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ABSTRACT: A protein isolated from the supernatant of cryopre-
served rooster sperm was found to increase the capability of cryo-
preserved rooster sperm to bind in vitro to the perivitelline membrane
of a chicken egg and substantially raise fertility after artificial insem-
ination (Al). That activity was partially purified and termed universal
primary sperm-egg binding protein (UPSEBP). Insufficient protein
remained from 6 X 10! sperm, despite retention of bioactivity, to
allow sequencing. We deduced that the protein may be related to
prosaposin (also termed SGP-1, for sulfated glycoprotein-1), and we
used published amino acid sequences of prosaposin as a guide for
synthesis of peptides. Certain peptides were found to increase in
vitro sperm-egg binding and increase fertility of frozen-thawed or
fresh rooster sperm, in a manner similar to semipurified UPSEBP.

Active epitopes were in a 60 amino acid sequence, reflecting the
intervening sequence between saposins A and B, plus short exten-
sions into saposins A and B. Highest activity was found when this
synthetic peptide was oxidized to form a disulfide bond between
terminal cysteines. Antibody against a synthetic peptide consisting
of 58 of these 60 amino acids bound to a 7-9 kilodalton protein in
UPSEBP. Collectively, the data support the conclusion that UPSEBP
is a fragment of prosaposin. Because prosaposin is in semen in
humans and animals, these observations have broad implications
for possible cause and therapy of one type of subfertility.
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nitial loose binding of a spermatozoon to the zona pel-gand to initially bind sperm to the zona. Certain of these

lucida, to prevent swimming away, may require only molecules may have utility as profertility molecules, and
10 linkages (Baltz and Cardullo, 1989) and need not benay be appropriate for therapeutic use.
species specific. However, if initial loose binding between Literature on profertility peptides on sperm, or present
a spermatozoon and the zona pellucida fails, subsequeimnt seminal plasma, is burgeoning. Most reports are of an
steps cannot occur. Binding of sperm to the zona pelluunidentified spot on a gel, but specific sequences with
cida, and later the oolema, involves multiple and synerpotential profertility action are being identified (eg, Boue
gistic ligands found on the surface of sperm (Yanagimaand Sullivan, 1996; Cancel et al, 1997; Naz and Zhu,
chi, 1994; Thaler and Cardullo, 1996; Tanpaichitr et al,1997; Gerena et al, 1998; Welch et al, 1998pfes-Pe-
1998, 1999; Cardullo, 1999; Thaler, 1999:pfer-Peter- tersen, 1999). Most have been studied via use as an an-
sen, 1999). Many sperm ligands are similar across specidigen to produce antibodies. The antibody has been mixed
(Kirchoff, 1998; Welch et al, 1998; Tufer-Petersen, with sperm and demonstrated to localize to a specific re-
1999). Some of these originate from the epididymis, thegion of a spermatozoon or to suppress success rate during
seminal plasma, or both (Yanagimachi, 1994), and aftein vitro fertilization (IVF; eg, Naz and Bhargava, 1990;
association with the sperm surface, could serve as a IBellin et al, 1998). Addition of such molecules (eg, Kil-

lian et al, 1993; Henault et al, 1995; Jean et al, 1995),
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by epididymal principal cells (Sylvester et al, 1984, 1989; ; Prosaposin molecule (~70 kD) showing how it
) - ypically is proteolytically processed to provide
Collard and Griswold, 1987; Collard et al, 1988; O’Brien Saposin A, B, C & D plus 3 intervening sequences
and Kishimoto, 1991; Hermo et al, 1992; Hiraiwa et al, N
1993b; Igdoura et al, 1993; Rosenthal et al, 1995; Morales | N/‘ / N\\ W//,
et al, 1998). Despite the presence of prosaposin in cauda Itis postulated that tissue-

specific, alternative folding
of prosaposin exposes
alternative proteolytic
cleavage sites and enables
formation of UPSEBP in

epididymal plasma at-0.01 mg/mL (Sylvester et al,
1989), it was undetected on rat epididymal sperm using
a fluorescent antibody approach. No reproductive function

. . . . —t —.__mal ductive tract
had been assigned to seminal prosaposin or its products. .- 60-61 AA rat and human sequences i
_— . . . ,* apparently contain epitopes necessary for Ry
Prosaposin is produced in many tissues from a highly .~ biological activity of UPSEBP. The few amino e S

e 7 L id substituti highl : TR

conserved gene (O’'Brien and Kishimoto, 1991; Kishi- - e SS”S'_”:"”'e o s
aposin

mota et al, 1992; Mumford et al, 1995; Leonova et al, .., é_Q_S_E_Q_E_IY_L_A_E_;EN-/_Q_R_Q‘L_E_S_N_K_iEP_E_V_D_L_A_R_V_V :

K M |

1996; Azuma et al, 1998). Typically, prosaposin is tar—i‘éﬁ;i;‘ B K- Lo & L oter-E

geted to lysosomes and processed to 4 biologically active™ " . o H:;“ = B . ‘ ZS“;T 1
. . aposin

saposins (each 7-10 kd, termed saposins A-D) plus ‘%gt . A—P-F-M-S-N-I-P-L-L-L-Y-P—Q—D—E—P—R—S—Q—P—Q—P—K—A—le—g—v—c—

|

- . - . . |
reS|du_aI peptlde—lntervgnlng sequences qf 1550 ami- . B o F e fans UaE \
no acids. Fate or function of the intervening sequences is — ,
uncertain. The prosaposin family has been eXtenSiveWigure 1. Representation of prosaposin and saposin structures, and pos-

R dul hvdrolvsi ' f lioids in | R imoto et al (1992), Mumford et al (1995), Ponting and Russell (1995),
posins _mo ulate hydrolysis ot lipi s 'n Y5050m9§- €-and Azuma et al (1998). The chicken sequence had not been reported
cently, it was shown that prosaposin is involved in de-when these studies were conducted.
velopment and maintenance of the accessory sex glands

in mice (Morales et al, 2000a, 2000b). tion and percentage of motile sperm (Buss, 1993) were used.

Herew_n we provide dgtalled |nformat|on. leading t? the Experiments requiring fresh sperm utilized the 42H subline (se-
conclusion that -a semmgl molecule, universal Primaryiecied at 42 days of age for high growth rate) because that pop-
sperm-egg binding protein (UPSEBP), has a structurgjation most closely matches birds used in the broiler industry.
closely related to a subdomain of prosaposin, functiongresh semen was extended in Minnesota A extender (MnA; Ta-
as species nonspecific ligand to aid initial sperm-eggima et al, 1989) and used within 1 hour after collection. When
binding, and can serve as a profertility molecule. Wecryopreserved sperm were needed, the 42L subline (selected at
found UPSEBP in supernatant fluids from rooster spern#2 days of age for low growth rate) was used because sperm
that had been cryopreserved by conventional method$om these males display good post-thaw fertility (those of the
which, although allowing survival of many cells, also in- 42H subline do not). Sperm were cryopreserved from indi_vidual
duces high-salt extraction of surface proteins. Because d¢fales or from large pools of semen (fromi.2 roosters of line
freeze-thaw alteration, those sperm had low fertilizing po-*21) &xactly as described in Alexander et al (1993). Cryopre-

. . - . served semen was accumulated over time and allocated for use
tential, which reduced capability to bind to the egg sur-

) . .so that any experiment included containers of several individual
face (Alexander et al, 1993). Herein, we describe the bi- y &P

) s : or pooled ejaculates.

ologic activity of UPSEBP and the path of deductions and quajity of processed or treated sperm was evaluated as 1)
ConCIUS|OnS on its nature. We Concluded that the |nterpercentage of motile sperm (BUSS, 1993)’ 2) exclusion of pro-
vening sequence between saposins A and B (Figure jidium iodide as assessed by flow cytometry (Watson et al,
and UPSEBP were similar and had similar biological ac-1992), and 3) in vitro sperm-egg binding (detailed below).

tivity; namely, increasing egg binding and fertility of Initial experiments were semiquantitative because the sperm-
rooster sperm. An abstract (Hammerstedt et al, 1997) preédinding assay (see later discussion) was being developed in con-
sented early data, but 4 reports on bioactivity of the Synjunction with characterization of UPSEBP. As is traditional in
thetic sequence (Amann et al, 1999a, 1999b, 1999c: Gi"polation of biological factors, these semiquantitative data with
et al, 2000) bypassed the biological underpinning anci)artially purified extracts are presented graphically as 1 replicate

NS . . . .typical of a specified number of replicates, rather than as means
path_to the Seguence used. This biological information Isv?//ith standard deviations. Follow-up studies provided quantita-
provided herein.

tive, refined estimates and were analyzed statistically, as de-
scribed in the discussions of individual experiments.

