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Table S1 provides the binding free energy decomposition on the T1R2-sweetener systems. Table S2 is
provided for the in silico lead optimization of dulcin. Table S3 is provided for the in silico lead optimiza-
tion of isovanillyl. Figure S1 is attached to show the thermodynamic cycle used for FEP calculations.
Figure S2 plots the stable clusters identified by RMSD clustering. Figure S3 illustrates the stable binding
structures for the five sweeteners in the T1R2 flytrap domain.

Sweetener ∆∆F ∆∆Felec ∆∆Fvdw

Sucrose -6.9 ± 0.7 -8.0 ± 0.5 0.2 ± 0.5
4R-Cl-sucrose -10.2 ± 0.8 -9.3 ± 0.5 -2.3 ± 0.6
Sucralose -11.7 ± 0.8 -11.5 ± 0.6 -1.9 ± 0.6
Dulcin -10.6 ± 0.4 -7.1 ± 0.3 -3.2 ± 0.6
Isovanillyl -11.1 ± 0.8 0.8 ± 0.5 -12.8 ± 0.6

Tab. S1: Binding free energy decomposition. ∆∆Felec or ∆∆Fvdw is calculated with Zwanzig equation
when only electrostatic energy or VDW energy is considered. Note that due to the construction
of Zwanzig equation, ∆∆F is not a simple addition of ∆∆Felec or ∆∆Fvdw.

R X ∆∆F
NH2 CH2 0
NH2 CO +2.5 ± 1.1
NH2 CHCl -2.4 ± 1.0
CH3 CH2 +2.4 ± 1.3
NHCH2CH3 CH2 +4.9 ± 1.3

Tab. S2: Lead optimization for dulcin. Relative free energy ∆∆F is calculated using the original dulcin
molecule as the reference (where R is NH2 and X is CH2). Negative values of ∆∆F indicate
that the modifications strengthen the binding affinity. The unit of ∆∆F is kcal/mol.

R X ∆∆F
CO CO 0
CO CH2 -3.8 ± 1.0
CH2 CO -1.0 ± 1.4

Tab. S3: Lead optimization for isovanillyl. Relative free energy ∆∆F is calculated using the original
isovanillyl molecule as the reference (where R and X are both CO). Negative values of ∆∆F
indicate that the modifications strengthen the binding affinity. The unit of ∆∆F is kcal/mol.
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Fig. S1: The thermodynamic cycle for FEP calculations. See method for details.

Fig. S2: From the MD simulations, we identify the clusters of sweetener binding states with RMSD
calculations on the sweetener alone, while the structure of T1R2 is aligned. The cutoff for the
RMSD clustering method is 2 Å. The clusters are plotted using their “persistent time” (defined
as the total time each cluster persists in the corresponding simulation). From top to bottom, we
plot the persistent time of sucrose, 4R-Cl-sucrose, sucralose, dulcin and isovanillyl, respectively.
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Fig. S3: (A) We illustrate T1R2 protein structure with N-terminus colored by red and C-terminus colored
by blue. Stable binding structures of the five sweeteners in T1R2 are identified from the MD
simulations and drawn in (B) with sucrose, (C) with 4R-Cl-sucrose, (D) with sucralose, (E)
with dulcin and (F) with isovanillyl, respectively. Protein structures are drawn with transparent
“newcartoon” representation in VMD. Sweeteners and their interacting residues are drawn with
sticks models. The colors for the sticks models are selected as follows: cyan for carbon in the
sweeteners, grey for carbon in T1R2, white for hydrogen, red for oxygen, blue for nitrogen, and
green for chlorine.


