crystallization communications

Acta Crystallographica Section F
Structural Biology
and Crystallization
Communications

ISSN 1744-3091

Patricia S. Shimabuku,*"
Carlos A. H. Fernandes,”
Angelo J. Magro,*® Tassia R.
Costa,”© Andreimar M. Soares
and Marcos R. M. Fontes™"*

b

b,c

ADepartamento de Fisica e Biofisica, Instituto de
Biociéncias, UNESP — Universidade Estadual
Paulista, Botucatu-SP, Brazil, PInstituto Nacional
de Ciéncia e Tecnologia em Toxinas, CNPq,
Brazil, and “Departamento de Andlises Clinicas,
Toxicoldgicas e Bromatoldgicas, FCFRP, USP,
Ribeirdo Preto-SP, Brazil

Correspondence e-mail: fontes@ibb.unesp.br

Received 16 September 2010
Accepted 7 December 2010

© 2011 International Union of Crystallography
All rights reserved

Crystallization and preliminary X-ray diffraction
analysis of a Lys49-phospholipase A, complexed
with caffeic acid, a molecule with inhibitory
properties against snake venoms

Phospholipases A, (PLAjs) are one of the main components of bothropic
venoms; in addition to their phospholipid hydrolysis action, they are involved in
a wide spectrum of pharmacological activities, including neurotoxicity, myo-
toxicity and cardiotoxicity. Caffeic acid is an inhibitor that is present in several
plants and is employed for the treatment of ophidian envenomations in the folk
medicine of many developing countries; as bothropic snake bites are not
efficiently neutralized by conventional serum therapy, it may be useful as an
antivenom. In this work, the cocrystallization and preliminary X-ray diffraction
analysis of the Lys49-PLA, piratoxin I from Bothrops pirajai venom in the
presence of the inhibitor caffeic acid (CA) are reported. The crystals diffracted
X-rays to 1.65 A resolution and the structure was solved by molecular-
replacement techniques. The electron-density map unambiguously indicated the
presence of three CA molecules that interact with the C-terminus of the protein.
This is the first time a ligand has been observed bound to this region and is in
agreement with various experiments previously reported in the literature.

1. Introduction

Envenomation resulting from snake bites is an important public
health problem in rural areas of tropical and subtropical countries
in Asia, Africa, Oceania and Latin America and is considered as a
neglected tropical disease by the World Health Organization. In spite
of the majority of deaths from snake bites occurring in South and
South East Asia and sub-Saharan Africa (Kasturiratne et al., 2008)
these accidents are also an important health problem in Latin
America as they may cause permanent tissue loss and amputation of
the affected limb (Gutiérrez & Lomonte, 1995). Bites by snakes of the
Bothrops genus are responsible for more than 85% of all ophidian
accidents reported in Latin America (Fundagdo Nacional de Saude,
2001; de Oliveira, 2009) and lead to drastic local tissue damage
(Gutiérrez & Lomonte, 1995).

Phospholipases A, (PLA,s) are one of the main components of the
venom of these snakes (Fox & Serrano, 2008) and, in addition to their
phospholipid hydrolysis action, are involved in a wide spectrum of
pharmacological activities, including neurotoxicity, myotoxicity and
cardiotoxicity (Bon et al., 1979; Gutiérrez et al., 1991; Fletcher et al.,
1981). An important subgroup of PLA,s, the Lys49-PLA,s, which
exhibit natural replacements of the Tyr28 and Asp49 residues by
Asn28 and Lys49, respectively (Holland et al., 1990; Fernandes et al.,
2010), are found in snakes of the Viperidae family. These substitu-
tions hinder the binding of Ca®* ion, an essential cofactor for PLA,
catalysis, which results in an inability of the Lys49-PLA,s to promote
phospholipid hydrolysis (Arni & Ward, 1996). Despite their catalytic
inactivity, Lys49-PLA,s play an important role in ophidic accidents,
inducing drastic local myonecrosis by a Ca**-independent mechanism
(Gutiérrez & Lomonte, 1995). Synthetic peptides and site-directed
mutagenesis experiments have shown that segment 115-129 of the
C-terminal region is responsible for this myotoxic activity (Ward et
al., 2002; Lomonte et al, 2003; Chioato et al., 2007). Recently, a
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myotoxic site of Lys49-PLA,s specific to snakes of the Bothrops
genus that contains the C-terminal residues Lys115 and Argl18 and
one residue from the N-terminal region (Lys20) has been proposed
(dos Santos et al., 2009).

