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Screening of hit compounds targeting the dynamic pocket of
polypyrimidine tract-binding protein 1 (PTBP1) RBD3/4
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Abstract: Polypyrimidine tract-binding protein 1 (PTBP1) is a critical regulatory target in cancers and
neurological disorders. However, the development of its small-molecule inhibitors has been hampered by the lack
of traditional druggable pockets on its RNA-binding domains. This study employed a computer-aided drug design
(CADD) strategy focusing on a dynamic binding pocket mediated by the flexible linker3 within the PTBP1 RBD3/
4 domain. A commercial library containing approximately 1.6 million compounds was subjected to structure-based
virtual screening. Following initial filtering based on lead-likeness rules and subsequent molecular docking, 14
candidate compounds were synthesized. Their binding activities were experimentally validated using prokaryotically
expressed and purified PTBP1-RBD3/4 recombinant protein via bio-layer interferometry (BLI). Six compounds
with micromolar affinity were identified, among which C17414 exhibited the highest binding affinity (K, =
1.6 pmol-L"). Molecular docking analysis revealed that C17414 efficiently occupies the target pocket through

multiple interactions, including hydrogen bonds, salt bridges, z-7 stacking and hydrophobic interactions. Systematic
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ADMET (absorption, distribution, metabolism, excretion and toxicity) property predictions indicated that C17414

and C7485 possess a favorable balance of lipophilicity, polar surface area and membrane permeability, suggesting

promising drug-likeness and potential for central nervous system drug development. This work not only discovers a

series of high-affinity PTBP1 inhibitor hits and validates the feasibility of targeting its dynamic pocket but also

lays a solid foundation for developing novel therapies against PTBP1.

Key words: polypyrimidine tract-binding protein 1; computer-aided drug design; virtual screening; molecular

docking; bio-layer interferometry
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Figure 1 The chemical structures of six small-molecule inhibitors exhibiting high binding affinity for polypyrimidine tract binding protein
1 (PTBP1). C17414: 3-[5-Cyclopropyl-7-(difluoromethyl)-1,2,4 triazolo 1,5-a pyrimidin-2-yl] propanoic acid; C15: N-[[3-(Phenylmethyl)-
3H-imidazo[4,5-b]pyridin-2-ylJmethyl]acetamide; C18221: N-[[1-(Phenylmethyl)-1H-1,3-benzodiazol-2-ylJmethyl]acetamide; C2143: (28,
3R)-N-(2-Methoxyethyl)-4-methyl-5-0x0-3-phenylmorpholine-2-carboxamide; C2577: 2-[[4-(2-Methylprop-2-en-1-yl)-5-phenyl-4H-1,2,4-
triazol-3-yl]sulfanyl]acetic acid; C7485: N-[(Furan-2-yl)methyl]-2-[2-(methoxymethyl)-1H-1,3-benzodiazol-1-yl]acetamide

Table 1 Characterization of high-affinity small-molecule inhibitors targeting PTBP1

Name Molecular weight LogP PSA H_acceptor H_donor DockScore
Cl17414 282.252 1.2055 59.679 6 1 132.393
Cl15 280.332 1.290 8 45.634 4 1 131.056
C18221 279.344 2.2825 35.727 3 1 130.928
C2143 292.33 -0.055 4 58.074 6 1 130.208
C2577 289.361 2.604 1 52.896 6 1 130.14
C7485 299.333 2.2311 51.787 5 1 128.295
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Table 2 ADMET profiling of the six candidate compounds

30 MESAMBESFE A ba D o is mgE
2 7% (solubility level) 4 3 BY 4 2% (XF B LogS 7i il N
—4~-1), H1C2143 (LogS = —1.12) V& fift B fe A2, 1M
C18221 (LogS = —3.74) ¥ fift & 22, 1 fig 75 B2 08 3 ]
TSRS O v PR

RE VA5 MR AL 0BT 7R, C17414 (AlogP,, =
1.96, PSA 2D = 77.2 A%) 5 C7485 (AlogP,, = 1.37,
PSA 2D = 682 A%) &b T K 254k & ¥ 1 B A X 4]
(AlogP,, 0~3, PSA 2D 60~140 A?), f . [ 47558
PSR, 774 BCS TTZEFE. ML R, C2143
FK IR (AlogP,, = —0.19) W RE T EHE BB AL
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FEIE RS (BF4 43 5 -1.58 5-4.82), HithC15 &R
B [ CYP2D6 #1771 (P = 0.000 3), $27~ 7] A1
AU BAE A

