEnvG, Figure 2) via solid-phase peptide synthesis by utilizing azlactone ring-opening
chemistry developed previously in our laboratory.[9] 'H NMR and NOE data for AValG and AEnvG indicated
that these peptides retained the B-hairpin motif characteristic of NG. NOE-restrained structural calculations
using molecular dynamics showed that NG and AValG exhibited very similar solution structures (Figure 3).
RMSD calculations suggested that AValG is more rigid than NG, an assertion that is supported by qualitative
examination of the structural ensembles of the two peptides.
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Variants: X = AVWal (AValG), X = AEnv (AEnVG)

Figure 2: Waters’ 3 -Hairpin and Variants

We evaluated the stability of NG and its two analogues to proteolytic degradation by treating them with Pronase, a
cocktail of proteases that cleaves peptides in a nonspecific manner. Disappearance of the peptides was monitoredby
HPLC, and half-lives were calculated for each B-hairpin. We were pleased to discover thatreplacing the (i + 1)
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Asn residue with a bulky AAA led to a substantial increase in proteolytic stability, as both AValG and AEnvG
exhibited half-lives that were six- to sevenfold longer than the half-life of NG (Figure 4).[10] This exciting result
caused us to wonder if the beneficial impact of bulky AAAs was confined to the (i + 1) position, or if insertion
of AVal or AEnv at the (i + 2) position would also protect 3-hairpins from proteolysis. Accordingly, two other
variants of NG in which the Gly residue is replaced by a bulky AAA (NAVal and NAEnv) were synthesized and
evaluated in the proteolysis assay. While these analogues were more stable than NG, the ca. threefold increase
in half-life was notas dramatic as the effect seen with bulky AAAs at the (i + 1) position.[10] Nonetheless, this
measurable improvement in proteolytic stability was substantial enough to justify the preparationof B-hairpins
pairing a stabilizing D-Pro residue at (i + 1) with a bulky AAA at (i + 2) (pAVal and pAEnv). Each of these
peptides adopted a B-hairpin structure as evidenced by NMR spectroscopy. Subjection of them to the Pronase
assay showed that the half-life of pAEnv was ca.1.5 times longer than that of the B-hairpin pG, whereas the
half-life of pAVal was ca. 2.5 times longer than that of the control peptide.[10] Thus, we established thata D-
amino acid and a bulky AAA can synergistically increase the stability of a B-hairpin to proteolysis without
disruptingits secondary structure.
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Figure 3: Solution-Phase Structures

We calculated fraction folded values for peptides NG and AValG using two different methods based on 1H
NMR spectroscopy. We found that NG is 73-77% folded, whereas AValG is folded to a substantially greater
degree (90-94%).[10] These data indicate that inclusion of a AVal residue at the (i + 1) position of a B-turn
enhances the preference for the folded state versus random coil conformationsby ca. 0.6-1.0 kcal/mol. This
can at least partially explain the improved stability of AValG to proteolysis relative to NG. The AVal-promoted
shift of the equilibrium to more strongly favor the folded state could be achieved by either lowering the energy
of the folded state or by raising the energy of the unfolded randomcoil conformations. While further studies
would be necessary to distinguish between these two possibilities, we suggest that AVal (and by extension
AEnv) destabilizes numerousrandom coil conformations of the model peptides due the high levels of A; 3 strain
inherentin its tetrasubstituted alkene moiety.

100 ¢

aso == NG typ = 35.7 + 2.1 min
o == AWalG: ty = 261.3 £ 24 2 min
Zam 1| == AENVG: b = 222.2 % 21.1 min
= \

a7 '\"
%Ilﬂl 1 \

am{

Y

§ 040 1 A
™=
T Sy

a1 | T

0 30 6 90 D 15 180 240 240 770 300 330 300
TIME (MNUTES)

Figure 4: Proteolysis of NG, AValG, and AEnvG by Pronase

In summary, we have discovered that the bulky dehydroamino acids dehydrovaline and dehydroethylnorvaline
can substantially increase the proteolytic stability of B-hairpins without negatively impacting the secondary
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structures of these peptides. The stabilizing effect is more pronounced at the (i +1) position than at the (i +2)
position of the B-turn region. We also found that a bulky AAA can work synergistically with a D-amino acid
to render fB-hairpins highly resistant to proteolysis. Future studies are focused on the impact of bulky AAAs
on other secondary structures as well as their ability to protect bioactive peptides from proteolysis without
decreasing their potency.
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