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Supplementary Experimental Procedures 
Expanded experimental and computational method.  
 
Experimental Materials and Methods.  
 

a. Fourier Transform Infrared (FTIR) Spectroscopy 
The FTIR attenuated total reflectance (ATR) spectra of the crystalline mannitol were 

collected on a Nicolet iS5 FT-IR spectrometer (Thermo Fischer, Waltham, MA) equipped with an 
iD5 ATR accessory. The IR frequencies were recorded in cm−1 and the spectra were measured in 
a spectral range from 4,000 to 200 cm−1. 

b. Crystal growth procedure 
Seeding dissolution experiments were performed to check whether the additives affect the 

solubility of the D-mannitol solution. The same tiny amount of D-mannitol seed solids, 11.00 mg, 
were added into 4 °C preequilibrated 1000 µL 1.00 M D-mannitol supersaturated solutions in the 
absence and presence of additives of DAFP1 at 2.8 ×10-6 M, AFGP4-5 at 28 ×10-5 M, and AFGP8 
at 28 ×10-5 M, respectively. Here, the D-mannitol chemical for D-mannitol solution preparation 
was used as seeds. Except the D-mannitol solution in the presence of DAFP1 (used the ones that 
made about three years ago, but without nucleation), all the other samples were prepared freshly. 
After 24 hours, the solutions were centrifuged at 4 °C and the supernatants were removed. The 
remained solids were washed three times using 1.00 M D-mannitol supersaturated solution at 4 
°C. The washes were removed by centrifugation. After the solids were dried (lyophilized) till no 
more mass changes, the weights of the solids were recorded. The solids were then dissolved in 
450 µL water (HPLC grade) and 50 µL D2O. The solutions were then subjected to the analyses 
by 1H and 13C solution NMR spectroscopy on a Bruker 400 NMR spectrometry and high-
performance liquid chromatography (HPLC) on a Waters HPLC system consisting of a Waters 
1525 binary HPLC pump, a Xbridge BEH200, 3.5 µm SEC HPLC column, 7.8 × 150 mm (Waters, 
Milford, MA) and a Waters 2998 photodiode array detector at room temperature. The results of 
solution NMR confirmed that the solids are D-mannitol and no protein residues were detected by 
HPLC (data are not shown). The experiments were repeated three times.   

c. NMR Spectroscopy 
Bruker 400 NMR spectrometry was used to acquire 1H NMR (10% D2O, 400 MHz NMR) and 

13C NMR (10% D2O, 100.6 MHz NMR) at 293 K. The 1H and 13C NMR spectra of the D-mannitol 
solutions in the presence of DAFP1 (stored for almost 3 years at 4 °C) match the standard 
spectra of D-mannitol and are identical to those of freshly made D-mannitol solution in the 
absence of additives confirming the integrity of D-mannitol in the solution. 

d. Single Crystal X-ray Diffraction 
The D-mannitol crystals obtained in the absence and presence of additives sent to X-ray 

crystallography laboratory at UCSD, where they were checked and confirmed to be β-form D-
mannitol crystals. The D-mannitol crystals achieved in the presence of denatured DAFP1 was 
analyzed. Colorless crystal of D-mannitol was mounted on a Cryoloop with Paratone-N oil and 
data was collected at 100K with a Bruker APEX II CCD using Cu K alpha radiation. All non-
hydrogen atoms were refined anisotropically by full matrix least squares on F2. Hydrogen atoms 
(H1 – H6) were found from Fourier difference map and were refined with O-H distance of 0.86 
(0.01) Å and 1.50 Ueq of parent O atoms. All other hydrogen atoms were placed in calculated 
positions with appropriate riding parameters. Additional information on data collection parameters 
is given in Table S2. The crystallographic data of D-mannitol crystals grown in the presence of 
denatured DAFP1 was deposited in the Cambridge Database (CCDC) and the CCDC deposit 
number is 2015391. The data are in good accordance with those of β-form D-mannitol published 
previously1 with improved resolution and were used for structural analysis of the fastest growth 
faces and the crystal forming rotamer (CFR) of D-mannitol.  
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Theoretical and Computational Methods 
a. The DarwinDock Method for Predicting Ligand-Protein Structures 

To predict the binding site of D-Mannitol to DAFP1 in vacuum, we use the DarwinDock 
complete sampling method2. The procedure as follows: we start with the structure of the D-
mannitol crystal forming rotamer (CFR) and the best energy rotamer the bulk solution (BR). We 
used DOCK4.03 to generate ∼50,000 poses (but without energy calculations) sufficient to span 
the putative binding regions of the alanized protein in which the 6 hydrophobic residues are 
replaced with alanine. To ensure complete sampling, these poses are generated in increments of 
5,000 and clustered into Voronoi families based on RMSD until <2% new families are generated. 
The family heads are then energy scored using the Dreiding force field4 selecting with the top 
10% by energy. Then we calculated the binding energy for all members of these top 10% families 
and selected the lowest 100 poses for further optimization. At this point we dealanized using 
SCREAM (Side Chain Rotamer Excitation Analysis Method5) which is optimized for optimum 
interactions between nearby side chains. This allows the side chains to adjust individually to each 
pose2. We then minimize the whole complex for 100 steps to an RMS force of 0.5 kcal/mol/Å. The 
energetically most favorable docked structures were selected for further MD simulations. We 
found two isoenergetic binding sites for D-mannitol on DAPF1 (Figure S7). Energy 
decomposition analysis of the best poses for each case is presented in Table S5. 

b. Rotamer energies from Quantum Chemistry calculations 
Starting with the crystal Nucleus Formation rotamer (NFR), we generated 242 additional 

rotamers of D-mannitol by rotating about each of the 5 central C-C bonds sequentially, using the 
Confab utility (no energy or RMS cutoffs) in Openbabel 3.0.1.6 The positions of the H and OH group 
on each of the rotamers were then optimized in the Q-Chem 5.1 quantum chemistry package7 at 
the MP2/cc-pVTZ8,9 level of theory. Practically, this amounted to placing constraints on each of the 
5 torsion angles during optimization. The energy of each rotamer is presented in the Table S3. 
Here the NFR is labelled #1, the best bulk rotamer, BR, is labelled #19. 

c. Equilibrium MD Simulations 
Molecular Dynamics (MD) simulations were performed using LAMMPS10. The D-mannitol 

molecule was described with the CHARMM carbohydrates forcefield,11 with parameters obtained 
from the Ligand reader and modeler input generator12 on the CHARMM-GUI web portal.13 We first 
tested the ability of the forcefield to match relative rotamer energies from QM, by performing 
single point calculations in vacuum. Overall, we found good agreement between the forcefield 
and QM. The water molecules were described using the TIP4P-ice water model,14 optimized to 
reproduce the thermodynamics of ice and amorphous low temperature water. Notably, the 
melting temperature of this water model is 270K, in very good agreement with the experimental 
value of 273.15K. Our approach mirrors a previous study examining AFP binding to ice crystals.15 
We extended the LAMMPS code to allow for the TIP4P-ice water model in the CHARMM 
forcefield. These improvements can be provided upon request and will be submitted to the 
LAMMPS developers to be included in the standard release. We further tested the accuracy of 
our forcefield by comparing various thermodynamic properties of the respective crystals to 
experiment at 277K. Overall, we find good agreement (Table S4).  

