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The lack of metastasis-related targets
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The parent_inhibitor

2-chloro-L-phenylalanine (2-Cl-Phe) and the combination of two di-proline-mimicking ProM scaffolds mimic core motif of
the high-affinity, ActA-derived peptide wt. The affinity boost by these modifications allowed to shorten ligand 2 to the pen-
tamer (2a). Masking the C-terminus with ethanol ester (OEt) rendered 2b cell-membrane-permeable. However, the moder-  WACDEFGHIKLMNPQRSTVWY
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ate affinity of 2b will restrict the validation in vivo. Crystal structure of ENAH EVH1 in complex with 2a (PDB code 4MY®6, F 00000000 SOROOOICRIILIS® 0
1.7 A resolution limit) and 1H-15N-HSQC experiments reveal that ProM scaffolds successfully mimic the proline-rich core 5 Sedee ".'..'.". 2886

motif. In structure-guided drug development effort, we sought to boost the affinity of 2b.
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Ligand composition K et [UM]  AG [kJ/mol]  AAG [kJ/mol]
wt Ac-SFEFPPPPTEDEL-NH, 13.0(0.6) —-27.9(0.1) (ref) I T T T O
Eee@a®esveteso@osscsoe cl
2 Ac-SFE[2-CI-Phe][ProM-2][ProM-1]TEDEL-NH,  0.15(0.02)  -38.9(0.2) -8.1(0.3) D0000000002000:000000/0
Feesesoe oo -.itilﬂ.ﬁ.lil 2-Cl-Phe ProM-2
2a Ac—[2-Cl-Phe][ProM-2][ProM-1]-OH 2.3(0.2) -32.2(0.2) -4.3(0.2) LOs8se8sc0s0pebIsneee
2b Ac-[2-Cl-Phe][ProM-2][ProM-1]-OFEt 41(0.3)  -30.8(0.2)  -2.9(0.2)

Optimization within the binding groove
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SPOT array substitution shows that Ena/VASP EVH1 accepts ali-
phatic residues instead of the third proline (orange). Two in silico

yZ designed scaffolds were synthesized, mimicking Xaa-trans-Pro.
R Unsubstituted amide backbone (ProM-3) results in a significant
loss of affinity as EVH1 domains work with strict discriminatory
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mechanism for prolines. Intact backbone substitution by piperidine
moiety (ProM-4) binds not significantly worse than reference inhibi-
tor 2a (95 % confidence intervals 1.9-2.7 and 2.6-3.7 uM).

Superpositions with inhibitor 2a reveal that both compositions 3a

On and 4a bound canonically to ENAH EVH1 (PDB codes 5NBF and
ProM-3 ProM-4 5NCF, high resolution limits 1.15 and 1.4A).
Ligand composition Kqrr[tM]  AG[kJ/mol]  AAG [kJ/mol]
2a  Ac—[2-Cl-Phe][ProM-2][ProM-1]-OH 2.3(0.2)  —-32.2(0.2) (ref)
3a  Ac—[2-Cl-Phe][ProM-2]|ProM-3]-OH 07(0.8) —28.6(0.2) 1+3.6(0.3)
4a  Ac—[2-Cl-Phe][ProM-2]ProM-4|-OH 3.0(0.3) -31.5(0.2) -0.7(0.3)

Finding epitopes beyond the binding groove

The flanking residues of chimera 2 provide 8 kJ/mol not accessible for inhibitor 2b. Separate elongation (2c,2d) reveals
that TEDEL affects affinity stronger than SFE. Glu-Leu is discussed as a second epitope whose truncation results in
5.5-fold reduced affinity on VASP EVH1 (Ball et al.). For the first time, we resolved the binding mode of these residues
with high resolution limits up to 1.20A (PDB codes 5NC2, 5NC7, 5ND0) and found that TEDEL adopts helical loop. Only .

terminal Glu-Leu contact ENAH EVH1 with a mixture of polar and hydrophobic interactions. Mutation of Glu-Leu to Asp
(0b) or Ala (0c) lost three-fold affinity. We therefore adressed both interaction sites with new ProM scaffolds. .
Ligand composition Karr[uM]  AG[kJ/mol]  AAG [kJ/mol]
2b Ac—[2-CI-Phe][ProM-2][ProM-1]-OEt 4.1(0.3)  -30.8(0.3) (ref)

2 Ac—SFE[2-Cl-Phe][ProM-2|[ProM-1] TEDEL-NH, 0.15(0.02) -38.9(0.2) -8.1(0.3) i
2c Ac—[2-CI-Phe][ProM-2|[ProM-1] TEDEL-NH, 0.33 (0.04) -37.0 (0.3) —6.2 (0.4) .
2d  Ac-SFE[2-Cl-Phe][ProM-2][ProM-1]-OEt 2.9 (0.2) -31.6 (0.1) —0.8 (0.2)

Oa Ac—[2-CI-Phe]PPPPTEDEL-NH, 1.25 (0.04) -33.7 (0.07) (ref) h
Ob Ac—[2-Cl-Phe]PPPPTEDDL-NH, 3.8(0.2) -30.9(0.01) +2.8(0.1) ..
Oc Ac—[2-Cl-Phe]PPPPTEDEA-NH, 35(0.1)  -31.2(0.1) +2.3(0.1)

Accessing_ the additional_interaction_sites
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Ligand composition Kgrr[tM]  AG[kJ/mol]  AAG [kJ/mol] Ligand composition Kg et [uM]  AG [kJ/mol]  AAG [kJ/mol]
2a  Ac—[2-CI-Phe|[ProM-2][ProM-1]-OH 2.3(0.2) -32.2(0.2) (ref) 2b Ac—[2-Cl-Phe|[ProM-2][ProM-1]-OEt 4.1(0.3) -30.8(0.2) (ref)
5a  Ac—[2-Cl-Phe][ProM-2][ProM-12]-OH 13.5(0.4)  -27.8(0.1) +4.4(0.2) 6b Ac—[2-Cl-Phe][ProM-2][ProM-9]-OFEt 0.38(0.05)  -36.6(0.3) -5.8(0.4)
2c  Ac—[2-Cl-Phe][ProM-2][ProM-1]-OMe 4.4(0.7)  -30.6(0.4) (ref) 7b Ac—[2-Cl-Phe][ProM-2][ProM-13]-OEt 0.18(0.03)  -38.5(0.4) ~7.7(0.4)
5¢  Ac—[2-Cl-Phe][ProM-2][ProlM-12]-OMe 15(1)  —27.6(0.2) +3.0(0.4) 2 Ac-SFE[2-CI-Phe][ProM-2][ProM-1]TEDEL-NH,  0.15(0.02)  —38.9(0.2) -8.1(0.3)

Related recent publication

Opitz, Mueller, Reuter, Barone ef al., A modular toolkit to inhibit proline-rich motif-mediated protein-protein interactions, PNAS (2015)



