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1. Computational studies

1.1. Computation methods

1.1.1 System setup and molecular dynamic simulations
The wild-type system was built using the crystal structures with access codes 1JQ5 and 1JQA.!

Both structures were superimposed using PyMOL software? and the glycerol substrate from 1JQA
structure was introduced into the active site of the 1JQ5 structure that contains NAD* and Zn?*. At
the crystal structure,® the glycerol presents two different conformations (major and minor
orientations). Major orientation was selected as the starting point because glycerol overlaps with
NAD™ cofactor in the minor orientation. The L252A mutant was obtained by replacing leucine
residue 252 by alanine residue, and the glycerol was also introduced into the active site in its major
orientation. On the other hand, the reaction was also studied using another substrate where the
hydrogen atom bound to O3 atom of glycerol was replaced by an ethyl group (3-Ethoxypropan-1,2-
diol 1c), for both, wild-type and L252A mutant. Then, all the systems (wild-type BsGlyDH with
glycerol, S-1c and R-1c enantiomers, BsGlyDH-L252A mutant with glycerol, S-1c and R-1c
enantiomers and BsGIlyDH-D123N mutant with glycerol) were built up to perform the
computational study.
The PROPKA3.0 program®*® was used to estimate the pKa values of the titratable protein residues
to verify their protonation states at a pH of 7 and missing hydrogen atoms were added using the
tLEaP module’ of AmberTools17 package.® According to the results, all the lysine and arginine
residues are positively charged and all the aspartate and glutamate residues are negatively charged,
while the rest of the residues are neutral. All protein force field parameters are taken from the
AMBER ff14SB force field.® Glycerol was parametrised using the Antechamber program?® from the
AmberTools17 package,® based on the general amber force field,*° while the parameters for NAD*
were taken from FF94 and FF99 force fields.'* *2 The coordination of Zn?* ion was parametrised
using the Metal Center Parameter Builder (MCPB) program developed by Martin Peters at the
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University of Florida in the lab of Kenneth Merz Jr.*® 14 All the systems were solvated by a box of
TIP3P water molecules'® with a buffer region of at least 13 A from any protein or substrate atom to
the limits of the box and were also neutralised adding 10 Na* counterions by tLEaP module’ from

AmberTools17 package.

Firstly, all the systems were minimised using 5000 steps of steepest descent method followed by
5000 steps of conjugate gradient minimization for a maximum of 10,000 minimization steps. After
heating the systems to 303 K during a 500 ps molecular dynamic (MD) simulation, 1 ns of NPT
MD simulation at 303 K and 1 bar was performed. Finally, a 100 ns MD production was performed
using the NVT ensemble. A time step of 1 fs was employed and the SHAKE algorithm?® 1" was
used to constraint all the bonds involving hydrogens. Long-range electrostatic interactions were
treated by the particle mesh Ewald (PME) method!"*® and short-range non-bonded interactions
were truncated using a cutoff of 10 A in periodic boundary conditions. Langevin thermostat®® and

Berendsen barostat?! were used to control temperature and pressure, respectively.

1.1.2 QM/MM simulations and Free Energy Profiles
The wild-type system with glycerol substrate was used in order to elucidate the reaction mechanism.

The two different conformations found along the MM MD simulations were taken to perform
guantum mechanics/molecular mechanics (QM/MM) MD simulations. A total of 1 ns of QM/MM
MD simulations was performed. The QM region depends on the reaction mechanism to be studied
(Figure 2). For mechanism 1, the QM region consists of glycerol, part of NAD* cofactor, Zn?* ion,
the side chains of the coordination sphere of Zn?* and a water molecule, whereas for mechanism 2,
the water molecule is replaced by the side chain of the Asp123 residue (Figure S2). Figure S2 shows
the two different QM regions for both mechanisms. The QM region consists of 78 and 82 atoms for
mechanism 1 and mechanism 2, respectively. The QM atoms were described first by means of
PM322, with the zinc biological (ZnB) parameter set,®® and later with the Minnesota Density
Functional M06-2X,2* with the standard 6-31+G(d,p) basis set. The rest of protein system and the
solvent water molecules were described by AMBER and TIP3P force fields, respectively,
implemented in fDynamo library.? 26 To saturate the valence of the QM/MM frontier, the link atom
procedure was used.?” A switch function with a cutoff distance in the range of 10-14 A was used to

treat the nonbonding interactions.



