Development of peptide-based inhibitors
.against B-catenin using in silico approach
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Wnt/B-catenin signaling pathway
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< The Wnt/B-catenin signaling pathway is transcriptionally

activated through the interaction between [(-catenin and

T-cell factor (TCF).

< Excessive transcriptional activation of Wnt/B-catenin
pathway is associated with the pathogenesis of various

cancers.
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v Stabilize secondary structure
v Improve protease resistance

. LRH-1-derived
pepndes

Cell-penetrating peptides (CPP)

v Improve cell-membrane

permeability
N-terminal

of TCF " Ex.) Penetratin, Oligoarginine
Penetratin-st1 : RQIKIWFQNRRMKWKK BAla-AA-Sg*-LDY-S*-Nle-CNY

< The formation of TCF is induced < The binding surfaces of the N-terminal region of TCF and LRH-1 on B-catenin partially overlap.

when TCF interacts with B-catenin.  Fyrthermore, the crystal structure analysis revealed that Y306, K345, and W383 of B-catenin are
In particular, the N-terminal region of important for interaction with LRH-1.2)

TCF is important for interaction with

B-catenin. O

4 Axin-derived stapled peptide (StAx) ¥ We designed peptide-based inhibitors using a partial sequence of LRH-1 3)

that inhibits C-terminal helix of TCF ¥ The inhibitory activity of the Penetratin-st1 was not sufficient (20 uM).
and PB-catenin showed anticancer » Improving the peptide structure is required to enhance the inhibitory activity of Penetratin-st1.
activity. " » To reduce effort and costs, efficient peptide design using in silico methods was implemented.

02 In silico design of peptides

03 Synthesis of peptides

» An integrated scientific computing software, Molecular Operating Environment (MOE) was used to optimize the peptide sequence | | p Nle (norleucine)-derivative peptides 2 and 3 were designed. In addition,
targeting 3-catenin based on affinity scores. a stapled peptide st3 and its penetratin conjugated peptide Penetratin-
1. Residue Scan 2. Scoring 3. Residue Scan st3 were also designed.

