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Comparative Functional Analysis of the Malate Dehydrogenase(Mor2)
during in vitro Maturation of the Mouse and Porcine Oocytes
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Seoul 135-081, Korea

ABSTRACT : Contrast to mouse where its in vitro maturation rates are high without specific supplements or presence
of the cumulus cells, there are some species, such as porcine, where its in vitro oocyte maturation rates are still very
low. This comparative study was conducted to investigate the role of malate dehydrogenase(Mor2) during oocyte
maturation by RNAIi in the mouse and porcine. The Mor2 double-stranded RNA(dSRNA) was prepared species-
specifically and microinjected into the cytoplasm of denuded germinal vesicle(GV) oocytes. Oocytes were cultured for
48 h(porcine) and 16 h(mouse) in M199 with 10% porcine follicular fluid, pyruvate, p-FSH, EGF, cystein, and
estradiol-17 4. We measured changes in oocyte morphology, maturation rates and mRNA levels after Mor2 RNAi. We
confirmed gene sequence-specific knock down of Mor2 mRNA in both species after Mor2 RNAI. In contrast to our
previous finding that mMor2 RNAI resulted in GV arrest in the mouse, we found that pMor2 RNAI resulted in M I
arrest in denuded porcine oocytes(58%), but developed to MII(84.4%) in COCs. To determine whether this difference
between mouse and porcine RNAI is due to differences in culture media, we cultured mouse oocytes in the M199 media
for 16 h after mMor2 RNAIi. Mouse oocytes were developed to MII stage(62%) and there was no statistical difference
compared to that of non-injected(76.8%) and buffer-injected(73.3%) control groups. Therefore, we concluded that the
mouse and porcine oocytes are having different metabolic systems in relation to malate dehydrogenase for oocyte
maturation. This could be a basis for differences in maturation rates in vitro in two species. Further scrutinized studies
on the metabolic pathways would led us in finding better culture system to improve oocyte maturation rates in vitro,
especially in more challenging species like the porcine.
Key words : Malate dehydrogenase(Mor2), RNA interference(RNAI), Oocytes, Cumulus cells, Metabolic pathways.
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, i 3 dxte] sk wss BEska, Mor2 mRNAYES] ¥3tE RT-PCRE <18l RNAI 23, 471449 &
2 Mor2 Fao] A EL 3Haatdeh A WAke] pMor2 RNAI 23}, DO WAl AE ok 58%2] Wab7t M ol 4
&ro] A o1}, COCsolld 84.4%7F MILE &3t A B 4 ST ol& XY GFAE L bz} g vl$

F 83, 53] malate 335l FAT AYS AALE A8 A Mor2 RNAI 23, AF = GVollA, B AdA HiA]=
M I oA A&o] AR 7] well o] gt o] 7} vkl o] XFo]1=] ThA] mMor2 RNAI 3 A& WS M199 vl oFl

o 16417 B¢t vjkE T A<g-S BFIIRUY MIEY

Hege 62002 Uz vluwste] 2 xjolr} g

(non-injected: 76.8%, buffer-injected: 73.3%). ©]+= mMor2 RNAI Ax}7} sl o] A0 o8 FE2 = 9SS B
[e]

Asjeh, A4sh AN A% he A 2 gl
Aole, FOE F BN dApsh GTALNY FEAE D At 2 SO B A% 2 vl BY AT7E

HE= o] F FoX o] A58 zhole) €lo] @ F Us
&3tk

HAe AoYass STHE e wF AlLF e o] bed Aoz YEn.

A e

wzte] ALy e =7 8 A< (nuclear maturation)d}
A|32A A% (cytoplasmic maturation) 2.2 UFo] At} & A
a2 Al AEEd A7l 13 A9 B gel Ao
metaphase [I(MII) @AZ FPs= H4& D= Ao
o, A Ed AEE AT ds 93 9 HIls A9 B
E W3S EA3cH(Eppig et al., 1994; Eppig & O’Brien,
1996). & Qo] dojd dxEal st ® A EF <o) A
HZ A X A, $8 @il s 1 o] 59 ul
of o] A o7 o] FolA A Rt} webA FHQ
HaS QA e 8 s Axd Ase] Wt A o
ojufof sttt &, T AL w9 UsHA AA= o] Atk
(Barnes & Sirad, 2000; Sirad, 2001).

