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_ KEBME A OEBERILENTE
b. &) v TEREEE (malic enzyme) DBl L TOHE

fH KR E-&NEZ

Enzymatic Studies on the Muscle of Aquatic Animals

5. Purification and properties of malic enzyme from moluscan muscle

Takeshi SHIBATA*, Tadashi KITAHARA*
and Katsuji YosgmuRra*

Abstract

1. The existence of malic enzyme (EC 1.1.1.40 [-malate: NADP oxidoreduc-
tase), has been discovered in the muscle extract from mollusca. A procedure for
the preparation of purified enzyme is presented.

2. After extracting with potassium chloride solution, purification was carried
out with fractional precipitation by ammonium sulphate, adsorption with calcium
phosphate gel and fractionation by DEAE-cellulose column.

8. In squid mucle (Ommastrephes sloani pacificus), the final product had a
ten-times higher specific activity. Optimum pH is 7.1-7.2. It is stable between
pH 6.5 and 7.5 at 80°C, but unstable at temperatures above 35°C. The enzyme
is activated by Mg?* and Mn?* ions. Michaelis constant is 1.33%X10"* M for malate
and 0.66x10"*M for NADP,

4. In Secallop (Pecten yessoensis), the enzyme has been purified three-fold.
The behaviour of it on a DEAE-cellulose column was shown to differ from that
of squid. Other properties were the same ss that of squid, except there was
less stability.

5. The significance of the malic enzyme in mollusca was discussed.

# =

BAEOHRARBIEROREDE L TEEY FYBHERT 50, CoKMT FYBOFAIEE
L85, TichbERT FYBRERICENDRET 23K, BEROHBREFICRZ. LLlio
£HT FOBIE, 4 ABRO TCA ¥4 Z M0 E E TRBRAR TNV, £iE7 B TCA
Y4 7 VTRIAEINB DI, BT FOBTIKRBL T Acetyl Co-A 1278V, Zhait*¥i
BB EEE LT 2 YBIZE SR binyy, Billo+ ¥ FABRRE 2L OMBRGED Corl K
YEEmABE, TCA ¥4 7L OMERERC L AHENE, &MY FYRIERT 2% THELHKT

%, =@ sparker & LTOF X FABRELE Con LK BEELDRIGHRE LTI,
phosphoenolpyruvie acid+CO;+IDP (or GDP) = oxaloacetic acid+ITP (or GTP)....(1)
pyruvic acid+C0:+NADPH — malic acid+NADP .........cccoiiviieiiiiiiirennas 2)

DDOHE 2 BB phosphopyruvate earboxylase @, #%:#{X malic enzyme T %,
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EH LI, 1 HMuE O Bohr effect DF LY Z e b OEMT FUBAH D VITKEBRAIZ
FIHENBOTRAVHLEE LT, TED L 5 BEREITR 7L T 5, malic enzyme (EC 1.1.
1.40. I-malate: NADP Oxidoreductase) DFENERINI=D T, ZZIZHWT TCA +1 7k
BEROBESIrEERE 2O LEH XN D malic enzyme DSl I OEHHEEIOVWTHE S
Tle o7

Malic enzyme (% Ocha® 12k » TIZUH THOFMIZ, T-F0REYY CEH® KHREHXh
72 TOBEFROMEL, Ochoa™® p Kun'® | X » TEMHIZHR~N B TV54Y, NADP % cofactor
LTy TRATIRRC R L TERT FUBERBY AR 52, ~FAXYAERBLD
MR KRR T 2 o DHEL#EFD, NAD, &) v 78, 77— LBPB/ — LERT VIRT
L AYRIELTev. $5hE LT, Ascaris'®:!s ¢ malic enzyme (3 NAD % cofactor &9 %%
TR FAEBRLHKE LV, LALZIOZOOMED & B0 R A BIL TWieWD T, malie
enzyme (3= DTHOMBELFOZ EA—RZED BN T V5, *7- Hiatt'® 512 Ihif, malic
enzyme (IO Y 2~y AROTHOERT FUBRE Y v TBRIVELZ AREEDD, VT
BLY TCA ¥4 7 A~THFFUIBBLEGE T HERL AL TS factor D2 TH2EDEZ
BNTW3, ZOBECEEMHIZO b LT E0WELRNEENINE TRILSNTE LT, B
PR L VESA Rutter and Lardy'? (ZX o TN THB0DAHETH D,

