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Small peptides 1 and 2, which differ only in that 1 possesses a BOC-Phe residue at the N-terminus, where 2 bears a BOC-(z-benzyl)His, were
found to exhibit very different structures. In both the solid state (X-ray) and in solution (NMR and IR), peptide 1 exists as a f-turn, whereas
peptide 2 exists in a conformation that resembles the Asx-Pro motif.

Low molecular weight peptides that adopt well-defined proposed to be a structural element recognized by oligosac-
conformations continue to be of interest in the design of charyl transferase as a prelude to asparagine-linked protein
bioactive molecules and more recently as synthetic catalysts
for organic reactions. In these contexts, the variéaarns r.H O
have achieved a privileged status, in part because so many Ry H Q H 2N N—Ra
biological receptors recognize peptides in this conformdtion. N H‘ia y BN Jl";"“\"
Within our studies in the field of enantioselective catalysis, H (g 0o 0

Ry 70
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we have found that this motif often provides a suitably "Ry o
asymmetric environment such that enantioselective reactions R NH,
can be carried out by appropriately functionaliz&tlrns? B-Turn Asx-Turn
An additional motif that has received significant attention o
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recently is the so-called Asx-tufrin addition to occurring D)L
naturally with a high degree of regularity, this motif has been N E
H

(1) For discussions gi-turns in proteins, see: (a) Rizo, J.; Gierasch, L. R(N”' O-<-H
M. Annu. Rev. Biochen992,61, 387—418. (b) Rose, G. D.; Gierasch, L. O'/
M.; Smith, J. A.Adv. Protein Chem1985,37, 1-109. (c) Toniolo, Clnt.
J. Pept. Protein Res1990, 35, 287—300. NH>

(2) (a) Miller, S. J.; Copeland, G. T.; Papaioannou, N.; Horstmann, T.
E.; Ruel, E. M.J. Am. Chem. S0d.998,120, 1629—1630. (b) Copeland, Asx-Pro-Turn
G. T.; Jarvo, E. R.; Miller, S. 4J. Org. Chem1998,63, 6784—6785. (c)
Jarvo, E. R.; Copeland, G. T.; Papaioannou, N.; Bonitatebus, P. J., Jr.; Miller, . . .
S. J.J. Am. Chem. S0d.999,121, 11638—11643. glycosylation* Indeed, considerable effort is now focused

(3) (a) Baker, E. N.; Hubbard, R. Prog. Biophys. Mol. Biol1984,44, on the discovery of small molecule mimics of the Asx-turn

97-180. (b) Abbadi, A.; Mcharfi, M.; Aubry, A.; Premilat, S.; Boussard, PRI . .
G.: Marra&gy M.J. Am. Chem. 80a991,11:¥, 2729-2735. (c) Marraud, @S inhibitors of this enzymeA hybrid structure, known as

M.; Aubry, A. Biopolymers1996,40, 45-83. the Asx-Pro-turn, has also been characterized with some
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frequency in protein structurésThe Asx-Pro-turn exhibits

those defined for the type Il turhStrikingly, the His side

a merged hydrogen bonding network featuring both the main chain protrudes into the center of the turn, and theNN

chain-to-main chain hydrogen bond of theurn, as well as

distance between the N of the His and the Aib N is short

the side chain-to-main chain hydrogen bond of the Asx-turn. (3.074 A). Other data of interest include the-® distance

Ana|ysis of the Brookhaven PDB by Wilson and F|n|ay between the His C=0 and the C-terminal N, which is 3.129
revealed that, whereas Asn-Pro-X sequences result in Asx-A. This distance indicates that a degregsetiurn character
Pro-turns with a h|gh degree of f|de||ty, His-Pro-X sequences is retained in the solid-state structure2fThese data show
do not result in ana|ogous turns with nea”y the same that the solid-state structure d exhibits Significant
regularity® We were therefore somewhat surprised to find Asx-Pro-turn-like character (Figure 2). Clearly, the inherent
that peptide2 crystallizes in a form that strongly resembles A-turn nature of this small peptide is not completely disrupted
the Asx-Pro-turn conformation. This is of particular interest as a dual H-bonding network is observed.

in comparison to peptidé a control peptide that differs from
2 only in that the phenyl ring of is replaced with the benzyl
imidazole of2. In Figure 1, the X-ray crystal structuresbf
and?2 are juxtaposed.

Figure 1. X-ray crystal structures fgB-turn peptidel and “Asx-
Pro-turn-like” 2.
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Figure 2. Structural similarity between the Asx-Pro-turn and the
solid-state structure di.

