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Crystallization and preliminary crystallographic
analysis of a partial extracellular fragment of a
sperm membrane protein YWK-II/APPH related to
the Alzheimer fA4-amyloid precursor protein

Crystals of a partial extracellular fragment of a human sperm
membrane protein YWK-II/APPH have been grown at 291 K using
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PEG 4000 as precipitant. The diffraction pattern of the crystal
extends to 2.8 A resolution at 100 K using Cu Ko radiation. The
crystals belong to space group P2,2,2;, with unit-cell parameters
a=46.009, b = 67.387, c = 149.241 A, o= fB=y=90° The presence of
two molecules per asymmetric unit gives a crystal volume per protein
mass (V) of 3.51 A’ Da~! and a solvent content of 64.6% by volume.
A full set of X-ray diffraction data were collected to 2.8 A resolution

from the native crystal.

1. Introduction

Spermatogenesis is a series of highly ordered
processes involving the expression of many
genes under precise temporal and spatial
regulation. To better understand the molecular
mechanism involved in fertilization, we have
initiated a study to elucidate the expression
and function of genes encoding specific sperm
proteins during various stages of spermato-
genesis. In our previous studies, a novel cDNA
(RSD-2; GenBank accession No. M31322)
coding a rat sperm membrane protein, desig-
nated YWK-II protein, was screened from a rat
testis cDNA expression library with a mono-
clonal antibody against human sperm
membrane protein (Yan et al., 1986, 1987,
1990). The deduced polypeptide contained a
segment with high homology (70.6% identity)
to the transmembrane-cytoplasmic domains of
the BAd-amyloid precursor protein (APP)
found in brain plaques of Alzheimer’s disease
patients. Using the RSD-2 insert in combina-
tion with rapid amplification of cDNA ends
(RACE), the corresponding human gene
(HSD-2; GenBank accession No. AF168956)
was isolated from a human testis cDNA
expression library. The human testis cDNA,
HSD-2, consists of 3654 bp with an open
reading frame of 2289 bp, encoding 763 amino
acids. Northern blotting of various human
tissue RNAs using the HSD-2 cDNA as a
probe showed that the gene is transcribed
ubiquitously. The YWK-II cDNA shares high
homology with human placenta amyloid
precursor protein homology (APPH), rat
amyloid precursor-like protein 2 (APLP2) and
murine centromeric DNA element I (CDEI)
binding protein (CDEBP), which are appar-

ently species-specific forms of the same
component. Of the members of the APP
superfamily, Ad4-amyloid precursor protein
(APP) is the most illustrious component. The
role of APP in the pathogenesis of Alzheimer’s
disease has been underscored by the discovery
of mutations within its sequence (Goate, 1998).
Information on the function of YWK-II
protein is meagre compared with that on APP.
Nonetheless, the high homology in their
sequences suggests similar functional activities.
For example, APLP2 exhibits neurite-
outgrowth-promoting activity comparable to
that of APP isoforms (Cappai et al, 1999),
APLP2 binds collagen type I, heparin and
zinc(1I) as adhesion molecules (Beher ez al.,
1996; Bush et al, 1994) and the cytoplasmic
domain of YWK-II protein interacts with Go
protein (Huang ez al., 2000).

The alternative splicing patterns of YWK-II
protein gene isoforms and APP gene family
members are also similar (Sprecher et al., 1993;
Sandbrink et al., 1994a,b; von der Kammer et
al., 1994; Huang et al., 2000). There are seven
conservative regions of YWK-II protein:
cysteine-rich growth factor-like region, nega-
tive region, KPI region, «-helix-rich region,
coil-rich region, transmembrane region and
cytoplasmic region (Fig. 1). The human
YWK-II protein is immunolocalized on the
surface of the midpiece, tail and equatorial
regions of human sperm heads (Yan et al,
1987). Components in these regions are
considered to participate in the interaction
between spermatozoa and oocytes and in the
subsequent fusion of the membranes during
fertilization. This proposal is supported by the
findings that YWK-II antibodies blocked the
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penetration and fertilization of zona-free
hamster eggs and/or arrested the growth of
embryos at the two-cell stage but not at
more advanced developmental stages (Wang
et al., 1987; Vanage et al., 1992; Koide et al.,
2000; Kamada et al., 2001; Takikawa et al.,
2001). A yeast two-hybrid system was used
to screen a rat ovary cDNA library for
potential ligands capable of interacting with
the YWK-II protein (HSD226 region).
Miillerian-inhibiting substance (MIS) was
found to interact with the extracellular
domain of YWK-II protein. The recombi-
nant Miillerian-inhibiting substance can
significantly increase the viability and
longevity of human spermatozoa in vitro,
presumably through binding to the YWK-II
protein on the sperm membrane. The results
of this study indicate that the extracellular
domain of YWK-II sperm membrane
protein may function as a receptor for
Miillerian-inhibiting substance (Tian et al.,
2001).

