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FrE
1 IR7 oL IcBE 3 2 SEfTifgt & EEE:

TR I T RAET 2T B HRTH Y 2 DBICH ¥ 2 T h 2R, Ca2
+A L=y a VIC X BRI DML, 2 L CHIRIERICE S, D@ TZ D%OFREC
HELZZOLNTWEDON, Ca2+4 v L —v avic X 3 TFoiEH{tcH 2, JITF iGN
CIFZRERFITHE T3 A v oy LD RERN I bR (v v bty L —vay) 25 2R L,
YA > MPF (M-phase promoting factor) 351 % 84 & 4 % Z & CIREODHOFES %
DHDINFA ZEHEST 2 EHELGFHRTH 5, T OMEMHACICEE T 2 FELIZR <. 1991 X
A 12 HI01 2 TEEL & ¢ 2B D EBHICH > T & 72, YIFND PH 0Z L Ca 2 DE
fLicEH L, BIECTIRIITH O CaiREOZAINF OIEMHALICERE 2E X 2/ RL T C
EHBHL TV B, BRI REEL OB, TR0 Ca BEXA LRI ZZLITXY
CG(cortical granule) 2t & N3, Z Dtk CG DHHRICEHTICIC X Y T2 E R
BT 2@Er232, AIVe v LABEED LRI F v/ 777y —LicE#ELTw5,
ANT T RFIANEY 2 ) VERAELALVEY 2 ) VIkEWEF F —+ 11 (CaMK D) %2 151
b33 2 CaiBEd LH 2 Cam/CaMK I & E3 2% F v U H— X 2 iEELEE2 2 T
2 ¥ F b iz CycinB OAUKGfEEZRES &, 2 L CF B X iHz iR s ¢
% 8 % % F5> Cdk1/CyclinBl Z ANEMHEALAE 2 7252 1B H OB IR E 5,

2 GHFIEE(LIRE D X 7 = X 2 & ARG AL & 11 X 2 i ko 22

WAL TR T I X B3 L & N Gt b 75035 0 2 O IT R E S B 5,
K727 2 G T ¢ 2 56, BFAMTFICR AL Z#&Iic. PLCC (phospholipase C
zeta ) BRI IE M N ECEFEST S 72 P —21r ) VIEH

(Phosphatidylinositol(4,5)-bisphosphate;PIP2) # /K3 fE L., YT A7) tu — L

(diacylglycerol; DAG) & 4 /v F—=A =1 v (Inositol 1,4,5-triphosphate;IP3) 34K
TN, 205 IP3 ANEKICH B TIP3 ZAEKICHAT 2 2 L T/MEARNICERT ATV
7o Ca2+ 3l E NICE S Z e TlEEc I nd e FEZ2HLNTWS (X 1-1), —
FCAZREELOREKN b D TH (LA b v F v 2 0FEHLTIET T =AY 2
7 —¥ VIIRORFH L IP3 ZABAEO T HERICX VIIT2EE b2 L3 T 5 L
THH 55, 2D XD HIGHEACHIBRRICK Z 2 o 7P VRERIEOZIC X D | FEERCRE
FRICEMELTWE DR LAk,

3PLCC &2 Dfth7 7 3 ) — RGBT 28

EF " FFAA4 v X PLCL ODNEKIGICOL A A4 D Z LT EF1-EF-4 ¥ CFEET
3, ¥7-BRED Y 7 F A 23374-381 @ X/Y U v —fHIBRICHEES 5, ZOBBITY 7'
NE Arg376,Lys377,Arg378,Lys379 % 7 A& I VIBICERAT 2 T & T% DHERER I S 5,
oL —vavorehidfiing, £7-2PLCL I PH FX 4 v&aioTksbd, PHF
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AA v EFEOMD PLC BBEAGFEL TS 7, 2072 ® PLCS 1 PLCE 1T WiE
RO, PH FAAL VEFFoTWwWa e ER 55 TH S, MATPLCS IALy v L
AL TH % EF-hand F X A4 v 72T XY FAL VIIATC2 FAAL v EFFoTWw
%8, 72 PLCL 12100 f5LA EA vy w 22t L CORRZMEDA PLCS L dEw, 2%
PLC 77 IV —DHFTIRd MWIEHELEEZ R L7202 PLCL D TH 5, Ca-DiftkErNH
HWOPLCL XV DET 532 L3900 > T 358D PLC { -mRNA(EF1-EF3 # &Ri8) i
X BEMEALCEMIELNS C LRI THD Y,

4 ABHIEEC OB L Ui L O PLC L -mRNA £ L 7290 1AL RS D
il

NEEEAC LR b o v F 9 2 X 2L ESAM. A4 74T iIC k2 b DR
BB, Lo LI DWEILIC X o T X N RIHTER 110 X 25205 X 0 & BEfFR
PMETT 5, 2% VIIT-DIEHAL T EDE D EFRICHEL G 2 TV B AREEDR D % &
ZzbNhTwa, 22T PLCL ZMWTINT 2 ABIICIEIE L¢3 2 e ATENIT,
H DR E S TE B I T 2L X ¢ 5 C L 23T BRIC A B, L L7aAsh PLCC
D2 YNy ERRERT B 2 L IZRBECH 2 72, PLC L -mRNA % v Tl 217 5 Mt
BITbNTE 72,

BIE A BB AT & L T S 2 FIERS T M3 A% (Round spermatid injection: ROSI)

(XA TEAE ) A BRI RS T BIC RE 2 RO LB E R COICHBHIRF I LT 5
0, LA L 72 bR TN L 7207 & 87e D IEHLRE 2 Fi 7z e v 7o . A2 7o IS 1k
BB BEE s, 20X R ANARENIEZ v — AEHICOFH S N TE Y L&
DRI TRBEOBRG R EEDO S ITFICE W THE L SN T W5, JIT2ENLT 2 o
BAFFEEFFEICL o TREY, v~ v AT A e vF Y Lk BiEHAETH B —
TR 7 2 TIRESINVAI X BIEHACBZERTH 5, 2002 4FIC, Saunders & (& 7L
YU LAV L—va vEREE AT 3INTEE LR T ol & L< PLCC 2RIEL &
fEICRAfR 72 < PLCC-mRNA ZIITICHEAT 2 2 & OIS L an g 2 L 3iiis S h
TH Y HFER T PLC L I FIt s CHMOEEME & L CHWS 2 B TE B LH
Z BN T35 1215,

PLC, 3% OB CIREFEINT VB Z LA LN TV B2, DR #ILfEIC X -
TH7 %, Sato b1V~ PLCL 287 X PLCL IcH~ 3 f5LA LDMHE T Ca2+RE D |
AEGIFRT L EWEL T2 1, Ca2+A v L—v 3 vifics T 5 Ca2+REES LA
LCIt® Ca2+iEICIR B £ TRRT ALY Y LA AL 7 (Ca2+ %54 7)) st
CHEETRE, BECEELXG 2 LWME I TN 1T,

Z T CAMROFH —FECTld, WL TR MOEHIEZ RO I nTwb v~ PLCL
-mRNA %~ 7 ZIPFICfv 3 2 & LEATTEOR#ELE A 27, " Tld, PLCC-

-4-



mRNA OIEHEALTEOBE & L VPR T HldEAE~DICH 2B Z 7% o 72, HZEHTIZ
ZETIT o e KRR I IS A REA> & D 2 DIRET 21T o T2,



CGoMHEICL Y BHREELLEFE

C/PLCC wmmhp PIP2
kSR O\
P3LE 72 —IciP3n 173 DAG
wmaELRICALEYY )
LA F DRSNS

R LA A O

.

MPFEMHDETIC L Y
IFDEMEL A FE

1-1 PLC £ 239RF % 34 & & 2 R o E M7
KT 23N FITEA L 2B iE (LB 2783, PLC L I3BIFWN I A# PIP2 # ko fif+ 5 2 & ¢ IP3
& DAG L RT %, 2 T CHEEI N IP3 /NEERICHET 2 BRI AT 22 THLY Y LA VD

B ER T, ZC X Y IIF D MPF {2 T & 407 oG AE C 2, 2 Df5F CG(cortical granule)
DEWHFEFEIC X VSR TRZE 2 CEIE 23 5,
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¥ 1% v~ PLCC i X 2907 DifEAL
1-1 Frim
7 < PLC { -mRNA i X 3 Ji¥ DAL

W0 R TG T2 PLCC 2L HBAL T b, %  OWFHHS PLCL %
BT 800->TCE, 5FETPLCL PHERIN TV IAIEIZ, 7Y+, 74,
N, kb, Ty, U EOHIBETPLCE BRKBHOAIL Y AL —Y g VICEE
BEIZEZRL TR B oT0nd Y ZLTCXZDAILY T LAY L—v a VORE
B LI B R B E RS,

ZDJRNIZFETHREFEINT WS PLCE T X JBBEINICER D 2720 THILEZLN
2, ZNFNTYA UL b, U2DPLCL OT I /DR X3 63%a, 627aa, 601aa,
62laa LML %ED3H 5 5, ZOEDBINTZIEHA TR 2REINICEEZLGZTHDED0 D
LiZavy, 2 L CHIBRZEGLZ L, 7 3 7 B o & 3G ELRE T ic il L TwZnwv, |
WD X Hic~7 A2 PLCL OfA, v~d PLCL v b7 3 /BRI L LCIZREHETH S
CHED O T, EEROA Y L —v 2 vOMEIZ Y~ PLCL D3I 23 WHEE TEZE T
W3, $TCIC PLCL o7 I /7 EEHI DO 85% 13 DHHI L RETHLH, kv~
PLC{ AMioW#IED PLCC LY it L —v a vERToaiHOnthoTnh
Uy 5

F 72T OIEHALICBEIfR T 2 F AL v LW 220b bbb 08dH Y, 2t PH
FAAL V. C2FAL Y EFAYFRFAA VBT OoNE, CNHEDF AL vOFHEICKY
FL—2aVOFRICKERENELDZ ERGoT 05 5 T PLC 77 31V —IC
WL TWB LT, PLCL @77 I Y —Iiciz PLCS, PLCy., PLCS & EDBHEET 3
B, ZNHIEPLCE KW RWT I VB ZE L T3 802Gt b 2 o4
L—a VEENIZ PLCL 124> T3, 2DKE%RENIPLCL DA PH F AL V%
File oW TH 20, 7s¢ PH FAAL v ZFilehwe AL —3v a VORI L2251
5300 TRy,

HIEEPLCE oD 773 Y —DHhTAHYL—Y a vARITHRIOBRRED SV & A
BHhoTWBEH, ZOHTH Y= PLCE b ZDRENICRITI TS0, HFLHICEIT
LI IC B CRIE I T RIS R 2 00 LtZe v, 2 & TARIFSEIX. 7~ PLCC
TG LY 2 DR DIRFEE I R TRE 2T~ 5 HI T4 RS L UEFR2HHE
L7z,
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1-2 ks LUk

1-2-1 =% 2

M~ 213 8GAEGLA Lo~y R Z R L 72, M~ v 213 ICR R0 ME~ v 2 (10 @i D b
DEMH L7, BDF1Z#io~<v 213 8 Mln% SLC 2» LA LEH L 72,

1-2-2 Fwr% v FHHl

10cm 74 v ¥ 2 60ml DAFAHKEZ AN, kb yBIRITF by i2EsL
7% 50ml >V v EHOTCERIKE» Lz, 1.5ml =y v F 2 -7/ L T-30°C
DEHECRE L. EHRTIC 4 "COMmBEUEIC AN THED L 72,

1-2-3 RO

EHEIMLEE 21T 5> 7o~ v A HINE Z I L 72z, e vy P CINEBR R 2R &, 74
vy a2 kT 1% e 7 =X —+¥EH Hepes-CZB Fu v 7Ol RO HE &1k %
ANT 2 3 EHE L 72 7 Il fasn 81113~ 7 A<y b T Hepes-CZB I &
v TS L 72, Hepes-CZB Fu vy 7Tl % 2[Mfk o7, HH60L A vFax—X
— Tz CZB Fuy 7T 4 v allBBHLTA vVFax—2—THEELZ(G% CO2,
37°C. 100% {@E)S,

