DAZAP1, an hnRNP protein, is required for normal
growth and spermatogenesis in mice
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ABSTRACT

DAZAP1 (Deleted in Azoospermia Associated Protein 1) is a ubiquitous hnRNP protein that is expressed most abundantly in the
testis. Its ability to shuttle between the nucleus and the cytoplasm and its exclusion from the transcriptionally inactive XY body
in pachytene spermatocytes implicate it in mRNA transcription and transport. We generated Dazap1 mutant alleles to study the
role of DAZAP1 in mouse development. Most mice homozygous for the null allele as well as a hypomorphic Fn allele died soon
after birth. The few Dazap1™"" mice that survived could nonetheless live for more than a year. They appeared and behaved
normally but were much smaller in size compared to their wild-type and heterozygous littermates. Both male and female
Dazap1™*" mice were sterile. Males had small testes, and the seminiferous tubules were atrophic with increased numbers
of apoptotic cells. The tubules contained many germ cells, including pachytene spermatocytes with visible XY-bodies and
diplotene spermatocytes, but no post-meiotic cells. FACS analyses confirmed the absence of haploid germ cells, indicating
spermatogenesis arrested right before the meiotic division. Female Dazap1"™"" mice had small ovaries that contained normal-
appearing follicles, yet their pregnancy produced no progeny due to failure in embryonic development. The phenotypes of
Dazap1 mutant mice indicate that DAZAP1 is not only essential for spermatogenesis, but also required for the normal growth
and development of mice.
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INTRODUCTION protein (Tsui et al. 2000; Kurihara et al. 2004). It was
initially isolated through its interaction with the germ-cell-
specific RNA-binding protein Deleted in Azoospermia
(DAZ) encoded by a region of the Y-chromosome that is
frequently deleted in azoospermic men (Tsui et al. 2000).
DAZAP1 also has two RBDs at its N-terminal portion.
However, its C-terminal portion is rich in proline instead
of glycine. It is expressed must abundantly in the testis and
to a lesser degree in other tissues (Tsui et al. 2000; Dai et al.
2001; Pan et al. 2005). In somatic cells, DAZAPI is present
mainly in the nucleus, and its association with the hnRNP
particles makes it a bona fide hnRNP protein (Lin and Yen
2006). In mouse testes, DAZAP1 shows a dynamic distri-
bution during spermatogenesis. It appears abundantly in
the nuclei of midpachytene spermatocytes, remains in the
nuclei of round spermatids, and relocates to the cytoplasm
during spermatid elongation (Vera et al. 2002).

Heterogeneous nuclear ribonuclear proteins (hnRNP pro-
teins) are a group of nuclear proteins that bind to newly
synthesized RNA transcripts and participate in their pro-
cess and export (Dreyfuss et al. 1993). Several of them,
including hnRNP Al and hnRNP A2, have a general
structure of 2xRBD-Gly, with two RNP-type RNA-binding
domains (RBDs) near the N terminus and a glycine-rich
domain near the C terminus. HnRNP Al, one of the most
extensively studied, has been shown to shuttle between the
nucleus and cytoplasm and play major roles in mRNA
splicing, export, and translation (Mayeda and Krainer 1992;
Mili et al. 2001; Bonnal et al. 2005). DAZ associated protein
1 (DAZAP1), also known as proline-rich RNA-binding
protein (PRRP), is a more recently identified hnRNP
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by its specific exclusion from the transcriptionally inert XY
body in the nuclei of pachytene spermatocytes, and the
requirement of active transcription for its nuclear localiza-
tion (Vera et al. 2002; Lin and Yen 2006). Its ability to
shuttle between the nucleus and the cytoplasm supports its
role in mRNA transport (Lin and Yen 2006). In addition,
DAZAP1’s ortholog in Xenopus, Prrp, has been shown to
bind to a localization element in the 3’-untranslated region
(3'-UTR) of the Vgl mRNA that is essential for proper
movement of the Vgl mRNA to the vegetal cortex of
mature oocytes (Zhao et al. 2001). However, DAZAP1 does
not appear to participate directly in mRNA translation
since, when in the cytoplasm, it is not associated with
polyribosomes (Dai et al. 2001). DAZAPI1 binds in vitro
to RNA molecules containing two conserved elements,
AAUAG and GU,_3AG, but its natural RNA substrates
have not been identified (Hori et al. 2005). A recent study
found that DAZAP1 bound to the T6 mutation of BRCAI
exon 18 mutant and inhibited its splicing (Goina et al.
2008). A possible role of DAZAP1 in cell proliferation is
suggested by its involvement in a t(1;19)(q23;p13) trans-
location in a pre-B acute lymphoblastic leukemia (Yuki
et al. 2004; Prima et al. 2005). The translocation fused
DAZAPI with the MEF2D oncogene and produced a
MEF2D/DAZAP1 fusion protein that was a much more
potent transcription activator than MEF2D itself and had
the ability to promote the growth of HeLa cells when
introduced into the cells.

