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Crystallization and preliminary X-ray diffraction analysis of boar seminal
plasma spermadhesin PSP-I/PSP-II, a heterodimer of two CUB domains
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Abstract Boar spermadhesin PSP-I/PSP-II (M; 29000-
30000), a non-covalent heterodimer of two CUB domains, was
crystallized in two crystal forms. Complete diffraction data sets
for hexagonal (space group P6, 522) and trigonal (space group
P3;521) crystals have been collected up to 2.9 and 25 A
resolution, respectively. Cell constants of the hexagonal and
trigonal crystal forms are a=b=872 A, ¢=1524 A, and
a=bh=96.2 A, c=70.8 A, respectively. The calculated packing
parameters (V,,) are 2.8 and 3.2 A3/Da for the hexagonal and
trigonal crystal forms, respectively, indicating that, in both cases,
the asymmetric unit is constituted by one PSP-I/PSP-II
heterodimer. This paper reports the first crystals of a protein
built up by a CUB domain architecture.
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1. Introduction

Porcine seminal plasma protein II (PSP-II) is a 14-16 kDa
(116 amino acids) glycoprotein [1}, which forms a non-cova-
lent heterodimer with certain glycoforms of PSP-I (109 resi-
dues, 14-16 kDa) [2]. The PSP-I/PSP-II complex is a major
component of boar seminal plasma [3]. Both subunits of the
heterodimer belong to the spermadhesin protein family {4]. In
tae pig, this group of proteins include the polypeptides termed
AQN-1, AQN-3, AWN, PSP-1, and PSP-II, which are major
secretory products of the seminal vesicle epithelium [5] and
coat the acrosomal cap of spermatozoa at ejaculation [6].
Members of the spermadhesin family display heparin-and/or
carbohydrate-binding activity (reviewed in [4]). From their
binding capabilities, spermadhesins are thought to play a pi-
votal role in aspects of porcine fertilization, i.e. sperm capa-
citation (heparin-binding activity) and sperm-egg interaction
mediating the initial binding of spermatozoa to carbohydrate
structures of glycoproteins of the extracellular matrix of the
oocyte, the zona pellucida [4).

Proteins structurally related to boar spermadhesins have
been characterized in bull (aSFP) [7] and horse (HSP-7) [8].
Porcine, bovine, and equine spermadhesins share 40-98% ami-
no acid sequence identity, contain two conserved disulphide
bridges between nearest-neighbor cysteine residues, but do not
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show discernible amino acid sequence similarity to any known
protein structure [4)].

A sequence pattern-search analysis has revealed that sper-
madhesins belong to a family of at least 16 proteins of diverse
functionality, many of which arc known to be involved in
developmental processes such as embryogenesis or organogen-
esis (see Figs. 2 and 3 in [9]). The structure of these proteins is
built by combination of several modules, all of them sharing
the CUB domain, a 110 residue spanning extracellular module
christened after the three proteins where it was first identified:
Complement subcomponents Clr/Cls, Uegf, and Bmpl [9}.

A consensus sequence property constructed for the CUB
domain using a multiple sequence alignment of 31 copies re-
vealed the presence of several rather conserved blocks inter-
rupted by variable regions. Particularly, four cysteine residues
are conserved, which in C1r/Cls and the spermadhesins have
been shown to form the same arrangement of disulphide
bridges between nearest neighbor cysteine residues (Cys!-
Cys?; Cys3-Cys?) [4,10]. In addition to various conse:ved hy-
drophobic and aromatic residues, only a few other amino acid
positions are nearly invariant [9]. The conserved hydrophobi-
city patterns cover the whole domain and is typical for an
antiparallel B-sheet. Secondary structure predictions also in-
dicated an all-B-structure. It has been proposed that the CUB
module might adopt a nine-strand antiparallel B-barrel topol-
ogy similar to that of an immunoglobulin variable domain [9].
The location of the two conserved disulphide bridges that
would, respectively, connect the beginning of strands A and
C and the N-terminal region of strand D with the end of
strand E, support the proposed model [9]. Nevertheless, no
structural data of proteins containing CUB domains have
been reported.