The DAFP1 starting structure was obtained from our previous work16 and described here in 
fully atomistic detail using the CHARMM36m17 plus CMAP18 forcefields. The atom and residue 
names and partial atomic charges were obtained from the PDB Manipulator utility19 on the 
CHARMM-GUI web portal. The disulfide bonds between adjacent cysteine residues: 76↔82, 
64↔70, 52↔58, 40↔46, 28↔34, 15↔21, 8↔18 and 2↔11, were all maintained in the native 
structures. We verified our native DAFP1 model by performing equilibrium MD simulations in bulk 
solvent and 0.1M NaCl salt, which resulted in a coordinate root mean square deviation of 1.2Å 
from the starting structure, and an average of 0.5Å from the equilibrated MD structure. The NaCl 
salt atoms were described with the optimized parameters of Roux et al.20  

In each simulation, we employed a 1.2nm distance cutoff for the van der Waals interaction, 
where the energy and forces after 1.0nm go smoothly to zero using a cubic spline switching 
function. The real space cutoff for the electrostatics was also 1.2nm, and the long range 
electrostatic interactions obtained from the particle-particle particle-mesh method,21 with a force 
tolerance of 10-6. 
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For simulations of the isolated D-mannitol rotamers, we immerse each rotamer in a 
preequilibrated box of 700 TIP4P-ice water molecules, removed all water molecules within 3Å of 
the D-mannitol surface, and adjusting the final number of water molecules to 648. The initial cell 
lengths were 27.4 x 26.0 x 29.1 Å3. For simulations of the DAFP1, we immersed the initial system 
in a pre-equilibrated box of 9650 TIP4P-ice water molecules (initial cell dimension 62.5 x 46.0 x 
60.5 Å3). Water molecules within 4Å of the protein/ligand surface were removed and we first 
neutralized the system by adding 1 Na+ ion. In this procedure, we calculated the electrostatic 
potential of the protein/ligand complex using the APBS software package22, and replaced the 
water molecule nearest to the region of most negative potential with a Na+ ion. This was followed 
by a similar procedure to place 0.01 M NaCl (10 atoms each), after which we adjusted the total 
water molecules to be 5555.      

Our equilibration MD procedure is based on our standard approach23-35. We first performed 
an initial energy minimization at 0 K (energy and force tolerances of 10-4) using the conjugate 
gradient minimization scheme to obtain the ground-state structure. Then, the system was slowly 
heated from 0 K to 277K at constant volume over 0.5 ns using a Langevin thermostat, with a 
damping parameter of 100 ps. The system was then subjected to 5 cycles of quench-annealing 
dynamics, with a 500 kcal/mol/Å2 spring applied to the protein/ligand complex to keep it from 
moving. Here, the temperature was slowly cycled between 277 K and 894 K over 1 ns using a 
Nose-Hoover thermostat (temperature relaxation constant of 100 fs), in order to eliminate the 
persistence of any meta-stable states. The equations of motion were integrated by means of the 
velocity verlet algorithm using a 1 fs timestep. After annealing, the restraints were removed and 
the system was equilibrated using the constant temperature (277 K), constant pressure (1bar) 
(NPT) ensemble for 1 ns. We resolved stresses in the system anisotropically using the Andersen 
barostat (pressure relaxation constant of 1 ps). We used the Shinoda et al.36 equations of motion 
which combine the hydrostatic equations of Martyna et al.37 with the strain energy proposed by 
Parrinello and Rahman38. The time integration schemes closely follow the time-reversible 
measure-preserving Verlet integrators derived by Tuckerman et al.39. During the last 0.5 ns of the 
1 ns NPT simulation, we calculated the average cell lengths and linearly adjusted the final NPT 
simulation cell to that average over a further 0.1 ns of dynamics. This was followed by a 1ns of 
NVT dynamics for equilibration. Finally, we simulated the system in the NVT ensemble for at least 
20ns, saving snapshots of the system (atomic positions and coordinates) every 1ps for 
visualization using VMD40 and analysis with various in-house Python scripts.  

d. Gibbs energy from the Two-Phase Thermodynamics Method 
Starting with snapshots of each system every 1ns from the final NVT production dynamics, 

we ran an additional 50ps NVT simulation, this time saving the velocities and coordinates every 5fs 
(10,000 frames in the corresponding trajectory). Each trajectory was then analyzed by an in-house 
code41 that implements the 2PT method.42-46 When performing the 2PT analysis, we separately 
considered the thermodynamics of the various groups (water, ions, D-mannitol and DAFP1) 
separately, where appropriate. The final values for the total entropy, quantum corrected enthalpy 
and Gibbs energy were taken as statistical averages over the independent, 1ns separated 
trajectories. We note that as implemented, in the canonical ensemble the fundamental 
thermodynamic observable is the Helmholtz energy, which we report as the Gibbs energy since 
the PdV correction term is negligible.   

We use the 2PT approach to calculate the excess Gibbs energy ∆Gex of various sized D-
mannitol clusters in solution (Figure S4). In these simulations, we constrained the center of mass 
of each D-mannitol molecule by zeroing the x,y,z components of the solute’s momentum vector 
each timestep. This prevented the dissolution of clusters below the critical nucleus size. We then 
calculated ( ) ( ) ( )exG G system G bulk water G dman xtal∆ = − − − − , where G(system) is the 
total Gibbs energy of the solvated cluster, G(bulk-water) is the energy of bulk water bulk with the 
same number (648) of TIP4P-ice water molecules, and G(dman-xtal) is the energy of N D-mannitol 
molecules in the bulk crystal from a separate independent run. 

We also used the 2PT energies to calculate the solid/liquid surface tension γ of the (110) plane 
for the D-mannitol fast growing crystal phase. Here we follow our previous approach25,27: 
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e. Accelerated Meta-Dynamics Simulations 

The potential energy surface of D-mannitol is rugged, containing various metastable states 
with deep minima which could make exploring all conformational states using traditional MD 
simulation prohibitive. One way of overcoming this is through enhanced sampling, and in particular, 
the recently developed Metadynamics approaches.47-49 We employed two recent advances in order 
to accelerate convergence: a) we used the well-tempered formulation,50 where the bias deposition 
rate decreases over time by rescaling the heights of the deposited Gaussian functions; and b) we 
used the multiple walker scheme51 with well-tempered simulations (MW-wt-MetaD).  

