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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.]

Key Words: ACP-PCR, Obox family, Mouse, Oocyte maturation, RNAi

g Aol AVNEE GV dAel AAE e P
o & W27} SEho] A2 E = germinal vesicle break-

%]
FA AR} o] 7ok, §) 135081 A2A] AT
FAFRO|sohsta ek Fojakel
Tel: (02) 3468-3440, Fax: (02) 563-2028
¢ -mail: leeka@ovary.co.kr
*This work was supported by Korea Research Foundation Grant (KRF-
2004-041-E00189).

down (GVBD) ©7|, metaphase I (MI) ©AIE A A
metaphase II (MII) Aol o]=2] thA] AA| == 3}
s AAA Hed, o] BE AAHS dHo] At
A] /\o]g]. Shoh Wzl A L3l Sobe) njAdd wx)

Al A7 BEEH7] g 3 dsa Alxd

-293 -



Eote] WAt s
1242 1178 3}7] 913+ Annealing Control
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WAket Ml el A xko] WAl ek Frd A}
o] BES Bista Jrk! ol FHA FolA
Obox family2] member®! Oboxl, 3, 57} &A=
ko] 2 ATE AASH H ATk ©]E Obox
family F-4F= 1HY-E] 6W714] EAs=d], 25
Az el AAA T Aol #1AIskal 2o, mRNA
U FEE FElE W Oboxdrts A28k
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3 (primary follicle) -8 W37 Y3E (antral follicle)
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(double-stranded RNA)ZS A 2}alo] A|Eo] 43S
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wafete], A E Moy 3FS oA e
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h Al YR AYE dsRNAE dicersl 22
ribonuclease®l] 2]3] 21 bpoll A 25 bp =] small
interfering RNA (siRNA)Z 2] 2| A |t} o2 A
TH50] 7 siRNAT RNA-induced silencing complex
RISC)9t AstAl =H, o] Age: Ado] e
574 mRNAE <1Astar, A3t 543t 5
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HE 2 Y2 fFhxE Rkske ol
43 Wolm, 53] 200~300 bp2] dsRNAE 4
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14, 21, 42, 494 2h°l| Trizol (Invitrogen, Carlsbad, CA)
|NS Wi 7St A7 oA stk T3
b 158 3 4Tl 12,000 g2 2057 A
3 5, RNAES Ao ATls R
FHE Stk of7]e] sdg e 1sopr0pan01*
A7Vsle] Aol A 1083 TR 4TAlA 108
7k 8,000 g .w@aé}oq, RNA HHES 37] 5
o| ] AXA|Z] & DEPC AHEd ZFHT=E &34
A AHE A7RA] -70T ol BT

2. ‘4F|9| X} 2l

Aoy I
XSHE=

235 3527 % ICR AF ol pregnant mare's serum
gonadotropin (PMSG, Folligon, Intervet) 5 IlU/mlE
Abato] 44~48A 17ROl BHE EASEAL dATS

o] Wt} Germinal vesicle breakdown (GVBD)E <]
&= 02 mM IBMX (17018, Sigma)”} 7Fe M2
(M7167, Sigma) Bl HAE B2 T A&
FAZE o] &3t dAE HEd GV dA-d
MAE EH3HA] (cumulus-enclosed oocyte complexes,
COCs)E Eith Wz A7]o) 2= mAfe o

olZlE Fall WA FHlol el Zode AR

Ao w A st FANES AT MIL
7] f8liA=

s =4
e o 5 U] PMSGE FARSH ¥, 48

A7l human chorionic gonadotrophin (hCG; Chorulon,

Intervet) TAFSF] 16A17F & SO 2 HE MII

H2E AAH
3. mRNA 22|

2o W] GV HAkel MIl HAFEE-E Dyna-
beads mRNA DIRECT kit (Dynal, Oslo, Norway)S A}
&3kl mRNAE Zgakelet WA dAEo] =
Z} 3FBof 300 ul lysis/binding buffer (100 mM Tris-
HCL pH 7.5, 500 mM LiCl, 10 mM EDTA, 1% LiDS,
5 mM DTD)E 37kek ¥ 583 Ao 7ok 21
<, HENS A A3 Dynabeads oligo(dT)soll Wil
vortexing ¥t | Ao A 51 WA ZTE mRNA
£ %3 9= beadi= Dynal MPC-S magnetic barE
o]-g3te] E-2jal Wiz, 10 ul of Tris-HCI (10 mM Tris-