Materials and Methods Assay of Sperm-Egg Binding

G | Method A sperm binding assay (SBA) was essential to monitor bioactiv-
eneral Methoas ity of protein extracts or synthetic peptides, and one was evolv-
Semen was obtained from chickens with distinct genotypes (Baring (Barbato et al, 1998) concurrent with initial studies in this

bato et al, 1998). Only ejaculates with normal sperm concentraproject. Assay 1 used native perivitelline membrane from laid
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hen’s eggs placed on a glass slide, with a template overlaid, anigophilization. The powder was dissolved in and dialyzed (3.5
enumeration of number of sperm bound using a microscope. Askd cutoff membrane) against Tris buffer (150 mM NacCl in 10
say 2 used a heat-solubilized extract of hen’'s egg perivitellinenM Tris, pH 7.4) to change the solution to one that was appro-
membrane deposited in wells of a 96-well plate, and enumeratiopriate for chromatography. Size exclusion chromatography (Su-
of number of sperm bound using a microscope. Assay 3 used pelco G3000 SWXL column; size 0.78 30 cm; Supelco Inc,
heat-solubilized extract of hen’s egg perivitelline membrane deBellefonte, Pa; Tris buffer) yielded a 5- to 10-kd fraction con-
posited in wells of a 96-well plate, and automated enumeratiortaining >75% of initial biological activity. This active fraction
of number of sperm bound. DNA was stained, quantified usingvas subjected to high-performance liquid chromatography
a microwell-plate reader, and converted to number of spernfHPLC; Rivier, 1978) using a C-4 column (Supelco LC-304; 5
bound. Each assay was used as detailed in Barbato et al (1998icron, 0.46X 25 cm) and a gradient elution of water: aceto-
To test effects of substances on sperm binding, cells weraitrile (ACN) + 0.05% trifluoroacetic acid (TFA; VWR Inc,
prepared at 5< 1¢° sperm/mL in MnA. Components (eg, crude Pittsburgh, Pa). Material eluting at30% ACN contained-90%
UPSEBP, peptides, antibodies) were added to the stipulated conf the bioactivity placed on the column and was lyophilized
centration and sperm suspensions were incubated at room teriJPSEBP-3).
perature for 10 minutes. Samples were diluted 10-fold and dis- Sensitivity of UPSEBP to proteolytic treatment was assessed
pensed into microwells for analysis of binding capability during by adding 1 mg chymotrypsin (Sigma C7762; Sigma Chemical
a 1-hour incubation. Company, St Louis, Mo) to 0.25 mL of UPSEBP-2 (0.25 mg/
To test the ability of crude UPSEBP to block binding of spermmL protein), incubation at 3T for 18 hours, addition of 20
to the egg-membrane substrate, selected microwells received 1@Q0nol of phenylmethylsulfonyl fluoride (Sigma P7626) in iso-
pL of MnA containing UPSEBP (0, 5, to 1pL of ~0.25 mg/  propanol to inactivate the enzyme, lyophilization to remove sol-
mL solution). After 90 minutes at room temperature, wells werevents, and resuspension in 2pQ water. A control treatment
washed 3 times with MnA. Then cryopreserved sperm were addwithout UPSEBP was conducted to assure that chymotrypsin
ed and binding was measured by SBA. was inactivated. Sensitivity to heat was evaluated by placing
The definitive evaluation of peptides via SBA used cryopre-0.25 mL of UPSEBP-2 in a boiling water bath for 5 minutes
served sperm, treated as described above, and evaluated usifofjowed by cooling. Alkali treatment was evaluated by adding
assay 3. Each of 3 to 5 replicates pools of semen was splifNaOH to 0.25 mL of UPSEBP-2 to bring the solution to a pH
allocated to treatments, and each treatment was dispensed inta8 ~9.0, boiling for 5 minutes, cooling, and readjustment of pH
wells of an SBA plate. Resultant data were analyzed via nestetb ~7.0 with HCI. Resultant materials, with and without supple-
analysis of variance (ANOVA) and the mode| ¥ m + P, + mentation with untreated UPSEBP-2, were evaluated for bioac-
R; + ek, where i= the peptide tested (fixed effect),§ the tivity using cryopreserved sperm and assay 1.
random variable of plate used, and=kthe random variable of
wells per plate. Differences between mean of control and tesProsaposin Preparations and Antibodies
peptide were tested by both the least significant range and Du

can's procedures (PC-SAS, version 6.11). 'Rat prosaposin (SGP-1), purified from medium around cultured

Sertoli cells (Sylvester et al, 1989), was provided by M.D. Gris-

\ , , wold. Human saposins A, B, C, and D (Morimoto et al, 1988;
Isolation of Crude UPSEBP and Denaturation Studies Hiraiwa et al, 159361; Fu et al, 1994) were provided by J.F

Seminal plasma recovered by centrifugation of fresh semen haf'Brien. Protein content of each was measured with the bicin-
<5% of the UPSEBP activity found in supernatants from cryo-choninic acid (BCA assay; Sigma B-9643 using bovine serum
preserved sperm. Hence, semen from 10 to 50 males was poole@Pumin, Fraction V, ICN 160069 as standard). Polyclonal anti-
extended with MnA containing 9% (w/v) glycerol, and frozen to Pody 1o rat prosaposin (Sylvester et al, 1989) was provided by
—196C. In early trials, after thawing, sperm were sedimentedM-D- Griswold. Antibody to human saposins A, B, C, and D

by centrifugation and the supernatant was concentrated with @1d t0 @ synthetic sequence representing the carboxyl 15 amino
Centriprep 10 cartridge (10 kd cutoff filter, Amicon YM10 acids in the intervening A—B sequence (Morimoto et al, 1988,

13632; Fisher Scientific, Pittsburgh, Pa). The retentate (UP1989; Fu et al, 1994) were provided by J.F. O'Brien. They were

SEBP-1) was stored at20°C. used undiluted or after 1:4, 1:5, and 1:10 dilution. Normal rabbit
We found that all bioactivity was retained by a 100-kd cutoff S€TUm was used as a control.

filter (Amicon YM100 14432; Fisher Scientific). Extraction of . .

the 100-kd retentate with CHOCH,OH (Mills et al, 1984) gave Synz‘het/c Pept/des

a preparation with greater than twice the bioactivity. This wasThe peptide sequence for rat prosaposin (Figure 1), and early

termed UPSEBP-2. binding data using preparations of prosaposin, saposins, and an-
To prepare purer material, supernatants from thawed spernibodies, guided decisions on what peptide sequences to evaluate.

(from 30-300 ejaculates) were pooled and concentrated on Hitial emphasis involved short sequences at the interface of the

300-kd cutoff filter (Amicon XM300 14332; Fisher Scientific). A-B intervening sequence and saposin B. Several peptides (5 to

All biological activity (based on assay 2) was retained, and15 amino acids) were prepared and tested in SBAs. Subsequent-

>98% of materials (protein) absorbing at 280 nm was removedy, larger peptides reflecting the complete sequence from near

in the filtrate. After removal of lipids from the retentate with the carboxy terminal of saposin A into the amino terminal of

butanol and isopropyl ether (Mills et al, 1984), the aqueous fracsaposin B were studied (Figure 2; up to 61 amino acids).

tion contained all the original activity. This was concentrated by Peptides were prepared using an ABI Model 431A synthesizer
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J— > 12-Ox (1-60)
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Figure 2. Representation of peptides synthesized and tested for bioactivity. Numbering sequence of amino acids (1-60) starts with the cysteine toward
the amino terminus (see also Figure 1). Saposin A ends at residue 6 (E; vertical solid line) and saposin B begins at residue 57 (E; vertical solid line).
All peptides shown, except peptide S23, were of the rat sequence. Peptide S23 was of the human sequence, which has minor differences throughout
plus an additional histidine (H; see Figure 1). For peptides S12 and S23 the reduced form is indicated by the box only, whereas the disulfide oxidized
form has a line connecting the amino and carboxyl terminal cysteines. Dotted horizontal lines orient schematic boxes with peptide identification
numbers. Shaded boxes designate peptides with activity, either by assay 3 or fertility assays, and the darkest shading represents most active peptide.

