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Characterization and Functional Analysis of Obox4 during Oocyte Maturation
by RNA Interference

Hyun-Seo Lee', Kyung-Ah Lee'*

! Graduate School of Life Science and Biotechnology, Pochon CHA University College of Medicine,
’CHA Research Institute, Fertility Center, CHA General Hospital, Seoul, Korea

Objective: Previously, we identified differentially expressed genes between GV and MII stage mouse oocytes using ACP
technology.' When we study one of GV selective genes, Obox family, we found Obox4 mRNA expression in ovaries that has been
reported as expressed exclusively in testis. Therefore, this study was conducted for characterization and functional analysis for Obox4.
Methods: Expression of Obox4 mRNA was examined in gonads and oocytes by RT-PCR. To determine the role of Obox4 in
oocyte maturation, Obox4 dsRNA was microinjected into the cytoplasm of GV oocytes followed by 16 h of incubation in the plain
medium or by 24 h of incubation in the medium containing IBMX. After RNAI, phenotypes and maturation rates were observed,
change in mRNA expression was evaluated, and chromosomal status was confirmed by orcein staining,
Results: Obox4 has minimal expression in the ovary compared to that of the other family members. When oocytes were cultured
for 16 h in M16 medium after RNAI, maturation rate was not changed significantly, compared with that of non-injected or buffer-
injected control oocytes. Surprisingly, however, when oocytes were cultured for 24 h in M16 containing IBMX, in which oocytes
were supposed to arrest at GV stage, Obox4 RNAI oocytes were advanced to MI and MII. Spindle structure was disappeared and
the chromosomes were condensed in the oocytes after Obox4 RNAI.
Conclusions: This is the first report on the expression of Obox4 in the ovary and oocytes. Results of the study suggest that Obox4
plays a crucial role in spindle formation and chromosome segregation during meiosis in oocytes. In addition, Obox4 may play an
important role in cAMP-dependent signal cascades of GV-arrest in mouse oocytes.

[Korean. J. Reprod. Med. 2007; 34(4): 293-303.]
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14, 21, 42, 499 2he]| Trizol (Invitrogen, Carlsbad, CA)
%oﬂg Lj—r -ﬁ-;ﬂﬁ]_ 1\]7] ey /\1-_9‘(31]/\1 5_,ﬂ7} _FM
T7F 158 = 4°CollA 12,000 g2 2057 YAE

zs} ‘r1 RNAE iaul-o],l: U/\ﬂ_/] }\]-ZOHO }\Hi_‘_r__
FEZE &HT o7]d SUg 49 isopropanolE
A7Vt Aol A 1083 FUETE 4Tl A 108
7F 8,000 g2 $JN¥F4’8}@1, RNA AAES 37 5
oA AZAZ] 3 DEPC HuH FFHTE &34
A ARE A7FA] 70T s

2. ‘8% HX} 3|5

A< 3373 ICR AF ol pregnant mare's serum
gonadotropin (PMSG, Folligon, Intervet) 5 IU/mlE
Abste] 44~4gA17HA el AAHE st WAk
o] AT}, Germinal vesicle breakdown (GVBD)Z
A= 02 mM IBMX (17018, Sigma)7} 4 7Hel
(M7167, Sigma) Hﬁokouoﬂ HAE BE e
FA71E olgatel Fad By OV dA-9T
A3 B3] (cumulus-enclosed oocyte complexes,
COCs)E Eitt. izt Arle v= wAfeld 3

oldlg & H 24 F9o 22 Fdde dTAE
£ 2dH o= AAste] dA2 Aok M ¢
A2 @71 Afﬂwt 5 US| PMSGE FAMSH &, 48

12 —{N

rSE %

A1ZFel| human chorionic gonadotrophin (hCG; Chorulon,

Intervet) FAFSH] 16A17F & FRACRHE MII

HAE A
3. mRNA &&|

2L JNE] GV dzke; MII HAZFE Dyna-
beads mRNA DIRECT kit (Dynal, Oslo, Norway)2 A}
83t mRNAE #2]3kith WA daEe] =
Z} SFHof 300 pl lysis/binding buffer (100 mM Tris-
HCL pH 7.5, 500 mM LiCl, 10 mM EDTA, 1% LiDS,
5 mM DTDE 718 5 587 Ao Uk o
5, RENS A7 Dynabeads oligo(dT)ysoll ¥l
vortexing®t F Aol A 57 HESAIFTE mRNA
a1 §l+= bead:™ Dynal MPC-S magnetic barE
43t E23l W3z, 10 pl of Tris-HCI (10 mM Tris-

e i

OI& At - 010t

HCL, pH 7.5)% #7138t 65Tl 287 vh-A1 %
O M beaddl] Eo]9YE mRNAS Hojwmzhoh o}

Al Dynal MPC-S magnetic barZ ©]-8-3}%] beadol| ]

mRNATHS- £33}

4, RT-PCR (Reverse Transcriptase Poly-
merase Chain Reaction)