o TRHEEY dAE Aujdste A2 B2
TE 53l =2 45ES e do] a8 offA g2,
8] 71 ol AREE L e AF dAFe] A uf o ) gl
of S8g A7} dFAE glolx A 9] As&o] 95~100%
2 5 M2 Assith 28y S29] dake AF7HA
T Aol oM =2 AGES QA X3 FEd 7Y
Aads ded ofEss 41
wjFdof gAY S22, oS H7t
SIAY dFAEE B e WA-GTAIE B34 FEHE

]
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dn re

o,

rol

y
WES S A, FR 2L A9 A4ES 94 R
ste Fo2A A7 WA 4% A2 ARE BE 4T
£ oz s Pofolth

WS AEAL dA] A4, 53, 193 7] Hot
2 34 5% AL ) 7lso) B2 e oIS A
7) S A2l BAba e AFBL W e W

2
o mebA EAE Asetr] A A E
£ AASA =9 IVF 3 AAE S w o} vlaste] dap A
S ofue}, 4, wjol e FFo] AR A X
Aot 18y}, A [ = dTFAEI} §loj= 2FHA
o|1} oxaloacetate”} Hjokelo] glow @] AL o] 2|
AN 2=, 2k (lactate) €2 phosphoenolpyruvate
3 A MRS e AsEA gtk ol 3 4
o] TCA cycledl 93l A&ES 4AgH

Malate dehydrogenase(Mor2)= Malate$} oxaloacetate2]
FEHES Sfste o]FA BARAN THEEY EE 3
71/ ZZ o)A malate-aspartate shuttlex} TCA cycle & o
o] A A IS st} Malate9} oxaloacetate= TCA
cycle, malate-aspartate shuttle, lipogenesis®} gluconeogenesis
2 ¥3hsle oy Al A=) BEE o] 9tk Malate-aspar-
tate shuttleS T} 2H31= $Jsl NAD(nicotinamide adenine
dinucleotide)E 44519, 2| Aol A= malate-aspartate
shuttleo] AEol] HHH = o} f tiAte] 8 2dA = <&
A thLane & Gardner, 2005).

B dAFAoMe A AFdA Mor27t datellA] A
e glow, Wb e b Aol YA dske A
24918 <ol (Yoon et al., 2004), Mor2 dsSRNAZ 4%
o) Aol Al FY - M16 HjFH ol A 16417 v gk
ol MII A&go] Z2T(73.4%)0l Hla) ¢F 34% J==
< AsEs Holal 46.6%2 HA7L GV Aol AAs=
ABRE FR8A L, ol= AF Mor27h Ak Aol w5 5
i<} < AAkste A7AtH(Yoon et al.,
2006). webx] £ Ate AF L HA] AleldlA Mor29] s
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o] 94.6%= -9 =7] W&ol A dRFA S Mor29] H
A3} 758 AFAM G FE7IAZ RNAI 71%E 0] 431
Gopr n, sz ok AF date] AR B Ao Hlu

737 915t} SR

o)

Az %

1. 9A F9s g A

A3 4HH C57BL/6 A F ol PMSG(pregnant mare’s
serum gonadotropin; Folligon, Intervet) 5 IU/MLE A3}
o] 44~48N 7ol AFE =asta darks wlougit).
GVBD(germinal vesicle breakdown)E 2AJ3}7] £J3}e] 0.2
mM  IBMX(3-isobutyl-1-methylxanthine; Sigma, USA)7}
71 M2(Sigma, USA) Hi oA GV a4 X &
&4 (cumulus-oocytes-complexes, COCs)E Rttt Wz
a7l gt= wA FEj@ goldllS Fal it F9ol =9
M GTAHES E8]5 02 A A3t denuded GV ¢
A5 A