(PE Biosystems, Foster City, Calif), 4-hydroxymethyl phenox- Preparation of Antibodies to Peptide S17

ylmethyl (HMP) resin, and E-moc <_:hem|stry. For peptldes S12, 0 assure that their preimmune serum did not react with bull or
S17, S18, and 523, synthesis was interrupted approximately hal ooster sperm, candidate female New Zealand White rabbits
way through the sequence, a portion of the resin was removegle o e\ ajyated. Sperm were washed twice, fixed in 1% (V/v)
from the reaction vessel, and synthesis continued to complete & ;o aidehyde, exposed for 30 minutes to 1:100 diluted preim-
peptide containing the desired 58 to 61 amino acids. Peptide W33 ,ne serum (in phosphate buffered saline; PBS), washed twice
cleaved from the resin, precipitated with ether, washed, and lyj, pgs exposed to anti-rabbit immunoglobulin G (IgG) labeled
ophilized. Peptides were purified by reverse-phase HPLC (Ranifyity fluorescein isothiocyanate, and counterstained with propi-
300A C-18 column [0.46¢< 10 cm]; Ranin Inc, Woburn, Mass; gium jodide. Flow cytometry was used to identify sperm as 1)
0.3% trialkyl ammonium phosphate as mobile phase at 1 mLkyoroscein negative, propidium iodide positive; or 2) fluoroscein
min; Rivier, 1978) and characterized. For example, peptide S12yositive, propidium iodide positive. Rabbits were rejected if
Red eluted at 31 to 33 minutes, and based on mass spectrao, of the stained sperm were in the second category when
analysis had a purity 0F95% and a molecular weight of 6911 treated with preimmune serum.
(theoretical 6909; within the error of the determination). Three rabbits passing the prescreen were selected and immu-
To establish molar content, aliquots of peptide solutions wergjized (Hurn and Chandler, 1980) with peptide S17 dissolved in
hydrolyzed and subjected to quantitative amino acid analysi$BS and combined (1:1) with Freunds complete adjuvant to 1
(Barbato and Wideman, 1990). The molar content of amino acicng/mL. Each rabbit was injected with 1Q@ peptide distributed
residues was consistent with the expected sequence and allowgfl 20 sites. Booster injections (50g peptide S17 in Freunds
calculation of molar concentration of peptide. For peptides S12incomplete adjuvant) were administered on days 28, 63, and 110,
S17, S18, and S23, solutions also were analyzed by the BCAvith exsanguination on day 125. Antibody was purified (88,
protein assay. It was found that Quinol of peptide were equiv-  precipitation, diethylaminoethyl [DEAE] column chromatogra-
alent to 1.0 mg of bovine serum albumin. phy) and stored at°€ in the presence of 0.02% NaMntisera
Peptides S12 and S23 were oxidized (Weissman and Kimfrom all 3 rabbits were tested against the antigen, and each pro-
1991) to form an internal disulfide linkage. The reaction mix vided similar qualitative results. The reagent with the highest
was fractionated on an open C-18 column (Supelco 57012) cortiter (antibody code 5438B, DEAE purified) was used.
ditioned with 20 column volumes of 80% ACN plus 0.1% (v/v) ) )
of TFA in water. After loading the sample, unwanted material Comparisons Between Peptides of Known Structure and
was eluted with 3 volumes of 0.1% TFA in water followed by Partially Purified UPSEBP

3 volumes of 10% (v/v) ACN in 0.1% TFA in water. Unreacted Tywo indirect approaches were used to assess the relationship of
linear peptide was eluted with 5 volumes of 30% ACN in water, known compounds to UPSEBP based on their biological activity.
after which the desired cyclic form (internal disulfide bond) wasFirst, an antibody to peptide S17 was used to determine if that
eluted with 5 volumes of 55% ACN in water. Solvent was re- preparation affected sperm-egg binding similarly to saposin an-
moved by lyophilization. The sample was dissolved in 55%tibodies. Fresh rooster sperm 510 sperm/mL in MnA) were
ACN in water and stored at-20°C. Protein (see above) and treated for 15 minutes at ambient temperature with 1) no addi-
sulfhydryl (SH; Sigma D-8130; Ellman, 1959) contents weretion, 2) 1:5 dilution of preimmune serum, or 3) 1:5 to 1:500
determined and the molar ratios of free SH to peptide for thedilution of antibody against peptide S17. Samples were diluted
linear and cyclic forms were calculated. Ratio for the linear form1:10 with MnA and evaluated using assay 3.

was 1.8 (theoretical value, 2.0) and that for the oxidized form Second, chromatographic characteristics of UPSEBP were
was 0.04 (theoretical value, 0.0). studied using the purification scheme found to separate peptides
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S12-Red and S12-Ox. UPSEBP-110 mg) was applied to open 10 [ ]
C-18 columns, and processed as described to yield materials 1) o
not binding to the column, 2) eluted with 10% ACN (where -g 0.8 |- .
polymerized oxidized forms of peptide S12-Ox eluted), 3) eluted 3
with 30% ACN (where monomeric peptide S12-Red eluted), or Eosl 1
4) eluted with 55% ACN (where monomeric peptide S12-Ox -
eluted). Fractions were evaluated for effects on sperm binding :: 04} J
using assay 3. 2

So02t 4
Assay of Fertility 4 1
In chickens, a single ovulation usually occurs daily, followed by 0.0 l

a ~15-minute interval when fertilization can occur, and the egg Fresh Cryo U%gggp

is laid the next day (Bakst et al, 1994; Etches, 1996). Fertiliza-
tion after ~15 minutes is precluded by deposition of a layer of Figure 3. Restoration by UPSEBP-1 of binding capacity of cryopreserved
lipid and proteinaceous material over the ovum. However, fer/00Ster sperm to an egg membrane, as evaluated by assay 1. Cryopre-

tilizati f . f b fd ft served sperm were exposed to crude UPSEBP-1 (0 or 25 pg in 0.1 mL;
fization OF successive ova can occurior a number of days a eEryo or cryo + UPSEBP, respectively), incubated 10 minutes, diluted 1:

a single artificial insemination (Al). The eggs have a decreasingo, and assayed concurrently with fresh sperm. Relative sperm binding
probability of being fertilized over days 1 to 21 after a single is ratio of percentage sperm bound for a treated sample divided by per-
Al (day 0). The interval over which eggs are fertilized after a ¢entage sperm bound for control sample. In this case, treated is cryo-
single Al, and percentage fertilized, reflect quality and numbePreserved sperm or cryopreserved sperm exposed to UPSEBP and the
. ) ) ._control is fresh sperm. Data are representative of 3 replicates, each using
of sperm inseminated, plus an effect of hen (Wishart, 1995; Wisgitterent pools of fresh and cryopreserved semen.
hart and Staines, 1999). With multiple Als, practiced commer-
cially to maximize overall fertility, outcome is likely dominated
by the features of the latest sperm inseminated. We measuredd observed values. We used a constant for initial specific
percentages of laid eggs providing a live chick after 21 days ofatch, calculated as the mean for the first 3 days after the final
incubation, an outcome termed “hatch.” Al. Statistical comparisons were performed using PROC GLM
Because large male-to-male differences in response to treatd PC-SAS (version 6.11).
ment are common, and were anticipated, whenever possible we
compared effects of treatment or treatments on hatch on a with-
in-male basis, using split ejaculates and inseminations 8o  Results
hens per treatment. We used commercial (Dekalb, DeKalb, IIf)
White Leghorn hens, because they lay an egg almost every da¥ffects of UPSEBP on Sperm Binding and Fertility

are highly fertile, and were unrelated to the roosters. This mi”Cryopreservation reduced binding of rooster sperm in a

imized confounding of treatment effects due to sperm by male-SBA (assay 1) by~65% (Figure 3). However, binding

female interactions. - - .
Generally, we tested hatch for individual males or pooled Se_capablllty was substantially restored by 10-minute treat-

men via 3 successive Als into hens, at 3-day intervals, using gnent of the sperm suspenspn with UPSEBI?-’—l;(Q@er
limited number of sperm. This allowed pooling of outcome datal-1 ML) before 10-fold dilution and evaluation by SBA
across hens and interval after the first, or each subsequent, APNe€ interpretation was that UPSEBP-1 acted as a “bridg-