E B

2}y UTiE, REEETENETROFGEELM AN A4 ABIVKRT T2V, HHICIZ 9 FE
» 10-*M EDTA %&%s 0.15M KCl Bk inz, BAEBROFEY F A ¥— Tl oBF €S+ 4
Z L, 4000r.p.m. 10 R LSBEL, LBBEPEIONE L THC ., BERMITNTLCOERT
v, 44 vZra< 757 4 —i& DEAE-wlo—~2% CM-tl o~ & v, HBE LU
MY — 5Ty, KERTNRENOBER TRELL CTHEA L, BRiEkL Faulkner 3&° OXE
¥R, RIGESHE Tris$8E% (pH 7.4) 5 WIidHBREEE (oH 7.2) 200 ¢ moles, MgCl:
20 12 moles, NADP 0.3 ¢ mole, I-) > =% 10 moles ¥ &%, BRE WML TL&FRE 3.0ml
L ¥ %, NADP o 340mp OWRIREIIZ X » TEMHEERL, 4Bum,=0.01/min ¥ —BEHENL
L. RISREIEET, Baaihi 280my OFRIE AW THIE L, SRIAMRRIRALE SRt
B QR-50 By Vi, BERELTO ) Y o8, &3 PR JUHOBREXT TR
¥ pH 7.0 izRfn L CTH -, BiEE#E, NBC ## % 0% ¥ #MA L7, malic dehydrogenase 0>
MTERIFE L Delbriick 5 17k o7, AWK FEZEOHMX, Beisenherz et dl.' (I 57z, £
7 FoRoOEEREE, Friedeman and Haugen 329 3 L O'BEEAY 12T /n o7z X Y LERRD
REE, Friedeman®™ 2k oo ¥/o¥ YROZ B T 7 4~ BH, SITEY o1,

& 27

1) Malic enzyme DORER

1 AHEO 0.156M KCl #if#gic I-) v I8 NADP it 5L, NADP oBusEMT ¥
TREETHILARDH b L ORI, ERE )y oBeLIBEE Fig. 1 WRY. KX
Y NADP 3BuEh 37, NAD 23 A KBS BBk M) 7o~ VEFRCTIRES L T
dinitrophenyl hydrazone &2 1ED, E#7 FOBEME Lo RE Table 1 RT, FFFN
BB, TR= v S VAETEMET FORICOMENDA, ENOLROND L5, ABEFHICH
TEA VT &, 3L hydrazone HHHUIZH W THEBZF N, NV ¥VHHTHE VL,
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Activity (4Essom y/ ‘min)
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Fig. 2. Reversed reaction of squid

Reaction time (min)
Fig. 1. Reduction of NADP and NAD by
squid malic enzyme
Experimental condition was the same as in
the text, except that 0.6 #mole NADP and
NAD, and 16.8 units of enzyme (ammonium
sulphate fraction) were used

malic enzyme
Reaction mixture contained Tris buffer (pH
7.4) 100 g#moles, MgCl; 20, Na-pyruvate 11.4,
NaHCO; 42, NADPH 0.16 and enzyme
(DEAE-cellulose fraction) 155 units in a final
volume of 3.0ml

Table 1. Formation of pyruvate by squid malic enzyme
Reaction mixture contained in a final volume of 8.0 ml: phosphote buffer
(pH 7.2) 100 #moes; MgCl; 10; NADP 0.28; l-malate 50; methylene blue 1.6
and enzyme 162 units (ammonium sulphate fraction). Incubation Temp. 30°C

Methods Colorimetrically®
NiSO, Enzymatically®
Reactiox? time with without
(1;(1)11) pmo{e/ mi* | pn%)o.l'? 4ml #13%95 /7ml
0 1.04 1.04 0.921
% 1.23 1.4 1.110