We explored three systems with this approach: 1) the β, δ torsional rotation 2D PES of D-
mannitol in the bulk solvent (Figure S3), 2) the 2D PES of D-mannitol confined to the DAFP1 
surface (Figure S9), and 3) the binding thermodynamics various D-mannitol rotamers to the DAFP1 
binding site 1 (Figure S10), using the center of mass of the D-mannitol and residues comprising 
the binding site 1 of DAFP1. In all cases, we use 10 walkers, each initiated from various points 
along the equilibrium production MD trajectory. In cases 2 and 3, we further accelerated 
convergence by restraining the motions of the D-mannitol molecule using the funneling approach52: 
constraining the center of mass to be within 0.5nm of the DAFP1 surface in case 2, and to within a 
0.5 nm2 region around site 1 in case 3 (Figure S10b). In case 3, we separately considered the 
various rotamers by constraining the D-mannitol internal structure using rigid body dynamics.53  

In each simulation, MW-wt-MetaD biases were constructed as follows: Gaussian functions 
were deposited every 0.5 ps with an initial height of 277/T x 1.0 kcal/mol. The bias factor [γ = (T + 
ΔT) / T] was set to 5. The widths were 0.01 and 0.1 for the torsion rotation barriers and the center 
of mass distance between the DAFP1 and D-mannitol respectively. We monitored convergence by 
calculating the free energy profiles every 1ns (Figure S10e) and found that ~ 30ns was reasonable 
in most cases. All simulations were performed using LAMMPS and Plumed 2.5.54-56 

f. Population Analysis 
For a closed system at constant temperature (i.e. constant number of particles N, volume V 

and temperate T), the total number of accessible (micro-) states is given by the partition function 
Q: 

( )
1
exp v

v
Q Eβ

=

= −∑  (3) 

where β = 1/T and Ev is the energy of the state. When considering the D-mannitol rotamers, 
equation 3 becomes: 

( )
243

1
exp v

v
Q Eβ

=

= −∑   (4) 

and the probability of observing a particular rotamer i is 
( ) ( )

( )
243

1

exp exp

exp
i i

i

v
v

E EP Q
E

β β

β
=

− −= =
−∑

(5) 

In this work, the total internal energy of the isolated D-mannitol rotamer is obtained from either 
QM calculations (Section h) or from the forcefield (Section i). In the case of the forcefield, the 
energies are obtained in the vacuum a 0K (to compare directly to QM) and in the bulk solution at 
277K (to predict the population distribution in experiments). 
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Supplementary Figures 

 
Figure S1. Representative ATR-FTIR spectra of finally achieved D-mannitol crystals that 
were achieved from the solutions of D-mannitol in the presence of GalNAc (purple), in the 
absence of additives (green), in the presence of denatured DAFP1 (cyan), AFGP4-5 (pink), and 
AFGP8 (blue), respectively. The spectra of the achieved D-mannitol crystals are in good 
agreement with published data for β-form D-mannitol,57 indicating that all crystallites are pure β-
form D-mannitol. 
 
 

 
Figure S2. Seeding experiments with the same excess amount of D-mannitol added into D-
mannitol supersaturated solutions in the absence and presence of additives. The solutions 
are 1.00 M D-mannitol (n/a), 1.00 M D-mannitol in the presence of 2.8 ×10-6 M DAFP1 (DAFP1), 
2.8 ×10-5 M AFGP4-5 (AFGP4-5), and 2.8 ×10-5 M AFGP8 (AFGP8), respectively. Black bars 
represent the amount of seed D-mannitol added into each solution. Light blue bars represent the 
number of D-mannitol solids harvested after 24 hours. The experiments were performed at 4 °C. 
Error bars are 3 standard deviations. 
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Figure S3. Representative 1H NMR spectra of D-mannitol solution (black) and D-mannitol 
solution in the presence of 2.8 ×10-6 µM DAFP1 (blue). The sample of D-mannitol solution was 
freshly prepared, while the sample of D-mannitol solution in the presence of 2.8 ×10-6 µM DAFP1 
was the one that made about three years ago, but without nucleation. 
 
 

 
Figure S4. Representative 13C NMR spectra of D-mannitol solution (black) and D-mannitol 
solution in the presence of 2.8 ×10-6 µM DAFP1 (blue). The sample of D-mannitol solution was 
freshly prepared, while the sample of D-mannitol solution in the presence of 2.8 ×10-6 µM DAFP1 
was the one that made about three years ago, but without nucleation. 
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Figure S5. Mechanical stability of D-mannitol molecules. a, Time progressions of each of the 
5 torsional angles (as labelled) of the crystallization rotamer of D-mannitol from a 30ns bulk 
solvent equilibrium MD simulation. b, Time progression of the torsional angles in the bulk crystal 
from a 25 ns equilibrium MD simulation. c, Distribution of the torsional angles for the solvated 
(solid lines) and crystal (dashed lines) MD simulations. The color scheme is the same as in a. 
 

 
Figure S6. D-Mannitol torsional rotation barriers in bulk solution. δ,β 2D torsion free energy 
surface of a D-mannitol molecule in bulk solvent at 277K from accelerated Meta-dynamics MD 
simulations.  
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Figure S7. Stability of D-mannitol clusters. Time evolution of the radius of gyration (Rg) for 
various sized D-mannitol clusters in bulk solution, from unrestrained equilibrium MD simulations 
at 277K. We find that clusters with less than 64 molecules are mechanically unstable, 
disassociating on 100 ns time scales. Larger clusters (82), that exceed the critical nucleus size, 
are found to be stable. Snapshots of the system at the start (1ns) and end (50ns) of the 
simulation for the 21 and 64 molecule clusters are presented as a reference. 
 
 

Figure S8. Low energy binding sites for D-mannitol on the IBS of DAFP1. Results are from 
the DarwinDock procedure, calculated in the absence of solvent molecules. We calculate ΔEbind = 
-74.6 kJ/mol and -73.7 kJ/mol for site 1 and 2 respectively. The THR and SER residues on the 
IBS are also shown. D-mannitol makes strong hydrogen bonds with THR 16 and SER 14, and 
weaker interactions with THR 3 and THR 29 in site 1. In site 2, D-mannitol makes strong 
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hydrogen bonds with THR 53 and THR 65, and weaker interactions with THR 51, THR 63 and 
THR 77. 
 