Percentage data for hatch were transformed (ar¢/&hto im-  ing ligand” between a spermatozoon and the perivitelline
prove normality before one-way ANOVA (PC-SAS, version membrane. If so, preincubation of perivitelline membrane
6.11). with UPSEBP-1 before addition of sperm should substan-

In fertility trials, subtle treatment affects can be masked bytially reduce binding. Increasing doses of crude UPSEBP-
insemination of an excessive number of sperm (Amann and reduced binding te<20% of the control (Figure 4). The
Hammerstedt, 1993; Hammerstedt, 1996). With poultry, subtlg2 yg1ue for the semi-log plot for pooled data from 3 rep-

gzgst’gge\jaatngg”Sﬁogzp;:?ggn;egﬁnsep?rroﬁr; ‘;:at;ﬁsnr;eﬂzéﬁaa?ter cates was 0.999, which is consistent with 1 class of li-
a single Al or the last of a series of Als (Kirby and Froman, gand with a single binding. The SBA provided a bioassay

1990; 1991). We analyzed certain data sets with this approaci'rjsefm during isolation and characterization of putative

using the equation: UPSEBP' ) ) o
Efficacy of UPSEBP-2 in restoring binding (assay 1)
f(x) = Y and fertilizing potential to cryopreserved sperm was stud-
1+ ept ied, along with other attributes. Data were normalized

wherey = initial specific hatchp = rate of decay from initial 29@inst concurrently run fresh sperm. Cryopreservation
specific hatch, and = inflection point of the decline of hatch "educed R < .05) the percentage of motile sperm and the
(ie, days until hatch becomésof the initial specific hatch). The Percentage of sperm with an intact plasma membrane
program described by Kirby and Froman (1990) was modified(Figure 5), and exposure of sperm to UPSEBP-2 had no
by Barbato (1991) to improve concordance between estimatedffect on either attribute. Although sperm binding was
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Figure 4. Ability of UPSEBP-1 to block binding of fresh sperm to egg
membrane. Egg membranes were exposed to 0 to 15 uL of crude UP-
SEBP-1 (250 p/mL) for 90 minutes before washing once and adding
sperm suspensions for determination of binding capacity by assay 1.
Data are representative of 3 replicates, each using a different pool of
semen.
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Figure 5. Ability of UPSEBP-2 (250 pg/mL) to restore attributes of cryo-
preserved rooster sperm. On each of 3 days, at 3-day intervals, pooled
semen was thawed and cells were treated and compared with a contem-
porary pool of fresh semen, as described in text. Data for each pool of
thawed sperm were expressed relative to the contemporary value for
fresh semen and the resultant values were averaged across the repli-

cates. Data for hatch were based on >300 eggs laid by the 17 to 19
hens in each treatment group. For a given attribute, means with different
letters differ (a, b, d, P < .05; ¢, P < .01, statistical analyses based on

greatly reduced by cryopreservation € .01), exposure absolute means).

of thawed sperm to UPSEBP-2 increasd<( .01) bind-

ing to >60% of the value for fresh sperm. When binding
was expressed on the basis of motile sperm or sperm wit
an intact plasma membrane, binding for thawed sper
exposed to UPSEBP-2 approached 85% that of fregé

cells. Fertility of cryopreserved sperm exposed to UP'suspected that the apparent large size of UPSEBP, evi-

SEBP'Z wasoslimilﬁxr to t.h;lt of fresh dsperﬁ’1<(< ?:5) and5 denced in the upper panel in Figure 7, reflected a protein-
etter P < .01) than with untreated sperm (Figure 5). lipid complex rather than a very large protein. Hence,

Exposure to UPSEBP-2 repaired a form of cryodamag(ﬁpids were extracted from a similar aliquot of pooled ex-

_by a mechanism not involving induction of sperm motil- tract, and the lipid-free material was subjected to size ex-

ity. : .
o _ . clusion chromatography (Figure 7, lower). Because all
Individual roosters have a broad range in fertility when graphy (Fig )

the Al dose is relatively low, and in part this is due to -
defective sperm-egg binding (Barbato et al, 1998). Hence, 101 — 7

enature proteins. Compared with untreated UPSEBP-2,
00% of bioactivity was lost by chymotrypsin treatment
nd >80% of bioactivity was lost by treatment at 2QQ

r adjustment to pH 9.0 followed by 18D treatment. We

we used split ejaculates from individual roosters to com- - . UPSEEP-

pare fertility of sperm exposed to UPSEBP-1 vs untreated 80 x
control sperm. Al used 5 1(° fresh sperm and was L

repeated 3 times every third day. Of the 9 males with —e0 -

fertility below the 95% confidence interval for the pop- i« T T T 1
ulation (Figure 6), 6 had their fertility improve® (< .05) §40 ok .

by exposure of sperm to UPSEBP-1. One of the 9 most
fertile males had increased fertility. Exposure of sperm to
UPSEBP-1 reduced fertility in none of the males. 20
UPSEBP from Rooster Sperm

. |
Initial evaluations suggested that UPSEBP might be a }
. Figure 6. Effect of UPSEBP-1 on fertility of fresh semen from 21 roosters.
macromolecular complex with an apparent m0|eCU|arEach ejaculate was divided into 2 parts (no supplement control vs 100
weight >500 kd, because all bioactivity in the original g UPSEBP-1 per 0.1-mL Al dose; 50 X 10¢ sperm/Al). Means for 3
isolate was excluded from the molecular sizing columpmnseduential Als at 3-day intervals. Each bar represents ~200 eggs per
. . . . _male. Asterisk indicates positive effect (P > .05) on hatch for indicated
(Flgure 7 Upper)' UPSEBP-2 is a protein because bIOr'nale. Mean hatch (solid line) and 95% confidence limits (dashed lines)
activity in an SBA was lost by treatments that typically for the control treatment are shown.

T
*

Initial Characterization and Partial Purification of

Rooster
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Figure 7. HPLC fractionation of UPSEBP. Supernatant protein recovered
after cryopreservation was concentrated on a 100-kd filter, as for prep-
aration of UPSEBP-2. Samples were subjected to size exclusion chro-
matography on a Supelco G-3000 column before (upper) and after (low-
er) lipid extraction. In each panel, absorbance shows the elution of pro-
tein over time, with high molecular weight proteins eluting first as des-
ignated by the size markers. The fractions later found to have bioactivity
(assay 2) are designated by the dark stipple, and the increase in relative
sperm binding over control values is detailed to the right insert. Upper
panel: 0.2 mg protein before lipid extraction, with all bioactivity eluting
before the protein peaks. Lower panel: 0.9 mg after lipid removal by
treatment with CHCI;:CH,OH, with all bioactivity eluting in the region of
8-12 kd proteins, after most of the protein peaks.

