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Crystallization and preliminary crystallographic
analysis of thermophilic cellulase from
Fervidobacterium nodosum Rt17-B1

FnCel5A, a thermostable endoglucanase, is a member of glycohydrolase family
5 which catalyzes the hydrolysis of cellulose to glucose in the thermophilic
bacterium Fervidobacterium nodosum Rt17-Bl. FnCelSA is particularly
interesting because of its high thermostability (T, = 353 K, half-life 48 h)
and its high specific activity towards carboxymethylcellulose. These properties
make FnCel5A an attractive target for protein engineering to improve cellulase
activity. In order to resolve the crystal structure of FnCel5A and to gain a better
understanding of its biological function, recombinant FnCel5SA was expressed,
purified and crystallized at 291 K using NaH,PO,/KH,PO, as a precipitant. A
2.4 A resolution native data set was collected from a single flash-cooled crystal
(100 K) using 20% (v/v) glycerol as a cryoprotectant. These crystals belonged to
space group P2,2,2, with unit-cell parameters a = 53.5, b = 81.7, ¢ = 85.2 A,
o = B =y =90°. One molecule is assumed to be present per asymmetric unit,
which gives a Matthews coefficient of 2.5 A’ Da™!. A data set was also collected
to 1.7 A resolution from a selenomethionyl derivative; it belonged to space
group P2,2,2, with the same unit-cell parameters as the native crystals.

1. Introduction

Cellulases catalyze the hydrolysis of cellulose, an unbranched g-1,4-
linked homopolymer of glucose that is a major structural poly-
saccharide component of the cell wall and thus of plant biomass
(Zhang et al., 2006). They are some of the most important industrial
enzymes and are already used in large quantities in the textile
industry for the bio-polishing of cotton products, which is essential to
remove excess fibres and to provide a soft texture (Ljungdahl, 2008).
Moreover, there are many additional potential uses of cellulases, e.g.
for the treatment of biomass to produce sugars that can be converted
into bioethanol (Demain et al, 2005) and the treatment of waste
water (Bhat & Bhat, 1997). Various endoglucanases and their genes
from eukaryotes and bacteria have been investigated (Kashima et al.,
2005; Huang et al., 2005; Ando et al., 2002; Halldorsdottir et al., 1998;
Bok et al, 1998). Fervidobacterium nodosum Rt17-B1, which is
classified as a hyperthermophilic hot-spring bacterium with an
optimum temperature of 343 K, was first isolated from a hot spring in
New Zealand (Andrews & Patel, 1996). In 2007, genome sequencing
of F. nodosum Rtl17-B1 was completed by the US DOE Joint
Genome Institute and several endoglucanases have been identified in
the genome sequence (accession No. NC_009718). One of them,
FnCel5A, was highly thermally active, with a half-life of 48 h at 353 K,
and can be thermally activated by heating. Its specific activity was
803.6 U mg~" towards carboxymethylcellulose (CMC) at pH 5.5 and
353 K. The K, Vihax and kg, towards CMC calculated from kinetic
analysis were 12.8 mg ml™", 0.63 pmol min~—" and 408.56 s, respec-
tively. The optimal substrate of FnCelSA was S-p-glucan and its
activity towards this substrate was four times that towards CMC
(Feng et al., unpublished work). These properties make FnCelSA an
attractive potential target for protein engineering to improve cellu-
lase activity.
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The sequence of FnCel5A (Gene ID 5451775; Fnod_1560) shows
that the mature FnCel5A protein has 343 residues and consists of a
catalytic domain (residues 25-343) and an N-terminal signal peptide
(residues 1-24). Of the 113 known families of glycosyl hydrolases
(Carbohydrate-Active Enzymes server; http://afmb.cnrs-mrs.fr/~cazy/
CAZY/index.html; Henrissat & Bairoch, 1993), sequence compar-
isons clearly place the catalytic domain of FnCel5A in family 5 (Wang
et al., 1993). Family 5 (also known as cellulase family A) is the largest
of the B-glycohydrolase families classified to date and includes over
60 bacterial and fungal enzymes which all cleave with retention of
configuration. The sequences of family 5 cellulases are rather diverse
and have been reported to share only seven conserved residues
(Wang et al., 1993). Because of this diversity, the cellulases of family 5
have been further subdivided into five subfamilies within which
amino-acid sequence similarities are above 25% and homology-
modelling methods can be used (Violot et al., 2005; Huang et al.,
2005).

To guide protein engineering of F. nodosum FnCel5A, we sub-
cloned the FnCel5A gene encoding the thermostable FnCelSA
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Figure 1
A single crystal of the thermophilic cellulase FnCelSA.

protein using the polymerase chain reaction (PCR) amplification
method. In order to understand the structural basis for the thermo-
stability of FnCel5A and to improve its activity guided by the crystal
structure, we report here the crystallization and preliminary crystallo-
graphic studies of FnCel5A protein.

