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Tab. 1A. Energy values for selected structures (verified as minima and transition states) for the EGO history of optimization for selected forces.
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Fig. 1A The stretched (a) and relaxed (b) structure of the DGDG tetramer for the external
force /= 0.055 au.
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Fig. 2A The stretched (a) and relaxed (b) structure of the DGDGD pentamer for the external
force /= 0.060 au.
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Fig 3A The potential scan along the dihedral angle O6C5C60 in the D2S6S structure
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Fig 4A The potential scan along the dihedral angle O6C5C60 in the D6S structure.
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Fig 5A The potential scan along the dihedral angle C1C20S in the D2S6S structure.
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Methods

The molecular systems of interest consisted of single, unfunctionalized monosaccharide
molecule (a-D-galactopyranose) either immersed in water or in vacuum. The initial geometries
relied on the structures obtained in the results of our previous study [1] and corresponded to the
favorable conformations of the a-D-Gal molecule in aqueous solutions [2,3]. This includes the
ring conformation in the *C; geometry and the hydroxymethyl group in the trans position with
respect to the C, carbon atom. The dimensions of the simulation cell were equal to ~ 3.0 x 3.0

x 3.0 nm3.

All QM-MM/MD simulations were performed by using the GROMACS 4.5.5 package [4]. The
QM (DFT-derived) [5,6] potentials were calculated every step by applying the 6-31G basis set
[7] and BLYP functional [8]. The ORCA 2.9 software [9] was used for that purpose. The QM
potentials were used to describe the interactions within the selected parts of the system (i.e. the
whole saccharide molecule), while the saccharide molecule interacts with its environment (i.e.
with the remaining water molecules, if present in the system) via ‘classical’ potentials
originating from the classical force fields. The Lennard-Jones parameters and partial charges of
saccharide molecules (used only to describe the interactions with classically modelled water
molecules) were adopted from the CHARMMS36 force field [10]. The CHARMM-compatible

TIP3P model [11] was accepted to describe water molecules.

The simulations were carried out under periodic boundary conditions and under the NPT (for
condensed-phase simulations) or NVT (vacuum simulations) conditions. The temperature was
maintained close to its reference value (298 K) by applying the V-rescale thermostat [12],
whereas the Parrinello-Rahman barostat [13] was used to control the pressure (1 bar). The
centre of mass motion was removed every step. The equations of motion were integrated using
the leapfrog scheme [14] with a time step of 0.5 fs. Nonbonded interactions were computed

using plain cutoff at distance of 1.4 nm.



Initially, the system was subjected to the energy minimization (steepest descent algorithm) and

short MD (~5 ps) simulation based on the QM/MM protocol. The force-extension curves were

then calculated by using the GROMACS-inherent pulling protocol [4]. Either the O;-O,4 or O;-

O; distance was used as the coordinate, which corresponded to pulling the 1-4 or 1-3-linked

saccharides, respectively. The pulling relied on applying the parabolic potential with the force

constant equal to 5000 kJ/mol/nm? and the pulling rate was set to 0.05 nm/ps. The data (forces

and distances) were collected every 5 simulation steps.
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Fig. 6A Theoretical (MD) force-extension curve (i.e. external stretching force vs. elongated
molecule length) for the monomer G in vacuum.
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Fig. 7A Theoretical (MD) force-extension curve (i.e. external stretching force vs. elongated

molecule length) for the monomer G in water.



Tab 2A EGO and CGO results (L in A)
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CGO

5.579
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5.984

5.396

5.893
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5.514
5.513
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ac,
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