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Infestin is a protein from Triatoma infestans (kissing bug) composed

of seven Kazal-type domains that is further processed to yield several

serine protease inhibitors with varying speci®cities. Infestins 3 and 4

are the last two domains of the infestin gene and are found in vivo in

the insect's anterior midgut. The last domain, infestin 4, has been

cloned, expressed and puri®ed. Here, the crystallization of infestin 4

using the sitting-drop vapour-diffusion method with PEG 8000 as

precipitant is described. Crystals belong to the orthorhombic space

group P212121, with unit-cell parameters a = 25.89, b = 45.64,

c = 57.41 AÊ . X-ray diffraction data were collected to a maximum

resolution of 1.8 AÊ using a synchrotron-radiation source. Initial

phases were calculated by molecular replacement using an edited

rhodniin molecule as the search model. Structure re®nement is in

progress.
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1. Introduction

Hematophagous animals have a vital need to

interfere in their hosts' hemostatic system. The

®rst report of hematophagous animal

substances able to block or delay vertebrate

blood coagulation dates from the 19th century

(Moser et al., 1998). Since then, many other

substances from these animals have been

described, with anti-clotting, anti-platelet

aggregation, vasodilatory and ®brinolytic

activities (Arocha-Pinango et al., 1999; Crab et

al., 2002; Iwanaga et al., 2003; Francischetti et

al., 2002; Lee & Vlasuk, 2003). Among them

are the serine protease inhibitors, which are

able to block the blood-coagulation cascade

mainly by inhibiting factor Xa and thrombin.

Serine protease inhibitors from animals

have been classi®ed by their primary structure

and recently by their tertiary structures into

the following families: Kunitz, Kazal, Serpin

and Leuko proteinase types (Roberts et al.,

1995). Recently, new families such as the

Ascaris, Bombyx and Pacifastin types have

been described (Rhoads et al., 2000; Pham et

al., 1996; Simonet et al., 2002).

With very few exceptions, the Kazal family

members have several common structural

features: a `canonical' binding loop (Bode &

Huber, 1992), a conserved cysteine-distribu-

tion pattern, a typical VCGxD sequence

(Schlott et al., 2002), two to three �-helices

connected by turns and a short three-stranded

antiparallel �-sheet (Muhlhahn et al., 1994).

Some Kazal-type inhibitors from invertebrates,

such as leech-derived tryptase inhibitor

(LDTI), rhodniin, bdellin B-3 and infestin

(Sommerhoff et al., 1994; Friedrich et al., 1993;

Fink et al., 1986; Campos et al., 2002), are

classi®ed as non-classical Kazal-type inhibitors

(Fink et al., 1986) and are characterized by the

presence of only one amino-acid residue

between the ®rst and second cysteine,

compared with the seven amino-acid residues

present in the classical Kazal-type inhibitors.

Classical and non-classical Kazal-type inhibi-

tors can be composed of one or more domains

linked in tandem by loops of variable size.

The infestin gene from the kissing bug

Triatoma infestans, a Chagas' disease vector,

has 1227 base pairs that code for a signal

peptide of 17 amino-acid residues and seven

Kazal-type domains, constituting 392 amino-

acid residues in total, with an average of 56

amino-acid residues per domain. These

domains were named 1R, 2R, 3R, 1, 2, 3 and 4

from the N-terminus to the C-terminus of the

protein. The protein is found in the insect's

anterior midgut and is processed by proteases

to release at least three different mature

polypeptides in vivo: infestin 1R, infestin 1-2

(domains 1 and 2) and infestin 3-4. Infestins 2R

and 3R have not yet been found in vivo. These

inhibitory domains are important to prevent

blood-clot formation in the bug's digestive

tract. Recently, we showed infestin 3-4 and

infestin 4 (residues 354±409) by itself to be the

®rst Kazal family member able to inhibit factor

XIIa (Fink et al., 1986; Campos et al., 2004).

The three-dimensional structure of factor XIIa

is unknown and there are only two inhibitors

for this protease listed in the PDB: corn

Hageman factor inhibitor (PDB code 1bea;

Behnke et al., 1998) and ecotin (PDB code

1ecy; Shin et al., 1996), neither of which are

from the Kazal family. The structure of infestin
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4 will thus provide information to help

elucidate the active site for factor XIIa

interaction. Infestin 4 shares 50 and 48%

identity to dipetalogastin domain 3 (Mende

et al., 1999) and to rhodniin domain 1

(Friedrich et al., 1993), respectively. Both

proteins are part of thrombin inhibitors from

hematophagous bugs. In this work, we

present the crystallization, data collection

and preliminary characterization of infestin

4 and its molecular-replacement solution.

2. Methods

Pichia pastoris GS115 harbouring pIC 11.1.1

plasmid containing the infestin 4 gene

(PPIC9/inf4; Campos et al., 2004) was grown

in 500 ml BMGY media until OD600 = 2.0.