1-2-4 $ DNA DOE#{L I X 05 O K5 R

77 Z 3 FiE pCS2(+)-mPLC{ & X U pCS2(+)-v~ PLCL %#fifL 7z, #%1D DNA 2
S5ug 73 X 51 DNA B % & b, 10 X High buffer, BSA, TritonX % 5ul $20l1% 7z,
I HICHIREEFETH 5 Not I % 3ul il 2 B E 2 50 pl 1IC72 5 X 9 I nuclease free water
ZMA T 37°CT 3 WA LRI 21T, B L7z, 208 1% 7T v — 7 L Cl¢
RARMID DNA & —if#Ic EXAKE 21TV, EH#L 2R L 72, £ D12 48.5 pul OEFHILL
7- DNA & 1C 151.5 pl @ nuclease free water Z 12 C, 200plic L, 200pl 7 =/ — L
7mua7 g VLAY T INT A= VEMATELT v 7 ZATRA L 7Z1%IC, 15000 rpm
4°CC 15 ol OaiEL 72, @O EER,. BiEZ2 200l L vy Ry F 2 -7 L,
7maa 7 FNVAA YT INT A= % 200p A TRLT v 7 ZCHERA L. 15000 rpm,
4°CT 15 il 0L 72z B EEZ 200l frL vy < icis L, BFfEF F Y 7 4 20
pl LT X AL b2 L5 pl AT, FAF v 2 ZCRAL, 4°Co 100 % =X/ —L%
550 pl ZMACTHEELT v 2 2 TRA L. 15000 rpm, 4°CC 15 53ElE0 50 L DNA
BB E Tz, <Ly POMERMEEL CEEZIYRE, 4°C © 70%T % —1 % 700
pul ZHZ T 5 ZrfElE 0o L 72, O g 235 ¢, ielg & & 721 7 pl @ nuclease free water
T DNA ZiBfE L, EZHEIEL 72,

1-2-5 mRNA &k E X Ok

-11-



8L 72E8H -7 7 2 I F DNA %#M & L T mMessage mMachine® sp6 kit (Life
technologies) # fil\» T mRNA O &% 1T 72, T7abbH, DNABRES Llpgicad X5
=D DNABKRZ T v v F 2—7I1H Y, 10X Reaction Buffer # 2 ul, 2X NTP/CAP %
10 pul, Enzyme Mix % 2 pl fll 2, fAZEED 20 pl IC72 5 X 9 IC nuclease free water % fill 2
2o ZD%Z vy v 7 CRAL3TC T2HEA4 vF 2= 3 v L7, RIC Turbo DNAse
Z lulmz, 37°CT 30 7pffl4 v F2ax—=> a3 v L7, &L 7% 20pl @ mRNA I nuclease
free water % 36 ul lll 2. Poly(A) Tailing Kit (Life technologies) % > Poly A O fhl%
fTo72. $7b b, MnCI2 % 10 pl, 5X E-PAP Buffer % 20 pl, E-PAP % 4 pl, ATP Solution
Z10plmz, 37°CCTA vFax—vav L, ZO%PolyA Z {1 L7 mRNA i, #fEfk
Y F 7 MEBATZ 60 pl il Z2. RATF v 2 2 CIRA X 4-200CT 30 HEINEL 72, 20tk
15000 rpm C 15 SV L 720 B3 2D BRE 700 ul © 70% T2 7 —A % 2 F X
15000 rpm T 5 Sl 0ot L 7z, & 0oiite. RiE2E < 7 oflicgEE e, vy b &
30 pl @ nuclease free water il 2 65°CC 10 /[l L7z, REZMEE L. 1l % poly A
tail % & L CpolyAfii& —F4I1C 1% T 7 u — A7 L CTEXUKE) L Poly A DE AR L 72,
FEH L 72 mRNA 1 500ng/pl DREEICAHAERL T 2 ul 35550 L T-80°CTRIFEL 72,

1-2-6 mRNA OFEA

mRNA |3 FEF I nuclease free water THIDIEEIC2 5 X 5 ICHFR L7z, ~7 A PLCL
ZNnZn 10, 1, 0.1ng/pl, 7~ PLCZ X1, 0.1, 0.01 ng/pl DL L L7z, 10cm T 4
v ¥ 21C Hepes-CZB &4 10%+K Y v =1 v ul F v (Polyviniylpyrrolidone : PVP) &
Hepes-CZB D F vy 7% oL WfEic2ul o by 7% 2L o7, IxTALEFAf TR Y
TEBEN, w47 al — 2 —DFERCBHILZ, A vz 7y a vEHE, v 472
074 —=YDOHI7AETHEZ/NE LHPTo72d D(ERE 1-3 ym) DA M2 5 KR E A7z
bOEMH L, PVP o Fay rcliivzyxfoCitolthix ckiBesH Lz, 41 vy
7 vavEofhic RO I AT A4 ER Y, ZOH mRNA 257z, €V &2
T Hepes-CZB Fw v 7iic MILENO @& & iz v v Clik v . $ pl ® mRNA %
MME ICEA L 72 mRNA FAZOIIFIE 5-10 2EFES O ETiREE T2 56, 100pl
CZB 1 500 pM/ml DIEFEDH 4 b 717 >~ B (cytochalasin B ; CB) % 2 pl A& X €725
i 6 KFfH] 2 AR 21T 5 72, CZB U T-ZPEiH L. A4 v F 2 X — % —T 96 K[l & TH;
# L 72(37°C. 5% CO2, 100% L),

1-2-7 ¥
CZB
IV QICK 1 DESLZEMATA Yy 7WREZFRL 72, —BunBIECHEL T, 741X
— (Corning Incorprated, 500 ml) % i\ CIE L 72,
495 ml DA b v 7 HRICLAT O FE S % I 2 C— WS EEN CHHE L 72, 0.22 pm 7 4 L X —
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(MILLEX) Z W CTHE 2TV, TV AP Fa—7(FALZE v FEERESH) ITHTE L THE
JECRE L7z, CZB Kzl ksss, INEBMRF O BMERE e L <R L 72,

Hepes-CZB
Y QI DM ZEMATA by 7iR&FR L 7, —MumsECfiEL <. 74 v 2 —
WHE L7z, 022 um 74 A Z—%HWT 50 pl F2OEZT\v. 7Y AP Fa—TiCoE
L CHIBE CRE L 72, Hepes-CZB §iiiZERINP ROSI D4 v = 7 v a v IDiGHL L L
TR L 72,

HTF

IV QI DFEMEMATAL vy 7iEFRLZ, —M@BHETHEL T, 74 12—
R L7z, 495 ml @& by ZHICUAT O % il 2 C— MU EJEN CTEHE L 72, 0.22 um
TANZ—FRHCTHEEZITV, 7Y A M Fa2—710FE L THEFECRE L 72,

HTF Esib 30 T O i & &R B o FRIC R L 72,

Ca2+7 V9 —CZB
CZB {EfkERIC CaCl, Z@sie 3. iz CZBRFRICZ AN Z—WE L= D& L 7=,

1-2-8 - DiEPAL

~YAPLCL XUV~ PLCL I X23iEMAL 1Z mRNAFAIC KV To7%k, a2V br—
e LTHIT% 5 mM SrCI2 &4 Ca2+7 U —CZB Fu v 72 AT 30 o liEH L 217 -
7o WEMEALRRICHRT-% CZB Fu v 7@ L, [CSLIXIEMELE T2 5 1 BERILANICET -
7=

1-2-9 K51 oL L NaOH 4L

FE 8 LR IX ICR %45 & BDF1 Rk~ v & (10 8R) 2> SR L 72, FEHE LA O
ey Iiclo Tz y Ry Fa—7ICA->72100pul ® HTF i Y | 37.0°CTA
V¥ ax—| L7, BPBETK 10 ul % 10 mM @ NaOH ¥ 100 pl &AL < 30 =ik
THE L7z, 30 23% 10 mM @ HCl ZiREA& L, FRILCHERAL 7=,

1-2-10 ICSI

PVP & Hepes-CZB Tffo72Fa vy 7% IAx LA A NVTEY, v /7a~2=t 2l —X
—DIEEBICHEI L7, 1Y =27 a vtz MICRO FORGE THEZHF 6 um 1Y
L. %22 oK%z AN7zb DR L 72, #1224 v =7 v a v 3883, PVP
DOFry FIETEERE 1 pl A7z, BT L Bz v v v 2 CoffE L CEEER 72
A2 MO, vz 7>av Lz, NOHWE L 728 F%2 4 vy 227> a i bR,
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NaOH LB HAI L 7285 1% PVP IC 2 pl iR, BEER & BHER A3 M L T 285172 0 2 i1k
{t#% @ Telophase 1I % 7z 1% Anaphase I DIIFIC A4 v ¥ = 7 v a v Liz, W THEBEAKRD
IIF1% 5-10 SrEfERG D ETREETH ., HEARTICIIT 2558 L Tz CZB Htho 7
4w P2 lCHBEIL T 37 °C, 5% CO2, 100% EDOXMHEHD A v F 2 X — % —T 24 [
% 7213 96 IefHl £ THEE L 72,

1-2-11 Fshl

ICRvvAZLyvxzy b LML, &2 5 24 FRE#ED 2cell % 0.5 HH D
BIR~ v R L 72, L v v v PIIRBHERTICREE R~ v R L RE S &, B
MR TZ b DR L 72, ZNENDOINE OIBHEED 4~9 fiCn 2 X 5 ICHiEL 72, %
D% 185 HHD Ly v v P2 EVUIFL. T 2D HiL 7%,

1-2-12 #etortr
x 2 BUE % VTl AL 4 96 BEfE o i LR & IR RAER O H EAME 2175 72,
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CZB k5 HTF %5

Component Component

Abws mg/100 ml Abws mg/100ml
NaCl [wake] 476.00 NaCl [wako] 55170
Kl Baetal Sl KOl [wzkel 35.00
KH:PO: [wake] 29.00

- o MgS0s * TH-0 [wako] 5.00
Na(EDTA * 2Na} [DOJIDO] 4.00 KHePOs Twaka] 280
D-Glucose [wako] 211.00 NaHCOz [wako] 210.00
MgS0s - TH20 [wako] 053 ml Phenol Red sodium =salt [SIGMA] =
Penicillin & [wakso] 100.00 I ¥ —V—Z3

STREPTOMYCIN [ICN Biochemicals Inc] 5.00 DaGlicoss: Didikal 25 00
sodium DL-lactate [SIGMA] 7.00 Nusirivats Faaksl 130
Phenol Red sodium salt [SIGMA] BE Naifactats: [SIGMAT .
IFY—v—=

et i i Penicillin G [wakeo] 5.00
L-Glutamine [SIGMA] 7.70 Hypotaurine [SIGMA] -
e g CaClz * 2H:0 0.5 mi
BSA [SIGMA] 250.00 BSA [SIGMA] 150.00
Hepes-CZB 55t

Component mg/100 ml

NaCl [wako] 476.00

KCl [wako] 36,00

MgS0: - TH-0 [wako] 20.00

KH-PO: [wake] 16.00

2Na(EDTA - 2Na) [DOJIDO] 400

NzHCO; [wake] 42.00

Na-lactate [SIGMA] 0.53 ml

Hepes * Na(basic) [SIGMA] 520.00

D-Glucose [wako] 100.00

MNa-puruvate [wako] 3.00

L-Glutamine [SIGMA] 15.00

Penicillin G [wake] 5.00

STREPTOMYCIN [ICN Biochemicals Inc] 7.00

PVA [SIGMA] 10.00 1-1 REBRICRE L 7= &35t oAl
Phenol Red sodium salt [SIGMA] BE X
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JEREEES
1-3-1: =7 Z PLC{ -mRNA # X 087 = PLC { -mRNA O @i i st

¥9 <7 X PLC{-mRNA ¢ ¥~ PLCZ-mRNA %IFTICiEAT 3 B RIEEE % F o
570 DREMRG 21T o7z, 7 A PLCL-mRNA OEE% 0.1, 1, 10 ng/pul . ZL TV
~ PLC{-mRNA % 0.01, 0.1, 1 ng/pl IZED, WEMHEME L ZOBROFEERZHHEL 72,
mRNA 2 & W IIF-RIEEAL L 25 1c% 4 P H 5> v Be &t CZB T 6 I 2 (AL ULER
L7 E 4 AT - 72, fi%e LT, =7 2 PLCZ-mRNA I35 T 0.1ng/ul X
T 18.5% & AR W IEMALE %R L. Ing/pl, 10ng/ul Tl 93.8%. 96.0% % % nZ 4Lk L 7= (X
1-2A), —J T, v~ PLC{-mRNA Tiz 0.0lng/pl T 21.5%Di&EMEE AR L, 0.1ng/ul
& Ing/pl iCB VT, 88.5% & 97.9% & @ikt (LR 2R L 72 (M 1-2B), MKRDOFHFS 3%
BEOFZICHIT 2)