Here we report the generation and characterization of
Dazapl mutant mice, with a focus on reproductive defects.
We found that deficiency in DAZAP1 causes perinatal
lethality, and the survivors had growth retardation in
addition to reproductive defects, indicating a global role
of DAZAP1 in mouse development.

RESULTS

Generation of Dazap7 mutant alleles

The mouse Dazapl gene on chromosome 10 spans ~23 kb
and consists of 12 exons, with the start and stop codons
residing in exons 1 and 12, respectively. We used homol-
ogous recombination in ES cells and subsequent breeding
to generate three mutant alleles, targeting exons 2—4, which
encode the first RBD (Fig. 1A). Deletion of exons 2—4 also
causes frameshift of the coding region. A single embryonic
stem (ES) cell line (#115) was identified that carried the
floxed with Neo (Fn) allele containing three loxP sites and a
neo gene inserted in intron 4 in the antisense direction.
Subsequent expression of cre recombinase in #115 ES cells
and in the testes of Dazapl*™ mice generated the floxed
(F) allele that contain two loxP sites flanking exons 2—4,
and the null (—) allele that lacks exons 2—4, respectively.
The presence of the various alleles in ES cells and in mice
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FIGURE 1. Generation of Dazapl mutant alleles. (A) Structure of the
mouse Dazapl gene and the scheme to generate the various mutant
alleles. The restriction sites are (B) BamHI, (N) Notl, (R) EcoRI, (RV)
EcoRV, (Sm) Smal, and (X) Xhol. The loxP sites are depicted as close
triangles. (B) Genotyping by Southern hybridization. Genomic DNAs
from mice with the various genotypes were digested with BamHI and
blotted with a probe from intron 7, indicated in A. The 20-, 9.5-, and
7.6-kb fragments are from the +, Fn, and F/null alleles, respectively.
(C) PCR analyses of the DazapI alleles. Mouse tail DNA samples were
assayed for the presence of loxP-a, loxP-b, and loxP-c using primers
flanking the sites as indicated in A. (*) The heteroduplex in the PCR
reaction of the loxP-a site.

was verified by Southern blotting (Fig. 1B) and by PCR
amplification across the different loxP sites (Fig. 1C).

Expression of an aberrant DAZAP1 protein
from the Fn allele

Dazapl has two major transcripts, 2.4 and 1.8 kb, that
encode a protein of 405 amino acid residues (Dai et al.
2001). Northern analyses of testis RNAs showed that while
Dazap1™" mice had the same transcripts as the wild-type
mice, mice with the Fn allele expressed a longer transcript
at 2.9 kb (Fig. 2A). Western blotting of testis extracts using
an antibody that recognizes the C terminus of DAZAPI
detected a faint 64-kDa protein in mice carrying the Fn
allele, the 45-kDa DAZAP1 in the Dazap1™F and wild-type
mice, and no DAZAPI in the Dazapl '~ mice (Fig. 2B).
Further RT-PCR amplification of Dazapl™*" testis RNA
using primers from exons 4 and 6 (Fig. 2C) produced a
700-base-pair (bp) fragment instead of the normal 210-bp
fragment (Fig. 2D). Sequencing of the aberrant PCR
fragment showed that it contained an extra 498-bp segment
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FIGURE 2. Expression of an extra exon from the Dazapl Fn allele.
(A) Northern analyses of total testis RNAs using Dazapl ¢cDNA as a
probe. (B) Western blots of testis extracts using an anti- DAZAP1
antibody. (C) The location of exon X within the Dazapl gene. (D)
RT-PCR analyses of testis RNAs using primers from exons 4 and 6 as
indicated in C. (E) The structure of exon X. It is flanked by the splice
donor and acceptor sequences.