Cells were harvested, resuspended in 2.5 l

BMMY media to an OD600 of 1.0 and incu-

bated at 303 K for 5 d following the

instructions for the `Original Pichia

Expression Kit' from Invitrogen. Methanol

was added every 24 h to a ®nal concentra-

tion of 0.5%(v/v) to maintain induction.

After fermentation, the culture was centri-

fuged (4000g, 20 min, 277 K), cells were

discarded and the supernatant was collected

to purify infestin 4. Infestin 4 was puri®ed by

af®nity chromatography on a trypsin-

Sepharose column as described previously

(Campos et al., 2002). Brie¯y, the media

containing infestin 4 was applied onto a

trypsin-Sepharose column previously equi-

librated with 0.1 M Tris±HCl buffer pH 8.0.

Proteins that bound weakly to the column

were washed out with 0.1 M Tris±HCl buffer

pH 8.0 containing 0.15 M NaCl. Finally, the

inhibitor was eluted with 0.5 M KCl pH 2.0

and immediately neutralized with 1 M Tris±

HCl buffer pH 8.0. The protein was lyophi-

lized, dialyzed and concentrated using YM-3

Centricon (Millipore) to 10 mg mlÿ1 in

10 mM sodium acetate buffer pH 6.0.

Crystallization was carried out by vapour

diffusion in sitting-drop Cryschem Plates

using the Crystal Screen kit (Hampton

Research), mixing equal volumes (2 ml) of

protein solution and reservoir solution.

Crystals from condition 36 [0.1 M Tris±HCl

pH 8.5, 8%(w/v) polyethylene glycol 8000]

were used for data collection.

Crystallographic data were collected at

protein crystallography beamline D03B-

CPR at the LaboratoÂ rio Nacional de Luz

SõÂncrotron (LNLS), Campinas, Brazil. The

wavelength was set to 1.427 AÊ and a MAR

CCD detector was used to record the oscil-

lation data with �' = 1.0�. Crystals were

cryocooled in a stream of nitrogen gas at

110 K in order to minimize radiation

damage. The solution in which the crystals

were grown provided partial protection

against ice formation. The data set was

processed using HKL2000 (Otwinowski &

Minor, 1997) and the CCP4 package

(Collaborative Computational Project,

Number 4, 1994). Molecular replacement

was performed with the MOLREP program

(Vagin & Teplyakov, 1997) using one edited

rhodniin molecule obtained from the struc-

ture 1tbr (van de Locht et al., 1995) depos-

ited in the PDB. Chain R of this entry, a

rhodniin molecule consisting of 103 amino-

acid residues forming two domains, was

edited based on a sequence alignment to

provide an adequate search model. Amino-

acid residues 1±5, 34±39 and 49±103 (1tbr

numbering) were removed from chain R to

yield a search model with one domain

lacking the poorly de®ned N-terminus (1±5),

an internal loop (34±39) and the C-terminal

domain (49±103). The data used in the

molecular replacement were between 30.0

and 3.0 AÊ resolution.

3. Results and discussion

Cultures of transformed cells with the

infestin 4 gene yielded 4 mg of puri®ed

protein per litre. Single-step puri®cation by

af®nity chromatography was enough to

produce crystallization-quality protein.

Initial crystallization screening of infestin 4

at 10 mg mlÿ1 resulted in crystals after one

week from several conditions (Nos. 7, 9, 15,

17, 22, 28 and 36) of the Crystal Screen kit

from Hampton Research. All except condi-

tion No. 7 contained polyethylene glycol as

the precipitant and the crystals grown in

condition No. 36 were suitable for diffrac-

tion. The best diffraction pattern obtained

had a maximum resolution of 1.8 AÊ (condi-

tion No. 36; Fig. 1) and showed the

symmetry and systematic absences of the

orthorhombic space group P212121. Weak ice

rings were present but did not compromise

the data-set quality. Table 1 summarizes the

data-collection statistics. The Matthews

coef®cient (Matthews, 1968) was calculated

to be 2.7 AÊ 3Daÿ1 and the solvent content

54.7%, corresponding to one molecule of

infestin 4 per asymmetric unit.

The search model was constructed from

the rhodniin crystallographic structure

(PDB code 1tbr) as described in x2. The

MOLREP algorithm (Vagin & Teplyakov,

1997) was able to ®nd a solution for which

the rotation function was 5.5� and the

translation function was 13.9� with a corre-

lation coef®cient of 0.334. Using CNS

(BruÈ nger et al., 1998), the model was

subjected to a protocol consisting of simu-

lated annealing, positional energy mini-

mization and individual temperature-factor

re®nement, leading to an R factor of 44.3%

and an Rfree of 42.0%. The ®rst electron-

density map was calculated using REFMAC

(Murshudov et al., 1997) and visualized with

the graphical modelling package O (Jones et

al., 1991). The map was good enough to

allow the recognition of side chains that

differed from the rhodniin search model. At

present, the model is being constructed and

re®ned.
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Figure 1
Crystal of infestin 4 from T. infestans measuring
approximately 0.56 mm in the longest dimension.

Table 1
Data-collection statistics.
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No. re¯ections 30953
No. unique re¯ections 6699 (606)
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