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The mammalian epididymis is the site of expression and secretion of an abundant, tissue-specific, androgen-
regulated, selenium-independent, glutathione peroxidase isoenzyme (GPX5), which has been proposed to
play a role in protecting the membranes of spermatozoa from the damaging effects of lipid peroxidation and/
or preventing premature acrosome reaction. Using a combination of reverse transcription—-polymerase chain
reaction, Northern blot analysis and Western blotting, we now describe in detail the developmental expression
of GPX5 transcripts and protein in the rat epididymis and characterize the association of rat GPX5 with the
sperm plasma membrane.
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Introduction tissues (Roveret al., 1994). Interestingly, these same tissues

The membranes of mammalian spermatozoa are rich in polyuriave only low concentrations of GPX1 (Rovetial, 1992).
saturated fatty acids, making them particularly sensitive to thd he monomeric structure opens up the accessibility of the
deleterious effects of lipid peroxidation, which may result inactive site and this may account for the ability of GPX4 to
rapid and irreversible loss of motility and a low level of act on lipid peroxides within the lipid membrane. Although
fertilizing capacity (recently reviewed by Storey, 1997). A GPX4 lacks the charged residues implicated in binding GSH,
membrane that has sustained free radical-mediated lipi€bSH still appears to be the most efficient electron donor found
peroxidation will exhibit changes in membrane permeabilityto date (Ursiniet al, 1985). Recently, Godeast al (1997)
and altered transmembrane ionic gradients. The fluidity of théave proposed an additional role for GPX4 in the maturation
membrane is affected and lipid—protein interactions may b®f spermatozoavia the metabolism of hydroperoxides and
modified. Cleavage of the carbon bonds during the rounds dfperm thiol oxidation.

lipid peroxidation results in the formation of aldehydic products  Plasma glutathione peroxidase (GPX3) is a tetrameric glyco-
such as cytotoxic alkanals and alkenals as well as alkanes afgotein which is secreted into the plasma, milk and lung
cyclic endoperoxides. These in turn are toxic compound§Takahashet al, 1987; Avissaet al., 1994). Whilst primarily
which are capable of reacting with the amino and thiol groupst secreted protein, high concentrations are associated with the
of proteins, thereby disrupting normal functions and affectingcells of the placenta (Avissat al., 1994). GPX3 transcripts
cell viability. have also been detected in human (A.C.F.Perry and L.Hall,

Within the male reproductive tract, glutathione peroxidaseunpublished data) and mouse (Schwaab al, 1995)
(GPX) activity is proposed to play an important role in the epididymis. GPX3 is capable of reducing soluble phospholipid
inactivation of hydrogen peroxide and organic hydroperoxidesperoxides as well as hydrogen peroxide and alkyl hydro-
Glutathione peroxidase activity in mammalian cells is exhibitedperoxides (Yamamoto and Takahashi, 1993). It is unlikely that
by multiple isoenzymes, four of which are selenium-containingreduced glutathione is the physiological substrate used in view
enzymes. of its low concentration within the plasma. Bjornstet al.

The classical cellular GPX (GPX1) is a tetrameric protein(1994) have suggested two alternative electron donors for
which detoxifies both hydrogen peroxide and soluble organi¢sPX3: the thioredoxin and glutaredoxin systems. Both systems
hydroperoxides, using reduced glutathione (GSH) as reducingroved to be capable and efficient electron donors for plasma
equivalents. This enzyme plays a well-established, major rol&PX and both have a recycling pathway available within the
in the prevention of free radical/reactive oxygen species (RO)lasma environment.
damage within cells (Flohet al., 1973). Finally, gastrointestinal GPX (GPX2) is expressed in the