originating from the antisense strand of the neo gene that
was flanked by the splicing consensus sequences (Fig. 2E).
The inclusion of the extra exon (Exon X) maintained the
reading frame of the transcript but added a 166-amino acid
segment to the DAZAP1-Fn protein between the two
RBDs. Thus, of the three Dazapl mutant alleles we
generated, the F allele expressed the
wild-type DAZAP1, the null allele pro-
duced no DAZAP1, and the Fn allele

wild-type, heterozygous, and homozygous mice were
0.95:2.0:0.16 and 1.0:2.0:0.10 for crosses between
Dazap1*'™" heterozygotes and between Dazapl™ ™ hetero-
zygotes, respectively. Subsequent genotyping at earlier ages
showed that most of the pups that died within the first few
days of life were homozygotes. Further genotyping of
embryonic day 19.5 (E19.5) embryos of crosses between
Dazap1*'™ heterozygotes also showed an under-represen-
tation of the homozygotes (with a ratio of 1.12:2.0:0.35),
although to a lesser degree (Table 2). The E19.5 Dazap1®™
" embryos had normal appearance (data not shown) but
weighed slightly less than their littermates (Table 2). The
number of homozygotes at E13.5/E14.5 was not signifi-
cantly different from that expected from Mendelian inher-
itance, suggesting that embryo lethality occurs mainly at
later stages of fetal development. However, fibroblast cell
lines established from E13.5/E14.5 Dazapl™™*" embryos
already showed poor growth in culture (Fig. 3A), indicating
intrinsic defects in cell proliferation in the absence of
normal DAZAP1.

The Dazapl™ homozygotes appeared and behaved
normally. In contrast, many Dazap1™™"" homozygotes died
within the first 2 d after birth. By day 4, the surviving pups
could be readily identified among their littermates by their
small sizes (Fig. 3B,C). There was a complete concordance
between small size and Dazapl™*" homozygotes that
greatly facilitated the identification of the homozygotes in
later experiments. The Dazap1™*" homozygotes remained
small throughout their early development (Fig. 3B),
appeared normal, and were active. Except for gonads, their
organs had normal morphology and weights for their sizes
(Fig. 3D). Male Dazap1®™™"™ mice could live for >1 yr.
However, female Dazapl™"" mice were much fewer in

TABLE 1. Progeny genotypes of crosses between heterozygotes of Dazapl mutants

produced an aberrant protein with a
large insertion and likely significantly
compromised function.

Homozygotes
versus expected

Group Wild type Heterozygotes Homozygotes freqeuncy x° test®
Dazap1+/F” X Dazap1+/F” (24 litters)
Perinatal lethality and growth Male 49 7 0.0019
retardation of Dazap1™"" Female 62 2 <0.0001
and Dazapr/* mice Toté'i[ 111 9 <0.0001
Ratio 0.95 2 0.16
Mice heterozygous for all three Dazapl ~ Dazap1*" x Dazap1™" (20 litters)
mutant alleles had normal appearance vialke il 4 Oh25 1)
d behavi d fertile. H Female 46 11 0.0801
and behavior, and were fertile. How- Total o 28 0.2231
ever, crosses between Dazapl or Ratio 1.09 2 0.73
Dazapl*'~ heterozygotes, but not those ~ Dazap1*~ x Dazap1™~ (46 litters)
between Dazapl™'" heterozygotes, pro- Male 111 7 <0.0001
duced significantly fewer homozygous el 2 . <L
th 1d b ted i Total 209 10 <0.0001
progeny than would be expected from Ratio 1.0 2 0.10

Mendelian inheritance of the alleles
when the mice were genotyped 2 wk
after birth (Table 1). The ratios between

1816 RNA, Vol. 14, No. 9

Genotyped at 2 wk after birth.
“Goodness of fit, d.f.=2 Chi-square test.
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TABLE 2. Genotype distribution of Dazap1**" x Dazap1*"™ embryos

diameter and atrophic (Fig. 4D), and
contained some multinucleated giant

Dazap7Fn/Fn
versus expected
frequency x° test

cells and a significantly increased num-
ber of apoptotic germ cells (Fig. 4E).
There were many spermatogonia and

