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Supplementary Materials and Methods

Protein expression and purification

Expression constructs were expressed in E. coli Rosetta™ 2 (DE3) cells (Novagen). Cells were transformed with plasmids for
expression of the GcoA mutants (pGcoA-F196A, pGcoA-F196H, pGcoA-F1961, pGcoA-F196L, pGcoA-F196S, or pGeoA-F196V) and
plated out lysogeny broth (LB) agar containing chloramphenicol (34 mg/L) and carbenicillin (50 mg/L). A single colony was selected
and used to inoculate a 20 mL starter culture of LB. After overnight growth at 37 2C, 250 rpm, the starter culture was inoculated
into 2.5 L flasks containing 1 L of terrific broth (TB) with antibiotics. At an OD600 of 1.0, 0.2 mM Isopropyl B-D-1-
thiogalactopyranoside (IPTG) was added to induce protein expression. 100 mg/L 5-aminolevulinic acid (GcoA) was added to support
productive cofactor incorporation. Induction of protein expression was performed for 16-18 hr at 20 2C with shaking at 250 rpm.
Affinity purification was carried out using glutathione-sepharose 4B media (GE Lifesciences) followed by GST-tag cleavage with
PreScission protease (GE Lifesciences). Anion exchange chromatography was performed with Source 30Q media (GE Lifesciences)
packed into a (GE HR 16/100 Column) with a 10-40% gradient of buffers A (50 mM HEPES pH 7.5, 100 mM NaCl, 1 mM DTT) and B
(50 mM HEPES pH 7.5, 1 M NaCl, 1 mM DTT) respectively. For each protein, a final gel filtration step was performed using a HiLoad
5200 16/60 pg column (GE Lifesciences) in a buffer containing 25 mM HEPES pH 7.5 and 50 mM NacCl.

Cofactor Analyses.

Heme Quantification. To determine the amount of catalytically active heme, CO gas was bubbled into a cuvette containing 1.0-2.5
UM (Pierce BCA assay) F169 GcoA mutants (A,H,S,V,1,L), made up in buffer (25 mM HEPES, 50 mM NaCl, pH 7.5) containing 1.0 mM
EDTA, 20% glycerol, 0.5% sodium cholate, and 0.4% non-ionic detergent. Excess sodium dithionite (~1 mg) was added to reduce
the heme iron and the peak attributed to the catalytically competent, ferrous CO-bound heme (~450 nm) gradually appeared.
Several scans were taken to ensure complete binding of CO to heme. A spectrum for a control containing only dithionite-reduced
GcoA was measured, and a difference spectrum computed. Absorbances at 420, 450, and 490 nm were recorded to calculate the
amount of active GcoA (P450) or inactive GecoA (P420 nm) (see equations 1-3). Reported values are the average of three or more
measurements.

(AA450 - AA490)/0.091 = nmol of P450 per mL (1)
[(AA420 - A490)opserved - (A450 - A490)ineoretica]/0.110 = nmol of cytochrome P420 per mL (2)
nmol of P450 per mL x (-0.041) = (AA420 - A490)theoretical (3)

Here AA450 and AA420 are the differences between the reference and sample spectra at absorbances 450 and 420 nm,
respectively.

Determination of [FAD] and non-heme [Fe] in GcoB. FAD was released from GcoB by denaturing 200 ulL of a protein (0.024 uM)
solution with 5 pL saturated ammonium sulfate, pH 1.4 (7% v/v H,SO4). Precipitated protein was pelleted by centrifugation and the
UV/vis spectrum of the FAD-containing supernatant was measured. The absorbance at 454 nm, €gap= 11.3 mMt cm, and total
protein concentration determined by the BCA assay (Pierce) were used to determine [FAD] bound to GcoB. An extinction coefficient
for GcoB-bound FAD was estimated via the slope of a line relating absorbance at 454 nm to [GcoB-FAD].

To determine the Fe-S content of GcoB, the protein was first denatured as described above. 50 pL of supernatant was added to 25
pL of 5% w/v sodium ascorbate to reduce the iron. 100 pL of bathophenanthroline disulfonate (0.1% w/v in ddH,0) was added and
the sample was incubated for 1h. The resulting Fe(ll) complex was quantified via its absorbance at 535 nm (€535 = 22.14 mM-1 cm-
1 determined using FeSQO4 standards). An extinction coefficient for GcoB-bound 2Fe-2S cluster was estimated via the slope of a line
relating absorbance at 423 nm to [GcoB-2Fe-2S].

Steady state kinetics and substrate dissociation constants.

Steady state kinetics of F169A. 0.2 uM each of F169A GcoA and GcoB were dissolved in air-saturated buffer (25 mM HEPES, 50
mM NaCl) in a cuvette at pH 7.5, 25 °C. 100 ug/mL catalase was added to each reaction to capture any H,0, formed during the
uncoupled reaction. A saturating amount of NADH (> 5Ky, 300 uM) was added and a background rate of NADH oxidation in air
(~210 uM O3) recorded via continuous scanning of the UV/vis spectrum (Varian Cary 50). 20-300 uM guaiacol or syringol 2-20
mM stock dissolved in DMSO was added and the reaction was monitored via measurement of UV/vis spectra for several minutes.
The initial velocity was determined by disappearance of the characteristic NADH absorbance at 340 nm (€344 = 6.22 mM1cm1). A
plot of v; versus [guaiacol] was fit to equation 4 to obtain keat, K, and kear/Km. For specific activity determination, the above
method was used but with saturating (300 uM) guaiacol, syringol, or 3-methoxycatechol (3MC), and in the presence of all F169
GcoA mutants (A,H,S,V,1,L). The linear portion of [NADH] vs time was fit and referenced to the amount of GcoA used (0.2 pM).
Reported values are the average of >3 measurements and reported errors are standard deviations.



Vi = Vinax[S]/(Kin + [5]) (4)

Determination of substrate dissociation constants (Kp) with F169A. 0-60 uM of guaiacol, syringol, or 3MC in 0.5 or 1 uM aliquots,
were titrated into a cuvette containing 3 uM F169A GcoA in 25 mM HEPES, 50 mM NaCl, pH 7.5. The spectrum after each substrate
addition was recorded, beginning with no substrate bound. The solution reached equilibrium before the next addition. A difference
spectrum was made to illustrate the shift from a low-spin aguo-heme complex to the high-spin substrate-bound complex (spectral
shift from 417 nm to 388 nm). The resulting difference spectra showed a peak at 388 nm, and a trough at 417 nm. The absorbance
at 388 nm (Abssss-417nm) Was plotted as a function of [substrate], yielding a quadratic curve that was fit to equation (5) to determine
the KD.

B Absops = 21 (Lo + E; + Kp —/(Lo + B, + Ko)? = 4E; * Lo) (5)

Where Lo, Et, Kp, and AAbsmax are the ligand concentrations, total protein (subunit) concentration, the equilibrium dissociation
constant, and the maximum Abssgs.417 nm, respectively. Reported values are the average of 2 or more measurements.

Product analysis.

Formaldehyde determination. A colorimetric assay using tryptophan can be used to quantify the amount of formaldehyde produced
in F169 GcoA/B reactions with guaiacol, syringol, or 3MC. 0.2 uM each of F169 GcoA mutants and GecoB were dissolved in air-
saturated buffer (25 mM HEPES, 50 mM NaCl) in a cuvette at pH 7.5, 25 °C. 100 pg/mL catalase was added to each reaction to
capture any H,0, formed during the uncoupled reaction. 200 uM NADH was added and the background rate recorded. 100
(guaiacol, syringol, or 3MC) or 200 (syringol) uM of substrate was then added and the reaction monitored until there was no more
change, due to either substrate, NADH or O, depletion, whichever occurred first. 200 pL of the reaction was then quenched by
adding 200 pL of a 0.1% tryptophan solution in 50% ethanol and 200 plL of 90% sulfuric acid. Upon thorough mixing, 40 pL of 1%
FeCls was added. The solution was then incubated in a heating block for 90 min at 70 °C. After cooling, the absorbance was read at
575 nm and the [formaldehyde] calculated by using €575 nm = 4.2 MMl cm1, obtained with formaldehyde as a standard (1). A
negative control included everything but the substrate and was used as a baseline.

HPLC for product identification and specific activity measurement. Analyte analysis of the above end-point reactions (100 uM
guaiacol, syringol, or 3MC, or 200 uM syringol) was performed on an Agilent 1100 LC system (Agilent Technologies) equipped with
a G1315B diode array detector (DAD). Each sample and standard was injected at a volume of 10 pL onto a Symmetry C18 column
5 um, 4.6 x 150 mm column (Waters). The column temperature was maintained at 30 °C and the buffers used to separate the
analytes of interest was 0.01% TFA in water (A)/ acetonitrile (B). The separation was carried out using a gradient program of: (A) =
99% and (B) = 1% at time t = 0 min; (A) = 99% and (B) = 1% at time t = 2 min, (A) = 50% and (B) = 50% at t = 8 min; (A) = 1% and (B)
=99% at t =8.01 min; (A) =99% and (B) = 1% at t = 10.01 min; (A) =99% and (B) = 1% at t = 11 min. The flow rate was held constant
at 1.5 mL min’}, resulting in a run time of 11 minutes. DAD wavelengths of 210 and 325 nm were used for analysis of the analytes
of interest. Standard curves were generated using 0-500 uM of guaiacol, syringol, 3MC, catechol, and pyrogallol. Integrated
intensities vs [standards] were plotted and the resulting standard curves used to quantify the reactants and products.

For specific activity determination, 300 uM guaiacol, syringol, or 3MC were added from 0.1 M DMSO stocks to air saturated buffer
(25 mM HEPES, 50 mM NaCl, pH 7.5), with a final volume of 1 mL. The [analyte] was measured via the above HPLC method. Then,
0.2 UM F169A/ GcoB and 100 pg/mL catalase were added. Upon addition of 300 uM NADH, the timer was started and 50 pL
removed every 10 (guaiacol and syringol) or 30 (3MC) seconds. The reaction of each aliquot was immediately quenched with 12.5
uL saturated ammonium sulfate, 7% v/v H.SO4 (pH 2.0) prior to loading onto the HPLC column. [Substrate] disappearance was
referenced to GcoA (0.2 uM) and fit to a linear line to determine specific activity.

Data analysis. The consumption of NADH and subsequent production of formaldehyde and aromatic product were measured in
triplicate and the error reported as +1 standard deviation. To determine the statistical significance between NADH consumption
and the products produced, the p-value was determined for all runs containing guaiacol, syringol, and 3MC. These values were
calculated using two degrees of freedom, a tail value of two, and assuming a t-statistical value for unequal variances.

Uncoupling reactions.

Detection of H,O; via horseradish peroxidase (HRP) and Amplex Red assay. The reaction between 100 uM guaiacol or 3MC with 0.2
UM F169A/GcoB and 100 uM NADH in air-saturated buffer (25 mM HEPES, 50 mM NaCl, pH 7.5) was monitored continuously in a
quartz cuvette, using the NADH consumption assay described above. The same thing was done for syringol, but with either 100 or
200 uM NADH. When there was no longer any change in the spectra, e.g., the reaction was completed, 100 pL was removed from
the cuvette and pipetted into a 96-well microplate. A 5 mL solution containing 50 uL of 10 mM Amplex Red (prepared in DMSO
and stored at -20 °C) and 100 uL of 10 U/mL HRP was made up in the above buffer. 100 uL of this was added to each of the wells
with each reaction sample. The plate was incubated in the dark at room temperature for 30 min, at which point the absorbance at



572 nm was recorded by a Varioskan Lux microplate reader (Thermo Scientific). The absorbance was compared to a standard curve
with 0-100 uM H,0, to quantify the amount of peroxide produced in the reactions.

Crystallography

Purified protein was buffer exchanged into 10 mM HEPES pH 7.5 and concentrated to an A280 value of 12, as measured on a
NanoDrop 2000 spectrophotometer (Thermo Fisher). Crystals of GcoA were grown with 2.4 M sodium malonate and 200 mM
substrate, dissolved in 40% DMSO where necessary. Crystals were cryocooled directly in liquid N2 without further addition of
cryoprotectants. All data were collected at Diamond Light Source (Harwell, UK). For each crystal, 1800 images were taken at 0.1°
increments using the default wavelength of 0.9795A on beamline i04. Data was captured on a Pilatus 6M-F detector. All phases
were solved by molecular replacement from the original WT GcoA structure in complex with guaiacol with all non-polypeptide
components removed. Data were processed, phased, and models were built and refined using Xia2 (2-6) and the Phenix suite (7-
10).

Strain construction

For genomic manipulations in P. putida KT2440, an antibiotic-sacB counter and counterselection method was utilized as
described in Blomfield at al. (11) and modified for P. putida KT2440 (12). Diagnostic PCR was utilized to confirm correct
integrations or deletions using the 2X myTag™ system (Bioline). Specific strain construction details are included in Table S8,
plasmid construction details are included in Table S9, and oligo sequences are included in S10.

To transform cells for episomal expression in P. putida, cells were initially grown shaking at 225 rpm, 30 °C, overnight in Luria-
Bertani (LB) medium containing 10 g/L tryptone, 5 g/L yeast extract, and 5 g/L NaCl, and used to inoculate LB the following day to
an ODeggo of ~0.1 and grown until they reached an ODggo of 0.6. Cells were then washed three times using 300 mM sucrose and
resuspended in a volume 1/50 of the original culture (13). Plasmid DNA was added, and this mixture was then transferred to 1
mm electroporation cuvettes and electroporated at 1.6 kV, 25 puF, 200 Q. Following the addition of 950 uL of SOC media (NEB),
cells were shaken for an additional 45 minutes at 30°C, 220 rpm, and plated on solid media containing appropriate antibiotics.

Shake flask experiments and in vivo product analyses

Strains evaluated in shake flask experiments were initially grown overnight in LB media with appropriate antibiotics from glycerol
stocks and resuspended the following day in M9 minimal media (6.78 g/L Na;HPQy4, 3 g/L KH,PO4, 0.5 g/L NaCl, 1 g/L NH4Cl, 2 mM
MgSQ4, 100 uM CaCly, and 40 pM FeSQy - 7H,0) supplemented with 20 mM glucose (Sigma-Aldrich) and 50 mg/mL kanamycin.
Cells were grown until they reached an ODgoo of 1, at which point syringol (Sigma-Aldrich) was added to a final concentration of 1
mM. Syringol concentrations were quantified using any 'H NMR, and spectra were collected using a Bruker Avance Il HD 400 MHz
Spectrometer and analyzed using Bruker TopSpin3.7 software. For identification of unknown compounds, samples were analyzed
via LC-MS-MS using the Acquity UPLC system (Waters Inc.). Compounds were separated using a C18 (evo) column (Kinetex) with
the mobile phase comprised of a water, acetonitrile, and .1% formate. Flow was directly analyzed by SYNAPT HD-MS using electron
spray ionization (ESI) in negative ion mode.

Bioinformatics Analysis

CYP255A sequences were retrieved by a blastp search against the non-redundant protein sequence database (14) using GcoA as
the query sequence. From the blast results, only sequences with a query cover of at least 66% and sharing a sequence identity of
greater than 28% but less than 97% with the query sequence were retained. In total, 482 homologs of GcoA were retrieved. A
multiple sequence alignment (MSA) was carried out using MAFFT (15) with Biopython (16). Conservation analysis was implemented
by computing the relative entropy for each site in the MSA (17). The relative entropy is given by equation (6):

RE= %2 (pilog—ysz) (6)

where piis the frequency of amino acid i in the given site and p?’[SA is the frequency of amino acid i in the MSA.

Molecular dynamics (MD) simulations

Unrestrained MD simulations. Unrestrained MD simulations were performed on both WT GcoA and F169A mutant with either
guaiacol or syringol bound at the active site. The previous constructed model of WT GcoA with guaiacol bound at the active site
was used as the initial conformation to generate these structures (1). The heme group was kept in a hexacoordinate state
(Compound I). Similar to previous work, five histidine residues, including His131, His221, His224, His255, and His343 were doubly
protonated (+1 charge), while the remaining histidine residues were kept neutral (singly protonated). Na* cations were added to
each system to achieve charge neutrality, resulting in ~74,000 atoms for each system.



