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Summary: Acrosin, a sperm acrosomal! serine protease has been implicated in the
recognition, binding and penetration of the zona pellucida of the ovum. Biosynthesis of
acrosin was found to start in early round spermatids which are haploid germ cells. Here,
we report that acrosin gene transcription occurs as early as at day 19 of rat
spermatogenesis which contains diploid but not haploid spermatogenic cells.
Translational control of the acrosin gene may be due to cytoplasmic protein factors
which through RNA-bandshift experiments were found to bind to the 5'UTR of the
acrosin mRNA. In order to differentiate between diploid and haploid spermatogenic cells
at the molecular level, transcription of the protamine 2 gene during rat testicular
development was evaluated. Protamine 2 transcripts could be demonstrated for the first
time in 25-day-old testes which contain diploid as well as haploid spermatogenic cells.
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Spermatogenesis is a complex developmental process which involves amplification of
germinal stem cells, their differentiation into spermatocytes, meiotic division and finally
transformation into mature spermatozoa. Therefore, spermatogenesis provides an
interesting system for examining the regulation of gene expression during development
and differentiation. An important gene specifically expressed during mammalian
spermatogenesis is that for the serine protease acrosin (EC 3.4.21.10). Acrosin is stored
in the sperm acrosome as an enzymatically inactive zymogen, proacrosin and it is
released in the vicinity of the oocyte as a consequence of the acrosome reaction. In
different mammalian species, biosynthesis of the zymogen proacrosin was found to

start in early round spermatids (1) which are haploid spermatogenic cells. While during
mouse spermatogenesis proacrosin gene transcription is first observed in pachytene
spermatocytes (2,3), which are diploid spermatogenic cells, in rat, bull and boar
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proacrosin gene transcription is reported to first occur in haploid round spermatids (4,5).
We report here that at least in rat spermatogenesis the proacrosin gene is also diploid
expressed. Thus, in mouse and rat the proacrosin gene is under translational control.

We have recently demonstrated a delay between transcription and translation of a
proacrosin -CAT transgene containing only the 5'flanking region of rat proacrosin gene
(6). During spermatogenesis CAT mRNA first appears in pachytene spermatocytes but
with increasing abundance in postmeiotic round spermatids. While transcription of the
CAT gene occurs in diploid spermatogenic cells, translation only occurs in haploid
spermatids. This suggests translational control of CAT mRNA in transgenic mice, that
only contains the 5'untranslated region of proacrosin mRNA. In order to study the
mechanism involved in the translational regulation of the proacrosin gene, RNA-protein
mobility shift assays were performed with the 5'UTR of the rat proacrosin mRNA and
testicular cytoplasmic protein. A RNA-protein complex was found with cytoplasmic
proteins from testis, but not with proteins from other organs.

MATERIALS AND METHODS

RNA preparation and RNA-PCR: Testes of 10 to 60 days old rats and kidney, liver,
spleen and heart of adult rats were used for RNA isolation by RNaid kit from Dianova
(Hamburg, Germany). RNA was treated with DNase I and tested on a 2% agarose gel.
The components of PCR were tested for contaminants without added RNA template.
RNA-PCR was carried out by the rTth kit from Perkin Elmer Cetus (Vaterstetten,
Germany). 50-100 ng of total RNA was reverse transcribed (RT-PCR) into cDNA at
72°C for 10 min. The amplification profile involved 2 min at 95°C for 1 cycle, 1 min at
95°C and 1 min at 60°C each for 35 cycles and 7 min at 60°C for 1 cycle. For all
transcripts studied, the PCR products were found to be of the expected size. The identity
of the PCR products was confirmed by hybridization to rat proacrosin (7) and protamine
2 (8) cDNA probes.

RNA-protein mobility shift assay: S100 cytoplasmic extracts were pre] Qred from testis,
liver, kidney and spleen by the procedure of Dignam et al. (9). The ““P-labeled RNA
containing 590 nt upstream of AUG of rat proacrosin mRNA (7) were transcribed from
pSPT 19 plasmid with SP6 RNA polymerase using the protocol of the supplier
(Boehringer, Mannheim, FRG). In vitro transcribed RNA was heated at 95°C for 15 min
and cooled on ice. This produced uniform secondary structures in the RNA and yielded
one major band in the nondenaturing polyacrylamide gel. Radiolabeled RNA was
incubated with 80 ug of S100 cytoplasmic extracts from testis, liver, kidney or spleen,
respectively, in 10 mM Hepes/100 mM KCI1/10 mM EDTA in a volume of 25 ul for 20
min at 30°C. After addition of heparin (50 mg/ml) the samples were incubated again 10
min at 30°C. RNA-protein complexes were resolved in 6% nondenaturing LMP-
polyacrylamide geles run at 50 mA for about 4 hrs at 4°C. After electrophoresis the gels
were autoradiographed.

RESULTS AND DISCUSSION

Biosynthesis of proacrosin has been studied in spermatogenesis of various mammals and
was found to start in early round spermatids (1) which are haploid germ cells. cDNAs as
well as genomic clones have been characterized from mouse, rat, boar, bull and human
(3-5,7,10) and were used for in situ hybridization experiments with testes sections and
for Northern blot experiments with RNA of isolated germ cell fractions. In all species
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Fig. 1.