2. Cloning, expression and purification

The primers 5-CAG CGC CAT ATG GAC CAA AGT GTG AGT
AA-3 and 5-GAC GTC GGA TCC TTA TTT TCC AAG TGC
AG-3' were used to amplify the FnCel5A gene from the genome of
the thermophilic bacterium F. nodosum Rt17-B1. The primers in-
cluded Ndel and BamHI restriction sites (shown in bold). The PCR
conditions were 1 min at 367 K, 1 min at 328 K and 2 min at 345 K
with 30 cycles. The purified PCR products were digested with Ndel
and BamHI and then inserted into the expression vector pET-15b
with the same digestion sites. After transformation into Escherichia
coli strain XL1-Blue, the cloned fragments were completely
sequenced. The recombinant plasmid was transformed into E. coli
strain BL21 (DE3). Transformed cells were then cultured at 310 K in
LB medium containing 50 pg ml™' ampicillin. When the culture
density reached an Aggo of 0.6-0.8, induction with 1 mM IPTG was
performed and cell growth continued for 4 h at 310 K. Seleno-
methionyl (SeMet) labelled FnCel5A was produced in E. coli strain
B834 (DE3) containing the pET-15b-FnCel5A plasmid with recom-
binant protein expression induced by 1 mM IPTG and incubation at
289 K for 20 h. Cells were harvested by centrifugation, resuspended
in 20 mM Tris—-HCI pH 8.0 buffer containing 10 mM NaCl and then
homogenized by sonication. Crude bacterial extracts were subjected
to heat incubation at 338 K for 30 min and centrifuged at 20 000g for
30 min to remove heat-aggregated proteins and cell debris. The
supernatant obtained by centrifugation for 30 min at 20 000g was
applied onto an Ni**-chelating affinity column (1.5 ml Ni**~NTA
agarose; Qiagen, USA). Contaminant protein was thoroughly washed
off with at least ten bed volumes of wash buffer (20 mM Tris—-HCI pH
8.0, 10 mM NacCl, 20 mM imidazole) and the target protein was eluted

Figure 2

A typical diffraction pattern from a crystal of the native thermophilic cellulase FnCel5A. The exposure time was 120 s, the crystal-to-detector distance was 100 mm and the
oscillation range per frame was 1°. The diffraction image was collected on a MAR345dtb image-plate detector.
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with 15 ml 20 mM Tris—-HCI pH 8.0, 10 mM NacCl, 200 mM imidazole.
Resource Q anion-exchange chromatography (GE Healthcare, USA)
was subsequently applied using a 0-1 M gradient of NaCl in 20 mM
Tris—-HCl pH 8.0 buffer. The target protein was finally eluted with
approximately 0.2 M NaCl. The purity of FnCelSA was estimated to
be greater than 99% by SDS-PAGE analysis.

3. Crystallization

The purified FnCel5A protein was concentrated to ~20 mg ml™" in
20mM Tris-HCl pH 8.0 and 10 mM NaCl. Crystallization was
performed by the hanging-drop vapour-diffusion method at 291 K in
16-well plates. Each drop contained 1 pl protein solution and 1 pl
reservoir solution with 200 pl reservoir solution in the well. Screening
was carried out with Hampton Research Crystal Screen kits and
positive hits were then optimized. Initial crystals were obtained from
condition No. 35 of Crystal Screen I (0.8 M sodium phosphate
monobasic monohydrate, 0.8 M potassium phosphate monobasic,
0.1 M Na HEPES pH 6.5) and condition No. 15 of Crystal Screen 11

Figure 3
A single crystal of the thermophilic cellulase SeMet-FnCelSA.

Figure 4

(0.5 M ammonium sulfate, 1.0 M lithium sulfate monohydrate, 0.1 M
sodium citrate tribasic dihydrate pH 5.6). Using the first condition, a
small number of crystals grew in one week from the protein preci-
pitate and were very small with poor X-ray diffraction quality. In
contrast, twinned crystals grew rapidly from clear liquor using the
second condition. Further crystallization optimization was performed
by carefully adjusting the concentration of NaH,PO,/KH,PO, and
the buffer pH value together with the protein concentration. Fortu-
nately, single crystals were obtained from the optimized reservoir
solution [1.2 M NaH,PO,/KH,PO, (1:1), 0.1 M sodium citrate pH 5.6]
within 2 d with dimensions of 0.2 x 0.15 x 0.05 mm (Fig. 1) and
diffracted to 2.4 A resolution on the home Rigaku MM-007 X-ray
source (Fig. 2). The selenomethionine derivative of FnCel5A
(20 mg ml™") also crystallized using the same condition (Fig. 3) and
diffracted to 2.0 A resolution on the home Rigaku MM-007 X-ray
source (Fig. 4).