*) These values are expressed as pmoles per ml of reaction mixture

ERPETNTERT PYBTHHT L 2RT, £724 'O hydrazone R— - o< 757
1 ~ZBWTH L X FUERIIED bhith o7, HRABRAFRERZROREMLFIA L ABRE
HHHhEEE-BL, BT FUYBRTHAHI L 2R, T Table 2 iZ3 T methyleneblue »
NADP o turn-over #{2#7 5 22 & » THEY FUBAET L THEMT 22 L 2R T, HiH
BT7—~LVBIIZOREZ link Lisve 79—V BB Y TBE2L B 77— ¥piEELL
VI ent TCA ¥4 7 AZET 5 = FY ¥ malic dehydrogenase 2iBAfR L 7n\y, M

F7E 2 NADPH EHRBRY — 5 OFETCORERIGERE D ¥R Fig. 2 t4abhd k3
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Table 2. Effect of methylene blue on pyruvate formation by
squid malic enzyme

Reaction mixture contained in a final volume of 1.0 ml: phosphate
buffer (pH 7.2) 40 gmoles; MgCl; 5; NADP 0.2; Il-malate 20; enzyme
(ammonium sulphate fraction) 492 units and methylene blue as indi-

cated in the legende Incubation time 30 min

C’;n‘;"t‘;]n}ffefei°gfugf with NiSO, without NiSO,
q *
,umo(l)e/ ml ynao.lgz/ mi yn:)o.lgl/ ml
0.4 0.51 0.49
0.8 0.80 0.79
1.2 1.15 1.15
1.6 1.36 1.85

*) These values are expressed as umoles per ml of reaction mixture

NADPH 7Bt 3 iz, V¥ TBROFELHEL I o7, 8BS {HREISHHET LD TS
B30 LHLIOREE, BVWEERELRVCRKIERHEZLES L, ZofETIREVIZWL D
TH %o Malic enzyme |3+ ¥ V LEKB OB KMIEA 2170 - THIET FURE RBY R ICHERT 5,
1 7 HH O malic enzyme TH Z DIEFIThbh, A ¥ FLEBRI VESRT FoBMAELR A L
A% Table 8 IZR&EN 5D, BERIZL - T 60 HETIL, HROF X FABROKEI IR I Ty
%o ZOFHTHXYARBROEDHRI T iobh, £ FoBAERT 2, R#) Lo malie
enzyme {Eflid, B#EY % malic dehydrogenase DL D& Lt 3 FAKROHDIE D &

RERE b B2 ONDA, ZHEOWTIHETRET 5.

P EOBEIZ LY, VY IBE VEECERY FUBRIFELN, malic enzyme )EET A2

iz,
2) Malic enzyme D¥EHL
A, A ABR LY OERE

0.15M KCl oriicit# % 30°C ¢ 10 4] incubation L 6,000r.p.m. 10 473 .0, 4> BE 4% 30~

Table 3. Decarboxlation of oxaloacetate by squid malic enzyme

Reaction mixture contained in a final volume of 3.0mi: phosphate buffer (pH 7.2)
100 pmoles; MgCl; 10; oxaloacetate 15 and enzyme (ammonium sulphate fraction) 162

units. Incubation Temp. 30°C

Autolysis Decarboxylation by enzyme
Incubation
time colorimetrically enzymatically colorimetrically enzymatically
(min) - pmole/ml* pmole/ml pmole/ml pmole/ml
20 1.22 1.42 3.45 3.05
40 1.69 1.74 4.13 3.63
60 1.98 1.91 4.51 3.85

*) These values are expressed as pmoles per ml of reaction mixturs
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Absorbancy (at 280mp)
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Fraction number (one fraction: 10ml)
Fig. 3. Chromatography of squid malic enzyme on DEAE-cellulose
column at 4°C, pH 7.0

