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Table 1. Candidate proteins that bind to Pou5f3 3'UTR.

Number of peptides

Proteins Long Short Long (antisense)

Zar1 60 21 15

hnRNPD 14 4 0

ELAVL1 (HuR) 28 15 0

TIAR 26 15 0

IMP1 8 0 8

Gemin5 3 22 0

Dhx9 3 23 3

SYNE1 3 10 1

Dicer1 0 6 0

SF3B1 0 6 0

TIA1 39 32 0

ELAVL2 (HuB) 75 56 25

Number of peptides detected by mass spectrometry in the extracts 

incubated with long- and short-type Pou5f3 3’UTRs are listed. Zar1, 

hnRNPD, HuR, TIAR, and IMP1 were predominantly detected in the 

extracts incubated with long-type Pou5f3 3’UTR. Gemin5, Dhx9, 

SYNE1, Dicer1, and SF3B1 were predominantly detected in the 

extracts incubated with short-type Pou5f3 3’UTR. Roughly similar 

amounts of TIA1 and HuB were detected in the extracts incubated 

with both long- and short-type Pou5f3 3’UTRs. Number of peptides 

detected in the extracts incubated with antisense RNA of long-type 

Pou5f3 3’UTR  was listed as a control.
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Fig. 1. Expression of Pou5f1/Oct4 mRNA during oogenesis.

(A) Expression of Pou5f1/Oct4 mRNA in fully grown GV-stage oocytes in an 

ovary of an 8-week-old female mouse. The inset is an enlarged view of the 

boxed region. (B) Expression of Pou5f1/Oct4 mRNA in growing oocytes in 

an ovary of a PD8 female. (C) FISH analysis of Pou5f1/Oct4 mRNA (green) 

in growing (PD8) and GV-stage (8-week-old) oocytes. DNA is shown in blue. 

Enlarged views of the boxed regions are shown at the bottom. Similar results 

were obtained from two independent experiments in each in situ 

hybridization. PrF, primordial follicle; PF, primary follicle; SF, secondary 

follicle; GV, germinal vesicle. Bars: 50 µm in (A) and (B); 20 µm in (C).
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Fig. 2. Disassembly of Pou5f1/Oct4 RNA granules in ovulated oocytes and 

2-cell-stage embryos.

(A) FISH analysis of Pou5f1/Oct4 mRNA (green) in a fully grown GV-stage 

oocyte, an ovulated oocyte arrested at the MII stage, and an embryo at the 2-

cell-stage. Similar results were obtained from two independent experiments. 

DNA is shown in blue. GV, germinal vesicle; PB, polar body. Bars: 50 µm. 

(B) Quantitative RT-PCR analysis for Pou5f1/Oct4 mRNA from equal 

numbers of oocytes at GV- and MII-stages and embryos at the early 2-cell 

stage (E2c). Each bar represents the mean of the triplicate experiments, and 

vertical bars show the mean˶SD.
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Fig. 3. Expression of Pou5f1/Oct4 protein during oogenesis and early 

cleavage stages.

(A) (left) Characterization of anti-Pou5f1/Oct4 antibody by immunoblotting. 

Crude extracts from 50 blastocysts were examined by immunoblotting with 

(+) or without (−) anti-Pou5f1/Oct4 antibody. “#” shows non-specific bands 

of the secondary antibody. (middle) Immunofluorescence of Pou5f1/Oct4 in a 

blastocyst, showing a specific signal of Pou5f1/Oct4 in the ICM. ICM, inner 

cell mass. (right) Immunoblot analysis for the expression of Pou5f1/Oct4 in 

oocytes at GV and MII stages and in embryos at 2-cell (2c) and blastocyst (B) 

stages. Crude extracts from 50 oocytes and embryos were examined with or 

without anti-Pou5f1/Oct4 antibody. “#” shows non-specific bands of the 

secondary antibody. (B) Immunofluorescence with or without anti-

Pou5f1/Oct4 antibody in oocytes at primary-follicle (PF), secondary-follicle 

(SF), GV, and MII stages and in embryos at 1-cell and 2-cell stages. F, follicle 

cells; O, oocytes; GV, germinal vesicle; PB, polar bodies. (C) Quantification 

of immunofluorescence analysis without (-) and with (+) anti-Pou5f1/Oct4 

antibody. Each bar represents the mean of the triplicate experiments, and 

vertical bars show the mean˶SD. *p < 0.05, t-test. (D) Immunofluorescence 

of Pou5f1/Oct4 in embryos at the early 2-cell and late 2-cell stages. (E) Signal 

intensities without (−) and with (+) anti-Pou5f1/Oct4 antibody in the nucleus 

and cytoplasm of embryos at early 2-cell (E2c) and late 2-cell (L2c) stages. 

