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1. Thermodynamic analysis.

After removing the first 2 ns for system equilibration, a periodic version of the weighted
histogram analysis method (WHAM)'? was implemented to construct the PMFs. Statistical errors
of the PMFs were estimated by the Bayesian bootstrapping of complete histograms.” All the PMFs
were defined to zero at £ =-2.5 and £ = 2.5 where there exists no host-guest interactions such that
we can directly quantify the free energy difference (AG) with respect to the separated state of the
[host:guest] complexes.

From the free energy landscapes (i.e., PMF profiles), standard thermodynamic parameters of the
entire binding reactions for [B-CD,:guest] associations are derived using a cylinder
approximation.”® The sampled volume for the guest penetrating into the B-CD cavity will be
constrained to a small cylinder that is defined by the accessible area of guest movements in the X-Y
plane. The average radius of that cylinder, 7(¢), was determined from COM positions of the guest

at a given window. The association equilibrium constant K, can be written as
K, = 2N, [r(£)’ exp[-AG(£)/ RTIdE (S1)

where N, is Avogadro constant and R the ideal gas constant.*> The thermodynamics of binding

can therefore be calculated using

AG’ =-RTIn(K,C") (S2)

’AG ~AG(E)/RTId
A = RT ik ) = [r(£)° AG(&)exp[-AG(&)/ RT1dE (S3)
dr [ (&) exp[-AG(£)/ RT1dE

—TAS" =AG’ —AH® (S4)
where C is the standard concentration of 1 mol/L.” Note that AG® here is the standard free energy
of the binding process, while AG(&) denotes free energy profiles obtained from PMF calculations.

The integration in eqs. S1-S3 is computed from each side of the PMF to the central maximum

S2



(roughly in-between the two CD monomers) and these two reaction pathways are then averaged to
obtain the thermodynamic properties.6’ ¥ If no obvious central maximum exists, the integral is
performed over the entire PMF.

For actual binding reactions, the enthalpy change (AH) was estimated as the potential energy
difference with respect to a completely separated state between the dimer and its guest.*” The
entropy change (AS) of the system was then computed by subtracting AH from AG (eq. S5):
—TAS(S)=AG(S) - AH(S) (S5)

The functional dependence of ¢ for all thermodynamic variables are omitted hereafter for
simplicity.

AH and AS can be further decomposed into individual contributions from the binding partners
and solvent environment (see eqs. S6 and S7, respectively). In eq. S6 the first two items refer to

AH = AHhost + A]{guest + AHhost—host + Angestfguest

(S6)
+ A}[sol—sol + AH + A]{host—sol + AH

host—guest guest—sol

A‘Sisol = AS - AShost - A‘Siguest (S7)

the bonded interactions (bond angle and dihedral angle) and the rest of the terms describe intra-
and inter-molecular non-bonded energies (electrostatic and van der Waals interactions). In eq. S7
configurational entropies of host and guest molecules were separately calculated from the
covariance matrices of atomic fluctuations using the quasi-harmonic approximation.'’ Standard
errors in the enthalpy were estimated using a binning analysis.'' All entropy items were given the
same errors as AH because the error in AH propagates to AS and the error in AH is significantly

larger than that in AG. Further details on these equations have been given in the ref.®
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2. Convergence of entropy calculations
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Figure S1. Convergence of entropy contributions to the free energy for daidzin (a) and B-CD (b
and c) in the BHHP binding mode.
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Figure S2. Convergence for estimated configurational entropy of B-CD (a) and daidzin (b) as a
function of simulation time in the BHHP binding mode.
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The simulations with a length of at least 4 ns for daidzin were required for convergence of
entropy calculations (Figures Sla and S2b). For B-CD, however, at least 8 ns is needed (Figures
S1b, Slc, and S2a). In this work, we simulated 10 ns for each window, ensuring the convergence

of all entropy calculations.

3. Correlation between AG and AS
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Figure S3. (a) AG vs -TAShost, (b) AG Vs -TASguest, (¢) AG vs -TASso1, and (d) -TASguest VS -TAShost
for [B-CD,:daidzin] in the BHHP mode. A linear fit to data points is shown as a solid line and R*
the correlation coefficient.
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