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35 T+2. 9><10‘12 mol/oocyte/mm (n= 8)'C$(T,HE®2 4@&1%’52«8’31*11/# EEBERTH O, hCG ;

6)MDH@TCA#%ﬂw@ﬁifﬂﬁ%ﬁﬁ%ﬁi?éf FRINCIE 11.142.5X10°% ‘mol/

" oocyte/min (n=8) & WRDOIE65% TH 5 5, hCC BEL L BRI ERL, EFﬂﬂtﬁl;ﬁlV* AR

TERCI BB TCA YA 7 VDHENKREL 78d Z ENFRERTC,. vt Ny
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'v 'Synopsm A mlcroassay method se 51t1ve enough to analyze the enzyme act1v1t1es in one oocyte Was:
" “developed Usirig enzymatlc cycling for amplifying the reaction product t6 10,000 fold” An oil-well technique
was applied in the!assay for dchieving thé reaction in the mediumas:small as 1.0t05:0x).. Immature Wistar !
~ rats were superovulated by PMS: hCG administration. Oocytes were scollected by, the puncture of the folhc]ew N
and the ﬂushlng of the tube They were freeze dried after w 0 remove cumulus cells The dry"?f’ N
' 'Welght was about 50ng on a quartz fiber” ﬁshpole balance. T ct1v1ty ‘of hexokinase was 1.75+0.14 = -
picomol/oocyte/hr corésponding to gné-tenth 6f the ovarian homogenate as control, indicating low capacity -
.. of glucose utilization.in the oocyte. The. activities of G6PD, LDH, and MDH were 8.41+0.34, 35.7+2.89,
11 1+2 5 plcomol/ oocyte I 'm respectlvely High activity of G6PD suggests the pentose phosphate shunt
~concerned with ster01dogene51s is active il the oocyte. HCG increased the activities of hexokmase 'and -
MDH and decreased that of G6PD. The activity of LDH remained unchanged. ' ‘
Key words :. Oocyte * Enzymatic cycling + Energy metabolism

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

1756 o = VA 7Y 7RI X B IR R ¥ - KRB

#&

o

WY D ZRGIRHES CHERIECHB T

- &% Brachet2\## L DIX19126F T H DT, %
DEMR D & 2 e BRI LR LY, *
DODRADONBERZFEET S Z ek >Tieksd

SRAOBPELITTAK., ThOOBEND, ¥
PREFONOWERM I T TRMLOET Lz

MRS L R O BB THD, L
4D REBPICRHBRICK E LA BB T L 5
Bl o & Taote,

FNAF-FBEE DI &\ H)IIOEEHNEH

IhB X 5rEol, Thit=31¥-R#OH
25 RTY, ROLRINIE SR -BE LrFIE

T?ELﬁW%ﬁmﬁ??&%ﬁ?éﬁﬁfm

glucose"x:—:r\ﬂ/* {L?&?‘é &ﬁ_fﬁgﬁi‘-—,.nk:

Xy, W%%«T%Kk%%ﬁkwuﬁmbﬁm
@ﬁﬁ&ﬂ%@x%»# ﬁﬁ%%ﬁﬁ?é&%
xbHB,

%@%ﬁii%%%Mﬁ%mawma;o%x]

E 5 EFERE COIMEA OBEEB LT
RELOBENZBRS, L LER BB e

> WERMO LN RSBy TRy —

f&ﬂﬂ’i’%ﬁ@:é LREETH b OB ERN

f%%%@ﬁ&ﬁﬂﬂ%kib%ﬂf%ot.
AR TR IR L oW BREE SHFE B 1

DI, BERHIY A 27D v 7, oil Well%ﬂ) micro-

chemlcal assay & A Ltﬁﬁ%ﬁ;ﬁg&%ﬁ@ :

