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 The CN-hydrolase superfamily proteins are involved in a wide variety of non-peptide carbon-nitrogen hydrolysis 

reactions, characterized by a thiol acylenzyme intermediate formed through the attack of a cyano or carbonyl 

carbon by a novel conserved catalytic triad of Glu-Lys-Cys, to produce important natural products such as auxin, 

biotin, precursors of antibiotics etc. We have determined the crystal structure of XC1258, a putative CN-hydrolase 

protein from the plant pathogen Xanthomonas campestris pv. campestris to a resolution of 1.73 Å using the two-

wavelength MAD approach. Interestingly, a cacodylate or dimethylarsinic acid compound was found to situate 

perfectly in the active region, forming a strong arsenic adduct with the active cysteine residue. This observation 

entails a common CN-hydrolase reaction mechanism and suggests that its activity could be inhibited by the 

dimethylarsinic compound through a sulfur-arsinic covalent bond.

The structure of XC1258 consisting of 265 amino 

acid residues has been determined to a resolution of 

1.73 Å using the MAD method. The final model (Fig. 

1 and 2) comprises four protein molecules, with each 

subunit extending from residue 1 to residue 265. The 

Ramachandran plot shows that 91.7% of the residues are in 

the most favored regions, with 7.5% of the residues in the 

additional allowed regions. XC1258 monomer is a globular 

/  protein comprising mainly six  helices and two six-

stranded  sheets (Fig. 1a & 1b). Helices 1 and 3 form 
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Fig. 1: a) The XC1258 monomer tertiary structure color-coded from 
blue (N-terminal) to red (C-terminal). b) The primary sequence 
of XC1258. The 12 -strands were marked in red arrows and 
the six  helices in green tubes. The conserved catalytic triad 
residues E43, K109, and C143 were shown in red capitals.
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one layer, interacting with the 12 1 2 3 4 5 -sheet 

layer, and 4 and 5 form the other layer, interacting with 

the 6 7 8 9 10 11 -sheet layer. The axis of helix 6 is 

approximately perpendicular to other helices and does not 

form part of the  four-layer sandwich.

As in DCase and NitFhit proteins, XC1258 monomers 

assemble into a tetramer that holds two types of interfaces 

(A/C or B/D and A/B or C/D) via three diad axes. The A/C 

interface is formed by a helix bundle ( 4/ 5) and an anti-

parallel -sheet mediated by the C-terminal S261-G265 

residues (bottom of figure 2). Considerable numbers of salt-

bridges and H-bonds (16 in total) were detected in the A/C 

interface, turning a four-layered sandwich into an 

eight-layered sandwich. On the other hand, the 

A/B interface is formed mainly by two anti-parallel -strand 

interactions involving strands 11-11 and 12-12, respectively. 

Altogether, there are two 12 -strand sheets in each A/B and 

C/D dimers, forming a 48-stranded beta box in the XC1258 

tetramer. This situation is similar to the Nit tetramer in the 

NitFhit protein, which forms a 52-stranded beta box in the 

protein core.

The XC1258 crystals were grown in 100 mM cacodylate 

buffer (dimethyl arsenate), and found to yield a tetrahedral 

covalent adduct between the C143 S  and arsenate, which 

was unequivocally identified from the X-ray fluorescence 

scan. In the final refined complex, the bond lengths from 

As to divalent oxygen is 1.77 Å, from As to C143 S  is 2.21 Å, 

and from As to the methyl groups are 1.97 Å. These bond 

lengths are within the range expected for As=O (1.67 Å) and 

As-S (2.24 Å) bonds. However, the As=O bond is somewhat 

longer (by 0.1 Å), and As(S bond somewhat shorter (by 0.03 

Å). It is possible that some resonance occurs between the 

–CH2–S–As=O and –CH2–S+=As–O– forms to decrease the 

As-S bond length but increase the As=O bond length. In the 

arsenic adduct, the divalent oxygen forms H-bonds with 

the Y144 amide proton and K109 side chain amino proton. 

Similar arsenate adduct with the active Ser-O  residue in 

an acetyl esterase has also been reported. The As=O bond 

length in that adduct complex is only 1.59 Å. This can be 

explained by the harder nature of oxygen atom compared 

with the sulfur atom, and hence the less contribution of the 

–CH2–O+=As–O– resonance form, since most As=O bond 

lengths of the arsenate adducts binding with the softer 

sulfur atom of Cys-S  in a number of protein structures 

deposited in PDB (1K2O, 1P13, 1TAD, 1VHD, and 1VHO) are 

longer, ranging from 1.75–1.87 Å.

Interestingly, the two methyl groups of cacodylate 

in the adduct form good C-H... interactions with the 

surrounding aromatic groups; i.e. one with the F49, and 

the other with the F113 and W175. Such interactions have 

been proposed to contribute substantially to the stability 

Fig. 2: The stereo ribbon picture of the XC1258 tetramer. In the top figure, each subunit is colored in different colors. In the bottom figure, 
the -helices were shown in cyan, the -strands in blue. 
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of a protein or a protein-ligand complex. Such C-H...

interactions are not simply caused through hydrophobic 

clustering, as they exhibit "directionality", i.e. the carbon 

atom of C-H bond is situated directly above the aromatic 

groups of Phe, Tyr, or Trp, with the C-H bond pointing 

directly toward the center of the aromatic group. The active 

site of the XC1258/arsenic adduct is especially rich in such 

interactions, with the two methyl groups of the active site 

cacodylate exhibiting three such interactions, two stronger 

(to F49 and F113) and one weaker (to W175). 

The unexpected presence of the cacodylate adduct 

shows that AsV-containing organic compounds can react 

specifically with cysteine 143 of XC1258 to form a stable 

analogue of the tetrahedral transition state proposed for the 

deacylation of the thioacyl-enzyme intermediate formed 

from the starting nitrile or amide reactants (Fig. 4); the volume 

occupied by the proSCH3 group on the dimethyl arsenic 

complex is large enough to accommodate a nucleophilic 

H2O molecule that can attack the carbonyl group of the 

thioacyl-enzyme intermediate due to the geometrically 

favorable position. Such H2O molecule can also be stabilized 

by a similar unconventional H-bond of C-H... interactions 

with the surrounding phenyl group of F49. A series of bond 

formation and breakage then occur successively to form 

the free acid product and to regenerate the native enzyme 

via a transition state complex containing partial bonds as 

annotated by the dotted lines in the top Fig. 4.

The XC1258 structure reported here represents a new 

variant of CN-hydrolase domain without a lid. Its complex 

structure with the dimethylarsenic adduct in the active site 

further reveals the common hydrolysis mechanism of CN-

hydrolase superfamily protein.  
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Fig. 3: The stereo view of the active site complexed with dimethyl 
arsenic acid. The H-bonds were drawn in dotted green lines, 
while un-conventional C-H

...
 bonds in dotted gray lines. 

The 2F0-Fc electron density maps of the dimethyl arsenic 
adduct and the surrounding aromatic acid residues were 
shown in red and blue, respectively, in the background. 
The arsenic atom is obviously coordinated to two methyl 
groups and one oxygen atom.

Fig. 4: Proposed mechanism of the hydrolysis of thio-acyl enzyme 
intermediates. The dimethyl arsenic acid complex resembles 
the transition state for hydrolysis. The electron movements 
were shown in curved arrows, and the partial bonds formed 
or broken by dotted lines. the ProSCH3 group (enclosed in 
circle) in the dimethyl arsenic complex can be substituted 
by a H2O molecule to initiate the hydrolysis process.


