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Identification of selective inhibitors against BACE 1 over BACE 2 in Alzheimer's disease by Quantitative Structure-Activity Relationship (QSAR)

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Cluster analysis is used in QSAR models to build the training and test sets as well as to determine the structural diversity of the dataset 

üØ

  Compounds with biochemical activity below 1 μM were selected for further inhibition assay ü The IC 50 value is the concentration of compound which inhibits BACE 1 and BACE 2 binding by 50 % ü In our study, the negative logarithm of the biological activity, pIC 50 , was used as the dependent variable to determine QSAR correlation equations ü Active molecule (pIC50 greater or similar than 6) and inactive molecule (pIC50 lower than 6) (hetero)aromatic ring, B: an (hetero)aromatic ring and an amide linker is installed between A-and B-rings allowing the B-ring to enter deep into the pocket. X, Y, Z: Substituent groups, Position 4: C or N atom The two-dimensional (2D) chemical structures of the inhibitors were generated using ChemDraw Ultra and saved in mol format.

PICSignificant

  50 = -0.44 F03[C-C] + 0.60 MR99+ 0.19 TPSA(Tot) + 0.45 LOGP + 2.78 LLS_02-3.13 Training sets : n=55; R=0.90; R 2 = 0.81; s=0.26; F=42.71; Q2=0.76; P=0.00 Test sets: n=14; R=0.80; R 2 =0.64; s=0.70; -2.05 SCBO +1.29 D/Dtr06 +8.94 DLS_cons +7.07 LLS_01 -10.85 QEDu + 9.53 Training sets: n=28; R=0.91; R 2 = 0.83; s=0.42; F=22.47; Q2=0.75; P=0.00 Test sets: n=6; R=0.92; R 2 = 0.85; s=0.48; F=22.98 Ken-ichi Kusakabe , Chien-Chi Hsiao & Harrie J. M. Gijsen (2020): Smallmolecule BACE1 inhibitors: a patent literature review (2011 to 2020), Expert Opinion on Therapeutic Patents, DOI: 10.1080/13543776.2021.1832463 Ø Challenges for BACE1 inhibitors, notably achieving central penetration and avoiding toxicity, been progressively overcome in the past 10 years Ø The most recent progress was made in getting high BACE1/BACE2 selectivity, which further reduces the toxicity risk.

  

  

  

  

  

Estimation of molecular properties (descriptors)

  

	BLOCK	TOTAL	SELECTION	EXCLUDE
	1. Constitutional indices	50	14	36
	2. Ring descriptors	35	5	30
	3. Geometrical descriptors	38	0	38
	4. Randic molecular profiles	41	0	41
	5. Functional group counts	154	1	153
	6. Pharmacophore descriptors	165	3	162
	7. 2D Atom Pairs	1596	4	1592
	8 3D Atom Pairs	36	0	36
	9. Charge descriptors	15	0	15
	10. Molecular properties	27	11	16
	11. Drug-like indices	30	6	24
	12. Chirality descriptors	70	0	70
	TOTAL	2257	44	2213
	Ø The 3D structure of each inhibitors were obtained by the geometrical			
	optimization of each molecule using Kohn-Sham's DFT B3LYP/6-			
	31G method included in Gaussian 09 program routines			

Exclusion criteria: Ø At least one value as zero Ø Constant values Ø Not

applicable Selection of training and test sets using Cluster Analysis 69 BACE 1

  

		Training Set
		55 molecules
		80 %
	hierarchical	
	Cluster Analysis	Test Set
		14 molecules
		20 %
		Training Set
		26 molecules
		80 %
	hierarchical	
	33 BACE 2	
	Cluster Analysis	Test Set
		7 molecules
		20 %
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2) Hydrophobic, Steric and Electronic significant molecular descriptors included in the predictive QSAR model of BACE 1 and BACE 2 inhibitors allow the structural interpretation of the biological process, evidencing the main role of the shape of molecules, its hydrophobicity and its electronic properties in the transport and the Ligand-Receptor interaction.

3) QSAR models allowed the identification of five modified nucleotides as selective inhibitors against BACE 1/ BACE 2 in Alzheimer's disease. Phosphate group in the selective modified nucleotides have a positive impact in the inhibitor's activity. According the value of the significant molecular descriptors include in the QSAR models of BACE 1, a Phosphate group increases the MR, TPSA and LOG P values with a positive contribution to the BACE 1 inhibitor activity. 

Conclusions