7 2 DIEHERE E IHEAREIC B 1T B
73— ZX-6-1) P ERRE KR EEFR DR EF SR

PR RHE - KT
CERL74E 3 H20H 24%)

B8

AL TGRS D 2 7 5 OJFEREAINE. 1A A S SRIEIRIL £ COMIZHEIHR S 5 7 5 OIIF L MR DWW T,
TV a—2-6-1 Y RBKFEREF (G-6-PDH) DiFfthk 2 ML Ik L7z

G-6-PDH {ii 1 N ARIN K 2 & SRECE 12 D JF BB T35k < - & DG PEIZ G 8 44 O JI R T TR S 7ze F72,
COREFOELE, BRSHROZTRINT T O Mo 7225 2HIRHA S168IBMOIETIIR R T 0, BELVLMEL 2o/
I LR, BEFEIEIR S HICHIE Y R RS VIR BT 5 L & 10, MR TIRIERE o2 AbNAdo

720

P EDREREMRDO AT OAL FIBTEDRER L 2Z A 6bES L, BPBRICH S 7 ¥ ORI & S BBRIH BT 0
WHIEIE, G-6-PDH OFEHIC L o TiEA L7 NADPH # A7 04 FOAESRD7=DIZFH L TWD 2 LR SNz,
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F—T— R rva—2-6-0 VEBBKERSE. AT o4 FRE#L ML 75 0EIE. 78 0B

0V a—A-6-1) VEERKERSE (G-6-PDH) X, X¥ +—
AN YBRBEOEELRVEZ SO LBEHET, VI —A-6-1)
VEBL 6 RARTINVI ) T b UL OB O RIS
L. 6 RAFT Vo YBRFKFERES L & I2 NADPH % A4
LTWb, B LOA7u4 FEEEL TV AHMEKICB VT
X, CORBICE > TEEZINS NADPHIZ, X704 Fo
KEBALICRE Z R L Tnwb EeEZ BN TWA (Savard et al.,
1963) o

EFLEN Y O BF BRI & W IR I BV T, G-6-PDH &t o
AL, ZhFTlay ¥ (Iwasaki et al, 1989), /N4
25— (FArEAM, 1977). 7 A (Lin et al, 1964) B X
w7 H ¥ (Sugawara and Hafez, 1967) TiTbhTwb, 15
B E, TR, T Y TR L 72 RN & 2SO F
DO TIIMEZR <R, ZOMWIEMIZSHIFIE T TlaHisr s
NHHN, FEKRTEALNRL b vwbhTwd (Iwasaki
et al, 1989)c 72N A A% —Tld. G-6-PDH ifMEid, B
PRREHIAL 2 & R F CTOINT- Tl VDS, MR CIIRT
L. ZO5WEEIIEER T clEshs vy @it am,
1977)0 B, T ALV FOR TR, BAEMHZ2BALT
C OBFOFEIBRB EN TS (Lin ef al, 1964; Sugawara
and Hafez, 1967)

—J\ 77 ORI & AEMRIE AT a4 MR 1T o
TWBZEPFARLNTBY (AHEHH, 1977; Ishida and
Niimura, 1978; Takano and Niimura, 2002). JEE:HIIE & #IIHIE
DATF a4 FRE#IZIE G-6-PDH 12 & - THEA /- NADPH
PR ENTVDLZEREZONL, L2LINETIZ, 7%
DN EERIL O B FAR W D 58412k - T G-6-PDH A &
DEHNZBAT OIS TV,

AAFZEIL, RPGHIEICH B 7 7 OUIEEMINGL & J84E BRI H B
77 OWAEIZOWT, G-6-PDH &M 2 fl#E L2 L.