Once the system was equilibrated, hybrid QM/MM potential energy surface (PES) explorations and
transition state (TS) structure location and characterization were carried out, by means of a micro-
macro iteration optimization algorithm.?® Once the TS structures were localised, these structures
were used as starting configurations to obtain the potential of mean force (PMF). The umbrella
sampling approach?® was used to constraint the system, applying a force constant of 2500 kJ-mol ™!
A2 to the selected distinguished reaction coordinates. The full probability distribution was obtained
by means of the weighted histogram analysis method (WHAM)*® implemented in fDynamo library.
For both mechanisms, the selected distinguished reaction coordinates were the antisymmetric
combination of the bond breaking and bond forming distances in each step. The simulation windows
of the PMFs consisted of 10 ps of equilibration and 20 ps of production, with a time step of 0.5 fs.
Mechanism 1 and 2 were tested for wild-type BsGlyDH with glycerol to computationally decipher
the mechanism, performing PES explorations, TS structures localizations and PMFs. For the rest of
the systems, once minimised and equilibrated, only the most plausible mechanism (mechanism 2)

was studied following the same procedure abovementioned.

Because of the large number of structures that must be evaluated during free energy calculations,
QM/MM MD simulations are usually restricted to the use of semiempirical Hamiltonians. In order
to correct the PM3/MM PMFs using a higher level method to describe the QM region, an
interpolated correction scheme developed in our laboratory has been applied.3! The M06-2X density
functional with the 6-31+G(d,p) basis set was selected as the high level method using Gaussian09
program.®> A minimization process was performed along the PMF and single point energy
calculations at the high level method (M06-2X/6-31+G(d,p)) and a low level method (PM3) of the

minimised structures along the PMF were performed.

1.2 Computational results

1.2.1 Analysis of the MM MD simulations
The root-mean-square-deviation (RMSD) of those atoms belonging to the protein backbone of all

the systems is shown in Figure S3. According to the RMSD evolution along the MD simulations
(Figure S3), the systems can be considered equilibrated. The time evolution of the distance between
the proton atom of glycerol (H in Figure 2 and Figure S2) and the oxygen atoms of Asp123 residue
along the MD simulations is also obtained. Figure S4 displays the distance between H atom of
glycerol and the oxygen atoms of Aspl23 residue of wild-type BsGlyDH, showing two
configurations of the substrate that lead to the two different reaction mechanism proposed in Figure

2. One conformation orients the glycerol towards a water molecule that acts as a base to abstract
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the proton from the hydroxyl group linked to the C2 atom of glycerol (Mechanism 1 in Figure 2).
Whereas, the other conformation allows establishing a hydrogen bond between the hydroxyl group
of C2 atom from glycerol and one oxygen atom of the carboxylic Asp123 residue (Mechanism 2 in
Figure 2).

In the case of the D123N mutant with glycerol, the RMSD evolution along the MD simulations is
also displayed in Figure S3. Asparagine residue stablishes hydrogen bond interactions with glycerol
and other residues and no water molecules enter into the active site. Then, there are no candidates
to act as a base to abstract the proton from glycerol and, thus, as experimentally observed, this

mutant is not active.

1.2.2 Free Energy Profiles
Mechanism 1 was studied starting from the wild-type structure with glycerol. From the equilibrated

structure with the H atom of glycerol oriented to a water molecule, a PES of the first step was
explored and the PMF was performed. A total of 131 simulation windows were performed by
changing the distinguished reaction coordinate, the bond breaking (d(O2(glycerol), H(glycerol))
and bond forming (d(H(glycerol)), Owat) distances, in 0.02 A. After that, the PMF for the second
step was performed where the distinguished reaction coordinate used was the antisymmetric
combination of the bond breaking (d(C2(glycerol), H2(glycerol)) and bond forming
(d(H2(glycerol), C4(NAD")) distances. A total of 151 simulation windows were simulated.
Corrections to the PMF were applied using the M06-2X/6-31+G(d,p) density functional to describe
the QM region. Moreover, zero point energy (ZPE) corrections to the activation free energy barrier
were also computed. From a trajectory with the reaction coordinate constrained on the reactants and
the highest energy TS, a set of 10 TS and reactant structures were localised and characterised to
compute the ZPE correction to the activation free energy. Finally, a free energy barrier of 57.6
kcal-mol™ was obtained (Figure S5) and only one transition state structure (labeled as TS in Figure
S5) was localized and characterized for the hydride transfer reaction. A very high barrier being not
compatible for an enzymatic reaction. Furthermore, a two dimensional PES using a higher level
(M06-2X(6-31+G(d,p))/MM) was performed to sustain this result (Figure S6A). From these results,