Phosphoalipid hydroperoxide glutathione peroxidase (GPX4Jiver, as well as the gastrointestinal tract (Akasakal., 1990;
is a monomeric, glutathione-dependent, cytosolic enzymeChuet al, 1993). GPX2 can utilize glutathione as its electron
capable of catalysing the reduction of phospholipid hydro-donor and within the intestinal tract there is reduced glutathione
peroxide, cholesterol hydroperoxide and linoleic acidavailable in millimolar concentrations, sufficient to ensure
hydroperoxide (Thomast al,, 1990). This enzyme is especially efficient catalysis.
abundant in the rat testis, reproductive tissues and endocrine Each of the above GPX isoenzymes possesses a seleno-
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cysteine residue at its active site, which acts via redoXGAT CCT AAG CTT ATA TGG TTT TGA ATT GAT T-3) were
reactions to bring about catalysis. The lower pK and highetsed to amplify the mature coding region of rat GPX5 by PCR,
nucleophilicity of selenium compared to sulphur make for ausing the corresponding clonfed, full-length cDNA as the t_emplate
more reactive redox centre. However, selenium-independefferryet al, 1992). The resulting PCR product was cloned into the
GPX isoenzymes have also been identified. These enzym@%AL-C2 expression vector (New England Biolabs, Beverly, MA,
share a high degree of sequence identity to the Selenium-SA)’ and expressed iischerichia coli The fusion protein was

taining i but | tei .daﬁinity-purified on an amylose—agarose resin column (New England
_con aning |soenzy_mes_, ut possess "’? ”Orm"’.‘ cystene resi B?olabs) and polyclonal antisera (designated J5 and J6) were raised
in place of the active site selenocysteine residue.

i TR in two New Zealand White rabbits, as described previously (Frayne
The first cloned cDNA for a selenocysteine-independentg; 5, 1998a).

secreted GPX was obtained using mouse epididymal RNA )

as template (Ghyselinck and Dufaure, 1990; Ghyselinclfacf"’ Xa pr_otease cleavage of the recombinant rat GPX5

et al, 1991). This androgen-regulated mRNA was localizedfUsion protein _ _

exclusively to the principal cells of the caput epididymis andPurified MBP-GPXS fusion protein (20-5@) was cleaved at room

a developmental profile revealed transcripts at 10 days posfemperature by incubation with Factor Xa protease (New England
partum, rising steadily in the run up to puberty (Fagteal,  B5i0/abs) in 20 mM Tris-HCI, pH 7.6, 100 mM NaCl, 2 mM CaCl

1991; Lefrancoiset al, 1993). As well as being present 1 mM sodium az_lde over a time course of 1-24 h._Products were
analysed by sodium dodecyl sulphate—polyacrylamide gel electro-

n the_ epididymal lumen, _Immunolocallzatlon Sn_ld'es haVephoresis (SDS—PAGE) and subsequent Western blot analysis as
established that mouse epididymal GPX (GPX5) is bound tQescribed below.

the head region of spermatozoa from the caput, corpus and
cauda epididymis, and on spermatozoa ejaculated into th#/estern blot analysis of rat GPX5
female and retrieved from the uterine horn (Vermttal., Rat tissue protein extracts (testis, caput and cauda epididymis,
1997). Recently, polyoma enhancer activator protein (PEA3)idney, liver and placenta) were prepared by homogenization of
a member of theEts oncogene family, has been proposed tolissues (=100 g) in 4 volumes of phosphate buffered-saline (PBS;
play a role in the tissue-specific regulation of mouse GPX5->4 MM NaCl, 1.9 mM NagPG,, 8.1 mM NaHPO,, pH 7.2)
expression (Drevest al., 1998). cc_>nta|n|_ng 1 mM 4-(2-am|noethyl)benzenesu_lphonyl_ fluond(_e (IC_:N
Full-length cDNA encoding the rat and macaqidataca Biomedicals Ltd, Thame, UK), followed by incubation on ice in
- ; - the same buffer containing 1% (v/v) Triton X-100 (Sigma Chemical
fascicularig orthologugs of mouse GPX5 were obtained byCOI, Poole, UK). Homogenates were then centrifuged at 10§00
Perryet al (1992). US|_ng these cloned cDNAs as probesl forgng supernatants stored at —20°C until required.
Northern blotting experiments, GPX5 transcripts were localized Rgt caput and cauda epididymidal spermatozoa were isolated as
exclusively to the epididymis in both the rat and macaquejescribed by Jone al. (1990) and used to prepare plasma membrane-
(Perry et al., 1992). Castration, and subsequent testosteronenriched fractions by detergent extraction with 1% (v/v) Triton X-
treatment of castrated rats, demonstrated the androgen dependé and vortex mixing (Jones, 1986). 1 mM 4-(2-aminoethyl)benzene-
ence of GPX5 transcript concentrations (Peetyal., 1992),  sulphonyl fluoride was included in the preparations.
in agreement with work done in the mouse (Ghyselinck and Deoxycholate sperm membrane extracts were prepared by mincing
Dufaure, 1990; Lefrancoist al., 1993). six rat epididymides (caput or cauda as appropriate) in PBS and
Mammalian GPX5 transcripts encode a protein with adispersing spermatozoa by gentle shaking. The supernatant was then