The ff14SB Amber force field (18) parameters were used for the enzyme and Generalized Amber Force Field (GAFF) (19, 20)
parameters were used for the various substrates, as reported previously (1). Force field parameters for the heme group were taken
from ref (21). Particle mesh Ewald (PME) (22) was used for long-range interactions and the cutoff distance for nonbonded
interactions was 9 A. All the simulations were conducted using NAMD program(23) with a time-step of 2.0 fs. SHAKE algorithm (24)
was used to keep bonds to hydrogen atoms fixed. Langevin thermostat with a collision frequency of 1.0 ps™t was used to keep the
temperature at 300 K. Each system was relaxed in NPT ensemble for 500 ps first, followed by 80 ns of production was performed
in the NVT ensemble. For the initial NPT dynamics, the pressure was held at 1 atm using a Nosé- Hoover barostat coupled to a
Langevin piston (25, 26) with a damping time of 100 fs and a period of 200 fs.

As in our previous work (1) we employed the following reaction coordinate to describe the opening/closing motion of GcoA: € =
RMSDopen - RMSDclosed, Where RMSDgpen is the RMSD relative to the most open structure of WT GcoA/apo obtained via microsecond
MD trajectory, and RMSDqjeseq is relative to the closed crystal structure. The Ca atoms of residues 5:35 and 154:210 were chosen
to calculate the RMSD.

Replica exchange thermodynamic integration (RETI) simulations. In order to assess relative free energies of binding in the active
site of GcoA, RETI simulations were performed (27, 28) using NAMD 2.12 (29). Simulations were performed in the NPT ensemble
with simulation parameters identical to those of the MD simulations described above, unless noted otherwise. Initial configurations
for RETI were produced from the crystal structure appropriate for each system along with modified AMBER prmtop files to
accommodate the dual-topology paradigm employed by NAMD for alchemical simulations. Each Tl replica was simulated for
between 150 -250 ns until convergence was achieved. The temperature was maintained at 308 K through Langevin dynamics using
a collision frequency of 1.0 ps~1. The cutoff distance for nonbonded interactions was 12.0 A.

Two separate types of alchemical transitions were performed, with transformations targeting either the substrate or the enzyme.
In each case, the transition parameter A describes the progress of alchemical transformation. In the first kind, a syringol molecule
at A = 0 undergoes an alchemical transition to a guaiacol molecule at A = 1. This simulation was performed with the substrate
molecule in three different contexts: in a periodic water box, in the active site of solvated WT GcoA, and in the active site of solvated
GcoA F169A mutant. In the second group of transformations, residue 169 of the GcoA is transformed from Phe at A =0 to Ala at A
= 1. This transformation was also performed in three separate contexts: with guaiacol at the active site, with syringol at the active
site, and with empty active site (apo). Although these alchemical transitions were made between the entire substrate molecule (in
the first set) or protein residue (in the second set), in both cases many atoms are shared in common, so zero-length 10 kcal/mol/A2
“bonds” were applied between equivalent heavy atoms, “pinning” them together. These additional restraints eliminate sampling
of unphysical conformations that can slow the convergence of the calculations (30-32).

The RETI simulations were performed with 20 windows at A € {0.00, 0.03, 0.06, 0.10, 0.15, 0.22, 0.29, 0.36, 0.43, 0.5, 0.56, 0.62,
0.68, 0.74, 0.80, 0.86, 0.90, 0.94, 0.97, 1.00}. Smaller increments in A were used near the end points to avoid “end-point
catastrophes” (33). The van der Waals contributions of both disappearing and appearing residues were simultaneously varied with
the reaction coordinate A. Electrostatic contributions of disappearing residues were turned off over the first half of the reaction
coordinate, while those of the appearing residues were turned on over the second half of the reaction coordinate, such that both
appearing and disappearing atoms were uncharged at A = 0.5. Exchanges between adjacent replicas were attempted every 2 ps
between alternating replica pairs, yielding an overall exchange attempt rate of once per 4 ps, consistent with literature guidelines
(34). The combination of these parameters yielded an acceptance ratio for exchanges of approximately 50%. In each case, the final
100 ns were used to compute each AG reported in Figure S11. Third order spline interpolation was used to integrate the average
dU /dA obtained from simulations at each window over the final 100 ns. Error estimates were obtained using the methodology
detailed in Steinbrecher et al (35). To avoid underestimating noise error due to autocorrelations of the dU /dA timeseries, means
and standard errors were computed by sampling all of the dU /dA data at a rate higher than the output rate. For each simulation,
this rate was set by finding the longest triple e-folding time of the dU /dA autocorrelation, as determined by an exponential fit.
Typical values of this time were 3-4 ps.

DFT calculations

Density Functional Theory (DFT) calculations were performed using Gaussian 09 (36). A truncated model containing the porphyrin
pyrrole core, Fe center and a methanethiol to mimic cysteine as Fe-axial ligand was used. Geometry optimizations and frequency
calculations were performed using unrestricted B3LYP (UB3LYP) (37-39) with the LANL2DZ basis set for iron and 6-31G(d) on all
other atoms. Transition states had one negative force constant corresponding to the desired transformation. Enthalpies and
entropies were calculated for 1 atm and 298.15 K. A correction to the harmonic oscillator approximation, as discussed by Truhlar
and co-workers, was also applied to the entropy calculations by raising all frequencies below 100 cm™ to 100 cm™ (40, 41). Single
point energy calculations were performed using the dispersion-corrected functional (U)B3LYP-D3(BJ) (42, 43) with the LANL2DZ
basis set on iron and 6-311+G(d,p) on all other atoms, within the CPCM polarizable conductor model (diethyl ether, € = 4) (44, 45)
to have an estimation of the dielectric permittivity in the enzyme active site. The use of a dielectric constant e=4 has been proved



to be a good and general model to account for electronic polarization and small backbone fluctuations in enzyme active sites (46,
47). All stationary points were verified as minima or first-order saddle points by a vibrational frequency analysis. Computed

structures are illustrated with CYLView (48). DFT optimized geometries and DFT Cartesian coordinates of optimized structures are
present at the end of this document.



Supplementary Figures
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Figure S1. Binding of both guaiacol and syringol shows a spin state change in GcoA-F169A and comparable Kps. Guaiacol (A),
syringol (B), and 3MC (C) caused the Soret peak (A = 417 nm) of GcoA-F169A to shift to 387 nm, indicating the conversion of a
low-spin (red trace) to a high-spin (black trace) species. 0-60 UM substrate was titrated into a solution containing 3 uM GcoA-
F169A and air-saturated buffer (25 mM HEPES, 50 mM NaCl, pH 7.5, 25 °C) and the spectra monitored until there was no more
change, indicating saturation. The solution reached equilibrium prior to each substrate addition. Abssgs.417 nm Was plotted against
[substrate] and fit to the quadratic equation for weakly binding ligands (see S/ Appendix, Methods) to obtain values for Kp:
guaiacol =7.1+ 0.1 uM, syringol = 1.7 £ 0.07 uM, and 3MC = 9.5 + 0.02 uM. Error bars represent +1 standard deviation of three

or more runs.
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Figure S2. GcoA-F169A demethylation of both guaiacol and syringol occurs as or more efficiently than with WT GcoA. Initial rate of
NADH consumption is plotted with either GcoA-F169A or WT GcoA as catalyst (0.2 pM) and either guaiacol or syringol as the
substrate (300 uM NADH, 100 g catalase, 210 pM O3, 25 mM HEPES, 50 mM NaCl, pH 7.5, 25 °C). The data were fit to the Michaelis
Menton equation. Error bars represent +1 standard deviation of three or more runs. WT GcoA is unable to demethylate syringol;

hence, only guaiacol data are shown.
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Figure S3. Crystallographic analysis for optimal orientation of syringol and guaiacol in multiple complex structures. Superposition of
ten ligand-bound mutant structures with the previously characterized WT provided a basis for the determination of the minimum
amino acid change required at position 169 for the optimum orientation of syringol, while maintaining a stable environment for
guaiacol. The WT position of residue GcoA-F169 is shown in gray in both figures for reference. (A) The syringol molecules in each
of the five structures shown are colored on a scale from the unproductive position of the WT in red, improved (orange and yellow),
through to the optimum orientation (green) as judged by specific activity (S/ Appendix, Table S4). (B) A superimposition of a total
of six alternative mutant structures (GcoA-F169H, A, S, V, L, or I) with the WT indicated that there is no significant change from
optimum guaiacol orientation induced by modification at this position.



Figure S4. Electron density of the active site of GcoA-F169 mutants bound to syringol. Panels (A) — (D) show the structures of syringol
bound to GcoA-F169A, H, S and V, respectively.



Figure S5. Electron density of the active site of GcoA-F169 mutants bound to guaiacol. Panels (A) — (F) show the structures of guaiacol
bound to GcoA-F169A, H, I, L, Sand V, respectively.
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Figure S6. Positioning of waters in the active sites of GcoA mutants with syringol. The active sites of three of the syringol bound
mutants (GcoA-F169A, S, and V — panels a, ¢, and d respectively) contain an extra ordered water molecule in the active site. GcoA-
F169H does not (panel b). GcoA-F169A bound to syringol additionally contains another water molecule, but it has weak electron
density, indicating low occupancy and/or a degree of disorder (not shown). We hypothesize that these ordered water molecules
occupy space in the active site that helps to maintain the substrate in a productive binding pose.
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Figure S7. MD simulations indicate that WT GcoA bound with syringol lengthens the key distance for the rate-limiting step for
demethylation, namely the distance between the methyl hydrogen and the oxygen atom bound by Compound | heme. The GcoA-
F169A mutation brings this distance back to that seen with guaiacol, promoting demethylation. It should be noted that this shift as
displayed in MD simulations is significantly subtler than the substrate shift seen in crystal structures (Figure 1A of main text). Error
bars quoted in the table represent the standard error of the mean.

— WTI/GCL — WT/SYR

RMSD (A)

b M g

30 40 50 60 70 80
Time (ns)

Figure S8. MD simulations indicate that introducing syringol into the active site of WT GcoA (rather than guaiacol) results in the
displacement of GcoA-F169. Shown is the RMSD of the six ring carbons of GcoA-F169 from their crystal structure positions over
the course of 80 ns MD simulation.
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Time (ns) RMSD (A) Residue ID
WT/guaiacol F169A/guaiacol WT/syringol F169A/syringol
F169 / A169 (Cq) 0.33 0.37 0.67 0.36
F169 (sidechain) 0.41 n/a 0.98 n/a
F75, F169 / A169, F395 (Cq) 0.39 0.37 0.53 0.37
Ligand 0.44 0.43 0.57 0.47
Heme 0.39 0.43 0.45 0.41
Loop/helix F/G (154:210) (Cq) 0.62 0.66 0.89 0.62

Figure S9. MD simulations indicate that the substrate access loop is displaced and more flexible when syringol is bound in the WT
enzyme. A) WT GcoA with guaiacol bound, B) GcoA-F169A GcoA with guaiacol bound, C) WT GcoA with syringol, and D) GcoA-
F169A GcoA with syringol bound. Shown in “sticks” are the substrate and heme; heme Fe and Fe-bound oxygen are shown as
spheres. The substrate access loop (residues 154:210) is shown in “cartoon” representation every 2 ns over the course of the 80
ns MD simulation. E) RMSD of all heavy atoms of the substrate access loop, as compared to the crystal structure position and F)
probability distribution of the same. G) Time trace of the reaction coordinate for opening and closing of the substrate access loop
(negative values indicate a more open architecture) and H) probability distribution of the same. I) RMSF (root mean square
fluctuation) of GcoA (alpha carbons only) over the course of each 80 ns MS simulation. The greatest area of difference is seen in
the substrate access loop region, with the fluctuations in WT GcoA with syringol bound are seen to be the greatest. The table
highlights the RMSF (A) of selected residues and regions of GcoA, as well as ligands. In this table, the RMSF calculation for “Ligand”
and “Heme” is performed on all heavy atoms of those molecules (i.e. no hydrogen atoms). For the entries related to the GcoA
enzyme, the RMSF calculation is performed on the alpha carbons only, with one exception: the line for “F169 (sidechain)”, the
RMSF calculation is for all heavy sidechain atoms.
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F75, F169, F395 (Cq) 0.54 0.44 0.71 0.62 1.12 0.58
Ligand 0.56 0.53 1.60 0.64 1.79 0.58
Heme 0.53 0.50 0.56 0.58 0.69 0.53
Loop/helix F/G (154:210) (Cq) 0.99 0.77 1.21 1.37 1.66 1.05

Figure S10. Microsecond MD simulations indicate the increased flexibility and displacement of F169 in WT GcoA when syringol is
bound rather than guaiacol. These analyses are performed on three simulations (each) of WT GcoA with guaiacol and with syringol.
These simulations were performed in our original study of GcoA (1); however our previous publication focused on the utilization
of guaiacol and presented the results with syringol only very briefly (the fifth entry of Figure S21 in the Supplementary Information).
Time traces of the reaction coordinate (RC) for opening and closing as well as the RMSD of the three active site Phe residues were
presented in the Sl of the prior publication. A) Time traces of the RMSD of residue F169 and B) probability distributions of the same
indicate that F169 deviates substantially from its crystal structure position when syringol is bound. The movement of F169 is
somewhat correlated with the motion of the substrate access loop. The probability distribution shows that each guaiacol simulation
spends significant time with F169 very near the crystal structure position (first peak) whereas none of the syringol simulations
display this peak. C) RMSF averaged over three simulations each for WT GcoA with either guaiacol or syringol. The significant area
of deviation is in the substrate access loop (which includes F169), indicating greater dynamic flexibility when syringol is bound.
Table presents RMSF (A) of selected residues and regions of GcoA, as well as ligands. In this table, the RMSF calculation for “Ligand”
and “Heme” is performed on all heavy atoms of those molecules (i.e. no hydrogen atoms). For the entries related to the GcoA
enzyme, the RMSF calculation is performed on the alpha carbons only, with one exception: the line for “F169 (sidechain)”, the
RMSF calculation is for all heavy sidechain atoms.
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P450cam has been captured in both open (e.g. PDB codes 3161, 3L62) and closed (e.g. 3L63) states (49). Lee et al. note that the
RMSD between the closed and open conformation is approximately 4-5 A for the F helix and G helix and peaked around 8.5 A at
the F/G loop (Figure 2 in that publication). In our 80 ns MD simulations, the RMSD of the combined F and G helices, as well as the
adjoining loop fluctuate around an RMSD value of 3 A, whereas the adjoining loop alone fluctuates around 5 A, as shown in the
graphs here. Thus, the degree of opening by this metric is on the same order, but lower by about 50% from that observed in
P450cam crystal structures.

T T T T
F helix, G helix, and adjoining F/G loop (backbone atoms only) F/Gi loop (backbone atoms only)
—WT GcoA, guaiacol bound —WT GcoA, guaiacol bound

4[— WT GcoA, syringol bound —WT GcoA, syringol bound

)
)

o<l o<

RMSD (
A
RMSD (

L =
==

0 20 40 60 0 20 40 60
time (ns) time (ns)

In addition to P450cam, we also note P450 BM3, which also displays crystallographic evidence of open (e.g. PDB codes 1BVY (50))
and closed (e.g. 1JPZ (51) and 1FAG (52)) structures. Dubey et al. presented MD simulations of BM3 in which the opening/closing
of access loops was shown to be regulated by substrate binding (53). Below, we show an aligned structural comparison of GcoA,
P450cam, and BM3 in their closed states.