Z ok lLEhzRE 4 AHBEE L, WEiE cofELREFH /-, ~ 7% PLCC-
mRNA 2B, 0.1 ng/pl ClExEMBICETEWEELRE R L, ZL T Ing/pl &
10ng/pl THEREMRE TORERICEZRONRD > 7225, 10 ng/pl XTI ERD
K2R &7 (” 1-2C), ¥7. 7~ PLCZ-mRNA I5\C, 0.01ng/pl & 1ng/pl Difi
KiZHWT, EOEEICHE O THERWIERZIR L7, LD L. 0.1ng/pl XICH T, 77.2%
DIERFEEIE~ & FA L, 52.7% DR T~ & 48 L 72 (K 1-2D),

fig e L <, v A PLC{-mRNA OF#ERE % 1 ng/pl. v~ PLC { -mRNA O iRk
JE% 0.1ng/pl & L CHBOEREZITI 2 Lic L,
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i

f—
] B o =] Eg
e B s R o E o

Activation rate (%)

o]

£3

100

&0

Developmental rate (%)
5

y; b

4-8C
- 10 ng/ul

IEHOTH

b

B ePLCL

100 b b
. M
BB Act
w Ab
a
1 L
10 (ng/ m', 0.01 0.1 1 (ng/ul)
D ePLCE
100
0 e~
&0 ) .
\ =
40 \
20
0 \h
Bla 2C 4 83C Mom la
1 ng/ipl =— 0.1ng/ul = 0.01ng/ul

1-2 =% Z PLCZ -mRNA # X 087 = PLC { -mRNA DiEHALER & Fh
(A) 0.1, 1, 10 ng/pl D#EEE D~ 7 2 PLC £ -mRNA % V72 BRI 3513 23 ML, (B) 0.1, 1, 10 ng/pl D

£~ PLC £ -mRNA % v 72 [
BT 2 FER, (D)0.1,1, 10 ng/ul DEEEED v~ PLC L -mRNA % s 72 B

Z 72 R

BT BEEHEEE, (C) 0.1, 1, 10 ng/pl DRE D~ 7 2 PLC{ -mRNA

BT D FRAE,
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1-3-2 : =% 2 PLC{ -mRNA $ X 18 = PLC { -mRNA OjE AV BIAEHEEE & >
TUEHEAL L 72K 7 0 iRl 70 1 ARSI % 3~ 2 7291, =7 2 PLCL-mRNA 35X Uv =
PLC { -mRNA D A#A b OB F CORRZBIE L 7z, HEAZOIITIIZNhZh
MII, A/TII, & X OHAEBHID 3 0IcHh8EZiT-72(K1-3A), KXY, w7 XA PLCC-
mRNA 3 X 'Y = PLC { -mRNA OiEHEALFIARFEIZ 120~145 i LA R o7

(K 1-3B,0), L7=23o T, AEHEALKEFDFEAIZ PLCL -mRNA OFEAKZICITS T &I
L7,
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| Ml

115 120 125 130 135 (;in) 140 145 150 155 160 (min)

1-3 ~7 X PLC{-mRNA ¥ X U*7~ PLC {-mRNA O iEHACBIE R E D E

(A-C) =¥ 2 PLC{-mRNA %7213 7= PLC{-mRNA %ZiEA L 20070k s X A Z 05, (A)
~ 7 A PLC{-mRNA F7z13 v~ PLC{-mRNA %ZF A%, 115, 135, 140, 160 43 CTHIZE L 72RO INT DI
Ko B, CO)ZNE NSy LTz AT — Y DE|IA(PB; #ikfitH, A/TI; Anaphase/Telophase I, M 1T ; Meiosis I )
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1-3-3: =7 2 PLC{ -mRNA ¥ X "7 = PLC { -mRNA DG MEACHE & A BE D Hoiig

RICEEERE & L 72 PLC -mRNA % v TARIEMACILER % 1T o 7= K51 D BRI 217
W, BAERE LUEFROMR 2170 72, EERXIZ, MU ORET. AIETECILEE 2 U 72K
T AIEHECALERRS 7+~ 7 2 PLC £ -mRNA, RiEMACLERS T+ 7 ~ PLC { -mRNA,
AIEHBRE T+ 2 b e v F 7 20 X BIEMHALTfT 5 72 BB O RS 7 CIIk FiEA
b B X Z 6 K 95 % DINT-2EMHEAL L 720 — 7 CTRIEMEALALER 2 17 o 724G T- D &
FALZZX T 3L A DI MITEATIFIEL Tz, 2L T¥ v X PLC{ -mRNA ¥
LY~ PLCL-mRNA ZFHEALZXTIEZNZN 94 %, 88 %DINTHiEMHENL 72,

RICHIGEEOFERL LT, £ 1-1 €dbdXk5ic, v~V & PLCL-mRNA 3L U7~
PLC{-mRNA 212N T 51 %, 53 %OMBHEE~EFELZ, L Lkd bt
e vF Yy LTI EEELL 725813 40 ORERTH Y CNLDOXTHERZITA
b o7z, BDFl v v R W25 ICEW T FAERBREI S ON, ZLTInd
DB & s taic XL Y et L 72D B 12 ICM & TE oMl EHl %217 - 72, % DFEHE.,
~ 7 APLCL 3L Uv~ PLCL OMEIIOMIIEICE XA D ik d o 72 (K 1-4),

BBIC, 2R EZ L v v v b=y RICBE R TOEFROMI 21T 572, £ 1-2 1C
H5XHic, =7 A2 PLCL-mRNA ¥ X 87~ PLC { -mRNA CIEH RE 2557z (X
1-5) AL DRE T, v v A PLC L -mRNA G LA b v v 5 v LOEFRIZZENE N 46 %,
37 %. 40 %TH o725, 7= PLCL-mRNA DRI 24%L 72 Y o [X & ik L <H
BICPE R L 7=,
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Cdx2 !

B mPLCT ePLCT
Cell number

. e -

ePLCC

wwwwwwwwwww

1-4 =7 2 PLC{-mNA ¥ X 'V~ PLC{ -mRNA TifHAb & 2 7= BE o Ml fa £
(A) CDX2+cell(TE;trophectoderm) (X 78 T4¢tt L, Nanog+cell(ICM;inner cell mass) (3 #% THett L MlfEE o
SHANCHER L 72, (B) W&o TE & ICM ofiiflaskic 313 2 FHfE
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>
=

B Act oAb

W/O mPLCZ ePLCZ StCly intact

100

=

e S S T =]
e B

=

Activation rate (%)

=

1-5 =7 2 PLCZ -mRNA ¥ X 087 < PLC{-mRNA Ciftfl & &7 tEs L g s n-
FEFT

(A, B) =7 %2 PLCZ-mRNA, 7~ PLC{-mRNA, bz b v v F 74 X ) NiEHELLEE %17 -
oM F R IR X 2 2R OE LR R CRIZ OTEK, (C) 7 2 PLC{-mRNA XUV~ PLC(-
mRNA 12 X b i & 2 7= R0 R 3 X ORI,
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# 1-1 v 7 A PLC{ -mRNA & X U¥7~ PLC { -mRNA Tt & & 72 BR o I a7 4= 3%

No.of  No. of 4- No. of No. of
Oocyte No. of 2cell 8cell morula expanded
Mouse T Sperm »
) activation fertilized embryos embryos /blastocysts  blastocysts
strain treatment
method embryos  at24h at24 h at24 h at24 h
(%) (%) (%) (%)
ICR - Intact 57 56 (98) 48 (84) 47 (82) 37 (65)*
mPLC { NaOH 84 73 (87) 68 (81) 66 (79) 43 (51)
ePLC (¢ NaOH 60 58 (97) 55 (92) 53 (88) 32 (53)
SrCle NaOH 85 81 (95) 65 (76) 61 (72) 34 (40)>
BDF1 - Intact 26 25 (96) 24 (92) 24 (92) 19 (73)2
mPLC ¢ NaOH 52 45 (87) 37 (71) 36 (69) 25 (48)®
ePLCC NaOH 48 43 (90) 38 (79) 36 (75) 25 (52)b
SrCle NaOH 32 25 (78) 24 (75) 24 (75) 14 (44)°

*avs b, P <0.05

-23-



% 1-2 =7 2 PLC{ -mRNA & X 17 = PLC { -mRNA it X & 72

No. (%)
Oocyte No. of No. of No. (%)
o Sperm treat . of 2-cell
activation fertilized transferred of
ment embryos at .
method embryos embryos offspring
24h
- Intact 184 176 (96) 165 76 (46)*
mPLC NaOH 217 156 (72) 116 43 (37)2
ePLCC NaOH 204 187 (92) 173 41 (24)°
SrCl, NaOH 145 119 (82) 114 46 (40)2

*avs b, P <0.05
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1-4 E%

AWFETHIH Ty~ PLCL-mRNA ZFEAT 2iGHHEIC X o THREERRF 26 B o~
VAN ERL LR TE, TNE T, vV APLCL ZHWCEMFZHBMIEIEFEICH
R Z o T, 22BN Z v CEMfFEOM 21T 5 EigT
(X, FITERE Tl 23 & D BE I X 0 | iEME LR TFIC B3 2 a3 iciT 5> 2 2 ldc& CTw
2\, REFFEIEATEMACLIR 21T o 7272 L T 2 72 D3GR E F D BiET & #loke ic
fT5CENTETNEENZ S,

7<= PLC{ -mRNA (3~ 7 2 PLC{ -mRNA X 0 & iEVE(LEES 2349 10 i 2 & 2345
DEBHERP AL E o7z, LA L%AAS~<Y7 A2 PLCE-mRNA, ¥= PLC{-mRNA
EhIT, MRACRERIEESTFET 3 2 2RI L7z, PLCL -mRNA 25 HLIcE T 3
RSB RIRERAE T 2 Z e i3 CiciEINT w5 % 7~ PLC{-mRNA 3501
THYL—vaviifFEk, MigEhicmEETscednroTcnd 0, = Te YR
PLCC-mRNA 34> L —v a vOFEEBICENICBEEIT5Z LTy L—v a vifElk
XHd, TOEWVICLY <7 X PLCL-mRNA & v~ PLC{-mRNA ORI iEHEICE S
DEEICENEL B EFEZObNS, V= PLCL-mRNA DIEGREDE LR X VA7 ED
WREAIE DB EEZ G2 TR AREED B 720, X SBoBEIP ko bh 5,

AREFRCIEMFLIHIC B W TREWIEH{LRE Z Ff> 7 = PLC { -mRNA % v T NaOH ZLE!
T o KT COMMINE 21T o 7o Z OFER, MBI E CoORERITIIAEN A O N Do
7278, 7= PLC{ -mRNA # W72 & ICE RN EEICE T Lz, 2D I & bIITF0iE
PAC IR £ CIo K E REE RS 2 v, HERUBOIEIc Kk E CBBL TL
LR ENZ, 7R PLCL-mRNA XY 3 v~ PLC{-mRNA i34y L—vav%
EFEFHRL T 5, Ozl 623 AV v AF YL —S a vOREPEBLETREICGEEYE 2 C
WEZEPREINTEY ., SHOEFEOEKTICBARL T2 AR H 5 1,

¥ 72, 7~ PLC{-mRNA I X 3G L cwlo CIEE REf2Ebhz2 &5, PLCL
DHEREIIEZ B A2 CTHEL Tw 3O H 2D 2, EHALOBICEBEOINT-ICEA
NEGETEWTHEIC Z LWL o7z, 7 2 PLC{-mRNA OZEREMAEEZFAL
RERTIE, V) v h—EESI T O LICEREA@E RS L LRI NT VDS 12, ¥
~ PLCZ-mRNA 28V v/ —flli%z o2 L3O 2 TH 225, SROEMELS Y v —
FEIHRDIE I D IEMALZFEL LT T2 EDH 2 L EZON S, 72, FHIC X o Tl
I EA T & 2 &6 PLCCIIMFLEIC 5\ CEE B LR T Tl d 3 2%,
ZDIEH D7 T VIBEEER S PAWP I X 232 IC X > TRZHRMICHEEEL T\ 3
O Lz B oF )y PLCLICX3EHLICERZENTCEY, —/TvY
213 % DIED DIEMELRISICEHS A E T \1W5 720 PLCLDREZMICERELTwE L
BEZLNS,