In the present study, the crystallization
and preliminary crystallographic analysis of
a partial extracellular fragment of YWK-II
protein are reported. The structure of this
protein may be helpful in illustrating the
function of YWK-II protein.

2. Materials and methods
2.1. Protein expression and purification

The expression, purification and crystal-
lization of a partial extracellular fragment
of the human sperm membrane protein
YWK-II/JAPPH (HSD-2 cDNA 1306-
2020 bp, without the splicing region
1837-1872 bp, encoding a total of 226
amino-acid residues; the protein coded was
named HSD226) were performed according
to established protocols. A PCR product
containing the coding sequence of HSD226
was generated from the recombinant pUC19
plasmid carrying the HSD-2 gene. Two PCR
primers, 5-CAG CCA TGG TTA AAA
GCT TTA GAG-3' and 5-CCT CGA GTT
AGC CTC CAA CTC TCT CGG C-3', were
designed. The PCR product was restricted
with Ncol and Xhol and purified and ligated
into Ncol- and Xhol-restricted sites of
the pET30a(+) vector (Novagen) with Ty
DNA ligase. A further transformation into
Escherichia coli DH5« competent cells was
performed and the positive clones with an
insert of the right size were identified by
double digestion with Ncol and Xhol. The
sequence of the insert was verified by
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The conserved regions of YWK-II protein and the HSD226 region.

selected on LB agar plates containing
25 pg ml~! kanamycin. The cells were then
cultured at 310 K in LB medium containing
50 pg ml~' kanamycin. When the culture
density reached 0.6-0.7 (Agpo), the culture
was induced with 0.5 mM IPTG and grown
for an additional 2.5 h before the cells were
harvested.

The bacterial cell pellet was resuspended
in lysis buffer (20 mM Tris-HCl pH 8.0,
500 mM NaCl, 10 mM imidazole, 1 mM
PMSF, 1 mM B-mercaptoethenol) and was
homogenized by sonication. The lysate was
centrifugated at 20000g for 25 min to
remove the cell debris. The supernatant was
applied to an Ni**-chelating column (1 ml
Ni?*-NTA agarose) and the contaminant
protein was washed out with lysis buffer.
The target protein was eluted with eluting
buffer (20 mM Tris—-HCl pH 8.0, 500 mM
NaCl, 200 mM imidazole, 1 mM PMSF,
1 mM B-mercaptoethenol). The eluant was
exchanged into buffer A (50 mM Tris—-HCI
pH 8.0, 100 mM NaCl, 1 mM B-mercapto-
ethenol) using a G-25 resin column and the
gel-filtration chromatography method and
applied to a Q-Sepharose High-Perfor-
mance ion-exchange column (Pharmacia)
(buffer A was 50 mM Tris-HCl pH 8.0,
100 mM NaCl, 1 mM pB-mercaptoethenol
and buffer B 50 mM Tris-HCI pH 8.0,
1.0 M NaCl, 1 mM B-mercaptoethenol). The
protein was concentrated using an Ultrafree
10 000 NMWL filter unit (Millipore) and
Superdex-75 (Pharmacia) (buffer A). The
purified protein was analyzed on SDS-
PAGE.

2.2. Crystallization

The purified protein was dialyzed into
crystallization buffer (100 mM NaCl, 5 mM
Tris-HCI pH 8.0, 5 mM DTT, 1 mM EDTA)
and was concentrated to 20-30 mgml™'
using an Ultrafree 10000 NMWL filter
unit. Protein concentrations were estimated
spectroscopically by absorbance at 280 nm,

Figure 2
Crystals of HSD226. The size of the largest crystal is
0.1 x 0.2 x 2 mm.

method at 291 K in 16-well plates. Condi-
tions were screened using Crystal Screen
reagent kits (Hampton Research). Typically,
3.8 pl droplets were prepared on siliconized
cover slips by mixing 2 pl protein solution
and 1.8 pl reservoir solution consisting of
35% PEG 4000 in 100 mM sodium citrate
buffer pH 6.0 containing 8% ethylene glycol
as an additive and the mixture was vapour-
equilibrated against 500 pl reservoir solu-
tion. Small needle-like crystals appeared
after two weeks.