predicted relative molecular mass of ~24-25 kDa. Thesg€canted into a microcentrifuge tube, centrifuged at 13 g0or
transcripts lack the UGA codon that permits insertion Of10 min and the resulting supernatant (epididymidal plasma) retained

the selenocvsteine residue. instead using a normal UGf r analysis. The pellet after centrifugation was resuspended in
. y ’ 9 volumes of 0.4% (w/v) sodium deoxycholate in PBS containing
cysteine codon.

h L o 50 mM Tris, pH 8.3. Following re-centrifugation at 13 0@Ofor
Using a combination of reverse transcription—polymerase g min, the supernatant (sperm deoxycholate extract) was removed

chain reaction (RT-PCR), Northern blot analyses and Westergng stored at —20°C until required. Protein concentration was deter-
blotting, we now expand our preliminary studies on themined using the method of Bradford (1976).
developmental expression of GPX5 transcripts and protein in Proteins (10Qg/lane) were separated by SDS-PAGE under
the rat epididymis and further characterize the association gkducing conditions on 12% (w/v) polyacrylamide gels, and then
rat GPX5 with the sperm plasma membrane. electroblotted onto polyvinylidene difluoride membranes (PVDF,
PonScreeﬁM; NEN Life Science Products, Brussels, Belgium). Blots
were first probed with anti-rat GPX5 polyclonal antiserum for 1 h,
washed in PBS and then incubated with horseradish peroxidase
Animals (HRP)-conjugated swine anti-rabbit IgG (Dako Ltd, Bucks, UK) for
Adult male Wistar rats (250-300 g) were housed under controlled h. Detection of bound antibodies was achieved by enhanced
temperature (22°C) and light (14 h/day). Food and water werehemiluminescence (Amersham ECL Amersham International,
suppliedad libitum Animals were killed as directed by Schedule 1 Amersham, UK) and exposure of membranes to Hypeffim
of the Animals (Scientific Procedures) Act 1986 (UK). (Amersham). When required, the membranes were stripped by
boiling in 0.1 M HCI for 30 min prior to re-probing.

Materials and methods

Expression of a recombinant maltose binding protein

(MBP)-GPX5 fusion protein and generation of polyclonal Extraction of rat sperm peripheral membrane proteins by
antisera high salt or high pH

Synthetic oligonucleotide primers '€€TT GGA TCC GAA TTC Rat cauda spermatozoa were washed by gentle centrifugation (300
ATG ACC CCC AGG CTG GAA AAG AT-3 and B-CTG CAG g) in modified Biggers—Whitten—Whittingham medium (BWW;
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Aitken, 1983) to remove any epididymal fluid and were resuspended g £ @ E
at a concentration of 2107 spermatozoa/ml, in either 0.5 M KCl, g g é § ¥ 2
pH 7.4, or 0.1 M NaHCG pH 11.5. The spermatozoa were ] €5 £ 8 g 5
incubated at room temperature for 30 min, before being pelleted by E g E g 2 E’
centrifugation at 100@ for 10 min. Pellets were extracted with 1% §ES E E F2
(v/v) Nonidet P40 in PBS, pH 7.4, at 4°C for 45 min, centrifuged at 3 § 2 §- §-
100 000g for 1 h at4°C, and the supernatant was dialysed for 1 h 5 5 -§ g § 2 35 8
against 6.25 mM Tris—HCI, pH 7.4, containing 0.2% SDS. g‘ § 838 8 lﬁ g‘ E
kDa

Preparation of rat sperm smears and detection of GPX5 by 116 —=
indirect immunofluorescence g

. L - 66 —
Spermatozoa (from rat testis, caput or cauda epididymidis, or vas

. . : 45 —=
deferens) were separated from their surrounding fluid by repeated o
1 ml washes with PBS followed by low speed centrifugation at 00 ._ —
and resuspension of the pellet in PBS. Aliquotsu(p were placed 21— - .. ===0p%s
on a clean glass slide, smeared with the edge of a second slide anc 14 —
air-dried at room temperature.
Sperm smears were rehydrated in PBS before being blocked with

