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Rhodnius haem-binding protein (RHBP) from the bloodsucking

insect Rhodnius prolixus, a 15 kDa protein, has been crystallized

using polyethylene glycol as a precipitant. X-ray diffraction data have

been collected at a synchrotron source. The crystals belong to the

space group P41(3)212, with unit-cell parameters a = b = 64.98,

c = 210.68 AÊ , and diffract beyond 2.6 AÊ resolution.
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1. Introduction

Haem, iron protoporphyrin-IX, participates in

several fundamental biochemical reactions

such as respiration, oxygen transport in extra-

cellular ¯uids and photosynthesis. On the other

hand, haem may be a catalyst of the formation

of reactive oxygen species and thus lead to

oxidation of lipids, proteins and DNA (Aft &

Mueller, 1983; Tappel, 1955; Vincent, 1989).

Owing to its potential toxicity, haem is

normally found associated with proteins such

as haemopexin and albumin, free haem

frequently being related to pathological

conditions (Rytter & Tyrrel, 2000).

Haematophagous arthropods ingest enor-

mous amounts of blood. The bloodsucking

insect R. prolixus takes between ®ve to ten

times its body weight each single meal

(Lehane, 1991). As vertebrate blood has about

10 mM of haem bound to haemoglobin, the

digestion of blood in the midgut of this insect

generates potentially toxic amounts of haem.

Furthermore, after a blood meal water is

massively excreted, leading to even higher

haem concentrations in the gut lumen. There-

fore, in order to use blood as the sole food

source, haematophagous arthropods must

develop ef®cient ways to counteract haem

toxicity and a whole array of antioxidant

defences designed to prevent radical formation

or to scavenge oxygen reactive species. Among

these defences, a haem-binding protein

(RHBP; Rhodnius haem-binding protein) has

been described in the haemolymph and

oocytes of R. prolixus.

RHBP has a single 15 kDa polypeptide

chain and in the haemolymph can be found

free (apoRHBP) or associated with one haem

molecule (holoRHBP). The binding of haem to

circulating apoRHBP protects this insect from

haem-induced lipid peroxidation (Dansa-

Petretski et al., 1995).

In this paper, we describe the puri®cation,

crystallization and results of preliminary X-ray

diffraction study of holoRHBP as a ®rst step

toward its crystal structure solution. The

knowledge of the three-dimensional structure

of the protein will help in the understanding of

the structural basis of its function.

2. Materials and methods

HoloRHBP was puri®ed to homogeneity from

R. prolixus oocytes as described (Oliveira et al.,

1995). Initial crystallization conditions were

screened by the sparse-matrix method

(Jancarik & Kim, 1991) using the macro-

molecular crystallization reagent kits I and II

(Hampton Research). In each trial, a hanging

drop of 1 ml of protein solution (10 mg mlÿ1 in

water) was mixed with 1 ml of precipitant

solution and then equilibrated against a reser-

voir containing 500 ml of precipitant solution.

Small plane-like dark red crystals grew at

291 K in precipitant solution No. 9 [30%(w/v)

polyethylene glycol 4000, 0.2 M ammonium

acetate, 0.1 M trisodium citrate dihydrate pH

5.6] from Hampton reagent kit number I in

three weeks. Further optimization at 291 K,

including pH re®nement (McPherson, 1995),

leads to new values of precipitant concentra-

tion (25% PEG 4000) and pH (6.0). Well

formed bipyramidal crystals of dimensions

0.05 � 0.04 � 0.03 mm grew in three to six

weeks.

All data sets were collected using a 345 mm

MAR Research image-plate detector at the

LNLS Protein Crystallography beamline

(Polikarpov, Oliva et al., 1998; Polikarpov,

Perles et al., 1998) by the oscillation method at

100 � 1 K. The exposure time was approxi-

mately 5 min per frame. For the native data set

the crystal-to-detector distance was set to

190 mm and two oscillation ranges were used:

0.8 and 0.6�. The crystal-to-detector distance

for the derivative data set was 155 mm and an

oscillation range of 0.7� was used. The incident

radiation wavelength for native and derivative

data sets was 1.55 AÊ . The wavelength was

chosen in order to maximize the ¯ux in the

spectrum available at the beamline (Poli-

karpov et al., 1997; Rossmann & Blow, 1962).
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The data were processed using DENZO and

SCALEPACK packages (Otwinowski &

Minor, 1997). Results of data processing for

the native and iodine derivative are

summarized in Table 1.