mechanism 1 can be ruled out.

Starting from the configuration in which H atom of glycerol is stablishing hydrogen bond
interaction with the Asp123 residue, mechanism 2 was studied. Firstly, the PES of the first step was
explored, a TS structure was localised and characterised and from this structure the PMF was

performed. The antisymmetric combination of the bond breaking (d(O2(glycerol), H(glycerol)) and
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bond forming (d(H(glycerol), OD1(Asp123)) distances was used as the distinguished reaction
coordinate and a total of 111 simulation windows were performed to obtain the PMF. Afterwards,
the second step was explored following the same procedure where the reaction coordinate used was
the antisymmetric combination of the bond breaking (d(C2(glycerol), H2(glycerol)) and bond
forming (d(H2(glycerol), C4(NAD™)) distances and 161 simulation windows were carried out. To
verify that is a stepwise mechanism, two dimensional M06-2X(6-31+G(d,p))/MM PES exploration
was carried out using the two antisymmetric combinations of the bond breaking and bond forming
distances of the two steps (Figure S6B). Finally, the PMF was corrected using the M06-2X/6-
31+G(d,p) method to describe the QM region and adding ZPE corrections. Figure S5 shows the
MO06-2X/6-31+G(d,p):PM3/MM PMF and ZPE correction of this mechanism (blue line). The free
energy barrier obtained, 17.1 kcal-mol™, is in agreement with the experimentally derived value (Kcat
of 237 min corresponding to a free energy barrier of 16.9 kcal-mol™* at a temperature of 303 K).
Thus, one could conclude that this reaction mechanism is a viable mechanism for the enzymatic

reaction.

To endorse this conclusion, Asp123 was mutated to an asparagine residue (BsGlyDH-D123N) and
MM MD simulations were performed. According to the computational analyses of this variant, we
found no base close to the H proton of glycerol to be abstracted, in consequence, this system is not
reactive as observed experimentally (Figure S7) and the computational mechanistic study is not

performed.

Finally, in order to computationally assess the enantiopreference of 1c substrate in both enzymes,
wild-type BsGlyDH and BsGlyDH-L252A, we obtained M06-2X/6-31+6G(d,p):PM3/MM PMFs
for both 1c enantiomers (S and R) using wild-type BsGlyDH (Figure S15) and BsGlyDH-L252A
(Figure 4). Moreover, the M06-2X/6-31+6G(d,p):PM3/MM PMF was also performed for the
BsGlyDH-L252A system with glycerol (Figure S16). All these PMFs were obtained following the
same procedure as described before for the wild-type BsGlyDH with glycerol.

In order to analyse the interactions of the key residues that form the cavity (V131, Y142 and L252)
with the substrate, the total interaction energy (electrostatic plus Lennard-Jones energies) between
residues and the substrate were computed as an average over 1000 structures of the equilibration
QM/MM MD simulation (Figure S17) on the reactant state. These calculations were performed for
the WT and L252A mutant with glycerol and S-1c substrates. In all the structures, the interaction
energies between V131, Y142 and L252 residues and the respective substrates are small and

negative. This means that these residues stabilize the reactant state in both enzymes, although at
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low extent. The electrostatic and Lennard-Jones contributions for the key residues are shown in
Figure S18. In these residues, and especially residue 252, the Lennard-Jones energy is much higher
than the electrostatic energy, thus confirming that the role of these residues can be explained based
on just steric factors.
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2. Supplementary figures

