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Crystallization and preliminary X-ray diffraction
analysis of endoglucanase Il from Trichoderma
harzianum

Endoglucanases are enzymes that hydrolyze cellulose and are important
components of the cellulolytic complex. In contrast to other members of the
complex, they cleave internal $-1,4-glycosidic bonds in the cellulose polymer,
allowing cellulose to be used as an energy source. Since biomass is an important
renewable source of energy, the structural and functional characterization of
these enzymes is of interest. In this study, endoglucanase III from Trichoderma
harzianum was produced in Pichia pastoris and purified. Crystals belonging
to the orthorhombic space group P2,2,2, with unit-cell parameters a = 47.54,
b = 5557, ¢ = 157.3 A, were obtained by the sitting-drop vapour-diffusion
method and an X-ray diffraction data set was collected to 2.07 A resolution.

1. Introduction

To date, humans have mostly relied on energy provided by fossil fuels,
but the increasing energy needs of the growing human population
and the recognition of the problems of fossil fuels (pollution, global
warming and scarcity, to mention three) have provided a driver for
looking at alternative sustainable sources of energy (Singh er al.,
2011).

The method of producing energy through the hydrolysis of biomass
has been known for a long time (Antoni et al., 2007). Biomass is a
renewable resource and the final product of its transformation via the
fermentation of depolymerized sugars, cellulosic ethanol, is less toxic,
more readily biodegradable and produces fewer airborne pollutants
than petroleum fuel (John et al., 2011). Although it is not yet possible
to fulfil the world’s energy demands using renewable fuels, they are
increasingly becoming a feasible option.

Cellulose forms tightly interwoven crystalline fibres which are
generally very resistant to degradation. However, a number of
microorganisms are able to efficiently hydrolyze cellulose. For
example, Hypocrea fungi in general and H. jecorina in particular are
able to secrete large amounts of cellulases to hydrolyse cellulosic
biomass. Another member of the same group, H. lixii, also known as
Trichoderma harzianum, has been utilized in phytopathogen control
(Monteiro et al., 2010) and more recently has been described as a
competent cellulolytic fungus which produces a balanced mixture of
cellulases (de Castro, Ferreira et al., 2010). It has been demonstrated
that T. harzianum secretes large quantities of endoglucanases when
cultivated on pretreated sugarcane bagasse (de Castro, Pedro et al.,
2010).

The cellulolytic complex produced by most fungal species is
formed of at least three major components: (i) endoglucanases (EGs),
which hydrolyze the internal -1,4-glycosidic bonds in the cellulose
polymer, thus introducing two new internal chain termini; (ii) cello-
biohydrolases (CBHs), which act on the reduced and nonreduced
termini of cellulose polymer chains, thus degrading cellulose into
cellobiose; and (iii) B-glycosidases, which hydrolyze cellobiose to
glucose (Medve et al., 1998). A large number of endoglucanases have
been identified and they have been classified into glycoside hydrolase
families based on their amino-acid sequence similarity (Henrissat &
Davies, 2000). Despite the differences in their three-dimensional
structures, the catalytic mechanism attributed to all endoglucanases is
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similar, i.e. they hydrolyze the B-1,4-glycosidic bond in cellulose via
a double-displacement reaction and a glycosyl-enzyme intermediate
that results in retention of the anomeric configuration in the product
(Birsan et al., 1998).

The present paper describes the crystallization of 7. harzianum
endoglucanase III and its preliminary X-ray diffraction studies. The
enzyme belongs to the GH12 family, a group of low-molecular-weight
endoglucanases that contain a single catalytic domain and lack a
cellulose-binding module (Macarrén et al., 1993; Nakazawa et al.,
2009). The members of this group have a compact S-sandwich
structure that is curved to create an extensive cellulose-binding site
on the concave face of the B-sheet (Sulzenbacher et al., 1999). This
architecture is based on a compact S-jelly-roll fold which contains
one «-helix and two B-sheets consisting of a total of 15 S-strands
(Sandgren et al., 2001).

Several crystal structures of endoglucanase III from various
organisms have previously been solved (Crennell er al, 2006;
Khademi et al., 2002; Sulzenbacher et al., 1997), including one from
T. reesei (Sandgren et al., 2001, 2004). Despite their strong structural
similarity, the endoglucanases reveal considerable differences in their
enzymatic activities, biochemical properties and thermal stabilities
(Sandgren et al., 2003). Little structural information is currently
available for the 7. harzianum glycosyl hydrolases. To at least
partially fill this gap, we expressed, purified and crystallized endo-
glucanase III (EG3) from 7. harzianum and collected X-ray
diffraction data from the crystals.

