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(Abstract)

Arthrobacter sp. (formerly Flavobacterium sp.) KI72 has enzymes which are responsible for the
degradation of nylon-6 industry by-products (nylon-oligomer). NyIB encoded on plasmid pOAD?2 is one of these
enzymes and has a specific activity toward the degradation of 6-aminohexanoate-linear dimer (Ald). The plasmid,
pOAD?2, has also an analogous protein, NylB', which has 88 % homology to NylB but only about 0.5 % of the
specific activity. We constructed Hyb24 (a hybrid between the NylB and NyIB' with NylB'-level activity),
Hyb24DN (with double mutation of G181D and H266N with NyIB-level activity) and Hyb24DNA (a mutant of
Hyb24DN with an additional mutation of S112A at the active site) proteins and solved the three-dimensional
structures by x-ray crystallography. In case of Hyb24DNA, the structure of a complex with substrate, Ald, was
determined. The overall structures of three proteins are almost identical with a two-domain structure that is
categorized in f-lactamase fold. On the basis of the spatial arrangements of amino acid residues at the active site
of Hyb24DN and Hyb24DNA-Ald complex, we conclude that the nylon-oligomer hydrolase has evolved from
the ester hydrolysis enzymes, of which essential residue is nucleophilic Ser112, with a p-lactamase fold as an
ancestral protein by substitution of two residues G181D and H266N at the active site pocket.
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Fig. 1. Strategy to design artificial enzymes which have a catalytic activity for degrading nylon-6
linear dimers (Ald) from NylB' protein. Hyb24 is a hybrid protein between NyIB and NylB'. In
Hyb24, N-terminal 24 residues are from NylB, whereas remainders are from NylIB'. Specific
activity is expressed as a ratio for the activity of the Hyb24 (0.023 umol min™ mg™ for Ald
hydrolysis; 4.81 wmol min™ mg™ for p-nitrophenylacetate hydrolysis). Activity for Ald hydrolysis
of Hyb24 is about 1/180 of NyIB, but Hyb24DN, in which two amino acids are substituted, G181D
and H266N, has a similar activity to NylB. Hyb24DNA, in which the most responsible catalytic
residue, Serl12, is substituted by an alanine, is designed to see the complex structure with a
substrate, Ald, by x-ray crystal structure analysis.
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Table 1. Data collection and refinement statistics
Data collection Hyb-24 Hyb-24DN Hyb-24DNA"?/Ald
Space group P3,21 P3,21 P3,21
Unit cell parameters
a=b(A) 96.37 96.71 96.62
c(A) 113.09 112.79 112.60
Wavelength (A) 1.0000 1.0000 1.0000
Resolution (outer) (A) 50-1.80 (1.90-1.80)  50-1.58 (1.64-1.58)  50-1.40 (1.45-1.40)
Total reflections 663,588 840,408 1,297,201
Unique reflections (outer) 57,052 (6,013) 83,758 (8,272) 119,444 (11,807)
Completeness (outer) (%) 99.9 (100.0) 100.0 (99.9) 99.9 (100.0)
*Rumerge (Outer shell) (%) 0.085 (0.477) 6.7 (38.6) 14.2 (33.6)
<I/o(l)> 17.6 10.5 13.3
Resolution (outer) (A) 28.0-1.80 44.3-1.58 (1.64-1.58) 39.2-1.40 (1.45-1.40)
Ryonc (outer) (%) 0.185 18.1 (24.4) 18.3 (23.3)
R (outer) (%) 0.251 19.5 (25.8) 19.5 (24.6)

*R =Y | | Fobs| — K| Feate| | (Tt | Fors|) "5 &

scaling factor

Figure 2. Overall structures of Hyb24 (a) and p-lactamase (b). Serine residues at the active site are depicted as a
VDW model (green) at the interface of o/ff domain (blue) and oo domain (pink) in the both structures.
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Fig. 3 Structure around the active site
complexed with a substrate, Ald (b).
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