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Crystallization and preliminary X-ray diffraction
studies of an L-amino-acid oxidase from Lachesis

muta venom

Snake-venom proteins form multi-component defence systems by the recruit-
ment and rapid evolution of nonvenomous proteins and hence serve as model
systems to understand the structural modifications that result in toxicity.
L-Amino-acid oxidases (LAAOs) are encountered in a number of snake venoms
and have been implicated in the inhibition of platelet aggregation, cytotoxicity,
haemolysis, apoptosis and haemorrhage. An L-amino-acid oxidase from Lachesis
muta venom has been purified and crystallized. The crystals belonged to space
group P24, with unit-cell parameters a = 66.05, b =79.41, ¢ = 100.52 A, B=96.55°.
The asymmetric unit contained two molecules and the structure has been

determined and partially refined at 3.0 A resolution.

1. Introduction

Snake venoms, which are used for attack, defence and digestion,
are complex mixtures of proteins, enzymes and biologically active
peptides that interfere with key physiological processes, triggering
a wide spectrum of secondary effects such as blood coagulation,
myotoxicity, neurotoxicity, platelet aggregation and lipid digestion
(Lewis & Garcia, 2003). Structural studies of these proteins are
relevant since it has been suggested that mammalian proteins
involved in key regulatory processes have been recruited, modified
and expressed in the venom gland to function as toxins (Fry, 2005).

Lachesis muta envenomation causes extensive tissue damage,
hypotension and shock, and can result in death owing to the neuro-
toxic, haemorrhagic and coagulant activities of the venom (Jorge et
al., 1997)

L-Amino-acid oxidases (LAAOs; EC 1.4.3.2) are homodimeric
enzymes which, together with the noncovalently bound cofactor
flavin adenine dinucleotide (FAD), catalyse the oxidative deamina-
tion of L-amino acids to the corresponding «-keto acids with the
concomitant liberation of ammonia (NH;) and hydrogen peroxide
(H,0,) and the reduction of FAD (Zhang et al., 2003; Sun et al.,
2010). In addition to snake-gland secretions, LAAOs are encountered
in many other organisms such as fungi, bacteria, fish skin mucus and
plants (Arima et al., 2009; Yang et al., 2009; Kitani et al., 2007,
Nagashima et al., 2009; Du & Clemetson, 2002; Kasai et al., 2010;
Stabeli et al., 2007), where they are involved in the utilization of
nitrogen sources (Du & Clemetson, 2002). LAAOs from snake
venoms are cytotoxic, apoptotic, inhibit platelet agreggation and
display bactericidal and antiviral activities (Rodrigues et al, 2009;
Alves et al., 2008; Li et al., 1994; Stabeli et al., 2007; Zhang et al., 2003).

LAAOs are homodimeric glycosylated proteins with molecular
weights ranging from 110 to 150 kDa (Stébeli er al., 2007; Du &
Clemetson, 2002). Each subunit is composed of three domains: a
FAD-binding domain, a substrate-binding domain and a helical
domain (Georgieva et al., 2011; Zhang et al., 2004; Faust et al., 2007;
Kang et al., 2011; Ullah, Souza et al., 2012).

The crystal structures of LAAOs from Calloselasma rhodostoma
(PDB entry 1£8r; 2.0 A resolution; Moustafa et al., 2006), Agkistrodon
halys pallas (PDB entry 1reo; 2.3 A resolution; Zhang er al., 2004),
Vipera ammodytes ammodytes (PDB entry 3kve; 2.6 A resolution;
Georgieva et al., 2011) and Bothrops jararacussu (PDB entry 4e0Ov;
3.1 A resolution; Ullah et al., 2012) have been determined. The crystal
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Table 1
Crystallization.