GcoA (5NCB) P450cam (3L63) BM3 (1FAG)

Dubey et al. utilize a single distance from alpha carbons to describe the opening motion of BM3 in their simulations (this distance
involves a loop that is opposite of the F/G loop). Follmer et al. also present residue-residue distance as a metric for channel opening
in P450cam (54). In order to compare our degree of openness for GcoA with those seen in the crystal structures of open/closed
forms of P450cam and BM3, we have chosen a metric for each case that stretches from the F/G loop to a loop that is across the
substrate access channel. For BM3, this metric is the distance from the alpha carbon of Pro45 to that of Pro196, which ranges from
19.5 Ain the closed (1JPZ) to 26.9 A in the open state (1BVY), giving a difference of 7.4 A. For P450cam, an analogous distance is
from the alpha carbon of Asn59 to that of Ser190, which ranges from 17.3 A in the closed structure (3L63) to 25.5 A in the open
structure (3L61), giving a difference of 8.2 A. For GcoA, a similar metric is the distance between alpha carbons of Gly44 and Gly178,
which is 6.35 A in the closed state (SNCB). In our simulations of WT GcoA, the difference between the simulation with syringol
bound and that with guaiacol bound is slightly more than 3 A. As shown in the graph below, the average distance over the final 40
ns of the simulation is 8.0 A (guaiacol) and 11.1 A (syringol).
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We note that, to date, efforts to crystallize GcoA in the apo state have proven unsuccessful. As a result, all existing crystal structures
demonstrate GcoA in the closed state. Thus, the range of motion of the substrate access lid for GcoA is currently unverified
experimentally. The range of motion that we observe in our 80 ns simulations is not necessarily the full range of motion in the
catalytic cycle of GcoA (and very likely is not). Additionally, it is possible that the primary effect of the increased flexibility and
propensity for the substrate access lid to open when syringol is bound could be upon substrate binding/egress or on the catalytic
demethylation step.

In our 80 ns MD simulations, we find that the substrate access loop displays opening (whether by an RMSD metric or cross-channel
distance) within the first 10 ns and remains open for the remaining 70 ns, with only one very brief excursion to the closed state
around 30 ns. Focusing on the F/G loop backbone atoms and taking RMSD=3.0 A as the cutoff between the open and closed states,
the simulation with syringol is in the open state for 81% of the simulation, whereas the guaiacol-bound simulation is open for less
than 1% of the simulation time. (We note again, that this definition of “open” does not signify that this is the most open state of
GCoA).
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Figure S11. DFT calculations for possible reaction pathways for syringol degradation catalyzed by Compound | (Cpl). A) Target pathway
for syringol demethylation to 3MC catalyzed by P450 Cpl. Our calculations indicate syringol demethylation follows a similar pathway
to that previously described for guaiacol (1). Free energy barriers for the rate-limiting initial hydrogen atom transfer (HAT) from
the methoxy group to the heme-bound oxygen atom are very similar for guaiacol and syringol (AG* = 18.6 and 18.9 kcal-mol,
respectively), and also are the optimized transition state (TS) geometries. Consequently, the demethylation reaction likely proceeds
similarly for both substrates when they can bind productively with the Cpl reactive species in the enzyme active site. Unproductive
pathways b (B) and ¢ (C) lead to undesired products (and possibly uncoupling) and are intrinsically lower in energy than pathway
a. This is indicating that enzymatic environment that forces an specific substrate binding pose, as demonstrated by X-ray structures
and MD simulations, is preventing pathways b and ¢ to take place and promotes desired pathway a. Gibbs energies, obtained at
B3LYP-D3BJ/6-311+G(d,p)+Fe(LanL2DZ)(PCM=Diethylether)//B3LYP/6-31G(d)+Fe(LanL2DZ), are given in kcal/mol. Distances and
angles in DFT optimized key TSs are given in A and degrees, respectively.
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Figure S12. Replica exchange thermodynamic integration (RETI) simulations indicate the change in free energy for different alchemical
transformations. Each solid arrow indicates a RETI calculation that was performed and has the associated free energy change for
the process in the direction of the arrow. Dashed arrows represent transformations that were not performed. A full four-step
thermodynamic cycle was completed, represented by the four boxes in the lower right. The closure in performing these four steps
theoretically is equal to zero. We calculate a closure of -1.6 kcal/mol, which is on the order of the expected cumulative error one
would expect given the errors in the individual steps (approximately 0.2 kcal/mol).

The most surprising of these thermodynamic results is the relatively low free energy difference between syringol and guaiacol
bound at the active site of WT GcoA. This can explained by the fact that these simulations indicate that binding syringol in the WT
can produce binding complexes in which the substrate is flipped “upside down” from the configuration seen in crystal structures
(see Fig. S12). This may help explain the experimental result that while WT demethylation activity is greatly reduced when
exchanging syringol for guaiacol, the binding preference is less dramatic. Substrate flipping could reduce the crowding penalty in
WT GcoA. The analogous set of simulations in the GcoA-F169A mutant (as well as mutation transformations with either syringol or
guaiacol bound) showed comparatively few flips (for substrate transformation in WT, the substrate was flipped ~90% of the time,
compared to ~10% in the other three cases). Experimentally, syringol binding affinity is not much changed from the WT to GcoA-
F169A (Kp values indicate a difference in binding free energy of 0.3 kcal-mol1), even as the activity is improved markedly. The RETI
results indicate the possibility that this may be because Kp measurements detect all binding at the active site capable of displacing
a Fe-coordinating water molecule whereas catalytic turnover will only result from productive binding with catalytically relevant
positioning of substrate relative to Cpl heme. RETI results present the possibility that this is because the GcoA-F169A mutant is
able to keep both substrates oriented correctly whereas WT GcoA is not.
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Figure S13. Alternate substrate binding configurations seen in RETI simulations. These results indicate a flip of substrate that is
unique to the AGsubwr calculation, which involves an alchemical transformation between guaiacol and syringol in the active site of
WT GcoA. Given the differences in Kp, activity, and crystal structures, the expected result for this transformation would be that
guaiacol would be significantly favored at the WT active site. It is therefore surprising that this transformation results in a free
energy change that slightly favors syringol (by 0.83 + 0.069 kcal/mol); this is explained by the fact that the substrate adopts a unique
binding pose not seen in crystal structures or any other MD simulations. A) Exemplified by syringol, in all 20 windows (in which
syringol is gradually “turned off” and guaiacol is gradually “turned on”) of the AGsubwr transformation, this “upside down”
configuration dominates, spending only about 10-15% of the simulation time in a configuration similar to that seen in crystal
structures. By contrast, in the other transformations (AGmutate gua, AGsub,r169a, aNd AGmutate,syr) the “upright” substrate configuration
is displayed in upwards of 90% of the simulation time. This is represented in panel B by a representative frame from the AGsup r169a
simulation. Heme, substrate, and sidechain of residue 169 (Phe in panel A and Ala in panel B) are shown in sticks; heme Fe and Fe-
bound oxygen are shown as spheres.
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Figure S14. Frequency of amino acids occurring at position 169 among GcoA homologs. Ala is more frequent than Phe, and none of
the 482 homologs utilizes His at the 169t position.
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Figure S15. In vivo syringol consumption. A) Expanded version of Figure 5 including standards of syringol, 3MC, and pyrogallol. B)
Extracted ion chromatograph of 139 m/z verifying presence of 2-pyrone 6-carboxylate in AM157. C) Time course analysis of syringol
depletion and product formation. Absolute analyte concentrations were measured via integration of *H NMR peaks, by comparison
to an integrated standard peak (TMSP). Plasmid-based expression of GcoABrigen (AM157) allows for complete turnover of syringol

after 6 hours, while syringol still remains after 24 hours in cells expressing WT GcoAB (AM156). Data points represent averages of
three replicates, and error bars indicate the standard deviations of the measurements.
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Table S1. Rate of substrate disappearance or product appearance (specific activity) for F169A.

Substrate NADH disappearance aromatic substrate disappearance Kp (LM)
(UM sTumol F169A1) (UM sTumol F169A1)

WT F169A
guaiacol 58+0.8 56+0.3 0.0060 £ 0.002 7.1+£0.1
syringol 51+£0.8 41+0.3 2.8+04 1.7 £0.07
3MC 56+0.8 26+0.3 3.7+0.1 9.5+0.02

Table S2. Rates of substrate disappearance and coupling efficiencies for reactions catalyzed by the GcoA-F169 variants.

syringol guaiacol 3MC
GCcoA Specific activity Coupling Specific activity Coupling Specific activity (umol | Coupling
variant | (umol sec’t umol? efficiency (umol sec’t pmol? efficiency sec’t umol! GcoA)? efficiency
GCoA)? (%) GCcoA)? (%)b (%)b
WT n/a 7.1+£0.8 50+0.1 110+ 10 3.2+0.2 78+3
F169A 51+£0.8 1046 58+0.8 103+7 56+0.8 64+ 10
F169S 5.1+09 85+5 57+0.8 67 +8 6.0+0.8 67 +8
F169V 41+0.8 100 £ 10 53+0.2 105+2 57+0.3 40+ 3
F169H 39+0.2 567 79+3 103 £10 43104 2820
F169I 0.56+0.2 14+2 1.4+0.2 41+10 1.1+0.7 10+9
F169L 0.54+0.1 7.8+2 45+0.3 733 0.57+£0.2 504

aNADH consumption was monitored continuously over time via UV/vis and quantifying with €340 = 6.22 mM? cm? at 25°C, 25 mM
HEPES, 50 mM NaCl, pH 7.5 and saturating (200 uM) concentrations of all substrates (syringol, guaiacol, and 3MC).

bCalculated as the molar ratio of formaldehyde produced per NADH consumed in a fixed-time assay. Assay conditions: 0.2 uM
GcoA variant, 0.2 uM GcoB, 200 uM NADH, 100 ug/mL catalase, 200 uM aromatic substrate in 25 mM HEPES, 50 mM NaCl, pH
7.5,25°C, 210 uM O,.

Table S3. Uncoupling reactions with GcoA-F169A and guaiacol, syringol, or 3MC.

Substrate % Formaldehyde produced?® % H,0, produced®
guaiacol + 100 uM NADH 100 £ 10 3.7+0.6

syringol + 100 uM NADH 125+6 7.4+0.03

syringol + 200 pM NADH 91+8 7.9+0.5

3-MC + 100 uM NADH 52+7 17+0.2

30.2 uM GcoA-F169A and GcoB were reacted with 100 ug catalase, 100 or 200 uM NADH, and 100 puM substrate in 25 mM HEPES,
50 mM NaCl, pH 7.5, 25 °C, 210 uM O,. Endpoint analyses were done to quantify formaldehyde produced (see Methods), which
was then referenced to NADH consumed.

bThe same reaction done above was repeated to quantify H,O, produced using the Amplex Red/HRP assay (see S/ Appendix,
Methods). The amount of hydrogen peroxide was then referenced to NADH consumed.
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Table S4. X-ray tables for GcoA syringol-bound structures

Protein F169A with F169H with F169S with F169V with
syringol syringol syringol syringol
PDB code 6HQQ 6HQR 6HQS 6HQT
Data collection
Space group P43212 P43212 P43212 P43212
Wavelength (A) 0.9795 0.9795 0.9795 0.9795
Cell dimension
a,b,c (A) 104.07, 102.15, 104.25,104.25, 103.90, 103.90,
104.07, 102.15, 114.03 115.58
116.10 109.98
a,B,v() 90, 90, 90 90, 90, 90 90, 90, 90 90, 90, 90
Resolution range () | 77.49-1.66 72.23-1.79 61.91-2.17 62.00-1.85 (1.90-
(1.70-1.66) (1.84-1.79) (2.23-2.17) 1.85)
Rmerge 0.066 (1.244)  0.081 0.066 (0.816) 0.070 (0.813)
(0.938)
Rmeas 0.071(1.351)  0.087 0.072 (0.888) 0.075 (0.917)
(1.018)
Rpim 0.027 (0.525) 0.034 0.028 (0.347) 0.029 (0.415)
(0.393)
I/al 19.0 (2.0) 15.8 (2.2) 20.9 (3.0) 22.5(2.3)
Completeness (%) 100 (100) 100.0 100.0 (100.0) 99.9 (99.9)
(100.0)
Multiplicity 12.9 (12.7) 12.5(12.7) 12.7 (12.3) 12.7 (8.9)
cC1/2 1.00 (0.794) 0.999 0.999 (0.865) 1.000 (0.809)
(0.878)
Refinement
Resolution range (A) 73.59-1.66 51.05-1.79 52.15-2.17 50.50-1.85 (1.88-
(1.69-1.66) (1.82-1.79) (2.23-2.17) 1.85)
No. Of reflections 75469 53703 33716 54478
Rwork 0.1676 0.1692 0.1608 (0.2507) 0.1563 (0.2428)
(0.3303) (0.2999)
Rfree 0.1909 0.1991 0.1858 (0.2932) 0.1788 (0.2987)
(0.3748) (0.3939)
No. Of atoms 3752 3629 3411 3601
Protein 3151 3157 3122 3154
Ligand/ion 54 54 54 54
Water 547 418 235 393
B-factors 21.9 21.97 37.01 27.66
Protein 27.19 24.89 41.15 29.53
Ligand/ion 18.06 15.15 28.99 21.89
Water 41.41 37.93 45.92 41.32
Rmsd
Bond lengths (A) 0.008 0.016 0.008 0.007
Bond angles (°) 1.012 1.353 0.938 0.9
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Table S5. X-ray tables for GcoA guaiacol-bound structures

Protein F169A with F169H with F169I1 with F169L with F169S with F169V with
guaiacol guaiacol guaiacol guaiacol guaiacol guaiacol
PDB code 6HQK 6HQL 6HQM 6HQN 6HQO 6HQP
Data collection
Space group P43212 P43212 P43212 P43212 P43212 P43212
Wavelength (A) 0.9795 0.9795 0.9795 0.9795 0.9795 0.9795
Cell dimension
a,b,c (A) 103.67, 103.67, 102.00, 102.00, 105.20, 104.00, 103.85, 103.80,
114.88 109.83 105.20, 104.00, 103.85. 103.80,
112.52 111.58 115.10 115,78
a,B,yv() 90, 90, 90 90, 90, 90 90, 90, 90 90, 90, 90 90, 90, 90 90, 90, 90
Resolution range (A) 76.97-1.57 60.29-1.49 (1.53- 56.25-1.85 76.08-1.87 73.43-1.70 73.40-1.62
(1.61-1.57) 1.49) (1.90-1.85) (1.92-1.87) (1.74-1.70) (1.66-1.62)
Rmerge 0.071 (0.964) 0.077 (1.040) 0.064 (1.002)  0.080(0.991)  0.064 (1.309)  0.069 (0.985)
Rmeas 0.077 (1.068) 0.080 (1.040) 0.069 (1.085) 0.087 (1.076) 0.069 (1.420) 0.075 (1.096)
Rpim 0.029 (0.457) 0.032 (0.449) 0.027 (0.415)  0.034(0.417)  0.026(0.547)  0.029 (0.343)
/ol 18.3(2.2) 14.9 (2.3) 10.4 (2.6) 17.0 (2.4) 24.0 (2.0) 17.4 (2.1)
completeness (%) 100 (100) 100.0 (100.0) 100.0 (100.0) 100.0 (100.0) 100.0 (100.0) 100.0 (100.0)
multiplicity 12.5(10.5) 12.6 (12.2) 12.7 (13.1) 12.7 (12.7) 13.1(12.9) 12.4 (10.2)
CC1/2 0.999 (0.802) 0.999 (100.0) 1.000 (0.849) 0.999 (0.808) 1.000 (0.786) 0.999 (0.828)
Refinement
Resolution range (A) 76.98-1.57 60.00-1.49 (1.51- 52.61-1.85 73.54-1.87 73.43-1.70 73.40-1.62
(1.59-1.57) 1.49) (1.88-1.85) (1.91-1.87) (1.72-1.70) (1.64-1.62)
No. Of reflections 87452 93998 54123 51138 69625 80413
Rwork 0.1581 (0.2897) 0.1744 (0.3340) 0.1610 0.1455 0.1517 0.1661
(0.3039) (0.2439) (0.2641) (0.3377)
Rfree 0.1812 (0.3208)  0.1984 (0.3800) 0.1799 0.1697 0.1811 0.1874
(0.3934) (0.2627) (0.3150) (0.3602)
No. Of atoms 3744 3655 3578 3650 3684 3697
Protein 3161 3157 3087 3158 3144 3154
Ligand/ion 52 52 52 52 52 52
Water 531 446 439 440 488 491
B-factors 16.87 17.15 27.3 33.44 25.32 19.35
Protein 20.56 21.82 28.17 35.61 29.52 23.73
Ligand/ion 13.52 13.31 18.97 25.26 21.79 15.97
Water 35.47 36.19 41.21 44.83 42.7 38.27
Rmsd
Bond lengths (A) 0.016 0.014 0.009 0.013 0.018 0.016
Bond angles (°) 1.455 1.371 1.042 1.319 1.456 1.368
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Table S6. Gibbs energy profiles computed at B3LYP-D3BJ/6-311+G(d,p)+Fe(LanL2DZ)(PCM=Diethylether)//B3LYP/6-
31G(d)+Fe(LanL2DZ), considering doublet and quadruplet electronic states. Energies are given in kcal/mol.