Dazap1**  Dazap1™™  Dazap1™"  Unknown? (exact test) o

spermatocytes but no meiotic or post-
Eli.ft;/IEM.S (8 pregnaznOCIes) 0 - 08005 meiotic germ cells in the tubules (Fig.
o : 4D). The absence of haploid cells in the

Ratio 0.98 2 0.83 /i
E19.5 (7 pregnancies) Dazapl testes was further con-
Total 19 34 (2)° 6 (1)° 32)° 0.0287 firmed by fluorescence activated cell
Ratio 1.12 2 035 sorting (FACS) analyses, which showed

C . .
Avera'gf;t( ) 1.28 £ 0.11 1.28 £ 0.10 1.07 = 0.17 the presence of diploid cells (2C) and
weight (g

primary spermatocytes (4C) but no

aPCR failure due to poor DNA quallty
The number of dead embryos is indicated in parentheses.
P < 0.05 using one-way analysis of variance.

number, and none lived longer than 4 mo before dying
suddenly of unknown causes.

The Dazapl '~ mice had a more severe phenotype. Only
about one-third of males and one-tenth of females survived
the first week after birth. Similar to the Dazap1™"™ mice,
the Dazapl '~ mice exhibited growth retardation and were
much smaller than their littermates (data not shown). A
few healthy-looking males lived to their
adulthood, but all died suddenly of

round (1C) or elongated (HC) sperma-
tids (Fig. 4F). The XY bodies in
Dazap1™"  spermatocytes appeared
normal when stained with an anti-
SUMO-1 antibody (Fig. 4G; Vigodner
and Morris 2005). Staining of the synaptonemal complexes
with an anti-SCP3 antibody (Lammers et al. 1994) showed
normal synapsis of homologous chromosomes in pachy-
tene spermatocytes and the presence of diplotene sperma-
tocytes (Fig. 4H). However, there was an accumulation of
post-pachynema spermatocytes in the mutant mice (72%
of all spermatocytes compared to the wild-type, 38%). Our

unknown causes before 2 mo of age if A B

they were not already sacrificed for . 40 Male

experiments. No females lived longer Y —e— 4 [+ (n=5) o il ]

than a month. Because of the scarcity of ~ =" | ~r ¢t/ L = %0 5 ;i:gf'}:lg;

Dazap]f/ ~ mice, subsequent character- g g %

ization of the reproductive defects was -g G z 20 fﬁj:

carried out largely on Dazap1™"™ mice. 2 4 'g / £ = Fema!e
3 : e *’ // ':_ ifén(";mm)

Reproductive defects in male © o , " » - F (=6}

Dazap1 mutant mice 9 1 2 3 4 5 6 0 2 4 6 8

The Dazap1™F homozygous mice were Time {day) Age (week)

fertile, and the males had normal testis € D

sizes and epididymis sperm counts 8.0+

(data not shown). In contrast, adult w— /4 (n=3)

male Dazapl™*" mice were sterile. = ok ;/nigrsr}:ié)

They had much smaller testes (40% of 2 60 .

the normal for their body sizes) (Figs. 3 50

3D, 4A) but normal-size seminal g 1s y

vesicles (Fig. 4B), and their epididymi- 2 P54 T

des contained no sperm (Fig. 4C). Their E - e H

serum testosterone levels were normal B35 z

(2.43 £ 0.994 ng/mL; n = 8) compared
to their littermate controls (2.44 =+
0.917 ng/mL; n = 7), indicating that
their infertility was not caused by hor-
mone imbalance. The Dazap1""/"

sem-
iniferous tubules were smaller in

Heart Lung Testis SpleenKidney Liver

FIGURE 3. Growth retardation of Dazap1™™*" mice. (A) Growth curves of mouse embryonic
fibroblast cell lines derived from E13.5-E14.5 embryos. (B) Growth curves of Dazap
and their littermates. (C) Dazap
Percentage body weights of organs of male Dazap1™"™ mice and their male littermates.