2. Experimental methods
2.1. Protein production

The EG3 cDNA clone was obtained from a cDNA library con-
structed from 7. harzianum 10C-3844 induced by microcrystalline
cellulose (unpublished data). The EG3 ORF was cloned into
pPICZaA (Invitrogen), excluding the putative signal peptide. The
mature ORF was amplified with the forward primer 5-CGGAA-
TTCCAGACCAGCTGCGAAC-3' and the reverse primer 5-CGC-
GTCGACGTTGATAGATGCGGTCC-3' (the bases shown in bold
indicate introduced restriction sites).

The amplicon and the pPICZaA plasmid were digested with
EcoRl and Sall and ligated, creating a recombinant plasmid
containing the mature EG3 ORF flanked by the secretion signal
peptide (a-factor) at the N-terminus and a 6xHis tag at the
C-terminus. The pPICZ vectors also contained an inducible promoter
from the alcohol oxidase gene AOX1, which is induced by methanol.

Before transformation, the recombinant plasmid was linearized
with Pmel endonuclease and then introduced into Pichia pastoris
(MutS) (Invitrogen) by electroporation (1.5kV, 25 puF, 200 2).
Transformants were cultivated in solid yeast extract peptone dextrose
(YEPD) with 1 M sorbitol and 100 pg ml~" Zeocin. Recombinants
were identified by polymerase chain reaction using the o-factor and
AOX 3’ primers. For large-scale expression, a recombinant colony
was inoculated in 10 ml buffered glycerol-complex medium (BMGY)
and incubated at 303 K and 250 rev min~" for 24 h. The 10 ml culture
was added to 500ml BMGY and incubated at 303 K and
250 rev min~" for 24 h (ODggonm = 6). The cells were collected by
centrifugation (1500g for 5 min) and the supernatant was discarded.
The cells were resuspended in 100 ml buffered methanol-complex
medium (BMMY) with 1% methanol and incubated at 303 K and
250 revmin~' for 24 h. The culture containing the recombinant
protein was centrifuged and the supernatant was vacuum-filtered
through a 0.44 pym membrane.

2.2. Purification

Purification of the recombinant enzyme from the supernatant
was performed by affinity chromatography using a 5 ml silica-resin
column containing Ni-NTA Superflow resin (Qiagen). The resin was
equilibrated with 25 ml binding buffer (10 mM Tris—-HCl, 50 mM
sodium phosphate, 100 mM sodium chloride pH 8.0). 100 ml of the
supernatant was applied to 5 ml resin; after washing the resin with
15 ml binding buffer, the polyhistidine-tagged protein was eluted with
5ml aliquots of elution buffer containing an increasing imidazole
concentration (5-250 mM). The elution fractions were analyzed
by 15% SDS-PAGE (Sambrook & Russell, 2001). The fractions
containing purified protein were pooled and dialyzed against three
changes of 50 mM Tris-HCI buffer pH 7.5 (21) at 277 K for 4 h. The
protein concentration was determined using the BCA Protein Assay
Kit (Thermo Scientific) and the samples were stored at 253 K.

2.3. Analysis of the hydrolysis of different substrates

The hydrolytic activity of EG3 was determined using the 3,5-di-
nitrosalicylic acid method based on quantification of the reducing-
sugar content (Miller, 1959). The relative activity of the purified
enzyme was checked using filter paper (Whatman, USA), carboxy-
methylcellulose (50-200 cps; Sigma, Germany), microcrystalline
cellulose (Sigma Germany) and sawdust as substrates.

Briefly, 400 pl of 2% substrate in 100 mM potassium phosphate
buffer pH 6.5 was mixed with 100 pl enzyme solution (0.4 pM final
concentration) and incubated at 315 K. After 15 min, the reaction
was stopped by the addition of 1 ml dinitrosalicylic acid solution. The
mixture was boiled for 5 min, diluted to 10 ml with water and the
liberated reducing sugars were measured at a wavelength of 540 nm
using a spectrophotometer (U-5100; Hitachi, Japan).

All assays were performed in triplicate and a reaction stopped just
after addition of the enzyme was used as a blank. All experimental
data and graphics were generated with the Prism 5 statistical program
(GraphPad, USA).

2.4. Crystallization

Purified EG3 (23 781 Da; amino acids 18-236) at a concentration
of 10 mg ml™" was submitted to crystallization screening using the
sitting-drop vapour-diffusion technique. Drops of 2 pl final volume
(1:1 ratio of protein and screen solutions) were set up automatically
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Figure 1

Substrate specificity of the purified recombinant EG3 from 7. harzianum. Filter
paper, microcrystalline cellulose (MC cellulose), carboxymethylcellulose (CMC)
and sawdust were used as substrates.
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using a Honeybee 931 crystallization robot (Genomic Solutions Inc.)
with a variety of commercially available screens (PEGs I and II Suite,
Classics Suite and MbClassics Suite from Qiagen) and maintained at
a temperature of 291 K. 96-well crystallization plates from Greiner
Bio-One were used.