TN OfEFIZ, Y] 7 PLC L -mRNA FEAEME S 256, B0 PLCC & iR
LCRMD PLCL %W THAERMSBNMT 2 2 & 2R L7z, PLCC-mRNA otk &1

-25-



fbx b vy aic XL IR L CEfFEOM LD b ad okl th b, iF
AL T EDOZEIC X W HER A ET 32 L3 TCELRVWIERHL LR o7, LA L
235 PLCC-mRNA OFEAFENCH T CTEARTONTE Y, OFENMICERE L
G2 T2 AlEetEnd 5, BB TIZZ 0 EICOWTHEL Tw <,
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55 % PLC £ -mRNA & FIEAE TS 2 901 ~RIRFICE A L 72 BR O 7228 & fl IR
2-1 FFam

F—FIC X ) PLCL -mRNA I I3 F0EEE A D V| sWiEE(LEEZ FF> 7~ PLC -
mRNA Z WG ATHEMFRE2RA LT 2R TE R o7, T TEZOLNDERK L
L T PLCZ -mRNA OFEAEENMICHEL G- 2 T 5 A[ReERH 5, 5% TIc PLCC -
mRNA % v CHER SR D EEF 215 O NGRS S T v 2 BMKEEFEE D L
BlEIALNTWRW T, BTE, ZoFEITMER - ildmkozvy « 27 14 7 2Bk
BEIC X 2 OPREMEEFEIEZEZ ON TS 5,

Lo T, 1ERMERFMildoEA L PLC L -mRNA OFEAZFKFICT S & & TIF~D
ARz S L, FEFROm BICOoa0 2 [ReEA H 2, Lo L 7%as o HIPE g o dEA
BT ABI G AL A BEERAIRCTH 5 2 LISz, WL ETTS 24 3 v 73 fifao
FEAZITo T HHPLHIIT I BELD S 7, MK I~ FEAS RIS
Bk oS ZELY . FHIYL R EEE (Premature chromosome condensation : PCC)285]
EFRC AN, T O 2NEN S 2 & T PCC ORERD LA L, EFROET
ICDkA % EEINTWE S, PLCE-mRNA & A FHlld o3 A % RKHCIT 5 Bé. 90T
~D AL 5 — T, IHHEFIRREE 2B cH v | Mg e PLC { -mRNA % [FIKfIC
FATEZLDBRITE 5o TED X BRFENRD Z20IFHL TR, /2, MlRERE
Hicd 3 PVP & [FIFIC mRNA 2 MIMIPAICHEAT 2 B2 T 2 DEAD 5,

M2 CHERS IS Bty s 37 4 7 2 Bffix R 2 L BH ST WY
%, iz X, H3K9me3 |38 H OFET- 2> AF b 1 2 HEVERTL © I3 & 7w —J5 T,
ROSI £ C13%  ® H3KIme3 BERTE 25, ZDX IRy 47 14 7 AMEMiD R
FIANEEEESRE T ERE ST 3 aEel D+ e d 5, IEH ARG 2r b 726
TV LA v L —va Yy BIEFERBEETRRZFEL, Lo X S hzvy 2T 4
7 ZMEMIICS T 205 Ltk y,

X o TARECIIMIE & FFFIC PLCL -mRNA 2iFEAT 2RO EDIH. & 2 D2, 2 L
TEBICEAL R ER~ S,
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2-2 BB X%
2-2-1 =w &
~ 7 RIFE 1B EFAKOFMEDO~Y R 2R L 72,

2-2-2 - R BIN, $54 DNA oE#H bl L OB ofFERL, mRNA O &5 E & 0K
HIE 1 EICHE L TiTo 77,

2-2-3 b
CZB. Hepes-CZB, PVP 35 1 & & [AERICHERH L 7=

2-2-4 mRNA o F A &HIE

MREE A 08t % AW TIITIC PLCL-mRNA ZFA L 2B 2HET 27201, 4 vV =
7vavHOHNTEAT 2HIOR R FEAROERHZHIEL., ZZ20FEALLKED
SR AT o 7o, RHINEISHEIC 13 5-6 pm DEFEOE 2 L. MHERK-MZIC X 4-6 pm
DEZOHEHEHT 2, Mt FRFICEATIHELFIRT 5720 ICKERTIE PLCC -
MRNA ICZDb>T7 4 2TV RY VARFHALLS 74 21 ) R Y v O ARE-C 2 1< JEK
T CHOCTRE 2 HE L 7, 9GRS IT Image J software Z ] L CERZ{T - 72,

2-2-5 mRNA A

mRNA (2 EFIC nuclease free water THRIDIEEE TR 5 X 5 IHR L 7-, PLCC 3%
Nz 2, 20, 100 ng/pl DREEE L7z, 10cm 7 4 v > 212 Hepes-CZB &H 10 % PVP
& Hepes-CZB D Fu vy 7% 2L Y[Hic 5 ul ® PVP+PLCL-mRNA Fu vy 7%25< o7z,
X TNVFANTRr Yy 72BN, v/ 7~ al— X —DEERICBE# L, A vy
= 7 ¥ a v§hi, MICRO FORGE @4 2 E Tz /N (-7 @ (EE 1-3 pm) D
BAMrL 7 ) F— b EANLZDDOEMFEH L, PVP O Fuy 7 Clivz VW T
ofimE 7Y F—rEH LA, 4 Y27 v 2 VT PVP+PLC L -mRNA %I
TV % T Hepes-CZB Fr v 7dc MY D& & MifdfzZ v ik b, 2 pl ©
PVP+PLC { -mRNA %I iciEA L 72, mRNA JEAZDOIIT1Z 5-10 HE¥E 0 L ©
RKEE T2 5, 100 pl © CZB i< 500 pM/ml DEEFED ¥ 4 + 51 7 >~ B (cytochalasin B ;
CB)% 2 pl ZiR& X & 72854 C 6 W] 2 iR 21T o 72, CZBIURF 2L, 4 v ¥ =
N— X —T 96 ] F THEE L 72(37°C. 5% CO2, 100% ZEL),

2-2-6 JN¥oiEMHAL

kAt v v sy axHeEkE OB TEZ 5 mM DR bo v F v Ll 20
SRS e T I mo7z, PLCC 1T X 3iEMAL IR il L FFIcEAT 2 2 LT
BIhot,
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2-2-7 FEEEDEREX

FEHZ ICR &#E (10 @) 2> HEINL 72, KR Z 3 I TYJoTPBS ociih LIz
CLEzbIy_yFa—Tohicvehz, KENYERER 1 pl % 9 ul © PYP+PLCE -
mRNA Iz XKBAE LRI~ L —va VT4 vy ail5pliEviz,

2-2-8 ROSI

PVP & Hepes-CZB Tff o7z Fuy 7% I A TV AANLTHENL, 4707 =tal —
2—DIFERIBE L, A vV 2y avitid~A rm 74—V CHEEK 7pm VI
L. &2Ml257a ) F— 2 ANl D2 L 7z, MK Flld 2 FERNESR O 2
OIEN MIIBIICA v 27> a v L, LR v v F v L CHANSERL T 2 X3
Ltz 30 T LAINICEAMER 2D b8, AR T 2 XK TRFEARIC 10 R E
BRI LA e v F Y L X D IEE LR B T o e B ARITREORH £ TOR] 37 °C,
5% CO2, 100 % {BEDXMAEITDA v F aN—2 —THEL T,

2-2-9 F x4 R
ATANHTZZRICHET Y vEEEZ, ZOBICYAF Y €T Y — %o TINF2E
W I RE I N X SIS AN =T A% INT- O Rk 72, FITEHRE - A 30 47,
1 FffE, 4 Kol 72 2z holffilc vz —r 7 7e Fick b 5 4REE L 2%
I, KGEKE 100% T % ) — VT E B T o7z, Jeiith, B4 LV 2 4 v I % —iit
LSfEfter B oz, Jetath, 45 WL CTHE I ARIC~=F 27 CTHAL., #
HrBIllhol,

2-2-10 #katobr
X2 BERHAWCTHEHE L ChW B8 AEEEMEEZ B IR o7z,
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2-3 fEH
2-3-1 : filfd & PLC{ -mRNA % [RBFICiEA L 72 R0 A HIE

PLC { -mRNA OFEAZIIFMICEA T L7z PLCL -mRNA 3R CE Rl d, 2D/
O, AR EFEAZOERY FNICH ZREZFHIT 2 2 & TREBICFEALEZEZHEL
72(K2-1A), $FPLCL-mRNA <Xy FORNEIZ5-6 ym THY, 2D & LFAL
7z PLC{-mRNA o0&t 3-5 pl LEH L7z, —/T, #ilEFEARDOE <Ry F CHEAZIT
STBRITEA LI T2 E ¢ v X 5 IFEAZIT Y 7204 &ED PLCC-mRNA 25F A
Iz, KA. B2oa223 ko, T IKEAINAEZ7 4 a2 ) R Y v OHEEE I3l
EFRFICIEA L7213 9 2B O 2 IR W HEE R Z /R L7z, 2o DX &2 Hg L 72455, Ailfe
L [AI I PLCC -mRNA ZiEA L 72X (2 PLC -mRNA # A CHEA L 25E X 0 b 27 1%
RWHEREE 2R L7z, C OfERZITIC, LARTOWFZERE S © PLC £ -mRNA O Il 13 1
ng/pl TH 2 LED D, AEERTIT 20 ng/pl BREIRE & 72 2 A[REED E W & 5l % 7
T7,
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2-1 #lifg & PLC{ -mRNA Z[FIKFICiEA L 2BR 0 EAEHIE

(A) ZEBREICn 0 THEAT 2IMEOEARZHIE T 2 72 D ICHEART & EAR OB
DIERET | W72 R 2 M & L CRHRL L THEARZ KD 72, (B) [FRFF AL TIE, Image
J V7 o7 ML CHEOLMEIC XV IEARDOHEZIT > 72, HWRHIZIIFHIC
FEAIN7 4232 R v EIRL TS, HUWRAIEREINZZMIEZ7R L Tn 5,
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2-3-2 + R Fe % M7 PLC £ -mRNA O [FIRFEARFIC 351 2 mid i EBET
IIF-HCEIER T 15 PLC L -mRNA OEGEEAR 2GS 2 2o, = 7 2PIF~ 2,20, 100
ng/pl ® mRNA % FEA L 72 RICEELER & BAEREBIZK L 72, 20, 100 ng/pl XKIZHBWTHE
WIEHELEZ R L7 (R 2-1), Z OBRFERZBIE L 72458 20 ng/pl X & 100 ng/pl & g
L T 20 ng/pl ® G5 IR ER 2R L7z, 20 ng/ul X 2 MifaA IS RER I B
DBHR LN ND DA A 100 ng/pl X Tl 2 MNEIARIC R AE2MEIE T 2 WA BIE I 1T,
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£ 2-1 HAFRA S X MR IC B0 %2 PLC { -mRNA O EREERHET

Concentration of mRNA

Parthogenesis Somatic cell nuclear transfer

2 20 100 2 20 100

No. of oocytes injected 54 54 55 45 54 46
No. of survived oocytes (%) 46 (85) 50(93) 51(93) 33(67) 42 (75) 25 (56)
No. of PN formed embryos (%) 22(48) 41(82) 45(88) 27(82) 40 (95) 24 (96)
No. of 2 cell embryos at 24 h (%)™ 22 (100) 38(93) 37(82) 26(96) 36(90) 21 (83)
No. of 4-8 cell embryos at 48 h (%)™ 19(86) 37(90) 33(73) 12(44) 27 (68) 13 (54)
No. of morula/blastocysts at 72-96 h (%)™ 8(36) 26 (63) 7 (16) 6 (22> 19 (48)2 5(21)b

* Percentage relative to no. of oocytes injected; ** Percentage relative to no. of PN formed embryos.

avs b; P<0.05.
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2-3-3 : FTRS T-fiifile & PLC £ -mRNA %[GR ICTEA L 72 B0 iR 1 L OTE (LR o
HIE