ML, &\ 'C’czh?ﬁ_’)ﬂb fﬁﬁkfxﬁﬁ‘]‘m%& VR

EH%E@:@E’C* %’72:21[:73: & H‘é & éh“cl, %
ENHHB@@ = v 3’\' ’rﬁﬁj‘% ATEE (hexokmase,
glucose 6 phosphate dehydrogenase (G6PD) - o
'malate:dehy- -
drogenase (MDH)(R'1) @M?{%ﬁ%?ﬁﬂ%ﬁ‘ %
LRI D@FL, BErroREESiEE~0s

fw-tt%LﬁFLt Bz

lactate dehydrogenase (LDH)

FFh e ORISR OWTRE Lic .
L. %%ﬁﬂ
D @7 Frerbvick 5;@33@[9
Wistar SR&hE > » b (258 #$#9502) 1, PMS

ClEEAAE-REOETE,
wwuw@ﬁ%mééme%lo%Ewm@x_
¥I0 & b i pyruvate (KEE T H b glucose ik =

HEmE3L%105

M1 B & TERER

glucose
| ®
; G6P ®

6PG
(EBRY PI)

<—ribose

®
pyruvate —lactate

@ 0AA

¢ . --malate o]
. (TCABIE)

® GBPD
(glucose 6-P dehydrogenase)
® LDH @ MDH :
v (I'actate dehydrogenase) (malate dehydrogenase)f

@ hexokinase

:101u/0 2ml éliﬁ 7603485%%3&0; hCG 301u/0 2
§ ml Eﬁ%{&’TE% L:&EFW%% Ute, BEBNI
hCG ﬁ‘?—(ﬁi"]l,?ﬂ#ﬁﬁf ﬂ’o ‘9 T?'Fﬂﬂ@?i 8 RefEI 28

0%, 16MFRI#£100% T %“D‘L BRIMEIL L

CTHIBWFERUONRBRMEL, U Fod~
V%ﬁ&u;o%wm&%wamﬁ%ﬁmut

z)wﬁWOWﬁﬁeﬁﬁ «
mm&%&mﬁﬁ&xomn&#%sﬁﬁ

D3 v b (%5 ILU) ﬂﬂ%% hole glass B L

Buffer A (hyaluromdase 0. 03‘7 *&‘%‘U phos-
phate buffered saline (PBS)- pH 7.5 1ml%
mx,maLtW@%mv /%LT%WL o

MR X UH% quﬂl‘lﬁ:ffHH@fZ Buffer A i
HBRLDZE, RSTHERIIOBERCAHETH
Bl mE Ry MET, Bl L 0T
“%ﬁ@&ﬁ#&#é augo%&%@&ﬂ%%
| f L, ﬂﬂ%ﬁﬂ@@&?‘zﬁ%& Lt z @!Dﬁfﬂﬂ@m:

"uaorlnﬂDM£ mH75>k%49ne
;j«er;b@L&ﬁLt REIPR 2B 275
Oﬁ.{ﬁ-?/f 7 mESy Mu_’Cia 7;«1&_&0:@1/

b IR & EE A

S RGN I TEEHRER T L ) =30C, 1012

°7mmngT@EWﬁ@k~E&ﬁ%{%ﬁﬁgb
f-\- 1

3)%”@&0%5%%@%%@@&@

NI -El ectronic Library Servicef




Japan Soci ety of Cbstetrics and Gynecol ogy

19824E10 A 1757
% 1 :Enzyme reaction condition
: ' Reaction Volume of Incubation
Enzyme Reagents® Volume |NaOH or HCI®| period
. | '5mM MgCls; 0. 59 (V/v) TrltonX 100 ; ’
hexokinase | 5 M. gh%co;e & m . 0.6 mM 1044 | NaOH1044 | 60min
el fede NADP; G6PD 0.9 pg/ml ) k
G6PD 10 mM MgCl 1 mM glucose 6-P = 15 min
(E.C.L1.1.49) 01nmaNAD¥ 49941 | NaOH 481 41
MDH 0.5 mM" oxalacetate 0. 3 mM ~ - .
(EC11137) | NADH 49941 | HCI4.81 4l 5 min
LDH 2.0 mM ruvate 0.3 mM : :
(EC11127) | NADH 499u | HCI481 4l 5 min
®All reagents were prepared in:100 mM Tris-HCI buffer contammg 0.05% (W/v) bovme serum
albumin. The pH was’ 8 5 for MDH, 8.0 for hexokinase and 7 5 for ‘the rest
®02M NaOH or 0.3 M HCl stop the reaction and adjust pH
hOG #5416, 24, 48BERID 5 o + IR 1 ml ®2 Oil-well %
@ Buffer A #50x 7 hole glassic & b, JIERN '
Il 2 R LR, BUH %R~ 1 2 v F i o
AS LR EE o Iiliasd ’
Buffer A Fic® L7z, 96BFEIH% TIE, FE % hole 5 / /
glass © Buffer A Imleic i S &, BN % 2. L7 i;
b, SVRAOIMEN & 4 < FROBIEC X b I - ,Wm_; e