However, this pronounced local myotoxic effect is not efficiently
neutralized by conventional serum therapy, the action of which is
related to systemic mechanisms. Although a successful approach, in
addition to this limited effectiveness in protecting against this rapid
local tissue-damaging effect serum therapy presents other drawbacks
such as (i) limited or lack of access to antivenoms in rural areas of
developing countries, where most accidents occur, (ii) adverse reac-
tions originating in patients owing to the infusion of animal proteins
and (iii) significant variations in venom composition and antigenic
reactivity owing to the geographic and taxonomic diversity of snakes
(Soares et al., 2005). Therefore, an extensive search for and identifi-
cation of new compounds, either synthetic or natural, that may be
useful to complement antivenom treatment is extremely important.

In folk medicine, especially in developing countries, several vegetal
species are employed for the treatment of ophidian envenomations in
communities that lack prompt access to serum therapy (Soares et al.,
2005; Samy et al., 2008). In recent years, a large number of studies
have investigated the effects of several plants on snakebites, including
the isolation and characterization of their active constituents and the
elucidation of their possible mechanisms of action (Mors et al., 2000;
Soares et al., 2005; Cintra-Francischinelli et al., 2008; Ticli et al., 2005).
Caffeic acid (CA) is a cinnamic acid derivative with exceptional
biochemical reactivity that is present in several plants with anti-snake
venom properties such as Prestonia coalita, Strychnos nux-vomica,
Taraxacum officinale and Vernonia condensate (Mors et al., 2000;
Soares et al., 2005). Furthermore, crystalline caffeic acid derivatives
have been demonstrated to be antidotes for snake venoms by oral or
parenteral administration (Agoro, 1978).

In this work, we report the crystallization, collection of X-ray
diffraction data and molecular-replacement solution of piratoxin
I (Pr'TX-I), a basic noncatalytic and myotoxic Lys49-PLA, from
B. pirajai venom, complexed with caffeic acid. The final crystallo-
graphic model of this complex may provide insight into the
mechanisms that lead to inhibition of the myotoxicity of snake-
venom PLA,s.

2. Materials and methods
2.1. Protein purification and crystallization

PrTX-I was isolated from B. pirajai snake venom by gel-filtration
and ion-exchange chromatography as described previously (Soares et
al., 2001). A lyophilized sample of PrTX-I was dissolved in ultrapure
water to a concentration of 15 mgml~'. CA was purchased from
Sigma-Aldrich and was dissolved in 50% ethanol to give an 8:1 molar
ratio of inhibitor:protein. Crystals were obtained by the hanging-drop
vapour-diffusion method (McPherson, 2003); the drops consisted of
1 pl protein solution, 0.2 pl CA solution and 0.8 pl reservoir solution
and were equilibrated against 500 pl of the same reservoir solution.
The best crystals were obtained after an optimization process from
the native protein crystallization conditions (dos Santos et al., 2009);
the reservoir solution consisted of 30% polyethylene glycol 4000,
100 mM Tris-HCI pH 8.1 and 200 mM lithium sulfate and crystals
were obtained after one month at 291 K (Fig. 1).

2.2. X-ray data collection and processing

X-ray diffraction data were collected from a single PrTX-I-CA
crystal at a wavelength of 1.4586 A (at 100 K) using a synchrotron-

Table 1
X-ray diffraction data-collection and processing statistics.

Values in parentheses are for the highest resolution shell. Data were processed using the
HKL suite (Otwinowski & Minor, 1997).

a=392,b="720,c=446,
B=1028

Space group P2,

Resolution (A) 40-1.65 (1.73-1.65)

Unique reflections 27856 (3444)

Completeness (%) 94.6 (93.8)

Rierge (%) 65 (39.5)

Radiation source MX2 station, LNLS

Unit-cell parameters (A, °)

Data-collection temperature (K) 100
Average I/o(I) 27.4 (2.34)
Multiplicity 2.8 (2.7)
Matthews coefficient Vi (A>Da™") 2.20
Molecules in the asymmetric unit 2

Solvent content (%) 442

T Rumerge = D g 2o Hi(hkl) — (I(hkD) /3" > I(hkl), where Ij(hkl) is the intensity of
an individual measurement of the reflection with Miller indices hkl and (I(hkl)) is the
mean intensity of that reflection. Calculated using reflections with 7 > —30 (7).

radiation source [MX2 station, Laboratério Nacional de Luz
Sincroton (LNLS), Campinas, Brazil] and a MAR CCD imaging-
plate detector (MAR Research). A crystal was mounted in a nylon
loop and flash-cooled in a stream of nitrogen at 100 K without using
any cryoprotectant. The crystal-to-detector distance was 85 mm and
an oscillation range of 1° was used, resulting in the collection of a
total of 141 images. Data processing was carried out at 1.65 A reso-
lution using the HKL program suite (Otwinowski & Minor, 1997).