Experiment was carried out with stepwise elution of pH 7.0 phosphate buffer:
1, H,0; 2, 0.01M; 38, 0.02; 4, 0.1; 5, 0.2; 6, 0.2 (0.2M NaCl). Continuous line
represents 280 my absorbancy; broken line activity

60% TR CHET XN BE oEsn, 0.01M #EBE®EE (pH 7.0) TEENL THEELRE,
BREALY T LS NVIRESE, pH 7.0 © 0.2M BREERIZ TAEHT 2, #BHILY T LS LE
Wiz 0.01M Zmewmn (pH 7.0) T—&EITL DEAE-+t Lo~ XHJ 2058 L T HBGEH T
st pwis> MY 5, malic enzyme %, 0.2M BBBE K OH 7.0) X THEHIh3, ZOfK
Rz Fig. 8 iThah b, ZOHIOUERE, A WEEO 10~11 ko7 RAKFEE
653.6), FOMMED—PIERT L Tabl: 4 DX 5i1Tind, BREBHILY Y LF L TIXEROERH

Tabl: 4. Purification of malic enzyme from squid muscle

. Yield (%)
Procedure | Volume | Activity | Total unit| Protein | 1ot |Specifiel
(ml) (unit /ml) (m g /m l) (m g) Protein Actlvxty

Initial extract 825 252 207900 7.82 6039 34.4| 100 100
Incubation at

30°C for 10 min. - 820 188 1654120 5.31 4355 61.9 72 74
80-60% ammonium

sulphate ppt. 72 1485 106920 29.6 2131 103 35 52
Treatment with

calcium phosphate 48 586 28129 3.83 160 183 2.6 14
DEAE-cellulose 10 291 2010 0.49 4.9 654 0.08 1.4
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Absorbancy (at 280 mp)

ok K E X B

[XVL 8

B\ BBALY T LT N TOBEMTIRERLERT 200, FET5L 10 8% THD, LnL4d
DHETL, HBLABREABIF S L TEROREOREC/R VR T v, ZOHEL, BBINL
YYLTNTCRET DI LATED, ZOMHBEOEEE, #4Z 50,000r.p.m. 10 S0 LR
TREINDZ LM o7, BRIEOTFRIERLEE LEMCH L TOIRETH -7z, ZHOHE
TOREME, KEEOHMIMIXIZERO Shh ofce HEPTHLERLERET 525, RROFEN
EROAE L HET 5,
B. ¥ 7AEL Yo
RERS FRELAGCTS THRE AR BELTR - TH#ML 72 DEAE-tLo—~XH 5240
R —BoWEEE Fig. 4 & Table 5 ZRT, 5 7FAEEAVABIILREER LR S ¥
L7z AT DEAE-% L v — X% 7 L1235\ T malic enzyme | 0.1 M ZEEE% (pH 7.0) 12T

45} 40.03
»
L]
[ ]
n
"
3.0t \ {o.02
15p -0.01
1 2 3 4 1 6
Ly JUL g I
: { . e
-+ ' 0
0 50 100 150 200
Fraction number (one fraction: 10 mi)
Fig. 4. Chromatography of scallop malic enzyme on DEAE-cellulose
eolumn at 4°C, pH 7.0 ]
Experimental condition was the same as in Fig. 3
Table 5. Purification of malic enzyme from scallop muscle
. ‘ . Yield (%)
Procedure Volume | Activity | Total unit | Protein Total | Specific —
: protein |8ctivity| protein | Activity
(ml) |(unit/ml) (mg/ml) | (mg)
Initial extract 770 48 36960 7.09 5465 13.5 100 100
Treatment with )
calcium phosphate 450 24 10800 2.64 1184 36.5 21.7 29.2
30-60% ammonium
sulphate ppt. 38 18 684 6.6 246 11.1 4.5 1.8
DEAE-cellulose 10 1.8 180 3.3 33 41.0 - 0.6 0.8
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BHEN, 1 VHHCHEL OBRVER LI 1 IBRITERET, +77 BRITEREGT, BEo
HERZIDDOLELDND, BREOKEMDERYV X7 7134 H L VTRERETH Do