1 2 3 & 5 B 7 8 9

Figure S1. The SDS-PAGE of the expression and purification of the BsGlyDH mutants. BsGlyDH-
L252A (1-4) and BsGlyDH-V131A (6-9). 5: Molecular weight marker (BioRad Precision Plus
Protein All Blue Standard). 1 and 9: Crude extracts. 2 and 8: Soluble fraction after cell disruption
by sonication. 3 and 7: Elution fraction. 4 and 6: Pure enzymes (BsGlyDH-L252A and BsGlyDH-
V131A, respectively).
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Figure S2. Schematic representation of the active site of BsGlyDH. The regions described quantum
mechanically are inside the blue and orange curves for the study of mechanism 1 and mechanism
2, respectively. The link atoms are displayed as green balls.
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Figure S3. Time evolution of the protein backbone RMSD (in A) along 100 ns (X-axis) MD simulation
of all the studied systems with respect to the first frame of the MD simulation.
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Figure S4. Time evolution of the distance between H atom of glycerol and the oxygen atoms of the
carboxylic group of Asp123 residue along 100 ns MD simulation of wild-type system.
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Figure S5. M06-2X:PM3/MM PMFs + ZPE corrections for the wild-type system with glycerol
following the mechanism 1 (red) and 2 (blue). R: glycerol / TS1: Transition state 1 for mechanism
2 / 11:alkoxide intermediate / TS2: Transition state 2 for mechanism 2 / TS: Transition state for

mechanism 1/ P: Dihydroxyacetone
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Figure S6. (A) M06-2X(6-31+G(d,p))/MM PES for mechanism 1 of the wild-type BsGlyDH with
glycerol substrate. The energies are in kcal-mol™?. (B) M06-2X(6-31+G(d,p))/MM PES for
mechanism 2 of the wild-type BsGlyDH with glycerol substrate. The energies are in kcal-mol™. R:
glycerol / TS1: Transition state 1 / I1l:alkoxide intermediate / TS2: Transition state 2 / P:
Dihydroxyacetone
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Figure S7. Specific activity of different BsGlyDH mutants at position 123 for the oxidation of different
substrates at pH 7.
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1JPU  ---TAASTDAPTSALSVIYSDDGVFESYRF- - YK-KNPDLVLVDTKII

5ZXL  ---TIASTDAPCSALSVIYTDEGEFDRYLL - -LP-NNPNMVIVDTKIV

AMCA  ---TIASTDAPTSALSVIYTEQGEFAEYLI- -YP-RNPDMVVMDVAII

6CSJ  ---TIASTINAPTSALSVIYKENGEFEEYLM--LP-LNPTFVIMDTKVI

. 1TA9  ---TTASYDAATSSLSVIYTPDGQFQKYSF--YP-LNPNLIFIDTDVI
Zﬂ ?ﬁiﬁfmwpe” 1KQ3 ---TIASTDAPCSALSVIYTPNGEFKRYLF--LP-RNPDVVLVDTEIV
polyol defydrogenases 5XN8  ---TIASTDAPTSALSVIYTEAGEFEEYLI--YP-KNPDMVVMDTAII
3UHJ  ---TIASTDAPCSAIAVRYTEHGVYEEALR- -LP-RNPDAVVVDSALV

CfGlyDH - - - TIASTDRPTSALSVIYTEAGEFEEYLI - -YP-KNPDMVVMDTAII
PpGlyDH - - - TIASTIDAPCSALSVLYTDEGEFDRYLM- -LP-TNPALVVVDTAIV
EaGlyDH - - - TIASTDAPCSALSVIYTDDGEFESYLM- - LP-HNPNMVVVDTQIV

5FB3 - - -TSASHDBIASPYVSFSLTQRFSKYGK-I--5-SSPVAIIADTSII
Zn?~dependent glycerol 1- JRFL  ---TTASMDGIASPIVSIR------- QPSFM- -V-DAPIAIIADTEII
phosphate dehydrogenases 4RGQ - --TTASNDGIASPIVSIR------- QPSFM--V-DAPIAIIADTEII
37DR  ---TTSGTGBEVTSFAVITDKKTNIKYPLAD-YE-LTPDVAIVDPQFV

