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The ability to manipulate the specific conformation of 
peptides and proteins is an essential feature in the development 
of novel therapeutic agents and biomaterials.1 To date there 
are few examples of designed peptides and proteins with the 
capacity to change conformation as a result of an internal 
switching mechanism.2 In this paper we describe a strategy to 
reversibly change the conformation of a cyclic peptide (1) by 
incorporating a photoresponsive amino acid residue within the 
peptide.3 

The cyclic peptide was designed to include an azobenzene-
containing amino acid (Aza)3 as the conformational switch; it 
was flanked by four alanine residues for flexibility and four 
residues with high propensities to exist in a turn conformation 
(Gly-Gly-Pro-Asn).4 The peptide was designed such that when 
Aza contained a trans azo linkage the peptide portion would 
exist in an extended conformation, and when isomerized to the 
cis form the peptide would adopt a turn conformation. 

The azobenzene-containing amino acid was incorporated into 
linear peptide 2 by a solid phase methodology on a p-
alkoxybenzyl alcohol resin5 with Fmoc as the semipermanent 
protecting group.6 Cyclization of peptide 2 (0.5 mM) with BOP 
(1.1 equiv) and DIEA (2 equiv) at room temperature in DMSO 
afforded cyclic peptide ltrans in a 48% yield after HPLC 
purification (Scheme 1). 

Peptide ltrans (10 mM in DMSO) was irradiated for 2.5 h 
with a Hg arc lamp filtered to transmit light from 310 to 410 
nm to provide a 93:7 mixture of lCjS and ltrans as judged by 1H 
NMR, UV, and reverse phase HPLC. Purification of the 
irradiated material by reverse phase HPLC afforded lCjS in 
greater than 98% purity. Peptide lCiS thermally reisomerized 
to the trans form with a half-life of approximately 1 week at 
25 0C. 
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Figure 1. One-dimensional 1H NMR spectra of lCiS and l,rans showing 
the aromatic/amide portions of the spectra. 
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Figure 2. NOESY spectra for lCiS and ltrans showing the cross peaks 
between the aromatic/amide protons and the a-protons. 

Scheme 1. Synthesis and Isomerization of 1 
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Inspection of the one-dimensional spectra of the cis and trans 
forms of 1 confirmed that a dramatic structural change had taken 
place upon isomerization (Figure 1). In the aromatic/amide 
regions of the spectra there was a significant 1.2 ppm upfield 
shift in the aromatic protons upon isomerization to lCjS, due to 
the close proximity of the aromatic rings in the cis form,7 and 
there were upfield shifts for the amide protons of Alai, Alas, 
and Aza which potentially would lie in the region of the aromatic 
rings upon isomerization. 

The structures of lCiS and ltrans were elucidated by two-
dimensional NMR techniques in DMSO-̂ 6- Stereospecific 
sequential assignments were made using double quantum filtered 
COSY (DQF-COSY)8 and NOESY9 experiments (Figure 2). 
Strong NOESY cross peaks were observed between the back­
bone NH of Asn3 and the aH of Pn>4, indicating a trans proline 
amide bond in both lCjS and ltrans- Also sequential NOEs from 
Alai to Asn3 and Gly7 to Aza, followed by the lack of NOEs 
from Pro4 to Glys, were consistent with a turn conformation in 
•lcis-

Interproton distances obtained from NOESY experiments10 

and dihedral angles from coupling constants were used as 
constraints in molecular dynamics simulation at 600 K for 1000 
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Figure 3. Superposition of structures generated from restrained 
molecular dynamics simulation and energy minimization for (a) ltrans 
and (b) lcis. 

ps with sampling every 10 ps using the AMBER force field." 
The 100 conformers obtained from the dynamics simulation 
were subjected to a restrained minimization for refinement, and 
a search for the conformers in agreement with the NMR data 
was carried out based on the dihedral angles and interproton 
distances; 25 structures were obtained with an average RMS 
deviation of 1.09 A for ltrans (Figure 3a), and five structures 
were obtained with an average RMS deviation of 1.10 A for 
lcis (Figure 3b).12 

Careful inspection of the peptide portion of ltrans showed a 
/3-strand extending from residue Ala2 to Gly6, interrupted by a 
bend at Pro4, with bends at residues Alai, Ala?, and Alag which 
are adjacent to Aza. The only hydrogen bond which existed in 
the trans conformer was one between the side chain NH of Asn3 
and the carbonyl of Glys. Interestingly, inspection of the peptide 
portion of lCiS showed that a type II /3-turn existed from residue 
Gly6 to Asn3, with a hydrogen bond between the carbonyl of 
Gly6 and the backbone NH of Asn3, and an antiparallel /3-sheet 
extending from the residues adjacent to Aza up to the /?-turn, 
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with hydrogen bonds between the NH of Gly6 and the backbone 
carbonyl of Asn3, and the NH of Alas and the carbonyl of Alai. 
D2O exchange experiments with lCiS demonstrated that the NH 
of Gly6 and the backbone NH of Asn3 did not exchange 
immediately upon addition of D2O (data not shown), which is 
consistent with the hydrogen bonds predicted by our model and 
the presence of a /3-turn. 

We have demonstrated that an azobenzene moiety within 1 
photoregulated the conformation of the peptide, and it templated 
a /3-turn conformation when in the cis form. The effects of the 
photochemical isomerization of the azobenzene upon the 
conformation of the cyclic peptide were also reversible upon 
heating. As many biologically active regions of proteins13 and 
peptide hormones14 contain /3-turns, this methodology provides 
a powerful means for obtaining biological activity on demand 
by simple irradiation. Further work is underway to incorporate 
this novel scaffolding into a number of biologically active 
systems. 
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