DEAE-tA o~ X775 2BOBENL, HiHLd —20°C OBBRET R LB/ A EHS
WBEETH ol Ll freezing ° thawing DR LIIREMEELEIE 2, Z0OF 7 LBHE
BEDE F BAERE LERROWRC A e CM-tlo— X TR ESNTIZE0E THH L
{(pH 7.0),

3 "
1. % # pH

BRI e Tris BER 2 AVCTERONE 2Tz, TOKEIL Fig. 5 ITRxN 2, Mk
VHLADZ L pH 7.1~7.2 EARKT, BFEO malic enzyme & L {fLITv %, T F YL
ERYERYE UCHRKRBIERAZ 7~ A7V REHTHE LRy Fig. 6 R4, XX VRS
DEH pH 1 6.8 TH Y, BFEOEM pH Li3htVBE ST 5, HWEREERD =8 pH &
NADPH %R & Y fix L-E# pH 314 7 BROBEHIA RV —-FK L T3,

A 200+ ’
/ 0\ | °

0.30}-

g N\
< : :
E \ : /
3 L
I 3
3 o20f // \ s \\\
L]
2 1001 P
- L)
L3
4 L L L 1
© N 5 6 7 8
0.10p . , ) B pH
6 7 8 9 Fig. 6. Effect of pH on oxaloacetate de-
PH carboxylation of squid malic enzyme
Fig. 5. Effect of pH on squid malic enzyme Reaction mixture contained citrate buffer

Experimental condition was the same as (pH 4.9-6.4) or veronal buffer (pH 6.6-8.4) -
in the text, except that phosphate buffer 100 pmoles, MnCl; 1 and enzyme 466 units
‘was used in the range of pH 5.7-7.2 (amonium sulphate fraction) in the main

cell of Warburg vessel, and oxaloacetate 23
pmoles in one side arm and 3N-sulphuric
acid in other. Total volume 2ml. Incuba-
tion temperature at 25°C

2. pH X1 2REMH
HREERS JUBER BV Tsok0 pH (2 2 Kl 830°C T expose L TED# pH 7.2 12
R CERORIRE 21778 o7z EOFKRIE Fig. 71277, pH W7 %€t pH 6.5~7.5 {1
BTHoEdBRETHS,
3. &R A VORE
Z @ malic enzyme {3 Mn®*, Mg®*, Co** ¥ DE&EB 2 HEEL T 5, MnCl;, MgCl,, CoSO, 1L T
CaCly @ 204+ ¥ EACTENENOFERDORE RITE »720 TOKEIX Table 6 iZRXh 5,
CARMTEMERIERIC & AEERIEEY 100 & Lz3B 4, Mot 1 4 v iidh o b dEEREEMRL S, 38X
10°M © 110%, 1x10™*M T 148%, 2x10~*M MJ|EAT 228% Fh U LOBMETIT EI-BIL
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Table 6. Effect of metal ions on squid malic enzyme
Experimental condition was the same as in the text, except that

metal ions were added as indicated

Metal ion Ratio of Metal ion Ratio of
(10* M) activity (107 M) activity
7y 100 Cot*
No addition 0 0.03 68
Mg?+ 0.10 81
0.16 18 0.23 109
0.33 32 0.33 102
1.0 64 1.6 93
2.3 84 Ca?*
10 109 0.23 7
Mn?* 0.33 9
0.03 109 1.0 11
0.10 148 1.6 14
0.23 228 3.3 16
0.33 155
1.0 136

Tw& 3X107*M T 156%, 1X10-*M ¢ 136% &IiSEEIZ/cD, Mgt 4 4 v CIIiEmiE w3
DOREL VE 2X10™*M T 18% 75 o7=D#% 1X10* M T 64%, 1X10*M T 109% Ldpd%