B The affinity of the peptide mutants for ~ m Mutations were only introduced to amino acid Peptide Sequence
B-catenin was evaluated by dAffinity residues that side chains are located at the 1 8Ala-AALLDYT-Nle-CNY —
between the binding energies of the ) 8Ala-AFLLIYT-Nle-RNY byt ROt Xt Nle = norleucine
ild- _ Amino acid : i i " " o " o (deficit : mutations
ARLLDYIMCNYPQOQT \[/\lw ° ti/.pe Zz‘;m: ants LRA-T470.480 residue Mutation st3 BAla-AF-5;* LIY-S--NleRNY Ne (55 85%)
V -y ity . , W ‘» w7 Penetratin-st3 RQIKIWFQNRRMKWXKK-BAla-AF-Sg*-LLY-Sg*-Nle-RNY
=Peptide-protein complex was stabilized. A430 Y,F, Q,R
AALLDYTMCNYPQQT - o Penetratin-st1 RQIKIWFQNRRMKWKK-BAla-AA-S;*-LDY-S5*-Nle-CNY
ARLLDYTMCNYPQQT Positive dAfflnlty T \f' D483 M,L,H,R
Peptide-protein complex was destabilized. - .
ANLLDYTMCNYPQQT =
. 5 car  |YELAN| | 04 MD simulations
Mutation | dAffinity dAffniny | Number of AALLDYTMCNY VWM LR
AALLDATMCNYP T CABIR 598 T mutants N438 K Te ™ =
AALLDRTMCNYngT D483R '408 O< 114 4- Scorinq 5 1(;-1:)0 min;n;:l:zegltion 0-;)00 ‘/ PeptldeS 1, 3, and St3 Showed
AALLDNTMCNYPOOT C487TM | -3.41 =0 146 B Peptides 2 and 3 which have dAffinity value of P BN T similar RMSD values, and were
: total 260 -10 or less were selected as candidates. = — predicted to form stable complex
3 ? 3 with 3-catenin.
Ex.) C487R ... Numberof Peptide Sequence dAffinity = w o "“V M
B Each amino acid residue B-Catenin/peptide mutant complex was MY " itants ARLLLYTMRNY __ -10.76 2 | ,W b *
_ stabilized n"} v RMSD value of 2 was larger than
in the sequence was ed. | - o 0< 600 3 AFLLIYTMRNY -10.16 . the others
replaced by the other 19 > Predicted to interact with higher affinity >0 60 ofiait - mutations ’ y 4y 3 .
natural amino acids. B Mutations with dAffinity value of -1 or less  total 660 o s - o o~ o
were extracted. Simulation time (ps) RMSD : Root Mean Square Deviation
05 Binding activity 06 Interaction analysis
» The bin.ding activity of 5(6)-carboxyﬂuorescein-lapelgd (F-) peptides to 1. Mutational analysis 2. Cryo Electron Microscopy
B-catenin was evaluated by the fluorescence polarization assay. _ _ _ _
» The interaction surface of peptides for 3-catenin was analyzed by » Cryo-EM analysis of the structure of
200+ ——F1 binding assay using mutant of B catenin (Y306A, K345A, W383A). B-catenin/peptide was attempted.
D v Peptide F-3, designed using MOE, showed ‘ ’ 3 '
1504 |—>—F-st3 OH ! ? _ /M\/»
O similar binding activity as the lead peptide F-1. TCF StAX (F-33) ‘ {'
wf o Yok, \ RIS
= o o >/ v’ The stapled peptide F-st3 further enhanced LRH-1-derived\, _ K, value (uM) K, value (uM) %3
< 504 © binding activity. peptides £ Peptide WT MT
1 - 0.072 0.054
’ ] {j X Peptide F-2, which was expected to improve, ::5 035 - ,, =
_ = g h ffinity. ) ' ' ) Sttt ¥ > : :
50 ; showed reduced affinity - 07 ‘o NN NN - ) 300 KV. Titan Krios G4
0001 001 0.1 | 10 N ] _ 14
Concentration (uM) v’ Fsts 038
Peptide K, value (uM) v In this experiment, a map with a resolution of
P d H MD simulation results showed that peptide 2 was v’ The binding activity of F-35 (StAx), which binds to B-catenin 407 A was obtained. Conditions are being
F-1 1.10 more flexible than the other peptideS, SuggeSting at a different regiOn, was maintained. Optimized to obtain h|gher resolution maps to
F-2 4.99 that peptide conformational flexibility —may allow analysis of peptide binding sites. In
F-3 156 correlate with the binding affinity. v Peptides F-1, F-3, and F-st3 showed reduced affinity. addition, preparations for crystal structure
Fost3 0.71 analysis are underway.

07 Cell based assays

08 Conclusion
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Wnt-signaling pathway.

1. Evaluation of cell growth inhibitory activity

A549 (Wnt-independent)
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v Penetratin-st3 inhibited the growth of only DLD-1 cells at

> The peptide has a specific growth inhibitory effect on the

v Penetratin-st3 has higher inhibitory activity than the
reported peptide Penetratin-st1.

2. Evaluation of Wnt signaling-mediated
inhibitory activity LRH-1-derived peptide
0.09 — AALLDYTMCNY AFLLLYTMRNY m
" 8““ S\;J;D WR-1-endo | w In silico deS|qn m
0.07 { LN 1 1 Stapling
'|' I
_ 0 l : : ‘ Penetratin-st3 m
§ 0.05 é RQIKIWFQNRRMKWEKK-BAla-AF-S;-LLY-Ss-Nle-RNY
5 0.03 - | 0000000000 00000s 0000000860000
Z I |
o021 gl ‘Mﬁw Penetratin-st3 prevent the formation
0.01 - @a—my\( of the TCF/B-catenin complex.
| TCF | s : o
0 S0uM | 04uM 03 M 05sM 1M 3pM SuM | wae)  waie) | | 4 _I’epgtratm-s}t? showed transcriptional
IWR-1- Penetratin-st3 | : ' inhibitory activity.
endo
v A concentration-dependent decrease in luminescence v In this study, the peptide sequence was designed using MOE.4
intensity was observed for cells treated with
Penetratin-st3. | | v Penetratin-st3 was found to have four-fold stronger inhibitory activity than
> Penetratin-st3 intracellularly binds to [(3-catenin to previously reported peptides.4
iInhibit its transcriptional activity by preventing the
formation of the TCF/B-catenin complex.
4) M. Fuijita, et al., Bioorg. Med. Chem. 2023, 84, 117264.
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