OI&AM - 01Z0t

HCI, pH 7.5)Z2 F7Fsko] 65Tl A 287F vkg-A]7]
O 2H beadol £0]YE mRNAS ot} t}
A] Dynal MPC-S magnetic barE ©]-8-3}] beadol A]

mRNAYHS 2|33t

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

Dynabeads mRNA DIRECT kit (Dynal)& ©]-8-5}<
3]4 8 mRNAZHF-E]S] ¢DNA /2 mRNAC]
0.5 ug oligo(dT) -1 primerE 2L 70°CollA] 10:&3+

7}¥48 10 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.5
mM MgCl, 0.5 mM dNTP mixZ Z33H= 10 mM
DITE HF el 20 ulo] HA H7Hek 5 42°CoA]
5EZF Yt 1 3 200 UY] SIHALES (MMLY
reverse transcriptase, Promega)E Wil 42°ColA 60
1, 94CollA 2327 WHSA1A cDNAE EH] 83,
Z2A o A Trizol (Invitrogen)S ©]-&38}> 3|43} total
RNAZ FE 9] ¢DNA §/dolli= DNaselo] H7Hth
PCR-2 0.2 mM dNTPs, 25 pM2] Z} primer, 2.5 U of
Taq DNA polymerase (Promega)} 37 32} SH/
£ o]&ato] A whg §ofo] 20 p7t HE=F a5}
of Fafsto] Z} FHzte] Bl FS ERlskih
glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
+ Internal control@ AF&-% 2 0.1, globine- spike®=
AHgatel WA RE ] A ko] mRNA 857k
Aets] HA=AE &Itk RT-PCRO A

primer= Table 13} Figure 21 2]}t
5. dsRNA ZH[2} LXK 22| O|hIF=

A 259 WA ZEE Trizol (Invitrogen)S ©]-&
3] total RNAES FZ3}al, MMLV reverse trans-
criptase (Promega)o. = & HA} HFS-& G385}l T)
AHE-H primeret Z3E2] 9% W = 7]= Table 1
7} Figure 29 YERRATE 4% cDNAE 74 AL
Obox4 primerE ©]-8-3] PCRS 4~33}1t} PCR ®F
% Z71L8 94CollA 40z, 60°CANA 40%, 727 CollA

%2 35 cycles 3¥slo] FHFAHE2 240 bpolA
Ijr Obox42] SEAH=S pGEM T-easy vector (Pro-
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OIF

mega)°ll A1 3FL DHSa competent cellol] &2 A3 HEg-sk & 2ol A 3AI7F 23T} dsRNA sample

AlA ool Az H clones It 1H ol single-strand cRNAs®] 23S I|517] 93l 1
e F-AZ7) antisense = sense® AU E S ug/mL RNase A (Ambion)E 7}l 37°CollA] 30
A& PCRS T3l &<2I3}aL in vitro transcription 2 2] 8+ T, Phenol-chloroform & 2.2 dsRNAS

e b

< $8 T7 %=+ SP6E promotor= WH3-3 4= 3l THIBFA AL Gel A7 G502 SIS

Al Spe 12.% linearizationA] 7] 1, MEGAscript RNAi 2 ATolA = dsRNAE 8313+ Elution buffers
Kit (Ambion, Austin, TX)2] T7 RNA polymeraseS ©] =702 ARESISITE Akl tiet primers T
83} single stranded RNAE /438l t} o] €A set 21d38}o] 3 seti= dsRNAE A|Z}el=d]| A8}

A 7} complementary RNAs+= 75 Coll 4] 5+-7F Fom X T}E setr= RNAiI §, mRNA & 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 (C)  Size (bp)

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

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

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

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

F - CCAACGTTCTTTGCTCACCT i
Obox4-2 AF461109 60C 295 bp
R - TGCACCGTGTTCTTCTCTGT

F - ATCAGACTGACATAGCAGTAG .
Obox5 NM 145709 60C 174 bp
R - ATGAAAGACCTGAAAGGTGTC

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

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

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

F - GCGAAACCGAAAGAGGTCAGAA .
Histone H1 NM 138311 60C 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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= gelslr] 98] RT-PCRO| ©]-&-3}3T} (Table 1).

Obox4 dsRNAE H|A|FTU 3+ <, 3% BSA (Sigma)
7 A7HE Mie6 A olA vl e AW, e 3%
BSAZ} H7Fe M16 viA]el] 0.2 mM2] IBMXE #
71 oA A el Wl 2L 5% C0y7
THERE 37C wE7INA 1643 e 24417 5
oF wjokslitt A7 WEE UAE MII AR
FA)5k otq o] Hol|x gFom =A| S Ho|
A e Ak ML AR FAE e

OI&AM - 01Z0t

6. Orcein YAd

WAHE-2 aceto-metahanol (acetic acid : methanol =
1:3)°l 2447 FoF nASIATE A o] d UAE
2 9FAl S pasteaur pipetteS ©]-8-3}] slide %
ol ¢l& % dxp7t mEA] A vEE cover glass
2 Gt} Aceto-orcein (1% orcein, 45% acetic acid)S
slide®} cover glass A= S0 58I G4 &
&n]7 (Coolscope, Nikon, Japan)S ©]-&3}o] A1)