BAe) dAE A7 AAE £F A5 daE
32~35C 9] 2] %8<(0.9% NaClyol go] 2417+ ol 2
AR FHkslo] ARESIATE A A4 oF 39°C o A4
TE GAaE 33 o) A H A4 2~6 mm e
FollA 18 gauge TAHI O] F2E 10 mL FA|E £
% 99 JdAE TL-HEPESZ 33] A|H 3] & 73a}
|4 GFAHE}F 2~3F oF AL B AlEHo] #4
sk COCsE A'Este] Aol 345+t DOs(denuded oo-
cytes, FTAIZE AAT Gl A w]A F 15 COCs
& A Z719 B vAlEE geolsls B 9t T4
=] Hode dAEE EYHoE AAT F 15 mL
tubedl] ¥l 10,000 goll A 1057 Q4] Belate] do] Ho
23 5 98 g AEd to = dsRNAS WA F943)
Atk COCsAA mAl 91 IFe dvds s AEd
COCs I ZE 71A1L dsRNAE v|A| =3 <=tl, DOs
agoA e} 22 B4 48 74 ¥ w4 FYstae
U, A e Al zdy o] A 5o Qs Fo]
Hol7 ¢7] wiel o AE F v &4 dFsta F

w3 hge) wAkel A Sk,

o oo oo

2

(

2. 4%4 Realtime RT-PCRZ} RT-PCR

Sk 7l 9] WAt A Mor22] mRNAHS real-time PCR +#
A& B3 =4359 k. Messenger RNA(MRNA)E Dynal-
beads mMRNA Direct Kit(Dynal, Oslo, Norway)°l w}g} 5
=319t cDNA §/42 mRNA®] 0.5 mg oligo(dT):21s
primerg 231 70Col|lA 1087t 7FEs £ 10 mM Tris-
HCI(pH 8.4), 50 mM KCl, 2.5 mM MgCl, 0.5 mM dNTP
mixE ¥33= 10 mM DTTE HF%0] 20 ¢ L7} HA #
7Feh F 42°C oA 57 Hifith 1 ¥ 200 US| GHAta A
(MMLYV reverse transcriptase, Promega, USA)E {11 42C
oA 603, 94CollA] 227 WHE-AIA cDNAS FHISHATH

%4 real-time PCR #4]& iCycler(Bio-Rad, Califor-
nia, USA) Zx& AH&3te] 5833199tk iQ™ SYBR Green
supermix PCR Reagents(Bio-Rad)= real-timeA] #34} &
Z5 A H o7 BAslh=t AH-E e, iCycler iQ real-
time detection system softwaredl] 2Jsj H7}= Atk GA=2
HE A& cDNAY 2 §7Ak2] 20 pmol forward/reverse
primer, 2X iQ SYBR green supermix 10 xL(100 mM
KCI, 40 mM Tris-HCI, pH 8.4, 0.4 mM dNTP, 50 U/mL
iTag DNA polymerase, 6 mM MgCl,, SYBR Green I, 20
nM fluorescein stabilizers), 18]3l ¥ 33} SHFE A
A wHeEAS 20 gLz Bo] 8T PCR £31&
95C oA 31 a3t 5, 95T ol A 40, 60°C ol A 40%,
72°Co)A 40% 40W wHEEla 95°C oA 18-S S8 H,
PCR A E2<] melting curveE #4332} 55 CH-E 95C
74 05CH 1027+ 255 Fo7hiA 34 23S #F
ST AHESE A 852 FAA B S5 B9 AT
o semi-log amplification plot2] 71514 H$] WA 2
FFE Mo R st Fgo] FEHAA F7kske Al
cycle =<1 threshold cycle(Ct)Z #4138t At A<l
Ap g o] 2ol B -actin BHOE HAS 5 OhA] U
3} vty A5t 23+ meantSEMO.Z UE}
3, AL 3 WHE st

RT-PCRS 91¢] Dynalbeads® ®o} vH= cDNAZ 7}A]
3 818k} sf= Ak primer(25 pmol forward/reverse
primer)E Y1 Tris-HCI(pH 8.4), 50 mM KCI, 1.5 mM
MgCl;, 0.2 mM dNTPs, 2.5 U Taq DNA polymerase (Pro-
mega)E o] &3] % 20 1 LE T35k PCR 242 95T
o| A 40%, 60°C oA 40%, 72C A 40%=Z 35W WHE3}
% 1.5% agarose gelolA 7]%-53td Image Analyzer
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(Vilber Lourmat, France)Z 2Hl3}jth.

