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SI Text
Additional details of X-ray crystal structure determination and
computational results for the reaction catalyzed by nitroalkane
oxidase (Fig. S1) are described in this text. The input, topology,
parameter, and coordinate files for the simulation of the nitroal-
kane oxidase reaction presented in this article will be provided
upon request because these files are too large to be included
here. These files can be directly used with CHARMM, version
c34a1.

Data collection and refinement statistics are given in Table S1.
The complete data has been collected to 2.40-Å resolution.

Configurations Used in Michaelis Complex Optimization. Fig. S2 A
illustrates the initial 10 configurations of the substrate, super-
imposed in the active site of nitroalkane oxidase (PDB ID code
1C12), which were used to model the Michaelis complex struc-
ture in molecular dynamics simulations. Fig. S2B depicts the
final configurations, superimposed in the same orientation as in
Fig. S2 A, after 100-ps molecular dynamics simulations for each
configuration.

Effective potentials for tunneling, which is the vibrationally
adiabatic ground-state potential energy including the changes in
zero-point energies of modes transverse to the reaction coordi-
nate, are functions of distance s along the minimum energy path
(1–7). Harmonic frequencies were determined by first projecting
out the degrees of freedom corresponding to the reaction
coordinate s before diagonalization of the Hessian (8). The
effective potentials are normalized to zero at their saddle points.

All calculations were performed using CHARMMRATE that
integrates CHARMM and POLYRATE (9).

Crystal Structure Determination. The wild-type and the D402N
mutant enzymes were expressed in E. coli and purified as
described in ref. 10. Protein concentrations were determined
using the �446 value of 14.2 mM�1 cm�1. Crystals of D402N with
nitroethane were obtained using hanging drop vapor-diffusion
methods similar to those described in refs. 11–13 with the
exception that spermine was omitted. Typically, 1 �l of 1-nitro-
ethane was added to 50 �l of stock enzyme solution (�10 mg/ml)
immediately before setting up the drops. The crystals were
grown at 277 K from a mother liquor solution containing
24–30% (wt/vol) PEG4000 or PEG3350, 20% (vol/vol) glycerol,
100 mM sodium cacodylate, pH 7.5. The crystals were harvested
with nylon loops and were flash frozen by quick submersion in
liquid nitrogen without further cryoprotection. X-ray diffraction
data collection was at beamline X29 of the National Synchrotron
Light Source with crystals held at 100 K. Data were integrated
and scaled with HKL2000 (14). The structures were solved by
molecular replacement with PHASER from the CCP4 suit of
programs. Initially the search models comprised a monomer
extracted from the wild-type NAO structure (PDB ID code
2c0u) (11) from which all solvent and FAD atoms were removed.
The solutions indicated that the crystals were in space group
P3221 with one �4 holoenzyme in the asymmetric unit. Model
refinement was with REFMAC 5.2 without using noncrystallo-
graphic symmetry restraints. Data collection and model refine-
ment statistics are presented in Table S1.
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Fig. S1. Reaction pathway catalyzed by nitroalkane oxidase.
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Fig. S2. Divergent stereo images of the initial (A) and final (B) docked complexes of NAO with nitroethane. All 10 structures are rendered with carbon atoms
in unique colors, but N, O, and H atoms are colored with blue, red, and white, respectively.
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Table S1. Crystal structure data collection and refinement statistics

NAO isoform D402N
Ligand(s) NO2-ethane
Wavelength, Å 1.0809
Space group P3221
a (Å), b (Å), c (Å) 108.8, 108.8, 340.9
Resolution range, Å 30–2.40
Highest-resolution shell, Å 2.80–2.10
Total observations 325,283
Unique observations 91,770
Completeness, % 98.9 (99.9)*
Redundancy 3.5 (3.7)*
Rsym, %† 10.0 (54.3)*
I /� I 22.2 (2.7)*

Model refinement statistics
Total number of nonhydrogen atoms 13,859
No. protein/ligand/water nonhydrogen atoms 1,724/16/650
Resolution range, Å 30–2.4
Rcryst, %‡ 19.7 (25.1)*
Rfree, %§ 25.1 (33.9)*
Estimated overall coordinate error based on R value, Å 0.32
Correlation coefficient (Fo � Fc) 0.952

rmsd from ideal geometry
Bond lengths, Å 0.014
Bond angles, ° 1.51

*Highest-resolution shell.
†�(�Ihkl � �Ihkl��)/� Ihkl.
‡R value calculated with the working and the test set inclusive.
§Free R value test set calculated with 5% of the data.
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