(E)

1D 5D 2W 3W 4w 7W OBOX4
1D 5D 2W 3W 4w W 1D 5D 2W 3W 4W W
e 35 cycle  [on—
kg GAPDH | ————

(C) ©

GV Mil W ovary GV
1650 bp —>
850 bp = 877 bp
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.
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(638 nt~877 nt)
=(—240 bp—)
Obox4 coding sequence i :

AF 461109 (1141 nf)

[ Oboxa-1 |

¢—259 bp—>

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 RNA..

2 wEEl.
2 1

1. 2iC Cs LIAQ} A
family2] mRNA 25 QFAb

XM 2] Obox

67H9] Obox fr7AHE U’ o= RT-PCRE 3
3L, GAPDH #2312} 2elo] gk 2l
d& BAgste] w3l o, Obox6e A9l
T Obox A7} 277 AF 9] Ao
Aoz = Ui o}tﬂ o]% Ha}p FFAdh=
AoA SolHow wdst
Ob. ox4°ﬂ galiM = 2558 WAl
AT} (Figure 1A). o] A
AA7EA LA =GR dRkEE ddol]r

o], Obox49] mRNA & s £ g4dstA &
Q15}7] #13ll PCR cycle & 35 cycle® FA 3}
e S Elsteith 2 A3 Obox42] mRNA
=, AT 192 daeA 5o ® Hdo] gy
), A2 F7kste] 25789 AN 7P =
Astal o] F HAF Fol=s Fds Rl

, Ao BE oA M stal glom

AT 193k} 277 9] FAddA A Hd st
AT} (Figure 1B).

GV xRk} MII WA}ol A 2] Obox  family2]
mRNA®] T8 S HolF31 T} Obox family
o] mMRNAYE HAH o2 MII HAET GV WAjo
A=A sk ATk 53], Oboxl, 2, 3, 59} H]

ot
[-'O
Nf‘
g

_4

ol
H Im PH -2

o

LAt L0 2l Obox42l SE I RNAIE 0188 IS+

L EREEER

=

15} Obox4, 62] mRNAS] W& o2 GV Tl
A A s zE MIL dAtel A @A SHA Zas
= RS AT (Figure 10).

A& €] genomic DNAS] 292 &}lst7] 9]
&}od, Obox4oll t3ate] intron S X3l E=
primerE TJAFR1S}, IntronS E &3l AyES
1454 bp, exonh-S E3Fe= A= 877 bp 914
ol band7} WER}EE A|#}ete] RT-PCRS 35t
A3}, 877 bp 219 tHE band7} WERA] gEgko =
2, A5 o genomic DNAS] 20| $lSl&<

sHRIE = AU} (Figure 1D).

2. Obox4 dsRNAZS
HMAEe| knock-down

0|Z¢et MEHX Obox4 &

Obox4 dsRNAE ©|-83}c] RNAIE 3+ $ histone
HI 20 2 goll g izl U &= <
215} tE. Obox42] knock-down Q1S 9]3h primer
o} Av}Zo] 91% X H7]= Table 13} Figure 291
e AT tiZ2ae] FAFE2 in vitro A<l 9
3 dojxl daksolH, v #% A=Y 3
2130l GV %At (0 h)9F 8AIZF &t viggk MI
WAL, 16A13F 9 vl Ee MIT A7 E ARE-H QAT
tjzt 2} ¥ lE}ed, Obox4 RNAi & WA} <o) %
S MI TH2ke} MIT HAFell Al Obox42] o] &
A=A ke GV gEjell A=) = Obox4
RNAiT oA %= Obox4®] & o] A i
gk 28 gIskSIT) 18]t} Obox family 5 Obox4
o A7IM D Aol =S Obox3, 59 3
2 Obox4 RNAiol| 2]3l] S whA] et

=

sl 02

3. Obox4 RNAi Z 1}

22 ol A% AHEsHA] g2 dAEolH,
H] nl2 Obox4 dsRNAS =3 elution bufferyH-S-
A58 WAk, Obox4 RNAIT-S Obox4 dsRNA

i

Z v A|Fd e xS0t Plain M1691 4] Hl Ao
A wjeFet A9 R (100%), Hlala (96.5%)°l
Ao d2b A5E7) Oboxd RNAiFOl A ] Tha} A
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Control IVM
GV M Mil

Obox4
Obox3
Obox5

i

H1

OI&AM - 01Z0t

Obox4 RNAI
GV M Mil

Obox4
Obox3

Obox5

i

H1

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 RT-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

©

(%) EControl @Buffer-injected MObox4 RNAI

L " L
GV MI Mil

Number of Oocytes (%)

M16 16h
culture Total Germinal Vesicle Metaphase | Metaphase Il
V) (M) (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)

(%) BControl OBuffer-injected OObox4 RNAi
100
80
*
60
40+ *
20+ *
0
GV Mi Mil
Number of Oocytes (%)
IBMX 24h
culture Total Germinal Vesicle Metaphase | Metaphase Il
(Gv) (M1) (M)
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(12.3)
*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.