4. Data collection and processing

Native diffraction data were collected on a MAR345dtb (MAR
Research, Hamburg) image-plate detector at 100 K using a Rigaku
MM-007 rotating-anode home X-ray generator operated at 40 kV and
20 mA (X = 1.5418 A). The crystal was mounted on a nylon loop and
flash-cooled in a nitrogen-gas cryostream at 100 K using an Oxford
Cryosystem. Crystals were cryoprotected by the addition of 20% (v/v)
glycerol to the crystallization conditions. A total of 180 frames of data
were collected with a 1° oscillation range. All intensity data were
indexed, integrated and scaled with the HKL-2000 package (Otwi-
nowski & Minor, 1997). The crystal belonged to space group P22,2,
with unit-cell parameters a = 53.5,b=81.7,¢=85.2 A, a=B=y=90°
We assumed the presence of one molecule per asymmetric unit, which
gives a Matthews coefficient of 2.5 A® Da™! with 51% solvent content
(Matthews, 1968). Complete data-collection statistics are given in
Table 1.

Molecular replacement was performed with the solution structure
of Clostridium thermocellum endoglucanase CelC (PDB code 1cec;

A typical diffraction pattern from a crystal of the thermophilic cellulase SeMet-FnCel5A. The exposure time was 120 s, the crystal-to-detector distance was 100 mm and the
oscillation range per frame was 0.5°. The diffraction image was collected on a MAR345 image-plate detector.
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Table 1

Data-collection and processing statistics for FnCelSA.

Values in parentheses are for the highest resolution shell.

Native SeMet (peak)
Space group . P2,2,2 P2,2,2,
Unit-cell parameters (A) a=81.7,b=852, a=1074,b =820,
. c=535 c=2858
Wavelength (A) 1.5418 0.9798

Resolution range (A)
Total reflections
Unique reflections

50.0-2.4 (2.5-2.4)
58334 (5841)
12870 (1298)

50.0-1.7 (1.8-1.7)
808544 (89834)
122364 (12477)

Redundancy 4.7 (4.5) 6.6 (7.2)
Average l/o(I) 9.3 (2.8) 30.7 (4.1)
Runerget (%) 13.7 (39.7) 7.2 (40.7)
Data completeness (%) 84.7 (88.4) 96.8 (100.0)
Molecules per ASU 1 2

Vu (A*Da™!) 25 27

Sovent content (%) 51 54

T Ruerge = Yomg 2o [ (hKL) = (IChKD) /Y0 3 L(hkd), where (I(hkl)) is the mean
intensity of the observations /,(hkl) of reflection hkl.

Dominguez et al., 1995) and the crystal structure of the catalytic
domain of endoglucanase A from C. cellulolyticurn (PDB code 1ledg;
Ducros et al., 1995) as the initial search models, which showed 24 %
and 26% sequence similarity to EnCel5, respectively. This procedure
was performed using CNS v.1.2 (Briinger et al., 1998) and Phaser
(McCoy et al, 2007), but no obvious correct solution was found
according to the rotation and translation functions. The sequences of
family 5 members are rather diverse and have been reported to share
only seven conserved residues (Wang et al., 1993). This diversity may
have caused the failure of molecular replacement for FnCel5A using
these search models. Crystals of SeMet-derivative protein were then
obtained in order to solve the structure of FnCel5A. Crystals were
cryoprotected by the addition of 20%(v/v) glycerol to the crystal-
lization conditions. The SeMet-derivative crystals belonged to space
group P2,2,2,, with unit-cell parameters a = 107.4, b= 82.0,c=85.8 A;
the space group differed from that of the native crystals and was
checked using systematic absences. We assumed the presence of two
molecules per asymmetric unit, which gives a Matthews coefficient of
2.7 A’>Da~! with 54% solvent content (Matthews, 1968). A 1.7 A
resolution data set was collected from an SeMet-derivative crystal at
100 K using an ADSC Q315 CCD detector on beamline BLSA at the
Photon Factory (Japan). Processing of diffraction images and scaling
of the integrated intensities were performed using the HKL-2000
software package (Otwinowski & Minor, 1997). Six of the eight
potential Se atoms in each asymmetric unit were located by SHELX
and initial phasing and density modification (solvent flipping) were

carried out using SHELXD and SHELXE (Sheldrick, 2008). The
final statistics for data collection and processing are summarized in
Table 1. Structure determination and refinement is ongoing.
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