1F71/F11 mice

17F" mice (arrows) compared to their littermates. (D)
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FIGURE 4. Spermatogenic defects in adult male Dazap1™/" mice. The animals were 5-7 wk old in A-I and 1 yr old in J and K. (A) The testes.
(B) The seminal vesicles. (C) H&E staining of epididymis sections. (D,]) H&E staining of testis sections. The arrows point to multinucleated giant
cells. (E) TUNEL staining of apoptotic cells on testis sections. (F,K) FACS profiles of testis cells sorted according to their DNA contents. Cell types
in the various peaks are (HC) hypo-stained elongating and elongated spermatids; (1C) round spermatids; (2C) spermatogonia, secondary
spermatocytes, and somatic cells; (S-phase) spermatogonia synthesizing DNA; and (4C) primary spermatocytes. (G) Immunofluorescence
staining of the XY bodies in dispersed pachytene spermatocytes with an anti-SUMO-1 antibody. (H) Immunofluorescence staining of
synaptonemal complexes (SC) in spermatocyte spreads with an anti-SCP3 antibody. Pachytene and diplotene spermatocytes were differentiated
according to their SC structures. (I) Immunostaining of DAZAP1 on testis sections. The cell types are (P) pachytene and (Lp) leptotene

spermatocytes. Scale bars, (C-E,J) 200 pm; (G) 10 pm; (I) 25 pm.

results thus indicate that in the Dazapl™*" mice, sper-
matogenesis is arrested right before the meiotic division.
Additional immunostaining of testis sections showed that
the mutant DAZAP1-Fn protein had an aberrant spatio-
temporal expression pattern (Fig. 4I). In the wild-type

1818  RNA, Vol. 14, No. 9

mice, DAZAP1 is not expressed until the late pachytene
stage, where it is present mainly in the nucleus (Vera et al.
2002). In the Dazapl™" testes, DAZAP1-Fn appeared
earlier in the nuclei of leptotene spermatocytes and was
present in the cytoplasm instead of the nuclei of pachytene
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spermatocytes. The spermatogenetic defects in the
Dazap1™"" mice did not worsen as the mice aged.
Histological (Fig. 4]) and FACS (Fig. 4K) analyses showed
the presence of many spermatogonia and spermatocytes in
the testes of 1-yr-old homozygotes similar to those of the
6 wk olds.

We next studied younger mice to determine the time
when spermatogenic abnormality first became evident.
During postnatal development of mouse testes, the semi-
niferous core normally acquires a lumen in many areas by
day 16, and the first wave of meiotic division starts around
day 18, when secondary spermatocytes and round sperma-
tids first appear in the tubules (Bellve et al. 1977). The
testes of 16-d-old Dazap1™™*" males already showed some
abnormality in that very few tubules contained a lumen
(Fig. 5A). However, spermatogenesis appeared to have
proceeded normally, and pachytene spermatocytes with
visible XY-bodies could be readily identified (Fig. 5A,
insets). The delay in lumen formation persisted in day 20
testes (Fig. 5B), yet there was no increase in apoptosis in the
tubules (data not shown). At day 25, the most advanced
germ cells in the mutant testes were pachytene/diplotene
spermatocytes when the wild-type testis already contained
many haploid round spermatids (Fig. 5C). In addition,
there was an increase in apoptotic cells in the mutant testes
(Fig. 5D). Thus the onset of spermatogenic defects in
Dazap1™*" mice is consistent with the spermatogenic
defects observed in adult mutant mice, with spermatogen-
esis arrested right before the meiosis division.

The testis histology of a limited number of Dazapl '~
mice suggested a similar progression of spermatogenic
defect. The seminiferous tubules of a day 21 mouse showed
the presence of late pachytene spermatocytes and a delay in
lumen formation (Fig. 5E), and those of a day 31 mouse
were atrophic and contained many late pachytene sper-
matocytes but no post-meiotic haploid germ cells (Fig. 5F).
Thus, in the Dazapl '~ mice, spermatogenesis appears to
arrest at the same stage as that of the Dazap1™*" mice.