AG

Path A Reactants TS1-a Intl-a complex | TS2-a Product 4
formation

doublet 0.2 18.6 (barrierless) -55.7

quartet 0.0 20.8 12.6 15.1 -55.7

AG

Path B Reactants TS1 int - complex TS2 Product 7
formation

doublet 0.2 15.7 3.3 (barrierless) -52.4

quartet 0.0 15.7 5.8 1.6 -52.4

AG

Path C Reactants TS1 int - complex TS2 Product 7
formation

doublet 0.2 43 (could not be | 7.3 -52.4

optimized)
quartet 0.0 3.2 -7.1 8.4 -52.4




Table S7. GcoA Sequence conservation analysis.

resid
(GcoA)

AA
(GcoA)

—4Z

TUOA—<>MTMOOVLA>P<<MIO<M> AP <NOr<I<TNIPrIU>PM>PIrIM<<M<IZIMrOAZA<mMUOrS>rO0ovomm——

relative
entropy
3.28
1.42
0.95
1.44
0.59
0.63
0.69
0.79
0.67
1.02
1.49
0.96
1.04
1.10
1.67
2.10
1.10
0.84
1.28
2.17
0.96
0.84
2.14
2.56
3.15
1.95
1.30
3.24
1.05
2.11
1.98
2.43
0.98
1.81
1.20
2.43
1.74
1.20
1.64
1.79
1.61
0.88
0.97
1.62
0.75
1.65
1.38
1.28
2.13
1.53
1.09
1.19
0.92
2.79
1.06
0.73
1.71
1.07
0.69
1.37
1.01
1.06
2.67
1.17
1.30
0.82
0.96
1.03
1.02
1.06

Z-score

2.59
-0.18
-0.89
-0.16
-1.42
-1.36
-1.28
-1.12
-1.31
-0.78
-0.09
-0.87
-0.75
-0.67
0.19
0.83
-0.67
-1.06
-0.39
0.94
-0.87
-1.06
0.89
1.52
2.40
0.61
-0.37
2.54
-0.74
0.84
0.65
1.32
-0.85
0.39
-0.52
1.32
0.29
-0.51
0.15
0.36
0.10
-1.00
-0.85
0.11
-1.19
0.16
-0.25
-0.39
0.88
-0.03
-0.68
-0.54
-0.93
1.86
-0.72
-1.22
0.25
-0.71
-1.28
-0.27
-0.80
-0.72
1.69
-0.56
-0.37
-1.08
-0.87
-0.77
-0.79
-0.72

percentile

98.0
51.4
16.5
52.6
1.7

worN
NERENEN

0.
17.7
216
27.8
64.4
81.3
28.0
11.8
43.2
83.8
17.4
11.5
83.0
91.6
97.3
77.6
44.2
97.5
22.6
81.6
78.6
88.2
18.9
715
36.9
88.5
67.8
37.3
62.9
70.0
61.4
135
18.7
62.2
6.6
63.6
47.7
435
82.6
57.5
26.8
35.9
15.5
95.6
24.1
6.1
66.1
24.8
4.2
47.4
19.9
243
94.3
34.2
44.7
10.6
17.2
21.4
20.6
23.6

U1 N
(@]
[62RNe]
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resid
(GcoA)

71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

AA
(GcoA)

<LK TMO<OP<r MPIOUZMMIMEr<ITIP— U< rO0—S00<mMP>OOr>IoM<ZI0VIrO>PI—00Z<O——POVIOTMAIOO

relative
entropy
1.25
0.84
1.87
1.27
2.23
2.00
1.18
1.61
1.32
1.48
1.81
1.12
1.46
1.84
2.06
1.29
0.83
3.61
0.76
0.79
1.44
2.60
0.78
1.18
1.74
1.15
1.69
0.85
1.86
1.38
2.15
1.00
0.74
1.80
1.04
0.72
1.50
1.58
0.80
0.90
1.39
1.51
1.42
1.09
1.40
1.49
1.09
0.81
1.91
1.40
0.97
0.77
1.65
1.10
0.75
0.88
2.33
0.78
1.11
1.87
1.96
1.20
0.65
1.11
2.23
2.19
1.43
2.58
1.55
1.91
1.21

Z-score

-0.43
-1.06
0.48
-0.41
1.02
0.68
-0.55
0.10
-0.34
-0.10
0.40
-0.63
-0.12
0.44
0.77
-0.37
-1.07
3.09
-1.17
-1.12
-0.15
1.58
-1.15
-0.55
0.29
-0.60
0.22
-1.04
0.47
-0.24
0.91
-0.81
-1.21
0.38
-0.75
-1.24
-0.07
0.06
-1.12
-0.96
-0.23
-0.04
-0.19
-0.67
-0.21
-0.08
-0.68
-1.10
0.55
-0.21
-0.86
-1.16
0.16
-0.66
-1.18
-1.00
1.18
-1.14
-0.66
0.49
0.63
-0.52
-1.33
-0.65
1.03
0.97
-0.17
1.55
0.01
0.54
-0.49

percentile

41.3
11.3
74.9
41.8
85.5
79.4
34.6
61.7
45.7
54.8
71.7
30.7
53.8
73.2
80.6
44.0
10.8
99.3
7.4
9.3
53.1
93.1
8.1
349
67.3
31.9
65.1
12.0
74.0
48.2
83.3
19.7
6.4
713
21.9
5.7
56.5
59.7
9.8
147
48.6
57.0
51.1
27.5
49.9
55.8
26.5
10.1
76.7
50.1
18.4
7.9
63.9
29.0
6.9
14.0
87.2
8.8
29.2
75.2
77.9
36.4
3.2
29.5
85.7
84.5
51.8
91.9
59.0
76.4
38.3

28



resid
(GcoA)
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

AA
(GcoA)

UOUIM—SAU—r00<<>I—mMP>PAP>POUOMPTNOMUZ>NTMOZMU<P>PPZATOIZr AP NISMI-rATLO<MOrrOr—OO— n=o

relative
entropy
1.61
1.32
1.85
1.17
1.23
1.24
1.78
2.62
1.74
0.43
1.22
1.30
1.21
0.86
1.09
1.47
1.93
1.32
1.32
3.88
2.38
1.89
0.72
1.99
1.22
0.71
1.75
1.09
1.30
3.30
1.14
0.82
0.97
1.54
1.64
1.93
2.62
1.83
3.02
1.41
2.72
1.67
1.24
0.84
1.97
0.63
0.66
1.16
1.82
0.78
1.48
1.28
0.94
1.86
1.83
0.76
0.94
0.79
1.40
1.08
1.03
1.06
1.16
1.15
1.14
1.50
0.86
0.54
1.16
2.54
1.87

Z-score

0.10
-0.33
0.46
-0.56
-0.47
-0.45
0.36
1.60
0.29
-1.66
-0.48
-0.37
-0.49
-1.02
-0.68
-0.10
0.58
-0.33
-0.34
3.50
1.26
0.52
-1.23
0.66
-0.48
-1.25
0.30
-0.68
-0.36
2.63
-0.61
-1.09
-0.86
0.00
0.15
0.57
1.60
0.44
2.21
-0.20
1.75
0.19
-0.46
-1.06
0.64
-1.37
-1.33
-0.58
0.41
-1.14
-0.10
-0.40
-0.91
0.47
0.43
-1.17
-0.90
-1.12
-0.22
-0.69
-0.77
-0.72
-0.57
-0.59
-0.60
-0.07
-1.02
-1.51
-0.58
1.49
0.49

percentile

60.9
46.4
73.5
34.4
39.8
40.5
69.8
93.6
67.6
0.2
39.1
44.5
38.1
12.5
27.3
543
77.1
46.7
459
99.8
87.7
76.2
5.9
78.9
393
5.2
68.3
27.0
45.2
98.3
31.0
10.3
17.9
58.5
62.7
76.9
93.9
73.0
96.3
50.4
94.8
64.6
40.0
111
78.4
2.5
34
33.2
72.2
8.4
54.5
42.8
15.7
74.2
72.5
7.1
16.2
9.6
49.6
25.8
21.1
23.8
334
324
314
56.8
12.8
0.7
32.9
90.4
75.7
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resid
(GcoA)
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

AA
(GcoA)

>—P>PO—rrH4000<<mMmmMmrOmMoOoIuIraO<r—A0u>ZIONIOTMOITOrr<<<——U9<—<mMmIODA0O OV UVZINTUI~SITV—>0n0

relative
entropy
0.90
2.21
1.10
1.41
2.84
1.82
2.23
1.38
2.10
1.17
1.47
1.87
2.22
1.44
2.48
1.66
1.53
1.58
1.15
0.77
1.19
1.24
2.05
1.70
1.59
2.13
1.55
2.26
1.72
1.14
1.73
1.43
2.44
1.80
1.87
2.73
2.54
2.54
1.73
2.52
1.18
1.28
1.01
1.79
1.43
1.40
1.08
2.11
2.37
1.68
1.04
1.61
2.19
1.57
3.39
1.32
1.16
0.94
2.06
0.89
0.87
1.53
2.16
0.57
1.12
1.48
1.10
1.14
1.88
1.76
1.05

Z-score

-0.96
1.00
-0.66
-0.20
1.94
0.41
1.03
-0.24
0.82
-0.56
-0.11
0.48
1.02
-0.16
1.40
0.17
-0.01
0.06
-0.59
-1.16
-0.53
-0.46
0.75
0.23
0.07
0.88
0.00
1.07
0.27
-0.60
0.28
-0.17
1.35
0.38
0.49
1.78
1.50
1.49
0.27
1.46
-0.54
-0.40
-0.79
0.36
-0.16
-0.22
-0.70
0.85
1.24
0.20
-0.75
0.11
0.97
0.03
2.76
-0.34
-0.57
-0.91
0.77
-0.98
-1.01
-0.03
0.92
-1.45
-0.63
-0.09
-0.67
-0.60
0.50
0.32
-0.73

percentile

15.0
85.0
28.5
50.6
95.8
72.0
86.0
47.9
81.1
33.9
54.1
74.7
85.3
52.8
89.2
64.1
58.2
60.0
32.2
7.6
36.1
40.3
80.1
65.4
60.4
82.3
58.7
86.2
66.6
31.2
67.1
51.6
88.9
71.0
75.4
95.1
90.9
90.7
66.8
90.2
35.1
42.5
20.1
70.3
523
49.1
25.3
81.8
87.5
64.9
22.1
61.9
84.3
59.2
98.5
46.2
33.7
16.0
80.3
14.3
13.0
57.2
83.5
1.0
30.5
55.3
28.3
31.7
75.9
68.8
22.9
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resid
(GcoA)
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354

AA
(GcoA)

IZOPOMP>PrIUr U ORI IrO<QOUVIUPM<AOAUOIZ>P0O<0rI<TtHO>P O rO<O>P——A<ITARA—AV—D>—A>PUVNS—0DLVASDT—OM

relative
entropy
2.65
1.76
1.39
2.60
3.80
1.32
1.64
2.67
2.59
3.60
1.75
1.18
1.28
0.90
2.38
0.96
1.12
1.48
1.06
1.53
1.44
1.39
1.49
0.97
2.30
1.29
0.48
1.83
1.78
1.24
2.31
1.02
0.62
2.05
1.22
0.85
1.18
1.77
1.60
2.43
2.19
2.97
2.13
2.49
1.26
0.69
0.78
2.51
0.92
1.11
1.77
1.10
0.61
2.79
1.99
1.41
1.22
2.60
0.99
1.27
0.69
1.53
3.27
1.43
1.59
3.12
2.52
1.00
2.31
1.07
3.59

Z-score

1.66
0.32
-0.24
1.58
3.37
-0.33
0.15
1.69
1.57
3.07
0.30
-0.54
-0.40
-0.96
1.26
-0.87
-0.64
-0.09
-0.73
-0.02
-0.15
-0.23
-0.08
-0.86
1.14
-0.38
-1.59
0.43
0.35
-0.45
1.15
-0.79
-1.38
0.75
-0.48
-1.03
-0.54
0.33
0.08
1.33
0.97
2.14
0.88
141
-0.43
-1.28
-1.14
1.44
-0.93
-0.65
0.33
-0.66
-1.40
1.86
0.67
-0.19
-0.49
1.58
-0.83
-0.41
-1.28
-0.02
2.58
-0.16
0.07
2.36
1.45
-0.81
1.14
-0.71
3.07

percentile

94.1
68.6
48.4
92.9
99.5
46.9
63.1
94.6
92.6
99.0
68.1
35.4
43.0
14.5
88.0
17.0
30.2
55.0
23.1
57.7
533
489
56.0
18.2
86.5
43.7
0.5
72.7
69.5
41.0
87.0
20.4
2.2
79.9
39.6
12.3
35.6
69.0
60.7
88.7
84.8
96.1
82.1
89.4
415
4.4
8.6
89.7
15.2
29.7
69.3
28.7
2.0
95.3
79.1
50.9
38.8
93.4
19.2
42.0
4.9
58.0
97.8
52.1
60.2
96.8
89.9
19.4
86.7
24.6
98.8
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resid
(GcoA)
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407

AA
(GcoA)

<MEA<IrVHTOITOSOSTM<OMIATIMFZO—>mMmTNnrmmr>—I<IZ>TN<—0O»>0>

relative
entropy
1.31
4.79
1.40
2.55
1.09
2.01
1.33
1.65
1.71
0.88
1.49
1.24
1.30
1.95
1.20
1.86
1.28
1.21
1.80
2.07
1.06
1.05
1.58
2.18
1.85
1.79
1.16
1.21
1.21
0.87
0.59
0.68
0.63
1.20
0.58
1.61
1.46
2.59
3.14
1.07
3.03
2.55
1.97
1.72
1.08
0.72
2.14
1.63
1.70
0.95
2.59
1.11
1.08

Z-score

-0.34
4.86
-0.22
1.51
-0.68
0.69
-0.31
0.16
0.24
-1.00
-0.08
-0.45
-0.36
0.61
-0.51
0.48
-0.40
-0.50
0.38
0.79
-0.73
-0.75
0.06
0.95
0.46
0.37
-0.58
-0.49
-0.50
-1.01
-1.43
-1.29
-1.36
-0.52
-1.44
0.10
-0.13
1.56
2.39
-0.71
2.23
151
0.63
0.26
-0.69
-1.24
0.89
0.12
0.24
-0.89
1.56
-0.64
-0.70

percentile

45.5
100.0
49.4
91.4
26.3
79.6
47.2
63.4
65.8
13.8
56.3
40.8
45.0
77.4
37.1
74.4
42.3
37.8
70.8
80.8
233
22.4
59.5
84.0
73.7
70.5
32.7
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Table S8. Pseudomonas putida strains used in this study.