i BREREETZRE LA E L,
4) JRBARET =K — b
RN Wﬂ@%ﬂaom&ﬁﬁ%ﬂ&LTW%ﬁ
B BAT, ¥%E Wistar 5 » + 258 # 5 L ic
PMS 10iu % #-5- U 48HpHIIC KTIE, BAIE LR
ZHE L CBEERPEELL., F05bo—l%
CREEOHIECA, Mk 7 e viErx
y:f4$—%ﬁu$@%ﬁﬁmmr+%yl
— b &L, Lowry &"WiC & DEE%E%«% Tz
b—%CLTﬁ%%ﬁLk
5)%%@@%@%@33, , :
PMS #5480 IRl 5 BORBREEY 3
7 e R TRIEL e, 2R, BBl
v v LIFOKGAR ORI Y 08, BRI
X Blcbi BEMSBHNCEIET 5 0T, BEIX
ng LLFTH 5,
2. EBRAHE
L BERIG
4E®%$Emﬁ@ﬁw%§lhﬁ? KIS
Bl 1~5ul LBETH B D, oilwell B1o
(M 2) i, oilwell LiX5 7 v VIRICEER
2 mmEX 2 mm O/PNI7eHE (well) IO

% {~Bu L DRI EoI-wellPloE 3
L IR AN X R ERIE T S ‘
B 1 NaOH(ZEIFHCO ZMZ. RBERLTD

DT, £OHILAT 7 4 VA MR LRIG
BaA A NAFRONKEE L TREXD E>2 K6
T THEEORBRECTH S, oil-well e
FLEIMRARGRCEET A L 2TR -
JGBRR & L, R o E X NaOH % 721 HCl %
Mz pH2ELIhBZ LRI DTHE LDk,
hexokinase lZ 5 (1), (2 wioTERSh
5 NADPH % %427V v 7&K L L NADP +
A7V vk BIBEEL . ;
.glucose+ATP — G6P+ADP:--ecereeerees -
~ G6P+NADP — 6-P gluconate+ NADPH
sy : ] S veseasees (2)
G6P 1205 (2) iek> TR h5 NADPH
# NADP %4 7V v 27X >CHIE L,
LDH, MDH Bz hZhRKIE(3), DX b4k
BEhB NADEy 1270 v27EHEE L NAD %
4279V 79%FALCHIBEEE L.
pyruvate+ NADH — lactate +NAD - (3)

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

1758 VA7)V IBIZ X BIMRE = L F — R BIBRE HERE34%105

% 2 Erzymatic Cycling

NAD cycling NADP cycling
100 mM Tris—HCIpH 8.0 100 mM Tris—HCIpH 8.0 ;
300 mM E+OH - 5mM a-ketoglutarate
2 mM oxalacetate 1 mM glucose 6-P ,
Reagent. ‘ . ‘
2 mM mercaptoethanol 25 mM ammonium acetate
0.02% BSA 0.1 mM ADP..
’ 0.02% BSA -
“ alcohol dehydrogenase " glutamate’ dehydrogenase
E (EC11.11) (E.C.1.4.1.3)
NZymes malate dehydrogenase G6P dehydrogenase
(E.C.1.1.1.37) (E.C.1.1.1.49)
Reaction 25°C, 1hr - 37°C, 1hr
Indicator malate dehydrogenase hydrazine 6-P gluconate dehydrogenase