3. dsRNAS] A2, HAl ¢

AF 658 Fadl A FAZEE Trizol(Invitrogen, USA)
o] 83| total RNAE F3}1, JHALAAR AL ¥
333k $AE cDNAZ 7141 mMor29} pMor2
primerg ©]-&-3ll PCRS 333 th PCR ¥H-3-270-& 95C
o A 40%, 60C oA 40%, 72°Col|A 40%Z 35 cycleS
o] HFAHE-2 247} 569 bp, 483 bpo]Ath. mMor29}
pMor22] ZZ2HE-S pGEM T-easy vector(Promega)oll 4
3kl IM109 competent cellol] B2 AZAA thaFo] 2z
4 clones A3tk 219 $ A4¥ 347} antisense &
< senseZ A YHAE=AE PCRE T3l <13l in vitro
transcription 98 T7 ®+ SP6Z promoter£ w33+ &
A7 Sall©.2 linearization A]7]11, MEGAscript RNAI Kit
(Ambion, Texas, USA)] T7 RNA polymeraseS ©]-&-3}4
single stranded RNAE &/33tdth. olgA d¥ 7+ com-
plementary RNA(CRNA)E 75Col|A 587 k33l & Ao
ol A 347+ 213t} dsRNA sample Yol single-strand cRNA
9] 9d& H3}7] #ls) 1 rg/mL RNase A(Ambion)E 3
71l 37°C el 308 A 2]+ . Phenol-chloroform &1

S
=
eN
=

o8 - At - o) 7o}

WAl A

02 dsRNAZ FHI3I9la, Gel 719502 s
£ ATME dsRNAS &38 buffer wh& A FYat
of 202 ARSIt A WAt ¥-e buffer= MEGA-
script RNAI Kitol] £3H5]¢] 91+ elution buffer(10 mM Tris-
Cl, 0.5 M EDTA)E U4l FAstiaL, siA dAte] 75l
E Kitol] Z3HEo] 1E elution buffers w4 FYshd &
219] lysis7t Bo] dofut pMor2 dsRNAE DEPC(Diethyl
pyrocarbonate, Sigma, USA)7} A2]¥ 33} S/F42 vt
oA mlA] FUstgit}. Wil E DEPCY A E 33} /S5
£ AF IR A FYE Bl FYsAA BE g
A7} lysisElo] ARE-SHA] XstAth Zhztel frriAtel] tig
primer2 5 set 2H43lo] 3 set+= dsRNAZ ) 2bsh=d] A
231909, I T} set= RNAI &, mRNA &d zjo]E &
¢18}7] 9Ja] RT-PCRY| o]&-815itH(Table 1, Fig. 1).

4. Aol

HA G2 R |45 32t 358 w2 = 1 mg/mL bo-
vine serum albumin(BSA)©] 3718 TL-HEPES s #]o|t}. TL-
HEPES®] = 114 mM NaCl, 3.2 mM KClI, 2.0 mM NaHCOs3,
0.4 mM NaHPQO; - H,0, 10.0 mM Na-lactate(60%), 2.0 mM
CaCl - 2H,0, 0.5 mM MgCl, - 6H,0, 10.0 mM Hepes, 100

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

sizes
Genes acccjzz;]iiinllilo. Oligonucleotide sequences AT(TC) Size(bp)
e e [TRGMSSCTIOONGSE
e e LTSNS
pMor2" NM_213878 ;2 ?Sgéfé;i’éﬁﬁiﬁ?ﬁgg? 60 483
wor  wiasm  [TONCTEGCGMOT
w woen  LTOTCSMOCTOOST @ w
b 8 -actin X03672 F 5-GACCCAGATCATGTTTGAGACC-3 60 503

R 5-ATCTCCTTCTGCATCCTGTCAG-3'

F and R in the primer sequences indicate forward and reverse.

Y Primer used for preparation of dsRNA.

2 Primer used for confirming knock down of mRNA expression after RNA.
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A
98 1102
308 mMor2 dsRNA, 569bp B76
24— TG
<knock down confirm; 245bp>
-B 15

(-]
L]

mMor2 mRNA/b-actin mRNA (Ratio)

_L

D
1 cdsregion 1005
186 pMor2 dsRNA, 483bp 968
280 619
<knock down confinm; 340bp>
E .,
:
£
'lj 0s
&
; F GV MiIl
z
o -
v MIl p-actin