2.5. Data collection and processing

A single EG3 crystal was transferred into a cryosolution consisting
of 12% PEG 6000, 2 M sodium chloride, 20% ethylene glycol,
mounted in a cryoloop and directly flash-cooled in a cold nitrogen
stream prior to X-ray data analysis. Diffraction data were collected
on beamline MX2 at the Brazilian Synchrotron Light Source (LNLS),
Campinas, Brazil using a MAR charge-coupled device detector
(Guimardes et al., 2009). Data covering 225° were collected using a
0.5° oscillation step to a maximum resolution of beyond 2.0 A using a

Figure 2
Crystals of EG3 grown in 25%(w/v) PEG 4000, 0.2 M ammonium sulfate, 0.1 M
sodium acetate pH 4.6. The black bar corresponds to 200 pm.

Figure 3
Typical diffraction pattern of an EG3 crystal.

Table 1
Data-collection and processing statistics.

Values in parentheses are for the highest resolution shell.

Beamline . MX2, LNLS
Wavelength (A) 1.46
Space group P2,2,2,

a=4754,b="5557,c=1573
50-2.07 (2.14-2.07)

Unit-cell parameters (A)
Resolution range (A)

Unique reflections 26039
Total reflections 171836
Multiplicity 6.6 (6.3)
Completeness (%) 99.1 (97.5)
Rierget (%) 12.1 (21.6)
(Ilo(I)) 14.2 (8.1)

T Rumerge = O pua 2o i(hkD) — (I(hKD) /3" > I;(hkl), where I(hkl) is the intensity of
the ith observation of reflection hkl and (I(hkl)) is the average intensity of reflection
hkl.

MAR Mosaic225 detector. Data integration was carried out using
DENZO and data were scaled with SCALEPACK in the HKL-2000
package (Otwinowski, 1993).

3. Results and discussion

The purified EG3 was tested for enzymatic activity and proved to be
active. The specific activity of the enzyme towards carboxymethyl
cellulose (CMC) was 16 U mg ™. This activity is comparable with that
of T. reesei EG3 (Nakazawa et al., 2009). Carboxymethyl cellulose
was also preferentially consumed by EG3 compared with filter paper,
microcrystalline cellulose and sawdust (Fig. 1).

Crystals of EG3 appeared after 5 d at 291 K in the original sitting-
drop screen plates using the PEGs II Suite. A cluster of needles were
obtained using a reservoir solution consisting of 25% (w/v) PEG 4000,
0.2 M ammonium sulfate, 0.1 M sodium acetate pH 4.6 (condition No.
65). A plate-shaped crystal (Fig. 2) was subsequently obtained in an
optimization screen from a crystallization solution consisting of
12%(w/v) PEG 6000, 2.0 M sodium chloride (condition No. 77).

The plate-shaped crystal was tested for X-ray diffraction quality
(Fig. 3) and was used to collect a complete diffraction data set to
2.07 A resolution. Based on the data-set processing statistics, the EG3
crystal belonged to the primitive orthorhombic system (P2,2,2,), with
unit-cell parameters a = 47.54, b = 55.57, ¢ = 157.3 A. The calculated
Matthews coefficient of 2.16 A> Da~' (Matthews, 1968) indicated that
there were two molecules in the asymmetric unit; the solvent content
of the crystal was 43.2%. Data-collection and processing statistics are
presented in Table 1.

The structure of EG3 was solved by the molecular-replacement
technique with Phaser v.2.1.4 (McCoy et al, 2007) using the atomic
coordinates of the T. reesei EG3 crystal structure (PDB entry 1h8v;
Sandgren et al., 2001) as a search model, giving a solution LLG
(log-likelihood gain) of 2016.85. The amino-acid sequence identity
between the EG3s from T. reesei and T. harzianum is 83%. Initial
structure-refinement cycles using REFMACS (Murshudov et al., 2011)
resulted in a model with an Ry of 26.85% and an Ry.. of 30.96%.
Further model building and refinement is in progress.

We are grateful to the Brazilian Synchrotron Light Source (LNLS)
and to the staff members of the MX2 beamline. This work was
supported by Fundacdo de Amparo a Pesquisa do Estado de Sédo
Paulo (FAPESP) via research grants 2009/14333-6, 2008/56255-9 and
2009/52840-7 and Conselho Nacional de Desenvolvimento Cientifico
e Tecnoldgico (CNPq) via INCT do Bioetanol and grants 471834/
2009-2 and 490022/2009-0.
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