PR UTITE,

Co®* £ 4 i 2X10*M B|EAT (109%) TthE@dyemi L, Ca {4~

125 VHBEND o7 Todsh 7 7 RiEh 587 malic enzyme 3 1 ##HHEOEE L FHE, Mnt,
Mg*, £LT Co** {4 viglilk o THRFERELEILE €D, TOFEL Fig. 8 \TREN B,

g

) Pl

& /° \

g. [-]

s /

g 005+

’?‘

& o

E<y °

< // \

0 »* . ) ) o
4 5 6 pH 7 8 9
Fig. 7. pH stability of squid
malic enzyme

The enzyme was exposed for 2 hours to the
pH values given and the activity then tested
at pH 7.2. pH 4.4-5.6, acetate buffer; pH 6.0-
7.3, phosphate buffer; pH 8.4-9.2, Tris buffer

o= o
/ N e
.’s\ 0.02F ¢
&
; L CoClz
§ o o— © C— e
§ 001 o/°/ MgClz ;&
O e
E ;\o : /CaClz
;:5 o /°>¢ © CE— O —— O e»
o~
»
0 1 2 3 4 )
M:tal (gmole)

Fig. 8. Effect of metal ions on secallop
malic enzyme
Experimental condition was the same as in
Table 6, except that phosphate buffer was
used save for Mn®*
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5 moles ¥ TOMT MnCle 12, 14 mole fiE¥ TAMAL ERERL, 14 mols ¥RT 2008
P UTECILY, CoS0i 12D 1ehis LR H— 72 0%, MeClh X EHIRZ L CalCls i
0.5 ¢ mole fHEABATEDOKIZDHE VEBI, ¥ 7 HEED malic enzyme 3 1 7 #7® malic
enzyme k[f# Mn** {4V iZd - Th ok bBRFEMLYEEL XL S,

4. BTN HEEE

BRE L TN T OEE T 60 5] expose LEHIZKKTHHLAEL -t BB LB THRIR
EEMOUE LITIo o7z TORKRIE Fig. 9 1R &N %, DEAE-tL 0~ ¥ 5 4 THREL 8K
T3 HZ malic enzyme » malic dehydrogenase DiE#EA 3475 LT\ %, malic enzyme » malic
dehydrogenase 2\FlUBEE CHEN & I hEFA~B—2OFRE LT Lz~ L 5 BB T -
7o TIRERE D 30°C ML E TiXBCH L CTRETH 5435, malic dehydrogenase i+ 85°C 2705 &
SECTRE LY 40°C BlLETIX, ZLAYEBREREL% 5, —7F malic enzyme i3 35°C TiX
84%, 40°C THH 50% DOEMHR - T Y, malic dehydrogenase 12 { 5T L THEH
BETH D,

100 - ———
[
malic enzyme
—~
R
2 sof \
g
<
malic dehydrogenase
.\ °\°.
1 1 1 1\3-—’-

0 10 20 30 40 50 60
Temperatur: (°C)
Fig. 9. Heat stability of squid malic enzyme

The enzyme was exposed for an hour to the temperatures given at
pH 7.0 and then cooled to (°C. Other experimental condition was the
same ag in the text

5. I ~x) R{EX

Malic enzyme DERE L LT I-) v TBE NADP %, % /- malic dehydrogenase D &K & LT
XN EMe NADH # T FNHAVWTERThOBELE 2 T, RIGEEIZRITHRRBEDS
BEPPE~N, FOREIL Table 7 2R X5, malic enzyme ® I-Y) » =8¢ NADP i3 % Kn
EREN 1.33X10°M & 0.66x10*M T malic dehydrogenase o % # LE:# & NADH iz3¢
T % Km ( 0.64X107°M &+ 0.93X107*M Th o7z, )

—179 —



* K XK B & # , [XVI, 8

Table 7. Michaelis constant of squid malic enzyme and
malic dehydrogenase at pH 7.0