3. Results and discussion

The data-collection statistics are shown in Table 1. The crystals
belonged to the orthorhombic space group P2,2,2,, with unit-cell
parameters a = 39.2, b = 72.0, ¢ = 44.6 A, B =102.8°. The data set
was 93.8% complete at 1.65 A resolution, with an Ryeree Of 6.5%.
Calculations based on the protein molecular weight indicated the
presence of two molecules in the asymmetric unit. This corresponds
to a Matthews coefficient (Matthews, 1968) V; of 2.20 A’Da'anda
calculated solvent content of 44.2%. These values are within the
typical range for protein crystals, assuming a value of 0.74 cm® g™
for the protein partial specific volume. The crystal structure of
PrTX-I-CA was determined by molecular-replacement techniques
implemented in the program MOLREP (Vagin & Teplyakov, 1997)
from the CCP4i program package (Potterton et al., 2003) using the
coordinates of bothropstoxin I complexed with polyethylene glycol

Figure 1
Crystals of PrTX-I complexed with CA.
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(@)

Figure 2

®)

(a) Electron-density difference map contoured at 1.0 standard deviation of the C-terminal region of PrTX-I-CA where electron density that corresponds to caffeic acid
molecules was found. (b) Detailed view of the myotoxic site of the Bothrops genus including a difference electron-density map that corresponds to a caffeic acid molecule.
The caffeic acid molecules were not considered in the calculation of the electron-density maps. This figure was drawn using PyMOL (DeLano, 2002).

4000 (PDB code 3iq3; Fernandes et al., 2010) as a search model and
confirmed the presence of a dimer in the asymmetric unit.

It has been demonstrated for the structures of dimeric Lys49-
PLA,s that apo structures belong to space group P3,21, while com-
plexed forms belong to space groups P2, or P2,2,2; (dos Santos et al.,
2009). The space-group change arises from conformational changes
when a ligand is bound to Lys49-PLA,s (dos Santos et al., 2009). Since
space group P2,2,2, is observed for the PrTX-I-CA complex, it is
possible to suggest that inhibitor binding has led to changes in the
PrTX-I quaternary structure.

Observation of the electron-density map unambiguously indicated
the presence of three CA molecules in the C-terminal region (Fig. 2).
As proposed previously, this indicates the presence of a myotoxic site
specific to the Lys49-PLA,s of snakes from the Bothrops genus that
is formed by two residues from the C-terminal region (Lys115 and
Argl18) and one residue from the N-terminal region (Lys20) (dos
Santos et al., 2009). Here, this myotoxic site is in the neighbourhood
of a molecule of caffeic acid in one of the monomers. Thus, for the
first time, the structure of a Lys49-PLA—inhibitor complex supports
the hypothesis of a myotoxic site in its C-terminus in addition to the
previously demonstrated classic binding site (known as the active site;
Marchi-Salvador et al., 2009).

The crystallization and X-ray diffraction analysis of PrTX-I
complexed with rosmarinic acid (RA; dos Santos et al., 2010), an ester
of caffeic acid and 3,4-dihydroxyphenyl lactic acid, has recently been
reported. RA is found in several plants that have antivenom prop-
erties such as Cordia verbenacea and several species of the genera
Echinacea and Perilla (Soares et al., 2005; Mors et al., 2000). Inter-
estingly, RA binds in a different region to the CA molecule. Detailed
comparative structural studies of PrTX-I-CA and PrTX-I-RA may
thus provide new and important details of how these vegetal mole-
cules lead to toxin inhibition.

In conclusion, a systematic study of PrTX-I complexed with
different ligands may lead to the development of effective inhibitors
that can be used in biotechnological applications, as helpful supple-

mental treatments to serum therapy and as important models for the
synthesis of new drugs.
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