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Figure: Schematic of our experimental workflow. Fluorescence titration curves from IDA are preprocessed and compared to a synthetic reference database to estimate initial parameter bounds. A robust curve fitting process follows, producing chemically plausible estimations of binding affinities. The workflow outputs validated fit diagnostics and visual summaries for downstream analysis.

Accurate determination of molecular binding affinities is essential across drug discovery, environmental monitoring, and materials science, yet current analysis methods often struggle with numerical complexity and computational costs. To address these challenges in the experimental domain, we developed the Binding Assay Fitting Toolkit – an open-source Python-based software application designed to enable robust and accurate extraction of binding constants from spectroscopic assay data. Built for analyzing Guest Displacement Assays (GDA), Indicator Displacement Assays (IDA), and Direct Binding Assays (DBA), the toolkit addresses a fundamental challenge in supramolecular chemistry and biochemistry: the ill-posed nature of inverse fitting problems in competitive binding equilibria.

Unlike traditional methods that rely on data transformation (Scatchard plots, Hill plots), the toolkit employs forward modeling – fitting theoretical binding curves directly to raw experimental data. This preserves native error structures, enforces thermodynamically meaningful parameter bounds, and naturally accommodates complex competitive binding scenarios. The application features advanced numerical optimization with multi-start global search strategies, ensemble-based uncertainty quantification, and comprehensive quality control metrics to ensure reliable parameter estimation.

A key innovation is the integration of similarity-based priors from synthetic IDA databases, which narrow initial parameter intervals and resolve the ambiguity inherent in fitting coupled equilibria. This data-driven workflow significantly enhances both the speed and robustness of optimization, processing entire datasets within minutes while generating publication-ready visualizations and statistical summaries. The toolkit's intuitive graphical interface, batch processing capabilities, and support for standard laboratory file formats make it accessible to researchers without requiring programming expertise, standardizing analysis workflows and minimizing user bias in binding affinity measurements.
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