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Abstract

Chitinase A of Vibrio carchariae was functionally expressed in Escherichia coli Ml5 host cells

as a C-terminally proteolytic processed fragment using the pQE60 expression vector. The yield

of the 63-kDa protein was purified, yielding -70 mg per liter of bacterial culture. Crystals of

recombinant chitinase A were obtained by the hanging-drop vapor diffusion method in a

precipitant containing 10% (v/v) PEG 400, 0.1 M sodium acetate pH 4.6 and 0.125 M CaCl2.

The crystals belonged to the tetragonal space group .P422 with two molecules per asymmetric

unit and unit-cell parameters a = b= 127.64 A, and c = 171.42 A. A complete diffraction data set

was collected to 2.14 A resolution, using a Rigaku/MSC R-AXIS IV"1"1" detector system mounted

on an RU-H3R rotating-anode X-ray generator.

Introduction

Chtinases (EC 3.2.1.14) are a diverse family of enzymes that degrade chitin homopolysaccharide

into a J3 (l,4)-linked 7V-acetylglucosamine (GlcNAc) units. Based on amino acid sequence,

chitinases are classified into glycosyl hydrolase families 18 and 19, which are unrelated,

differing in structure and mechanism.1 Family-18 chitinases are present in a wide range of

organisms, ranging from bacteria to humans. All the family-18 chitinases share two short

sequence motifs, which form an (a/p)s-TIM barrel active site and catalyze the hydrolytic

reaction by a substrate-assisted mechanism.2'3 Family-19 chitinases are found in higher plants

and in the Gram-positive bacteria. The catalytic domains of family-19 chitinases have a bilobal

a+/?folding motif with a high ctr-helical content and adopt a single displacement mechanism.4

Chitinase A from a marine bacterium, Vibrio carchariae, is a 63-kDa family-18 glycosyl

hydrolase.5. This monomeric enzyme acts as an endochitinase and has a broad range of substrate
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specificity with various chitin oligomers.6'7 We previously cloned a DNA fragment that encodes

the functional chitinase A of V. carchariae into the pQE60 expression vector with the

corresponding recombinant protein expressed in E. coli Ml5 host cells s"mM! w*1™"**"* in the

present study, we describe recombinant expression, purification, crystallization and preliminary

analysis of the diffraction data of chitinase A from V. carchairae.

Materials and methods

Expression and purification

The DNA fragment that encodes chitinase A (amino acid residues 22 - 597, without the 598 -

850 C-terminal fragment) was previously cloned into the pQE60 expression vector n«"=™!™">™«̂™\

Recombinant expression and purification of chitinase A has been described as described by

Suginta et al. Sfmow w*™-**™*. Briefly, the cells were grown at 37°C in LB/Amp and chitinase

expression was induced by the addition of 0.5 mM IPTG, when OD600 of the cell culture reached

0.6. Cell growth was continued at 25°C for 18 h, and the cell pellet was collected by

centrifugation, then resuspended in 40 mL of lysis buffer (20 mM Tris-HCl buffer, pH 8.0,

containing 150 mM NaCl, 1 mM PMSF, and 1 mgmL'1 lysozyme). The cells were lysed and

unbroken cells and cell debris were removed by centrifugation. The supernatant was applied to a

Ni-NTA agarose affinity column, followed by an AKTA purifier system on a Superdex 200 HR

column. Chitinase-containing fractions were pooled and concentrated using Vivaspin-20

membrane concentrator. All purification steps were carried out at 4°C, unless otherwise stated.

Crystallization and data collection

Crystals of chitinase A were obtained with the hanging-drop vapor diffusion method in a

precipitant solution containing 10% (v/v) PEG 400, 0.1 M sodium acetate pH 4.6 and 0.125 M

CaCb. The resultant crystals were immersed in a cryoprotectant solution [20% (v/v) glycerol,

10% (v/v) PEG 400, 0.1 M sodium acetate pH 4.6 and 0.125 M CaCl2] for roughly 10 s, then

picked up with a nylon loop and quickly vitrified in a stream of nitrogen gas at 112 K. A single

crystal diffracted X-rays to at least 2.2 A resolution on a Rigaku/MSC R-AXIS IV"1"1" detector

mounted on an RU-H3R rotating-anode X-ray generator equipped with Osmic Blue confocal

focusing mirrors and 0.3 mm collimeter running at 50 kV and 100 mA. The crystal-to-detector

distance was set to 190 mm with all frames collected at 112 K. Diffraction data were recorded

over 65° rotation of the crystal around phi axis in 260 diffraction images with a width of 0.25°

per image. The data were processed with CrystalClear/d*TREK.

2. Results and discussion
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In the present study, a His6-tagged chitinase A fragment (amino acid residues 22 - 597) was

highly expressed from E. coli Ml 5 cells. A purification of the recombinant chitinase A yielded

~70 mg of the highly purified protein per liter of bacterial culture. Purification of chitnase A

using FPLC on a Superdex 200 HR 10/30 gel filtration yielded a single peak corresponding to

the band of apparent Mr 63,000 as shown on SDS-PAGE (Figure 1). The recombinant enzyme

was fully active, giving the specific activity with/?NP-[GlcNAc]2 substrate of 117 % of that of

the native enzyme.
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Figure 1 SDS-PAGE analysis of chitinase containing fractions obtained from Superdex 200 HR

10/30 and stained with Coomassie Blue.

With the hanging-drop vapor diffusion method, the best crystals were obtained with a reservoir

solution containing 10% (v/v) PEG 400 and 0.125 M CaCl2. X-ray diffraction data of a single

crystal (Figure 2) showed that the crystal belonged to tetragonal space group P422. The refined

unit-cell parameters are a = b = 127.64 A, and c = 171.42 A and the crystal likely contains two

molecules per asymmetric unit with an estimated Matthews coefficient of 2.74 A3 Da"1.

Figure 2 A crystal of recombinant chitinase A (1100 x 400 x 100 |j,m3).

A preliminary solution of the structure of V. carchariae chitinase was obtained by molecular-

replacement calculations using the AMoRe (CCP4) program9 and the crystal structure of Chi A
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from Serratia marcescens (PDB code 1CTN)10 as the search model. This preliminary model is

currently being rebuilt and refined.
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