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A rational design of helical peptide inhibitors targeting protein—protein

interactions based on structural analysis and protein evolution using virus.
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Most biological processes are controlled by protein-ligand interactions (PLIs) and protein-protein
interactions (PPIs). There are approximately 650,000 PPIs in humans, although proteins encoded in
genome are 200,000. Recently, drug discovery for PPI is highlighted. However, the development of PPI
inhibitors remains challenging. a-Helix is one of the secondary structures constructing proteins and
plays an important role for PPIs. Indeed, over 30% of proteins include o-helix in nature. Thus, the
rational design for PPI inhibitors with a-helix contributes to establishing novel approaches for medical
diagnostics of health and disease and developing new molecular therapeutics.

The viral entry process needs interaction with viral and host-cell surface proteins, resulting in viral
fusion. Viral fusion proteins (FPs) play a key role in viral membrane fusion to the host cell membrane
and are classified into three types (class I, II, and III) by the difference in fusion mechanisms. Class I
FP induces the membrane fusion by interacting between helical domains located at N and C termini of
the FP. Previously, we have developed the peptide-based fusion inhibitors inhibiting helix-helix
interactions (HHIs) of class I FP from human immunodeficiency virus type I (HIV-1). Here, we aimed
to further develop a rational design for class I FP inhibitors blocking HHIs by targeting respiratory
syncytial (RSV), measles (MeV), and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as
model viruses.

We established in vitro screening systems to identify seed peptides that were required to block helix-
helix interaction by peptide inhibitors. Using the systems, we identified several seed peptides which
exerted potent activities against each targeting virus. MEK35GT and -28GT inhibited MeV replication.
Five peptides (RSP-01 to -05) were identified as RSV fusion inhibitors. SCP-01 was peptide-based
SARS-CoV-2 inhibitor. Using MEK35GT and other several derivatives, we also identified that a
combination of the disordered and helical region in peptide-based inhibitors was important to exert
antiviral activity against not only wild-type MeV but also drug-resistant MeV mutants. This structural
feature was shared with peptide inhibitors against RSV and SARS-CoV-2. Furthermore, we could
propose a model for the inhibition process of peptide-based MeV inhibitors; the antiviral process of the
MeV inhibitor involves three steps: (i) unstructured peptide inhibitor interacts with the MeV FP; (ii)
the peptide inhibitor adopts a helical conformation and binds to MeV FP through hydrophobic
interactions; and (iii) subsequent interactions involving the N-terminal disordered region gives rise to
a tight inhibitor-FP interaction. These results contribute to the expansion of structural diversity for the
design of peptide-based fusion inhibitors. Additionally, we induced the drug-resistant viruses against
the identified inhibitors against RSV and MeV. Mechanisms of resistance to these peptides may
provide a strategy for design of novel peptide-based viral fusion inhibitors.

In conclusion, we identified various peptide fusion inhibitors against RSV, MeV, and SARS-CoV-2.
Moreover, we also revealed structural features and inhibition mechanisms of peptide-based viral entry
inhibitors. These results enable us to develop not only a rational design of viral entry inhibitors but
also of PPI inhibitors targeting HHIs.



