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a consequence of the lack of a hydrogen bond between �…Ser162 and �…Cys108. This hydro-
gen-bonding interaction likely helps to preorganize �…Cys108 and �…Cys113 for disulfide 
bond formation in the immature active site of post-translationally unprocessed ( �‰�º) apo-
WT NHase. 

  

 

Figure 5. X-ray crystal structure of �…SerA at 1.8 �c resolution. (A) Simulated annealing omit map (2Fo–Fc) shown in gray 
mesh at the 1.0 �— level, contoured at 2.0 �—. Additional electron density (Fo–Fc) omit map shown as green mesh at 3.0 �— 
level indicating alternate �…Cys111 and �…Cys113 conformations; (PDB ID: 7SJZ) (B) simulated annealing omit map (2Fo–
Fc) shown in gray mesh at the 1.0 �— level, contoured at 2.0 �— of �…SerA active site fit with both alternate conformations in a 
50:50 ratio (PDB ID: 7SJZ); (C) superposition of active site of �…SerA(wheat tint) and Apo- PtNHase(cyan) (PDB: 1GUQ). All 
bond distances shown in angstroms. 

  

Figure 5. X-ray crystal structure of αSerA at 1.8 Å resolution. (A) Simulated annealing omit map (2Fo–Fc) shown in gray
mesh at the 1.0 σ level, contoured at 2.0 σ. Additional electron density (Fo–Fc) omit map shown as green mesh at 3.0 σ
level indicating alternate αCys111 and αCys113 conformations; (PDB ID: 7SJZ) (B) simulated annealing omit map (2Fo–Fc)
shown in gray mesh at the 1.0 σ level, contoured at 2.0 σ of αSerA active site fit with both alternate conformations in a 50:50
ratio (PDB ID: 7SJZ); (C) superposition of active site of αSerA(wheat tint) and Apo-PtNHase(cyan) (PDB: 1GUQ). All bond
distances shown in angstroms.
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Table 2. Data collection and refinement statistics for the αSerA PtNHase mutant enzyme (PDB
ID: 7SJZ).

PDB ID: 7SJZ

Space group P32 2 1
Cell Dimensions
α, β, γ (◦) 90.0, 90.0, 120.0
a, b, c (Å) 65.91, 65.91,186.23

Resolution range (Å) 48.66–1.85 (1.92–1.85)
Redundancy 8.55 (6.84)

Completeness (%) 98.3 (98.6)
Unique reflections 40335

Rmerge 0.055 (0.098)
Average I/σ 23.9 (12.5)

Refinement:
Resolution range (Å) 42.05–1.85

Rwork 0.164 (0.172)
Rfree 0.211 (0.218)

Number of nonsolvent atoms 3447
Number of water molecules 516

Wilson B values (Å2) 17.7
Average B factor 18.7

Protein 17.4
Solvent 28.5

Ramachandran (%)
Favored 98.3
Allowed 1.7

Disallowed 0.0
Outlier (%) 0.0

r m s bond deviations
Bond length (Å) 0.011
Bond angle (◦) 1.642

2.4. PtNHase αCys108Ser, αCys108Met, and αCys108His Mutant Enzymes: Purification and
Kinetic Characterization

The expression of PtNHase αCys108Ser, αCys108Met, and αCys108His, in the pres-
ence of Co(II) but in the absence of the (ε) activator protein, provided colorless species
in each case. In contrast, when expressed in the presence of activator (ε) protein, the
enzymes exhibited color indicative of cobalt ion complexation (Figure 6). SDS-PAGE
analysis revealed that each mutant enzyme was >95% pure (Figure S1). The αCys108Ser
PtNHase exhibited a faint green color (0.16 mM) at pH 7.5 (Figure 6, Vial 2) in contrast to
the straw-colored WT PtNHase enzyme. αCys108Met PtNHase (0.12 mM) exhibited a lime
green color, whereas αCys108His PtNHase (0.5 mM) exhibited a light pink color. All the
PtNHase αCys108Ser, αCys108Met, and αCys108His enzymes were catalytically active.
αCys108His was the most active of the Cys108-substituted variants, with a kcat of 120 s−1,
or ~7% of WT PtNHase, and a Km of ~2.5 mM, a value indistinguishable from that of WT
PtNHase (Table 1). αCys108Ser exhibited a kcat of ~30 s−1 or ~2% of WT PtNHase and a Km
value of ~2 mM while αCys108Met was the least active of the three axial mutants, with a
kcat of ~15 s−1 or ~1% of the activity observed for WT PtNHase with a Km value of ~3 mM
(Table 1). That each of these axial αCys ligand mutants are catalytically active definitively
indicates that the formation of a transient disulfide bond between the axial αCys108 ligand
and the equatorial sulfenic acid ligand, αCys113, is not catalytically required. While such
an interaction may occur in the WT enzyme to facilitate catalysis, it is not an essential
catalytic step for NHase activity.
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Figure 6. PtNHase in 50 mM HEPES pH 7.0 buffer at room temperature; (1) 0.54 mM PtNHase WT, 
(2) 0.16 mM PtNHase αCys108Ser, (3) 0.50 mM PtNHase αCys108His, (4) 0.43 mM PtNHase 
αCys108Met. 