ﬁwfﬁfﬁgmsm“““m 58R4 - --TTAGTJAREVTINYVITDEEKRRKFVCVD- - PHDIPQVAFIDADMM
alconot defyarogenases 6L1K  ---TIPGAGBEMSESSIITDENKKOK-AV-CDTEVNFPKFAILNPEVC
- - -TTAGTIAREVTINYVITDEEKRRKFVCVD- - PHDIPQVAFIDADMM
---TTAGTIAREVTINYVITDEEKRRKFVCVD- - PHDIPQVAFIDADXX
orindependent medium-chain ~ 1L.98  {LQLHDEHGEDDAWPVVCEPFVQWVLEDKF - - VN - GRPAWEKVGVQFT

alcohol dehydrogneases

Figure S8. Structural multi-sequence alignment of glycerol polyol dehydrogenases. The aligned
sequences are; type-lll  Zn**dependent polyol dehydrogenases from Geobacillus
stearothermophilus (PDB ID: 1JPU), from Escherichia coli K-12 (PDB ID: 5ZXL), from Serratia
pylmuthica A30 (PDB ID: 4MCA), from Bacillus coagulans (PDB ID: 6CSJ), from
Schizosaccharomyces pombe (PDB ID: 1TA9), from Thermotoga maritima (PDB I1D: 1KQ3), from
an unidentified organism (PDB ID: 5XNB8), from Citrobacter freundii (CfGlyDH: Uniprot:
P45511), from Pseudomonas putida (PpGlyDH: Uniprot: P50173), from Enterobacter aerogenes
(Uniprot: AOAOH3FPMO_KLEAK), and 1JQ5), the glycerol 1-phosphate family from
Pyrobaculum calidifontis (PDB ID: 5FB3), from Methanocaldococcus jannaschii DSM 2661 (PDB
ID: 4RFL and 4RGQ), short-chain alcohol dehydrogenases from Parageobacillus
thermoglucosidasius (PDB ID: 3ZDR) from Fusobacterium nucleatum subsp. (PDB ID: 6LIK),
Iron-dependent 1,2-propanodiol oxidoreductase from Escherichia coli (PDB ID: 2BI14) and
lactaldehyde reductases from Escherichia coli (PDB ID: 1RRM), and medium-chain mannitol
dehydrogenase from Pseudomonas fluorescens (PDB ID: 1LJ8). The position occupied by an
aspartate highly conserved in GlyDH and archeal glycerol 1-phosphate dehydrogenases is
highlighted with a blue box.
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D173

-

Figure S9. Structural alignment of BsGlyDH (PDB ID: 1JQ5, green) with GlyDHs (A) and archeal
glycerol 1-phosphate dehydrogenase (B). The selected GlyDH are from Escherichia coli K-12 (PDB
ID: 5ZXL, violet), from Serratia pylmuthica A30 (PDB ID: 4MCA, yelllow), from Bacillus coagulans
(PDB ID: 6CSJ, light pink), from Thermotoga maritima (PDB ID: 1KQ3, blue), from an unidentified
organism (PDB ID: 5XN8, pink) and from Sinorhizobium meliloti (PDB ID: 3UHJ, turquoise). The
selected archeal glycerol 1-phosphate dehydrogenases are from Pyrobaculum calidifontis (PDB ID:
5FB3, orange), from Methanocaldococcus jannaschii DSM 2661 (PDB ID: 4RFL, cyan). The marked
resides are the catalytic tried that coordinates the Zn?* atom and the conserved Asp residue that act as
base for the polarization of the C2 hydroxyl group. The numbers refer to the position in BsGlyDH
(PDB ID: 1JQ5, green)
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Figure S10. Effect of the solvent accessible area in the activity of BsGlyDH variants. All reactions

were carried out at 100 mM of substrate, 1 mM NAD* in sodium phosphate buffer 100 mM pH 7
at 30 °C.
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Figure S11. Kinetic parameters of BsGlyDH-WT. In all cases, 1 mM NAD" in 100 mM sodium
phosphate buffer pH 7 at 30 °C.
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Figure S12. Kinetic parameters of BsGlyDH-L252A. In all cases, 1 mM NAD™ in 100 mM sodium