 

 
Figure S9. D-Mannitol torsional angles next to DAFP1. Time progressions of each of the 5 O-
C-C-O torsions of D-mannitol, confined to the DAFP1 surface, from a 100 ns MD simulation, 
sampled every 10fs. The integrated probabilities for each angle are also shown. The dashed 
vertical lines in each frequency plot represents the average value of the crystal forming rotamer in 
solution.  Note that in addition to +60° (+gauche), 180° (trans), and -60° (negative gauche), we 
find large populations at 0° (Cis) for all cases. 
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Figure S10. D-Mannitol torsional rotation barriers next to DAFP1. δ,β 2D torsion free energy 
surface of a D-mannitol molecule confined to the surface of DAFP1, at 277K from accelerated Meta-
dynamics MD simulations. Note that the barriers (~ 3 - 4 kJ/mol) are comparable to kT, and are an 
order of magnitude less than the barriers in the bulk (Figure S3) 
 

 
 
Figure S11. Structure of the DAFP-1 IBS with D-mannitol.  Molecular structure (left) of DAFP-
1, showing the SER and THR residues that comprise the IBS. Structure from the start, middle and 
end of the MD simulations are superimposed, showing that there is relatively little change during 
MD at 277K. This is quantified on the right by calculating the coordinate root mean square deviation 
(CRMSD) of these residues, using the starting MD structure as reference. This analysis shows a 
CRMSD of 0.9 ± 0.1 Å, which is comparable to the fluctuations in the IBS structure that we find 
from simulations without the bound D-mannitol (0.8 ± 0.1 Å) 
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Figure S12. D-Mannitol binding thermodynamics to DAFP1. a, Schematic of DAFP1/D-
mannitol simulation cell (solid blue line) used in accelerated Metadynamics free energy 
simulations. We restrict the D-mannitol within the dashed red box (site 1) for computational 
efficiency. b, Zoomed in of side-on view of crystallization rotamer next to DAFP1. The red-dashed 
box in a is shown. c, Time series of chosen collective variable, the X component of the center of 
mass position of D-mannitol, during Metadynamics. The center of mass of the DAFP1 molecule is 
restrained. d, Binding Gibbs energy curves for the crystal forming rotamer (CFR – yellow), most 
populous rotamer in the bulk solution (BR – green), and the two most populous rotamers on the 
DAFP1 surface: rotamer #185 (red) and rotamer #193 (blue). We restrain the rotamer internal 
structure throughout these simulation by application of rigid body dynamics. e, Convergence in 
the binding Gibbs energy of the NFR binding to site 1 on DAFP1. The running average of the free 
energy curve every 1ns of a 38ns Metadynamics simulation is presented. The red arrow line 
indicates increasing time. 
 
 

Supplementary Tables 
 
Table S1. D-mannitol crystal and nucleation. Sample results of D-mannitol crystal growth in the 
absence and presence of additives. 

Samplesa Additive 
molar ratio  

Induction time  
(day)b                           

Stop time 
(day)c                           

Weight of crystals 
(%)d  

Mannitol  n/a 14 ± 0.3             200 82.4 ± 0.1% 
Mannitol + GalNAc 1.0 × 10-2 14 ± 0.3             200 82.5 ± 0.3% 
Mannitol + denatured DAFP1 1.0 × 10-2 14 ± 0.3             200 82.4 ± 0.2% 
Mannitol + DAFP1 2.8 × 10-6 n/ae n/ae n/ae 
Mannitol + DAFP1 1.0 × 10-2 n/ae n/ae n/ae 
Mannitol + AFGP4-5 2.8 × 10-5 61 ± 0.3            200 56.8 ± 0.2% 
Mannitol + AFGP4-5 1.0 × 10-2 63 ± 0.3            200 56.1 ± 0.3% 
Mannitol + AFGP8 2.8 × 10-5 41 ± 0.3 200 81.7 ± 0.1% 
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Mannitol + AFGP8 1.0 × 10-2 41 ± 0.3                  200 81.5 ± 0.2% 
a Each sample contained 1.0 M mannitol on day 1. Results of the mannitol samples in the absence and presence of the controls, 
denatured DAFP1 and GalNAc, are listed for comparison. b The day that the first solid was observed. cThe day no more weight 
increases for the solids in all the vials of D-mannitol in the absence of additives and the experiment was stopped. Time errors are 
8 hours or less (i.e., ± 0.3 day). dThe identity of the crystals were examined using polarized microscope and single crystal x-ray 
diffraction. eNo crystallization of D-mannitol in the presence of DAFP1 was observed for more than 3 years. 
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Table S2. Crystallographic Data for D-Mannitol. Results are from control samples in the absence 
of any additives. 

Formula  C6H14O6 
Formula Weight 182.17 
Data collection temperature  100 K 
Crystal system  orthorhombic 
Space group  P212121  
Unit cell dimensions   
a, b, c (Å) 5.5347(4), 8.5755(6), 16.7801(12)                                                             
α, β, γ (°) 90°, 90°, 90° 
Volume 796.43(10) Å3 
Z 4 
Density (calculated) 1.519 g/cm3 
Reflections > 2σ(I) 5645  
Average σ (I)/(net I) 0.0259 
Data / restraints / parameters 1476 / 6 / 127 
Final R indices [I>2σ(I)] R1 = 0.0253, wR2 = 0.0669 
R indices (all data) R1 = 0.0260, wR2 = 0.0676 

 
Table S3. Energies of all 243 rotamers in vacuum, bulk solution and on the surface of 
DAFP1. The relevant conformers: the crystal forming conformer (CFR), the most 
populous conformer in the bulk (BR) and the most likely conformers on the DAFP1 
surface (#183 and #193) are indicated. Results from both Quantum Mechanical (QM) 
and Forcefield (FF) calculations are presented. 

Conf 
# 

O-C-C-O 
Torsion 

Fractional Population (277K) 
 

α β γ δ ε QM(vacuum
) 

FF(vacuum
) 

FF(solvent
) 

<DAFP1
> 

± 

1 n t p t n 0.000677 0.001521 0.004512 0.0004 2.93E-
05 

*CF
R 

2 n t p t t 2.92E-05 0.001325 0.011582 0.000168 7.78E-
06 

 

3 n t p t p 2.88E-05 0.01373 0.02422 0.000486 4.04E-
05 

4 n t p p n 0.000182 2.03E-09 2.56E-06 0.001973 0.00010
4 

 

5 n t p n t 0.000142 1.7E-07 0.002401 0.00244 5.88E-
05 

 

6 p t p t n 1.04E-06 2.95E-08 0.028306 0.000381 1.47E-
05 

 

7 n t p n p 0.000118 5.09E-05 0.010463 0.001866 5.66E-
05 

 

8 t n p t n 2.57E-05 6.28E-08 0.002195 0.00556 0.00018
6 

 

9 p t p t t 4.37E-06 6.78E-07 0.152193 0.000176 7.95E-
06 

 

10 n t p n n 1.9E-14 9.2E-05 0.000269 0.00254 0.00014
8 

 

11 t n p t t 0.00013 7.62E-07 0.001393 0.001129 4.05E-
05 

 