The order of catalytic rates for the WT and each PtNHase axial αCys ligand mutant 
is WT >>> His > Ser > Met, which is consistent with the expected σ- and π-donating ability 
of each ligand. Histidine is a strong σ-donor, but unlike the native αCys ligand, it cannot 
participate in π-donation. On the other hand, serine and methionine are weak σ-donors 
and weak π-donor ligands, with Met being the poorer ligand of the two, as it is a softer 
base. These data are consistent with NHase biomimetic model complex studies that re-
vealed that the axial thiolate increases the ligand exchange rate, since substituting the 
trans-thiolate with a nitrogen ligand decreased the exchange rate by three orders of mag-
nitude [19,20]. Similar to heme systems [24], it was proposed that the axial thiolate group 
in NHase enzymes “pushes” electron density, modulating the Lewis acidity of the active 
site metal ion, and assisting the active-site trivalent metal ion to bind and activate nitriles.  

2.5. Metal Analysis and Spectrophotometric Characterization of αCys108Ser, αCys108Met, and 
αCys108His Mutant Enzymes 

A combination of ICP-MS and UV–vis spectroscopy was used to determine if the 
αCys108Ser, αCys108Met, and αCys108His PtNHase mutant enzymes expressed in the 
presence of an activator (ε) protein contained their full complement of cobalt. ICP-MS data 
obtained for the αCys108Ser, αCys108Met, and αCys108His mutants indicated that each 
contained ~1 cobalt ion per α2β2 tetramer, which is about half of that observed for WT 
PtNHase (~1.8 cobalt) per α2β2 tetramer (Table 1). The lower activity observed for each 
mutant PtNHase enzyme must, therefore, be partially due to the diminished complement 
of cobalt in the active site. Moreover, it appears that the electron donating ability of the 
axial ligand plays a role in the insertion of the metal ion into the active site. The UV–vis 
spectrum of αCys108Ser exhibited red-shifted S → Co(III) LMCT bands at ~430 (ε = ~3000 
M−1 cm−1) and ~620 nm (ε = ~2000 M−1 cm−1) while αCys108Met, and αCys108His mutant 
enzymes also exhibited red shifted S → Co(III) LMCT bands at ~350 (ε = ~2000 M−1 cm−1) 
and ~550 nm (ε = ~800 M−1 cm−1) (Figure 7). For WT PtNHase, the observed S → Co(III) 
LMCT bands are observed between 310 and 450 nm and are characteristic of strong π-
electron donation from the axial thiolate ligand to the low-spin Co(III) ion [25–27]. The 
red-shifted S → Co(III) LMCT bands observed for the αCys108Ser, αCys108Met, and 
αCys108His mutants can be attributed to the poorer electron donating ability, particularly 

Figure 6. PtNHase in 50 mM HEPES pH 7.0 buffer at room temperature; (1) 0.54 mM
PtNHase WT, (2) 0.16 mM PtNHase αCys108Ser, (3) 0.50 mM PtNHase αCys108His, (4) 0.43 mM
PtNHase αCys108Met.

The order of catalytic rates for the WT and each PtNHase axial αCys ligand mutant is
WT >>> His > Ser > Met, which is consistent with the expected σ- and π-donating ability
of each ligand. Histidine is a strong σ-donor, but unlike the native αCys ligand, it cannot
participate in π-donation. On the other hand, serine and methionine are weak σ-donors
and weak π-donor ligands, with Met being the poorer ligand of the two, as it is a softer base.
These data are consistent with NHase biomimetic model complex studies that revealed that
the axial thiolate increases the ligand exchange rate, since substituting the trans-thiolate
with a nitrogen ligand decreased the exchange rate by three orders of magnitude [19,20].
Similar to heme systems [24], it was proposed that the axial thiolate group in NHase
enzymes “pushes” electron density, modulating the Lewis acidity of the active site metal
ion, and assisting the active-site trivalent metal ion to bind and activate nitriles.

2.5. Metal Analysis and Spectrophotometric Characterization of αCys108Ser, αCys108Met, and
αCys108His Mutant Enzymes

A combination of ICP-MS and UV–vis spectroscopy was used to determine if the
αCys108Ser, αCys108Met, and αCys108His PtNHase mutant enzymes expressed in the
presence of an activator (ε) protein contained their full complement of cobalt. ICP-MS
data obtained for the αCys108Ser, αCys108Met, and αCys108His mutants indicated that
each contained ~1 cobalt ion per α2β2 tetramer, which is about half of that observed
for WT PtNHase (~1.8 cobalt) per α2β2 tetramer (Table 1). The lower activity observed
for each mutant PtNHase enzyme must, therefore, be partially due to the diminished
complement of cobalt in the active site. Moreover, it appears that the electron donating
ability of the axial ligand plays a role in the insertion of the metal ion into the active site.
The UV–vis spectrum of αCys108Ser exhibited red-shifted S → Co(III) LMCT bands at
~430 (ε = ~3000 M−1 cm−1) and ~620 nm (ε = ~2000 M−1 cm−1) while αCys108Met, and
αCys108His mutant enzymes also exhibited red shifted S→ Co(III) LMCT bands at ~350
(ε = ~2000 M−1 cm−1) and ~550 nm (ε = ~800 M−1 cm−1) (Figure 7). For WT PtNHase,
the observed S → Co(III) LMCT bands are observed between 310 and 450 nm and are
characteristic of strong π-electron donation from the axial thiolate ligand to the low-spin
Co(III) ion [25–27]. The red-shifted S→ Co(III) LMCT bands observed for the αCys108Ser,
αCys108Met, and αCys108His mutants can be attributed to the poorer electron donating
ability, particularly weak or no π-donating ability of the axial ligand, resulting in an increase
in Lewis acidity of the active site Co(III) ion. These data clearly show that the axial αCys108
plays a significant catalytic role by tuning the Lewis acidity of the active site low-spin
Co(III) ion, which regulates the axial water exchange rate and substrate binding ability.


