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Liposarcus anisitsi is an armoured cat®sh that presents accessorial air

oxygenation through a modi®ed stomach, which allows this species to

survive in waters with very low oxygen content. Analysis of its

haemolysate has shown the presence of four haemoglobins; this work

focuses on the main component, haemoglobin I. It has been

crystallized in two different forms and X-ray diffraction data have

been collected to 2.77 and 2.86 AÊ resolution using synchrotron

radiation. Crystals were determined to belong to the space groups C2

and P21 and preliminary structural analysis revealed the presence of

one tetramer in the asymmetric unit in both crystal forms. The

structure was determined using a standard molecular-replacement

technique.
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1. Introduction

Haemoglobin functions in aerobic organisms

by dramatically increasing oxygen diffusion

from the environment (aquatic or atmos-

pheric) to its reduction site at the inner mito-

chondrial membrane. Aerobic metabolism in

multicellular organisms would be impossible

without this protein.

Owing to its abundance and availability,

haemoglobin has been largely used as a model

in order to gain understanding of oligomeric

proteins, particularly concerning the hetero-

tropic `®ne tuning' of oxygen binding in terms

of af®nity and cooperativity (Smarra et al.,

1999). Recent reports describing `new' struc-

tures found for human adult haemoglobin

(Smith et al., 1991; Mercedes-Silva et al., 1992;

Seixas et al., 1999) additional to those consid-

ered by the classical allosteric model of Monod

et al. (1965) have revealed new aspects, despite

the large amount of research spent on the

subject.

The study of the structures of other forms of

haemoglobin could contribute to providing a

better understanding of haemoglobin function.

The animal kingdom has plenty of isomorphic

haemoglobins working under a variety of

physiological requirements and subject to

environmental stress, being a natural source

for the study of structure±function relation-

ships.

L. anisitsi (Siluriformes, Loricariidae) is a

South American armoured cat®sh with acces-

sorial air oxygenation using a modi®ed

stomach. This morphological and histological

adaptation allows the ®sh to hold swallowed air

and oxygenate blood circulating on abundant

capillaries close to the mucosa (Smarra et al.,

1997). Its blood has four haemoglobins, with

isoelectric points (pI) in the range 7.2±8.3.

These proteins were denominated I to IV

according to their pI, starting with the highest

value.

The present work was performed on the

oxygenated form of Hb-I (which comprises

about 50% of the haemolysate). Structural

studies have also been initiated on the un-

liganded forms.

2. Materials and methods

2.1. Purification

Blood was collected by caudal puncture

after an adaptive period of 4 d in aquaria.

Subsequent procedures were carried out at low

temperature (around 277 K). Red blood cells

were washed by centrifugation four times with

buffered saline (50 mM Tris pH 8.5, 1 mM

EDTA). Haemolysis was accomplished with

buffer A (50 mM Tris pH 8.5, 1 mM EDTA),

followed by centrifugation (1000g for 1 h) and

®ltration to remove debris. An aliquot was

kept for phosphate determination. For phos-

phate removal, haemolysate dialysis was

performed against buffer A, followed by gel

®ltration (Sephadex G-25) on a 1.6 � 70 cm

column.

Haemoglobin puri®cation was performed on

DEAE-Sephadex A-50 using a pH gradient

between 50 mM Tris buffer pH 9.2 and 50 mM

bis-Tris pH 6.5. The isolated components were

further deionized by several passages through

a mixed-bed Amberlite MB-1 (Sigma),

concentrated by centrifugation on Amicon

microconcentrators and stored in liquid

nitrogen until use.
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2.2. Crystallization

The oxygenated form of haemoglobin I

(LaHb-I) was concentrated to 10 mg mlÿ1 in

50 mM Tris pH 8.5. Crystallization trials

were performed using the hanging-drop

vapour-diffusion method (Jancarik & Kim,

1991).