12 p t p t p 2.41E-06 0.000636 0.010001 0.000886 8.72E-
05 

13 t t p t n 0.002268 0.000112 0.015785 0.0003 1.65E-
05 
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14 p p n p n 2.72E-08 3.79E-14 2.13E-12 0.000261 1.40E-
05 

 

15 t n p t p 1.9E-14 1.78E-05 0.011182 0.001265 4.44E-
05 

 

16 n t p p p 2.38E-06 4.03E-08 2.01E-07 0.000655 3.98E-
05 

 

17 p p p t n 0.001118 1.41E-06 6.54E-07 0.002569 4.69E-
05 

 

18 p t p p n 3.6E-07 7.86E-14 1.35E-06 0.00154 4.53E-
05 

19 t t p t t 9.06E-05 0.00068 0.33703 0.000174 5.65E-
06 

*BR 

20 p t p n n 5.19E-05 0.000532 0.017671 0.001854 5.31E-
05 

 

21 p t p n t 7.83E-06 6.09E-06 0.002758 0.002268 7.64E-
05 

 

22 t t p t p 1.43E-05 0.000168 0.116122 0.000418 4.29E-
05 

 

23 p p p t t 0.000561 2.42E-06 0.005997 0.000796 3.72E-
05 

 

24 p t p n p 3.27E-07 9.62E-05 0.001144 0.002693 7.90E-
05 

 

25 p n p t n 7.76E-08 2.1E-09 0.006632 0.000376 2.86E-
05 

 

26 t p n p n 2.53E-08 2.93E-19 4.96E-12 0.001143 3.26E-
05 

27 p p p t p 5.32E-05 4.19E-06 3.39E-06 0.000684 3.82E-
05 

 

28 p n p t t 9.85E-07 4.31E-09 0.005628 0.000442 3.74E-
05 

 

29 n p p t n 5.86E-05 1.53E-07 1.01E-06 0.000818 1.45E-
05 

 

30 t n p n n 0.067 0.000133 0.000189 0.008684 0.00051
2 

 

31 n p n p n 2.64E-09 3.37E-17 5.33E-12 0.000486 1.31E-
05 

 

32 t n p p n 0.000408 1.08E-11 6.96E-08 0.00302 0.00012
4 

 

33 n n p t t 1.09E-05 4.31E-08 0.004652 0.001688 6.33E-
05 

 

34 p n p t p 5.49E-07 1.76E-06 0.001378 0.000472 1.30E-
05 

 

35 t t p p n 0.000274 2.38E-17 6.96E-06 0.000865 9.58E-
05 

36 t t p n n 0.000271 0.000596 0.002373 0.000537 1.93E-
05 

 

37 t n p n p 0.006706 0.000194 2.41E-06 0.00367 0.00017
8 

 

38 n p p t t 4.72E-06 1.95E-07 1.01E-06 0.000562 3.41E-
05 

 

39 t t p n t 1.63E-05 2.74E-05 0.005565 0.000896 2.48E-
05 

 

40 t n p n t 0.100058 2.24E-05 2.24E-05 0.00157 7.08E-
05 

 

41 n n p t n 1.69E-05 2.03E-07 0.001272 0.003165 0.00011
4 
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42 n p p t p 1.93E-06 2.1E-08 1.48E-06 0.002005 0.0001 
 

43 t t p n p 1.8E-05 0.001077 0.005078 0.000971 2.85E-
05 

 

44 n n p t p 0.000266 0.001642 0.000167 0.003191 5.82E-
05 

45 p p p p n 0.000201 4.22E-12 4.08E-06 0.0017 7.23E-
05 

 

46 p t p p p 5.15E-11 1.12E-12 0.054291 0.000116 4.09E-
06 

 

47 p p p n n 0.000634 5.96E-09 4.06E-07 0.000516 1.31E-
05 

 

48 p n p n n 4.02E-05 9.68E-06 9.48E-05 0.000939 3.95E-
05 

 

49 n n p n n 0.198001 0.043995 4.4E-05 0.001319 4.37E-
05 

 

50 p p p n t 0.000285 7.18E-06 1.13E-07 0.000694 4.78E-
05 

 

51 p p n p p 6.49E-09 1.33E-15 1.43E-10 0.000124 7.90E-
06 

 

52 p p p n p 1.34E-07 3.43E-10 6.32E-08 0.000533 3.24E-
05 

 

53 n t t t t 0.000204 0.0003 8.38E-05 0.002249 6.58E-
05 

54 p n p p n 1.79E-07 5.62E-08 3.28E-07 0.000584 3.30E-
05 

 

55 t n p p p 0.000145 1.35E-06 0.000743 0.001012 5.78E-
05 

 

56 p n p n p 1.01E-05 2.85E-07 1.04E-05 0.00071 2.98E-
05 

 

57 n n p n t 0.003277 1.55E-05 4.28E-05 0.001563 9.77E-
05 

 

58 n n p n p 0.003286 0.001028 2.87E-05 0.002289 0.00019
4 

 

59 p n p n t 4.01E-05 2.1E-06 4.47E-06 0.002236 9.77E-
05 

 

60 n t t t n 0.000329 7.54E-05 8.17E-06 0.003908 0.00011
4 

 

61 n n p p n 0.005748 4.37E-09 3.78E-07 0.00402 0.00022
5 

62 t t p p p 9.05E-08 2.07E-08 6.45E-07 0.00037 4.25E-
05 

 

63 n p p n n 3.5E-06 8.57E-07 2.84E-07 0.00061 3.65E-
05 

 

64 p p p p p 2.12E-06 4.5E-13 0.016782 0.001119 5.61E-
05 

 

65 n p p p n 2.96E-05 7.11E-14 3.6E-10 0.004512 0.00016
1 

 

66 n p p n t 5.37E-08 5.64E-09 6.14E-07 0.003148 0.00013
4 

 

67 t p n p p 3.94E-10 4.62E-18 4.94E-11 0.000619 2.79E-
05 

 

68 n t t t p 1.23E-05 0.001289 1.34E-05 0.003019 8.84E-
05 

 

69 n p n p p 4.28E-07 1.54E-18 6.16E-12 0.000475 2.87E-
05 
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70 n p p n p 1.76E-07 4.56E-10 2.61E-07 0.000306 1.71E-
05 

 

71 p t t t t 0.000117 0.000356 6.24E-05 0.000412 1.13E-
05 

 

72 n t t n t 0.000199 1.47E-05 0.000135 0.000489 2.91E-
05 

 

73 p t t t n 0.00118 0.000866 1.22E-05 0.002035 0.00011
6 

 

74 n t t n p 1.02E-06 0.000113 8.09E-05 0.000583 1.26E-
05 

75 p n p p p 1.95E-07 4.56E-07 5.18E-08 7.69E-05 8.74E-
06 

 

