
 

Steric zipper interactions in artificial
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The proposed technique offers a novel route for designing artificial peptides
with cross-β structures. Credit: Tokyo Tech

Steric zippers are a specific type of hydrophobic packing structure that
form between two adjacent layers of peptide β-sheets in amyloid and
similar fibrils. These structures play a crucial role in the stability and
propagation of amyloid fibrils, and can aid in designing new peptide-
based materials. However, creating artificial steric zippers is challenging
owing to the strong aggregation tendency of β-sheet peptides. This often
leads to the formation of gels and fibrils, making it difficult to obtain
structures in their crystalline form.

Now, in a new study published in the Journal of the American Chemical
Society, researchers from Japan, led by Associate Professor Tomohisa
Sawada from Tokyo Institute of Technology (Tokyo Tech), have
presented a novel approach for the construction of crystalline artificial
steric zippers.

"Although previous studies have revealed that peptide fragments derived
from native protein sequences exhibit steric zipper structures, their de
novo designs have rarely been studied," explains Dr. Sawada.

The researchers began by preparing custom Boc-3pa-X1-3pa-X2-OMe
tetrapeptide structures, where Boc refers to tert-butoxycarbonyl, 3pa
represents β-(3-pyridyl)-ʟ-alanine, OMe is the methoxy group, and X1

and X2 denote the hydrophobic amino acids, namely alanine, valine,
leucine, threonine, and phenylalanine.

The tetrapeptide structures were designed such that the pyridyl groups
and the hydrophobic amino acid groups formed side chains on either
side of the peptide backbone. This specific arrangement of the residues
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in the peptide sequence played a crucial role in the formation of steric
zippers in the crystalline state.

The tetrapeptide fragments were introduced in microtubes together with
a metal salt (Zn(NCS)2, AgNTf2, or AgOTf) and incubated at room
temperature. These salts enabled the formation of reversible
coordination bonds between the pyridyl group of peptides and the metal
ions. Essentially, this interaction prevented the uncontrollable
aggregation of β-sheet peptides, leading to the formation of needle-
shaped crystals containing steric zippers.

By using different combinations of hydrophobic amino acids in peptides,
the researchers constructed various steric zipper structures. Hydrophobic
amino acids containing methyl side chains, such as alanine, valine, and
leucine groups, resulted in class 1 steric zippers, with peptide backbones
arranged parallel to each other.

Moreover, the type of interaction between the β-sheets depended on the
steric bulkiness of the alkyl side chains present in the hydrophobic
amino acids. For instance, tetrapeptide structures containing alanine,
which has a smaller methyl side chain, exhibited interlocked structures
through interdigitation. In contrast, when the alkyl side chains of
hydrophobic amino acids were larger, as in valine and leucine, the β-
sheets were linked via hydrophobic contact.

Notably, the researchers observed a class 3 steric zipper for the first
time. These unique structures emerged due to hydrophobic amino acids
with side groups other than alkyl groups, such as threonine and
phenylalanine. In these zippers, two β-sheets faced the same direction,
adding to the diversity of steric zipper configurations.

Finally, the researchers extended the system to a knob–hole-type zipper
using pentapeptide fragments. "The design of peptide materials based on
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steric zippers has so far been limited to biological systems. The present
results open up a new route for the design of artificial peptide materials
based on these structures," remarks Dr. Sawada.

In conclusion, the insights into the structural characteristics of steric
zippers can pave the way for novel therapeutic strategies for preventing
or reversing diseases caused by amyloid fibrils.

  More information: Eisuke Tsunekawa et al, X-ray and Electron
Diffraction Observations of Steric Zipper Interactions in Metal-Induced
Peptide Cross-β Nanostructures, Journal of the American Chemical
Society (2023). DOI: 10.1021/jacs.3c04710
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