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Abstract 

The highly glycosylated protein, human heparin binding 
protein, has been crystallized in the primitive orthorhombic 
space group P212121 with cell dimensions a = 39.0, b = 66.2 
and c = 101.4 A. Ethanol was used as precipitant and glycerol 
as additive. A full data set has been collected to 3.1 A and 
diffraction was observed to at least 2.3 ,~. A molecular re- 
placement solution using human neutrophile elastase as a 
search model was obtained, showing one molecule per 
asymmetric unit. The crystal packing showed no bad contacts 
and the R factor was 44.8% after ten cycles of rigid-body 
refinement. 

two consecutive ion-exchange chromatography steps were 
carried out where the latter only served to concentrate the 
protein solution before the final gel-filtration step. The 
purification procedure generates a pure preparation of HBP 
as judged by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and high pressure liquid chromatography 
analysis (Rasmussen et al., 1996). 

The protein was concentrated to a 5 mg ml -~ solution using 
a Millipore microconcentrator (Ultrafree-MC 20.000 NMWL 
filter unit) in 5 mM Hepes buffer pH 7.8. 

1. Introduction 

The heparin binding protein (HBP) also known as CAP37 or 
azurocidin is an inactive serine protease homologue (Flod- 
gaard et al., 1991). The inactivity is caused by selective 
mutations in the active site triad, serine for a histidine at 
position 41 and glycine for a serine at position 175. The 
human HBP exhibits 44% sequence identity with human 
neutrophile elastase (Flodgaard et al., 1991). HBP consists of 
225 amino acids, is highly glycosylated and possess three 
putative N-glycosylation sites. HBP purified from human 
neutrophile azurophile granules is mainly a 28 kDa protein 
(Flodgaard et al., 1991). A 37kDa human HBP (cationic 
antimicrobial protein of 37kDa, CAP37) from human 
neutrophiles has been reported (Shafter, Martin & Spitznagel, 
1986). Human HBP has been expressed in the baculovirus 
system as a 28 kDa protein, resulting in a glycosylation degree 
of 13 % (Rasmussen et al., 1996). 

HBP is believed to be involved in host defence during 
infection and inflammation (Ostergaard & Flodgaard, 1992). 
Specific monocyte chemotaxis is activated by HBP. Also, 
monocyte survival and differentiation are induced by HBP 
towards a macrophage phenotype (Flodgaard et al., 1991; 
Ostergaard, Nielsen & Flodgaard, 1992). In addition, it has 
been shown that HBP binds strongly to lipid A and endotoxin 
(lipopolysaccharide) with/(as s = 0.8 x 109M -1 (Flodgaard & 
G6ricke, 1994) and possess antibacterial properties against a 
number of Gram-negative bacteria (Shafer et al., 1986). The 
strong heparin-binding potential of HBP is believed to be 
related to the basic nature (calculated pI 9.21) of the protein 
(Flodgaard et al., 1991). 

The multifunctionality of HBP makes it highly relevant for 
structural investigation. 

2.2. Crystallization 

The 5mgm1-1 protein solution was screened for crystal- 
lization conditions using the Hampton Crystal Screen and the 
hanging-drop vapour-diffusion method. Under the best con- 
ditions large crystalline aggregates were obtained with 20% 
ethanol in 0.1 M Tris buffer pH 8.5 at 293 K. Optimization 
over the above standing conditions did not lead to any 
improvements in the crystal quality. The crystals used for data 
collection were grown by repeated seeding technique. First, 
microcrystals were made of crushed crystalline aggregates. 
4 I.tl drops, consisting of 2 ~15 mgm1-1 protein solution and 
2~1 reservour solution containing 14-20% ethanol, 5-10% 
glycerol and 0.1M Tris buffer pH7.0 were allowed to 
equilibrate 30-60min before seeding with the microcrystals. 
Seeded microcrystals grew overnight to the size of 0.1- 
0.2 × 0.005 × 0.03 mm. Secondly, single crystals were seeded 
under similar conditions as the microcrystals, and grew 
overnight to the size of 0.5-0.8 × 0.2 × 0.07 mm, see Fig. 1. 
The reservoir volume was 1 ml for all experiments. 