Crystals of L. anisitsi haemoglobin have

been obtained under several different crys-

tallization conditions using the hanging-drop

vapor-diffusion and sparse-matrix methods

(Smarra et al., 1997). The best crystals were

obtained after 3 d from drops in which 7 ml

haemoglobin solution (10 mg mlÿ1) was

mixed with an equal volume of reservoir

solution. 0.1 M HEPES pH 7.4, 1.4 M

sodium citrate was used as the reservoir

solution. The crystals were harvested in the

well buffer and mounted in a 1.0 mm boro-

silicate glass capillary tube for

X-ray data collection.

2.3. X-ray data collection and

processing

Two crystal forms had their

X-ray diffraction data sets

collected at a wavelength of

1.38 AÊ using the Synchrotron

Radiation Source [Station PCr,

LaboratoÂ rio Nacional de Luz

SõÂncrotron (LNLS), Campinas,

Brazil; Polikarpov, Oliva et al.,

1998; Polikarpov, Perles et al.,

1998] and a 34.5 cm MAR

imaging-plate detector (MAR

Research). X-ray diffraction

data for crystal forms I and II

were processed to 2.77 and

2.86 AÊ , respectively, using the

program DENZO and were

scaled using the program

SCALEPACK (Otwinowski,

1993).

Autoindexing procedures

combined with analysis of the

X-ray diffraction pattern and

averaging of equivalent inten-

sities were used in the char-

acterization of the Laue

symmetry for both crystals.

2.4. Molecular replacement

The crystal structure of the

oxyhaemoglobin I isolated from

L. anisitsi was determined by

standard molecular-replacement

methods using the program

AMoRe (Navaza, 1994). The

atomic coordinates of the dimer

(��) of trout haemoglobin

deposited in the PDB (Tame et al., 1996;

PDB code 1ouu) were used as a search

model. All water and phosphate molecules

were removed from the search model and

the temperature factors for all atoms were

set to 20 AÊ 2; however, the haem groups were

retained in the model. The atomic coordi-

nates for the search model were translated

to set their centre of gravity at the origin and

were then rotated so that the principal axes

of inertia of the search model lie parallel to

orthogonal axes.

Cross-rotation functions were calculated

in the resolution range 10±4.5 AÊ with a

sampling step of 2.5� using the program

AMoRe (Navaza, 1994). These calculations

were carried out with an integration radius

of 25 AÊ . The rotation which generated the

highest correlation coef®cient (CC) was

applied to the search model and used in the

subsequent translation-function computa-

tions based on data in the same resolution

range.

3. Results and discussion

LaHb-I crystallized in two different space

groups under the same crystallization

conditions. Crystal form I belongs to the

monoclinic C2 Bravais lattice, with unit-cell

parameters a = 57.2 (1), b = 62.9 (1),

c = 183.4 (2) AÊ , � = 92.6 (2)�. Assuming the

asymmetric unit content to be one tetramer

of molecular weight 65 kDa, the Vm value is

2.5 AÊ 3 Daÿ1 (Matthews, 1968). Assuming a

value of 0.74 cm3 gÿ1 for the protein partial

speci®c volume, the calculated solvent

content in the crystal is 51.5% and the

calculated crystal density is 1.175 g cmÿ3. A

summary of the X-ray data-collection

statistics is given in Table 1.

Crystal form II also belongs to the

monoclinic system; however, it has different

unit-cell parameters a = 56.8 (1), b = 64.0 (1),

c = 86.7 (2) AÊ , � = 92.2�. The observed

systematic absences are compatible with

space group P21. Assuming that one

tetramer is present in an asymmetric unit,

the Vm value is 2.4 AÊ 3 Daÿ1. The solvent

content in the crystal is 48.8% and the

calculated crystal density is 1.184 g cmÿ3.

Table 2 shows the results for data collection

from crystal form II.

The X-ray diffraction data for crystal form

II were used in the molecular replacement.