4

oxalacetate+NADH — malate+NAD
%5‘%@{%@5@'%%3@ 7‘:071
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ZRBINCHBT B EUTOL 51/ s,
BRED= K )~ ExFF wﬁ’ﬁ@ﬁ@ﬁ?ETf
NAD i3 FEEDn<{ ADH (74 2 — A ik REEE
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CDOL1IEIDY A2 Y v 2 R T NAD 480D
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<, Lowry, O.H.etalic X D 2R S htc!®, %2 ) v BRI RG, 0T EDORIER10,000
hﬁﬁmut#4yu/7ﬁf@ﬁm%%TL E< b Az BT NAD OTE#IZ10.00042 0 1
7. e VBB ERE IS DO THEREDOBIBNTEE & T
‘ﬁ#4yuvf@%@$@,ﬁ4ﬁuVﬁ£E® 5, t%%ﬁm?«<%&%?ﬁ%*ﬁm«9/
Km X b o5 WEE CREROBE LA+ H—fLD b DF T, ;
DT, ¥FTULERBBRYBIEREY RIGK B i

REemzy4 27 V7K EL, PRBRE (10X75 1. JNBRI R OURE R .

mm Pyrex)i250u1 3248 Lz, kic NADH % DR IR Eam, BEIREL 7 £ B A b D FF200
#24% NADPH o 5 @EOEE (103 ~10-"2mol/ BExHiz, PMSABEOINBEAOINOEIZREE
pD DR 2 - VK E, FEBERE (O~®) %, 51.2+6.2ng (mean+S.D.n=5) THo%,
DRIGR Y%, ThZhRAEE (1~2 pxD) Fo% PMSAEOIE 1 EH7- ) OBEEI17.7+
50ul DY A 2V v 2RI, ¥4 2 ) v 2RI 3.4mg (n=15), WREEIF4.94+0.69mg (n=

BRIk, KSEIEIZ100C 3 5B X o 5), BESEF1.95+0.08mg (1= 5) \Thb
o, DUWTRIGHERY T b NAD V1 27 ) v meantS.D.ThH Y, BEE, wREEI LHDLE
7' T, 6-phosphogluconate % 8RR IGIC & 0 B FE, ThZFh, 11.0%, 39.5%TH>%. by
=g o TetTAFE K EAEv=k— b OBEREEORILL, I &
| il | BT Bl bR E R b Tl S Aot nl, B

" NAD NADH SER0%E LTHREL,

) oo 2. BEREH N

Vv MDH ﬁﬁq,epy@ : 1) hexokinase
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_~hexokinase glugose 6-P - - malate . . lactate. .
dehydrogenase

dehydrogenase dehydrogenase

PMS # 5485 © Y fa © hexokinase &
i3, 1.75+0.14X10°2mol/oocyte/hr (n= 8) T
Hote, Thid, a0 REESNg &V RE
3% £35.0+2.8 X10~°mol/mg dry weight/hr' &
h, LT, FRELCIERED = X —

b T4310.240.68 X10°° mol/mg - protein/hr
(n=5) 3 72 H245+16X 10~ mol/mg dry
weight/hr TH v, IR TRINBDOHIL% & TFE
PeAME S & . p3o5s 3 (R13). hCG 54 8, 16,
R L h, 1.96+0.16, 2.15%0.20,
2.28+0.18 X10~°mol/oocyte/hr (v 33 H n=8)
EEHEREAR EA T3, t RERTPMS &
hCG # 524K Tix 1. % 0. Fliﬁwc ﬁi‘%&»
Biz (K4). '

2) glucose 6-phosphate dehydrogenase

PMS # 5-48FKF[E o I8 Ml kg © G6PD 1& 13,
8.41+0.34 X107 2mol/oocyte/min (n=8) TH

DEBREED D TIL168+6.8X10°mol/mg
dry weight/min & 7¢%, WBIFE A€ =% =k
T3, 13.0+1.4X10"°mol/mg dry weight/min
(n=5) THH, IHElECIIRBOIIZD EEHEXE
iR LIC(®3), hCG#HE T, 8, 16, 24FFH
BENEN8.25+0.33,7.41+0.37,6.10+0.30 ¥
10~° mol/ooc¢yte/min (\>FFhvd n=8) TIEHIX
AR T 234 B PMS 85I & hCG# 524
R cid, EREETRREBCLD 1%EHUTD
BKEEEL T,