phosphate buffer pH 7 at 30 °C.
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Figure S13. Kinetic parameters of BsGlyDH variants with NAD*. BsGlyDH-WT: Reaction
mixture 100 mM glycerol in 100 mM in sodium phosphate buffer pH 7 at 30 °C (a). Michaelis-
Menten data fitting without considering the NAD™ inhibition at concentration higher than 8 mM.
Kinetic parameters of BsGlyDH-L252A (b). Reaction mixture 100 mM glycerol in 100 mM in
sodium phosphate buffer pH 7 at 30 °C (c). Michaelis-Menten data fitting without considering the
NAD" inhibition at concentration higher than 8 mM (d). Reaction mixture 100 mM 1c in 100 mM
in sodium phosphate buffer pH 7 at 30 °C (e). Michaelis-Menten data fitting (no inhibition). G)
Reaction mixture 100 mM 1c in 100 mM in sodium phosphate buffer pH 9 at 30 °C (f). Michaelis-
Menten data fitting without considering the NAD™ inhibition at concentration higher than 4 mM

().
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Figure S14. pH profile of GlyDH WT and mutant L252A using 100 mM of glycerol (black squares)
and 1c (red circles), 1 mM NAD" in 100 mM buffer at 30 °C.
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Figure S15. M06-2X/6-31+G(d,p):PM3/MM PMFs with ZPE corrections for mechanism 2 of the
wild-type BsGlyDH system with R-1c enantiomer (in purple) and S-1c enantiomer (in green). R: R-
1c / TS1: Transition state 1 / 11:alkoxide intermediate / TS2: Transition state 2 / P: 3-ethoxy-1-
hydroxyacetones (a). Localised transition state structures of the second step for the b) R-1c
enantiomer (purple) and (b) S-1c enantiomer (green) (c).

24



20

a) TS2
15 A 16.5
< 10 -
(@]
= TS1
g 51
Y4
O o
2
R 11
_5 -
.10 - P
b)

Glycerol

Figure S16. M06-2X/6-31+G(d,p):PM3/MM PMFs with ZPE corrections for mechanism 2 of the
BsGlyDH-L252A system with glycerol. R: glycerol / TS1: Transition state 1 / I1:alkoxide
intermediate / TS2: Transition state 2 / P: Dihydroxyacetone (a) and localised transition state
structure of the second step (b).
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Figure S17. Average interaction energies (electrostatic plus Lennard-Jones) by residue between the
enzyme and the substrates over 1000 structures of the QM/MM MD simulations on the reactant
state; a) WT and L252A mutant with glycerol as substrate, b) WT and L252A mutant with S-1c as

substrate. The energies are in kcal-mol™.
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Figure S18. Average electrostatic (Elec) and Lennard-Jones (LJ) contributions to the interaction
energy between the key residues and the substrates over 1000 structures of the QM/MM MD
simulations on the reactant state; a) WT and L252A mutant with glycerol as substrate, b) WT and
L252A mutant with S-1c as substrate. The energies are in kcal-mol ™.
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Figure S19. *H NMR of the reaction mixture of the oxidation of 1c. The assigned signals

correspond to the oxidised product of 1c, 3-phenoxy-1-hydroxypropan-2-one.
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Figure S20. *H NMR of the pure glyceryl monoether 1c.
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Figure S21. 3C NMR (APT) of the reaction mixture of the oxidation of 1c. The assigned signals

correspond to the oxidised product of 1c; 3-phenoxy-1-hydroxypropan-2-one.
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Figure S22. 3C NMR (APT) of the pure glyceryl monoether 1c.
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O 3-Ethoxy-1-hydroxyacetone, CsO3Hao.

OO 1 NMR (400 MHZ, [ds]MeOH, 25 °C): 5 4.50-4.68 (m, 1H, OHy), 4.32 (s, 2H,

4 3 1 H1), 4.23 (s, 2H, H3), ~3.50 (q, 2H, Ha4), 1.23 (t, 3H, J = 7.0 Hz, Hs). 2*C NMR

(100 MHz, [ds]MeOH, 25°C): § 210.3 (C=0, C2), 74.7 (CHz, C3), 68.2 (CH2, C1), 67.0 (CH2, Cs), 15.3
(CHs, Cs).