Fig. 1. Comparison of designing Mor2 primers and expression of Mor2 mRNA in the mouse and porcine oocytes. Transcripts isolated
from oocytes were reverse-transcribed. For amplification, one oocyte equivalent cDNA was used as the template. (A, D) Sites
for Mor2 primer design. (B, E) Expression of Mor2 mRNA was determined by real-time PCR. (C, F) After real-time PCR
analysis, the PCR products were electrophoresed on 1.5% agarose gels. Experiments were repeated at least three times and data
were expressed as mean+SEM. GV, germinal vesicle oocytes; MII, metaphase II oocytes.
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IU/mL penicillin G, 0.005 g Phenol Red 2 T4 %o 3lo.H,
pH 7.4+0.58 9+5110.22 £ mfilter(Millipore, USA)Z o2}
atof ARg-8F3Th

B AN ARE A9) a8 wiFd2 M199WG, Ko-
rea)< 712 #|gH oz sl 10%<] PFF(porcine follicular
fluid), 0.22 £ g/mL sodium pyruvate, 25 ¢ g/mL gentamy-
cin sulfate salt, 0.5 £ g/mL p-FSH(Follitropin V, BIONICHE,
Canada), 10 ng/mL EGF, 0.57 mM cystein, 1 zg/mL es-
tradiol-17 8 7} 719 vk o= o] MI1990 2 7|3
o}, v A& ALE Aol 0.22 1 m filter(Millipore) £ o] 3}3}
o] 39°C, 5% CO, % 7]olA] 10417 o)/ HujgS st
Atk 598 ®715HA] 2t Aok SigmadlA
dste] AREsEGAT

ulA F9jo] B Wl M199 i gdlo] 33 AlH e ¥
welld 1 mLe] wjgHo] So]9l= 4-well dish(Nunc, Den-
mark)ell FAE ol =HX= 39C, 5% CO, #7194 48
AZE Sk wjFskaL A= 37°C, 5% CO, Mg 7ol A 164
7k o vjokstdt}. GVt polar bodyZ} $IE WHAFE Meta-
phase I (M1)o& kst

1. 2k WellAe] Mor29] el oF

A7 9} A n S GV dAe A5d MIT dAl
A &8ss Mor2 mRNAE 543}7] 918} real-time PCR
A3, AFe a5 GV dAlA Hot xdt MIT ¢t
NN B A FRs o, B E A= st GV i
Ao AR WL, egk MIT datelld A9 ddstA] o
XTh(Fig. 1).

2. #1712l DO GV A4 pMor2 RNAI 23}
GV Ao 7o 2 dsRNAS 2347 0.1% DEPC
7} A 33 FRFE FYsta, AIFOZ pMor2E 1)

o8 - At - o) 7o}

WAl A

(%) 100 O Control B Buffer B dsMor2
80
‘
60
40
20
0 =t
GV MI MII
Number of Oocytes (%)
op]  Germinal Vesicle  Metaphase I Metaphase 11
V) (MI) (MID)
Control, No Injection 159 2(1.5) 40(29.6) 86(63.7)
Buffer-Injection 177 1(0.7) 38(26.0) 94(64.9)
pMor2 dsRNA-Injection 180 0(0) 87(58.4)" 54(36.2)~
*p<il05

Fig. 2. Maturation rates after pMor2 RNAI in porcine denuded
oocytes. Maturation rates were scored at 48 h in vitro
culture of oocytes in three groups; no injection(control),
DEPC-treated DDW into porcine GV oocytes(injection
control), and microinjection of pMor2 dsRNA.

Al FYsted M199 v kol wj kgt - 48A17RY ol dAt
AEEs GstAth HA G AE5EL 63.7%H0H,
RNAI 2437, DEPC7} XE® 33 R4S
64.4%2] A7} MII & WA} Ao] ot
dsRNAZ F3F 7¢-E 36.2%4H0] MII £ A48, wh
™ 58.4%7} M I A7) AR5tk (Fig. 2).

3. F1#]¢] COCs GV @Al 4] pMor2 RNAI A}

DOs A%, MII A%89] 36.2%°]3L 58.4%2] HA7F M
[olX BA3 vl COCsol pMor2E WA FY &t
M199 = Fetol ufj kot 48A17F S Aol Hass g
QA3 A4, 84.4%2] HAF M2 A&she AL B2 4
ASATHFig. 3). o]W COCse] A 9| A48 78.9%, DEPC
7t AgE 37 FRTE wA AT dAY MIT A&
78.1%% .