1 2 3 Stds 1 2 3

E,; '
s24 : .
- 20

: u .:1:- S

- h

Protein (amido black)  Probed with $17 antibody

Figure 8. Western blot of proteins in UPSEBP-2. Lanes 1, 2, and 3 rep-
resent material eluting at 30%, 55%, or 80% ACN from a LC-18 column.
The majority of the protein eluted at 30% ACN (ie, lane 1, left). Although
protein was detected in lane 2 (left), the antibody bound to protein of
greater molecular weight (right), approximately 8-9 kd. The S17 antibody
binds to peptide S12-Ox (data not shown). Because peptide S12-Ox
elutes from a similar LC-18 column at 55% ACN, whereas peptide S12-
Red elutes at 30% ACN, we concluded that the UPSEBP was present
as the oxidized hairpin form. Approximately 150 mg of UPSEBP-2 (held
several years at —20°C) was acidified to pH 2.0 with trifluoroacetic acid,
and centrifuged. The supernatant was loaded onto a preconditioned Su-
pelclean LC-18 column (Supelco #57055) and fractions eluting at 30%,
55%, and 80% ACN were dried down and dissolved in 60 pL of gel

buffer. Approximately 25 plL (reflecting ~60 mg of UPSEBP) of each
preparation was brought to ~6% 2-mercaptoethanol and loaded onto an

. .. . . . i SDS gel (18% polyacrylamide) and run at constant current. Proteins were
bioactivity now eluted with a retention time slightly lon- electroblotted onto nitrocellulose, stained with amido black, a digitized

ger than that of a 12-kd molecular weight standard, wemage prepared, destained, exposed to antibody against peptide S17,
concluded that UPSEBP-2 actually is-d.0 kd protein, 2" again a digitized image prepared.

UPSEBP is very potent. A 6-step protocol ending with
hydrophobic-interaction chromatography was replicated 4hat it was unlikely that we could purify microgram
times, each using a different pool of material from 30 toamounts and sequence the molecule. One of the authors
50 cryopreserved ejaculates. Fractions were assessed {#t.H.H.) was reviewing literature on SGP-1 (prosaposin)
protein content and for biological activity (assay 2). Inand mentally linked 1) our observations on seminal UP-
the final step with each replicate, all detectable bioactivitySEBP; 2) contents of a review by O’Brien and Kishimoto
was eluted with~30% ACN. No protein was detected in (1991), including discussion of the cleavage of prosaposin
those fractions with the BCA assay. to form saposins interacting with lipids; 3) published

We attempted to obtain material to sequence in a pustatements (eg, Sylvester et al, 1984, 1989; Hiraiwa et al,
rification starting with 42 mg UPSEBP-2 (from 300 ejac- 1993b) that prosaposin was present in cauda epididymal
ulates;~6 X 10" sperm). The material was fractionated plasma and semen and that prosaposin was very sticky
in 35 separate size-exclusion chromatographic runs, witnd lipophilic; and 4) the absence of a known role for the
peak bioactivity at~10 kd (>75% in 1 tube) Fractions abundant prosaposin to which sperm are exposed. This
were pooled, lyophilized, dissolved, dialyzed as describeded to the hypothesis that UPSEBP might be a fragment
earlier, and analyzed. There wa®©.19 mg protein. An of prosaposin and initiation of studies to test the hypoth-
aliquot (0.14 mg protein) was made 25% in ACN andesis by indirect approaches, as sequencing was not an
fractionated on a micro C-4 column. No protein was de-option.
tectable by absorbance at 230 nm for any fraction (ie, Since the initial submission of this manuscript, we had
<0.01 OD), but all bioactivity was eluted at30% ACN. an opportunity to use a new polyclonal antibody against
It appeared that UPSEBP was a proteinaceous materigeptide S17 provided by BioPore Inc (ID #5438). to
found in trace amounts on or in sperm. Because isolatioprobe an aliquot of UPSEBP-2 that had been delipidated
by this approach of sufficient protein for analysis likely as described above, but not chromatographed before stor-
would have required100 times more initial material, we age at—20°C. Drawing on our recent experiences on
abandoned attempts at purification and sequencing. chromatography of synthetic peptides, this material

(~150 mg) was processed and fractionated on a C-18

What Next? column. Resulting materials were reduced with 2-mercap-
At this time, it was evident that UPSEBP had an affinitytoethanol and used to prepare Western blots (Figure 8;
for lipids, as evidenced by the change in chromatographidetails in legend). Most protein eluted with 30% ACN.
characteristics after removal from lipids (Figure 7), andThe 50% ACN fraction contained protein of lower mo-
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1.2 SEBP-1. Cryopreserved rooster sperm were preincubated

with sufficient crude UPSEBP-1 to provide maximum
sperm binding and parallel aliquots were coincubated
with antibody, before evaluation with assay 1. Antibody
against rat prosaposin, part of the human intervening A—
B sequence, and human saposin A were similarly effec-
tive (data not shown). They suppressed binding-50%
at 1:4 dilution and=95% when used undiluted. Antibody
against human saposin B was less effective, givig9%
suppression when used undiluted. Antibodies against hu-
man saposin C, human saposin D, and unrelated antigens
or preimmune serum had no effect. Note that the antibody
0—2= N against prosaposin is known to bind to each of the sa-
-10 9 -8 7 -6 posins as well as prosaposin, and that concentrations of
Protein or peptide (log M) lgG in the antisera were unknown.
Figure 9. Restoration by highly purified prosaposin and saposin B of In the same StUdy' pOIyCIOnal antibOdy againSt syn-
binding capability of cryopreserved rooster sperm to egg membrane, as thetic peptide S17 also suppressed binding (assay 1), but
evaluated by assay 1. Pooled cryopreserved sperm (Iine 42L) were required use of a 1:2 dilution to suppress binding by
thawed, processed to remove glycerol, exposed to proteins at the stip- . . S .
ulated doses, incubated 10 minutes, diluted 1:10, and assayed concur- ~50%, as Compared with the 1:4 d|Iut|on, which was
rently with aliquots of the suspension exposed to UPSEP-1 at the most equally effective with antibodies against saposins A or
effective dose. Data are representative of 3 replicates,.each using dif- the intervening A-B sequence (data not ShOWI’]). How-
ferent pools of fresh and cryopreserved semen. Saposins A, C, and D . . . . .
had no effect at 10-1 to 10-5 M (data not shown). ever, this might be misleading because concentrations of
IgG in the antisera were unknown. Later, the same anti-
body against peptide S17 was compared with a control
lecular weights (see lanes 2 and 3, left) than that bindin@ntibody for its effect on sperm binding, using cryopre-
antibody against peptide S17 (see lanes 2 and 3, rightyerved sperm and assay 3. Antibody against peptide S17
The only material binding the antibody eluted with 50% progressively reduced binding to a maximum ofX.the
or 80% ACN; possibly, use of more 50% ACN would control, as its relative concentration was increased (data
have eluted all material. With synthetic peptide, S12-Redhot shown), whereas the control antibody had no effect
elutes at 30% ACN and S12-Ox elutes at 50% ACN. Weon binding. Thus, UPSEBP bioactivity was substantially
consider this as strong evidence that UPSEBP-2, preparefécreased by both antibody against a portion of the hu-
from supernatants from cryopreserved rooster sememnan intervening A-B sequence or the entire rat interven-
contains a protein or proteins with similarity to syntheticing A-B sequence. Apparently, bioactivity involved in
peptides S17 and S12, and likely has a disulfide linkageperm-egg binding is in or near the A-B intervening se-
as does peptide S12-Ox. guence of prosaposin.
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Effects of Prosaposin and Saposins on Sperm Binding Effects of Synthetic Peptides on Sperm Binding