2. Experimental 

2.1. Expression and purification 

Human HBP was expressed in the baculovirus system. A 
four-step purification procedure was applied. After filtration, 
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Fig. 1. HBP crystals obtained after repeated seeding. With micro- 
seeding as well as macroseeding crystal growth stopped within 24 h. 
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2.3. Data collection 

Diffraction data were collected on an R-AXIS II image- 
plate detector using a Rigaku RU200 rotating-anode generator 
( 2 =  1.542A, 50kV, 180mA). The data collection was 
performed at 285 K. The crystal to image plate distance was 
100 mm and the oscillation range was 2 ~ . Auto-indexing and 
data processing were performed with DENZO (Otwinowski, 
1986) and the CCP4 suite of programs (Collaborative 
Computational Project, Number 4, 1994). 

2.4. Molecular replacement 

The AMoRe program (Navaza, 1994) from CCP4 was used 
for the molecular replacement solution. A human neutrophile 
elastase structure (1.8 A) (Bode, Meyer & Powers, 1989) was 
used to conduct the rotation and translation search, including 
all residues with side chains. All rotation solutions with 
correlation coefficients between ten and 20 were used in the 
translation function. After the translation function all top 
solutions were refined with ten cycles of rigid-body refine- 
ment. 

3. Results and discussion 

A full data set was collected to 3.1 ,~ on one single crystal. 
Statistics of the data set are shown in Table 1. However,  
diffraction was observed to at least 2.3 ,~, see Fig. 2. During 
data collection the high-resolution reflections tended to lose 
intensity or disappear, as evidence of slow crystal decay. The 
relatively low resolution data set compared to the maximum 
diffraction, might be a result of rapid crystal growth in 
combination with glycosylation of the protein. The very 
flexible glycosylation chains might add to the disorder in the 
crystal. Also, the crystal used was less than 0.1 mm in the 
smallest dimension, thus, increasing the volume of the cry~;tal 

Table 1. Co'stal data and statistics o f  the data set 

Space group P212121 
Cell dimensions (A) a : 39.0. b = 66.2 and c = 101.4 
Z 4 
Resolution range (A) 25-3. ! 
Completeness (%) 98.3 
Multiplicity 5.2 
R ...... ~e(l) (25-3.1 A)o(%) 9.3 
Rmer~(I) (3.26-3.1 A) (%) 24.9 
(l/a(I)) (25-3.1 A)o 7.5 
(I/cr(l)) (3.26-3.1 A) 2.9 

might improve the diffraction. Investigations are conducted to 
solve the kinetics of the crystal growth. The use of 
synchrotron radiation and/or flash-freezing of the crystal 
might also solve the resolution problem. 

HBP crystallized in space group P21212 ~ and with cell 
dimensions a = 39.0, b - 6 6 . 2  and c - - 1 0 1 . 4 A .  V m was 
calculated to be 2.3 ~3 Da-~ with Z = 4, corresponding to one 
molecule per asymmetric unit. The solvent content was 
determined to be 46% using the equation of Matthews (1968). 

Human neutrophile elastase served as a good template for 
the molecular replacement solution. After the translation 
function only one significant solution was found, with 
correlation coefficient and R factor of 39.2 and 47.9%, 
respectively. The second best solution had a correlation score 
of 20.5 and an R factor of 53.9%. After ten cycles of rigid- 
body refinement the correlation coefficient increased to 50.4 
and the R factor dropped to 44.8 %. 

The crystal packing was inspected using the program O 
(Jones, Bergdoll & Kjeldgaard, 1990). No bad contacts were 
observed between the molecules in the unit cell. 

This work was supported by grants from PharmaBiotec and 
the Danish Research Academy. 

Fig. 2. Diffraction pattern obtained from an HBP crystal on an R- 
AXIS II image-plate system. The oscillation range for this frame 
was 2 ° and the crystal-to-image-plate distance was 100mm. 
Diffraction is observed to 2.3 A. 
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