5% normal swine serum in PBS for 1 h at room temperature. B «pa
Following a 5 min wash in PBS, the smears were incubated with 116 —
anti-rat GPX5 polyclonal antiserum (diluted 1:200 in PBS) for 1 h 97 =
at room temperature. This was followed by three successive washes iR
in PBS followed by incubation with fluorescein isothiocyanate (FITC)- A5 —= -
conjugated anti-rabbit second antibody (diluted 1:50 in PBS) at room 31 — [ . - B
temperature for 1 h. After three further washes in PBS, sections were 21 —
mounted using fluorescent mountant (Dako Ltd, High Wycombe, UK)
and viewed under fluorescence light with a Leica microscope. 14 —
Northern blot analysis of rat GPX5 transcripts Figure 1. Western blot analysis of glutathione peroxidase

Adult rat epididymides were dissected into their distinct regionsihsoenzymet(GPX5) ig rat epictiidytmis adnd t%s_(tjis. Tilss?e 400
(proximal caput, distal caput, corpus, proximal cauda and dista omogenates, membrané exiracts and epididyma; plasmau
cauda) based on surface morphology, snap-frozen in liquid nitroge rotein/lane) were probed with eithekXan anti-GPX5 polyclonal

. i . ntiserum, orB) an anti extracellular superoxide dismutase (eSOD)
and storgd_ at —80 C_untll requwed. Total RNA was extracted frompolyclonal antiserum. DOG= sodium deoxycholate.
these epididymal regions using an SDS/proteinase K-based method

as described previously (Girotét al, 1992). RNA samples were
then fractionated on a 1.2% (w/v) agarose gel containing 50%Results

formaldehyde, blotted onto a HybofieN nylon filter and probed e . ] . .
with a 32P-labelled, rat GPX5 cloned cDNA (Pergt al., 1992) as Identification of GPX5 in rat epididymal protein

described by Perrgt al (1995). extracts by Western blotting
Polyclonal antisera (J5 and J6) raised in rabbits against a rat
Detection of rat GPX5 transcripts by RT-PCR GPX5 recombinant fusion protein (see Materials and methods)

Total rat epididymides were removed from juvenile rats at 13, 19/€acted well with the corresponding, bacterially-expressed,
23, 32 and 44 days post-partum, as well as from adult rats, and sna2PX5 fusion protein and detected the expected 24 kDa GPX5
frozen in liquid nitrogen. Total RNA was then extracted (Fraynecomponent following cleavage of the fusion protein with
et al, 1997) from 50—100 mg of tissue using TRIZaleagent (Gibco Factor Xa (data not shown). A band of 24 kDa was also
BRL, Paisley, UK). In addition, the TRIz6! organic phase, which detected by immune sera on Western blots (Figure 1A) of rat
contains extracted proteins, was retained for Western blot analysigpididymal tissue homogenates, rat caput and cauda
Single-stranded cDNA was synthesized from aliquots of the RNAgpididymidal plasma, rat caput and cauda sperm membrane
using oligo (dT), 1gas primer and Exparid reverse transcriptase preparations and a detergent (deoxycholate) extract of cauda

(Boehringer Mannheim, Lewes, UK). This cDNA was then used ingnermatozoa, suggesting the association of GPX5 with sperm
PCR reactions using rat GPX5-specific oligonucleotide primers (5 membranes, as well as its presence in epididymal fluids.
TTC CAG CGG ATG TCA TGG AC-3and 3-GCT ACC TAT TGT Corresponding pre-immune sera (pre-immunization bleeds

