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Objective: We previously described that Diva is highly expressed in matured metaphase Il (MIl) oocytes compared to
immature germinal vesicle (GV) oocytes in mouse.! We report here that the expression of Diva transcript as well as
protein is oocyte-specific. To elucidate its physiological role in oocyte, the binding partner(s) of Diva has been identified
by using immunoprecipitation (IP) followed by Mass Spectrometry.

Methods: NIH/3T3 cells were transiently transfected for 24 h with either empty vector for control or FLAG-tagged
mouse Diva construct, and IP was performed with anti-FLAG antibody. The immuno-isolated complexes were resolved
by SDS-PAGE on a 12% gel followed by Coomassie Blue staining. For in-gel digestion, 15 bands of interest were excised
manually and digested with trypsin. All mass spectra were acquired at a positive reflector mode by a 4700 Proteomics
Analyzer (Applied Biosystems, Framingham, MA). Proteins were identified by searching the NCBI nonredundant database
using MASCOT Peptide Mass Fingerprint software (Matrixscience, London).

Results: Diva-associated complexes were formed in FLAG-tagged mouse Diva-overexpressed NIH/3T3 cells via IP
using anti-FLAG-conjugated beads. Among the excised 15 bands, actin and actin-binding proteins such as tropomyosin,
tropomodulin 3, and a-actinin were identified. Binding between Diva and actin or tropomyosin was confirmed by IP
followed by Western blot analysis. Both bindings were also detected endogenously in mouse ovaries, indicating that
Diva works with actin and tropomyosin.

Conclusions: This is the first report that immuno-isolated Diva-associated complexes are related to actin filament of
the cytoskeletal system. When we consider the association of Diva with actin and tropomyosin, oocyte-specific Diva
may play a role in modulating the cytoskeletal system during oocyte maturation.
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3. In situ hybridization
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4. RT—PCR 2! Western blotting
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th Gdf-9 FHAF LS WA So] ARl control &
ARSI AL FHHA L} WA o A = S A
wxpo| A= BHSHA] 28 FSH receptor (FSHR)2]
242 &3} internal control 24 GAPDH &S
H] ST Diva®] ©hild WS- orolbr 7] f]3iA
Yol e8| Zzke] AlEo] lysis SEE (50
UM Tris-HCI, 150 uM NaCl, 0.02% Sodium-Azide, 1%
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Figure 1. Northern blot analysis of mouse Diva mRNA in various tissues. Total RNA was extracted from multiple
mouse tissues (20 pg/lane) as indicated with 18S and 28S. In the case of ovary, postnatal 1-day (1D), 5-day (5D), and

4-week (4W) mouse ovaries were used.
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Figure 2. In situ hybridization of Diva mRNA. Mouse ovaries of 2-week-old (A and C) and 4-week-old (B) were
used. The mRNA expression pattern of Diva is oocyte-specific with antisense probe reaction (A and B) but negative with
sense probe reaction (C). Scale bars represent 25 pm (A), 50 pm (B) and 200 pm (C).
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Figure 3. Confirmation of oocyte-specific Diva mRNA
and protein using RT-PCR (A) and Western blot analysis
(B). Mural granulosa cells (GC) and cumulus-oocyte
complexes (COCs) from preovulatory follicles were coll-
ected by needling the ovaries of 4-week-old mice that
had been injected 48 h previously with 5 TU PMSG. Full
grown GV oocytes (Oo) and cumulus cells (CC) were
dissociated from COCs using a fine-bored glass micro-
pipette. (A) RT-PCR analysis of Diva transcripts from
mRNA isolated from GC, CC, and oocytes. For the PCR
reaction, cDNA of single oocyte equivalent was used as
templates for amplification. The expression of Gdf-9
mRNA was used as an oocyte-specific marker, FSHR
was used as a positive control for granulosa and cumulus
cells but negative for oocyte, and GAPDH was used as
an internal control. (B) Western blot analysis of Diva
protein. Protein lysates of 200 oocytes, cumulus cells
from 100 COCs, and mural granulosa cells from 50 pre-
ovulatory follicles were loaded into each lane. B-Tublin
was used for loading control.
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Figure 4. Anti-FLAG-agarose purification of Diva-
associated proteins. Total protein extracts were prepared
from NIH/3T3 cells transiently transfected for 24 h with
empty vector or FLAG-Diva expressing vector. Protein
extracts were incubated with anti-FLAG-agarose beads.
Anti-FLAG-agarose elutes from equivalent amount of
transfected cells (500 pg) were analyzed by 12% SDS-
polyacrylamide gel electrophoresis, and proteins were
visualized by Coomassie Blue staining. The positions and
relative molecular masses in kilodaltons (kDa) of protein
size markers are indicated on the left. Protein-containing
bands were excised, and proteins present in gel slices
were identified by mass spectrometry. MW, the protein
size markers; NIH/3T3, anti-FLAG-agarose elutes from
NIH/3T3 cells transfected with pPCMV-FLAG empty
vector; FLAG-Diva, NIH/3T3 cells transfected with
pCMV-FLAG-Diva vector. Open arrowheads, heavy and
light chain of immunoglobulin G (IgG); solid arrowhead,
FLAG-tagged Diva. Open arrow between 40 and 55
kDa was identified as - and y-actin.
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Figure 5. Identification of Diva-associating protein candidates using immunoprecipitation (IP) followed by Western
blot analysis (WB). (A) Western blot analysis. Total protein lysates (20 pug) from mouse testis and ovary were electropho-
resed on 12% SDS-PAGE and probed with anti-actin, -tropomyosin, or -Diva antibody for Western blot analysis of each
protein. Testis was used as control for the negative expression of Diva protein. (B) IP-Western blot analysis. For IP, 500
ug of total protein lysates from ovaries and testes were immuno-isolated with anti-Diva antibody. Anti-Diva-agarose
elutes were electrophoresed on 12% SDS-PAGE and probed with anti-actin, -tropomyosin, or -Diva antibody for the

confirmation of Diva-associated proteins.
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s & 4 AT (Figure 5B).
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