Ability of purified prosaposin or individual saposins at Given the impact of prosaposin and saposin B on sperm
10 to 10° M to restore binding of cryopreserved binding (Figure 9), we used synthetic peptides to localize
sperm, after 1:10 dilution, was evaluated with assay 1the sperm-egg binding bioactivity in prosaposin. Twenty-
Relative to the maximum response with UPSEBP-1, maxfive different peptides were synthesized, most based on
imum response with rat prosaposin was at’®@ 1055  the rat sequence for prosaposin (Figure 1). Initial evalu-
M, at which concentrations it was 0.8 to 1.1 times asations tested a *@ange in concentrations of each peptide
effective as UPSEBP (Figure 9). Human saposin B waén this assembly (as 2 overlapping sets, each with 6 con-
0.8 times as effective at 10° to 10%°5 M, and human centrations) to identify concentrations to probe in detail.
saposins A, C, and D had no effect at up to®lBl (data  This was to ensure that there was “enough” to interact
not shown). It appeared that prosaposin was equally asith sperm to stimulate binding (potential positive effect),
good as UPSEBP-1 in restoring sperm binding capabilityput not “too much” so that carryover of free peptide
to thawed sperm, and saposin B was partially effective. competed with sperm for sites on the egg membrane (in-
o , , hibit binding of competent sperm). For example, with
Effects of Antibodies Against Prosaposin and Fragments peptide S-12-Ox, the optimum dose was nearM, but
on Sperm Binding concentrations<0.5 uM had no effect and those4 pM
We then used antibodies against purified prosaposin @uppressed sperm binding.
individual saposins to neutralize binding capacity of UP- Preliminary screening revealed that short peptides had
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no effect or required very high concentrations (ie p3®)
to restore binding to cryopreserved sperm (see Table 1 in e=sm Control
Hammerstedt et al, 1999). These included 1) 7 peptides, % T S12Red
including the intersection of the carboxy terminal of the g
intervening A-B sequence with saposin B (positions 42 4L
to 66 in Figure 2; including the 15 amino acid rat se-&
quence similar to the human sequence used to prepa@
antibody against the intervening A—B sequence); and 2F 4°
2 peptides, including the intersection of the amino ter-
minal of the intervening A-B segment with saposin A
(positions 1 to 21 of Figure 2). It is important that ob-
servations directed attention to peptides spanning the en-
tire region between saposins A and B (ie, residues 1 and °

61 in Figure 2). _ uation of d g . _
Six peptides (Figure 2) were extensively tested for Ca_Flgure 10. Evaluation of 5 uM peptide S12-Red or S12-Ox for capacity

. 2 ” to improve fertility of fresh sperm from individual roosters. Each ejaculate
pacity to restore binding capacity of cryopreserved spermuas divided into 3 parts (no supplement vs addition of 5 M peptide
These included 1) large portions of the intervening A—BSflﬁ-Rehd(OrEs%lZ-OX: 50 X TO)stperm/All)-_(leat;th bahr is mean pe_rcle/rl:age
: atch (~60 eggs per male) for eggs laid after three sequential Als at
S_egment plus short stretches of saposms Aand B (pe@fday intervals. A triangle or asterisk designates positive (P < .05) effect
tides S12, S17, and S18), 2) synthesis based on the humansi2-Red or S12-0x, respectively, and an arrow a negative (P < .05)
rather than rat sequence (peptide S23), and 3) reduceflect on hatch for designated male.
(linear) or oxidized (folded) versions of the same se-
quences (peptides S12-Red vs S12-Ox; S23-Red vs S2@unlikely) and a mass of 7000 kd, that solution would
Ox). Peptides S17 and S18, which lack one or both cyshave been 14Q.M in concentration. That value was cho-
teines, did not stimulate binding, although peptide S1&en as the “highest likely dose” for testing a synthetic
inhibited (° < .05) binding at 50uM (the highest con-  peptide in fertility trials. Peptide S12-Red, which had a
centration tested; data not ShOWﬂ). Rat-based peptldes, Igtrong effect on sperm binding, was evaluated sequen-
cluding 2 cysteines increased binding, with both S12-Redjally at 140 pM, followed by 0.05uM, and finally 5.0
and S12-Ox effectiveR < .01) at 0.8uM. This concen- ;M. Logistical constraints precluded simultaneous test-
tration is similar to that found effective for natural ma- ing’ but each test used semen pooled from several lots of
terials. Peptides S23-Red and S23-Ox had no effect Witbryopreserved sperm (Sub“ne 42|_) Hens were random-

rooster Sperm under conditions tested (823'OX is effectiv%ed again for assignment to either control or pep“de

Rooster

with human sperm; Amann et al, 1999c). treatment. Confounding factors included 1) age of hen, 2)
Chromatographic Characteristics of UPSEBP and season, and 3) number of previous inseminations (virgin
Peptides S12-R or S12-Ox hens used for 14Q.M dose vs recycled hens for other

S . ... doses). There was no difference in control fertiliy €
To compare similarity in chromatographic characteristics ;
P y grap 05) across the 3 successive tests. The @Bbdose of

of UPSEBP and synthetic peptides, 4 different UPSEB-1 eptide S12-Red had no effect, M raised fertility @

preparations were loaded onto open C-18 columns, ant - )
processed with the procedure used to separate unboun ,'05)‘ and 14QuM depressed fertilityR < .05; data not

reduced, and oxidized forms of peptide S12. Bioactivitys own). Values relative to the contemporary control were
for each fraction was determined (assay 3; data not disQS%' 115%, and 65%' .
To further test peptide 12-Red and evaluate the impor-

played). About half of the bioactivity in UPSEBP-1 ap- . .
plied to the column was not retained and washed througf‘iﬁlnf:fa of the oxidized vs the reduced form of the peptide,
the column. No activity was found in the 30% ACN frac- (ertlity of sperm exposed to fM peptides S12-Red or

tion (where peptide S12-Red elutes). All retained activity>+2OX were compared with that of control sperm. Fresh

eluted in the 55% ACN fraction where peptide S12-OxSPerm from individual males of subline 42H was split,

elutes. The substantial wash-through was not due to ovefxed with peptide, and immediately used at 5010°
loading the column, but likely was &300 kd protein- sperm/Al. With control semen, differences among males

lipid complex (see above). In follow-up experiments, ap-"re evident_(_Figure 10). Peptide Sl_2_-Red raised fertility
plication of one-half the amount of UPSEBP-1 to the col-Of 1 low-fertility and 1 average-fertility male, but de-

umn gave the same distribution across fractions. pressed fertility for 3 high-fertility males. Peptide 12-Ox
raised the fertilities of 5 of the 9 low-fertility males and

Effects of Synthetic Peptides on Sperm Fertility 2 of the 3 males with average fertility; it did not depress
Evaluation of UPSEBP-1 for effect on fertility (Figure 6) fertility for any male. We concluded that peptide S12-Ox
used a 1 mg/mL solution. If one assumed 100% purityl) had greater biopotency than peptide S12-Red, 2) was
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Figure 11. Evaluation of 5 uM peptide S12-Ox for capacity to improve Rl s
fertility of fresh sperm from individual roosters of 3 genotypes. Each ejac- 5 —#— S12-Red
ulate was divided into 2 parts (no supplement vs addition of 5 WM S12- kS —O= S23:0x
Ox peptide; 50 X 106 sperm/Al). Mean percentage hatch (~60 eggs per
male) for 3 sequential Als at 3-day intervals. An asterisk designates a 2o 7
positive and an arrow designates a negative effect (P < .05) on hatch § A 1
of designated male, relative to its control value. N
ot 4
1 1
6

8 10 12 14 16 18 20
Day following final Al

more likely to increase fertility of low-fertility males, and rigure 12. Evaluation of 5 uM peptides S12-Red, S12-Ox, or $23-Ox for

3) might be less likely than S12-Red to depress fertilitycapacity to improve fertility of cryopreserved rooster sperm. Pools of

i o cryopreserved sperm (line 42L) were thawed, processed to remove glyc-
of hlgh fel’tl|lty males. erol, exposed to synthetic peptides at 0 wM (control) or 5 pM, and used
It was known that roosters of the 14H, 14L, and 42Hor Al commencing 5 minutes later. Three sequential Als at 3-day inter-

lines differ in fert“ity (Barbato, 1999)_ Hence, fresh vals each used 50 X 10° sperm. Hatch was monitored as sperm were
sperm from individual males of each line were insemi—gggﬁiﬁ’og‘;{?(E,t;’;"’;?i?f:gzg';?;iézepfﬂ‘s;;ﬁagg'viifggglemda'(ﬁ;gf
nated after exposure to O or M peptide S12-OX. FOr el c). Asterisk designates a positive and an arrow designates a negative
the highest fertility subline (Figure 11, left), BV peptide  effect (P < .05) on hatch.

had a positive R < .05) effect on sperm from 2 of 10

males, but depresseB K .05) hatch for all 4 males with

above average fertility. With sperm from males in low- might have been at an excessive dose or has contraceptive
fertility sublines (Figure 11, center and right), hatch wasaction with chicken sperm.

increased R < .05) for 8 of 20 males and decreasétl (

< .05) for only 1 above-average fertility male (Figure 10,

center and right). Overall, exposure of sperm to peptiddiscussion

S12-Ox increasedP(< .05) hatch for 10 of 30 roosters.