Strain ID Genotype Description of strain construction

CJ0o25 KT2440 AcatA2 catA2 was deleted from P.
putida KT2440 using pCJ004 and this
deletion was confirmed by diagnostic
colony PCR amplification of a 2,089 bp
product with primer pair
0CJ084/0CJ085.

CJ028 KT2440 AcatBCA::Ptac:xylE AcatA2 catBCA was replaced in CJ025 with
Ptac:xylE using pCJ0O05 and this gene
replacement was confirmed by
diagnostic colony PCR amplification of a
3,078 bp product with primer pair
0CJ086/0CJ087.

AM140 KT2440 AcatBCA::Ptac:xylE AcatA2 pcaHG was deleted by transforming

ApcaHG CJ028 with pCJ011. The gene
replacement was confirmed by
amplification of a 2049 bp fragment
using primers 0CJ106/0CJ107.

AM142 KT2440 AcatBCA::Ptac:xylE AcatA2 AM140 transformed with pBTL-2

ApcaHG / pBTL-2

AM144 KT2440 AcatBCA::Ptac:xylE AcatA2 AM140 transformed with pCJ021

ApcaHG / pCl021 (gcoAB in pBTL-2)

AM148 KT2440 AcatBCA::Ptac:xylE AcatA2 AM140 transformed with pAM027

ApcaHG / pOAM27 (gcoABrigon in pBTL-

2)

Cle12 KT2440 AcatBCA AcatA2 catBCA was deleted from CJ025 by
transforming CJO25 with pCJ105. The
gene deletion was confirmed by
amplification of a 2407 bp product
using primers 0CJ086/0CJ087.

AM154 KT2440 Ptac:pcaHG AcatBCA AcatA2 Native promoter of pcaHG replaced
with Ptac by transforming CJ612 with
pCJ020. The gene replacement was
confirmed by amplification of an 1201
bp fragment using primers
0AM127/0CJ135.

AM155 KT2440 Ptac:pcaHG AcatBCA AcatA2 / AM154 transformed with pBTL-2

pBTL-2

AM156 KT2440 Ptac:pcaHG AcatBCA AcatA2 / | AM154 transformed with pCl021

pCJ021 (gcoAB in pBTL-2)

AM157 KT2440 Ptac:pcaHG AcatBCA AcatA2 / AM154 transformed with pAM027

(gCOABF;[ggA in pBTL-Z)
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Table S9. Plasmids used in this study.

Plasmid ID

Use

Description of strain construction

pBTL-2

Empty vector

pBTL-2 was described previously in (55)

pCJ004

Deletion of catA2 in P. putida KT2440

Construction of pCJ004 was described
previously in Johnson and Beckham
(12).

pCJO05

Replacing catBCA with Ptac:xylE in P.
putida KT2440

The 5’ targeting region was amplified
from P. putida KT2440 genomic DNA
with primer pair 0CJ042/0CJ043 (1,104
bp, which incorporated the tac
promoter), xylE (969 bp) was amplified
from P. putida mt-2 (ATCC 23973)
genomic DNA with primer pair
0CJ044/0CJ045, and the 3’ targeting
region was amplified using primer pair
0CJ046/0CJ047 (1033 bp). These
fragments were then assembled into
pCM433 digested with Aatll and Sacl
(7991 bp).

pClO11

Deletion of pcaHG in P. putida KT2440

Construction of pCJ011 was described
previously in Johnson and Beckham
(12).

pCJ020

Insertion of tac promoter upstream of
pcaHG in P. putida KT2440

Construction of pCJ020 was described
previously in Johnson and Beckham
(12).

pCJ021

Episomal expression of gcoAB on pBTL-
2

Construction of pCJ021 was described
previously in Tumen-Velasquez, et al.
(56).

pCJ105

Deletion of catBCA in P. putida KT2440

The 5’ (1054 bp) and 3’ (1044 bp)
targeting regions were amplifed from
pCJO0S with primers 0CJ542/0CJ543
and 0CJ544/0CJ545, respectively, and
assembled into pK18sB (Genbank
MH166772 (57)) digested with EcoRl
and Hindll.

pAMO027

Episomal expression of gcoABris94 ON
pBTL-2

pCJ021 was linearly amplified using
0AM173 and 0AM174 to introduce
the gcoA F169 mutation by site-
directed mutagenesis and treated with
NEB KLD Enzyme Mix (New England
Biolabs), which includes kinase, ligase,
and Dpnl enzymes to phosphorylate
and circularize the PCR product and
digest the template, according to the
manufacturer's instructions.

pGcoA-F196A, pGcoA-F196H, pGcoA-
F1961, pGcoA-F196L, pGcoA-F196S,
pGcoA-F196V

Expression of GcoA containing F196A,
F196H, F196l, F196L, F196S, or F196V
mutations

pCJ047 (pGEX-6P-1 vector containing
WT GcoA (1)) was linearly amplified
using forward primers F196A, F196H,
F196l, F196L, F196S, or F196V and
F169rev to introduce the various
gcoA mutations by site-directed
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mutagenesis and treated with NEB KLD
Enzyme Mix (New England Biolabs),
which includes kinase, ligase, and Dpnl
enzymes to phosphorylate and
circularize the PCR product and digest
the template, according to the
manufacturer's instructions.
Table S10. Sequences of DNA oligos used in this study.

F169rev AGCTTGGCGAACCACTCG

F169A GAACCGCTCGgcCACCAACGCC

F169H GAACCGCTCGcaCACCAACGCC

F169I GAACCGCTCGaTCACCAACGC

F169L GAACCGCTCGCTCACCAACGC

F169S GAACCGCTCGTcCACCAACGC

F169V GAACCGCTCGETCACCAACGC

0CJ042 ccgaaaagtgccacctGACGTCectgttgetcgatcaacge

0CJ043 tcataAGATCTctcctgtgtgaaattgttatccgetcacaattccacacattatacgagecgatgattaattgtcaacagetctgttgecaggtceecgte

0CJo44 aggagAGATCTtatgaacaaaggtgtaatgegacc

0CJ045 cgaacGCGGCCGCgcaataagtcgtaccggaccate

0CJO46 attgcGCGGCCGCgttcgaggttatgtcactgtgattttg

oCJo47 gctggatcctctagtGAGCTCegectgetccaggttg

0CJ084 CCTCAATGGCTTTGCCAG

0CJ085 GTACAACACACTGCCAGC

0CJ086 TGTGGGCATGGTGTGTTC

0CJ087 TCTTCAAAGCGTCCGGTG

0CJ106 ATCTTGAACCAACGCACC

0CJ107 CACAAGGCAATCCTGATCG

0CJ135 AGGCTGATGTTGATGTGC

oClJ542 aggaaacagctatgacatgattacGAATT Ccctgttgctcgatcaacgecag

oCJ543 cgaacGCGGCCGCCtgttgecaggteccgtcagg

oCJ544 gacgggacctggcaacaGCGGCCGC gttegag

0CI545 cgttgtaaaacgacggccagtgccAAGCT Tegectgetccaggttgaatge

0AM127 GAGCTGTTGACAATTAATCATCGGC

0AM173 GAACCGCTCGgcCACCAACGCC

0AM174 AGCTTGGCGAACCACTCG
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Movie S1. Motion of active site Phe residues in WT GcoA with guaiacol bound. 80 ns MD simulation demonstrates the relative
stability of F169 (center), F75 (left), and F395 (right). Compound | heme is shown in sticks along with Fe molecule (orange) and
bound oxygen atom (red) in sphere representation.

Movie S2. Motion of active site F residues in WT GcoA with syringol bound. 80 ns MD simulation reveals the increased flexibility of
F75 (left), F395 (right), and especially F169 (center). Compound | heme is shown in sticks along with Fe molecule (orange) and
bound oxygen atom (red) in sphere representation.

Movie S3. Substrate access loop is relatively stable in WT GcoA with guaiacol bound. 80 ns MD simulation reveals a relatively stable
substrate access loop (residues 154-210, shown in raspberry color) when guaiacol (green “sticks” representation) is bound at the
active site. Compound | heme is shown in sticks along with Fe molecule (orange) and bound oxygen atom (red) in sphere
representation.

Movie S4. Substrate access loop is flexible in WT GcoA with syringol bound. 80 ns MD simulation reveals a more active substrate
access loop (residues 154-210, shown in raspberry color) when syringol (pink “sticks” representation) is bound at the active site.
Compound | heme is shown in sticks along with Fe molecule (orange) and bound oxygen atom (red) in sphere representation.

DFT optimized geometries
Electronic energies (E), zero point energy (ZPE), free energy (G(T)), quasiharmonic corrected free energy (qh-G(T)), and electronic
energy from high level single point calculation (E Single point) of all stationary points (in a.u.). Cartesian coordinates are reported

in xyz format.

Structure E (au) ZPE (au) G(T) (au) gh-G(T) (au) E Single Point (au)
1- syringol -536.495040  0.170476  -536.361137  -536.360232 -536.706360
Fe=0-Porph - doublet -1625.106262 0317660 -1624.839694 -1624.837490  -1625.567736
Fe=0-Porph - quartet -1625.106093 0317696 -1624.840115 -1624.837883  -1625.567464
FeH20-Porph - doublet -1626.387773 0338497 -1626.101953 -1626.099515  -1626.878338
3 - hemiacetal 611.711120  0.175635 -611.573661  -611.572350 -611.959659
7 - acetal 535284576  0.149181 -535.170634  -535.169544  -535.479338
Fe-Porph - sextet -1549.964112 0312990 -1549.704649 -1549.700465  -1550.402389
Fe:o'iferg’?t;:fé‘:r':;;)f‘)yri”gc" 2161.610445 0.489091 -2161.193023 -2161.181629  -2162.291362
Fe:o‘ifg;’:t;r?t”:ﬁ;;f)yringo' 2161610252 0.489162 -2161.193304 -2161.181929  -2162.290915
TS1-a - doublet 2161.574263 0.482285 -2161.159708 -2161.150955  -2162.264394
TS1-b - doublet 2161.578885 0.482284 2161163139 -2161.155284  -2162.269456
TS1-a - quartet 2161572822 0.482653 -2161.160202 -2161.149881  -2162.260628
TS1-b - quartet -2161.578118 0.482402 -2161.163372 -2161.155008  -2162.268868
Int1-b - doublet 2161.595046 0.484420 -2161.180622 -2161.170366  -2162.290290
Intl-a - quartet 2161.585020 0.485263 -2161.172652 -2161.160884  -2162.274849
Intl-b - quartet -2161.593829 0.485312 -2161.178962 -2161.168993  -2162.286346
TS2-b - quartet 2161.590346 0.480888 -2161.177325 -2161.169410  -2162.289260
TS2-a - quartet 2161.579121 0.484609 -2161.165749 -2161.154995  -2162.270819
TS1-c - doublet -2161.598186 0.483285 -2161.182677 -2161.174168  -2162.287930
TS1-c - quartet 2161.599963 0.483375 -2161.184856 -2161.176470  -2162.289148
Intl-c - quartet 2161.623252 0.487968 2161207527 -2161.195638  -2162.309777
T52-c - doublet -2161.593206 0.481997 -2161.180272 -2161.170068  -2162.282252
TS2-c - quartet 2161.589202 0.481568 -2161.176370 -2161.167267  -2162.279422
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DFT Cartesian coordinates of optimized structures

1 - syringol

H 1.39112 -2.28267 1.27967
C 155655 -3.16232 0.65137
O 1.83943 -2.80032 -0.70216
H 0.64644 -3.76575 0.61463
H 237296 -3.76518 1.07192
C 3.00432 -2.10863 -0.92089
C 3.94560 -2.65330 -1.80389
C 3.24620 -0.85454 -0.34585
C 5.11402 -1.96235 -2.10854
H 3.72774 -3.62174 -2.24238
C 4.44085 -0.17289 -0.64837
O 2.33108 -0.28387 0.49369
C 5.37564 -0.71604 -1.52678
H 5.83572 -2.39322 -2.79606
H 6.29099 -0.18504 -1.76219
O 4.54423 1.04142 -0.00637
5.68200 1.84488 -0.27327
5.55607 2.75526 0.31574
6.60729 1.33912 0.03158
5.74538 2.10416 -1.33793
2.70407 0.57525 0.76038

(@)

I T T T

Fe=0-Porph - doublet

Fe 0.09001 0.04213 -0.36230
N 1.85561 -0.91507 -0.14137
N -0.85946 -1.74466 -0.26081
N 1.02135 1.81096 -0.13520
N -1.69352 0.98033 -0.29018
3.09603 -0.33521 -0.04630
-2.21650 -1.96098 -0.33048
2.07516 -2.26630 -0.20461
-0.27579 -2.99282 -0.30557
2.37035 2.02263 -0.03347
-2.93239 0.40160 -0.37143
0.44628 3.05350 -0.17221
-1.90782 2.33688 -0.31952
4.12324 -1.34905 -0.03748
-2.49372 -3.37588 -0.38397
3.48944 -2.54821 -0.14220
-1.29180 -4.01358 -0.37375
2.65560 3.43696 0.00387
-3.95735 1.41528 -0.43884
1.45873 4.07841 -0.08606
-3.32040 2.61780 -0.40765
5.18468 -1.14989 0.03703
-3.48552 -3.80699 -0.43432
3.92107 -3.54060 -0.16883
-1.09269 -5.07702 -0.41026

(@)

T T T T OOOOO0O00O0O0OO0OO0O0O0OO0O0OO0



3.64697 3.86392
-5.01933 1.21486
1.26084 5.14271
-3.75032 3.61082
3.34041 1.02846
-3.18338 -0.96714
-0.91718 3.30603
1.08664 -3.23934
4.37546 1.34644
-4.22017 -1.28302
-1.23209 4.34481
1.40798 -4.27526
0.16134 0.05021
-0.02287 -0.39701
-1.70575 -0.05646
-2.40211 -0.74305
-1.75557 -0.23660
-2.01065 0.96742

OTTITITITOOOOIIIIT

I T T O W

Fe=0-Porph - quartet

Fe 0.08895 0.03952
1.86276 -0.90115
-0.84332 -1.75056
1.00580 1.81862
-1.70236 0.96435
3.09813 -0.31000
-2.19942 -1.97867
2.09490 -2.25008
-0.24962 -2.99497
2.35278 2.04153
-2.93637 0.37652
0.42013 3.05592
-1.92741 2.31953
4.13428 -1.31466
-2.46453 -3.39574
3.51148 -2.51948
-1.25745 -4.02362
2.62631 3.45830
-3.96936 1.38196
1.42390 4.08957
-3.34204 2.58935
5.19381 -1.10596
-3.45284 -3.83511
3.95197 -3.50797
-1.04971 -5.08554
3.61423 3.89349
-5.02956 1.17322
1.21688 5.15213
-3.77974 3.57904
3.33110 1.05529
-3.17533 -0.99432
-0.94542 3.29684
1.11433 -3.23131
4.36354 1.38158

TOOO0O I I IIIITITITOOOOOOOOOOOOOOOOZZZ2Z2

0.08620
-0.50274
-0.09160
-0.44037
0.01904
-0.37529
-0.26237
-0.29289
0.09875
-0.44097
-0.28732
-0.33853
-1.98164
2.22638
2.81715
2.31979
3.89501
2.58591

-0.36576
-0.14522
-0.26510
-0.12816
-0.29294
-0.04804
-0.33111
-0.20789
-0.30398
-0.02887
-0.37754
-0.16389
-0.31803
-0.03929
-0.37792
-0.14488
-0.36644
0.00914
-0.44505
-0.07820
-0.40862
0.03651
-0.42546
-0.17119
-0.39877
0.08978
-0.51164
-0.08305
-0.43907
0.02080
-0.38054
-0.25451
-0.29390
0.10089
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I T T OWVWOIII