Method

Plate type

Temperature (K)

Protein concentration (mg ml™")
Buffer composition of protein solution
Composition of reservoir solution

Volume and ratio of drop
Volume of reservoir (ml)

Hanging-drop vapour diffusion

24-well tissue-culture plate

291

11

0.02 M Tris—-HCI pH 8.0

0.2 M ammonium acetate, 20% (w/v) PEG
3350 pH 7.1

1 pl protein solution + 1 pl reservoir solution

0.5

structure of the LAAO from C. rhodostoma in the presence of bound
substrate provides detailed information on the mechanism of action
of this enzyme (Moustafa et al., 2006). In the crystal structure of
LAAO from V. ammodytes ammodytes, a Zn>* ion stabilizes the
quaternary structure of this enzyme and is considered important for
its enzymatic activity (Georgieva et al., 2011). In the crystal structure
of LAAO from B. jararacussu the FAD was encountered in two
different conformations and this enzyme shows a marked preference
for hydrophobic amino acids (Ullah, Coronado et al., 2012).

Here, we present the purification and crystallization of an LAAO
from L. muta venom (LmLAAOQO). The structural analysis of this
enzyme along with functional and structural investigation of other
snake-venom LAAOs, which is being carried out by our group, will
contribute towards understanding the correlation between toxicity
and three-dimensional structure (Ullah, Coronado et al., 2012; Ullah,
Souza et al., 2012; Georgieva et al., 2011).

2. Materials and methods
2.1. Venom collection and purification

Desiccated crude L. muta venom was obtained from the Sanmaru
Serpentarium (SANMARU Ltda, Taquaral, Sdao Paulo, Brazil).
150 mg of the venom was dissolved in 2.5 ml 0.02 M Tris-HCI buffer
pH 8.0 containing 0.1 M NaCl and was centrifuged at 10 000g for
10 min. The clear supernatant was divided into two fractions that
were separately subjected to size-exclusion chromatography on a
Sephacryl S-200 column previously equilibrated with the aforemen-
tioned buffer. The proteins were eluted at a flow rate of 0.2 ml min",
the absorbance was monitored at 280 nm and 1 ml fractions were
collected.

The factions corresponding to peak la from the two runs of size-
exclusion chromatography (results not shown) were pooled and
applied onto a Mono S 5/50 GL column. The column was then washed
with the loading buffer until the baseline returned to the initial value.
The bound protein fractions were eluted with a nonlinear gradient
of the same buffer containing 1 M NaCl. All fractions were concen-
trated and the purity was evaluated by SDS-PAGE (Laemmli, 1970).

2.2. Crystallization

The LmLAAO sample was dialyzed against 0.02 M Tris-HCI pH
8.0 and concentrated to 11 mg ml™" in microconcentrators with a
30 kDa cutoff. Crystallization experiments were performed by the
hanging-drop vapour-diffusion method in 24-well tissue-culture
plates (Jancarik & Kim, 1991) using commercially available crystal-
lization screens such as Crystal Screen, Crystal Screen 2, Grid Screen
PEG 6000, Grid Screen Ammonium Sulfate, PEG/Ion (Hampton
Research) and The PEGs Suite (Qiagen). Typically, 1 pl drops of
protein solution were mixed with an equal volume of the screening
solution and equilibrated over a reservoir containing 0.5 ml of the
latter solution. Crystals suitable for X-ray diffraction experiments

were obtained when the reservoir consisted of 0.2 M ammonium
acetate, 20% (w/v) PEG 3350 pH 7.1. Crystallization is summarized in
Table 1.