=8 (96.7%)2 2Fo]7F §ISAT} (Figure 4A). 124,
02 mMe] IBMX7} H7F M16 iAol 24417t &
oF wjFst A9, 23 Hlngol A= IBMXS]
FEgoE I} gdzo] JojupA] kot Obox4
RNAi ol A= IBMX7} &A1l = B3t MI
(27.9%), MII (12.3%)=.2] F=} Ad<o] AZE ATt

(Figure 4B).
Figure 5A+= in vitro A5S S3l Lo =
orcein A S wl AWl AAA HEE B
A

o] 331 2t} Obox4 RNA]

=
flo
=X
o

S

=
(@)
=
N
=2

16717t 5oF vjgFskAY 02 mMe] IBMX7F 3 7F
H M16 HIX|olA] 24A]7F Bkl e - Ao
2GS0t} (Figure 5B, 5C). Obox4 RNAi
AIZE &2t M16 iAol A wieFet & SA|7F B
MII Aol A= ofzhe] GMA)] &5374o
AT} (Figure 5B). -55% SAA7F a4
EAs= 7499} (Figure 5Ba), A|EZA 1} =A9)
Z} EA8= 79 (Figure 5Bb), L& dwhz <l
A MI 2] GAA0] PHE Hole F9%
AT} (Figure 5Bc). 0.2 mM2] IBMX7} 371 M

.

O
Ry e

> 2o NmEEt R

r
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Q Control

GV (Oh) GVBD (2h) MI (8h) ‘Mi(eh)

Mil
Obox4 RNA
Plain M16

GV = ' iy
Obox4 RNA ﬁ?‘“h =

IBMX 2

Mil
Obox4 RNAI
IBMX

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)-(i), ML; (j)-(1), MIL

jus)

NA10l 244 7F &<k wlgE Oboxd RNAIToIA = o EA4E FR1g GV Bl E AW GV
AAH o2 MI6 BlA|ol A 16A17F T3k e o Wxpe] Ao} vawEte] §EEYo] AL g
fell A Bep o e 44 §5A4S E1d Q13 5 ASIH (Figure 5Cd-f). <€ MI, MII &
T AT (Figure 5Cd-). Avl7d shollA Q13 aiw}  ApollA= Ao = AMA7F 3 7)) == 2 7))

N
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Aol ez g A SFE GAAR EAsE
e AT MII HAPl A= 58 GAA7F
MEA " & HE}E W2 Y (Figure
5C)).

El
[lid

W g gl A Obox6S A12]3E Obox
family2] mRNAE A7 dao] wd oA F 259
o] WA 7 =4 Wdss o™, Obox family

7} Al 715 s ST Ao AEE 27
2 9] kAol A Obox44 il E'& st = 3l

Atk Aol FolA A

= Obox4°] LMOMA S HH% SRS 4
F}AAt} Obox family®] mRNAZ} =7 @& sh= 2

FHo Uit Be d¥l Al A7|EA
Obox family7} 32 Aol #olebal oS A7
& 4= 9lrk. ®E3 Obox family2] mRNAE WA} A
S < } WE Qo] AfolE WL E AR
Obox family7} TEAYAJEERE o} g} Wz} Aol =

3

#ostar S Aolgk AZbelSl o™, Obox family
< Obox4ell 235 S50 dds w5 =AU
o

th. Obox49] 7|52 LAl Al&gk RNAI 7|2
dsRNAE ©]-&-5}of %Xé A
Holt}, o]e} e 7|2 IR} A Bt 73
28] 7ee ¢l ﬁﬂ m$- et s1Eelnh?
200641 Obox6 mutant mouse®|*] Obox6 -7 A}2]
o] A=A 7] wjo} WA whA|o| A Obox-
1, 2,3, 5 A o] Frhgvkar Bargl vf
ATES ThA] el Obox69] Alerl 7)5-S HE38]
A3l b2 FHEe] 7)se] Sk Aokt 1
gy}, 2 AFrel A= Obox4”} knock-down &S5
oL, A} Adss Sl A thaat ) Obox4 RNAiT
oA Obox3, 5o & zlolE &elsk 4= gl
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