Each bar represents the mean of the triplicate experiments, and vertical bars 

show the mean˶SD. *p < 0.05, t-test. (F) Immunofluorescence of 

Pou5f1/Oct4 in embryos at the early 2-cell stage injected with the 

Pou5f1/Oct4 ATG-MO or Pou5f1/Oct4 5mm-MO. Bars: 50 �m in (A), (D) 

and (F); 20 µm in (B).
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Fig. 4. Accumulation of Pou5f1/Oct4 protein in 2-cell stage embryos from 

maternal mRNA.

(A) Immunofluorescence of Pou5f1/Oct4 in a parthenogenetically activated 

2-cell-stage embryo. Similar results were obtained in 7 embryos from two 

independent experiments. (B) Immunofluorescence of Pou5f1/Oct4 in 8-cell-

stage embryos (E2.5) cultured with a control medium or a medium 

containing �-amanitin, showing inhibition of zygotic Pou5f1/Oct4 

expression by �-amanitin. (C) Immunofluorescence of Pou5f1/Oct4 in a 2-

cell-stage embryo (E1.5) cultured with a medium containing �-amanitin, 

showing no effects on the expression of Pou5f1/Oct4 in a 2-cell-stage 

embryo by �-amanitin treatment. Similar results were obtained in 15 

embryos from two independent experiments. Bars: 50 µm.
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Fig. 5. Increase in the amount of Pou5f1/Oct4 mRNA in the polysomal

fraction.

(A) The amounts of Pou5f1/Oct4 mRNA (FPKM) in the polysomal fractions 

in oocytes at GV and MII stages and embryos at 1- and 2-cell stages. Each 

bar represents the mean of the two experiments, and vertical bars show the 

mean˶SD. (B) The amounts of Pou5f1/Oct4 mRNA (FPKM) in the 

polysomal fractions in embryos at 2-cell stage and late 2-cell stage. Each bar 

represents the mean of the two experiments, and vertical bars show the 

mean˶SD.
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Fig. 6. Developmental competence of Pou5f1/Oct4-knockdown embryos.

(A and B) Immunofluorescence of Pou5f1/Oct4 in embryos injected with 

Pou5f1/Oct4 ATG-MO (0.6 mM, 0.4 mM, and 0.2 mM) or not injected 

intact embryos at the early 2-cell stage (A) and 4-cell stage (B). Bars; 50 

µm. (C) Developmental competence of embryos that were not injected 

(intact) and injected with Pou5f1/Oct4 ATG-MO (0.6 mM and 0.2 mM) and 

Pou5f1/Oct4 5mm-MO (0.6 mM). Graphs indicate the number of embryos 

that reached the respective stages. 2c, 2-cell stage; 4c, 4-cell stage; M, 

morula-stage; B, blastocyst-stage; f, fragmented-embryos. 
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Fig. 7. Summary of the expression patterns of mRNA and protein of 

Pou5f1/Oct4 during mouse oogenesis and early embryogenesis.

The open bar shows the absence of mRNA. The open bar filled with green 

dots shows the accumulation of mRNA as a granular structure. The solid 

green bar shows the presence of mRNA after disassembly of granules. The 

solid red bar shows the presence of protein at a level detectable by 

immunofluorescence. PrF, primordial follicle; PF, primary follicle; SF, 

secondary follicle; GV, GV-stage oocyte; MII, MII-stage oocyte; E2c, early 

2-cell stage embryo; L2c, late 2-cell stage embryo.
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Fig. 8. Changes in Pou5f1/Oct4 mRNA 3’UTR during oocyte maturation 

and embryogenesis.

(A and B) Time course of Poly(A) test assay for Pou5f1/Oct4 mRNA in 

oocytes at the GV-, MI-, and MII-stage (A) and in oocytes at the GV- and 

MII-stage and embryos at the early 2-cell stage (B). GV, GV-stage oocyte; 

MI, MI-stage oocyte; MII, MII-stage oocyte; E2c, early 2-cell stage embryo. 

(C) Sequencing results of PCR products of poly(A) test assay in oocytes at 

GV- and MII-stage and embryos at the early 2-cell stage. The last portion of 

3’ end is shown in black letters, and the following ‘A’ in red letters show 

poly(A) tail. Numbers in parentheses indicate the length of poly(A) tail. (D) 

Changes in the average length of poly(A) tail of Pou5f1/Oct4 mRNA in 

oocytes at the GV- and MII-stages and embryos at the early 2-cell stage. 

The numbers indicate the average length of poly(A) tail. GV, GV-stage 

oocytes; MII, MII-stage oocytes; E2c, early 2-cell stage embryos (mean ˶
SD). **p < 0.01, *p < 0.05, Tukey multiple comparison test. 
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