The highest magnitude of the correlation

function was obtained for the Euler angles �
= 258.02, � = 121.82,  = 127.00� for the ®rst

dimer (�1�1) and angles � = 78.53, � = 64.15,

 = 139.52� for the second dimer (�2�2). The

correlation coef®cient and the R factor after

the translation search were 67.1 and 36.6%,

respectively. The fractional coordinates are

Tx = 0.2368, Ty = 0.0010, Ty = 0.1707 for the

®rst dimer and Tx = 0.3460, Ty = 0.3549,

Tz = 0.3191 for the second dimer. The X-ray

diffraction data for crystal form I were also

used in the molecular replacement; however,

a lower correlation coef®cient (52.4%) and a

higher R factor (44.3%) were generated

after the translation search using the same

search model; therefore, X-ray data for

crystal form II were used in the preliminary

re®nement.

Repeated cycles of re®nement were

carried out using the maximum-likelihood

method as implemented in the program

REFMAC (Murshudov et al., 1997). The

present values of R and Rfree are 27.2 and

36.9%, respectively, using the sequence of

trout haemoglobin (PDB code 1ouu).

Amino-acid sequencing for LaHb-I using

Table 1
Detailed X-ray diffraction statistics for synchrotron data of crystal
form I.

Resolution
range (AÊ )

Number of
independent
re¯ections I/�(I)

Complete-
ness, all
data (%)

Redun-
dancy

Rmerge²,
all data
(%)

15.00±6.05 1100 18.2 85.6 2.62 4.0
6.05±4.78 1208 17.6 95.0 2.61 4.4
4.78±4.16 1186 18.0 93.8 2.60 5.5
4.16±3.77 1226 16.5 93.5 2.20 6.6
3.77±3.49 1237 16.3 92.2 2.34 6.4
3.49±3.28 1263 14.2 93.1 2.50 7.0
3.28±3.12 1261 10.4 92.6 2.40 8.1
3.12±2.98 1235 9.3 90.2 2.33 12.0
2.98±2.86 1294 7.0 87.3 2.22 14.6
2.86±2.77 1304 5.8 78.9 1.90 20.1
All re¯ec-

tions
12314 13.3 90.2 2.37 8.9

² Rmerge = 100
P

hkl �
P

i�jIhkl;i ÿ hIhklij��=
P

hkl;i�Ihkl�, where Ihkl,i is the

intensity of an individual measurement of the re¯ection with indices hkl and

hIhkli is the mean intensity of that re¯ection.

Table 2
Detailed X-ray diffraction statistics for synchrotron data of crystal
form II.

Resolution
range (AÊ )

Number of
independent
re¯ections I/�(I)

Complete-
ness, all
data (%)

Redun-
dancy

Rmerge²,
all data
(%)

15.00±6.15 1095 18.4 74.5 2.47 6.6
6.15±4.89 1202 16.8 81.6 2.47 8.4
4.89±4.27 1180 17.2 82.6 2.39 7.7
4.27±3.88 1220 15.7 84.3 2.42 8.6
3.88±3.60 1230 12.8 86.0 2.38 9.7
3.60±3.39 1255 10.4 86.9 2.34 11.7
3.39±3.22 1255 8.1 87.4 2.35 13.8
3.22±3.08 1231 6.5 88.0 2.30 17.4
3.08±2.96 1291 5.4 88.9 2.30 19.0
2.96±2.86 1290 4.4 90.0 2.29 22.0
All re¯ec-

tions
12249 11.4 85.0 2.37 8.3

² Rmerge = 100
P

hkl �
P

i�jIhkl;i ÿ hIhklij��=
P

hkl;i�Ihkl�, where Ihkl,i is the

intensity of an individual measurement of the re¯ection with indices hkl and

hIhkli is the mean intensity of that re¯ection.
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the automated Edman technique is under

way. Further re®nement will be carried out

as soon as the sequence become available.
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