Dynabeads mRNA DIRECT kit (Dynal)Z ©| &3}
373 mRNAZRE 9] cDNA F4-2 mRNAJ
0.5 pg oligo(dT)iz~1s primerE Y1 70T A 108-7F

7}E 3k 3 10 mM Tris-HCI (pH 8.4), 50 mM KCI, 2.5
mM MgCl,, 0.5 mM dNTP mixE ¥3+sl& 10 mM
DTTE 3 ol 20 mO] HA A7k 3 42TolA
5%2F digith 2 % 200 U] HAALE A (MMLV
reverse transcriptase, Promega)E Y1 42°ClA] 60
o, 94TlA 227 WA cDNAE FHI8H3I T
Z2 0|4 Trizol (Invitrogen)E ©]-8-3Fo] 3<%} total
RNAZ H-E]9] ¢DNA 34l DNaselo| #7}eth.
PCR<- 0.2 mM dNTPs, 25 pM2] Z} primer, 2.5 U of
Taq DNA polymerase (Promega)®} 37| 32} SF/5~
g ol&ate] HA| kg o] 20 Wit HEF 3}
of st 2 Frixte] TH HS gelskleh
glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
+ Internal controlZ AHE-% %12, globing spikeZ
Apgstel BAZTEY He %ol mRNA 5457}
83 HA=HE Gt RT-PCRO AHE-4
primer= Table 17} Figure 201 “g2J8}3ict.

5. dsRNA ZH(2} X 22 O]AIF=Y

AH 254 FAZHH Trizol (Invitrogen) S ©]-&
3}o] total RNAS FE3}3, MMLV reverse trans-
criptase (Promega)>. 2 G HA} HH-S-& =835} ),
AFE-E primere} 2722 912 2 Z7]E Table 1
7} Figure 20 YERIITE 44 H cDNAE 7HA| 3L
Obox4 primerE- ©]-83 PCRE F33}3ic}. PCR BF
& 202 94T A 40%, 60ColA 40%, 72°CollM
4022 35 cycles T3Psto] FHTAHES 240 bpol
t}. Obox4®] FE4HE-E pGEM T-easy vector (Pro-
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mega)ll 243kl DHSa competent cellol] &4 g uhS-3k & Al 2o A 3A)7F A FT) dsRNA sample
AlA vhEEel QxS H clones Ut W & ol single-strand cRNAsS] 28-S F3}7] 930 1
AAE FAHA7] antisense == senseZ Y H A ng/mL RNase A (Ambion)E 713l 377 CollA 30%
EX]2 PCRS 53l &<l8}al in vitro transcription 213} th. Phenol-chloroform &% 2 2 dsRNAES
S Y8 T7 = SP6E promotorZ RHSE 4 3l FHIFIT Gel 71T 22 A

Al Spe 122 linearization*] 7] 31, MEGAscript RNAi B Ao A= dsRNAS £33t Elution buffers
Kit (Ambion, Austin, TX)2] T7 RNA polymerase S ©] 2oz ARSSITE FAtel tigh primers 7
23} single stranded RNAZ MBI o]Z Al set AAI3FA] 8 seti= dsRNAE AlZtste=d| AH8-3}
St E 7} complementary RNAsE 75 CollA 53¢ dom I TFE seti= RNAi ¥, mRNA T& o)

Table 1. Sequences of oligonucleotide primers used in this study and their annealing temperature (AT) and expected
RT-PCR product sizes

Genes Accession No. Primer sequence AT (TC) Size (bp)

. F - CCTAAACTGAATTTCAAACAATCGC .
Obox1 NM 027802 60C 275 bp
R - CCCAGAGGATGCTCACAATTCAG

. F - CCTAAACTGAATTTCAAACAATCGC .
Obox2 NM 145708 60C 275bp
R - CCCAGAGGATGCTCACAATTCAG

F - TCCTGGTTCCATACCTGTTGTT i
Obox3 NM 145707 60C 179 bp
R - GCAGGTATTCTTGGTATTCTTGG

F - CCCTCATTGATCAACCCTTGG .
Obox4-1 AF 461109 60T 240 bp
R - AGTTTTGGGTCATACTTGGAG

F - CCAACGTTCTTTGCTCACCT .
Obox4-2 AF461109 60T 295 bp
R - TGCACCGTGTTCTTCTCTGT

F - ATCAGACTGACATAGCAGTAG .
Obox5 NM 145709 60T 174 bp
R - ATGAAAGACCTGAAAGGTGTC '