76 n n p p p 1.74E-05 1.22E-10 1.57E-08 0.00089 2.93E-
05 

 

77 n p p p p 2.02E-08 1.79E-13 5.61E-11 0.000964 0.00011
7 

 

78 t t t t t 0.000284 3.16E-05 6.23E-05 0.00055 3.67E-
05 

 

79 t t t t n 0.000309 3E-05 8.76E-05 0.001017 4.25E-
05 

 

80 n t n p n 0.005313 3.76E-12 1.07E-09 0.002122 7.35E-
05 

 

81 p t t t p 3.19E-05 0.001712 1.81E-05 0.000749 2.32E-
05 

 

82 p t t n t 1.67E-06 1.84E-06 0.000498 0.000736 6.00E-
05 

83 p t t n p 6.55E-10 7.31E-09 0.000122 0.000406 7.43E-
06 

 

84 t t t t p 1.29E-05 0.000176 6.55E-05 0.000684 5.12E-
05 

 

85 p t n p n 0.020128 1.02E-07 4.48E-10 0.003752 7.41E-
05 

 

86 t t t n t 0.000748 4.46E-05 8.47E-05 0.002682 6.41E-
05 

 

87 p p n t t 1.37E-05 2.9E-09 1.07E-09 0.001243 3.12E-
05 

 

88 p p n t n 2.33E-06 5.25E-11 1.2E-09 0.001714 6.03E-
05 

 

89 t t t n p 3.35E-05 6.25E-05 6.19E-05 0.003059 6.21E-
05 

 

90 n t n p p 1.77E-06 1.18E-10 1.17E-09 0.001381 9.85E-
05 

 

91 t n t t n 0.000135 1.13E-09 0.000212 0.000435 2.60E-
05 

92 p p n t p 4.47E-06 2.69E-07 1.94E-09 0.001175 3.43E-
05 

 

93 t t n p n 0.008448 1.07E-10 5.28E-10 0.006207 0.00025
3 

 

94 t n t t t 0.000372 1.35E-05 5.23E-05 0.000288 9.62E-
06 

 

95 p p n p t 9.62E-11 2.92E-17 3.62E-11 0.000956 7.98E-
05 

 

96 n p n t t 0.000793 1.4E-11 1.81E-10 0.001325 5.93E-
05 

 

97 t n t t p 1.72E-08 3.62E-09 3.96E-05 0.000755 2.86E-
05 
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98 p n t t n 4.83E-10 4.17E-12 2.85E-05 0.003289 7.96E-
05 

 

99 n p n t n 0.000907 1.11E-12 2.01E-09 0.002695 7.86E-
05 

 

100 p t n p p 1.7E-05 4.62E-07 2.76E-10 0.001253 6.56E-
05 

 

101 n p n t p 0.002754 1.88E-08 7.68E-09 0.002419 7.47E-
05 

 

102 p n t t t 8.55E-10 4.31E-08 4.67E-05 0.001705 5.66E-
05 

103 n p n p t 3.69E-11 2.65E-19 9.42E-12 6.22E-05 5.16E-
06 

 

104 t p n p t 2.95E-09 5.67E-19 4.87E-11 0.001115 5.37E-
05 

 

105 p n t t p 2.03E-10 6.12E-11 0.000129 0.002201 5.34E-
05 

 

106 t t n p p 7.14E-06 1.4E-09 2.08E-09 0.003097 0.00013
9 

 

107 t p n t t 9.5E-05 3.42E-15 4.36E-10 0.001008 4.87E-
05 

 

108 t p n t n 3.92E-07 5.02E-15 5.01E-10 0.001531 0.00010
3 

 

109 t p n t p 0.000227 8.43E-13 9.91E-10 0.001074 4.93E-
05 

 

110 n n t t n 0.006434 9.69E-06 6.16E-06 0.001292 4.41E-
05 

111 n n t t t 0.002086 1.87E-05 8.63E-06 0.000732 4.06E-
05 

 

112 n t n p t 5.52E-06 4.1E-15 5.45E-10 0.000742 7.80E-
05 

 

113 n n t t p 0.061162 0.000137 4.91E-06 0.001126 5.61E-
05 

 

114 n t t p n 4.97E-05 3.45E-10 3.95E-09 0.000512 2.05E-
05 

 

115 n t p p t 3.81E-05 5.29E-11 7.44E-06 0.000522 2.53E-
05 

 

116 p t n p t 0.000515 7.03E-13 1.02E-09 0.002131 7.98E-
05 

 

117 t p p t n 0.00935 8.39E-07 8.69E-08 0.000112 6.52E-
06 

 

118 t p p t t 0.000249 2.39E-07 9.27E-06 6.79E-05 3.56E-
06 

 

119 p t t p n 2.27E-08 1.21E-09 4.75E-05 0.000437 5.46E-
05 

120 t p p t p 5.84E-05 8.43E-07 1.08E-06 0.000113 8.82E-
06 

 

121 t t n p t 2.85E-05 9.07E-16 3.79E-09 0.001541 4.16E-
05 

 

122 t t t p n 0.000325 9.54E-11 1.23E-08 0.001455 6.91E-
05 

 

123 t p p p n 0.000101 5.41E-12 7.47E-11 0.000998 3.80E-
05 

 

124 n t t n n 1.13E-06 5.17E-08 1.33E-06 0.000978 4.48E-
05 

 

125 p t p p t 2.37E-08 1.59E-16 0.070326 8.81E-05 4.54E-
06 
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126 t p p n n 7.42E-06 1.62E-10 6.48E-08 0.000372 2.10E-
05 

 

127 t p p n t 1.25E-07 5.97E-12 0.004993 0.000358 2.04E-
05 

 

128 t p p n p 2.68E-07 2.03E-11 0.004479 0.00071 3.97E-
05 

 

129 t n p p t 0.001689 3.94E-06 0.000516 0.000666 2.10E-
05 

 

130 t t p p t 0.001628 7.23E-11 1.89E-06 0.000222 1.67E-
05 

131 p t t n n 5.24E-08 4.17E-08 3.27E-05 0.000863 2.65E-
05 

 

132 p p p p t 1.88E-06 1.71E-13 1.37E-07 0.000573 2.64E-
05 

 

133 t p p p p 1.13E-06 4.5E-12 4.49E-12 0.00106 7.18E-
05 

 

134 p n p p t 3.96E-06 9.84E-07 0.00582 2.22E-05 2.15E-
06 

 

135 n p p p t 2.18E-08 1.13E-15 8.28E-10 0.00061 5.63E-
05 

 

136 n n p p t 0.000597 4.67E-05 1.23E-07 0.002542 0.00014
9 

 

137 t t t n n 0.016275 0.00075 3.13E-05 0.006689 0.00026 
138 t n t n t 0.001764 5.88E-09 9.07E-06 0.000344 1.06E-

