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Gametogenesis 1s a complicated developmental process
of germ cells from primordial diploid cells into
haploid gametes. To understand the mechanisms
controlling gametogenesis, we characterized the



function of germ cell specific gene, Cphx and Gcse,
in mouse chromosome 14A3. Cphx gene is a maternal
homeobox gene specifically expressed in oocytes. We
generate the Cphx-dsRNAi transgenic mice to study the
function of Cphx gene. Both male and female
transgenic mice were fertile. However, the female
transgenic mice have fewer fetus in the first
pregnancy and lost their fertility after 6 month old.
The morphology of transgenic ovary and follicule was
abnormal and the oocyte numbers in transgenic ovaries
were fewer than those in nontransgenic ovary. We
suggest that decrease Cphx expression cause premature
ovarian failure. On the other hand, we study the
function(s) of Cphx in early embryonic development by
direct microinjection of Cphx dsRNA in germinal
vesicle oocytes and 2 pronucleus embryos. The ratio
of GV oocyte progress into meiosis was decrease and
2PN embryo only develop to morula but not blastocyte.
On the other hand, we identified a novel germ cell-
specific gene, Gcse. Gese produces two major
transcripts with 1589bp (Gese-1) and 906bp (Gese-s)
in length. Northern blots and RT-PCR analyses of
multiple tissues reveal that Gcse-1 is expressed in
both testes and ovaries, but Gcse-s only expressed in
testes. During female gonad development, Gcse-1 is
expressed from embryonic day 13.5 to adult, specific
in oocytes, and then maintained in ovulated eggs and
fertilized eggs. However, Gcse-s signals were only
detected in postmeiosis oocytes, ovulated oocytes and
fertilized eggs. During male gonad development,
strong Gcse-1 signals are detected in late pachytene
spermatocytes and round spermatids. However, Gcse-s
transcripts are existed only in round spermatids.
Furthermore, GCSE-L proteins’ expressions and their
subcellular localizations within cells are stage
specific. GCSE-L is detected in the nucleus of late
pachytene spermatocytes. During meiosis, GCSE-L is
translocated to acrosome regions in spermatids and
maintained in acrosome of spermatozoa. GCSE-L co-
localizes with ACROSIN and Lectin peanut agglutinin
in the Golgi apparatus. However, GCSE-S proteins are
only expressed in nucleus of spermatid. From these



results, we suggest that GCSE proteins play roles in
meiosis and may involve in acrosome biogenesis during

spermiogenesis.

#~ M4t ¢ maternal gene, homeobox gene, meiosis, oogenesis,
spermatogenesis, acrosome
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Abstract:

Gametogenesis is a complicated developmental process of germ cells from primordial
diploid cells into haploid gametes. To understand the mechanisms controlling gametogenesis,
we characterized the function of germ cell specific gene, Cphx and Gcse, in mouse
chromosome 14A3. Cphx gene is a maternal homeobox gene specifically expressed in oocytes.
We generate the Cphx-dsRNAI transgenic mice to study the function of Cphx gene. Both
male and female transgenic mice were fertile. However,the female transgenic mice have
fewer fetus in the first pregnancy and lost their fertility after 6 month old. The morphology of
transgenic ovary and follicule was abnormal and the oocyte numbers in transgenic ovaries
were fewer than those in nontransgenic ovary. We suggest that decrease Cphx expression
cause premature ovarian failure. On the other hand, we study the function(s) of Cphx in early
embryonic development by direct microinjection of Cphx dsRNA in germinal vesicle oocytes
and 2 pronucleus embryos. The ratio of GV oocyte progress into meiosis was decrease and
2PN embryo only develop to morula but not blastocyte. On the other hand, we identified a
novel germ cell-specific gene, Gese. Gese produces two major transcripts with 1589bp
(Gese-l) and 906bp (Gcese-s) in length. Northern blots and RT-PCR analyses of multiple
tissues reveal that Gese-l is expressed in both testes and ovaries, but Gese-s only expressed in
testes. During female gonad development, Gese-l is expressed from embryonic day 13.5 to
adult, specific in oocytes, and then maintained in ovulated eggs and fertilized eggs. However,
Gcse-s signals were only detected in postmeiosis oocytes, ovulated oocytes and fertilized eggs.
During male gonad development, strong Gese-l signals are detected in late pachytene
spermatocytes and round spermatids. However, Gese-s transcripts are existed only in round
spermatids. Furthermore, GCSE-L proteins’ expressions and their subcellular localizations
within cells are stage specific. GCSE-L is detected in the nucleus of late pachytene
spermatocytes. During meiosis, GCSE-L is translocated to acrosome regions in spermatids
and maintained in acrosome of spermatozoa. GCSE-L co-localizes with ACROSIN and Lectin
peanut agglutinin in the Golgi apparatus. However, GCSE-S proteins are only expressed in
nucleus of spermatid. From these results, we suggest that GCSE proteins play roles in meiosis
and may involve in acrosome biogenesis during spermiogenesis.

