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Human plasminogen binding protein tetranectin: crystallization and preliminary X-ray analysis of

the C-type lectin CRD and the full-length protein
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Abstract

The recombinant human plasminogen binding protein tetra-
nectin (TN) and the C-type lectin CRD of this protein (TN3)
have been crystallized. TN3 crystallizes in the tetragonal
space group P4,2,2 with cell dimensions a =b = 64.0,
¢ =75.7TA and with one molecule per asymmetric unit. The
crystals diffract X-rays to at least 2.0 A resolution. A complete
diffraction data set has been collected to 2.7 A resolution. The
crystals of TN, obtained by the vapour-diffusion reverse
salting-in method at 280K, are rhombohedral, space group
R3, with the hexagonal axes a =b =289.1, c=758A, and
diffract to at least 2.5 A. A full data set has been collected to
3.0A. The asymmetric unit contains one monomer of TN.
Molecular replacement solutions for TN3 and TN have been
obtained using the structure of the C-type lectin CRD of rat
mannose-binding protein as search model. The rhombohedral
space group indicates that trimers of TN are formed in
accordance with the observation of trimerization in solution.

1. Introduction

The plasma protein tetranectin (TN) was found and character-
ized about ten years ago (Clemmensen, Petersen & Kluft,
1986). It has been isolated from plasma, but is also present in
various tissues and cells (Christensen, Johansen, Jensen &
Clemmensen, 1987; Christensen & Clemmensen, 1989;
Borregaard, Christensen, Bjerrum, Birgens & Clemmensen,
1990). TN has been found in the extracellular matrix of certain
human carcinomas, whereas no or very little TN is present in
the corresponding normal tissues (Christensen & Clemmen-
sen, 1989, 1991; Hegdall, Christensen & Clemmensen, 1993;
Wewer & Albrechtsen, 1992).

TN binds specifically to the kringle 4 domain of plasmino-
gen (Clemmensen et al., 1986) and is consequently involved
in fibrinolysis. The fibrinolytic proteins of the plasminogen/
plasmin system are involved in extracellular proteolysis (Dane
et al., 1985; Carmellet er al., 1994). The precise biological
function of TN is not known, but the specific binding to
kringle 4 of plasminogen combined with its abundant
occurrence in plasma and various tissues suggest that the
protein has a decisive function in fundamental biological
processes, e.g. tissue degradation and cell migration (Chris-
tensen & Clemmensen, 1991; Nielsen, Clemmensen &
Kharazmi, 1993).

The TN polypeptide chain consists of 181 amino-acid
residues with three intrachain disulfide bridges (Fuhlendorff,
Clemmensen & Magnusson, 1987; Berglund & Petersen,
1992). The protein was originally proposed to occur as a
homo-tetramer in solution (Clemmensen et al., 1986).
However, it has been shown recently that recombinant TN,
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as well as human TN from plasma, is a trimeric protein
(Holtet, Thegersen, Clemmensen & Etzerodt, 1997). Each of
the monomers consists of three exons or domains, TN1, TN2
and TN3. Sequence identity has been found among the
C-terminal domain TN3 and other proteins containing a
calcium-dependent C-type lectin carbohydrate recognition
domain (CRD) (Fuhlendorff er al., 1987; Day, 1994). Like
other C-type lectins TN has a high affinity for calcium ions
(Clemmensen ef al., 1986; Kluft, Los & Clemmensen, 1989)
and binds sulfated polysaccharides (Clemmensen, 1989).

Structure determination of TN was initiated in order to
obtain an understanding of the molecular interactions between
TN and plasminogen and components from the extracellular
matrix. The three-dimensional structure of tetranectin and of a
TN-kringle 4 complex constitute an essential background for
the design and development of drugs and/or model compounds
interfering with the function of TN by activation or blockade.
In this report crystallization and preliminary crystallographic
studies of the C-type lectin CRD TN3 and of the full-length
TN are described.

2. Experimental
2.1. Protein purification

Recombinant human TN3 and TN, expressed in E. coli,
were isolated and purified as described earlier (Thegersen,
Holtet & Etzerodt, 1994; Holtet er al., 1997). The TN3
solution was concentrated to 5mgml~! in 25mM Tris-HCI
pH 8.0, 50 mM NaCl and 20 mM CaCl,. TN was concentrated
to a Smgml~' solution in 25 mM Tris-HCI pH 8.0, 50 mM
NaCl and 2 mM CaCl,. Millipore microconcentrators (Ultra-
free-MC 10.000 NMWL filter unit) were used to concentrate
the protein solutions.

2.2. Crystallization

The 5mgml~! TN3 solution was screened for crystal-
lization conditions using the sparse-matrix sampling screen of
Jancarik & Kim (1991) from Hampton Research and the
hanging-drop vapour-diffusion method at 293K. Small
crystals were observed with 5% isopropanol and 2.0 M
ammonium sulfate. Optimization of the crystallization condi-
tions gave crystals which appeared within one week and with a
size up to 1.0 x 0.3 x 0.3 mm (Fig. la). 0.5ml of 5% ethanol
in 2.1 M ammonium sulfate was used as well solution. The
drops contained 4 pl protein solution and 3 ul well solution.

Screening of the 5mgml~" TN solution at 293 and 280K
gave no useful leads, but when a solution of TN (Smgml~! in
25mM Tris-HCI pH8.0, 12.5mM NaCl and 2mM CaCl,),
was stored at 277K, spontaneous formation of microcrystal-
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SHORT COMMUNICATIONS

3.3. Comparison with the crystal packing of MBP's

The three-dimensional structure of three C-type lectins have
been determined, i.e. MBP from two different species: the
human MBP (Sheriff, Chang & Ezekowitz. 1994) and MBP
trom rat (Weis, Kahn, Fourme, Drickamer & Hendrickson,
1991; Weis et al., 1992; Weis & Drickamer, 1994) as well as
the ligand binding region of human E-selectin (Graves et al..
1994). As with MBP, the full-length TN seems to crystallize
as a trimer. In MBP the neck region has been shown to be
responsible for stabilization of the conformation of the
C-terminal part of the trimer. The C-type lectin CRD of
MBP without the neck region forms dimers in crystals.
Accordingly, the C-type lectin CRD TN3 does not form
trimers in the tetragonal crystals. This indicates that the
domains TN1 and/or TN2 stabilize the trimerization of TN in
agreement with the observations in solution (Holtet et al..
1997).
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