GGT CTG AC-3). PCR parameters were: 94°C for 1.5 min, cool to .
. : o : . . from the same animals) gave no detectable bands under the
58°C over 1.5 min, hold at 58°C for 2 min, 72°C for 2 min, for 30 " : A
same conditions. The purity of sperm membrane fractions and

cycles; using Expand High Fidelity PCR System (Boehringer - - .
Mannheim). Positive control reactions, using primers specific forthe specific association of GPX5 with these membranes was

glyceraldehyde-3-phosphate dehydrogenase (GAPDIGSA CGG further demonstrateq by probing a parallel bI_ot with a rat
GAA GCT CAC TGG CAT G-3 and 5-GTC CAC CAC CCT GTT  extracellular superoxide dismutase (eSOD) antiserum (Figure
GCT GTA G-3) were performed in order to confirm the integrity of 1B). As expected, no eSOD band was detected in the lanes

the synthesized cDNA and correct for differences in RNA, and henc€ontaining membrane fractions (eSOD is not membrane-
cDNA, yields between the different tissue samples. associated), only in the tissue homogenate and epididymidal
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8 5 0.5M KCl 0.1M HCO 4
K] =
a5
g £ 5 g
E & 5 s
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$ 325 8% 45 —
= 8 3
A kpa 888328 ¢
116 —
97 — 31 —
22 : po— - -— GPX5
21 —
31 —
- -— GPX5
21 — Figure 3. Release of glutathione peroxidase isoenzyme (GPX5)
from rat sperm membranes using high salt (0.5 M KCI, pH 7.4) or
high pH (0.1 M NaHCQ, pH 11.5) and then centrifuged as
14 described in the Materials and methods section. Membrane-bound
GPX5 (in the sperm pellet) and released GPX5 (in the supernatant)
were detected by Western blot analysis.
B kDa
45 — . . -
more recently in the pig (Okamuret al., 1997), where it is
31 — presumed to represent a peripheral membrane protein. There
is also a pool of free GPX5 in mouse epididymal fluid, as
2 . WDERe=ED W - rBP expected for an epididymal secreted protein.
Initial examination of rat GPX5 showed that extensive
1 — washes with PBS and/or BWW did not remove the protein

from the sperm surface, whereas incubation with 1% Nonidet

_ _ _ _ P-40 was effective in its removal (data not shown). However,
i":s'gg;ez %Zvﬁéﬁ;r‘s;’:gtrz?i‘ig’:feﬂoﬂlgggmg{‘:s p‘?’irsosxllj((jeaﬁgmogenate exposure of washed rat spermatozoa to high concentrations of
(caudayepididymidis, kidney, liver, placenta and testis) and cauda Salt (0.5 M KCI,‘ pH7.4) or high pH (0.1 M N&O,, pH 11.5)
epididymidal plasma (10Qg protein/lane) were probed with an both resulted in the removal of GPX5 from the membrane
anti-GPX5 polyclonal antiserumAj. The blot was then stripped (Figure 3), indicating a peripheral (rather than integral)
and re-probed using using an anti-phosphatidylethanolamine- membrane protein. Indeed the secretory nature of GPX5 and
binding-protein polyclonal antiserunB) to confirm the integrity of  the apsence of a candidate transmembrane domain would argue

the samples. against it being an integral membrane protein.

plasma samples (eSOD is secreted by the epididymis; sdeocalization of GPX5 on rat spermatozoa by indirect
Perryet al, 1993). immunofluorescence

In view of the range of GPX isoforms, it was important to The presence of GPX5 on rat spermatozoa, indicated by
establish the specificity of the GPX5 antisera. In particularWestern blot analysis, was confirmed by indirect immuno-
for meaningful experiments to be carried out on the expressiofiuorescence using the anti-GPX5 polyclonal antiserum. In
and localization of GPX5, potential cross-reactivity with the preliminary experiments, sperm smears were examined using
closely related plasma GPX3 isoenzyme had to be examinethis antiserum at various antiserum concentrations and the
Western blots were therefore carried out with protein extract®ptimum dilution was found to be 1:200. Subsequent sperm
from a range of rat tissues, some known to express higemears incubated with immune serum at this dilution, followed
concentrations of GPX3 (e.g. placenta), but no significanby FITC-conjugated second antibody, consistently produced a
cross-reaction was observed (see Figure 2A). To confirm equdistinct crescent-shaped area of fluorescence over the
lane loading and the integrity of the protein samples, theacrosomal region on the head of rat spermatozoa from the
Western blot was stripped and reprobed (Figure 2B) with arcaput (Figure 4B), corpus (data not shown), cauda (Figure
antiserum against constitutively expressed rat phosphatidyletC), and vas deferens (Figure 4D). In contrast, testicular
thanolamine binding protein (PBP; results not shown) (Fraynepermatozoa displayed no staining with anti-GPX5 immune

et al., 1998b), serum (Figure 4A), a finding which is consistent with the
L . epididymis being the sole site of GPX5 expression. Preimmune
Association of GPX5 with rat sperm membranes serum (taken from the same rabbit immediately prior to the