When peptide is dissolved in GDg, the structural features
observed are similar to those present in the crystalline form.
At ambient temperature, the spectrum exists as a sharp set
of unique resonances. Examination of the chemical shift
dependence of the amide NH protons on solvent composition
reveals the following (Figure 3a): for peptid both the
C-terminal NH (H) and the Aib NH (H) resonances are
found at chemical shifts that are nearly insensitive to
increasing DMSO concentration (Ad 0.25 ppm)? These
data point to a solution structure ®fin a nonpolar medium
where both H and H, are involved in intramolecular
hydrogen bonds. In contrast, the NMR spectrum exhibited
by peptidel contains two sets of resonances af€5which

Several key features of the structures in the solid state coalesce to a unique set when the peptide sample is heated

dictate the assignments. In particular, for structliyeghe
relevant dihedrals are as followspi,;, = —51°, ¥ =
+128°; G2 = +62°, Yir1 = +25° In addition, the &N

distance for the Phe=€0 oxygen to the C-terminal nitrogen

is 3.039 A, consistent with the type frturn structure. The
structure of peptide is considerably different, with the
following dihedrals: i1 = —48°, i1 = —37°; ¢ir2 =

—62°, yir1 = —22°. These values most closely approximate

(4) (a) Imperiali, B.; Spencer, J. R.; Struthers, M.DAm. Chem. Soc.
1994 116 8424-8425. (b) O’'Connor, S. E.; Imperiali, Ehem. Biol 1998
5, 427—437 and references therein.

(5) (a) Eason, P. D.; Imperiali, BBiochemistry1999, 38, 5430—5437.

(b) Xu, T.; Werner, R. M.; Lee, K.-C.; Fettinger, J. C.; Davis, J. T.; Coward,

J. K. J. Org. Chem1998,63, 4767—4778.
(6) Wilson, D. R.; Finlay, B. BProtein Eng.1997,10, 519—529.
(7) As per journal policy, the crystallographic data for pep&deill be

deposited in the Cambridge Crystallographic Data Center. The X-ray

structural data fod has been published previously: see ref 2c.
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to 70 °C. Complicating a direct comparison of the spectra
of peptidel to peptide2 are the overlapping resonances of
the various aromatic protons of peptitiand the amide NH
signals. However, examination of the solution IR spectra
(0.005 M/CHCI,) exhibited by the two peptides provides
some evidence that the conformational differences observed
in the solid state are mirrored in solution (Figure 3b). Peptide
2 exhibits a comparatively more intense absorbance at 3350
cm! and a weaker absorbance at 3440~&niThis is
consistent with a preference for a conformation where there
are two intramolecular hydrogen bonds and one NH that is

(8) (a) Wilmot, C. M.; Thornton, J. MJ. Mol. Biol. 1988,203, 221—
232. (b) Richardson, J. 8dv. Protein Chem1981, 34, 167—339. (c) Chou,
P. Y.; Fasman, G. DJ. Mol. Biol. 1977,115, 135—175.

(9) For a discussion of the interpretation of these titration experiments,
see: Venkatachalapathi, Y. V.; Venkataram Prasad, B. V.; Balaram, P.
Biochemistry1982,21, 5502—5509.
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Figure 3. (a) Chemical shift data for peptideas a function of solvent composition (%6DMSO inr[%). (b) NH region of the infrared
spectra of peptide$ and2 (0.005 M/CHCI,). (c) Significant NOE enhancements.
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An evaluation of the NOESY (D¢ solvent) spectrum of
2 also revealed intramolecular features that resemble the
solid-state structure as well. As shown in Figure 3c, a number
of significant NOEs were observed. Most significant is that
between the Aib(NI) and the C-terminal Nk The proxim-
ity of these two amide protons is indicative of a compact,

rather than gxtended, structure. _ _ Supporting Information Available: Characterization

In conclusion, we have found that a simple His-Pro-X data, including complete crystallographic data for peptide
peptide may adopt a well-defined, compact structure that 2. This material is available free of charge via the Internet
resembles the Asx-Pro-turn in both its crystalline form and at http://pubs.acs.org.
in organic solvent. The stability of this secondary structure
in a more biologically relevant agueous medium could of
course be jeopardized by cgmpgting hydrogen bonds t0 (11) we thank a referee for pointing out this possibility. For relevant
solvent!! Nevertheless, peptidomimetiésbased on the dAiSCUésF]ion. sgeé:z ((%osggerigitP?zl\slev(ig)&sl\l"; Cice&o,g. %; ﬂan,\jkry J.
. . . . . m. em. So , , —725. tigers, K. D.; Soth, M. J;
incorporation of a H|s_-I|!<e residue in the place of As_n could Nowick, J. S.Curr. Opin. Chem. Biol1999,3, 714—723 and references
prove valuable as mimics of the Asx-Pro-turn motif. therein.

(12) For leading references, see: (a) GanteAngew. Chem., Int. Ed.

Engl. 1994, 33, 1699—1720. (bJretrahedron Symposia-in-Print Number
(10) For an interpretation of NH stretches in CbCl,, see: (a) Gardner, 50; M. Kahn, Ed.; Pergamon: New York, 1993; Vol. 49, number 17. (c)

OLO005700N
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3281. (b) Rao, C. P.; Nagaraj, R.; Rao, C. N. R.; BalaranBi&chemistry (d) Hruby, V. J.; Al-Obeidi, F.; Kazmierski, WBiochem. J.1990, 268,
1980,19, 425—431. 249—-262.
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