R A

1759

X 4 Hexokinase
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1._

PMS - 8 16 24hr
after hCG injection
X5 G6PD

k-]

(3

S

]

>

Q

Q

g

510

£

e

5..
PMS 8 6 e

after hCG injection

3) lactate dehydrogenase :

"PMS # 5 $£48F5 [ > I fa © LDH & #: 1%
35.7+2.89X 10~?mol/oocyte/min (n= 8) TH
DEWREE T D TIET714+58 X 10-°mol/mg dry
weight/min & 72 %, “h bW BIPE <€ o=
F—=FDOEHBREED D OFEME0LE11X107°
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K 6 Malate dehydrogenase
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S
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PMS. w @ g
after hCG-Injection
K7 Lactate dehydrogenase
£
E
S~
]
>
[+]
Q
2
o
£
L
=2
204
DY
" " " * '
EMS 48 . 96hr

after hCG injection

mol/mg dry weight/min (n=5) D2.4{&Th Y
Dpffa X LDHEERB W E23b b (K
3). hCG #5112 X 5Z{LiHE 5 8, 16, 24, 48,
96FFREI2 T, 36.0+2.95, 33.2+2.61, 32.3+3.01,
31.1+4.50, 31.0%+5.60%10"*2mol/oocyte/min
(TR n=8) THY ?‘Eﬁ?’%ﬂﬁﬁim&b bhix
By, : ¢
- 4) malate dehydrogenase -

PMS # 548k [ © J7 4 fa © MDH % # 1%
11.14+2.5X107*mol/oocyte/min (n=8) T »

BE BB, B8,

A 344105

y, BRERCHET S L222+50X10-°mol/mg
dry weight/min & 72 %, SHRIIBE & =2 = % — b

i 35 1 B E M 2343+17X 10-°mol/mg  dry
weight/min (n=15) TH b, IFMEICTITIPE+
Y =% — b OBSBOFERELRLA(™I). hCG
16, 24, 48, 9GS
BTENRER, 14.3+2.4, 17.542.3,22.842.6,

23.2%2.8, 18.6%2.9X 10 "*mol/oocyte/min(\ >

Thin= 5><1m@&5<%%mm@ﬁmx*
23 L 24~ 48RRI TR & 7"& D, 96RERIET b IE i

EOBAEY b, PMS B550: hCG #5424

R DI DIERIIL 1 BOERRCHREE LR
o (€6). e
z £

ABHIROEERRIE LT 5 1%, Lowen-

stein, J.E. et al'9%3 3 7 e KX BT ~=w 2P
RRELILOND B, THRIZI hiZ<=y APID
BIREE232.045.9ng Tho7. HHITFDE
HEELHEIEL20.2ng (HBREED63%) LHE
LTW5,; SEORRTIRS v FIOEBRERIT
51.2+6.2ng TH Y ~ v RIPD1.6f5 & 7 505, &
hEIoABH I L —8F 5, Lowenstein @
BEL VHET B L, Ty FIIOEEEIX32.3ng
LB, Fo MIEAEY 22— LOBESEIT
39.5%TH b, ﬁﬂfﬁlﬂﬂ@&i%i D DB iﬂ“‘ﬁx
WO E A B,

!Dﬁ‘ﬂ]ﬂ@k:kﬁé@%??ﬁﬁbi X3 Lﬁbtllﬂ g
ﬁﬁ&btﬂ%ﬁ%+%v:x—b&%«k%t,
ER %R LI EE D = F L ¥ ﬁ:ﬁ]“‘z;@,/’u
TWA I b5, ‘ et