GPX5 protein has been localized to the sperm acrosomal cdpitial immunization) at the same 1:200 dilution gave a negative
in the mouse (Jimeneet al., 1990; Vernetet al., 1997) and result on all rat sperm smears (data not shown).
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Testis

Proximal caput
Distal caput
Corpus
Proximal cauda
Distal cauda
Total epididymis

- <— GPX5 mRNA

BRSee®e - ActnmRNA

Figure 4. Indirect immunofluorescence localization of glutathione
peroxidase isoenzyme (GPX5) on rat spermatozoa using an anti- Figure 5. Northern blot analysis of glutathione peroxidase

GPX5 polyclonal antiserumA() Testicular spermatozoaB) caput isoenzyme (GPXS5) transcripts in the rat epididymis. Total RNA
epididymidal spermatozoaCy cauda epididymidal spermatozoa,  samples (1Qug) isolated from different regions of the rat

(D) spermatozoa isolated from the vas deferens. Original epididymis, as well as testis, were probed with a rat GPX5 cloned
magnification: X 630. cDNA (A). The blot was subsequently stripped and re-probed with

an actin cDNA probeH) to confirm RNA integrity and

Similar findings have been reported in the mouse wher&PProximate equivalence of lane loading.
spermatozoa displayed a crescent-like pattern of immuno-
fluorescence characteristic of acrosomal staining, from th&NA from the corpus and caudal regions, but not in testis
mid caput epididymidis and throughout the remainder ofRNA. Expression of GPX5 in the human cauda epididymis
the reproductive tract (Jimenetal., 1990; Verneetal,, 1997). has also been observed using the highly sensitive technique

of RT-PCR (L.Hall and A.F.C.Perry, unpublished data),

Region-specific expression of GPX5 transcripts in the  athough the physiological relevance of such low levels, relative
rat epididymis to the caput region, is unclear.
Previous Northern blot analyses had demonstrated the presenceThe blot was subsequently stripped and re-hybridized with
of GPX5 transcripts in the epididymis of the rat (Peetyal, = a mouse actin cDNA probe (Humphrietal., 1981) to confirm
1992), macaque (Perrgt al., 1992) and mouse (Ghyselinck the integrity of all RNA samples and to check for approximate
et al, 1990; Faureet al, 1991). In the mouse, GPX5 mRNA equivalence of lane loading (Figure 5B).
and protein expression was restricted to the caput epididymidal
region (Ghyselinclet al., 1990; Faureet al., 1991). Developmental expression of GPX5 in the rat

In order to carry out a more detailed investigation in the€Pididymis
rat, total RNA from the proximal caput, distal caput, corpusTotal RNA was isolated from rat epididymides removed from
and cauda regions of adult rat epididymides were subjected foivenile rats at 13, 19, 23, 32 and 44 days post-partum, as
Northern blot analysis and probed with a rat GPX5 clonedwell as from adult rats. RT-PCR reactions carried out using
cDNA insert (Perryet al., 1992). rat GPX5-specific oligonucleotides amplified a PCR product

After autoradiography for 8 h (Figure 5A), rat GPX5 of the predicted size (338 bp) with cDNA samples obtained
transcripts of the expected size (1.8 kb; see Petmgl., 1992) from 32 day and 44 day rat epididymal RNA (Figure 6A).
were readily detected in total RNA from caput epididymis andPositive control reactions, using primers specific for GAPDH,
total epididymis. A similar high level of GPX5 expression in were performed in order to confirm the integrity of the
the rat caput region was also reported by Zini and Schlegedynthesized cDNA and correct for differences in RNA, and
(1997). Much longer exposure of the blot (72 h) in the presenhence cDNA, yields between the different tissue samples (see
study (data not shown) resulted in a faint band appearing witfrigure 6B).
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A Days post-partum B Days post-partum
13 19 23 32 44 13 19 23 32 44