Spermadhesins, 110-133 amino acid spanning polypeptides,
form a subgroup of the CUB domain family as expected by
their single domain architecture. To determine the three-di-
mensional conformation of the CUB domain, we have crystal-
lized boar PSP-1/PSP-II spermadhesin complex. Here we re-
port the X-ray diffraction analysis of two crystal forms of this
heterodimer.

2. Materials and methods

Boar PSP-1/PSP-1I heterodimer was isolated from the non-heparin-
binding fraction of seminal plasma by a single size-exclusion chroma-
tographic step [2]. The protein was dialyzed extensively against deio-
nized (MilliQ) water and lyophilized until use.

Crystallization experiments were carried out at a constant room
temperature of 22°C using the hanging-drop vapour diffusion method
and 24-well tissue culture tray (Linbro). The initial PSP-I/PSP-II com-
plex concentration was 15 mg/ml in 50 mM sodium phosphate, pH
7.0. Crystallization conditions were tested by mixing droplets of the
protein solution (3-5 pl) with 2-5 pl of crystallization (reservglr)
buffer (30% (wiv) polyethylene glycol (MW 2000), 0.1 M ammonium
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acetate, pH 6.5). The mixture was allowed to equilibrate against 1 ml
reservoir solution.

For N-terminal amino acid sequence of the crystallized protein, 3-5
crystals were washed five times with harvesting buffer (35% 'polyeth):]-
ene glycol 2000 K, 100 mM ammonium acetate, pH 6.5), dissolved in
distilled water, lyophilized, and analyzed with an ABI 473A auto-
mated sequencer following the manufacturer’s instructions.

X-ray intensity data were measured on an jmaging plate system
(MAR Research, Hamburg) using CuK, radiation from a Rigaku
RU200 rotating anode generator operating at 5.4 kW. Images were
processed and scaled using the programs MOSFLM, version 5.2 [11]
and CCP4 package [12].

3. Results and discussion

Initial crystallization experiments on boar seminal plasma
PSP-I/PSP-II complex were carried out using the screening
protocol described by Jankarik et al. [13). Small crystals
grew in 2 weeks when polyethylene glycol (MW 4000) was
used as precipitant agent. However, these crystals were not
suitable for X-ray diffraction experiments. Attempts to im-
prove the quality of the crystals were performed using differ-
ent molecular weight polyethylene glycol, and varying the pH
of the solutions, temperature and protein concentration. Hex-
agonal prism crystals with approximate dimensions
0.5%0.3%0.3 mm® (Fig. 1A) were grown at a room tempera-
ture of 23°C in droplets containing a 1:1 (v/v) mixture of
protein (15 mg/ml) to reservoir soluiion, which was 30% poly-
ethylene glycol (MW 2000), 0.! M ammonium acetate, pH
6.5. Under these conditions crystallization was perfectly re-
producible with crystals of maximum size appearing after
1 month. These crystals belonged to the hexagonal space
group P6,522, had unit cell dimensions a = b= 872 A,
¢=1524 A, and diffracted to 2.9 A resolution (Table 1).

Another crystalline form with a rombohedral habit, which
diffracted beyond 2.0 A resolution, was obtained using the
same crystallization conditions as above, but starting with a
mixture of § pl protein solution (15 mg/ml) and 2 ul of crys-
tallization buffer. Crystals grew in approximately 4 months
with a mean size of 0.8 X0.4x0.4 mm? (Fig. 1B). Their space
group was determined to be trigonal P3, 321 and their unit cell
dimensions were a=5=96.2 A, ¢=70.8 A (Table 1).

Data collection and statistics for both data sets are sum-
marized in Table 1. The calculated packing parameter V;, [14]
was 2.8 and 3.2 A¥/Da for the hexagonal and trigonal crystal
forms, respectively, which are in good agreement with that
expected from their respective crystal geometry assuming
one molecule of the heterodimer PSP-I/PSP-II (M; 29000-
30000) per asymmetric unit.