2.3. X-ray crystallographic studies

Preliminary diffraction data sets were
collected at room temperature in-house
on a Rigaku RU-2000 rotating-copper-
anode X-ray generator operated at 48 kV
and 98 mA (Cu Ko; A = 1.5418 A) with a
MAR 345 mm image-plate detector. The
beam was focused by an Osmic mirror. For a
more detailed analysis, flash-cooled crystals
were used. Crystals were immersed in a
freezing solution for 5-10s, picked up in a
loop and then flash-cooled in a stream of
nitrogen gas cooled to 100 K. The reservoir
solution was used as the cryoprotectant. All
intensity data were indexed, integrated and

sequencing. The expected recombinant assuming an Ag, of 0.230 for a 1.0 mg ml™" scaled with the HKL programs DENZO and
plasmid was transformed into E. coli strain solution. Crystallization was performed SCALEPACK (Otwinowski & Minor,
BL21 (DE3) and the transformants were using the hanging-drop vapour-diffusion 1997).
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Table 1

Intensities of systematic absences.

h k ! Intensity o llo
0 0 3 1.4 53 0.3
0 0 7 9.1 47.1 0.2
0 0 9 —17.6 61.5 —0.3
0 0 11 183.6 50.0 3.7
0 0 13 —314 61.8 —0.5
0 0 15 75.7 74.9 1.0
0 0 17 91.0 93.4 1.0
0 0 19 —12.4 95.5 —0.1
0 0 21 312 104.4 0.3
0 0 23 —203.3 125.6 —1.6
0 0 25 —36.6 172.0 —0.2
0 0 27 852 1329 0.6
0 0 29 —179.4 145.1 —-1.2
0 0 31 204.9 221.9 0.9
0 0 33 782 240.4 0.3
0 0 35 94.2 261.9 0.4
0 0 37 268.1 281.5 1.0
0 0 39 —310.2 306.1 —-1.0
0 0 41 —210.1 337.0 —0.6
0 0 45 336.0 354.8 0.9
0 0 47 360.9 329.6 1.1
0 0 51 —213.9 365.7 —0.6
0 5 0 71.4 779 0.9
0 7 0 1399 1104 13
0 9 0 164.8 98.0 1.7
0 11 0 —75.1 218.8 —0.3
0 13 0 —86.1 193.1 —04
0 15 0 —334.4 170.1 2.0
0 17 0 —376.2 265.2 —14
0 19 0 —224.6 304.5 —0.7
0 21 0 1473 2433 0.6
0 23 0 —=277.0 2554 —-1.1
5 0 0 52.7 114.1 0.5
7 0 0 97.1 167.7 0.6
9 0 0 151.4 221.1 0.7

11 0 0 311.8 3445 0.9

13 0 0 450.2 363.5 12

15 0 0 —-307.9 352.0 —0.9

Table 2

Data collection and processing statistics.

Values in parentheses are for the outermost resolution
shell.

Space group P2,2:2,

Unit-cell parameters (A, ) a=46.0,b=0674,
c=149.2,
a=pB=y=90.0

Matthews coefficient (A’Da™) 3.51

Resolution (A) 50-2.8

Total observations 63355

Unique reflections 11884 (1170)

Redundancy 533 (5.35)

Average I/o(I) 13.21 (7.03)

Rinerget (%) 12.2 (30.0)

Data completeness (%) 99.7 (99.8)

T Rumerge = 1003 |1, — (I)|/3_I;, where I; is the intensity of
the ith observation.

3. Results

Crystallization trials were conducted at
291 K in 16-well plates using the hanging-
drop  vapour-diffusion  method. The
screening reagents supplied in Hampton
Research kits (Riverside, CA, USA) were
used for initial screening. Drops consisting
of 1 pl protein solution and 1 pl of reservoir
solution were equilibrated against 200 pl of
reservoir solution. The crystallization of
HSD226 was unsuccessful. Therefore, we
screened PEG conditions in the pH range

Figure 3

A typical diffraction pattern of HSD226 crystals. The detector edge corresponds to 2.59 A resolution and an
enlarged image of the indicated area is shown. The exposure time was 500 s, the detector distance was 174 mm

and the oscillation range per frame was 1°.

5.0-8.0. Eventually, we found that the
protein could be crystallized in a solution
containing 29-35% PEG 4000 in 100 mM
sodium citrate buffer pH 6.0, but the crystals
were twinned and were not suitable for
X-ray diffraction. Further optimization was
performed and better crystals were obtained
using 35% PEG 4000 in 100 mM sodium
citrate buffer pH 6.0 and 8% ethylene glycol
(Fig. 2). When the crystals were exposed to
X-rays, diffraction spots were observed to a
Bragg spacing of 2.59 A (Fig. 3). A set of
data was collected from this crystal. The
crystals belong to space group P2,2,2,
(intensities of systematic absences are
shown in Table 1), with unit-cell parameters
a = 46009, b = 67.387, ¢ = 149241 A,
o = f# =y =90° Scaling and merging of the
crystallographic data resulted in an overall
Rmerge 0f 12.2% and an Rmergee in the highest
resolution shell (2.90-2.80 A) of 30.0%.
The value of the Matthews coefficient
(Matthews, 1968) is 3.51 A>Da™! for two
molecules in the asymmetric unit and the
estimated solvent content is 64.6%.
Complete data-collection statistics are given
in Table 2.

Determination of the structure of
HSD226 is under way. The structure of this
fragment will be helpful in elaboration of the
function of the YWK-II protein in sperma-
togenesis.
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