4. Q7] Denuded GV YAtol A mMor2 RNAigH &
M199¢] Hjst Az}

GV WAt tixw 2.2 dsRNAE 8314171 elution buffer
2 FY8ta, APFOE mMor2E 1A FYsk, HiA &
2] wjoko] A& A 2o M199 Hjoklo] 1647} H] %
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B dsMor2

(%) 100 & Control @ Buffer

GV Ml Mil
Number of Oocytes (%)
C inal Vesicle b I h I
Total [ T
° (GV) v (M)
Control, No Injection 75 0(0) 14(21.1) 61(78.9)
Buffer-Injection 109 1(2.0) 22(19.8) B6(78.1)
pMor2 dsRNA-Injection 81 o) 12(15.6) 69 (84.4)

Fig. 3. Maturation rates after pMor2 RNAI in porcine cumulus-
oocyte complexs. Maturation rates were scored at 48 h
in vitro culture of oocytes in three groups; no injec-
tion(control), DEPC-treated DDW into porcine GV oocytes
(injection control), and microinjection of pMor2 dsRNA.

) 100 O Control B Buffer o dsMor2
80 - :
60 -
40 -
) ﬂ
ol PSS SN S —
GV MI MII
Mumber of Oocytes (%)
Total Germinal Vesicle  Metaphase [ Metaphase TT
¢ (GV) (MI) {MIT)
Control, No Injection 122 1{09) 28(223) 93(76.8)
Buffer-Injection 142 4(24) 35(243) 103(73.3)
mMor2 dsRNA-Injection 114 3(34) 32(26.9) 79 (61.9)

Fig. 4. Maturation rates after mMor2 RNAI in mouse denuded
oocytes and cultured in M199. Maturation rates were
scored 16 h after microinjection of mMor2 dsRNA or
elution buffer(injection control) or No injection(control)
into mouse GV oocytes. Maturation rates were scored at
16 h in vitro culture of oocytes in three groups; no
injection(control), buffer-injection into mouse GV oocytes
(injection control), and microinjection of mMor2 dsRNA.

S T dAte &S SIS AF dAlel A RNAI 2
3}, controlo|A] 76.8%, elution bufferE FU355<S o 73.3%

W27 MII 2 A<s191, mMor2E 93 4$-= 61.9%
7} MII 2 A3 tH(Fig. 4).

5. Mor2 RNAidt 3 mRNA2] &4 ke Zjo)
Ao Y F- COCs= HdTHAIEE AASLL, BE HA=

#r|E o2 FE A wgtE HAst] d5&S 375
3 & mRNAY &9 ofAel zjo)E 010}37] 98 RT-
PCRoll &A% %1tk RNAI ¥, DOs9} COCse] Al40] A
HMI dAe} Gao] P E MIT A} 5704 pMor2
°] mRNA 239ke] W32 #&3 A3 pMor2¢] mRNA
ol Zol& A& FAF + UNTHFig. 5).

T3 AFEAe) A HA] dape} wzkA 2 RNAI
5 o= uj kst Yabut elution buffer P4 43 b
29} tlz2H 02 mMor2 dsRNAE 1A 9] Wl A
mMor22] mRNA @& ko] 7443 AL e 4= gt
(Fig. 6). 5, HAU ABH 9] dA} ZF RNAI oA WAl A
Zo] AR shs A wA FYE Mor2 dsRNAC <3 #
9 loss-of-functiond] Z#=2 dojt ozt AL Y

=3 X o
= 4 ATk

i

2 97 A%erE 479 9249 oln More] ¥
4 opgel A2 Geba] AFGNE A% Bl A 2
1 g watel, SiAoIAle w4 dAelA B B

MI MII

Con. Buf dsMor2 Con. Buf dsMor2

Fig. 5. Sequence-specific suppression of pMor2 mRNA expre-
ssion by pMor2 RNAI. Injection of pMor2 dsRNA into
GV oocytes markedly inhibited pMor2 RNA expression.
The mRNA levels in a single oocyte were determined by
RT-PCR analysis. The expression of S -actin is shown as
an internal control. Con., control, No-Injection; Buf.,
DEPC-treated DDW injection; dsMor2, pMor2 dsRNA
injection.
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°R
-

i)
of
oy
ox
ot
Mo

MI MII

Con. Buf  dsMor2  Con. Buf. dsMor2

mMor2

plat

Fig. 6. Sequence-specific suppression of mMor2 mRNA expre-
ssion by mMor2 RNAI. Injection of mMor2 dsRNA into
GV oocytes markedly inhibited mMor2 RNA expression.
The mRNA levels in a single oocyte were determined by
RT-PCR analysis. The expression of plat, which has a
sequence or function in no relation with Mor2 is shown
as an internal control. Con., control, No-Injection; Buf.,
elution buffer injection; dsMor2, mMor2 dsRNA injection.