- hexokinase (¥, X1 @(DK.T‘?“J: 5 L glucose

) VBBALLBERICE D CRER LB,
glucose FIBICIRAI R DBER TH 5. RKERIE
PEDSHFRIPBE R £ 2 = k= FOUU% LIEMETH B
Z &%, PIHIRE 3T glucose O FI AR AL
T ERERT D, B X o iR oE S
E%32.3ng £ 75 &, HEHZXIOBU T /D 2
DT ETXYFERELD, FB, IIRRIPORFD
DV RBINOINE IR L L Ic B BRER T
%, glucose (ZPPE LU 705 =Fx A F —FHE LT
BN ERB L MNER DTGB EH B\
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B EhTEREAETRTOMBICE T
glucose (3 X7 b = % V¥ - EETH BRI,

glucose R LINIC I8\ T = % /1/3? F’-":ﬁ%{ﬁ &
7D 2R\ S LI ER BB ETH S, glucose D
ﬂﬂ%ﬂﬂ@ﬂ%@ﬁu@ﬁ%mﬁ@ Tz X DR

ﬁ?&ﬁk%@ﬁ@ﬁﬁéé%z5hfbtﬁ-

hexoklnase ﬁ*’ﬁﬁbf)(ﬁ{%@f % % L AR
BUELL, JRMEEA} glucose %ﬁ@ﬁ?‘?\k‘l‘ﬁ& [y Rl

DY F A F E&L’Cﬂmfiﬁ’?‘m YEWHEE

‘@Ek%%ﬁ%&tb5b LﬁL W%ﬁ??
&sm@mu%%ﬁviaifmxﬁwm

glucose & = L ¥ EBE LU THATS 2 &8
L e B, Chid, %%FW&%L&“F&%
WEOE%TM W@#?%ht%ﬁbbﬂﬁf
PR E LT RBUORRETH B0, JREI% <
b 2% LA {LhiE 1 REic hexokinase 21X U &
Téﬁﬁ%@%ﬁﬁﬁﬁéh&%¢él5kﬁb
W & LA ET B L # %2 b, Brinster
bi%%ﬁ@ﬂl‘]%%&ba“ﬂ & LT hexokinase /& M¥ED
Mﬁ%#4ﬂU/?%%ﬂ%LT% /el Ul

BT HIEZ %WT@&%&T@%#N%#@UV
O%L'C(Eﬁﬁdzﬁ?é & % ER%, hexokinase {&
ﬁ#w@IZW* ﬂﬁ@%%ﬁ%&%%%ﬁi
PLCW5, M4 LEZ) I 5 LhCGﬁ%‘hl ]
hexokinase {&1 ébiﬁ%@iﬁ%\fj‘f htl hbiﬁﬂ@i
i &0 JRAS R E L gEgR shtwy 3B#2 T hexo-
kinase {’%ﬁﬁsﬁﬁ{ﬁ Eh? .J; W5 ZETH B, ZS
Wﬁﬁmbfﬁﬁﬁﬁbﬁh%ﬁﬁuﬂm&?é

EWHBRNLLT B L, BHRESEH D trigger &

Lfmnftb%LHﬂﬁmﬁgbfua&%
xbhb, S

G6PD 13 jREE> + A (pentose phosphate
cycle) DARICAET 2HEEERTHD (K10

Q). HRMEY + v PX=xAXF BT HE &

AT ic iy, NADP # BTG L AT v A Nk
VAR K e BTG E Bk NADPH %
HeET %9, - BloRE L L CHREE ribose %
“>< b nucleotide RNA DNA &R DOFEM & 444
THECIEENDS, PEEABRTIERRAT
A FREFAB b Tk b oMt L
TE\ G6PD EMEEZR LT\ 5, JRMEAETIZORE

cycle DIEHALARRZ B LE 2 BT,

1761

DIE LV IOBHTHEWEEEZT LTS (K

3). 2o EiRIPMRE AR S B glucose XA
REE> + v Iz X o€ NADPH, ribose % % #t§&
LT, ERBUAORBROBECRILOTWS
rELZLRD, ThbOZ NI TIERT
w4 RS, BBARIERTHD LHETES,
Lo URCG B 51 & b G6PD iR EHOE T
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