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Abstract: We describe the condensation in solution of a fully protected helix model peptide to
a cyclic peptide template including a new turn-inducing mimic to obtain a 4-helix bundle
protein-like TASP. This approach allows the total synthesis of chemically and structurally well-
defined protein models in the 6-10 kDa range.

The introduction of the "TASP" ideal has provided a nove!, broadly applicable method for the
construction’ of protein tertiary structures2. TASP molecules are constructed by the covalent
attachment of peptide sequences with a high potential for amphiphilic secondary structure
formation to a carrier molecule ("template”), resulting in a non-linear peptide chain architecture. As
a key feature of this approach, the template is so designed as to direct and reinforce the folding of
the secondary structure elements into the target tertiary structure in order to circumvent the well-
known “folding problem"2.3 often encountered in the de novo design of proteins. We have
previously reported the synthesis of TASP molecules by standard solid-phase peptide synthesis
methodology using specially designed linear oligopeptidesia-¢ and peptides cyclized by disulfide
formationtd as templates. In this preliminary report, we present the total synthesis of a 4u-helix
bundle TASP by condensation in solution4 of a fully protected helix model peptide fragment to a
conformationally constrained cyclic peptide template (Figure).

Eigure Schematic representation of a 4-helix bundle-like TASP molecule; the 4 peptide blocks a
are covalently attached to a conformationally constrained cyclic template desighed to direct the

folding of the amphiphilic helices o to the predetermined packing arrangement.
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The cyclic peptide carrier 7 used here (Scheme) consists of two Lys-Gly-Lys tripeptide units linked
at both ends in an antiparallel way by two molecules of 8-aminomethyl-2-naphthoic acid (AMNA)
recently introduced as a novel turn-inducing mimicS. Computer-assisted molecular modelling
indicates a low-energy conformation for this cyclic peptide with distances between the lysine
e-amino groups which favour the attachment of four peptide blocks to well-packed arrangements5.

The cyclic carrier 7 was synthesized by classical methods in solution starting from the AMNA
derivative 1 (Scheme). A characteristic feature of the synthesis is the construction of the open-chain
octapeptide intermediate 6 from two molecules of the tétrapeptide 4 which, for that purpose, had
been deblocked at its N-end (5a) and at the C-end (5b), respectively. The synthetic strategy made
use of N-a-amino Boc protection and DCC/HOBt activation throughout except in the cyclization
step, where diphenylphosphoric azide (DPPA) was used successfully (88% yield) as activating
agent. Hydrogenolysis (Pd/C in HCI-AcOH) of the protecting groups afforded the carrier 7 as an
amorphous, fluffy powder7-8. A detailed NMR analysis of 7 (2D, DMSO, H,0/D,0) confirmed its
centrosymmetrical geometry but was also indicative of some conformational flexibility in the
macrocyclic carrier molecule in solution.
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8: R = Ac-Asp(OtBu)-Ala-Alb-Thr{OtBu)-Ala-Ala-Alb-Asn-Ala-Ab-Lys(Boc)-Lys(Boc)-Leu-Gly
9: R = Ac-Asp-Ala-Ab-Thr-Ala-Ala-Ab-Asn-Ala-Aib-Lys-Lys-Leu-Gly

Scheme
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The peptide sequence (Asp-Ala-Aib-Thr-Ala-Ala-Aib-Asn-Ala-Aib-Lys-Lys-Leu-Gly) presented here
as an example for fragment condensation to the cyclic carrier is based on the 87-97 Hen Egg-white
Lysozyme sequence and was modified in order to increase its amphiphilic character and helical
content.? Full details of the synthesis of this and related peptides will be reported eisewhere19,

The condensation reaction of the fully protected fragment to carrier 7 proceeded smoothly using
standard procedures!3. Only little partially coupled material could be detected by HPLC, indicating
that the high density of reaction sites on the carrier molecule does not act adversely on the coupling
kinetics. Similar findings have been made in the analogous case of solid-phase couplings using
high-loading resins15. The target molecule in both protected (8) and side-chain deprotected (9)
forms was fully characterized by tic, HPLC, amino acid analysis and mass spectrometry3 after
purification by semipreparative HPLC.

In summary, the combination of classical and solid-phase methods of peptide synthesis and the
use of fragment condensation techniques facilitates the obtension of the target molecule in good
yield and purity. This strategy thus appears ideally suited for the design and synthesis of protein
models using the TASP approach. The use of orthogonal protection techniques allows for a variety
of packing arrangements and the attachment of different individual peptide blocks in either parallel
or antiparallel fashion. Most notably, the use of cyclic conformationally constrained carrier
molecules ("templates”) as described here represents a new tool for protein de novo design.
Considering the energetics of the folded and unfolded states in TASP molecules?, a correlation
between the "rigidity” of the template and the thermodynamic stability of the folded TASP molecule
is predicted.

Circular dichroism spectra of the TASP molecule 9 are indicative of well-defined structural features.
A comparative study of the effect of cyclic and linear carriers on the stabilization of helix blocks is in
progress and will be reported in due course.
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