-4.20904
-1.26930

1.44343

0.17228
-0.02234
-1.70860
-2.39975
-1.75761
-2.02090

-1.32004
4.33292
-4.26486
0.08273
-0.40009
-0.07328
-0.76382
-0.25730
0.94912

-0.44639
-0.27674
-0.33763
-1.98469
2.22592
2.81526
2.31616
3.89258
2.58760

Fe-Porph-H20 - doublet

Fe 0.05972

T T T OUVOIIIITOOOOI I ITIITIIIIITIOOOOOOOOOOOOOOOOZZZZ2

1.52154
-1.35210
1.48798
-1.38396
2.88049
-2.71273
1.33516
-1.13438
2.84999
-2.74203
1.26887
-1.19962
3.56891
-3.36949
2.61021
-2.39038
3.50874
-3.42848
2.52745
-2.47205
4.64489
-4.43967
2.73599
-2.49058
4.58169
-4.50190
2.62670
-2.59898
3.50881
-3.36883
0.02654
0.10743
4.59388
-4.45176
0.01191
0.11893
0.14625
0.09768
-1.62246
-2.17234
-1.56172
-2.15871

0.00013
-1.39355
-1.42758

1.42930

1.39301
-1.19649
-1.26488
-2.75365
-2.78246
1.26525

1.19720
2.78338

2.75389
-2.46469
-2.55028
-3.43062
-3.49155
2.55002

2.46610
3.49217

3.43125
-2.58133
-2.69494
-4.50556
-4.56969
2.69211

2.58524
4.56997

4.50658
0.04236
-0.04179
3.40280
-3.40215
0.05546
-0.05500
4.48831
-4.48766
-0.00294

-0.00434

0.00586
-0.87980
-0.00070

0.90343

-0.10196
-0.16026
-0.24699
-0.14419
-0.26691
-0.11935
-0.35222
-0.11963
-0.20834
-0.10808
-0.36684
-0.11069
-0.22468
-0.07150
-0.37862
-0.06861
-0.28494
-0.06016
-0.39609
-0.05877
-0.30342
-0.03836
-0.45811
-0.03417
-0.27351
-0.02841
-0.47434
-0.02729
-0.29181
-0.10607
-0.41789
-0.14383
-0.13942
-0.06899
-0.49653
-0.11591
-0.11005
-2.28515
2.11918
2.73814
2.40992
3.83151
2.41984
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H 0.93595 -0.21781 -2.80169
H -0.58708 0.20225 -2.88235

3 - hemiacetal

1.47660 -2.15525 1.29974
1.65474 -3.08055 0.74435
1.89375 -2.82733 -0.64181
0.76319 -3.71086 0.78355
2.49942 -3.62123 1.19285
3.02799 -2.11676 -0.94605
3.98867 -2.71084 -1.77105
3.22349 -0.79990 -0.50240
5.12895 -2.00881 -2.15682
3.80864 -3.72736 -2.10610
4.38488 -0.10993 -0.88963
2.29480 -0.18985 0.29202
5.33803 -0.69771 -1.71889
5.86142 -2.47956 -2.80567
6.20470 -0.12883 -2.03365
4.44792 1.18592 -0.38917
5.72711 1.75426 -0.15307
5.53348 2.56952 0.55470
6.39884 1.01182 0.28822
2.64998 0.69606 0.48749
6.36026  2.20627 -1.31420
5.78788 2.87382 -1.72693

TOIITITOO0OIITOO0OOIOOOOIITOOI

- acetal
0.75901 -2.13039 0.20764
1.37443 -2.94185 0.61315
2.41466 -3.30572 -0.29130
0.76365 -3.83940 0.72998
1.77222 -2.63702 1.58600
3.30561 -2.35851 -0.69474
4.16238 -2.71603 -1.75861
3.47947 -1.08234 -0.16486
5.13019 -1.84415 -2.24549
4.03282 -3.70405 -2.18811
4.45089 -0.21884 -0.67160
2.83799 -0.47001 0.90347
5.29943 -0.55616 -1.70747
5.76328 -2.16355 -3.06797
6.04758 0.13582 -2.07631
4.43425 0.95661 0.04740
3.24772 0.89673 0.83689
3.46062 1.25930 1.84528
2.45740 1.49707 0.35901

T T OO0OIITOO0OOIOOOOI ITOOIN

Fe=0-Porph - doublet + Syringol (reactant complex)
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Fe

T T O0OOITOOO0OIIITO0OOIIIITIONOIIIITIOOOOIIIIIIIITOOOOOOOOOOOOOOOOZZZZ2

1.66063 0.05527 -0.03921
3.04911 -1.39611 -0.26839
0.35785 -1.33879 0.64003
3.06410 1.45172 -0.40051
0.35984 1.50567 0.47421
4.34704 -1.22997 -0.68429

-0.94055 -1.12329 1.04267
2.85094 -2.74973 -0.18366
0.51885 -2.70836 0.60635
4.35884 1.23443 -0.79035

-0.93846 1.33919 0.87846
2.88645 2.80978 -0.42212
0.53628 2.85969 0.31984
498544 -2.51254 -0.85571

-1.60112 -2.38078 1.29926
4.05466 -3.45656 -0.54959

-0.69648 -3.36056 1.02618
5.01973 2.48868 -1.05834

-1.59806 2.61726 0.99244
4.10287 3.46883 -0.83131

-0.68062 3.56200 0.64812
6.01176 -2.65249 -1.17037

-2.63265 -2.47640 1.61194
4.15720 -4.53420 -0.55777

-0.82471 -4.43350 1.09393
6.04946 2.58691 -1.37760

-2.63204 2.74888 1.28294
4.22212 454078 -0.92438

-0.80016 4.63732 0.60907
4.96445 -0.01029 -0.91712

-1.54636 0.11921 1.15894
1.71106 3.47247 -0.08954
1.67137 -3.36781 0.21454
6.00159 -0.02923 -1.23771

-2.58719 0.13924 1.46416
1.71210 4.55606 -0.15834
1.65748 -4.45318 0.23290
1.14036 -0.02621 -1.57519
2.36987 -0.20717 2.46738
1.16959 0.65749 3.52049
0.18231 0.19813 3.38687
1.46207 0.54653 4.56872
1.09435 1.71498 3.25440

-1.07718 -0.37293 -2.57255

-1.79496 -1.05523 -3.03990

-2.85649 -1.38660 -2.14522

-1.29448 -1.99801 -3.26607

-2.18822 -0.62208 -3.96832

-3.66396 -0.38021 -1.68442

-3.65525 0.94760 -2.11738

-4.55592 -0.80526 -0.68591

-4.55721 1.84644 -1.54559

-2.95673 1.27826 -2.87683

-5.45808 0.10746 -0.11835

-4.53653 -2.10136 -0.25399

-5.45552  1.43972 -0.55644

-4.56185 2.88077 -1.87671

-3.83051 -2.53793 -0.76524
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I T T O Q0O I

Fe=0-Porph - quartet + Syringol (reactant complex)

-6.15037 2.15606 -0.13398
-6.27786 -0.40292 0.84856
-7.23509 0.46360 1.42823
-7.78763 -0.14083 2.15039
-6.75983  1.30557 1.95102
-7.93302 0.85863 0.67740

1.61447 0.06766 -0.02681
3.11789 -1.24448 -0.34701
0.45737 -1.45705 0.61792
2.88746 1.59800 -0.34715
0.20516 1.37728 0.57368
4.38804 -0.94746 -0.77659

-0.84092 -1.37194 1.06885
3.03974 -2.61245 -0.32033
0.73655 -2.80564 0.52723
4.18672 1.51103 -0.77005

-1.06465 1.08300 0.99472
2.59109 2.93431 -0.30970
0.26027 2.74684 0.47088
5.13058 -2.16075 -1.01823

-1.37820 -2.69136 1.29833
4.29134 -3.19502 -0.74015

-0.40184 -3.57719 0.95881
472990 2.82839 -0.99756

-1.83123  2.29298 1.16833
3.73609 3.71407 -0.71337

-1.00664 3.32660 0.84635
6.15836 -2.19666 -1.35635

-2.38209 -2.88634 1.65179
4.48632 -4.25820 -0.79941

-0.43287 -4.65894 0.99052
5.73971 3.02952 -1.33186

-2.86751 2.32294 1.47809
3.75892 4.79519 -0.76452

-1.22056 4.38787 0.85043
4.89413 0.33007 -0.96266

-1.55446 -0.19547 1.24357
1.36882 3.47658 0.06952
1.92828 -3.34669 0.07656
5.92218 0.41484 -1.30139

-2.58363 -0.28399 1.57467
1.27346 4.55791 0.04574
2.00776 -4.42902 0.04899
1.08710 0.03453 -1.56267
2.40565 -0.23114 2.45270
1.16332 0.48786 3.56521
0.21514 -0.04881 3.43670
149131 0.36242 4.60133
0.99259 1.54446 3.34371

-1.06081 -0.27475 -2.73086

-1.74051 -1.03195 -3.13502

-2.75218 -1.37532 -2.18921

-1.18116 -1.95098 -3.31617

-2.18687 -0.68750 -4.07653
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-3.60507
-3.71526
-4.41105
-4.65046
-3.08332
-5.34429
-4.27296
-5.46430
-4.74768
-3.55897
-6.18579
-6.06478
-7.05489
-7.51851
-6.62045
-7.82096

T I T O0IITITOO0OOIOOOO

-0.39371
0.89441
-0.80029
1.77013
1.21244
0.09034
-2.05380
1.38052
2.77302
-2.47679
2.07843
-0.39591
0.44260
-0.13837
1.35864
0.72046

TS1-a - doublet

Fe
0.02879
0.58529
2.33774
2.87407
-0.01668
0.99263
-1.05845
-0.59229
1.98873
2.98946
3.42523
3.88234
-1.17227
0.06442
-1.82699
-0.92299
2.88371
4.11719
3.76823
4.66516
-1.42970
0.16470
-2.73714
-1.80134
2.82563
4.42627
4.58905
5.52079
0.90559
2.12507
4.12949
-1.36134
0.75001
2.32478
4.96658

T T T OOOO I I I ITITIITITOOOOOOOOOOOOOO0OOOZZ22Z22Z2

1.02247
-1.74916
1.72212
-1.04991
2.37511
-3.01496
0.50016
-1.89416
2.98792
-2.41204
1.87082
-0.51795
2.71889
-3.99007
1.55280
-3.29322
3.96031
-2.75157
3.26761
-1.57706
3.72268
-5.06182
1.40007
-3.67365
5.02867
-3.76110
3.65034
-1.42245
3.29508
-3.33147
0.83655
-0.85381
4.34015
-4.38431
1.11472

-1.75724
-2.28574
-0.68160
-1.73212
-3.10651
-0.13037
-0.15528
-0.66608
-2.13740
-0.66713
-0.25766
0.92507
1.49057
2.29041
1.91526
0.75386

1.40144 -0.00970 -0.13820

-1.18756
-0.74189
0.30115
0.80041
-1.40464
-0.41623
-1.83663
-1.43142
-0.10102
0.91115
1.12441
1.56627
-2.19986
-0.93829
-2.46088
-1.56522
0.47790
1.75011
1.24733
2.16244
-2.51415
-0.82203
-3.02637
-2.07094
0.31242
1.99008
1.84054
2.80756
-0.91577
0.33108
1.73307
-1.93683
-1.16685
0.50758
2.36642



T I T T OO0OIIITITOO0OOOOOOIITOOI I IIITOWnOoI

-2.26888 -1.12019 -2.47002
0.50962 -0.06377 1.35876
3.07820 -0.04244 -1.97027
3.15592 -1.70612 -2.69886
2.18015 -2.02106 -3.07767
3.89369 -1.70219 -3.50665
3.47996 -2.42484 -1.93685

-0.24219 0.81085 1.51956

-1.15170 1.77408 1.85790

-2.29284 1.65803 1.09011

-0.65694 2.71174 1.61014

-1.31360 1.61176 2.92754

-3.20106 0.64803 1.32546

-3.04553 -0.37833 2.26000

-4.33500 0.73029 0.50454

-4.07139 -1.31066 2.39468

-5.36388 -0.21681 0.65778

-4.45886 1.70791 -0.43539

-5.22755 -1.23155 1.61165

-3.96870 -2.11844 3.11294

-3.61352  2.19199 -0.45190

-6.01085 -1.96946 1.73898

-6.43467 -0.05314 -0.17285

-7.51111 -0.96422 -0.04985

-8.25381 -0.65082 -0.78621

-7.19872 -1.99507 -0.26721

-7.95887 -0.93072 0.95285

-2.13264 -0.46845 2.83620

TS1-b - doublet

Fe

N
N
N
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
H
H
H
H

-1.17718 0.03369 0.21432
-1.84250 -1.87232 0.30080
-2.76995 0.54082 -0.93502
0.28371 -0.43599 1.50345
-0.59936 1.96692 0.22326
-1.33882 -2.90031 1.06155
-3.06975 1.78091 -1.44343
-2.88845 -2.40496 -0.40830
-3.68270 -0.32850 -1.48891
0.51560 -1.64620 2.10434
-1.17142  3.01305 -0.44878
1.28206 0.39808 1.93498
0.53154 2.46974 0.81280
-2.08204 -4.11282 0.81951
-4.22322 1.69977 -2.30827
-3.03712 -3.80791 -0.10201
-4.59696 0.39192 -2.34272
1.69003 -1.57538 2.93825
-0.39110 4.21497 -0.26732
2.17240 -0.30692 2.82452
0.67059 3.87527 0.51281
-1.88542 -5.06387 1.29793
-4.66485 2.54099 -2.82730
-3.78971 -4.45641 -0.53227
-5.41213 -0.06128 -2.89239
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2.08576

-0.63296 5.17881

3.04461
1.48411
-0.25191
-2.33771
1.41101
-3.72726
0.04232
-2.68032
2.27395

-2.39874

0.12778
4.50098

-2.79291
2.93744

1.74322

-1.69535

-3.68302

3.85028

2.26940

3.51903
-0.69678
3.29541
0.85623
1.91962
-1.20580
1.60354
-1.26313
2.46773
-1.68402
1.99780

-4.50879 -2.25588 -1.76733
-0.21242 -0.23033 -1.23582
-2.86542  0.38497 1.97310
-3.16202 2.16577 2.18607
-3.56357 2.58649 1.25640
-3.90438 2.30398 2.97768
-2.23968 2.69651 2.43569
0.25191 -1.35735 -1.35615
1.01246 -2.36228 -1.69228
2.06628 -1.83710 -2.42130
0.38712 -2.97508 -2.34416
1.30924 -2.84448 -0.75518
3.17100 -1.38379 -1.70356
4.22630 -2.27174 -1.47436
3.22921 -0.03998 -1.30398
5.38231 -1.81580 -0.85452
4.12798 -3.29675 -1.81826
4.42258 0.40494 -0.67668
2.25391 0.86629 -1.51478
5.48280 -0.47617 -0.45966
6.21419 -2.49192 -0.68107
1.35086 0.44985 -1.54689
6.39049 -0.12969 0.02099
4.42584 172481 -0.31534
5.62683 2.26219 0.20305
5.43508 3.32498 0.36670
5.90766 1.79559 1.15845
6.46053 2.15047 -0.50367

T T T O0OIIITIITOO0OOIOOOOIIITO0OOI I ITIITOUNVOIIIITOOO0OO0OIIII

TS1-a - quartet

Fe 1.55737 -0.16135 0.01966
1.29854 -0.83859 1.90931
1.54487 1.75177 0.74357
1.64730 -2.04379 -0.66328
2.01561 0.53148 -1.80577
1.16504 -2.14915 2.28634
1.68480 2.90022 0.00848
1.12493 -0.09202 3.05008
1.34278 2.15052 2.04335
1.45973 -3.18874 0.06453
2.07173 1.84702 -2.19592
1.87935 -2.44569 -1.95090
2.19242 -0.21184 -2.94488
0.91796 -2.23615 3.70537