AREBROIHEWACEDSERIETH 2R o v F T L X 2L LT E ORI
TEACICEEA R o2 D2~ 5 7-0ic, MIEREFHIEZ EA L TH o R %Z
B L 7o RGN O % Gt s, BER s, ikIZR o 3 SicnfL 72(11 2-
2AB,0), L CHIFEFEA%TT o 256, MlGFEAOHIER T A F vy F v 20 X 236
L Z1T-> 7256 X 0 b R GOEREER O FRARKIZMET L T 72(64%, 71%., 85%) (X 2-2
D)o T Z L2 bHEKRHEAZRTT - 7256, EHAAMIF# E CH#ETL T35 2 258G
D& T o T, WAL 1 KR ICEIR 217 - 72854, FREEA S Rz R oBigeiEsz, wik
b % MR ART# TfT - 72854 (50~59%) XY ETFL Tz (17%) (K 2-2E), £
OEEITENCTH Y, MEAR 1 FERICEE 2T o2 5E LRk TH o 72,

(11%), &t Ls L HEAD 4 FE#Z O RIKIZEEE 2 B L 7256, FRREAZE X, —FF
MR ICTEEE 21T 5 7256 (41%) LW D{ETLTWwiz (6%) (K2-2F), X o CRHKREA
FOWEWAL T 7 2 H3 1 R BT & & BRI L 7z,
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(X12-2 A, B, C) £FEBRICEH T 2MEECFIEZ W 72BRo 0 REE R L 72X, (X
2-2A)4 S D 75 3 iETE(LITIEROS| DRI SICl THEMAL 21T 5 . ROSI O 2 1C
SrCly TiEMEAL 1T 5. ROSI @ 1 Witk ic SrCl, TihtE{k %47 5. PLC L -mRNA &
TERS T-HIBE % FIRFICFEA L TR L E 2 2) 2 W CON 727G L & 2 R 7 A v+
A v Yt (30 min, 1h, 4h)IC X 0 #%AH % 8152 L 72 BR o X, RANZTE AL OB 2 7R &,
(X12-2B) 3 2D Hx 2 3EMALT7iE(ROSI # 1 h 21 SrCl, THIF DL 4T 5. PLC
£ -mRNA & #ilfe % FlRF i A LisEPEE %217 5. PLC -mRNA & flfe % jll % iciE AL <
W ZIT )V e W% 4 HIEERE L MBIES L2 0 ME 2~/ £72 2 #M
HEIIRE % TR A 2 ISR S 5 2 & CREfF~ L HET 2 %L 7z, (K 2-2C) 3 D
DE7 BEWAL T ECEL R P e v F Y 2 X BiEHA L. PLC L -mRNA & #ilfiE % [EF i
FEAT 2IEE, PLC L -mRNA EMlld% 22 1o i TEAT 2 i L)% v <
FBREER L, 1 ROz vy 247 4 7 ZEMOREL FH~72, £7-. 2 #M
Fa IR % oA L A RE# A L 72, (X 2-2 D,EF) 4 2D R4 ML ik cER L 7=
ROSI Mok 0 HE, i b DRIZIEMELHED 30 min (X12-2D), 1h (X2-2E). %
72134 h (X 2-2 F)icfeta %1757,
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2-3-4: ROSI % PLC { -mRNA i X Wit fb E e 2o vy =+ 7 4 7 2EMioZAL

T DIEHALHIEDENC L > TNTFOI Y 247 4 7 ZMEMiNENT 2089 0%
WD, MM S EE B e L CFCICBE R H 5 L AH LN T
% H3K9me3 DO HCIRE 2 P ~72, % DfR, IEH KM L PLC L -mRNA % Hi L Tt
A bavFvneiFHEl L 258 & RO E A F A B & iz, PLCC -mRNA % Hifk
THEAL TEEDL L ZGA B W TH RO EIS S 1z (K 2-3),
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H3K9me3 B

=100

2 [ ]

= —

E | P

b 50 =t
H3K9me3 B8

B 0

E

8 0

ICSI SrCl12 Serial Co-in

erial Co-in

2-3 MK Ml % PLC £ -mRNA IC X DG X 2280 ey = 2T 4 7 ZEfiDZAL

(A)ICSI, ROSI #ic SrCl, Tifitft, PLC £ -mRNA & PR Tl % 53 CTiHA L TilitE{k, PLC
-mRNA & #ifid & MR ICIEA L TilitE (L 2 5 S %k o 7o (B) AR QMR D HOEIME Z 0-3 DERIFICIT 1T
TAFMULDE S % F_Tz, TRCTOERITRAL 3 [T, 17-25 [HO K& L 7=,
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2-3-5: PLC { -mRNA & ['IEHE T-Hllld % [FEFICEA L 2o 4R s X Ol og

EERICHIER P & PLC £ -mRNA % [FIRFICTEA L 7z o MRlu R A% 5 X iR ie
DEEFRIAER, A v v F v L CIHELL 256 L AFEOFREL LR L 72 (65-
64%), —/7T PLC{-mRNA % YA CTHEA L 725E, BRI ERIZET L 72 (55%) (X
2-4), % L CiiEEo ICM & X O TE Offife# z ek L 724558, PLC £ -mRNA & P
T A FRFICEA L 2GS L bR b e v F o e XD iEHE L L 2858 TERA L LR
Do 7= (X 2-5),

-41-



100 2cell 4C-8C Blast

oo
o

act

Co-1n
w POSt-act

== CO-in
— Serial Serial

b2
<

Developmental rate (%) >
o =)
L] o

=

2C 4C-8C Moru Bla
2-4 ¥iip 2L % B 72 ROSI R (445642

(A,B) %72 2IEMEALIEIC X D IRZAER L. 2 M0 (2C: WAL 5 24h 12), 4-8 M (4-
8C: iEMEALA 5 48 h £2), FHEM (Moru: #HHALA S 72h %), BN (Bla: &AL A5 96 h £2)

-42-



B «

DAPI BTE DICM ’
» :
8 40
[
(o]
—
2 20
=
o
3 =
0 ] .
Post-act 20um, Co-in  20um, Post-act Co-in

2-5 PLC{ -mRNA & MR T-HlE % FRFICHEA L 2B o R ER B X O o g

(A, B) ROSI M08 7% Gl 3~ % 7= & 1 RAR NI © S Bt D I BGH 2 1T o 72, 2 b DRI HE(L
AbrayFy LIk aEE L EFRREAIC L D IEH L2 0% L 72, (A) HHEi: DAPI 2§
I, PERAIAEEE 2 fk (e, SREIMRIE % R Caiegeta L 72, (D) PGSR & 2 S IRZE o MR 28 & 51
L FfE %R 3,
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2-3-6: PLC { -mRNA & ['IEHE T-HllE % [FIEFICEA T 2 2 & RIS TR~ DFE

MR Ml & PLC £ -mRNA % [RIRFEA 3 2 i % BHEE AT i )G 32 2 & A3 aTgE
DA B 7z o0, 2 fifal o ROSI IR Z QiR IcfoAi 3~ 5 2 & CREEFREEZTE L 72, £ D
g, HERIETOEFINTE 74%., MERF#ild & PLC{-mRNA Z[FFRHCHEAL 72X T
X 77%E BERETAR LN o 7z WEHELEICE W TH (2PN OFEIG HHERE TlE 49%.
FIRFEAETIE 31% LKL R 2 MHAIZA L N2, AEARERALN o7, ZDH,2
MR I 84 3 2 BIAIIRERE T 62%., FIRHEAETIZ 56%TH o7, % D% Pyt
ISR L 2205 R, ERIETIE 30%, FRIRFEALTIX 31% L A b A o7z, Z LTS
b NI B E T A bR D - 72 (1K 2-6),
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B

Ln
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5
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[
=]

Offspring rate(%) >

—
=

)2

2-6 PLC { -mRNA & PR T-HIIE 2 FIRFIC A L 72RO PEAT 35 X UPE(F 3
(A) 3 0D IEWALT iR 2 A 72 BROBEFR (B) FIRHEARLZ TR b 7z FEfT

Post-act Co-in  Serial
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2-4: £

WERE T2 TRICEALZBIC, BT idEe» il 2l g2, L Ladrs,
IS TR IE AL RE 2 FF 72 e W 22 T K IR Cli-e 2 I (iR 2 B 2 2 5,
Z D7D NEWTEEAL B AR TH 2720 Tl Z oW EHT 2082’ H 5, £ 2T
PLC{ &K e % FREICHEA L CEER R T E, —RlIoEBRP2ECoIlF%F L
RECIGTE(L 372 2 L AATRE L 72 ) EEROLEMRM LT3 2 EZ LN,

9 OFEBRDIER ICHAES 5 720 I iTMIIE A O # ¢ & O D PLC  -mRNA 23
INFMICEAIN T2 ETHARNLE DR H - 72, ERICHIGEAH DS CEAL 254G
mRNA % HECHEAT 2855 X0 27 fHEVIEE O mRNA 23FEAI N T3 2 L AEHRIC
XV E o7, MIEAHOHZHEHT 2560 —FDOHIZII T OB Z I <
ECTHb, ZDLDFEAINIREIZARLDPEL o TLE S, 2ORDB X W IEHICHE
WWED PLCL-mRNA BREIC R o/zmiThr eExbND, HEREZFEL ZFERTD
EARER & FRRIC, BARCEATIEHAL Y D 20 fFEWIBEER A L 2 B&ICEuRER
R L7z, I 100 FOBRE CREEEEIE D OORELEMET T 22 L2006, ol
BEEZ ERloTW3 2 ERBEINS,

AL O FRARIREIE X FTZ T AL 0 BAR RS C#IEE 32 2 L AYA[RECTH % 23, ROSI MEC I
AN R VEERHL W EBAH LN T WS 0 2 2 CAffZE ¢ PLCC & MER
TR % FRFICEA L 2B A2 8153 2 2 & C, iEMEL O BIRRER 2 37 L 7=,
fEE L LT, PLCC-mRNA & #ifE% [ < v 2 SIEEARIC A L 2B ICIE# i< & v o
7B ICHIER S AU RHIIE IS b L 2 ot AT 2 2 L 2R L e, £ LCHRA X PLCE &
MM DFIFHEARRERE L D b 60 0 EEN-ENLTH B 2 L 2FHRL 7=,
EkiEDIEAA o v F v L OEMHECITHTER - HIgE A DRI 20~30 2LANICITS
EDBHER I N T VBT, ERETRIFEART CIKIi IS L g 2o, iR 1
T OEIG CHUEHE D 2 7 — VICHEfT L T\ 7z, — )7 CTEERIX & PR g A
LA 6 1 BRICEE(L 2 35 2 o 72X Tl 1 RERISRICBEHE O 2 7 — VISHEfT L T
2EGIZ 1 HIRRECH o7z, ZOZLOLARERTEHI ko7 PLCL-mRNA & HERET
e % RIRFICEA L 7254, fbx r ey sy oo bz iEAR 1 KiEgicEs IR0
FICHELLCwB 2 e EZLND, THIFLATC PLC L OiEMALERI 2 H S X 7= 1%k
L DBHIEH 2 B L 2 BERICHL L T AR s o7z, 2D 56 PLCL & MR
T-HIME Z RIRFICEA L 72356 T d ZBICH T TEAT 5 716 L Rk REEL AR & CTn
5 LRI NG,

PLC{ ZM 7R CIMFREZHTE L 2 ERITL {ATbITw 22, EfFEZzIE L.
F— 2347, ¥ 51 PLCC -mRNA &% R ICEA L CEF 2B 28513 A <. K
EHEITENATHNIE, 4 7u~v=2L—v a vTOEHEREKRCcE 2, 2L C
PLC{ T X 2iEMAL % v 7215 13 % <  ABRIETEL © 70 2 CARNBEF IS Vv A v
VULFYL—vavEGRRCTEOAMTHLLLEZLONT VD, ZTDORERD
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AL T EEBS BRI TH 3 H D % 72912 ROSI IR % Bl L R 2 FE L 7=,

4l F 413 PLCC -mRNA & MTER T #ild 2 [FIRFICEA L 2 BRicieskik e A% R El& T
FEFZGD LI L7z, 2D &b 2 O EREMBIEAM I TE 2 2 L 2R
L7ze L2 Lok i L CHEFRICERE R AT A DN D 272, T ROSI It
BOOIEY AT 4 7 ABBREIZIPLCE I X 3L ClItEI N d o722 L ARE
TN 3, X o TROSI DK G EFRDJFERIZTEMAL Tld Al BEMED B, iR D PLC L
THEFZE7-FEBRCIR, EFEEONED DDEGEFRE ot TNIEA VY 27 s
VIMER 2B om0 TH B L EREINT W, ANEERITZ OREZ ER L 72 23,
Z L CROSI %579 BRICTEH L OB EECH 2 L I Tw 5, REBROEETT
13 PLCC @ mRNA OFERE N 2 B METH 5723 60 713 & DENHHFIET b, 72
23, PVP icffifid & PLC L -mRNA % THEAL ZBRICE W TH EFEER, 4K X UE
frRICIIER e by v F Y LDOXTEIFAL N D 5T, HHECORR2EIES 2 2 &
THERTZ DR PME T 32 28 100 20 £ TTHIUTFEFRICED R\ EDREDH 2 7, 60
53 & ) I X mRNA 23R & 2 £ CoORE L IZIFFRCTH 5 2 & 2 b EFRICENE
L2Zedhholzt#EZbN5%, PLCL-mRNA OIEMELIZ A BEAL T %D d o B
W7D B 5 — 77T X 0 ABAERNIGECIEELHE TS o 7228, RFEBRIC X 0 B
R+ 2 2 LKL 72,

