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The authors regret that the unit of measurement of the ICs, values in Fig. 6 was incorrectly given. The corrected version of Fig. 6 and
its caption can be found below.

The authors also regret that the citation numbers in the final two paragraphs of the Results and discussion section and the
Conclusions section were incorrect. The corrected version of these paragraphs, with correct citation numbering highlighted, and
the relevant citations are given below.

Next, we evaluated the molecules’ delivery efficiency. The peptide was biotinylated and the uptake of streptavidin (54 kDa),
which binds to the biotinylated ligands, was evaluated. We showed that peptide 5S-Bio could transport approximately four times
more streptavidin than Tri-GalNAc and significantly than streptavidin itself (SA) suggesting its potential to deliver large proteins
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Fig. 6 Cell-based binding study. HepG2 cells were treated with 5 mM compound in the presence of 0.03-100 mM GalNAc for 2 h. The mean
fluorescence intensity (MFI) of three samples was recorded using a flow cytometer. The concentration of N-acetylgalactosamine (Gal-NAc) and
MFI were plotted on the X- and Y-axis, respectively. Sigmoidal curves were fitted to plots to calculate the 50% inhibitory concentration (ICsq) of
GalNAc against the compounds tested. The dissociation constant (Ky) was calculated by substituting the inhibition constant (K;; 150 mM) of
GalNAc and the ICsq into the Cheng—Prusoff equation.
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that cannot pass through the cell membrane on their own (Fig. 7). Although, the uptake trends between peptide 5S-Bio and Tri-Bio
were similar to the result of FITC-labelled ligands, their differences became slightly smaller. Streptavidin forms a tetramer with
biotin, which is able to bind to each streptavidin subunit. Therefore, there are four binding sites and the apparent binding activity
of Tri-GalNAc may have increased due to this multivalent effect.’”

Ligands comprising GalNAc or its analogs have been used as extracellular protein degraders (e.g., lysosome-targeting chimeras
[LYTACs] or ASGPR-targeting chimeras).*® *° LYTACs, which comprise a ligand that triggers endocytosis and a ligand that binds to
the target protein, have recently attracted attention. Therefore, we attempted to use peptide 5S as an endocytosis ligand for LYTACs.
A conjugate compound comprising ligands and an anti-epidermal growth factor receptor (EGFR) antibody (cetuximab) was
synthesized with an intended drug-to-antibody ratio of 8.0 (Fig. 8a). This ratio was subsequently confirmed to be 7.2 for 5S and 7.4
for Tri-GalNAc via MALDI mass spectrometry. The EGFR degradation activity in HepG2 cells was evaluated using western blotting.
Both peptide 58 (5S-ctx) and Tri-GalNAc (Tri-ctx) conjugates showed significant degradation activity at 20 and 200 nM (Fig. 8b).
Next, we evaluated the clearance of EGFR from membrane by flow cytometry. The experiment was conducted using 1 nM of
antibody-conjugates on HepG2 cells. 5S8-ctx showed significant EGFR clearance at 8 h in HepG2 compared to Tri-ctx, and this
clearance reached a plateau at 16 h (Fig. 8c). Although this experiment does not evaluate the degradation of EGFR, when combined
with the western blot results, these findings suggest that 5S-ctx may have a higher degree of EGFR degradation than Tri-ctx.

Conclusions

In this study, we successfully developed peptide-based hepatocyte-targeting DDS ligands using helical structures to control the
orientation of GalNAc moieties. Our key peptide, 5S, demonstrated greater uptake efficiency and hepatocyte selectivity than the
conventional Tri-GalNAc ligand. These findings underscore the effectiveness of our approach in enhancing ligand binding to ASGPR
through geometric control. Our comprehensive analysis revealed that peptide 5S could facilitate the endocytosis of large proteins,
such as streptavidin, more efficiently than Tri-GalNAc. This indicates its potential applicability in delivering macromolecules that
typically cannot penetrate cellular membranes by themselves. Furthermore, the use of peptide 5S as an endocytosis ligand for LYTACs
shows promise, despite the need for further optimization to enhance protein degradation efficiency. The flexibility of the GalNAc
linker emerged as a critical factor in binding efficiency, highlighting the necessity for balanced structural rigidity and adaptability.
Our molecular dynamics simulations and binding studies provided a deeper understanding of how the positional and structural
attributes of GalNAc influence ASGPR engagement. Optimizing these ligands for in vivo applications remains essential. The inherent
versatility of peptides, coupled with their ability to incorporate functional sequences, offers a promising avenue for overcoming
current limitations.*' Overall, our approach involving the use of helical peptides to control ligand orientation represents a significant
step forward in designing effective liver-targeted therapies. This methodology not only enhances the specificity and efficiency of DDS
ligands but also holds potential for broader applications in targeting multivalent receptors, such as those involved in various viral
infections.*>** Our ongoing efforts aim to further refine these systems, potentially addressing membrane permeability challenges in
drug discovery modalities that cannot penetrate membranes or target specific tissues themselves.**™*’
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