YREEAIRE & AR I B 5 A 7 a4 MR L oBfRE MG L 72
BDOTH 5o

MHE L UHE

SREHEBE DIREN & R4 Ak 7L

B TR L 727 % DI %, 39C IR L 72 A ik
AN THRLPICHFEEICEEBIR D . A A K500ml iz <=
YU GAHY T A (HRRE) 21000006 & il TG L
720 RWT, B3 WL 6 mm O/NUFLIRIIELA S, 21G ©
EST 2 BUD A1) 7210ml DS T N AR BE £ L7z g0
HHlfE (COC) #WBIFRILL 720 $RELL 72 COC D9 &, Uik
MR OB A3 — T, IR MBS S % % 2 L CUR R
WA HE L T2 DDA E FERBEMSET TR, V) VBRI
i (PBS, pH74) (Dulbecco and Vogt, 1954) T 3 [ml#k
W7o TNLHOCOC X, HHHE T 3 MLk, Rl
IDT N AINVTHE - FZAHEZER T, 39C T CO, 5 %,
Z225895% DA T TRE L. RBRPUHEEERICIZ. Ere
YW P T A001% (w/v). Va3 —2R0055% (w/v). 7L
BhN Y 2009% (w/v). R=3 U ¥ GAY Y A20HHAL
0.01% (w/v)\ 7 Y IETIE10% (v/v) 2 &t TCM-199 (GIBCO
BRL., US.A) (. PMSG (kv bu ¥ v, #EEZ) 1,000LU./1,
hCG (TF +u ¥y, WEESE) 1,000LU/1. TA T IVF—
JV-17f (Sigma Chemical Co, US.A.) 001% (w/v). 7%
PIR10% 2R L 72 b D &7z (Yoshida et al, 1991),
COC iZ4-well dish (NUNC, Denmark) ZHWTHizEL, 1
well H 720 OREEBROE1Z400 ul. 1well H720 D COC D%
12507 W L70M & L7z,
FHZREEOEE & 1EE

ZAGTEJEISLE % 53 72012, Wang 5D F#: (Wang et

NSt
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al, 1995) IZfE-> CTHIHR T2 UM L7, T4bb, Frifg
WHTFZ25mMA 724 »E03%7 VIiET VT I > (BSA,
Sigma Chemical Co.) % &% mBO & (Brackett and Oliphant,
1975) T3 MR OGRS Lze RWT, ZAEREMEAILE % i L 72
7% Lo mBO i CAM L. 5 x10°M /ml OEEIH D
LTI L7 Z OB IRETR400 1] (C445 RS 3E L Tl
72 COC %2507\ L70 A, 39C T CO, 5%, Z2%95%
DOFMTTO6REREREL T SIE, BB, KPEEERKZITH
EAE2SIE L T v COC RHIBE 2 E L { > TV B
R AR 2R I W e 2 o 726

R, JIEEHINE 2. 04% @ BSA % & NCSU37 (Petters,
1992) T3 MPEH L, E£liz I AT IVAF ANV THE- -
400 p1 H112507 W L70ME AL, 39C T CO, 5 % 22%.95%
DOFHM T TR L7 REA248 LIS, 2 MBI LIRSS A L
7O RZ RN L, 04%D BSA % &t NCSU37 T alIHE L
7o, FAREERR TR OICREEE BT 2. B, BAEREPIC
BAT LR8BS S BRAE L 72,
G-6-PDH & D& H

RAGEEBZ 0. 8. 22, 328 X UM4BF O UREEMING, BERE £
6 BF I O ZHEIR T~ 2MIi 22 v LR o fiiE %, G-6-
PDH iGN D720 O LB IC, 37C T 2 RMRIE L 72,
G-6-PDH {HE MM @ 72 O L E Wi iE. Rudolph & Klein A3l
J L7277 (Rudolph and Klein, 1964) 1Z#E U TR L 720 §
bbb, FEWOMMIE. D-glucose-6-phosphate  disodium
salt 04mg. NADP 05mg. 0.IM b YU 2k (pH7.2) 04ml.
0.1% Nitro-BT K& (w/v) 02ml B & OZEK04ml TH 5,
B, Y (D-glucose-6-phosphate disodium salt) % & ¥ 7%
WIRIZIRE L7290 R & IR 2 s ie & LT w7z,

G-6-PDH {&VE DM 1%, AR 285 0 72w L44RER] o I8
TN, SR OB T B L O3 R o IR 22 h
20w L30ME %2 Hv7zs F72. G-6-PDH ik S 1k, L&
L2z RN T VRORICEY, BBE (++), BE (1) B
UM (-) o 3BRICHHE L,

& R

RAAKER R 0 7o\ LA4RS I o JNEERIIL,  BERS % 0 A5 90 1
B X UOERAERPOMPK%Z, Rudolph & Klein ® F#:IlHE >
TR L2 IR 5 & BIRERIE, 20013 L 0t
HIEOMIIE I Y RV~ VY HEOREN RO SNz (K1 -
5) ZOERIZ, EEEE T RVIICRE LI (K
6). ZHINTFBIOCMBPIRICIZHR L 20 o720T, YRV
< Bk DY G-6-PDH GO FEAEZ R LTV 5B Z L DD D
ﬁ)1/1«7‘:0
1. DNEHBBI DRI S G-6-PDH BN ZEAL

7 & SRR 0 G2 BE 9 G-6-PDH itk &ALz oWV T
BONZEBIKRIIRLZEY) TH S, T4abb, G-6-PDH
MR TORIPNE 2 S IRIGEZ O IR (K1) Tidis< .
Z DFRCIEE IR R A4 B OB REINL £ THEFR S NAe B
VRV R, WO ORI T b MIHLE
SR —RRIZ AT LT\,