OOOO0O0O0O0O0O0zZz2Z222



1.56233 4.05761 0.86410
0.89247 -0.95987 4.17886
1.35112 3.59159 2.12667
1.56148 -4.34941 -0.79339
2.31837 1.93368 -3.61529
1.82369 -3.88814 -2.04446
2.39721 0.65628 -4.07930
0.78073 -3.16090 4.25133
1.63608 5.08429 0.52821
0.72991 -0.62000 5.19381
1.21553 4.15733 3.03979
1.45041 -5.37344 -0.46001
2.41005 2.85946 -4.16910
197187 -4.45280 -2.95616
2.56461 0.31570 -5.09319
1.23852 -3.24535 1.43357
1.92324 2.94835 -1.36155
2.14516 -1.59855 -3.01774
1.14283 1.29577 3.11951
1.11492 -4.22833 1.87790
2.00179 3.93036 -1.81845
2.30781 -2.05294 -3.99028
0.98851 1.74754 4.09469
-0.14585 -0.12527 -0.31502
3.87056 -0.10781 0.72577
4.81942 0.99956 -0.36220
441758 2.01651 -0.29352
5.85840 1.01254 -0.02017
4.76741 0.67347 -1.40384
-0.80888 0.72239 0.16037
-1.73463  1.56208 0.73360
-2.88893 1.62350 -0.02770
-1.26939 2.54610 0.74182
-1.88302 1.11230 1.72037
-3.75882 0.54737 -0.02460
-3.38685 -0.77176 0.24433
-5.07726 0.89490 -0.34546
-4.37312 -1.75351 0.20203
-6.06091 -0.11089 -0.38560
-5.42541  2.18493 -0.60858
-5.70028 -1.43301 -0.10529
-4.10708 -2.78800 0.39758
-4.60877 2.70897 -0.53132
-6.44665 -2.21828 -0.13342
-7.31855 0.31663 -0.69779
-8.35125 -0.65010 -0.74809
-9.25963 -0.10381 -1.00964
-8.15550 -1.41421 -1.51294
-8.49289 -1.14431 0.22305
-2.34728 -1.01874 0.42874

I I T T OO0OIITITOO0OOOOO0OIIITO0OOI I IITONMOIIIIOOOOOIIIIIIIIIOOOOO0OON

TS1-b - quartet

Fe -1.17312 0.17009 0.20812
N 0.29609 -0.32612 1.50594



OIITITOO0OOIOOOOOIIO0OOIIIITIOONMOIIIIOOOOIIIIITIIIIOOOOOOOOOOOOOOOOZZZ

-1.80559 -1.77512 0.25511
-0.59830 2.08969 0.25052
-2.75435 0.66619 -0.91659
1.26934 0.51689 1.97863
-2.86771 -2.29859 -0.43684
0.58759 -1.56884 2.01586
-1.24008 -2.82721 0.93906
0.49892 2.59829 0.89183
-3.66985 -0.19595 -1.46838
-1.19205 3.14898 -0.38212
-3.06372 1.91206 -1.40318
2.19007 -0.20782 2.81897
-2.97653 -3.71687 -0.18646
1.76561 -1.50124 2.84427
-1.96782 -4.04344 0.66796
0.60861 4.01872 0.64766
-4.59349 0.52966 -2.30589
-0.44399 4.36205 -0.14067
-4.22030 1.83866 -2.26139
3.04718 0.23067 3.31344
-3.73313 -4.36262 -0.61408
2.20282 -2.34487 3.36287
-1.72617 -5.01242 1.08610
1.39598 4.65072 1.03757
-5.41268 0.08024 -2.85283
-0.70505 5.33602 -0.53442
-4.66745 2.68532 -2.76655
1.37022 1.87331 1.69321
-3.72923 -1.56779 -1.24858
-2.35038 3.07567 -1.14396
-0.12378 -2.73545 1.75831
2.20763 2.40930 2.12738
-4.52324 -2.11444 -1.74871
-2.71287 3.99444 -1.59484
0.22479 -3.64687 2.23443
-0.16845 -0.10342 -1.20141
-2.47320 0.31293 2.26298
-4.24492  0.20746 1.86699
-4.45781 -0.75268 1.38320
-4.81273 0.26003 2.80044
-4.54855 1.01127 1.19167
0.21975 -1.23741 -1.41506
0.94646 -2.24374 -1.86788
2.00714 -1.66681 -2.54562
0.29672 -2.76190 -2.57532
1.23663 -2.83015 -0.99060
3.13382 -1.33313 -1.79706
4.14003 -2.29036 -1.63536
3.26011 -0.02873 -1.29631
5.31593 -1.94205 -0.98388
3.99078 -3.28025 -2.05549
447336 0.30713 -0.64050
2.32863 0.93618 -1.43301
5.48542 -0.64217 -0.49124
6.11127 -2.67137 -0.86216
1.41096 0.55954 -1.49396
6.40882 -0.38038 0.01245
4.54361 1.59431 -0.18395
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T T T O

5.76189 2.02346 0.39137
5.62261 3.07810 0.63899
6.00167 1.46638 1.30866
6.60061 1.92563 -0.31160

Intl-b - doublet

-1.25528 -0.03555 0.20428
-0.26893 1.32581 1.31679
-0.00003 -1.48251 0.82637
-2.57022 1.40329 -0.33281
-2.28895 -1.41940 -0.84564
-0.59646 2.64954 1.51499
-0.03295 -2.81862 0.50293
0.88562 1.11412 2.02291
1.11812 -1.31127 1.60762
-2.59937 2.70897 0.07066
-2.00468 -2.74717 -0.98436
-3.61979 1.24909 -1.19884
-3.36411 -1.17340 -1.65884
0.38025 3.28217 2.36772
1.07208 -3.51068 1.12397
1.30550 2.33252 2.67428
1.78961 -2.57558 1.79984
-3.69305 3.40674 -0.55943
-2.93183 -3.36984 -1.89962
-4.32533  2.49827 -1.35507
-3.77715 -2.38897 -2.32163
0.34964 4.31929 2.67668
1.26789 -4.57070 1.02489
2.19096 2.42743 3.28973
2.69566 -2.70749 2.37684
-3.93115 4.45170 -0.40644
-2.91950 -4.41629 -2.17678
-5.19152  2.64391 -1.98811
-4.60384 -2.46374 -3.01676
-1.68778 3.29248 0.95113
-0.96583 -3.41315 -0.33417
-3.98567 0.05911 -1.82187
1.54659 -0.10591 2.14165
-1.82940 4.34162 1.19288
-0.85903 -4.47695 -0.52410
-4.84099 0.09596 -2.49031
2.45793 -0.11955 2.73123
-0.23919 0.29107 -1.29153
-2.44699 -0.49595 2.25535
-3.22849 -2.13608 2.14423
-2.46624 -2.90734 1.98476
-3.74395 -2.34242 3.08663
-3.93878 -2.17741 1.31388
-0.09023 1.24942 -1.33423
2.03004 3.24659 -2.36730
2.01133 2.02275 -1.79896
1.05998 3.55903 -2.73071
2.95489 3.60129 -2.80965
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3.17401 1.45955 -1.30174
4.28361 2.23139 -0.93802
3.16277 0.05436 -1.18033
5.43129 1.59495 -0.48391
4.22903 3.31304 -0.99063
4.35865 -0.56562 -0.72083
2.13730 -0.73141 -1.51462
5.47643 0.19835 -0.38560
6.29770 2.18212 -0.19461
1.22790 -0.27425 -1.48005
6.38201 -0.28215 -0.03407
4.29900 -1.92614 -0.64910
5.46840 -2.62152 -0.26397
5.21151 -3.68209 -0.30013
6.30256 -2.42698 -0.95224
5.78255 -2.36071 0.75689

Intl-a - quartet

-1.65803 0.09007 0.07373
-2.37919 1.34648 -1.33345
-0.64112 1.60756 0.92167
-2.84004 -1.36850 -0.65833
-1.00808 -1.13848 1.54379
-3.32604 1.07575 -2.29505
0.16361 1.55409 2.03871
-2.00456 2.64959 -1.53279
-0.50027 2.88149 0.41348
-3.72007 -1.29013 -1.70362
-0.13692 -0.84505 2.55207
-2.87134 -2.66948 -0.23254
-1.27540 -2.47923 1.65214
-3.54270 2.23627 -3.12499
0.79214 2.83416 2.25988
-2.71472  3.21043 -2.65819
0.38774 3.65229 1.24979
-4.33170 -2.57382 -1.94335
0.15607 -2.02733 3.33008
-3.79771 -3.43452 -1.03148
-0.55046 -3.04546 2.76767
-4.23886 2.28200 -3.95274
1.46752 3.05524 3.07651
-2.59405 4.22332 -3.02070
0.65857 4.68509 1.07090
-5.06337 -2.77621 -2.71507
0.81987 -2.05720 4.18466
-4.00402 -4.48892 -0.89840
-0.58910 -4.08532 3.06639
-3.96672 -0.14438 -2.45792
0.39348 0.42019 2.80441
-2.13958 -3.19180 0.83183
-1.11086 3.35934 -0.73517
-4.69599 -0.22257 -3.25864
1.07358 0.51729 3.64527
-2.26696 -4.24902 1.04541
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-0.90250 4.38697 -1.01710
-0.25411 -0.41889 -0.93453
-3.44859 1.04926 1.48339
-3.17633 0.57002 3.21465
-2.21918 0.97947 3.56033
-3.97738 0.98975 3.82964
-3.14329 -0.51716 3.32315
-0.53211 -0.35459 -1.86499
2.15413 -2.49863 -1.87286
3.48108 -2.24175 -1.67141
1.99234 -3.51202 -2.21800
1.40760 -1.94703 -1.31211
3.92313 -1.04588 -1.13711
3.11428 0.03422 -0.77668
5.31688 -1.00705 -0.98615
3.73224 1.16709 -0.24852
2.03627 -0.00117 -0.89682
5.92089 0.14492 -0.45364
6.09420 -2.06836 -1.34527
5.11972 1.23147 -0.08481
3.12120 2.01723 0.04110
5.48382 -2.74336 -1.69041
5.57069 2.12727 0.32638
7.28239 0.09204 -0.34178
7.94428 1.22775 0.17877
7.62558 1.45022 1.20697
9.00821 0.98145 0.17842
7.77912  2.11753 -0.44492

Int1-b - quartet

Fe

T T T OOOOOO0O0O0O0O0O0O00O0O00000zZ2222

1.33967 0.07866 0.10195
1.43782 -1.85365 0.67802
0.23641 0.51719 1.72333
2.60650 -0.33482 -1.41211
1.30631 2.03031 -0.42272
2.17929 -2.86342 0.10635

-0.26256  1.74837 2.09036
0.75378 -2.43083 1.71462
-0.28369 -0.38481 2.62870
3.19338 -1.53341 -1.71176
0.64181 3.04901 0.19412
3.00034 0.53595 -2.39133
1.86077 2.57030 -1.55512
1.94403 -4.10816 0.79656
-1.07566 1.62291 3.27510
1.04995 -3.84173 1.78899
-1.09554 0.30332 3.60228
3.98953 -1.41883 -2.90805
0.78064 4.27498 -0.55759
3.86270 -0.13069 -3.33603
1.53675 3.97585 -1.64904
2.40946 -5.05224 0.54330
-1.58135 2.44596 3.76335
0.63313 -4.52133 2.52134
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-1.61587 -0.18007
4.55538 -2.22627
0.34495 5.22538
4.30645 0.33782
1.85371 4.63089
3.01532 -2.71302

-0.06919 2.92830
2.64750 1.88203

-0.06740 -1.75199
3.54590 -3.59433

-0.54903 3.82171
3.03343  2.44481

-0.55335 -2.34109

3.15866 0.39517
3.36891 2.17017
2.44673 2.57706
4.17982  2.30070
3.58872 2.71964
-0.13064 -1.12318
-1.71053 -3.02550
-2.26602 -2.15002
-1.00453 -3.70853
-2.28505 -3.29632
-3.49100 -1.56676
-4.59868 -2.34698
-3.57060 -0.17218
-5.82583 -1.72890
-4.48892 -3.42457
-4.83938 0.43235
-2.53074 0.61452
-5.94926 -0.34198
-6.69738 -2.32104
-1.64764 0.20087
-6.91403 0.12651
-4.85789 1.78870
-6.08260 2.46205
-5.87558 3.52119
-6.45359  2.32547
-6.85805 2.1299%4

T T T OO0OIITITOO0OOIOOOOIITO0OOIIIITOVOIIIIOOOOIIIIII

TS2-b - quartet

Fe -1.21047 0.20705
-1.64898 2.06708
0.38702  0.94908
-2.83143 -0.55077
-0.77568 -1.65770
-2.68823  2.40548
1.30306 0.23610
-0.98608 3.22432
0.78296 2.26739
-3.70339 0.15748
0.30672 -2.01265
-3.25915 -1.85335

OOO0O0O000zzz22

4.41914
-3.35497
-0.27711
-4.20529
-2.45062
-0.99051

1.38851

-2.46806

2.61171
-1.33837

1.77613
-3.31300

3.38331

-0.11271 -0.18799 -0.95297

1.72000
2.04977
2.48238
2.77204
1.13068
-1.22608
-1.24058
-0.35454
-0.78314
-2.12069
-0.65375
-1.00166
-0.51906
-1.20607
-1.07409
-0.71312
-0.19412
-1.05680
-1.46910
-0.42699
-1.21349
-0.55029
-0.75981
-0.59172
-1.78551
-0.05485

0.21253
-0.43347
1.18371
-0.73520
0.86608
-1.25950
1.90705
-0.16316
1.26524
-1.51504
1.63457
-0.77287
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-1.48135 -2.81706 0.64742
-2.67175 3.82777 -1.52360
2.30084 1.12065 2.46626
-1.61352 4.33828 -0.83784
197463 2.37947 2.07192
-4.71534 -0.71746 -2.05668
0.27888 -3.42956 1.91033
-4.43993 -1.96943 -1.59291
-0.83347 -3.92788 1.30277
-3.38376 4.34747 -2.15212
3.13346 0.79844 3.07854
-1.27286 5.36441 -0.78547
2.48378 3.30940 2.28965
-5.52231 -0.40169 -2.70571
1.01687 -3.95638 2.50208
-4.97333 -2.89212 -1.78347
-1.19374 -4.94885 1.28773
-3.63993 1.52959 -1.76012
1.28393 -1.14187 2.09940
-2.63960 -2.91348 -0.11725
0.14407 3.32859 0.65095
-4.40958 1.94984 -2.40092
2.08582 -1.56930 2.69364
-3.08920 -3.89668 -0.22056
0.56814 4.31799 0.79152
-0.19881 -0.03633 -1.36554
-2.36397 0.60328 2.21444
-3.71748 -0.60706 2.38667
-3.32953 -1.63099 2.38548
-4.21636 -0.42238 3.34269
-4.44168 -0.50735 1.57323
-0.26092 -0.95893 -1.65593
1.56957 -3.29407 -1.82634
1.87779 -1.97096 -1.97810
0.66102 -3.56426 -2.35071
1.83240 -3.76429 -0.88233
3.06450 -1.49645 -1.46231
4.17108 -2.31509 -1.25300
3.10342 -0.09607 -1.20140
5.35941 -1.75862 -0.77591
4.10946 -3.36905 -1.50084
4.35026 0.43874 -0.73039
2.10087 0.72184 -1.39071
5.45386 -0.38773 -0.51729
6.22554 -2.39463 -0.61937
1.05150 0.30070 -1.41160
6.38885 0.02489 -0.15687
4.33741 1.78049 -0.52550
552549 2.39752 -0.06506
5.29595 3.46123 0.02051
5.82783 2.01036 0.91767
6.35304 2.26106 -0.77416