Apparently, 5uM was near the optimal dose for use with A Unifying Postulate

fresh sperm from 14L or 42H males, but excessive fOlg,qaq on data presented herein and the literature, we pro-
use with sperm from 14H males. = pose that a fragment of prosaposin (SGP-1) becomes
The final fertility trial directly compared fertility of \)Jnd on the surface of sperm and serves as a bridging
sperm exposed to §M S12-Red, S12-Ox, or S23-OX |igand during sperm-egg binding. Prosaposin is known to
with that for control sperm. Peptides were purified andyg in seminal plasma and reproductive tissues.
frozen to provide uniform preparations replicate evalua- Prosaposin has been intensively studied with regard to
tions at the same season in 2 successive years. Each usgdoss-species conservation, tissue localization, proteo-
pooled, croypreserved sperm roosters of line 42L (2 d'f'lytic processing, and potency of its fragments (see Figure
ferent generations) and virgin hens from the same supt and references previously cited). Careful review of
plier. The change in hatch after the last of 3 inseminatiorstryctures for saposins (Mumford et al, 1995; Ponting and
was similar for both years (Figure 12, panels A and B).Russell, 1995) revealed the importance of internal disul-
Thus, data were pooled (Figure 12, panel C) for analysiside bonds within the molecule or molecules, leading to
Peptide S12-Ox had a positive effect on hatch, which wassignature patterns” of repeating amino acid sequences.
especially obviousR < .05) for days 4, 5, and 6. This Building from those data, derived primarily from animal
shifted the decline in hatch to a later period after the lassystems, a further extension was made to incorporate the
Al. There was no difference between data for peptidestructures of analogous sequences found in plants. They
S12-Red and the control. In contrast, peptide S23-Ox supnatroduced a “swaposin” concept of alternate folding
pressed hatch for 7 days after the last Al; this peptideschemes in the parental molecule to provide even more
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A. Processing of prosaposin as reported for general somatic cells
Prosaposin  , interveni “Extra” and discarded - = - -
po . uqu-n‘:sl-"gn ﬁ

.+ inFigure 1
»

Saposin A segment Saposin A segment Saposin B segment
B. Potential processing of prosaposin in male reproductive tract

UPSEBP

Saposin B sagment

Prosaposin wiith unique folding

“Extra” and diecarded

Saposin A segment Ssposin B segment

Figure 13. Postulated mechanism for unique processing of prosaposin
to generate the fragment termed UPSEBP. The overall linear peptide
form of prosaposin (see Figure 1) is simplified here to illustrate only the
region of interest. The dark segments represent the saposin protein se-
guences; the dashed lines, disulfide bonds; and the light colored lines,
the intervening peptide sequence between saposins A and B. A detailed
description of the saposin/swaposin concept is provided in Mumford et
al (1995) and Ponting and Russell (1995). The important element is di-
rection of the disulfide bonds (dashed lines). (A) Prosaposin, as found
in general somatic cells, is known to have unique interchain disulfide
bonds that serve to organize the unique domains destined to be the
individual saposin molecules after proteolytic processing. (B) Prosaposin
as provided in the male reproductive tract might have a unique folding
pattern and interchain disulfide bond display that serves to organize the
swaposin pattern, which after proteolytic processing provides UPSEBP.

tion is sperm-egg binding. The topic has been extensively
studied and many factors have been identified. However,
most reviews focus on rodent studies and even broad re-
cent reviews (cited in the first few paragraphs of this ar-
ticle) do not provide an unambiguous description of initial
sperm-egg binding. Data herein support the role of yet
another molecule, UPSEBP, in this complex process.

Support for the Postulate

The extensive data in support of the concept that a frag-
ment of prosaposin normally is (or can be) bound on the
surface of sperm and serve as a bridging ligand during
sperm-egg binding can be summarized as follows: Before
starting these studies, it was known that cryopreservation
of rooster sperm destroyed capacity of thawed sperm to
bind to a hen’s egg (Alexander et al, 1993). We found
that a factor was lost from the sperm surface during cryo-
preservation, and both in vitro binding capacity and fer-
tility could be restored when that factor (UPSEBP) was
added to, or was bound up in, suspensions of thawed or
fresh sperm before Al (Figures 3 to 6). Fractionation stud-
ies showed that the biological activity of UPSEBP could
be highly enriched and had a molecular weight~af0

kd (Figure 7, lower). The molecule apparently had very
high potency, as bioactivity was retained in the absence
of measurable protein. For reasons detailed earlier, we

potential molecules from the same gene and protein strugostulated that UPSEBP was related to the “intervening

tures.

peptide sequence between saposins A and B” (Figure 1).

To illustrate (Figure 13) how those concepts might ex-Binding studies (Figure 9) supported this conclusion.
plain the observations herein, a schematic diagram (panel We then evaluated the bioactivity of each of 25 pep-
A) is provided to illustrate the general path believedtides, chemically synthesized, most based on the sequence
(O'Brien and Kishimoto, 1991; Kishimoto et al, 1992) to of rat prosaposin. Based on the sperm-binding assay, the
yield the individual saposin molecules from their precur-most active peptides included the A-B intervening se-
sor, prosaposin. If Sertoli cells in the testis or principalquence of prosaposin plus a few amino acids from sa-
cells of the epididymis had a unique mode of folding theposins A and B at each end, and terminating with a cys-
prosaposin (panel B) to the “swaposin” disulfide pattern,teine. Micromolar concentrations of the 60 amino acid
the resultant product still might be recognized by anti-peptide, S12, affected sperm. The folded oxidized form
bodies raised to saposins or “conventional” prosaposin(S12-0Ox), with a disulfide bond, was more effective than
Tissue-specific proteolysis would yield a peptide with theits linear counterpart (S12-Red), based on sperm binding
disulfide-bonding pattern proposed for UPSEBP. Tissueand fertility (Figure 10). For many individual roosters of
of the male reproductive tract have unique chaperone-lik8 genetic lines, exposure to oM peptide S12-Ox in-
activities such as clusterin (Sylvester et al, 1989; Baileycreased fertility (Figure 11). In the highest fertility line,
and Griswold, 1999; Humphreys et al, 1999) and HSP70treated sperm from some of the more fertile males pro-
2 (Eddy, 1999). Clearly, prosaposin is pluripotent, where-duced fewer chicks. The benefit of BV of the peptide
by highly similar DNA sequences, followed by tissue- S12-Ox also was shown using a different paradigm;
specific expression, unique folding processes, and endoramely, “loading the system” with successive Als and
protease action could generate related molecules 5%—15#bonitoring fertility as the hen’s sperm-storage tubules are
the size of the parent molecule. Controlled degradation oémptied. Under these circumstances, peptide S12-Ox (rat
“all but the part that is needed” leads to accumulation ofsequence) elevated hatch, peptide S12-Red was no dif-
highly potent molecules in cells and tissues. ferent from the control, and peptide S23-Ox (human se-

Given a mechanism that might provide UPSEBP forquence) depressed hatch (Figure 12).
secretion by Sertoli cells or certain epithelial cell lining It also was found that antibody against a 58 amino acid
the excurrent ducts or accessory sex glands, what dogeptide S17 (ie, peptide S12 without terminal cysteines)
UPSEBP do? A fundamental, obligatory step in fertiliza-removed UPSEBP bioactivity from solution, as evidenced
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by reduced sperm-egg binding in vitro. Finally, we per-UPSEBP, 2) alterations in post-translational processing of
formed Western blot analysis of UPSEBP using a newprosaposin, 3) availability of UPSEBP to sperm in suffi-
antibody against peptide S17. For this analysis we drewient amounts, 4) presentation of the UPSEBP to the de-
on the earlier observation that bioactive synthetic peptideeloping sperm, and 5) defective or insufficient binding
S12-Ox eluted from a C-18 column at55% ACN. Na-  sites for UPSEBP on the perivitelline membrane. Defects
tive protein binding the antibody against synthetic peptidén synthesis and expression of prosaposin per se are un-
S17 was found to elute in fractions similar to those inlikely, because the parent molecule is critical in a host of
which peptide S17-Ox eluted. This is strong, althoughother processes that are apparently normal in these chick-
indirect, evidence that bioactive epitopes in UPSEBP arens.