Reproductive defects in female Dazap1 mutant mice

Very few female Dazapl™"™ mice survived to sexual

maturity. Adult homozygous females had smaller ovaries
with fewer follicles (Fig. 6A). However, the development of
the follicles appeared to be normal (Fig. 6A, insets). Mating
between two 2-mo-old Dazapl™* females with fertile
Dazap1*'™ males over a 2-mo period failed to produce any
progeny, whereas their littermates housed in the same cages
all gave birth to pups. Dissection of two other females 3 wk
after the detection of a vaginal plug but when they were
showing no sign of pregnancy indicated that the animals
were, in fact, pregnant. One had five decidua about the size
of 8.5 dpc, but only one of them contained a poorly devel-
oped blastocyst-like embryo (Fig. 6B). The other female had
eight decidua, but only one contained a viable fetus about the
size of 14.5 dpc (Fig. 6C). The female Dazapl™*" mice
therefore appeared to have normal oogenesis but were unable
to sustain embryo development due to maternal effect.

FIGURE 5. Spermatogenic defects in premature male Dazapl mutant mice. The ages (in days) of the animals are indicated at left. (A-C) H&E
staining of testis sections of premature Dazap1™™ mice and their wild-type littermates. (Insets) Pachytene spermatocytes with visible XY-bodies.
(D) TUNEL staining of apoptotic cells on testis sections. (E,F) Testis histology of DazapI-null mutants shown in two different magnifications.
(Insets) Pachytene spermatocytes with the XY-bodies. (Spc) Spermatocyte; (Spd) spermatid. Scale bars (A,B, left panels of E,F) 200 pm; (C, right

panels of E,F) 100 pwm; (D) 250 pm.
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FIGURE 6. Reproductive defects in adult female Dazapl mice.
(A) Ovary histology. (Insets) Selected follicles at a higher magnifica-
tion. (B) A blastocyst-like embryo in a Dazapl™*" uterus. (C) The
decidua contents of another Dazap1™*" female.

DISCUSSION

Here we report the generation of three Dazapl mutant
mice from a single ES cell line. The presence of growth
retardation and reproductive defects in Dazapl™*" and
Dazapl ~/~ mice, but not DazaplF ’F mice, indicates that the
phenotype is, indeed, caused by the disruption of the
Dazapl gene. Our results indicate that DAZAP1’s function
is not restricted to testes, where it is most abundantly
expressed. The association of perinatal lethality with
DAZAP1 deficiency is not unexpected, considering that
DAZAPI1 is an hnRNP protein. Of the 30 or so genes
encoding hnRNP proteins, so far only an insertion muta-
tion of hnRNP C has been reported (Williamson et al.
2000). The homozygous mutant embryos failed to develop
beyond E6.5, yet stem cell lines established from the
blastocysts were able to grow and differentiate in vitro.
Our Dazapl-null mutants have a less severe phenotype.
Many embryos developed to term, and a few of the pups
even survived to adulthood, although none of them lived
longer than 2 mo. Compared to the Dazapl-null mutants,
the Dazap1™"*" mice had a milder phenotype and lived
longer, indicating that the Fn allele is hypomorphic and
the DAZAP1-Fn protein retains some biological functions.
This is supported by our preliminary data showing that
DAZAP1-Fn retains the ability to bind poly(G) and
poly(U) in vitro. However, spermatogenesis appears to
arrest at the same stage in the Dazapl™"" and the
Dazapl ™'~ mice, suggesting that the DAZAP1-Fn protein
serves little function in male germ cell development. This
could be due to the aberrant spatiotemporal expression
of DAZAP1-Fn during spermatogenesis. Besides growth
retardation and infertility, some of the surviving Dazap1®™
1 mice manifested other problems, such as obesity and loss
of renal function, when growing older. In addition, most
Dazap1™" mice developed lesions around their eyes by

1820 RNA, Vol. 14, No. 9

4 mo, suggesting defects in the immune system (data not
shown). It should be pointed out that DAZAP1 is also
expressed at a high level in the thymus, second only to the
testis (http://symatlas.gnf.org/SymAtlas). Thus, the unex-
pected generation of the hypomorphic Fn allele uncovered
additional functions of DAZAP1 that would not have been
revealed by the null mutants due to their short lives.
However, it will be difficult to study these additional
defects in Dazap1™* mice due to their short supply.
Future investigation of possible roles of DAZAPI in the
immune as well as other systems will require the use of
tissue-specific knockout approaches.