4 1% PLC  -mRNA & PR F-lild 2 RIRICEA T 5 2 & Oz i iciE it LIk %
EB L WHEETH B Z L RAMH L7z, COFMEICHT 2 2 & T, imMELaEE Fi/z 7w
TR THIIE-CHAE S o — v O RZFEIE L LB TE 205 LiLkw,
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FPUE PLC  -mRNA & RHIAE O FIRETEAIC X 2 EEFEH

3-1 FFam

7 v = ZFED N ) —» O E VA el co 7 o — vEIPERICEI L T
Fl, WloTr/u—v=yARBHAEL T2 oMM EbELRY A VT Ly FO-Y X4
e rzsao—vey2EHoBHIs EFons !, L2LAarbzosa—v~y ZADE
HEhEOYE I L <, e X P VBT v F U LEEEREAICH 2 TSA o, % L Cfthic
b Xist IBIETF D KO % Kdmdd OBERFHEBIC LY 70— v <=7 2DEHhRWLERAAL S
Nize LLRAOZNTHIER 2 E KT 5 & RIRICEFEIMENZ & 230> T
5 2—4O

RHNE 7 v — v OFE IR IC R EER AR 2 2858/ & L COIF 0 ABHI RIS TE (L2 B 1T b 1
%, =7 ZYNT- O NAKERE LSRR ey Fy aic Xk W iTbh 3, 2 oMLk R
LRETIC XL BIEMALICE ALY T LA L —2 a YORERT Z EIZHAIS LTV 328,
Z DB DRI EST AR H 5, B 1 o7z X i, =72 PLC{ ¢ v~
PLC{ DEEf#IZ Y ~ PLC I X 23 HALMK L 72 5 2 & 5 & | WG HEALHIF0N 5 IR LARE D 56
FICKRELFELGZ T2 E2bN05, ZDOEEDTEEZ BRICIE W EENTT
BICEZ B CEMfEONM LRI TE 5, 7 v — VIROIHE T EOMET IXEM R T
avFv L X —n BRHEIC X BRI X VG fTb R, kA be v sy L
I X BIEHAL AN R b MBI R 2 = v RRIC & > TRBZAREHAL A ETH 3 L MG H
35, @Eicra—vROEMLD X4 2 v B L TIE L 7235235 22086 . FAELKD
M ExAONRD o7z, ERARMETHLN TS PLC-mRNA k) 7 v —viE%
G S & CEFZRHE T h v, O ICHER g oz L 72 PLCC-mRNA &l
M % RFICTEAT 3 HKICE Y, 5ECmRNA ZFEATABICE 2 T 72 2 MoF AEE
IC X B A& L, #Eic PLC { -mRNA oift{b s 7 v — v EfESLIC PLC  -mRNA 23
BNHE D DOBETRITZ 2 2 & LFRMENE VG E W 5 ARERTIX PLCL -mRNA %
723G AL S PR SRR DG AL I & D X 5 R D B % T~ 72,
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3-2 Mkls L OHIE

3-2-1~=7v A

M~ 23 1 H L RROKEO~ Y R E2FH L7, iff~7 23X ICR R EMHEHL 72,

FoVE B BRI, $58 DNA oE##{LE X OFHR ofFHE, mRNA &K E L REHEL,
mRNA OFEARSE 1 FICHEL CTfTo 72,

3-2-2 [AlREE A % H O 72 R il

O EAIEIE S 52 U HE L Tz PVP+PLC L -mRNA &R+, RIEFEAZICH N,
A O FEARTNIC MBI T ORE%EIT - 72 OBRZEZICHEFTTE AL TIZ PLCL -mRNA
%G A7 PVP ICHE L2 fRfile 2 A Lz, £720 a v br— & LCoiEt izt =
PR YF YLK BIEELEIT o 72, WEHALE T CIC TSA & LatA 5Ly v L7 )Y
—CZB ICHE) X ¢, 9~10 REREREMACLEE 5 X O° 2 5L % 17 5 72,

3-2-3 fEgn

PLCZ -mRNA 28~=v 2 1 filll@iifo vy = 27 4 7 REMICHEE L RIS T 2R3 72
DT, RIEROEIT - 72, WL 10 B 1 4%PFA/PBS 0.2%TritonX TIIT-D
EEUEE % (T > 72, Z Dk 2 M OPE% PBS TfT\», 8IS CHEBECRE L7, —XI
A1% anti-H3K4me3(1 : 1000 AR ; 7 7'/ 2), anti-H3K9me3(1 : 1000 78 7 7' 4),
anti-H3K27me3(1 : 1000 ff I VR 7) 22X N L7, %Dk Alexa Fluor 568-
labelled goat anti-rabbit I[gG(Molecular Probes) < 1 Kffili& L 72, % 0%k % 2 [T
etgic, #7ARXTA4 F ECTOERHAMEE%LIT> 7, B AITIE Vectashield anti-bleaching
solution(Vector Laboratories) Z fi L 7z, % IC HOLBEMBER (FV-1000; AV v X R)IC XD
FOEHREE DHE Z 1T - 72,

3-2-4 FEAH
B L R i TIT o 72,
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3-3: fER
3-3-1 R#HlUESHEIC 35 1F % PLC £ -mRNA @ 5o s o fiat

AR RS AE % 1T 5 BRIZFIAE THI8E & MRk PLC L -mRNA % #ilg & FEFICEAT %
DEEH D 2 3 ikiti7Ze PLCC -mRNA 2B THINE & 1382 2 ARtk ® 2, Z D7Dk
Mzt tEIC 31 32 PLC £ -mRNA O RiliE % 56~ % 7= I FE R - #illd & [FERiC 2, 20,
100 ng/ pl TREME 21T o 72, Z OfER. WEELEIZZNZ N, 82%. 95%. 96% & &4
Ko b s, —H CRERPE CORERIT 22%., 48%., 21% L 7Y 20 ng/pl
RO EOWRELRL R L (£3-1),
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3-3-2 PLC { -mRNA % Fl v TIRMIIUZ I 2 iE AL L 2 BRic B 2 vy 2427 4 7 &
fEffi D21k

PLC{ -mRNA %\ CHEER 2 Gl s 2284w, BEERCN Lty
AT A7 AMEMICEALE RIE T E D 22N, FREERIC 3 v T H3K9me3,
H3k4me3, H3K27me3 2MAHMIEOWIHAILICKE S b2 LEZOLNTVE I LI D
3ODHNME R BIZ L 72, #DfEHE, PLCC-mRNA Lt b o v s v A CiHMEL X &
AR IR L7228, BELRERFALNLED - 7-(K 3-1),
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A

s

_ R E 5 ® Original
HIK4me3 HikSmel _E :3 .L«G_iu‘icctiﬁn )
Original = 151-5 ' p |
B 5 1
[
injection Ed 0
50 un 5 . S L
Il = H3K4 H3K9 H3IK27

3-11 fifaio 27 v — v fic B 1F 3 H3K4 me3, H3K9 me3, H3K27 me3 @ X F A {b L~
(A) EHoFEIEA e vy Fy 2 XD iEHLL 2 Z2 R L TE OB EIZRIRE AEIC X
DEMAL L 2R % g, (B) HbR F v v F v aic X 23EMAL & FEE A X 23E Lo X F 1
v~ oK, H3K4me3, H3K9me3, H3K27me3 O X F b L~ % HEE L 72,
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3-3-3: PLC { -mRNA % i\ 72 (R HIBEAL A IC 35 1) 5 PFE(TR

Bf2IC, PLC{-mRNA % il CHHIE B2 T o 7. BB X O E Y, IHEiigs o
IEHERFEFESD LI Lz, 200 ORIIRIZFARFEAIC X 2L & LR b r
VF T LI X BIEMACIZRE QR TH - 7-(2.3-1.8%), —J7 T, PLCL-mRNA % Hifk
THEAL 2856 Tl o FERIX & Hlk L CEFERIZKT L 72(0.5%) (K 3-1), 7=, IR
FEFIVBREEECHLTCIRTORICEVWTEFRON AL - 72(K 3-2),
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O
o

0 25
o = Original -
?% = Co-injection %n 2
56 =Serial wl.5

(=]
B4 |
= z
85- 2 i 20.5
0 == 0

3-2 PLC{-mRNA & R#ifEZ IR EA L 2BRO 3R 5 L OMRE & i E R
(A, B) FRFHEAIC L W IGoNT s m— v~y 2D, (C) EFE, (D) EHF K

E 0.5
0.4
0.3
0.2
0.1

0

Placenta weight

H (E) WiEER, o 3 D0R% 3 IEETEC XY HikE1T - 72,

-56-



# 3-1 PLCC-mRNA & [JER g 2 [IRHICEA L 2B pE- 35 & URET

Treatment
Original Co-injection Serial-injection
No. of enucleated oocytes 187 259 505
No. of oocytes surviving 117 (63) 190 (73) 302 (60)
after nuclear injection (%)
No. of oocytes surviving - - 253 (50)
after PLC { -mRNA
injection (%)
No. of oocyes with PN 115 (98)* 179 (94)* 237 (94)
formed (%)
No. of embryos developed 102 (89) 167 (93) 207 (87)
to 2 cell stage (%)**
Recipient 6 7 9
No. of offspring (%)*** 2 (2.0) 3(1.8) 1(0.5)
Body weight (g) 1.82 2.07 2.07
Placental weight (g) 0.34 0.40 0.31

All two-cell embryos were transferred into recipient females.

*Percentage relative to no. of survived oocytes; **Percentage relative to no. of PN formed

embryos; ***Percentage relative to no. of transferred embryos.

PN, pronucleus
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% 3-2 PLCZKO k57 & PLCCZ-mRNA # [FIHEA L 72 B R4\ Fe k2

No. of surviving

No. of
Sperm oocytes after 1PN 2PN 2cell 4-8 cell | Morula Blast
oocytes
ICSI
Intact sperm 12 8 0(0) | 7(100) | 7(100) | 7 (100) | 5(71.4) | 4 (57.1)
Co-jection
. 18 10 0(0) | 0(0) 0(0 0(0 0(0 0(0
(PLC £ KO)

-58-




3-4: EK

PLC{-mRNA ZH W=k bics Ty T o7 u—v~v ROEHICEIN L 72, g
BBHEIC B\ CANATEE LIS EARRIRTH Y | G E LT PLCL -mRNA Of#
AT o 720 ARERRCHAMAE & FIER Tt f TRl 2 iSELoBRE R TH %
EBHL L TR0 Tz, ERAIERRICE VTR CIRFROIRE & FiE %2 v 72 [FIRE A
PEALTTE CIRIETE L B T & e hr 0 72(K 3-2), T D i Ol % A 3 BRI %
B B EE 2 MERICIT S 720 % OMIIEEZ B 2 & v 5 fF2E2S mRNA % X 0 HilZIcHL D AR %
T A[REMED D 5, Z D7z oML ZFEAT 2 BRICHEY) 2R I1T 20ng/ ul TH 255, 1
T % DM OMINE 2 FEAT 2 BRICIIHERERNPALETH L LEZOND,

¥ 7 PLC{-mRNA ZHW7ziGHbic s W THBERO vy = 2 7 4 7 ZEHi D HH
AWET LI LI TE b ol MK THICE TH H3KIme3 OFE A FMEBEDS
N2, PLCL-mRNA i X 2L ZfTo 2 ATH I Y =47 4 7 ZAEMio&E TR
bNTwil, Z07o 7 u—vife ROSI ECoOBEFRITEEILICL 2 b oTidRl,
INLDOIEY AT 4 7 AMEMOREBRETH 5 A E W EHE X HND 470, 5F
T, RO EEL IS T2 AW IEEL 21T - 238523 H 2 28, R oM EIZR o h
B olz, L L ZORRTIIINT~DAMMBIEFICKE Wo, IEMEICHE I X 25
KT SRR IC L CHEI2 & 9 2Ot i TE Tniad o 72 0, LA LA TIlEA
DIFEDPHBLDITEAD A TH % 70, FFET2 D DiHHEAE T % A w72 G & 2 72
BHETHHBEERO Y 247 4 7 AERORFEOLUE I TE AWV E W) HBHL L
o7z,