1. fii B B (blood-brain barrier, BBB) % i& 4 #1 %
B, C18221 5 C2577 B A B mi i AX 2 7% % 77 (BBB
P4 23 5 =013 5-0.29), 3% X $E 7] HH AR R S8 0 259
TR AA B X, (BRI & i,
33 FEMESEMHAE  ET LIRS, SHREE
W) EEARAL T A0 R : C17414: 454 TR 1T, 5%
TEH CYP2D6 #1111 (P = 0.001 6); C15: AT 1% X
B 3, R UOIR S T R Ak MR AR E T PEAY; C18221:
T RE 22, AT 25 R 5] N S K 5 T BRI 5E T 75D
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Name C17414 Cl15 C18221 C2143 C2577 C7485
Solubility -3.066 -2.831 -3.744 -1.123 -3.415 -2.740
Solubility_level 3.000 3.000 3.000 4.000 3.000 3.000
BBB -0.769 -0.650 -0.134 -1.298 -0.285 -0.809
BBB_level 3.000 3.000 2.000 3.000 2.000 3.000
CYP2D6 -5.476 -6.588 -5.563 -7.346 -3.994 -11.147
CYP2D6_applicability#MD 12.271 12.996 14.261 12.091 13.218 18.483
CYP2D6_applicability#MDpvalue 1.63E-03 3.08E-04 1.36E-05 2.42E-03 1.81E-04 1.96E-10
Hepatotoxic -3.103 -4.816 -6.124 -6.155 -1.581 -0.366
Hepatotoxic_applicability#MD 10.846 10.182 10.240 12.832 15.178 12.869
Hepatotoxic_applicability#MDpvalue 9.99E-03 5.97E-02 5.21E-02 4.06E-06 9.93E-12 3.41E-06
PPB 0.535 -2.822 4.164 -4.469 -0.568 0.354
PPB_applicability#MD 11.015 11.160 11.506 13.572 12.270 12.505
PPB_applicability#MDpvalue 0.479 0.404 0.246 0.001 0.050 0.026
AlogP,, 1.963 1.364 2.455 -0.189 2.953 1.373
PSA 2D 77.247 57.981 46.720 68.624 65.986 68.204
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Figure 2 Prokaryotic expression of the PTBP1 RBD3/4 domains. A: Plasmid map of the recombinant expression vector pQE80L-Avi-
PTBPI1. The diagram clearly indicates the N-terminal 6xHis tag and the Avi tag (highlighted by a pink arrow); B: SDS-PAGE analysis of the

induction and purification of the recombinant 6His-Avi-PTBP1 protein. Lane 1, Total protein from uninduced bacteria; Lane 2, Total bacte-

rial protein after 6-hour induction with IPTG; Lane 3, Soluble supernatant after sonication; Lane 4, Recombinant protein purified by Ni-NTA

affinity chromatography
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Table 3 Binding kinetics characterization of four small-molecule

inhibitors with PTBP1

Compound  Chi’/DoF R R K,
C17414 1.148E-06 0.999 74 0.184 00 1.6E-06
C15 2.152E-06 0.952 84 0.158 17 8.6E-06
C18221 0 1 0.121 65 1.2E-05
C2143 1.279E-35 1 0.105 07 3.1E-05
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Figure 3  Analysis of the interaction between PTBP1 and small-molecule inhibitors by bio-layer interferometry (BLI) A: C17414; B: C15;

C: C18221; D: C2143
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Figure 4 Binding modes of the PTBP1 RBD3/4 domain with various ligands. A: Overall structure of the PTBP1 protein. The ligand

binding site is indicated by a black square, with the ligand depicted as an orange stick-and-ball model; B: Close-up view of the ligand

binding pocket, showing the three-dimensional binding conformation of the ligand (orange) within the protein surface (gray); C: Two-

dimensional interaction diagram between PTBP1 and the ligand. Key intermolecular interactions are highlighted: Hydrogen bonds (green

dashed lines), hydrophobic interactions (yellow dashed lines), and electrostatic interactions (red dashed lines). The amino acid residues

involved in the interactions are labeled with their respective identifiers
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Figure 5 Structural overview of PTBP1. A: Schematic representation of PTBP1 highlighting the four RNA recognition motifs (RRMs)

connected by flexible linkers. The nuclear localization signal (NLS) and the nuclear export signal (NES) are indicated; B: Detailed structure

of individual RRMs, illustrating the faffaf topology. The four RRMs maintain the four-stranded f -sheet structure characteristic of

canonical RRMs; C: Structural comparison focusing on RRM3 and RRM4, emphasizing their unique five-stranded f-sheet and the extensive

interaction between them. The long loop connecting RRM3 and RRM4 is highlighted (linker3), which is crucial for their cooperative

binding to RNA and the induction of RNA looping; D: The solvent interpolated charge surface of PTBPT1. The charge surface illustrates the

electrostatic potential distribution across the protein, with blue indicating negative charges and red representing positive charges. RRM3 and

RRM4 are depicted as closely interacting modules, forming a compact functional unit within the protein structure
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