2.3. Data collection and processing

For X-ray diffraction data collection, an LmLAAO crystal was
directly flash-cooled in a 100 K nitrogen-gas stream on the WO1B-
MX2 beamline of the Brazilian Synchrotron Light Laboratory
(LNLS), Campinas, Brazil. The wavelength of the radiation source
was set to 1.458 A and a MAR Mosaic 225 mm CCD detector was
used to record the X-ray diffraction intensities. The LAAO crystal
was exposed for 90 s per degree of rotation around ¢; a total of 181
images were collected and the crystal-to-detector distance was set to
100 mm. The data were indexed, integrated and scaled using the
DENZO and SCALEPACK programs from the HKL-2000 package
(Otwinowski & Minor, 1997). Data-collection and processing statis-
tics are summarized in Table 2. Molecular replacement was carried
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(a) Ton-exchange chromatography profile of peak 1 from Sephacryl S-200 size-
exclusion chromatography on a Mono S 5/50 GL column. (b) SDS-PAGE gel of
protein peak fractions from ion-exchange chromatography. Lane M, molecular-
mass markers (labelled in kDa); lanes 1, 2, 3, 4, 5 and 6 correspond to the
chromatographic peak fractions with the same labels. Lane 4 represents LmLAAO.
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out using MOLREP (Vagin & Teplyakov, 2010) with a model based
on the atomic coordinates of native LAAO from V. ammodytes
ammodytes (PDB entry 3kve; Georgieva et al., 2011).

3. Results and discussion

LmLAAO was purified from the crude venom of L. muta by a two-
step procedure that involves size-exclusion and ion-exchange chro-
matography. The size-exclusion chromatography resulted in five
peaks which were analyzed by SDS-PAGE (results not shown). The
first peak containing LAAO (~60kDa and yellow in colour) was
applied onto a cation-exchange column, which resulted in the further
separation of six peaks; the presence of purified LmLAAO (>95%)
was confirmed in peak 4 (Figs. 1a and 1b). The total yield of purified

Figure 2
Photomicrograph of the LmLAAO crystals.

Figure 3
X-ray diffraction pattern. The concentric circles indicate resolutions of 8.0, 5.5, 3.6
and 3.0 A, respectively.

Table 2
Data collection and processing.

Values in parentheses are for the outer shell.

Diffraction source Brazilian Synchrotron Light Laboratory

Wavelength (A) 1.458

Temperature (K) 100

Detector MAR Mosaic 225 mm
Crystal-to-detector distance (mm) 100

Rotation range per image (°) 1.0

Total rotation range (°) 180

Exposure time per image (s) 90

Space group P2,

a, b, c(A) 66.05, 79.41, 100.52
a, B,y (°) 90.00, 96.55, 90.00
Mosaicity (°) 135

Resolution range (A)
Total No. of reflections
No. of unique reflections

30.00-3.00 (3.16-3.00)
67669 (9944)
20727 (3016)

Completeness (%) 99.2 (100.0)
Redundancy (multiplicity) 33 (3.3)
(llo(I)) 5.5 (25)
Riim. 0.142 (0.379)
Overall B factor from Wilson plot (Az) 48.0

protein was 1.2 mg from 150 mg crude venom. Crystals were obtained
when an 11 mg ml™" solution of the purified protein was equilibrated
against a reservoir solution consisting of 0.2 M ammonium acetate,
20% (w/v) PEG 3350 pH 7.1 (Fig. 2).

The LmLAAO crystal diffracted to a maximum resolution of 3.0 A
(Fig. 3) and the reflections were indexed in space group P2;. Taking
the molecular weight (~60 kDa) and the presence of two molecules
in the asymmetric unit into consideration results in a Matthews
coefficient (Matthews, 1968) of 2.18 A’ Da™!, which corresponds to a
solvent content of 43.7%. Data-collection and processing statistics
are presented in Table 2.

The atomic coordinates of the LAAO from V. ammodytes
ammodytes (PDB entry 3kve; Georgieva et al., 2011), which shares
87% sequence identity with LmLAAO, were used to generate a
search model for molecular-replacement calculations carried out
using MOLREP (Vagin & Teplyakov, 2010). A clear solution was
obtained for two molecules in the asymmetric unit in space group P2;.
REFMACS (Murshudov et al., 2011) was used for rigid-body refine-
ment and resulted in an R factor of 26.47% and an Ry of 34.40%.
Structure refinement is currently in progress since the amino-acid
sequence of LmLAAO has now been determined (Bregge-Silva et al.,
2012)
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