1ol e A, 2L 45 RNAIR 715¢ vhHlAR] 23,
AFANME GV Al7]dl dat Aol A sk, A=
M1 A7]e] BASHe AME W7o, 7 E3He WA A5
Aol A2 o2 At EAYA A2 AFRE T 98 A
itk ohE AMlZ9} FARSHA dAkE st
7 (glycolysis), PPP(pentose phosphate pathway), TCA cy-
cles AF2 st X9 giA} AP Ech(AF: Down &
Utecht, 1999; 11%Fo]: Spindler et al., 2000; 4x: Rieger &
Loskutoff, 1994; Krisher & Bavister, 1999; %: O’Brien et
al., 1996; S A]: Durkin et al., 2001). 3|3 #3-2 <l4ts} 3}
o] Y UM ATPS} 9] FBARS ks, o]oh= th2
Al PPP= ATPE AiFeHAlE AR WAt W] B 714 52
3 71%S AF3h TCA cycled} 2H3}3 <14kl (oxidative
phosphorylation)& 53 I]FHAbo|L} ofu]ieite] giAl=
AR 2o ATPE Arlsitt A< 34 29 ATP
o HA e #43 wjop ¥ Tk T3 4TS ) &
of A2k Uf e ATP ' 2% FollA £744 wol da
< oF7]AIZITHQuinn & Wales, 1973; Van Blerkom et al.,
1995). 2, b} oke] EEe] FE7} obAR 9] AhEel
¥ B o] Hoj A7 ¥, o]o] utz} TCA cycle®] E4j<]
StolAHA ATPY] G oA A}, webs] F £
WAt A Mor29] 28 9kAke] zbol= TCA cycled] 4 &
dAlEgel AHSEE F2 EE OF Qo8 253 4 9
k.

B A7 A9 A A3, A3 FAel A Mor2 RNAI

o= _Zrz'(ﬂ—

4 ol@A - At - o) Zo}

WAl A

T M16 i ol A A <Ju) FatH GV ©A9
M AR AL BEE S A9 (Yoon et al., 2006),
2 dToMe Ho] AZd dAE M199 HjFH el A A
ouj st RNAiC] oJsff Mor29] dlo] AAIH L glEol
T EtaL, R zko] glo] it o] dojds #
A ANTh o AL dA B BFA o Z ARE-
e Mor2¢] &S RNAIE o]&3to] Q9402 &+
& Estal wjkde] EAjsta e 71-d ot =4
thate] 271 oA ¢al AlEH o7 Kgo] 7hsste]
Wz Aol AHoR Z]ﬁliﬂ o= ‘37‘3‘ A &,

74]. Al 4\;0]

o]
]. el AAA Oi A13Y o]. °H'r“1: w9 =83 A
= ¥ ASS 2
A48 AFeA ARE AF G i wiA = M16 A
24 M16 <tlli= NaCl, KCI, CaCl,, MgCl, Phenol Red
T o] AFE4 pH 24 55 HHFE 71RAY 24
E3 ¥xgo gt AL 2dtkYoon et al., 2006). §HH
o & AFollA A G wikS sl 7R H R ARES
M199 HiX|= M16 Hi|ol] Eole AES EF X
7o thekst Aol HrkE B ol o] tstd]
EGFo} 22 Aol dah Aol =50l He 2 &
& Egeta glom, 53] A FAte A9 wigEs SlshA
= < Aot Holth(Table 2). wekA] o]
A M199 ujF ol EAskes AR, H7tE e} 52
ol 1AL, G| EAjste ofH & o BHE AR &
& oy 22059 93dte] RNAI 237 ZEFH Ao E AlE
9@ uebx] A9 ks SEA AsdAE 45w, A
o AlAske 9AlY] Gt et HIE sl B34
gt (incompetent) g0l tletE oW v oS ARE-st =Lt
w2} vjkS S F53] A4 3Hcompetent) WALS T
T Ade AHS dAgHa & 5 gAlTh
W e W FHE SURaL de ARAE, A
X9} s o]EH 07 dojul= A o|tHEppig, 1991; Yokoo
& Sato, 2004). FFAHEE WA} A& Fek wake] Jok
o 223 V)5 FAg wEA Aouge B, A
ol dojuhr] A GFAEE AASE dAF A, 74, wiof
dldhol] B o] A9E 2T Aojth A7} o] U
AE Qlole 2t s A7t £& FolAe Aagide

