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Abstract; Per- and polyfluoroalkyl substances (PFAS) could induce hepatotoxicity through the activation of peroxi-
some proliferator-activated receptor & (PPARa). However, the molecular mechanism of PFAS-induced PPARa acti-
vation remains unclear. This study calculated the binding free energy (AG,,,,) of seven legacy and emerging PFASs
with PPAR« based on Gaussian accelerated molecular dynamics (GaMD) and molecular mechanics-generalized
Born surface area (MM-GBSA). The results indicated a significant correlation (r=0.82, P<0.05) between AG,, , and
the logarithmic value of half maximal effective concentration (logEC,,) of PFAS activating PPAR«a. Additionally,

the number of fluorocarbon atoms positively correlated with AG,, ,, and PFAS containing carboxyl groups generally
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had a lower AG,,,, compared to those containing sulfonate groups. The activation activity of PFAS towards PPAR«

was found to be directly associated with their binding patterns within the PPARa ligand-binding pocket, as revealed

through the analysis of structural stability, hydrogen bond distribution and ligand-residue contacts. PFAS with

stronger activities were observed to preferentially bind within the pocket composed of H3, H7, H11 and HI12,
interacting with key residues such as ILE354, HIS440 and CYS276. These results contribute to the screening of
PFAS with PPAR« activation effect, and support the evaluation of toxic effects of PFAS.

Keywords: per- and polyfluoroalkyl substances; peroxisome proliferator-activated receptor «; hepatotoxicity; mo-
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1 ##57% (Materials and methods)
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2 ZR 5118 (Results and discussion)
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s, L T116354 37Tle272 o Tyrded Y oraca GIn277 Val332 € Ala333 2% Tyr33
Met355€ L 3 o Y0 L
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Fig. 1

Molecular docking results of PFAS and PPAR« (ET1 is the experimental structure)
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Fig. 2 Correlation between the experimental logEC;, and
the calculated AG,,,
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Fig. 3 Root-mean-square deviation (Dy,,s) variation of a-C in different PFAS-PPAR« systems over time

(Apo represents uncomplexed ligand system)
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Fig. 4 Hydrogen bond distribution of PFAS-PPAR«
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R GenX R, HALTF H3, H7 F1 H11 4 ARy 1
AT, —u 5 HI2 MEAER, 5 — i 1) H Al X 3k
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FRJ: TYR464 (H12), HIS440 (H11)H1 CYS276 (H3)
Y WG K A AR, 6B XS R S AR A5
PPAR« I h I  # 7 T 148 A fpPY | 5 X 26 PFAS
MEEE R, A, K 7 P, LRSSk
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1), R s - 25 G R Ak o i As e vy 2R 1w (& 6
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276 440
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Fig. 5 Contacts between ligands and amino acid residues of PPAR« (horizontal axis numbers represent

key residues in contact with ligands)

E 6 37 PFAS-PPARa E5¥H 3D i ( ZBEAXKMBFRFEAXE, LB PFAS FEXH)
Fig. 6 3D structure of three PFAS-PPARa complexes (green represents the co-activator binding region;

blue represents the PFAS binding region)
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