PLC { -mRNA OREBMER itz FEAT 2 FA%ETH 2 2 Lh b, It oiEti
THEEZ S IFMEOMEEIC X W B 20 Cidk <, T L Rl Am L ik z @84
TR D T LR E NI, I OIGHAL TIIMIC X o TROBEZRIEE(L 71623 B 0 | FRREEEAR
ICBWTE L DIEHELTERITINTE 72, BlfE~ Y 20 fEEIEcoE ikl
A by F 7L, TSA BXU LatA 2w 72iEMAL T ER R S @R ICER Z EH <
3 ENMEINT WG 25911 2 L CUr4E Kdmdd OEFEFIIC X Y HEEKO e 2 b
v DA FMMEE YT ER 2 &R 25BN S Nz 4 SRloFERTTEEHAGbE
52 Lic XY INTOIEMAL L IITF- D XA FAALIHE ZRIRFICITS 2 L b ATRETH 5, FIHELE
IRVETL D F2hi% CIZIN % 10 Wil TSA ICREET 2 48035 V. FERICE T 5 KlH] 25 K
{3 %75, PLCZ-mRNA & Kdmdd D RIFHEA%TT > 721 CB T {HE UL % 5 BFHfT
FITLTEBRREEMIT LI LN TEZ2b LNa, KITIEIXSH%OBEGEEY) E~IGH
ENpCEEREIFET S,
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A

IiF- o NAsH 2 G A X PR THliE & o ZHE 0. R AESE O UG ML RE % FF
7 i WHIAIC BB L I T B, BITE, P B AU F Il oiE Licfib T 3
2. X0 ERRSEE LT BTHEHRICFELET 274 A7 4 ) =€ CL(PLCL) %22 —F
3% mRNA ZJIFH~EAL CTIIF2EEI S ¢ 2 RSN T b, BT DHE
THIHE T & OPEFEHOWREDH 2 b D D MEHIEIRSGE G S TR,
ZC. EBTEDIFIC 2 MOFEAMEELEST L 2L oIl F~0afd % S ERLE T
ICHEZIIZ T3, 22T, HAHo P CHER D mUIETHtEN ZRoL shTnwd v
~ PLC{-mRNA A L., #AEMEZHIEL 720 A TEATGFEOHRICK Y, JIF~D
B L VEEN RO WNE LN > 7=, #iR & LT, 7~ PLC{-mRNA =7 2 X Y $iEMEA{LIic
29 % PLC{-mRNA DRI 105 TH Y. mWiGHE(LoRI 2R Lz, L Lad ok
RS 2 T o 724~ 7 2 PLCC -mRNA DEFR% ER3 Z &i3hl, I LI
HbE7- PLCL -mRNA 2T 2 082 H 5 2 LS & o T2,

—J7 Gl & [FIKFIC PLC £ -mRNA ZiEAT 5 /75 1d. FURAE TG, e & b ichne
TEZERHL Lo, MK TG CORICEESEL 22 & TD
BRHEPBRIN TR, ZOWEH AR CEMFROK T A EIIRONTEHNTH S
TERIRAINT, LI e — v =T RICHE VT, 2T T THEATSE LD HFE
RRHCHEAT 5129 2327 0 — v OIFREIENSE Lz, 7245, PR #ild & icffiia e iz
Y AT 4 7 AMEMiOWE X R SN, fEkike KL CEFEDm LA bk o
720 2D L HINTOEHALIZZ NS DB FFOBEICHIEALTE LT, ZDIEIDE
K23H 2 LRI iz, —F7 T RTTFEZT X COMFLIITICHTE 287 L WistkLyiikc
B % 7= 05 D EFEHBIEAM ~ D ICH SR CT & 2,
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AN DS
s> H: PLC ¢ -mRNA [RIREHE A IS X 2 FIER e £ 72 1%
PRHIRE SR EE A o 1R HY
KA B e

JRF- D N2 7 AL X PRS- Ml & o ZH5 2. RHIRiL AR SE o OIS (L e % F¢
R WHIIIC I E TN TW3, B, RETH 2 7220 VT o bic i e ER
RIS FE IO LiIcfib T d, L L ZhsoibtiddsE 2 X v b RAa=xR
CHEMEMMET T 5, 20720, XY ABREFEL LT BTFESICHFET 27+ A7 4 )
W= CL(PLCL)% a— F3 % mRNA ZUIFHN~FAL TIF 2GS 2 27575 B
FINTWD, A OTETCHER TlE? b 0 EHOWE RS 2 b oo, fEHZhE
BEFRE I N TR, X T, EBEAFEDINTFIC 2 MOFEAFELET 2 L0500
T~DAaMD % ERLECICRIEZIZ T3, 2 20, WAEOhCHERD & WIiEH
fLEEN % Fio L N T3 7~ PLCL-mRNA #H L., #EAEEZHIEL 2, X 5ICFEA
TEDWRIC XY IIF-~0 &t L AFENROLEEZ N - 7=,

¥9~7 2 PLC{-mRNA ¢ v~ PLC{-mRNA %#IITICEAT 3 B REEE % E o
570 DREMRF 21T o7z, 7 XA PLCL-mRNA OEE% 0.1, 1, 10 ng/pul . ZL TV
~ PLCZ-mRNA % 0.01, 0.1, 1 ng/pl ICED, WEHEAEL ZDROFBELREZFEL 72,
fEB L LT, =7 % PLCZ-mRNA ic5 T 0.1ng/pl [XT 18.5% & KW iEtE LR 2R L,
Ing/pl. 10ng/pl Tix 93.8%. 96.0% % znZin L7z, —F/ T, 7~ PLC{-mRNA Tl
0.01ng/pl T 21.5% DiEME(LE %R L, 0.1ng/pl & Ing/pl iICH T, 88.5% & 97.9% & &
WIETE LR Z R L 7,

Z D% E CORAEFE T4, ~7 2 PLCL-mRNA e\ T, 0.1 ng/pl T
I B W TERWREREZ /R L2, £ LT Ing/ul & 10ng/ul THRER T ToOFRERIC
IR O N 27203, 10ng/pl X CTRIMEENRER DK TR I N, £7/2. 7~ PLCC -
mRNA iZ35WT, 0.0l ng/pl & Ing/pl DX ICHE T, EDOEBEICEWNTHEFHERE
RL7ze LU, O0.1ng/pl KiCEWT, 77.2% DA ZEEZM~ L FE L, 52.7% D A IR
fa~EFAEL-, FiRe LT, 7 2 PLC{-mRNA OEERE % 1 ng/pl, 7~ PLC -
mRNA OFERE % 0.1 ng/pl & L THROERZITI 2 Lic L,

RN Fl R AN TH AL UIEAS T DFEA £ 4 2 v 7% F_7z, ~7 X PLCL-mRNA F X
7<= PLC{-mRNA #EAHZNEFN 115-160 B ICHZE2{To72, ZLTINLDKE
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MII, A/TII, PB @ 3 DiC o3 %8 LG tEAURHAA A %2 F0 ~ 72, 2 o SRR D il 13 120-145
TRIATONT VB LBIHLP R 572, Lo T, MEEHEFOFEAIZ mRNA ©
FABIITS 2 &L,

Z L C2Mifgiiitz L o v v b =T RICHEIEZ T VRO 21T o 72, BHEDREE.
<7 A PLC{-mRNA ¥ X U7 < PLC{-mRNA Gt & =002 & IEH REF 5
SNz U DT~ 7 A PLCL -mRNA (LA b o v F 7 LADFEFRIZZNZE N 46%.
37%, 40% TH o725, v < PLCC-mRNA DEFHIZ 24% & 2 VDX & KL THE
ICPEFR DD L 7=,

I PLC { -mRNA OFEAFIEDOKET 21T o 72, Mg & FRFICHEA SIS PVP il IL.
B TEATIHAI VO BIZ 210D 1 THEIER T4 32T ) VOFEARBDEE
ICX VLD &R0z, FERIC= T ZPIF-~ 2, 20, 100 ng/pl ® mRNA %A L 7212103%
AL & AR ZEEE L 24558, 20, 100 ng/pl KB W TEWIEEILEEZRL 72, Z D%
T A @IS L 72453 20 ng/pl X & 100 ng/pl & FEE L T 20 ng/pl © /5 23 W AR E
KER LTz, 20ng/pl XD 2 HIIEHARIZTERERNIC RE DR A SN\ d DA% A3, 100 ng/ul
XT3 2 e ic R AESEIRT 2 BB BE T iz,

IRHIREAL RS IR 12 35\ C b BoB IR MG 2 FREEAT o 7oAt 2R, FIRAS Al o B & Rk 20
ng/ul ® PLCL -mRNA DS RiEIRETH 2 Z L BHL DL 7o 7z,

AREBROIHEWACEDSERIETH 2R o v F T L X 2L LR T E DR
TEACICEEA R o2 D2~ 5 7-0ic, MIEREFHIEZEAL TH o R %Z
B L 7z, KSR oM % JetfAid. Bt iktisE. miIpi o 3 oL 7z, 2L
THEKHEAZIT - 256, MREAORIR R b o v F v aic X 3L ET - 7285
A X0 D FHIG A AREEE DO FAERIZET LT 72(64%. 71%., 85%), & D Z & 2 b [FEE
AN%ZfTo 286 W EAM IR E CHEITL T3 2 L RO L o 72, ML 1Ky
MBI 21T > 72358, FRFEA & N2 RO IEERE R 1T, 1 TE(L 2 MIIEE AR TfT - 72
Bty (50~59%) X h HET LTz (17%), ZD7diEHEITENTE Y | MiwEAR
1 B i iE AL 21T o 2 A L AR CH o 72, (11%), &ML X A D 4 B o
BRI 2 BIZ L 2 5A . RRRE AR, —RERICEE 2T 2586 (41%) XY 1K
TLTWZ(6%) & > CRIKRHEAFEDOTEMAL 7 u v 228 1 BBILAFEN -2 L 2RB L 7=,

RIINF OIEWAL FEDOBECIC L s TIIFO T Y 2 27 4 7 REMNENT 20 L
SR BoIc, MIPRK il s EHEZERE L CITICRERDH 2 2 L3/
T\ % H3K9me3 D HOCIRE 2 F~_7-, % DFEHE, EHZHEIE L PLC L -mRNA % iz L
THEAR b v v F T L LIGHEL L 728556 L Rk A F L85 S 7z, PLCC-mRNA
FHACTEAL TEEL L 258 I RFOMES B LN,

FEIC RS 7-#IlE & PLC  -mRNA % [FFICEA L 72 o IR flaf A4 R B X Ok
faoE % AR, Hx bo v sy ATl L 2858 L RFEORAERE R L 72(65-
64%), —7 T PLC{-mRNA % B{KTiEA L 2 5A MBI ERIIET L2(B5%), 2L
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T ICM 5 X O TE OfIfa# % Hik L 724558, PLC { -mRNA & PRS-l % [F]
BRCHEALZZSAE LR Yo v F Yy A X D iEHL L 258 s onkd o,

MRS F#ilid & PLC £ -mRNA % [FlREFE A 3 2 G AL % BHEEAICIOH 3 5 & & 236
DA B 720, 2 iAo ROSI I % iR I3~ 5 & & CHEMFREZMEL 2, 2D
i g, HERIETOEFINTE 74%., MERF#ild & PLCC-mRNA Z[FFRHCHFEAL 72X T
X 77%E BEREITAR LN o 7z WEHELEICE W TH (2PN OFEIG HHERE Tl 49%.
FIRFEAETIE 31% LKL R 2 MHAIZA L N2, AEAERALN o7, ZDHk2
MR EIC 2 5 2 FI G IFERIE T 62%. [FRHEAIE T 56%TH o7z, £ DMz PRItk
ICEERE L 72 R, fERIETIE 30%. FIRREALTIE 31% E XA b N2 o7z, £ LT
ONTZEMFICEE IR LN 2> T,

PLC{-mRNA # W CHEERZ G S 2581V T, FEER LTy
AT A7 ABHICEALE RIZTTE D P EFNT, M IC BT H3K9me3,
H3k4me3, H3K27me3 2MAMIIEOWIHAILICKE S 2 b 2 LEZOLNTWE I LI D
3ODHNMERBIZ L 72, #DfEHE, PLCC-mRNA &b 2 b o v T v A CiHMEL X &
EEEHIR L8, BELRERALONL LD 5T,

&%IC, PLC{-mRNA %\ CiRMIfaz Sl 2 17, O mfifid 2, & IEH R EF 215 5
LKL, COMMREFFRREAC X 2EM L LR b u v F Y i X B
ZEZE DR TH - 72(2.3-1.8%), — T, PLCL-mRNA % B THEALGA T
DRBRIX & B L CEFRIIMET L72(05%), £/, BloEEs X 0pEEEICEAL T
FTRCOXICEWTEIZR ONRD o T,

AT TFTHOE AL ST & D BAFE % A 7o i R m il {LRE 2 > 7 = PLC { -mRNA %
FWTHEMFRER X33 TERDP o7z, —/7 T, PLCL-mRNA & Hlifig % [F#EIC
EANT 2 IR REEDFR L INF~D AR DI ITHIN L 7z,
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SUMMARY OF DISSERATION

TITLE : Birth of offspring from spermatid or somatic cell by

co-injection of PLCZ-mRNA
NAME: Naoki Hirose

For assisted reproductive technology or animal reproductive biotechnology, oocytes
are often activated artificially before or after injecting defective spermatozoa, round
spermatids or somatic cell nuclei. To date, several oocyte activation methods have
been reported. For example, strontium chloride (SrCl2) is one of the most efficient
activation methods reported for mouse oocytes electric pulses or calcium (Caz+)
ionophores are more efficient for porcine, bovine or human oocytes.