F - CACAGCAAATGAGATCCAGAT .
Obox6 NM 145710 60C 274 bp
R - ATACCTGGCACTATCACAGGC

F - ACCACAGTCCATGCCATCAC .
G3PDH NM 001001978 60T 433 bp
R - TCCACCACCCTGTTGCTGTA

F - GCAGCCACGGTGGCGAGTAT
Globin V00875 » 60C 257 bp
R - GTGGGACAGGAGCTTGAAAT

F - GCGAAACCGAAAGAGGTCAGAA .
Histone H1 NM 138311 60T 378 bp
, R - TGGAGGAGGTCTTGGGAAGTAA

F and R in the primer codes indicate forward and reverse

*Same primer sequence used for Obox1, 2

Obox4-1 primer used for RT-PCR and design of dsRNA

Obox4-2 primer used to confirm the knock-down of Obox4 after RNAi
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£ gI3t7] 913 RT-PCROIl ©]-&3}3IT} (Table 1).

Obox4 dsRNAE W AIFY % 5, 3% BSA (Sigma)
7 H7FE Ml6 wiXell A vjFstAL, EE 3% WAHE2 aceto-metahanol (acetic acid : methanol =
BSAZ} 71 M16 wjAldl] 02 mM2] IBMXE H 1:3)0l 24A13F 5F 23k 1o | dxE
7Fek viA ol A whekslGit Wi 2L 5% CO7F 2 SEAl ML pasteaur pipette2 023t slide =
STEET 37T wigr]oA 16413 =8 2440 F ol && F dx7} vkEX] 244 vlZ cover glass
ok wjeksiglth A7 WEE WAE MII WAt 2 YT} Aceto-orcein (1% orcein, 45% acetic acid)Z

6. Orcein SIAH

¢

BASR D, o] Holx] erom A Ed Ho|  slide®} cover glass EAE SelFo] sk o4 T
A e s ML 9AE FAIEAT &u| 7 (Coolscope, Nikon, Japan)S- o] 8-5}o] &A%
1D 8D 2W 3W 4w 7W _ OBOX4
Obox1, 2 _ 27 cycles :
1D 5D 2W 3W 4w W 1D 5D 2W 3W 4W 7W
35cycle P — e —
e GAPDH [ ———
Obox5 ST e 27 cycles

(C) ©

GV Ml 7W ovary GV

1650 bp —»
850 bp ~>

Obox5
500 bp =~>»

Figure 1. Differential expression of Obox family mRNA according to the ovarian, testicular developmental stages
and oocytes. Total RNA from the ovaries and testes at different developmental stages were reverse transcribed and
amplified by PCR. A, Expression of all 6 Obox genes according to the ovarian developmental stages. B, Expression
Obox4 mRNA according to the differential developmental stages in the ovary and testis. Messenger RNA from 20
oocytes were reverse transcribed in a final volume of 20 pl, and 1 pl cDNA was used for RT- PCR for confirming
expression one gene C, Differential expression of Obox family mRNA in oocytes according to the oocyte maturation
stage D, cDNA samples by testing for genomic DNA contamination. GAPDH was used as an internal control. Globin
spike was added as an external control.

877 bp
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638 nt~877 nt)
e—240 bp—>

Obox4 coding sequence
B
AF 461108 (1141 nY)

oot ]

o 259 By e
Obox4-2

(1062 nt~ 1141 nt)

Figure 2. Obox4 primers design. primers were designed
from Obox4 coding sequence. Obox4-1 primer used for
RT-PCR and dsRNA preparation. Obox4-2 primer used
for confirming knock down after RNAI.
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Al W2l genomic DNAS| 2%

&tol, Oboxdol ™3le] intron B ¥3a}

primer2 T &¢I}, Introns 3E sl

1454 bp, exoniHS X F3sh= A= 877 bp
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s
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2. Obox4 dsRNAE 0|2¢+ MEi™ Obox4 &
HMXI2| knock-down

Obox4 dsRNAE o]-&3}e] RNAIE 3+ & histone
Hl F22F 2& kol tisk Aozl bd 4 &
215193tk Obox42] knock-down #<1-& ¢+ primer
o} Ao 9% © Z7]E Table 17} Figure 29
el dizTe] G5 in viro SOl 9
3 ol dAEoIH, ulks $3 dAES] 3
AF ol GV Ak (0 heF 8AIZE F3F WS MI
Wb, 16A17F B¢ w3t M1 WA E ARE-E AT
)23} H]5le], Obox4 RNAI F A} Ago] 2
FE Ml Ak} MIT dAlel Al Obox4o] E@e] 2
o1 x| e¥gkom GV “JEfdl AAH o] 3= Obox4
RNAiT A% Obox42] & o] FAsA i
3 AL Felaksivh 284 Obox family T Obox4
o} g7 g Aol =& Obox3, 59 Td ¢
© Obox4 RNAiGl 913 J&e v3] Fethe
< AT F AATH (Figure 3).
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3. Obox4 RNAi 41}

o] A F43F YA}, Obox4 RNAIT-S Obox4 dsRNA
2 uAFY3 FREo]t) Plain M160A] Bl A <]l
A ajeker A9 thET (100%), BT (96.5%)°1
o)zl Ad<4-& 7 Oboxd RNAIwelA o] Tt A
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Control VM
GV Mt Mil