It is interesting that male and female Dazap1™""
mice are infertile for different reasons, and that DAZAP1
is required for spermatogenesis but not oogenesis. The
spermatogenic defects in Dazapl '~ and Dazap1™*"
mutants resemble those of the Ccnal-null mutants (Liu
et al. 1998; Nickerson et al. 2007). Ccnal encodes cyclin Al,
a member of the cyclin family that regulates cell
cycle progression. Female Ccnal-null mutants are fertile.
Male Ccnal mutants have spermatogenic arrest at the late
diplotene stage, and the first wave of spermatogenesis is
arrested around day 22 with enhanced apoptosis but no
overt degeneration (Salazar et al. 2005). In our Dazap1™™*"
mutant mice, spermatogenesis also proceeds to the
diplotene stage and is arrested immediately before the
meiotic division, and we observed increased apoptosis
and atrophy in day 25, but not day 21 tubules. The
possibility that cyclin Al and DAZAP1 are involved
in the same pathway remains to be investigated. In the
Dazap1™*" female, oogenesis appears to proceed normally
even though there were fewer follicles in the ovaries,
and the eggs could be fertilized and implanted in the
uterus. However, there appears to be a maternal effect on
the development of the embryos regardless of their
genotypes. The Dazap1™* uterus seems to be incompe-
tent in supporting embryo development, resulting in
embryo death and infertility. The mechanisms underlying
the spermatogenic arrest and the uterus defect are
unknown, and the RNA targets of DAZAPI remain
elusive. Future identification of the downstream targets of
DAZAP1 will provide new insights on the biological
functions of DAZAP1 and its roles in the development
of different cell lineages.

MATERIALS AND METHODS

Construction of the targeting vector and generation
of Dazap1 mutant alleles

The targeting vector was constructed using pPNT-M2-loxP as the
backbone (Chen et al. 2002), and the generation of Dazapl
mutant mice using TC1 ES cells (Yan et al. 1999) was carried
out according to Figure 1A using standard protocols (Nagy et al.
2003). Clone #115 with the Fn allele was transfected with Cre
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plasmid pBS185 (GIBCO) to generate the F allele, and Dazap1*'*"
female mice were mated with male protamine-cre transgenic mice
(#58; The Jackson Laboratory) to generate the null allele. The mice
were genotyped by PCR across the various loxP sites. The primers
are loxP-a: F, 5'-atctctgtggcagcaaagge and R, 5'-aagcccatt
catggctggga; loxP-b: F, 5'-gagcgaacacggeccaag and R, 5'-gcagecta
cagctaccatc. The loxP-c site was amplified using primers loxP-a-F
and loxP-b-R.

All mice were housed in a specific pathogen-free animal facility,
and the experiments were carried out under the approval of the
Institutional Animal Care & Utilization Committee of Academia
Sinica. The animals used in the study were from F, and F;
intercrosses.

Generation of mouse embryo fibroblasts (MEFs)
and growth curve analysis

MEFs were prepared from E13.5/E14.5 embryos using protocol 1
of Nagy et al. (2003) with some modifications. After mincing, the
embryos were treated with trypsin for 5 min at 37°C and further
broken up into single cells by repeated pipetting before being
plated out. The growth curves of MEFs from the third passages
were determined according to Mar and Hoodless (2006).

Other protocols

Western blotting of DAZAP1 in testis extracts was carried out
according to Dai et al. (2001) using an antibody that recognizes
the C terminus of the protein. Mouse testis dispersions were
prepared according to Grabske et al. (1975), and the XY-bodies in
pachytene spermatocytes were stained using a mouse anti-Sentrin-
1 (SUMO-1) antibody (Zymed Laboratory). Synaptonemal com-
plexes were stained using a rabbit anti-SCP3 antibody (Novus
Biologicals) according to Uemura et al. (2000). TUNEL assays
were performed on testicular sections using the In Situ Cell Death
Detection Kit (Roche Diagnostics GmbH) according to the
manufacturer’s instructions. Serum testosterone levels were deter-
mined using the Testosterone ELISA Kit from IBL-Hamburg.
Flow cytometric analyses of testis cell types were carried out
according to Jeyaraj et al. (2002) using a BC FACSCalibur Flow
Cytometer (BD Biosciences Clontech).
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