- 338bp
GPX5 . 186bp
GAPDH
C Days post-partum D Days post-partum
kDa 13 19 23 32 44 kDa 13 19 23 32 44
4 —_—
? 45 —
21—~ 14 —
14 —

Figure 6. Developmental expression of glutathione peroxidase isoenzyme (GPX5) in the rat epididy)riReverse transcription—
polymerase chain reaction (RT-PCR) amplification of GPX5 transcripts using total epididymal RNA obtained from rats of different ages
(13, 19, 23, 32 and 44 days post-partunB) RT-PCR amplification using primers specific to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) to confirm RNA integrity and comparable gel loadin@) Western blot analysis of epididymal homogenates from rats of
different ages, probed with anti-GPX5 polyclonal antiserud). \(Vestern blot analysis of epididymal homogenates probed using an anti-
phosphatidylethanolamine-binding-protein (anti-PBP) polyclonal antiserum to confirm equal protein loading.

The TRIzol" method of tissue extraction results in the peroxide and/or singlet oxygen. If unchecked, this hydrogen
retention of protein and DNA in the organic phase with RNA peroxide can diffuse across the membranes where it can
partitioning into the aqueous phase. As a result, the proteimactivate some of the enzymes responsible for energy produc-
constituents can be recovered from the same sample used fion. In addition, singlet oxygen at the membrane surface has
RNA preparation. Consequently, approximately equal quantisufficient power to induce lipid peroxidation which may result
ties of protein from each pre-pubertal rat epididymal samplén motility loss and a concomitant reduction in fertilizing
used in the preceding RT-PCR study were resolved by SDSeapacity.

PAGE. The protein was then transferred to a PVDF membrane Glutathione appears to be an important antioxidant in
and GPXS5 detected using the anti-GPX5 polyclonal antiseruncontrolling ROS in the epididymis; it is present in high

Rat GPX5 protein was not detected until day 44 post-partungoncentrations in the lumen of the epididymis and increases
(Figure 6C), corresponding to the time just prior to pubertyas the epididymis is traversed. It has free radical scavenging
when the first spermatozoa enter the epididymis. Any apparerroperties in its own right but often works as part of a
delay between the appearance of transcript (clearly visible &6PX system. Two extracellular GPX isoenzymes have been
day 32) and appearance of the corresponding protein (betweddentified within the epididymis; an epididymis-specific,
day 32 and day 44) is likely to be emphasized by the veryselenium-independent GPX (GPX5) and plasma GPX (GPX3),
high sensitivity of PCR as a detection method compared t®oth of which may potentially play a role in removing
Western blotting. hydrogen peroxide from epididymal fluid. However, whilst the

The Western blot was subsequently stripped and reprobe@gssociation of GPX5 with the sperm membrane is ideally
with an antiserum against constitutively expressed rat PBBuited to capturing any hydrogen peroxide traversing the
(Frayneet al., 1998b), to confirm equal lane loading (Figure membrane from the epididymal fluid, recent studies on the
6D). purified porcine enzyme suggest that GPX5 has very little
activity towards hydrogen peroxide or organic hydroperoxides
. . in vitro (Okamuraet al., 1997). Instead, these authors propose
Discussion that GPX5, bound to the sperm acrosomal region, may play a
Spermatozoa possess defensive mechanisms to prevent R@e in preventing premature acrosome reaction by binding to
damage. Depending on the species, their cytoplasm majpid peroxides which might otherwise interact with phospho-
contain SOD, GPX/GRD and catalase to counteract internalljipase A2 and induce the acrosome reaction while spermatozoa
generated ROS. In rabbit spermatozoa, superoxide anion prare stored within the epididymis.
duction and SOD activity are closely matched (Hollatdil., The expression of rat and mouse GPX5 have been shown
1982); this is essential, as rabbit spermatozoa apparently latk be under tight androgen control (Ghyselinekal,, 1991;
intracellular GPX and catalase. Mice and humans, on the othd?erry et al., 1992; Lefrancoist al., 1993), resulting in total
hand, produce excess superoxide anion, saturating the SABss of the transcript after castration and almost complete
and necessitating the GPX1/GDP activity (Storey, 1997).  restoration of pre-castration transcript concentrations after

Extracellular superoxide anion can dismutate to hydrogemsubsequent testosterone treatment. Analysis of the mouse
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GPX5 genomic sequence and its flanking regions reveﬁ'os*ﬁéka ;‘;’;ﬂ%@é’\’ég-lif&d3scho302k'1”3-4“- (1973) Glutathione peroxidase: a
multiple pUta_tIV? and_rOgen response elgments, as well ayne, J., Jury, J.A., Barker, H.L. and Hall, L. (1997) Rat MDC family of
consensus binding sites for the transcription factor PEA-3 proteins: Sequence analysis, tissue distribution, and expression in

(Ghyselincket al., 1993). prepubertal and adult rat testigol. Reprod Dev, 48, 159-167.