represented in synthetic peptide S17-Ox, and that UP- Studies building on observations herein have estab-
SEBP involves the A-B intervening sequence of prosalished that peptide S12-Ox is effective in increasing fer-

posin. tility when used in appropriate concentrations in studies
' . ' designed to detect differences in fertility if they occurred.
Effective Doses of Synthetic Peptides In vitro exposure of sperm to peptide S12-Ox increased

Repeatedly, low doses of a peptide were ineffective angleavage rate in IVF with mouse (Magargee et al, 2000)
high doses were inhibitory to sperm binding in vitro or and cattle gametes (Seidel et al, 2001). Exposure of fro-
to fertility. Such dose maxima are common in physiologyzen thawed bull (Amann et al, 1999b) or rooster (Gill et
and pharmacology. For the in vitro case, the peptidedl, 1999) sperm increased pregnancy rate or number of
might facilitate sperm binding by filling available sites on chicks hatched. Exposure of fresh turkey sperm to peptide
the sperm membrane, making the sperm more “sticky,”S12-Ox increased poult production (Gill et al, 2000).
but then inhibit binding of sperm by competition of ex- Many important genes have been conserved as species
cess “free peptide" with sperm for bmdmg sites to an evolved. This is true of the UPSEBP sequence (see Figure
unknown receptor on the zona pellucida or perivitellinel) Wwithin prosaposin. Amino acids for rat vs mouse, rat
membrane. vs human, human vs chicken, and rat vs chicken are 95%,
The in vivo depression of fertility is not as easily treat- /7%, 69%, and 64% identical. We used alignment tech-

ed. Whereas a local excess might be present around t#edques (Higgins et al, 1992) to examine conservation of
sperm at the instant of Al, sperm migration up the femaldhe UPSEBP sequence in comparison to other portions of

tract, storage for days, and controlled release into the oviPr0Saposin, in terms of synonymous and nonsynonymous
duct daily for fertilization should remove all “free pep- amino acid substitutions. Considering data for human, rat,

tide.” One explanation (without supporting data) is that@nd mouse, no region had a significantly greater value for

after exposure to a high dose of peptide, too many sperrfiy"°nymous amino acid substitutions than UPSEBP. Fur-
bind to the egg during the availablel5 minutes in a thermore, there were feweP (< .05) nonsynonymous
hen's infundibulium. Polyspermy appears to be commorMiN0 acid substitutions in UPSEBP than in saposin C,

and perhaps necessary in birds (Etches, 1996) as 4 to &% theé B-C and C-D intervening segments. Thus, con-
sperm normally enter the germinal disc, but a highly ac.Servation of the UPSEBP sequence is similar to that for

tivated sperm preparation could be “too much of a goodthe life-sustaining saposins A, B, and D, and greater than

thing”; a feature of fertilization discussed by Amann and the_xlithfor sapositn (f: . | bindi el
Hammerstedt (1993). e concept of a universal sperm egg binding protein

is supported by 1) the high conservation of amino acids
Is the UPSEBP System Important? in the putative UPSEBP sequence (eg, peptide S12)

In commodity agriculture, intense genetic selection foraCrosSs Species separated 500 million years, and 2)

traits of high economic value (eg, feed conversion, grovvththe observations that ‘rat” peptide S12-Ox can increase

. ; . - production of progeny in species as diverse as cattle,
rate, milk production) is common, providing ever lower chickens, mice, and turkeys. The mechanisms of action
cost protein for human consumption. Reproductive effec—emain u'nexplo,red but could be addressed with modern
tiveness declines. With chickens, Barbato (1999) foun olecular techniqu,es and lines of animal models known
that capability of rooster sperm to bind to the perivitellineto differ in function of the system. The narrow range of
membrane (assay 3) and subfertility had relatively higrbeneficial doses and inhibitory effects of the “human”
heritabilities (K ~0.32) and differed among lines. At least eptide S23-Ox on chicken sperm suggest structural fea-
1 cause of such subfertility can be overcome by exposurEJres of the UPSEBP system might lead to both profer-
of sperm to peptide 12-Ox (Figures 9-11). Current Statuﬁlity and antifertility peptides.
of genetic studies (Barbato et al, unpublished) leads to
the conclusion that “few” genes are involved. Future /S Peptide S-12 the Correct Sequence for UPSEBP?
studies need to probe for altered alleles or gene expre$¥hen these studies were performed, the amino acid se-
sion affecting 1) putative sperm membrane receptor foguence of chicken prosaposin was unknown, so we used
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the rat sequence as the template for peptide synthesis. binc!ing of .fresh and frozen-thawed human sperm exposed to a syn-
Conduct of similar studies using rat gametes and rat UP- thetic peptideJ Androl. 1999¢;20:655-660.

- - . . Azuma N, Seo H-C, @ystein L, Qiang FU, Gould RM, Hiraiwa M, Burt
SEBP would be difficult. Repetition of certain experi- DW, Paton IR, Morrices DR, O'Brien JS, Kishimoto Y. Cloning, ex-

_ments U_Sing peptides and antibodies based on the ChiCk_en pression and map assignment of chicken prosapBgiithem J1998;
intervening A-B sequence should be undertaken. This 330:321-327.

would minimize the uncertainty associated with our in-Bakst MR, Wishart G, Brillard JP. Oviductal sperm selection, transport,
ability to isolate an sufficient mass of bioactive UPSEBP_ and storage in poultryPoult Sci Rev1994;5:117-143.

from rooster sperm for sequencing. Baily R, Griswold MD. Clusterin in the male reproductive system: lo-

L . . calization and possible functioMol Cell Endocrinol.1999;151:17—
Substantial indirect evidence supports the conclusion 55

that UPSEBP is a fragment of prosaposin, essentially thgaitz M, Cardullo RA. On the number and rate of formation of sperm-
intervening A—B sequence. Central to this conclusion is zona bonds in the mousGamete Res1989;24:1-8.
that exposure of sperm to UPSEBP, synthetic peptide@afbato GF. Genetic architecture of growth curve parameters in chickens.

based on the intervening A-B sequence for rat prosapg: | "e°" Appl Geneticsl991;83:24-32, .
. . . h in B inCreasel%jarbato GF. Genetic relationships between selection for growth and re-
Sin, native rat prosaposin, or human saposin productive effectivenes®oult Sci.1999;78:444—-452.

in vitro sperm-egg binding, fertility, or both after Al. The parbato GF, Cramer PG, Hammerstedt RH. A practical in vitro sperm-
beneficial effect of UPSEBP in increasing sperm-egg egg binding assay that detects subfertile maBisl Reprod.1998;

binding was reduced by antibodies against rat prosaposin, 58:686-699.
human saposin B. or synthetic peptide S17 FinaIIy anBarbato GF, Wideman RF. Chicken hypotensive peptide: purification and

. . . . characterizationBiochem Biophys Res Com990;169:916—920.
tlbOdy against the Symhetlc rat peptlde sequence S17 IcEellin ME, Oyarzo JN, Hawkins HE, Zhang H, Smith RG, Forrest DW,
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. . . - . 54:1018-1024.
responding chicken A-B intervening sequence, given th uss EG. Cryopreservation of rooster spefoult Sci.1993;72:944—

the amino acid sequences are 64% identical. Although the gz,

amount of protein associated with the 7—10 kd band incancel AM, Chapman DA, Killian GJ. Osteopontin is the 55-kilodalton
Western blots is negligible, chromatographic isolation on fertility-associated protein in Holstein bull seminal plastBéol Re-

a C-18 column might provide sufficient material for mi-  prod.1997:57:1293-1301. _ _ _
crosequencing and final confirmation that UPSEBP is pri_CarduIIo RA. Characteristics of the sperm-zona interaction: key issues

ilv the A—B i . f . for identifying receptors for ZP3. In: Gagnon C, &the Male Gam-
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