05 

 

139 n t t p p 6.11E-06 1.55E-07 3.51E-05 0.00022 8.90E-
06 

 

140 t n t n p 0.000198 9.12E-05 7.28E-05 0.000432 1.77E-
05 

 

141 n p t t t 2.58E-08 1.44E-09 4.8E-09 0.00066 2.92E-
05 

 

142 n p t t n 1.11E-09 2.9E-14 1.43E-09 0.001205 4.72E-
05 

 

143 p n t n t 2.53E-06 4.54E-08 0.000112 0.001363 7.26E-
05 

 

144 p t t p p 2.35E-15 1.14E-18 7.1E-06 4.04E-05 1.48E-
06 

 

145 p n t n p 6.27E-07 2.58E-06 0.000132 0.001291 4.02E-
05 

146 t t t p p 4.94E-06 1.15E-07 0.000232 0.001136 4.88E-
05 

 

147 n p t t p 2.14E-11 1.64E-12 6.73E-09 0.001642 5.74E-
05 

 

148 p p t t t 1.61E-08 2.26E-11 1.44E-05 0.000159 8.03E-
06 

 

149 p p t t n 6.1E-08 1.06E-11 7.26E-06 0.000321 2.17E-
05 

 

150 p p t t p 3.01E-09 2.31E-10 3.71E-05 0.000405 5.08E-
05 

 

151 n n t n t 0.012577 2.31E-05 9.72E-05 0.000305 1.51E-
05 

 

152 n n t n p 0.000716 0.00025 3.59E-05 0.001022 0.00012
7 

 

153 p n n p n 1.31E-08 3.03E-15 9.54E-10 0.000819 4.58E-
05 
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154 p p n n p 3.31E-12 1.1E-13 1.65E-09 0.000505 6.04E-
05 

 

155 n p n n p 4.71E-08 6.7E-16 2.05E-11 0.000552 2.74E-
05 

 

156 p n n p p 1.89E-11 6.67E-15 9.99E-11 0.000373 1.91E-
05 

 

157 t p n n p 5.28E-11 1.12E-15 9.79E-11 0.004955 0.00013
1 

 

158 t p p p t 3.96E-06 8.5E-14 0.044173 0.000615 1.17E-
05 

159 t n n p n 5.07E-06 5.13E-13 8.49E-12 0.002533 0.00017 
 

160 t n t n n 9.94E-05 4.05E-08 0.000824 0.00065 2.08E-
05 

 

161 t n n p p 3.49E-07 1.22E-10 4.06E-10 0.001961 0.00010
9 

 

162 p n t n n 2.36E-06 6.01E-06 0.000151 0.000926 2.04E-
05 

 

163 p n n p t 2.27E-10 1.39E-16 9.61E-09 0.00013 3.62E-
06 

 

164 n n t n n 0.168115 0.925805 0.000375 0.000479 3.24E-
05 

 

165 t n n p t 4.05E-06 6.07E-14 1.57E-09 0.001557 9.67E-
05 

166 p p n n t 1.5E-07 5.27E-11 6.53E-10 0.001402 0.00011
2 

 

167 n p n n t 1.29E-05 3.34E-12 1.54E-11 0.001609 6.00E-
05 

 

168 t p n n t 4.4E-06 2.46E-13 2.66E-10 0.001321 3.26E-
05 

 

169 n t n t t 0.13577 3.2E-09 4.62E-08 0.00035 3.71E-
05 

 

170 n t n t n 0.014454 5.07E-10 8.6E-10 0.000667 5.44E-
05 

 

171 n t n t p 0.11431 2.93E-05 1.67E-09 0.000584 7.05E-
05 

 

172 p t n t n 0.000791 2.07E-10 2.31E-09 0.000868 3.16E-
05 

 

173 p t n t t 0.005565 4.18E-06 1.33E-09 0.000311 1.23E-
05 

174 p t n t p 1.12E-05 3.06E-09 1.2E-09 0.000544 1.18E-
05 

 

175 t t n t t 0.000449 3.04E-09 2.23E-09 0.000342 1.21E-
05 

 

176 t t n t n 0.000116 4.27E-13 1.74E-08 0.000862 4.77E-
05 

 

177 t t n t p 0.000996 4.68E-07 2.25E-09 0.000631 5.34E-
05 

 

178 t n t p n 6.27E-05 9.02E-11 0.000131 0.000776 3.96E-
05 

 

179 p n t p n 7.12E-10 1.42E-15 0.000434 0.002274 6.25E-
05 

 

180 t n t p p 2.11E-09 7.11E-12 9.5E-05 0.000684 3.41E-
05 

 

181 p n t p p 1.77E-11 3.37E-12 0.00025 0.002224 0.00010
2 
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182 n n t p p 1.05E-08 1.14E-13 6.08E-06 0.001545 4.65E-
05 

 

183 n n t p n 2.39E-06 1.05E-10 2.56E-06 0.000958 4.42E-
05 

 

184 n p t n t 3.09E-09 1.01E-09 0.000219 0.001973 9.15E-
05 

 

185 n p t n p 4.35E-11 1.98E-09 5.18E-05 0.009889 0.00039
6 

 

186 p p t n t 1.06E-10 3.44E-13 0.000423 0.002869 6.14E-
05 

187 t p t n p 1.17E-11 1.1E-11 0.000174 0 0 
 

188 p p t n n 1.87E-09 1.03E-12 0.000132 0.001152 5.86E-
05 

 

189 n p t n n 2.59E-05 3.94E-10 2.07E-05 0.002276 9.31E-
05 

 

190 p p n n n 1.34E-06 1.32E-10 2.46E-12 0.000233 2.10E-
05 

 

191 n p n n n 1.71E-06 3.46E-12 3.48E-12 0.000611 5.87E-
05 

 

192 t p n n n 3.19E-05 5.01E-14 3.76E-12 0.001553 4.45E-
05 

 

193 n n n p n 0.000432 1.08E-10 4.56E-12 0.011925 0.00042
8 

194 n n n p p 1.48E-06 2.8E-08 1.02E-12 0.006595 0.00021
6 

 

195 n n n p t 4E-07 2.69E-15 9.2E-13 0.007739 0.00023 
 

196 t p t t n 3.06E-08 6.42E-13 1.6E-08 0.000313 5.61E-
05 

 

197 t p t t p 2.25E-10 4.96E-12 6.83E-06 0.000256 2.07E-
05 

 

198 t p t t t 2.82E-09 2.77E-13 0.000778 9.96E-05 8.95E-
06 

 

199 n t n n t 2.6E-07 7.42E-13 2.76E-12 0.000373 1.25E-
05 

200 p t n n t 7.2E-13 8.49E-23 2.22E-11 0.002308 9.72E-
05 

 