OH 3-Ethoxypropan-1,2-diol (1c), CsO3Hz12. Colorless liquid.
\/O\)\/OH
5, 42, IH NMR (400 MHz, [ds]DMSO, 25 °C): 6 4.59 (d, 1H, J = 5.1 Hz, OHy), 4.45 (t,

1H, J = 5.7 Hz, OHy), 3.55 (sext, 1H, J = 5.3 Hz, Hy), 3.42 (g, 2H, J = 7.0 Hz,
Ha), 3.27-3.37 (M, 3H, Ha, Haa), 3.24 (dd, 1H, Jgem = 9.9 Hz, J = 6.1 Hz, Hap), 1.10 (t, 3H, J = 7.0 Hz,

Hs). 33C NMR (100 MHz, [ds] DMSO, 25 °C): § 72.3 (CH2, Cs), 70.8 (CH, C3), 66.0 (CH2, Ca), 63.4
(CH2, C1), 15.4 (CHg, Cs).
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Figure S23. GC-MS analysis of sample: Negative reaction control (without enzyme), 1c,
retention time 4.88 min.
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Figure S24. GC-MS analysis. Sample: Enzymatic reaction, remnant substrate 1c, retention time
4.87 min.
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Figure S25. GC-MS analysis. Sample: Enzymatic reaction: oxidised product of 1c, 3-ethoxy-1-
hydroxyacetone retention time 4.25 min.
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Figure S26. GC-MS analysis. Sample: Negative reaction control (without enzyme): acetylated

substrate, retention time 7.39 min.
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Figure S27. GC-MS analysis. Sample: Enzymatic reaction: acetylated substrate 1c, retention time

7.39 min.
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Figure S28. GC-MS analysis. Sample: Enzymatic reaction: acetylated 3-phenoxy-1-

hydroxypropan-2-one , retention time 6.30 min.
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Figure S29. Chiral HPLC chromatogram of standard rac-1h.
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Figure S30. Chiral HPLC chromatogram of standard R-1h.
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Figure S31. Chiral HPLC chromatogram of standard S-1h.
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Figure S32. Chiral HPLC chromatograms of negative reaction control mixture at 72 h.
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Figure S33. Chiral HPLC chromatograms of enzymatic reaction samples of rac-1h at 72 h.
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Figure S34. Inhibition of BsGlyDH enzymes by DHA. Reaction conditions consisted in 100 mM

of glycerol or rac-1c, 1 mM NAD™ in 100 mM sodium phosphate buffer pH 7 or bicarbonate buffer
pH 9, respectively, at 30 °C.
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Figure S35. Oxidation of 1c catalyzed by immobilised GlyDH-L252-AG-Co?* and different
immobilised NADH oxidases. In the case of LpNOX, this enzyme was co-immobilized with
GlyDH-L252A con Ag-Co?* (100 mg). In the case of TtNOX, this enzyme was co-immobilized
with HICAT on AG-GX (120 mg) and mixed with GlyDH-L252A-AG-Co?* (100 mg). Reaction

mixture consisted in 300 pL of 25 mM of rac-1c, 1 mM NAD™, 150 uM FAD" in 100 mM sodium
phosphate buffer at pH 7 at 30 °C after 24 hours.
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Figure S36. Batch reactor. Heterogeneous biocatalyst BsGlyDH-L252A co-immobilised with Lp-
NOX on AG-Co?* (5 g biocatalyst). Reaction mixture consisted in 50 mL of 20 mM of rac-1c, 1
mM NAD?, 150 uM FAD" in 100 mM sodium phosphate buffer at pH 7 at 30 °C.
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3. Supplementary tables

Table S1. Glyceryl ethers employed as substrates in this work.

Substrate Structure Abbreviation
3 h 1,2-diol QH 1b
-methoxypropan-1,2-dio
h diol QH
3-ethoxypropan-1,2-dio \/O \/k\/OH 1c
1,2-diol oH 1d
3-propoxypropan-1,2-dio /\/O \/‘\/O H
OH
3-butoxypropan-1,2-diol 0O \/{\/O H le
NN
OH
3-isopropoxypropan-1,2-diol YO ¥ OH 1f
' ‘ OH
3-(2,2,2-trifluoroethoxy)propan-1,2-diol F3C\/O . OH 19
OH
3-phenoxypropan-1,2-diol ©/ 1h
OH |
1,3-dimethoxypropan-2-ol 0O \/\/O 1b-bis
~ ~
OH ]
1,3-diethoxypropan-2-ol 1c-bis
\/O Ov
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Table S2. Design of mutated positions in the BsGlyDH primary sequence.