Keyword: maternal gene, homeobox gene, meiosis, oogenesis, spermatogenesis, acrosome
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Figure 1 Expression profiles of Gecse-/ and Gese-s transcripts and proteins. (A) The
expression levels of Gese-l and Gese-s transcripts in adult mouse tissues were
analyzed by RT-PCRs. Expression level of Actin was used as an internal control. (B)
Northern blot analysis of Gcse-/ and Gcese-s in testis of postnatal 21 and 35 days.
Total RNAs were separated by electrophoresis and 400bp (5214-S614) DNA was used
as a probe to detected both Gcse-/ and Gese-s transcripts. 28S and 18S rRNA was
used as loading control. (C) The expressions of GCSE-L and GCSE-S proteins in
different tissues were detected by Western blotting. Expression level of Actin was
used as an internal control. GC2 (4N+2N): spermatocyte; GC2 (1N): spermatid.

Gcse-Fig.2
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Figure 2 Analysis of expression levels and profiles of Gecse-/ during female gonad and
early embryo developments by RT-PCRs. The expression level and profiles of Gcse-/
was analyzed by RT-PCRs. (A). Total RNAs were extracted from ovaries from different
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embryonic days (E13.5 to E17.5), newborn mice (NB), and mice at different postnatal
days (3d to 56d). (B) Total RNAs were extracted from ovaries (1), cumulus cells (2),
CHO-K1 cells (3), 100 oocytes (4), 100 zygotes (5), 50 2-cell embryos (6), and testes
(7). Expression levels of Actin were used as internal controls. The PCRs for oocytes,
zygotes and 2-cell embryos were performed 35 cycles, but for other tissues and cells
were 30 cycles.

Gcese-Fig.3
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Figure 3 Identifying Gcse-/ transcripts and GCSE-L proteins in ovaries by in situ
hybridizations and immunohistochemistry. (A) Localizations of Gcse-/ transcripts
were analyzed in postnatal days 14 and adult ovaries. Adjacent sections were labeled
with digoxigenin-labeled anti-sense (A and B) and sense probes (C). (B) GCSE-L
proteins in postnatal day 14 and adult ovaries was probed with affinity purified
GCSE-polyclonal antibodies (D and E) and normal rabbit 1gG (F), respectively. GCSE
proteins are barely detectable in oocytes of primordial (Pr) follicles, but specifically
expressed in primary (P), secondary (S), and antral follicles (AnF) as indicated.

Gcse-Fig.4
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Figure 4 Analysis of expression levels and profiles of Gecse-/ and Gese-s during male
gonad development and testis-related cell lines. The expression levels and profiles of
Gcese-l and Gese-s were analyzed by RT-PCRs. (A) Total RNAs were extracted from
testis from postnatal day (P7 to P56) mice. (B) Total RNAs were extracted from testes
of wild type or C-kit”" mice, spermatogonia (GC1), Leydig (TM3) and Sertoli (TM4) cell
lines. (C) Total RNAs were extracted from different DNA content GC2 cells collected
by flow cytometry. GC2 (4N+2N): spermatocyte; GC2 (1N): spermatid. Spata9 *® and
Cypt4 >’ are specifically expressed in spermatocyte and spermatid, respectively.

Gcse-Fig.5
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Figure 5 Analyses of Gcse-I and Gese-s expressions in adult mouse testes. Adjacent
sections of mouse testis were labeled with digoxigenin-labeled anti-sense and sense
probes for Gese-I (A) or Gese-s (B). The stage of spermatogenesis is indicated above
each seminiferous tubule. (C) Schematic presentation of 12 stages in the mouse
seminiferous epithelial cycle *8 The thick line and dot line underline the cell types
indicated the corresponding expression cell type of Gecse-/ and Gcese-s. Abbreviations:
In, intermediate spermatogonia; B, type B spermatogonia; Pl, preleptotene
spermatocytes; L, leptotene spermatocytes; Z, zygotene spermatocytes; P,

pachytene spermatocytes; D, diplotene spermatocytes; 2°, secondary spermatocytes;
Spd, spermatid. Scale bar: 50um.



Gcse-Fig. 6

(A) Germ cells
DAPI GCSE  Lectin-PNA  Merge

Diplotene
spermatocyte

Stage6
spermatid

Stage 11
spermatid

-

Spermatozoa

20um

(B) GC2

ACROSIN

20pm

Figure 6 Changes of localizations of GCSE proteins during spermatogenesis by
immunofluorescence analysis. Analysis of GCSE expressions in isolated male germ
cells (A) and GC2 spermatid cells (B). (A) Dual immunofluorescent microscopy of
GCSE and Lectin-PNA in germ cells isolated from testis and epididymis. Cell nuclei
were stained with DAPI. Image of three panels were merged. (B) Analysis of GCSE
expressions in isolated 1N GC2 cells by confocal microscope. Co-localizations of GCSE
and ACROSIN were identified in the Golgi of 1N GC2 cells.



Gese-Fig. 7
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Figure 7 Subcellular localizations of GCSE-L and GCSE-S proteins. (A) GCSE-L and
GCSE-S protein expressions in GC2 cells were analyzed by Western blotting of nucleus
and cytoplasmic proteins. B-tubulin was used as cytoplasmic marker. (B) GCSE-L-EGFP
or GCSE-S-EGFP expression vectors were transfected into GC2 cells and EGFP signals
were detected by fluorescence microscope, respectively.
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