Km

Malic enzyme ‘

I-malate..........cooiiiiiiiiiiiinn 1.33x10* M

NADP it 0.66x10"* M
Malic dehydrogenase

oxaloacetate .................. s 0.64x10°* M

NADH .. iiiiiniennnennnas 0.93x10°M

% ®

Z DEEFERTIL, malic dehydrogenase JEBZEL TkY, il malic enzyme S DX ANIZHE
HTh B, (malic enzyme L U# 280 f505EM), 4 ¥ FIERIIERC BT ZO0TIORET L
D5t maliec enzyme (& > T Tid7e<, malic dehydrogenase 12k » THE LAt X FLEER A
BRIZENT FUBERBY RACOBLIEL DB L OND NI OWERIL, RE#Y THETIHEE
B217 & »C malic enzyme & malic dehydrogenase AX 3l 5 &, %722 @ malic enzyme
cofactor & LC NAD k¥ NADP iz E\ 8% 302 &, malic dehydrogenase /> NADH (Z
HEAEMALVELTEEEND, Tibb, NADP #Hhli#K% & 7 % malic dehydrogenase ™
FEME 2 Hhiov, 787 s Fig. 1 @ NAD oB#EE L Kn 2 HFE 25, NADP Zid 5
malic dehydrogenase DHMANBRECE DD LLINDTH 5. FAV-Hivic ¥ B8 & (T malic
dehydrogenase ﬁiiiiﬁL'C\n’C}L) malic enzyme DFERANED b b, oxaloacetate decarboxylase
DIEENHED HRILWIRY malic enzyme Xt ER%E I OL2E 2 bhv b,

Ochoa® IZ Lk A L HRIZIZE TN TE BV éﬂ'C\nan?, L LdhdEomds (Ascaris) Of
pi, malic enzyme 2&A T\ B, 1 FHWIZ Y malic enzyme & Fh TV 375, Ascaris DF
LSrEREVAFFAUNRBERKE T 282 - TS, 0O malic unzyme 231 #HH @4
B) CRERALONE I hkFk s FRBEE T4 OBREACTHE L TAlz, TOKREY Table 8
R T . te LAKEE (4 7)) CRENRDDOTIZRVIES S

Table 8. Distribution of malic enzyme in the muscle of
fish and mollusea

Squid Scallop Carp
units/g. tissue units/g. tissue units/g. tissue
2520 990 450

Ascaris, frat worm? DA HATH P HFEMIZ Y malic enzyme O EE N A b %, Malic
enzyme DEIEEMIFEAIE, TCA ¥4 JAVDORELTAMTHI0LELONDN, 1 7 HROEER
ZHTHERT FUYBOBRE OERIIIRBERE ORALSREL SN 0WR VITERORE v,

“Hiatt 5 0 & <, malic enzyme 5% glycogenesis (ZBI54 3 X Vi3, &MY FoByLES
YT —HOFENT - L BFITCH B, Fhid pyruvate kinase DEEL & S ThIWhHTHB,
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Shrago et al.29? |3 malic enzyme #1 gluconeogensis (2 |ZBI5 L7s\ v TwWaAl, Z 0B
BEWTF - TR LRI, INFXFYT—FHELEHLATNRWDOT, ZOMEITHO IR
ST\ B, '

PP adipose tissue T3, malic enzyme 75fgli &R D7D NADP O#FETH5H & Lardy
Bk o TR REX N #E5HITF 7 malie enzyme & cytoplasmic malic dehydrogenase & D
FHEIZ L 5T, NADH LY NADP (ZAEBBMNTEHZ & 23, 7 < LT malic enzyme (3B
iz NADPH »ERL7-V, BIERNZ NADH # NADPH (&% T, lipogensis G:&Eiﬂb’)t
HELLT, { TRBOBHEEOS V2 enh, HRIZHDEOEEL 5L TWH0nbEN,.

" LS|

EAESEMH K % AV C malic coizyme OFEFERL, TOBRIENL )Y TREER
&L TERILENER LR L 2. 0.15M KCl Thiftitk 80~60% REIEIT, HBAILY T LT
%3, DEAE-tLo— THBETT o7, MEShABRIHERN 10~11 oMLz, 1 7%
D malic enzyme DEE pH (X 7.1~7.2 T pH 6.5~7.5 fhiEAD oL DRETH Y, BuTHL
Tix 36°C MHEE TRETH D, Mg, Mn¥, Co** il DBy LEE Lz, ) ¥ ITHTHT 2
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