However, artificially activated oocytes usually show poor embryonic development
and a lower birth rate compared with natural fertilisation with spermatozoa. The reason
is unclear, but this may suggest that, compared with spermatozoa, these artificial
activation methods are not suitable for ensuing embryo development.

Here, we used equine PLC{(ePLCC) mRNA to improve mouse embryo
development. And we examined whether manipulated oocytes could be activated by
PLCC-cRNA co-injection and offspring could be obtained from oocytes fertilised with
ROSI or somatic cell nuclear transfer (SCNT).

First, 0.1, 1, and 10 ng/ul of mMPLCZ mRNA or 0.01, 0.1, and 1 ng/ul of ePLC(
MRNA were injected into mouse oocytes to examine the optimal concentration of
mPLC¢ or ePLCC mRNA for mouse oocyte activation. The oocytes were moved into
CB containing CZB medium approximately 20 min after mRNA injection to inhibit
the second polar body extrusion. The oocyte activation rate was determined based
on pronuclear formation 6 h after mRNA injection. Activated oocytes were cultured
for 4 days to examine parthenogenetic blastocyst development. Only 18.5% of
oocytes were activated when 0.1 ng/ul of mMPLCZ mRNA was injected, and 93.8%
or 96.0% of oocytes were activated with two pronuclei when 1 or 10 ng/pl of mMRNA
were injected, respectively. On the other hand, only 21.5% of oocytes were
activated when 0.01 ng/ul of ePLC{ mRNA was injected into mouse oocytes.88.5%
or 97.9% of oocytes were activated with two pronuclei when 0.1 or 1 ng/ul of mMRNA
were injected, respectively.
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Parthenogenetically activated oocytes were cultured for four days to examine the
developmental potential in vitro. In the mPLCZ-mRNA experiment, oocytes
activated by 0.1 ng/ul mPLCC mRNA injection showed lower developmental
potential in all stages, and only 22.2% of embryo developed to blastocyst. When
oocytes were activated by 1 or 10 ng/ul of mMPLCC mRNA, the zygotes showed a
higher developmental rate until the morula stage. However, the blastocyst rate was
reduced when 10 ng/ul of mMRNA was used for activation. In the ePLC{ mRNA
experiment, the oocytes injected with the lowest (0.01 ng/pl) or the highest (1 ng/pl)
concentration showed lower developmental potential at each stage, and only a few
or no embryos reached the blastocyst stage (5% and 0%, respectively). However,
77.2% of embryos developed to the morula stage when 0.1 ng/ul mMRNA was
injected, and 52.7% reached the blastocyst stage. Based on these results, 1 ng/pl
of mMPLCZ mRNA and 0.1 ng/ul of ePLCZ mRNA are the optimal concentrations for
both oocyte activation and embryo development in vitro.

Next, we found the optimal timing for inactive sperm injection into the activated
oocytes. The windows for fertilization between pre-activated oocytes and
spermatozoa are very narrow and strict. The mPLC{ mRNA or ePLC{ mRNA
injected oocytes were observed from 115 to 135 min or 140 to 160 min after
injection, respectively. Those oocytes were classified into MIl (not activated),
anaphase/telophase Il (A/TIl: activation started), or polar body extrusion (PB). A/TlI
is an obvious sign of oocyte activation, and it is easy to observe without staining.
A/TIl was observed starting at 120 or 145 min after mPLCC or ePLC{ mRNA
injection, respectively. Therefore, we injected the inactive spermatozoa at these
times after PLC{ mRNA injection into mouse oocytes.

Finally, some of the embryos that developed to the two-cell stage were
transferred into recipient females. Healthy offspring were obtained from activated
oocytes using either mPLCC or ePLCC mRNA injection, the success rate derived
from the ePLCC activated oocyte was 24%. This was significant lower than the rate
derived from any other group (intact sperm: 46%, mPLC( activated: 37%, SrCl2
activated: 40%).

When the injected amount was observed with phycoerythrin, the brightness of the
co-injected oocytes was much less than the serial-injected oocytes. When the
brightness of the whole oocytes was compared between serial and co-injection method
by Image J software, the co-injected oocytes exhibited a brightness that was 27 times
lower than the serial-injected oocytes. Based on these results, although our previous
study showed that 1 ng/uL of PLC{-cRNA was the appropriate concentration for oocyte
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activation and the same lot of PLCZ-cRNA was used for both previous and present
studies, we decided to use 20 ng/uL for the following experiments.

Similar results were obtained when somatic cell nuclei were injected using a
relatively large injection pipette (5—6 um of inner diameter) with 2, 20 or 100 ng/uL of
PLCZ-cRNA into the enucleated oocytes. Although the activation rate was high in all
concentrations of PLCZ-cRNA (82-96%), the rate of blastocyst development was
higher when 20 ng/pL of PLCZ-cRNA was used (48%) compared with 2 or 100 ng/uL of
PLCCZ-cRNA (21-22%).

To compare the rate of activation and pronuclear formation of the co-injection
method, ROSI zygotes were activated by Sr activation method before (Pre-activation),
immediately after (Post-activation) or 1 h after (Post-late-activation) spermatid injection.
Then, those activated zygotes were stained at 30 min, 1 h and 4 h after activation.
When the ROSI zygotes were observed 30 min after Sr activation or PLC{-cRNA
injection, the rate of premature chromosome condensation (PCC) was lower in the
oocytes that underwent the co-injection method (64%) than the post- or post-late
activation method (71-85%), which suggests that the start of oocyte activation with the
PLCCZ-cRNA co-injection was earlier than the other methods and already progressed to
the metaphase Il stage, which was similar to the pre-activation method. When the
ROSI zygotes were observed 1 h after activation, the decondensation rate in co-
injected zygotes was lower (17%) than pre- and post-activated zygotes (50-59%),
which suggests that the activation process of the oocytes co-injected with PLC{-cRNA
was delayed and is similar to the post-late activation method (11%). When the
pronuclear formation rate was observed at 4 h after activation/injection, the zygotes
derived from the co-injection method was lower (6%) than the post-late activated
zygotes (41%) (1 h delayed compared with pre-activation method), which suggests that
the activation process of the co-injection method was delayed by more than 1 h.

To investigate whether this delay affects the development of embryos, we cultured
embryos for 4 days and examined the quality of the zygote and the blastocysts. In this
experiment, ROSI zygotes were generated by post-activation using SrClz, co-injection
of PLCZ-cRNA with spermatid or PLC-cRNA that was separately injected before
spermatid injection (serial-injection). The in vitro developmental rate in all stages was
always high in the post-activation and co-injection method compared with the serial-
injection method. However, when embryos were cultured for 4 days, the rate of
blastocyst development in all groups was similar (55-65%). When the cell number of
blastocysts were examined between post-activation and co-injection method, which is
an indicator for detecting the quality of the blastocyst, the cell ratio of ICM and TE of
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blastocyst were similar irrespective of the activation method used. Then, the two-cell
embryos were transplanted into pseudopregnant females, and the birth rates of
offspring were examined. Offspring were obtained in all groups with similar success
rates (26%, 24% and 24% in post-activation, co-injected and serial-injection method,
respectively). In addition, we examined whether the activation methods would affect the
epigenetic status of the ROSI zygotes. Thus, the levels of H3K9me3 of ROSI zygotes,
which are known to show in ROSI zygotes with specific abnormalities, were compared
between ICSI, post-activation using SrCl2 and serial- and co-injection methods. The
level of H3K9 me3 did not differ among all the ROSI zygotes, but largely different
compared with the ICSI zygotes.

Finally, we examined whether PLCZ-cRNA co-injection method improved the success
rate of mouse cloning. When PLCZ-cRNA was co-injected with cumulus cell nuclei, live
and healthy offspring were obtained. The success rate was similar (1.8%) to the original
Sr activation method (2.0%), which was similar to a previous report where ICR mouse
was used. However, when PLCC-cRNA was injected separately following SCNT, only
one cloned offspring (0.5%) was obtained. The body and placenta weight were not
different between all groups. In addition, we examined whether the activation methods
will affect the epigenetic status of SCNT embryos. Thus, the levels of H3K4 me3, H3K9
me3 and H3K27 me3 of SCNT zygotes, which are known to show in cloned embryos
with specific abnormalities, were compared between the co-injection and original
methods. The level of H3K4 me3, H3K9 me3 and H3K27me3 did not differ between
both methods.

In this study, the birth rate after embryo transfer was significantly decreased in
oocytes activated by ePLCZ mRNA (24%) compared to mPLCZ mRNA (37%) or
strontium treatment (40%) activation. On the other hands, the PLCZ-cRNA co-injection
method could be simply oocyte activation with less damage, and with accurate
activation time in individual oocytes, it can be useful for the basic study of oocyte
activation and development.

blastocyst were similar irrespective of the activation method used. Then, the two-cell
embryos were transplanted into pseudopregnant females, and the birth rates of
offspring were examined. Offspring were obtained in all groups with similar success
rates (26%, 24% and 24% in post-activation, co-injected and serial-injection method,
respectively). In addition, we examined whether the activation methods would affect the
epigenetic status of the ROSI zygotes. Thus, the levels of H3K9me3 of ROSI zygotes,
which are known to show in ROSI zygotes with specific abnormalities, were compared
between ICSI, post-activation using SrCl2 and serial- and co-injection methods. The
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level of H3K9 me3 did not differ among all the ROSI zygotes, but largely different
compared with the ICSI zygotes.

Finally, we examined whether PLCZ-cRNA co-injection method improved the success
rate of mouse cloning. When PLCZ-cRNA was co-injected with cumulus cell nuclei, live
and healthy offspring were obtained. The success rate was similar (1.8%) to the original
Sr activation method (2.0%), which was similar to a previous report where ICR mouse
was used. However, when PLCC-cRNA was injected separately following SCNT, only
one cloned offspring (0.5%) was obtained. The body and placenta weight were not
different between all groups. In addition, we examined whether the activation methods
will affect the epigenetic status of SCNT embryos. Thus, the levels of H3K4 me3, H3K9
me3 and H3K27 me3 of SCNT zygotes, which are known to show in cloned embryos
with specific abnormalities, were compared between the co-injection and original
methods. The level of H3K4 me3, H3K9 me3 and H3K27me3 did not differ between
both methods.

In this study, the birth rate after embryo transfer was significantly decreased in oocytes
activated by ePLCZ mRNA (24%) compared to mPLC{ mRNA (37%) or strontium
treatment (40%) activation. On the other hands, the PLC{-cRNA co-injection method
could be simply oocyte activation with less damage, and with accurate activation time in
individual oocytes, it can be useful for the basic study of oocyte activation and
development.
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