Ao} Zo] A ES AALE Wi oH 1, AAGHL

AEL B F T3s)a,
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Table 2. M16 and M199 media components

Mouse M16(M7292,Sigma)

Porcine M199(LMO006-01, Welgene)

NaCl CaClz(anhydrous)
KCl Fe(NOs)s * 9H,0
CaCl; * 2H,0 KCI

KH;PO4 MgSO4(anhydrous)
MgSO, - 7TH0 NaCl

NaHCO3 NaHCO;

Phenol red NaH:PO; - H,0

Sodium pyruvate Adenine sulfate

Sodium lactate Adenosine-5-triphosphate
Glucose Adenosine-5-phosphate
BSA Chloesterol

Penicillin G - potassium salt  2-deoxy-D-ribose
D-Glucose
Glutathione(reduced)
Guanine - HCI

Hypoxanthine - Na

Streptomycin sulfate

Phenol red
Ribose

Sodium acetate
Thymine

L-Cysteine - HCI - H,O
L-Cystine - 2HCI
L-Glutamic acid

L-Alanine Ascorbic acid
L-Arginine - HCI Tocopherol phosphate(sodium salt)
L-Aspartic acid Biotin

Calciferol
D-Ca pantothenate
Choline chloride

L-Glutamine Folic acid

Glycine i-Inositol

L-Histidine - HCI - H,O Menadione(sodium bisulfite)
L-Hydroxyproline Niacin

L-Isoleucine Niacinamide

L-Leucine Para-aminobenzoic acid
L-Lysine - HCI Pyridoxal - HCI
L-Methionine Pyridoxine - HCI
L-Phenylalanine Riboflavin

L-Proline Thiamine - HCI
L-Serine Vitamin A(acetate)
L-Threonine Uracil

L-Tryptophan Xanthine - Na
L-Tyrosine - 2Na - 2H,0 Tween 80

L-Valine

3= denuded el 2= HAF A& A7) EA F A9

& WA AR AEA ] S 198D Fa8
POORES M;} ¢ Sk, & A7 AgIHE s

I 7k Ae 8o 2048 q.
Al g Q"JQ T Elii%tl, 7 denuded HAHe] 7

Mor2 RNAI 23 M T Al714 v o] o, ¢
FAEI} Bolghs AN RNAIE 23} 7o) $UT S
29 W} %ol AT Qe AS BRY 5 Ak o] 2
= A A, dAe] Mor2g AAT A, obF-E] Ay
A Z2E 5o 247 EAHERE oA v
etz 3] dA Adse AR 4 Xotd M1
AFAA ol ANER Faia A HAdeh 1Y
Ao} Mor27h FEsttjetie, Ak i) by Al 27 E5
& 73 MI 29 T APste FA7} 844%E =
s} mmate] A9l Rl dat H%o] FEaHA FHH

8] FR EAchs dAl

dakeh dA 2] hALE R F A3kl Aol o)
3 A7E A9 Hof A gt} 20031 Cetica 5-& WA}
AR o]t tiate] FEE o] e oY 74A &
2:, = alanine aminotransferase, aspartate aminotransferase,
18] TCA cycledl] ##H isocitrate dehydrogenase ma-
late dehydrogenase®] &S SA3to] A <fujd T A
oF AT FA o] ofB A FujE ] /\}QQ~X]

of gk A5+ AHAE BRI AAES o] =M
THALZRE dAZ malates 38 Aolgtx Aoket n}
ATh (Cetica et al., 2003). webA £ A A}, AF < 35
A g o2 RE FFHAY S HAY BAH 4
HHo 7 FFatal e GTAHEERE FF AU malate
7 AEHOE FHE A, RNAIC 93 JFs 55D ¢
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