Since epididymal GPX5 associates with spermatozoa it§rayne. J.. Jury, J.A., Barker, H.kt al. (1998a) Macaque MDC family of
. . L. . proteins; sequence analysis, tissue distribution and processing in the male
expression might be expected to coincide with the release of (eproductive tractMol. Hum Reprod, 4, 429-437.

spermatozoa into the epididymis. In the rat, we report hererayne, J., McMillen, A., Love, S. and Hall, L. (1998b) Expression of
that GPX5 transcripts are readily detected at day 32 post- phosphatidylethanolamine-binding protein in the male reproductive tract:

Immunolocalisation and expression in prepubertal and adult rat testes and
partum and thereafter through to the adult, although GPX5 epididymidesMol. Reprod Dev, 49, 454-460.

protein is not clearly detectable until some time after 32ghyselinck, N.B. and Dufaure, J.P. (1990) A mouse cDNA sequence for
days post-partum; expression being predominantly confined to epididymal androgen regulated protein related to glutathione peroxidase.
the proximal caput epididymis. Spermatogenesis begins in theh’\‘:(g:'i rﬁ:(lildsN Féesjri;le‘;“-c and Dufaure, 3.7, (1991) Sequence homolo
juvenile rat testis ~5 days post-partum, but spermatozoa ar%gf andro’geﬁ-r”elated epi’did.ymal proteins’ WitH glutathioncé peroxidase irg1]y
not detected within the epididymis until ~44 days. Hence, mice.J. Reprod Fertil., 93, 461-466.

within the developing epididymis, GPX5 protein is not detect-Ghyselinck, N.B., Dufaure, I, Rigaudiere, Net al (1993) Structural

able until about the time the first wave of spermatozoa enter organisation and regulation of the gene for the androgen-dependent
glutathione peroxidase-like protein specific to the mota. Endocrinol,

the epididymis. 7, 258-272.
In the mouse, GPX5 transcripts were first detectable at 1@irotti, M., Jones, R., Emery, D.@t al. (1992) Structure and expression of
days post-partum (Lefrancoit al, 1993) with protein syn- the rat epididymal secretory protein | gefddochem J., 281, 203-210.

; ; ; : «=odeas, C., Tramer, F., Micali, €t al. (1997) Distribution and possible novel
thesis being delayed until day 20. Detection of secreted protelﬁ role of phospholipid hydroperoxide glutathione peroxidase in rat epididymal

was further delayed until spermatozoa reached the mouse spermatozoaBiol. Reprod, 57, 1502—1508.

epididymis at day 30 post-partum (Lefrancas al, 1993).  Holland, M.K., Alvarez, J.G. and Storey, B.T. (1982) Production of superoxide

Consequently, in both the rat and the mouse, GPX5 transcripts and activity of superoxide dismutase in rabbit epididymal spermatozoa.
. . . . Biol. Reprod, 27, 1109-1118.

Were,read"y det_eCtable at earlier “m‘?s ,than the Corre_Spond'qgumphries, S.E., Whittall, R., Minty, Aet al. (1981) There are approximately

protein, suggesting that post-transcriptional mechanisms may twenty actin genes in the human genomecl. Acids Res 9, 4895-4908.

play an important role in regulating the expression and condimenez, C., Ghyselinck, N.B., Depeiges, A. and Dufaure, J.P. (1990)

; ; ; Immunochemical localisation and association with spermatozoa of androgen
centration of this protective enzyme. regulated proteins of Mr 24000 secreted by mouse epididyBiis. Cell.,
68, 171-174.
Jones, R. (1986) Preparation of a plasma membrane-rich fraction from rat
ACknOWIEdgements spermatozoal. Reprod Fertil., 77, 435-449.
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