TS2-a - quartet
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-1.59804 0.05437
-0.53255 -0.46411
-1.81540 -1.89901
-1.30811 2.00568
-2.74368 0.57687
0.09026 0.38194
-2.45637 -2.40348
-0.23954 -1.74091
-1.33275 -2.97391
-0.58725 2.51546
-3.25464 -0.26903
-1.86741 3.08536
-3.08679 1.84870
0.78005 -0.38095
-2.36956 -3.84601
0.57238 -1.69648
-1.67644 -4.19963
-0.66623  3.95646
-3.96358 0.49091
-1.46250 4.30885
-3.86526  1.80249
1.34553 0.05016
-2.79494  -4.48695
0.93436 -2.56824
-1.41204 -5.19127
-0.17940 4.59824
-4.46276 0.06133
-1.76259  5.29998
-4.26385 2.67124
0.07598 1.77014
-3.12341 -1.65104
-2.70201 3.02095
-0.61408 -2.91027
0.60857 2.31323
-3.58922 -2.18631
-3.06117 3.95826
-0.29996 -3.84903
-0.08731 0.03760
-3.42957 -0.08548
-4.94480 -0.40852
-4.84831 -1.34917
-5.78205 -0.48783
-5.13930 0.39945
0.16693 0.97135
1.84671 -0.48696
3.05090 0.11678
1.33175 -0.16396
1.67648 -1.44886
3.77279 -0.14568
3.18944 -0.49839
5.16088 -0.00481
4.02714 -0.72625
2.10869 -0.56288
598674 -0.21884
5.70358 0.31785
5.40902 -0.58314
3.59033 -0.99822
4.96098 0.40868

0.23260
1.86960
-0.25057
0.66549
-1.33653
2.74854
-1.34939
2.28127
0.44708
1.71946
-2.29161
0.02365
-1.72223
3.76073
-1.35275
3.47305
-0.23614
1.71818
-3.29065
0.67231
-2.93488
4.57710
-2.11465
4.00319
0.10856
2.44147
-4.15006
0.35665
-3.44332
2.68297
-2.30878
-1.08227
1.63363
3.45709
-3.13038
-1.49526
2.07894
-0.81666
1.67471
0.70798
0.15796
1.40742
-0.00178
-0.92848
-2.48034
-2.30552
-3.37366
-2.01746
-1.14585
0.06820
-1.29734
1.16275
0.14775
-0.18237
-2.50861
1.03835
2.11878
-3.13147
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6.07383 -0.75196 1.87968
7.35515 -0.15333 -0.26904
7.90712 1.11211 -0.63919
8.99179 0.99245 -0.58492
7.61859 1.39801 -1.65480
7.59402 1.89479 0.06523

TS1-c - doublet

-1.17081 0.18752 0.12855
-1.80704 2.00881 -0.47404
0.34324 1.05647 1.13445
-2.80335 -0.65856 -0.69168
-0.64015 -1.60953 0.90000
-2.90263 2.27560 -1.24993
1.30301 0.42742 1.88317
-1.19636 3.20851 -0.24861
0.66038 2.39466 1.15041
-3.75622 -0.02834 -1.44799
0.46227 -1.87831 1.67048
-3.10879 -1.99539 -0.72774
-1.24924 -2.81553 0.66846
-2.98438 3.69194 -1.52608
2.24644 139223 2.39330
-1.92393 4.27190 -0.90340
1.84727 2.61079 1.93948
-4.69965 -0.99036 -1.96180
0.54242 -3.29322 1.94647
-4.29665 -2.21247 -1.51551
-0.52104 -3.87509 1.32662
-3.76000 4.15968 -2.11903
3.09618 1.14766 3.01783
-1.64372 531716 -0.87574
2.30005 3.57861 2.11246
-5.55069 -0.74564 -2.58458
1.31341 -3.75987 2.54658
-4.74902 -3.17970 -1.69443
-0.80483 -4.91997 1.30970
-3.81530 1.33661 -1.70443
1.37557 -0.93838 2.12484
-2.39583 -3.00397 -0.09251
-0.04867 3.39894 0.51325
-4.63774 1.69322 -2.31678
2.20264 -1.29501 2.73046
-2.76579 -4.01940 -0.19761
0.32261 4.41388 0.61336
-0.25270 -0.03113 -1.26111
-2.35272  0.55857 2.25099
-3.67013 -0.69448 2.41914
-3.25120 -1.70608 2.43474
-4.18047 -0.51716 3.37130
-4.39607 -0.62712 1.60396
1.85003 -1.97199 -1.73051
3.03582 -1.49003 -1.30252
4.16445 -2.25872 -1.01952
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3.06252 -0.05810 -1.16477
5.34591 -1.62734 -0.62238
4.13577 -3.33733 -1.11914
4.30564 0.54836 -0.76603
2.03945 0.70045 -1.41264
5.42624 -0.23447 -0.49941
6.22476 -2.22933 -0.41043
0.95845 0.25268 -1.36394
6.36106 0.22189 -0.19648
4.26260 1.89928 -0.68730
5.44092 2.58492 -0.30004
5.18450 3.64557 -0.30700
5.76248 2.29352 0.70883
6.26213 2.40418 -1.00620
1.68298 -3.37580 -1.86065
2.37689 -3.78955 -2.60407
1.82599 -3.88157 -0.89819
0.65530 -3.51744 -2.19591

TS1-c - quartet

-1.18438 0.19072 0.13908
-2.10430 1.81442 -0.63860
0.19898 1.38976 0.99144
-2.66690 -0.98526 -0.54434
-0.34946 -1.40959 1.05884
-3.24488 1.82325 -1.39311
1.25271 1.00353 1.77909
-1.67373 3.10925 -0.57782
0.30482 2.75092 0.84954
-3.73118 -0.59320 -1.31480
0.79162 -1.41732 1.81842
-2.75228 -2.34970 -0.43904
-0.75469 -2.71627 0.96025
-3.54488 3.16909 -1.82673
2.03675 2.15463 2.15712
-2.56723 3.96808 -1.32146
1.44892 3.23734 1.58153
-4.52022 -1.74047 -1.69192
1.10985 -2.76634 2.22254
-3.91076 -2.83152 -1.15076
0.14934 -3.57273 1.69206
-4.39566 3.44431 -2.43699
2.91903 2.11704 2.78330
-2.44591 5.03857 -1.42769
1.74695 4.27671 1.63386
-5.41700 -1.69860 -2.29701
1.95847 -3.04005 2.83658
-4.20509 -3.87141 -1.21677
0.04244 -4.64649 1.78354
-4.01366 0.71035 -1.70324
1.54413 -0.29997 2.15626
-1.86836 -3.16228 0.26091
-0.55636 3.55523 0.11858
-4.89817 0.86776 -2.31277
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2.42422 -0.45750 2.77165
-2.06960 -4.22936 0.26758
-0.34231 4.61905 0.09085
-0.26350 -0.00947 -1.25154
-2.35877 0.61040 2.22172
-3.36103 -0.85578 2.64155
-2.72726 -1.74093 2.75597
-3.86655 -0.66283 3.59265
-4.10709 -1.05816 1.86774

1.82481 -1.95416 -1.78225

3.01196 -1.48310 -1.34641

4.13407 -2.26059 -1.06100

3.04427 -0.05441 -1.19386

5.31440 -1.63781 -0.64789

4.10149 -3.33797 -1.17144

4.28223 0.54307 -0.77124

2.02487 0.70930 -1.45113

5.39872 -0.24703 -0.50669

6.18968 -2.24535 -0.43680

0.95333 0.27026 -1.37936

6.33260 0.20223 -0.19052

4.24164 1.89246 -0.67092

5.41928 2.57061 -0.26876

5.16261 3.63105 -0.25665

5.73939 2.26124 0.73530

6.24184 2.40214 -0.97639

1.64052 -3.35772 -1.89366

2.32084 -3.78750 -2.64053

1.79173 -3.85225 -0.92661

0.60736 -3.49197 -2.21475

Intl-c - quartet

Fe

N
N
N
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
H
H

-1.41830 0.20217 0.13328
-2.73106  0.52998 -1.35508
-0.99569 2.17520 0.20248
-1.92395 -1.74438 0.15839
-0.08634 -0.12852 1.62980
-3.55766 -0.39098 -1.94094
-0.12315 2.80036 1.05766
-2.96490 1.72009 -1.99208
-1.47054 3.13998 -0.64391
-2.85459 -2.35862 -0.63976
0.66093 0.81463 2.28691
-1.32536 -2.73914 0.89370
0.24983 -1.33937 2.17444
-4.33549 0.23477 -2.98651
-0.06478 4.20975 0.75369
-3.96264 1.54170 -3.02292
-0.89461 4.41944 -0.30450
-2.86734 -3.77736 -0.38009
1.49795 0.17819 3.27526
-1.91433 -4.01431 0.56492
1.24806 -1.15805 3.20215
-5.06349 -0.27823 -3.60227
0.54898 4.92708 1.28350
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-4.32266 2.32964
-1.10847 5.34601
-3.51885 -4.48706
2.18424 0.70227
-1.62722 -4.95830
1.68218 -1.95937
-3.63808 -1.73319
0.63614 2.18017
-0.31255 -2.56229
-2.37791  2.93606
-4.33878 -2.35047
1.29030 2.80829
0.05219 -3.44567
-2.66600 3.80031
-0.15427 -0.07823
-2.99839 0.75186
-3.32518 -0.69931
-2.40776 -1.01666
-4.06160 -0.40527
-3.71504 -1.53573
2.19908 -1.91488
3.46913 -1.49484
457601 -2.26371
3.60819 -0.08127
5.85128 -1.68217
4.46773 -3.30407
497394 0.45498
2.61799 0.62982
6.05987 -0.34106
6.71157 -2.29124
0.75237 0.07836
7.06866 0.05483
5.03513 1.74927
6.30708 2.38250
6.11765 3.41214
6.97260 1.89935
6.78153 2.37481
1.89076 -3.24143
2.20136 -3.40970
2.37621 -3.97803
0.80800 -3.32666

TS2-c - doublet

Fe

OOO0O0O00O0zzz22

-1.44575 0.28713
-0.65340 1.03212
-1.71190 -1.51051
-1.05819 2.06046
-2.13931 -0.47208
-0.17842  2.29729
-2.20283 -2.65679
-0.55963  0.36990
-1.46135 -1.81928
-0.51378 3.18771
-2.56178 -1.75433

-3.67241
-0.82212
-0.87436
3.92829
1.01142
3.78700
-1.60186
2.03921
1.82710
-1.67630
-2.15546
2.63534
2.34260
-2.26653
-1.06664
1.73400
2.79222
3.29681
3.54591
2.20676
-1.03817
-1.06092
-1.39772
-0.68673
-1.36498
-1.68171
-0.66551
-0.40968
-1.00279
-1.62780
-0.71601
-0.99360
-0.30428
-0.26978
0.03636
0.45687
-1.25915
-1.44957
-2.48800
-0.79702
-1.36519

0.07710
1.79665
0.95223
-0.81229
-1.64512
2.02529
0.37721
2.99406
2.26756
-0.25128
-1.89037
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-1.35279
-2.27746
0.23070
-2.26031
-0.00657
-1.80244
-0.45008
-2.98650
-0.97344
-2.81435
0.64386
-2.61118
0.17070
-1.69924
-0.05729
-3.36314
-1.09911
-3.01782
-0.10247
-2.59124
-1.92822
-0.92741
0.30192
-2.95722
-2.10219
-0.78753
0.37315
-3.45782
-4.74145
-4.54680

2.38553
0.20567
2.43853
-3.71861
1.24189
-3.19788
4.25110
-1.88762
3.75441
-0.66931
3.34141
-4.72330
0.95773
-3.68872
5.24164
-2.80047
4.25167
-0.37397
3.30564
-2.77902
1.53378
-0.95218
4.26292
-3.74769
1.93465
-1.34338
-0.24203
1.03284
-0.19230
-1.15957

-2.11049
-2.82761
3.40347
1.35291
4.00545
2.52639
-1.22795
-3.26521
-2.38087
-3.84587
3.83502
1.15272
5.03510
3.48610
-1.03589
-3.70939
-3.33446
-4.86755
1.07050
-0.95290
-3.04474
3.21534
1.38515
-1.28032
-4.03902
4.21885
-0.51735
0.78684
0.34940
0.82141

-5.69818 0.19139 0.71756

-4.80441
0.84013
1.50911
2.57972
0.85935
1.80443
3.68447
4.63128
3.90903
5.81490
4.41419
5.19453
3.06838
6.10795
6.54579
7.04971
5.34186
6.53538
6.44046
7.41868
6.64315
1.01198

-0.33130
-1.33254
-2.28020
-2.65602
-3.15021
-1.81996
-1.94295
-2.54995
-0.59962
-1.89326
-3.53622
0.03243
-0.00228
-0.60625
-2.37629
-0.13703
1.25322
1.97372
292111
1.43382
2.16425
0.36763

-0.73326
-0.04614
0.53151
-0.27747
0.61872

1.47385
-0.51446
-1.35097
0.03598
-1.64392
-1.74686
-0.31821

0.74101
-1.13071
-2.28571
-1.39046
0.22882
-0.04797
0.48402
0.31647
-1.12329
-0.09634
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TS2-c - quartet

Fe

N
N
N
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
H
H
H
H
H
H
H
H
C
C
C
C
H
H
H
H
0]
S
C
H
H
H
H
C
0]
H
H
C
C
C
C
H
C
0]
C

-1.45807 0.25893 0.12797
-0.44006 1.76004 1.04548
-1.01409 -1.00281 1.63499
-1.80597 1.50832 -1.42347
-2.36395 -1.25350 -0.83296
-0.27485 3.05189 0.61386
-1.35534 -2.32813 1.75267
0.15227 1.69388 2.28029
-0.33169 -0.68155 2.78414
-1.44754  2.82499 -1.54419
-2.51959 -2.55131 -0.41030
-2.49819 1.19609 -2.56280
-2.97908 -1.17776 -2.05590
0.44854 3.81994 1.59997
-0.87673 -2.85763 3.00669
0.71478 2.97660 2.63401
-0.24169 -1.83585 3.64617
-1.92289 3.36022 -2.80029
-3.25291 -3.31390 -1.39347
-2.57562  2.34896 -3.43292
-3.54002 -2.46044 -2.41400
0.71014 4.86549 1.49682
-1.01639 -3.87854 3.33956
1.24165 3.18522 3.55652
0.24683 -1.84614 4.61246
-1.76725 4.37802 -3.13518
-3.50625 -4.36236 -1.29843
-3.06839 2.36168 -4.39693
-4.07669 -2.66350 -3.33223
-0.73976 3.55352 -0.59598
-2.05089 -3.06011 0.79503
-3.04909 -0.04414 -2.85796
0.21130 0.56212 3.08465
-0.53610 4.59708 -0.81644
-2.25362 -4.10478 1.01202
-3.57316 -0.14043 -3.80431
0.72504 0.65866 4.03651
0.23580 -0.18234 -0.82795
-3.32296 0.99767 1.15735
-4.33850 -0.43520 1.66428
-3.79658 -1.08485 2.35743
-5.22303 -0.03947 2.17363
-4.65921 -1.02341 0.80025
0.77396 -1.26998 -0.56290
1.47770 -2.32083 -0.21712
2.55368 -2.51438 -1.08864
0.79063 -3.15628 -0.36030
1.77238 -2.14280 0.81717
3.70894 -1.8104S -1.02875
4.79022 -2.36951 -1.69937
3.82475 -0.51745 -0.35720
6.02449 -1.71521 -1.71344
4.65374 -3.32273 -2.19909
5.15566 0.10890 -0.39851
2.86451 0.05669 0.21290
6.21809 -0.48462 -1.06450
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6.86009
7.19325
5.20264
6.42828
6.23128
7.22318
6.74319
0.94003

-2.17281
-0.01300
1.28457
2.00529
2.91474
1.42945
2.26842
0.39710

-2.23478
-1.09534
0.25189
0.26346
0.83234
0.75394
-0.75406
-0.46855
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