Schematic representation of oligonucleotide primers used for reverse transcription and
amplification of RNA (RT-PCR) for rat acrosin and protamine 2 genes. Solid bars represent the
coding sequences, thin lines represent introns or flanking regions. Numbers indicate the expected
size of the PCR-amplified fragments derived from cDNA templates. The acrosin primers were as
follows: Al = 5'-CGCA GGG TAT CCT GAA GGC AAG-3'; A2 = -GTTG CTG GGT TGT
AGG TGG GTG-3'. The protamine primers were: P1 = 5'-GGT TCG CTA CCG AAT GAG
GAG-3'; P2 = 5'-GCA TTT CCT GCA CCT GCA GCTC-3'.

Fig. 2.
RT-PCR analysis of acrosin and protamine 2 mRNAs in testes of rats at various ages. PCR
products were electrophoresed and transfered onto nitrocellulose filters. The blots were probed by

a rat acrosin cDNA and a human protamine 2 cDNA-fragment, respectively. k = RT-PCR with
RNA from kidney; ¢ = RNA without reverse transcription as control.

except in the mouse, hybridization results supported a transcription of the proacrosin
gene in haploid male germ cells (4,5). In mouse testis and germ cell fractions the first
expression of the proacrosin gene was found in pachytene spermatocytes (2,3) which are
diploid germ cells. Using the reverse trancribed PCR-method (RT-PCR) with testicular
RNA from rats 10 to 60 days old, it is shown here that during rat spermatogenesis the
proacrosin gene is also diploid expressed. As a control RT-PCR was also performed for
the rat protamin 2 gene which is known to be transcribed only in haploid germ cells
an (Fig. 1.

Figure 2 shows an autoradiogram of the resulting PCR products. The proacrosin mRNA
was first detected at postnatal day 19, the protamine 2 mRNA at postnatal day 25. At
these developmental stages late pachytene spermatocytes and early round spermatids,
respectively, first appear in the rat testis (12). These results clearly demonstrate that the
rat proacrosin gene is diploid expressed while the rat protamine 2 gene is haploid
expressed. Proacrosin and protamine 2 transcripts are both translated several days later
after gene expression. The proacrosin mRNA is stored for 5 days and translated in early
round spermatids while the protamine mRNA is translated in elongating spermatids one
week later (11). These results indicate that both, the proacrosin and the protamine genes
are under translational control.
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Fig. 3.

ormation of a specific RNA-protein complex between the 5'UTR of rat proacrosin mRNA and
mouse testicular cytoplasmic extract. S100 cytgplasmic extracts from testis (T), liver (L), kidney
(K) and spleen (S) were incubated with the 2<P-labeled in vitro transcribed RNA containing
5'UTR (590 nt upstream of AUG) of the rat proacrosin mRNA. A specific RNA-protein complex
(RPC) is detected only with the testicular extract. C = In vitro transcribed RNA without tissue

extract as control.

Many eukaryotic mRNAs contain regulatory elements that control their
posttranscriptional utilization. These regulatory elements often reside within the 5' and
3" untranslated regions (UTRs) of mRNAs and interact with specific cytoplasmic proteins
that modulate stability or translational competence of mRNAs. It has been suggested that
60-75 percent of testis mRNA may be subjected to translational control (13,14). Such
control has been clearly demonstrated for the mRNAs of protamines (15),
phosphoglycerate kinase 2 (14), mitochondrial capsule selenoprotein (16) and transition
proteins (16,17).

In the case of protamines Kwon and Hecht (15, 18) reported several binding motifs for
cytoplasmic proteins in the 3'UTR of the mRNA which regulate translation. Three of
these proteins, with molecular weights of 18, 48 and 52 kDa have been further
characterized. Three highly conserved cis-acting elements, Y,H and Z have been
analyzed in the 3'UTR of protamine 2. In round spermatids the phosphorylated 18 kDa
protein binds to a putative stem-loop structure formed by the Y and H elements and
represses the tranmslation in round spermatids. At a later stage of spermatid
differentiation, as a result of dephosphorylation, the 18 kDa protein no longer binds to
the mRNA and thus enables translation. In the proacrosin mRNA the respective binding
motifs and the proteins have not yet identified. However our results in mice which are
transgenic for a 2.3 kb 5'flanking region of rat proacrosin gene, the CAT reporter gene
and the SV40 polyadenylation signal demonstrated that proacrosin gene translational
control is maintained by sequences residing in the S'UTR (6). Although the proacrosin-
CAT fusion gene lacks the 3'UTR of the endogenous proacrosin gene, this transgene is
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translationally regulated in an identical manner as the endogenous mouse proacrosin
gene. Thus, the 5'UTR of proacrosin mRNA should contain a sequence for binding a
germ cell specific cytoplasmic protein which hinders translation in spermatocytes or
activates translation in spermatids. This assumption is supported by the results of our
experiments that in vitro transcribed RNA of the 590 nt S'UTR is able to bind
cytoplasmic proteins of the testis (Fig. 3). The proteins are restricted to germ cells. To
identify a consensus element in the 5'UTR of acrosin mRNA of different mammals, we
compared these regions and have found the motif CAGAGC to be highly conserved. A
similar motif (CAGUGC) was found in the 5'UTRs of ferritin and transferrin receptor
mRNA (19). It is suggested that this motif plays a role in the post-transcriptional
regulation of these genes. Computer modeling of the 5'UTR of acrosin mRNA has
indicated that this element may be involved in determination of RNA secondary structure
and recognition by the cytoplasmic proteins. Further detailed experiments are in
examination to clarify the function of this motif in the post-transcriptional regulation of
proacrosin mRNA.
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