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Peptidomimetic Host That Binds a Peptide Guest
Affording a f-Sheet Structure That Subsequently
Self-Assembles. A Simple Receptor Mimic
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In an attempt to understand the energetics of S-sheet-based
molecular recognition in aqueous solution, we have constructed
a peptidomimetic host that binds to a tetrapeptide guest affording
a host—guest complex, which subsequently self-associates into
a high molecular weight 8-sheet. This system, in the simplest
sense, mimics the binding and self-association properties
exhibited by receptors! such as the class 1 major histocompat-
ibility proteins® although association and signaling are not
features exhibited by this receptor mimic. The host, which is
composed in part of alternating cationic and hydrophobic
o-amino acid residues, is selective for anionic guests having
an amphiphilic periodicity of 2. Preliminary binding data
suggest that both hydrophobic and electrostatic interactions are
critical for S-sheet-mediated binding. Ongoing systematic
studies with this system should complement the synthetic hosts
that have been used to better understand the energetics of ligand
binding in molecular recognition.’

The receptor mimic (1) (Figure 1) was synthesized by
coupling 2,8-dibenzofurandiylbis(3-propanoic acid) and the side
chain protected peptide V-K(CIZ)-L-K(CIZ)-DMDA.* Side
chain deprotection was accomplished by hydrogenation® result-
ing in a crude receptor mimic 1, which was purified by C18
RP-HPLC and characterized by MALDI-TOFMS.6 The diben-
zofuran diacid residue was envisioned to separate the two
covalently attached peptide strands by approximately 10 A,
allowing a peptide guest to bind between the strands of 1,
affording a three-stranded, antiparallel S-sheet. The peptide
guest, Suc-Glu-Leu-Glu-Len-NH-Bzyl (2) (Figure 1) was
prepared on oxime resin,*? cleaved from the resin utilizing
benzylamine, deprotected, purified, and characterized as de-
scribed for 1. The C-terminal benzamide group in guest 2 was
envisioned to bind to the dibenzofuran moiety of 1 via an
aromatic—aromatic interaction’ initiating the binding of 2 to 1,
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Figure 1. Structure of host (1) and guest (2) and the apparent binding/
association pathway.
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Figure 2. Titration of 1 (50 uM) with 2 in 10 mM NaOAc, pH 5.75.
Concentrations of 2: O, 0 uM; O, 40 uM; <, 80 uM; @, 120 uM; B, 160
UM, , ®, 200 mM.
ultimately affording an intermolecular antiparallel S-sheet
composed of 1 and 2. The peptide sequences in 1 and 2 have
an amphiphilic periodicity of 2, allowing the hydrophobic and
oppositely charged side chains of 1 and 2 to interact, enhancing
sheet stability.® When studied separately, 1 and 2 exhibit
concentration-independent random coil type circular dichroism
(CD) spectra at pH = 5.75, consistent with nonassociating
peptides which adopt multiple conformations. The addition of
peptide 2 to the receptor mimic 1 affords a CD spectrum with
a minimum at 219 nm and a maximum at 194 nm, consistent
with a B-sheet complex, Figure 2.7

The three-stranded S-sheet complex 1—2 resulting from the
interaction of peptides 1 and 2 is amphiphilic and as a result
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was expected to dimerize in a face to face fashion through
hydrophobic interfacial interactions.®? The dimerized complex
1,2, may also assemble beyond the dimer by way of inter-
molecular association of 1,2, complexes, mediated by excess
guest peptide 2 into an extended sheet structure. The CD-
monitored binding of 1 to 2 could be fitted to the equilibria 1
+ 2= 1-2 = 1,2, having a Kp of 490 uM for 1-2 and an
apparent Kp of 400 nM for 1,,2,,.1°

In order to better characterize the initial binding reaction of
1 + 2 == 1-2, 1 was covalently attached to an N-hydroxy-
succinimide activated agarose chromatography resin for high-
performance affinity chromatography (HPAC) analysis.!!2 Im-
mobilizing 1 on a resin by an amide bond derived from one of
the e-amino groups of lysine ensured that the 1—2 complex
would not undergo self-association, therefore uncoupling the
initial binding equilibrium from the subsequent association
equilibria. The dissociation constant for the 1—2 complex was
determined by HPAC by plotting the concentration of the guest
injected versus the reciprocal of the difference between the
elution volume and the void volume.!! The Kp determined by
HPAC (510 uM) was virtually identical to that determined by
fitting the solution binding data computationally (490 xM).

Analogs of the guest peptide 2, Suc-ELEL-NHX, which differ
with regard to the C-terminal amide group (X), were evaluated
for their ability to bind to the immobilized host using HPAC
analysis. As X increases in hydrophobicity so does the binding
affinity for the host (X = H, Kp = 0.76 mM; X=isobutyl, Kp
= 0.71 mM; X = benzyl, Kp = 0.51 mM), but not dramatically.
Importantly, 1 is very selective with regard to the tetrapeptides
that it is capable of binding. A structural analog of 2 where
the glutamic acid residues are replaced with serine has weak
affinity (Kp = 2.18 mM), whereas peptides such as Gly,, Alas,
and TVTV do not bind to 1, suggesting that both the amphiphi-
licity and the anionic nature of the guest are important. An
evaluation of the binding energetics of a variety of structural
analogs of 2 is currently in progress.

The effect of temperature and salt on the quaternary structure
of the 1—-2 complex was ascertained by evaluating samples
containing 50 #uM 1 and 410 uM 2. As the temperature of a
sample was increased from 5 to 30 °C, there was little change
in the CD spectrum, reflecting the thermal stability of the
B-sheet-based 1,2, assembly.!?2=¢ Addition of 2 to 1 in the
presence of salts differing in their anion component strongly
inhibits guest binding as predicted by the electroselectivity
series, indicating that the anions bind to 1. At 25 °C, sulfate
prevents the formation of a 1—2 complex by inhibiting the
binding event at concentrations of 50 mM, while at the same
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concentrations perchlorate and chloride anions do not appear
to significantly perturb the formation of a 1-2 complex. At
concentrations above SO0 mM, perchlorate and chloride inhibit
the binding of 1 to 2,120—d

Since CD spectroscopy is not very sensitive to S-sheet
quaternary structure formation,!> we set out to characterize the
MW of the 1,2, complex by analytical equilibrium ultra-
centrifugation.'*® These experiments reveal that the 1,2,
complex assembled far beyond the dimeric state at 25 °C at pH
= 5.75. In fact, the sample sedimented from the equilibrium
ultracentrifugation cell at 3000 rpm, dictating that the 1,2,
complex has a MW, approaching or exceeding 10°.!* The
concentrations of both 1 and 2 were varied, as were the
temperature, pH, salt type, and salt concentration in an effort
to create well-defined quaternary structures composed of 1 and
2 as probed by analytical equilibrium ultracentrifugation. The
results of these efforts fall into two categories: either the
conditions afforded a soluble 1—2 complex of high MW or the
conditions denatured the complex, affording unstructured 1 and
2. These results and others strongly suggest that the binding
of 2 by 1 and the subsequent self-association of the 1—2
complex are linked equilibria.’® The self-association has a
significantly lower Kp (Kp(ppy = 400 nM) than the Kp for the
formation of 1-2 (Kp 490 uM), explaining the cooperative
nature of the binding and self-association steps. Strategies
pursuant to the formation of a stable 12, structure in solution
are currently in progress.
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