2. EDOFEICHES G-6-PDH EHEDZE(L

T I RN ZREIE D FANAE D G-6-PDH itk D ZEALIZ DWW T
BONTEREIZELIIWCORLAMEY TH S, G-6-PDH i,
BERER O 1ML ORI TldiEd o 7225, 2/ 516
MW colE (M2, 3) TIERRIE VIRV LIRS

Hole T OBREHEEMEE. ZERY (M4) DEBEXSICH
FO, EHERILVED BT L E LD, WRERRT
ZIEEIZEL AN d ol BB IRV U HHRIE, B
BOZREINT CTIEMBRE S —RRICEE L Twizd, 22w
L S DR TIZEIEKIC L o THEBERDPRZoTWDE E LD
2. 168IIIE & ZHER TIE—HOBERKICOARILEIBD LN D
SDOVLE o7z, ORI T, Vv < v BRI,
PIHITIESE ClE 3R CTOMBE OB IR LTz, HKEK
TIE—HOMBBIZOARLZE L TBY, 1F&ALDOFEBMILIZ
B OERIEA SN R, (K5),

Z 5

< ALY FOMUPINE T G-6-PDH {1k 2 AL =M 1252
L 72## (Brinster, 1966; 1970; Epstein et al, 1969) 12X % &,
ZOBEFZ O, REZRINT-5 5 W O 5HIE TIEFE VAT,
FNUBEKT L, W CIERZBEINTF013% (77 R) &
H0i398% v 1L236% (THF) IENEFNL s/l vbilT
Wb, TR0 LS, NARY— Gt amE, 1977).
<~ A (Lin et al, 1964) B X "7 F (Sugawara and Hafez,
1967) DHIEEMIRL & MR T G-6-PDH G AN LR L2212
BHINTBY, ZOBROHEIIFEAIHES TELT b0
OIS SRR E TEICHEEL T2t bR T 5,

—HARERBRIZBWT, RBGMIEICH 5 7 7 OIS L O
1 MUK 2 & IR NNl £ T 7 % WE T, G-6-PDH i&
OB % MRRILFRIC AT FORER, 2 OBEOTEEE,
R IRINAE 7> & $RIX L 72 B QIR REMIRE A 5 B 2 0 1 MIludR 1
T TP o 72A% 2B 2 v L16HTTIH o eI IR T3 s T
WEoTHELRVWLMEICRS L EHIC, FERIVKELSIC
FED. WHEARSHTVERLMHT L2 EPHEID LN, &
512, RERER TIRIRTOREZ DBZOEEEZE LT
WWZ L L EID SN,

FAKIZB VT, G-6-PDH |2 & - TEE & 72 NADPH i3,
TaFATU Y OEERERETZEEZONTEY ., FEl
CNADP &7V a—2-6-) YEEZRMLADDOTIELH 2K
ML72b0IckRTT7ur 270 Y OFEMEE SNz wb
NTwb (Savard et al, 1963)c X 5T, NA AT —DFIEH
KT 7rar ZA5arogis G-6-PDH Otk & ORIZIZH
BDHbHZ EDNHEEIN TS (Chatterjee and Greenwald,
1976) o

%t Takano & Niimura (Takano and Niimura, 2002) .
BN CTHRPGBRICH 5 77 OIEE T Fed s 270
4 FEARFEEEFZ (HSD) oMzt icmB LA T
T A4 FCHBEZ MG LT 5o 2 DFE R, PIEERIIL 0 Bk -
TIHEMEATHEET 5 HSD b onizAbhbh, A-38 -
HSD. 17 B-HSD B & U820 B -HSD DGR #E%Z 0 e\ L4
B THICEED LN RS, BPGHRIEIZH B 7 7 DY
WRIET > Farr e 7y 25 v OEGREToTWwAs I
EHELTCWD, T2, HItEO 1 098175 S IS i
FTOTFDORICIE, A3 B -HSD. 17 f-HSD. 20 a -HSD
B X U204 -HSD OIEEDHICROOLNE T s, T RHIX
BEMPEZBL TS AF v EIZ by v OESREITo
TWVWALIZEDPRBEINTVSE (AHEHH, 1977; Ishida and
Niimura, 1978), AFEERIZEB VT, G-6-PDH Dift:x. Kk
P & 0 FRIUE £ 0 I BERI I A0 © K5 22 24405 R £ T O IR R
W, KSR O ZREIIT- B X OY 2 B S W IR R £ T o
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All the porcine oocytes and embryos were stained by the Rudolph and Klein method for the demonstration of glucose-6-
phosphate dehydrogenase (G-6-PDH).
Fig.1. An oocyte just after collection from antral follicle. X 350.
Diformazan granules showing the presence of G-6-PDH activity are located evenly throughout the cytoplasm.
Fig.2. A 2-cell embryo. X 350.
Diformazan granules showing the presence of G-6-PDH activity are located in the cytoplasm of blastomeres.
Fig.3. An 8-cell embryo. x 350.
Diformazan granules showing the presence of G-6-PDH activity are located in the cytoplasm of blastomeres.
Fig.4. A morula. X 350.
Diformazan granules showing the presence of G-6-PDH activity are located in the cytoplasm of blastomeres.
Fig.5. An early blastocyst. X 300.
Diformazan granules showing the presence of G-6-PDH activity are located in the cytoplasm of inner-cell-mass cells, but not in
the cytoplasm of trophoblast cells.
Fig.6. A control oocyte cultured for 22 hrs, which was incubated in a substrate-free solution. X 350.
No diformazan granules are located in the cytoplasm.