201 t t n n t 2.64E-08 9.01E-14 1.05E-10 0.001054 6.85E-
05 

 

202 n n n t t 5.76E-05 3.61E-14 2.16E-12 0 0 
 

203 t n n t n 1.48E-07 1.11E-19 4.97E-11 0 0 
 

204 t n n t p 2.68E-09 6.82E-18 1.6E-10 0.001512 2.96E-
05 

205 n t n n p 2.07E-14 3.06E-20 7.68E-11 0.001209 9.99E-
05 

 

206 p t n n p 3.08E-09 5.83E-12 1.42E-11 0.00317 8.05E-
05 

 

207 t t n n p 2.75E-12 1.42E-19 2.53E-11 0.001344 3.94E-
05 

 

208 t n n t t 5E-13 4.41E-19 3.7E-11 0.000541 2.46E-
05 

 

209 t n n t n 5.57E-13 4.8E-20 3.77E-11 0.001102 2.75E-
05 

 

210 p n n t p 3.64E-13 1.1E-23 5.64E-11 0.000533 2.78E-
05 
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211 n t t p t 1.51E-07 4.07E-10 1.56E-05 0.000161 1.28E-
05 

 

212 p t t p t 7E-13 2.07E-15 7.16E-06 6.17E-05 7.67E-
06 

 

213 t t t p t 8.31E-08 1.14E-10 1.15E-05 0.000652 4.59E-
05 

 

214 t n t p t 5.72E-08 2.97E-12 7.15E-05 0.000402 3.29E-
05 

 

215 p n t p t 4.11E-08 1.17E-17 0.00017 0.000908 2.87E-
05 

216 n n t p t 3.01E-09 2.71E-16 1.51E-06 0.00103 4.84E-
05 

 

217 t n n n t 5.68E-08 3.01E-17 1.5E-10 0.003189 7.17E-
05 

 

218 t n n n p 1.79E-10 5.2E-17 1.93E-10 0 0 
 

219 p n n n t 7.46E-11 3.31E-19 1.08E-10 0.004878 0.00017
9 

 

220 t p t n p 3.04E-08 1.37E-19 0.000409 0.000586 1.69E-
05 

 

221 t p t n t 9.52E-07 8.59E-12 0.000813 0.000602 2.54E-
05 

 

222 t p t n n 0.000499 1.35E-10 3.94E-05 0.000386 1.90E-
05 

223 p n n n p 7.38E-13 1.54E-19 7.22E-10 0.002834 0.00014
4 

 

224 p p t p t 1.14E-14 3.98E-22 1.47E-05 0.000148 1.12E-
05 

 

225 n p t p t 5.34E-15 1.61E-27 4.47E-09 0.001365 8.57E-
05 

 

226 n t n n n 0.002814 3.14E-10 3.53E-11 0.000469 1.52E-
05 

 

227 p t n n n 2.37E-05 1.47E-10 3.83E-13 0.00341 0.00011
5 

 

228 t t n n n 9.78E-06 3.13E-11 2.36E-12 0.000897 7.20E-
06 

 

229 p p t p p 2.08E-14 9.44E-20 1.29E-08 0 0 
230 p p t p n 2.38E-11 3.78E-19 4.07E-09 0 0 

 

231 t p t p p 2.83E-16 4.7E-22 0.000434 0.000183 1.30E-
05 

 

232 n n n t t 1.45E-05 1.51E-10 1.66E-12 0.000785 5.16E-
05 

 

233 n n n t n 0.004409 1.3E-09 3.51E-12 0.001251 5.87E-
05 

 

234 n n n t p 7.81E-10 6.66E-15 1.09E-11 0.001294 5.41E-
05 

 

235 t n n n p 1.5E-11 7.47E-24 5.8E-11 0.001795 0.00011
1 

236 p n n n n 6.17E-15 6.7E-23 2.48E-11 0.003635 0.00013
5 

 

237 n n n n t 1.17E-11 1.11E-24 8.82E-11 0.002814 0.00013
2 

 

238 n n n n p 2.11E-11 8.91E-18 1.17E-10 0.002018 9.45E-
05 

 

239 n n n n n 2.94E-15 1.64E-28 5.59E-11 0.001319 0.00012
5 
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240 n p t p n 1.33E-12 4.82E-18 3.64E-09 0.002373 0.00010
3 

 

241 p p t p n 1.41E-13 1.78E-20 2.95E-09 0.000235 8.97E-
06 

 

242 n p t p p 1.83E-12 4.45E-18 2.76E-09 0.00065 1.65E-
05 

 

243 p p t p p 3.74E-12 1.32E-18 0.000533 0.000112 4.02E-
06 

 

 
 
Table S4. Thermodynamic properties of bulk crystalline D-mannitol and the TIP4P-ice water 
model. Results are calculated from 277K equilibrium MD simulations with the Two-Phase 
Thermodynamics method. Experimental values are provided as a reference, where available. 

 D-mannitol water 
 Calc  

(This 
work) 

Expt. TIP4P-ice  
(calc – This 
Work) 

Expt. 

density ρ (g/cm3)  1.42 1.52a,1.49b 0.983 0.999 
Dissolution energy (kJ/mol) 21.0 ± 0.5 22.6c   
Entropy S (J/mol/K) 213.6 ± 

1.8 
238.5, 
253.1d 

46.8  

Specific heat capacity Cp 
(J/mol/K) 

220.0 ± 
3.8 

239.0e 71.2 75.7f 

Interfacial surface tension σ 
(mJ/m2) 

34.4 ± 4.0 38 – 40g   

aThis study, bRef.57, cRef58, dRefs59,60, eRef61, fRef62, g at 298K, from Ref63 
 
 
Table S5. D-mannitol binding to DAFP1 energies. Decomposition of D-mannitol rotamer binding 
to DAFP1 from the DarwinDock procedure. 

CFR 

Site ΔETotal ΔEcoulomb ΔEh-bond ΔEvdw 
1 -74.58 -14.29 -52.71 -7.58 
2 -74.31 -13.50 -52.68 -8.11 

 
            BR 

Site ΔETotal ΔEcoulomb ΔEh-bond ΔEvdw 
1 -43.99 -15.56 -17.54 -10.87 
2 -42.16 -9.47 -28.07 -4.62 

 
 
Table S6. Stability of D-mannitol rotamers: Normalized populations of various D-mannitol 
rotamers in the bulk solution before and after binding by DAFP1. Note that the best rotamer (BR) 
is predicted to not significantly bind to DAFP1, and so its population is relatively unaffected.  

Rotamer Bulk ± After DAFP1 ± 
CFR 0.004512 0.0001 2.0E-06 1.0E-07 
BR 0.33703 0.01 0.33602 0.013 
R185 5.18E-05 1.00E-06 0.010877 0.003957 
R193 4.56E-12 1.00E-13 0.013117 0.004277 
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