N-terminal amino acid sequence analysis of the crystallized
protein showed two residues in a 1:1 equimolar ratio in each
Edman degradation cycle: L/A, D/R, Y/I, H/N, G/A. This
confirmed that the crystallized material was a heterodimer
of PSP-I (N-terminal sequence LDYHA) and PSP-II (N-term-
inal sequence ARING) [1,2].

PSP-UPSP-1I is a heterodimer of two members of the sper-
madhesin protein family (reviewed in [15]) each of which is
built up by a single CUB-domain architecture. Conforma-
tional analysis of spermadhesin PSP-I/PSP-II heterodimer by
differential scanning calorimetry, FTIR spectroscopy and cir-
cular dichroism [16] indicated that the thermal unfolding of
PSP-I/PSP-II was irreversible and followed a one-step transi-
tion with melting temperature (7},) of 60.4°C. Deconvolution
of circular dichroism spectra using a convex constraint analy-
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Fig. 1. (A) Hexagonal crystal of the PSP-I/PSP-II heterodimer com-
plex grown in 30% polyethylene glycol 2000, 0.1 M ammonium
acetate, pH 6.5, at an estimated final protein concentration of 15
mg/ml. Crystal size is 0.5%0.2X0.2 mm®. (B) Trigonal crystal ob-
tained with the same crystallization buffer, but with a final protein
congentration of about 37.5 mg/ml. The crystal size is 0.8 X0.4x0.4
mm®,

sis indicated that the relative percentage of secondary struc-
tural elements of PSP-I/PSP-II was 53% [-structure and 21%
turns. No a-helical structure could be assigned. These data
support the proposed all-B-structure single domain architec-
ture for spermadhesins although does not rule out other all-p
conformations, like the jelly roll topology which appears to be
a common structural motif of a variety of carbohydrate-bind-
ing proteins including legume lectins ([17] and references
therein), mammalian galectins [18,19], bacterial glucanases
[20,21], human serum amyloid P component [22], and pepti-
de : N-glycosidase F (PNGase F) from Flavobacterium menin-
gosepticum [23).

Complete sets of data for two isomorphous heavy-atom
derivatives of PSP-I/PSP-II hexagonal and trigonal crystals
have been collected and their Patterson maps have been ana-
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Table 1
Data collection and processing statistics

Hexagonal crystals

Trigonal crystals

Cell constants

Space group P6, 522
Crystal to detector distance 200 mm
Maximum resolution 29 A
Rotation for each exposure 1°
Time for each image 1500 s
Total rotation for a data set 40°
Number of mesured reflections 34586
Number of unique reflections 7744
merge 10.2%
Completeness (7>20) 97.4%
Last resolution shell 35.2%

a=b=812 A, c=1524 A

a=b=96.2 A, c=70.8 A
P3,,21
130 mm
25A
10

900 s
600
35213
10621
5.7%
90.4%
48.3%

*Runerge = Zj(1[j| = <I>|)/Z<I>, I is the observed scaled intensity of each unique reflection j and <I> is the mean value of multiple obser-

vations.

lyzed (data not shown). Resolution of the three-dimensional
structure of boar PSP-I/PSP-II will reveal the topology of the
CUB domain and show whether the structural prediction
holds true.

Spermadhesins are B-galactoside-binding lectins which act
as sperm-associated binding molecules for zona pellucida gly-
coconjugates [24]. The carbohydiate-and zona pellucida gly-
coprotein-binding pocket of boar spermadhesins have been
located around asparagine-50 [25,26). This binding surface
resides on the CC'C” B-strands of the current CUB-domain
model. In addition, a composite heparin-binding domain has
been mapped on the GFCC'C” face (in the immunoglobulin
fold nomenclature; reviewed in ref [27]) of the proposed sper-
madhesin model, which is in an opposite location to the car-
bohydrate-binding region [28]. Structure determination of
PSP-I/PSP-II is an important step towards elucidation of the
structural requirements for ligand binding and, therefore, for
understanding the molecular basis of porcine fertilization.
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