Table 1. Glucose-6-phosphate dehydrogenase activity in porcine oocytes and embryos

Oocytes Embryos
N N . . . Blastocyst
0* 8 22 32 44 1-Cell 2-Cell 4-Cell 8-Cell 16-Cell Morula
Early Expanded
++ ++ ++ ++ ++ ++ +~++ +~4+  F~++  +~++ -~ + -~ 4+ -

* Hours after maturation culture.
**6 hours after insemination.
++ ! Strong, +: weak, — :negative.
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I INze 2o e, 77 OUREHE & MK,
RHGEFE L S IR EOEAEZ@E L T, G-6-PDHIZ X -
TNADPH # AL TWwab E & BT, AL NADPH # A
TuA4 FOEERDIZOIZFH L TW5 I LRI,

G-6-PDH I&. X i E LTV ABETH S Z L0
LNTWB DT (Leing et al., 1983). G-6-PDH OifPEi% X 3
BAEDOEN L BELBAROD LI EVBEZONSL, Mo X
I YT AL NLRY =, XD L) pEBNEY o0
JETlE. G-6-PDH OfftEIZF A 12> TIRTF 35 b 0 DR
Nl CTHEFF SN T B DT (Lin et al, 1964; Brinster, 1966;
1970; Sugawara and Hafez, 1967; Epstein et al., 1969; #A} & 4
H, 1977). oo oRIZIEERTTH X Jemfsimit:
ZROTWAIEDNEZOND, —F, KEEO G-6-PDH iF
HoMBREE»OEZLE, 77 OMMKRIZBIT 5 X Jefalk
OWEMEE. 1R OZBINT-ClEEmV DS, 2 MK DI
L. #iREBRClIesIclEeT 52 L2025 pdvbhz, £
72 7Y ORI BIT S G-6-PDH IEME1X. B#% O IR
fa2: H8HIE F TORTIZR VA FERTIIALONLL ko
TwvwbhTHY (wasaki et al, 1989). 7 VEIZBITA X
et RO MEIZ, SHIIH F CIIFEAEL TWwAD, FERKE T
WEEIHIELTLE) ZEEZ DN S, fEo Ty X etk
DORFALDEIIZ, =Y A, NAAY—, 9HFD XS LFEE
INEIIOIRIZIER, TV T I DL S LREDERD SR W X
:) c:‘ﬁbhf:o

5| 3k
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Histochemical Studies of Glucose-6-Phosphate Dehydrogenase in
Porcine Oocytes and Preimplantation Embryos

Sueo NIIMURA'* and Kanae OHNUKT?

(Received March 20, 2005)

Summary

The activity of gucose-6-phosphate dehydrogenase (G-6-PDH) in porcine oocytes and embryos was histochemically
examined by the Rudolph and Klein method.

Strong activity of G-6-PDH was observed in oocytes cultured for maturation and in fertilized oocytes, and blue
diformazan granules produced by the enzyme reaction were spread evenly throughout the cytoplasm. In embryos, the
activity somewhat decreased at the 2-cell stage, and the such activity was maintained up to the 16-cell stage. The activity
weakened in embryos at the morula and early blastocyst stages, and some of them showed no enzyme activity. The enzyme
activity completely disappeared from expanded blastocysts. In cleaved embryos, diformazan granules were distributed
throughout the cytoplasm of blastomeres, while the amount of the granules differed among blastomeres. In early blastocysts,
the granules were distributed in the cytoplasm of inner-cell-mass cells, but not in the cytoplasm of trophoblasts.

The results obtained from this investigation and former studies concerning steroid metabolism seem to suggest that
porcine oocytes and preimplantation embryos utilize NADPH produced by G-6-PDH for biosynthesis of steroids.
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