Chox3 E -~

N — — —

OI&Al - 01Z0t

Obox4 RNAI

GV Mi Mil

Oboxd I

H1 amnend tSaeand  Sesmesd

Figure 3. Specific suppression of Obox4 mRNA expression by Obox4 RNAI. Injection of Obox4 dsRNA into the
GV oocytes markedly suppressed Obox4 mRNA expression, but not Obox3 or OboxS5, of which coding sequences are
highly homolog with the Obox4 coding sequence. The mRNA equivalent to a single oocyte was used for RI-PCR.
Oocytes at GV (0 h), MI (8 h), and MII (16 h) stages were used as control for [IVM. Histone H1 was used as an

internal control.

A)

(%) BControl Buffer-injected WObox4 RNAi
100
80 b
60 b
40r
20t
0 X " SN :
GV Ml M
Number of Oocytes (%)
M16 16h
culture Total Germinal Vesicle Metaphase | Metaphase ||
(GV) (MI) (M)
Control 67 0(0) 0(0) 67 (100)
Buffer-injected 97 0(0) 2(2.0) 95 (97.9)
Obox4 RANi 90 0(0) 3(3.3) 87 (96.7)

©

%‘g BControl OBuffer-injected OObox4 RNAI
80
60
40
20
0
GV M M
Number of Oocytes (%)
IBMX 24h
culture Total Germinal Vesicle Metaphase | Metaphase I
(GV) (M) (MI1)
Control 137 139 (100) 0(0) 0(0)
Buffer-injected 87 84 (96.6) 2(2.3) 1(1.5)
Obox4 RANi 122 73(59.8)" 34(27.9)° 15(123)"
*p<0.05

Figure 4. Maturation rates of the mouse oocytes after Obox4 RNAI followed by in vitro maturation. A. Cultured for
16 h in the plain M16 medium after Obox4 RNAI. B. Cultured for 24 h in M16 medium supplemented with 0.2 mM
IBMX after Obox4 RNAI. Asterisks represent statistical significance at p<0.05.

S8 (96.7%) 2Fol7} YIRAT (Figure 4A). 22U,
0.2 mM2] IBMX7} H71E Ml16 si=]ell 24417+ &
o wige AHg, ETH HaFAE IBMXS
PR At o] dojuhR] kot Oboxd
RNAiT ol A& IBMX7F EA1&ol = B33 MI
(27.9%), MII (12.3%)2 9] =2} o] #aEch
(Figure 4B).

Figure SAT in vitro 343 3 dojd WA=
orcein FASIS W YwkAQl A FHHE B

o1 Atk Obox4 RNAIT-S plain M16 B R] ol 4]

16217F <t wigsAY 02 mMe] IBMX7}F 7}
H M16 HIX|AAA] 24A17F Ftell w3 F Ao
2 GRSt (Figure 5B, 5C). Obox4 RNAiI ¥ 16
AIZE S M6 Hli Aol A vkt & SA7F W
MII Aol A= ofgbe] FA1A) gFddo] BEs
AT} (Figure 5B). 558 GAA7} WEd SAol
EAet= 99 (Figure 5Ba), AlEA3} Ao 2
Z} EA5}= 7% (Figure 5Bb), == gukAel A
MII 28] FAAY] FEE Hole H9L

At} (Figure 5Bc). 0.2 mM2] IBMX7} 718 Ml
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-

Mt j
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IBMX

-

s

LR

MI (8h)

Ko 4 &
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Figure 5. Chromosomal configuration by orcein staining after Obox4 RNAi with 2.0 pg/ul dsRNA followed by in
vitro maturation. A. Control oocytes showing typical chromosomal configuration during in vitro maturation. B. MII
oocytes cultured in plain M16 medium for 16 h after Obox4 RNAi. C. Oocytes cultured in M16 medium supplemented
with 0.2 mM IBMX for 24 h after Obox4 RNAI. (d)-(f), GV; (g)-(1), MI; (j)-(1), MIL

i z]ol] 24A]7F 5 ujdE Obox4 RNAiTOIM =
AAH ez Mi6 BiA|oA 1641 &<t v g3t
oA B} o 78 gax) =L #41E
= A} (Figure 5Cd-1). Aw]73 st 1=} 3]

— (e

W7tel °“"x119‘r tﬂﬂ-o}O% &
AT} (Figure 5Cd-f).
A Ao B A7t

- U—l]

Q1 4=
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