Name Mutation Native Substituted Primer (5°-3")

position residue residue
V131A-F 131 \Y A gtgctctttctgcgatatattctgatg
V131A-R 131 \ A catcagaatatatcgcagaaagagcac
Y142A-F 142 Y A cgtatttgaaagcgegcegtttttataaaaagaatcc
Y142A-R 142 Y A tttataaaaacgcgcgctttcaaatacg
L252A-F 252 L A gaaagcggcggtgcggcagceggctcatg
L252A-R 252 L A catgagccgctgcecgcaccgecgctttcaaaacc
D123N-F 123 D N ctgcttcaactaatgcgccaactagtg
D123N-R 123 D N ctagttggcgcattagttgaagcagctg
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Table S3. Activity of different glycerol dehydrogenases towards glycerol ethers.

Cellulomonas sp

Bacillus stearothermophilus

Substrate (U/mg) ® (U/mg) ®
Glycerol (1a) 4.674 (100) 0.879 (1.0)
1b 0.325 (7.0) 0.091 (10)

1c 0.016 (0.3) 0.030 (3.4)

1d 0.065 (3.4) 0.040 (4.5)

le 0. (0.0) 0.120 (14)
1b-bis 0.081 (1.7) 0.008 (0.9)
1c-bis 0.032 (0.7) 0.000 (0.0)
1f 0.032 (0.7) 0.043 (4.9)

19 0.065 (1.4) 0.034 (3.8)

1h na 0.116 (13)

All reactions were carried out at 100 mM substrate, NAD* 1 mM, sodium phosphate
100 mM, pH 7, 30 °C. na: not assessed. 2: activity units (U) are defined as pmol of

NAD" reduced per minute.
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Table S4. BsGlyDH mutations to expand the binding pocket.

Distance to So%vent Activity
Mutations NADH accessible area 1 a
A) (A% (Urme )
WT - 15418 0.88
V131A 5.20 15430 0.61
Y142A 7.95 15479 0.00
L252A 9.98 15440 0.13
V131A/Y142A na 15500 0.00
V131A/L252A na 15452 0.03
Y142A/1L252A na 15503 0.00
V131A/Y142A/1L252A na 15526 0.00

’ Activity with 100 mM glycerol | mM NAD' in 100 mM sodium phosphate buffer at pH 7 and 30
°C. Solvent accessible area was calculated using Pymol 0.99v.
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Table S5. Gibbs free energies calculated with QM/MM and experimentally determined for

different BsGlyDH variants towards different substrates (Table 1).

System AG' (kcal-mol?) + ZPE corr AG'exp (kcal-mol™)
WT glycerol (Mec 1) 57.6 n.d
WT glycerol (Mec 2) 17.1 16.9
WT S-1¢ 18.8 19.2
WT R-1¢ 35.6 n.d
L252A glycerol 16.5 16.8
L252A S-1¢ 16.2 16.1
L252A R-1¢ 44 .4 n.d

n.d. Not determined.
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Table S6. Immobilization parameters of BsGlyDH-L252A.

s Recovered
e Protein load ¥ . Spec!f!c activity
Immobilization immobilised
Enzyme support (mg/g support) 2 ©)°  activit (%) ©
y (7o (U/g support) ¢
BsGlyDH-L252A AG-Co? 0.62 98 19 57¢
BsGlyDH-L252A AG-Co? 12 99 15 54 ¢

2 Loaded protein to 1 g of carrier after the immobilization process. ® Immobilization yield, ¥ =
(immobilised activity/offered activity) x100. ¢ Relative immobilised specific activity (%) is defined as
the coefficient between the specific activity of the immobilised enzymes and the specific activity of the
soluble ones. 9 Recovered activity of the immobilised enzyme per gram of carrier after the
immobilization process. ¢ Activity with 100 mM rac-1c, 1 mM NAD* in 100 mM bicarbonate buffer at
pH 9.
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