3. Results and discussion

The ®rst crystals obtained diffracted to 3.2 AÊ

resolution and presented considerable

radiation decay when exposed to the X-ray

beam at room temperature, resisting for only

a few images. Cryocrystallographic techni-

ques (Garman & Schneider, 1997) were

employed to overcome radiation damage.

Flash-freezing of the crystal in a gaseous

nitrogen stream (Oxford Cryosystems) was

performed after dipping the crystal in a

mixture of the mother liquor with 20%

ethylene glycol.

Three native data sets were collected with

crystals obtained in the ®rst re®ned crystal-

lization round. The best native diffraction

data set, extending to 3.2 AÊ resolution, is

presented in Table 1. Slightly larger crystals

were grown in subsequent crystallization

trials, as evidenced by the ®rst iodine-

derivative data set recently collected to

2.6 AÊ resolution (Fig. 1). The iodine deri-

vative was prepared by a rapid cryosoaking

procedure (Dauter et al., 2000) using a

cryoprotectant solution containing in addi-

tion 1.0 M sodium iodide. Flash-freezing

signi®cantly improved the crystal resistance

to X-rays, allowing a higher X-ray dose per

image. An improvement in the I/�(I) ratio

along with a high-redundancy data set led to

better statistics and to a higher resolution

cutoff.

The calculated unit-cell volume is 8.82 �
105 AÊ 3. Assuming three monomers per

asymmetric unit, the calculated Matthews

coef®cient (VM; Matthews, 1968) is

2.45 AÊ 3 Daÿ1, which corresponds to 47.8%

solvent content. On the other

hand, if we presume a tetramer

in the asymmetric unit, VM is

1.84 AÊ 3 Daÿ1 and the solvent

content is 30.5%. A self-rotation

function calculation using the

POLARRFN program from the

CCP4 suite (Collaborative

Computational Project, Number

4, 1994) using different integra-

tion radii and resolution ranges

did not give conclusive informa-

tion about the asymmetric unit

content. No consistent evidence

for a threefold or fourfold

non-crystallographic axis was

observed, which might indicate

that the non-crystallographic

axis is approximately parallel to

one of the cell axes. To elucidate

this question, a complete

structure determination will be

required.

Sequence alignment has

shown no signi®cant homology

with other proteins of known

three-dimensional structure;

therefore, a heavy-atom

multiple isomorphous replace-

ment method for the structure

solution will have to be used. An

extensive search for additional

heavy-atom derivatives is

currently under way.
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Table 1
Native and iodine-derivative crystal data and data-
collection statistics.

Values for the highest resolution shell are shown in
parentheses.

Native
Iodine
derivative

Space group P41(3)212 P41(3)212
Unit-cell parameters

(AÊ )
a = b = 65.24,

c = 207.14
a = b = 64.98,

c = 210.68
Resolution (AÊ ) 35.0±3.20

(3.35±3.20)
22.0±2.60

(2.72±2.60)
No. of observations 24684 (3062) 48064 (5386)
No. of unique re¯ections 7642 (940) 19721 (2400)
hI/�(I)i 8.3 (3.9) 10.4 (2.8)
Multiplicity 3.2 (3.3) 2.4 (2.2)
Completeness (%) 96.0 (99.1) 74.7 (73.1)
Rmerge² (%) 12.9 (31.3) 8.7 (40.8)
Rfac³ (%) 36.9

² Rmerge =
P�I ÿ hIi�/P I. ³ Rfac =

P jFPH ÿ FPj/
P

FP:

Figure 1
(a) A typical diffraction pattern from the iodine-derivative data set.
The crystal-to-detector distance was set to give a resolution limit of
2.33 AÊ at the outer edge of the image. (b) Enhanced contrast detail
image from the highest resolution shell.
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