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Enzymatic Studies on the Muscle of Aquatic Animals
7. Further purification of malic enzyme from squid muscle

Tadashi Kitanara and Takeshi SHIBATA

Abstract

Further purification by column chromatography on DEAE-Sephadex (A-50) of malic
enzyme (EC 1.1.1.40 !-malate : NADP oxidoreductase) from squid muscle (Ommasirephes
sloani pacificus) was carried out. The resulting enzyme is free of malic dehydrogenase
activity and homogneous electrophoretically on cellulose acetate membrane. Some
properties of the enzyme are similar to those of the previously obtained partially purified
enzyme. No important differences were observed except the affinity for NADP. The
distribution of the enzyme was studied in several aquatic species.
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BIERDD W T 4 #EHHD malic enzyme (/-malate : NADP oxidoreductase EC 1.1.1.40) @
L L 7 x LN P REE X O OFEUEOHE. MHEHORE LR~ 2 DAEEHESR L »
REL 2. LiaOEERH Fi2i2 malic dehydrogenase H3{ETEL Tis h DEAE-cellulose Tiz BT X
o 12h3, DEAE-Sephadex # 9 & %4 3 C &2 X - T malic enzyme ¢ malic dehydrogenase
L DRBNCERTIL 12D TE DML =, =B 2 UAORG & L THET 5, T, =
DBESMOEEI T 2 <,
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EEORIE R & kT Sephadex # 5 & % Bu 2 DM iR & 4 [FERiC4T8 - 2. DEAE-
Sephadex (A-50) OFAMUIEBMKTHEMZEI R TH & W7V Y THL 0.01M BEESEE H
7.0) TEBEL IR TH 5 & (2.5x45cm) KFEL 17, ivn ~ 27 &5 — b llic X 3 BLEEKE TR
D SEPARAX Bi%HL pH 8.6 OMEBENE (4=0.06) T 1mA/cm, 3B:EIHKEIIWRL YV~
3R THREL Iz, EESHOBRRBEOMAPS 0.15M KCI THiHiL 6,000r.p.m. 10 R LSBEL E
i€ 50,000r.p.m. 20 SHFEIRLATMEL 72 R PBESRIRE U TR, ok BRBMERTT 4°C ok
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Malic enzyme D55
—DEAE-Sephadex 435!]——

REMGE % 9 f5AED 0.15M KCL(107°M EDTA %2 &) THil LiliHik% 30°C T 10 HFHEL
6000r.p.m. 10 SRR LBER 30~6096 ML THITI N 5 Ko %&EY 50ml @ 0.01M SEiE
ik (pH 7.0) ML 51 O 0.01IMBEEBRE (oH 7.0) T—HBITL THE 2K 25,000r.p.m.
10 ARHEOCAEEL 2 LB R, & 55U D 0.01M BEREHER (pH 7.0) TiR#F{LL T 1z DEAE-
Sephadex (A-50) # J ATiBL THESEER (pH 7.0) © 0.01~0.3M % TCOEE®D gradient LT
BHILI.. COfERIE Fig 1 iR3N3, A.B.C. Z00EHADY ~ 24D LI A. B O~
713 3N b malic dehydrogenase DiEM:%2H L C O IC malic enzyme DIEHEMDH b, malic
dehydrogenase DiEMEIL & %12 A.B D432t malic enzyme DOIEHEIL5H 512, malic enzyme
1149 0.25M O BEEHER CHH 3N L O D ik AL 12 3EOR 96 fFicis 512,

0.9

at 280 my
o
o

o
w

Absorbancy
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50 10
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Fig. 1. Chromatography of squid malic enzyme on DEAE-Sephadex (A-50) column
at 4°C. Experiment was carried out with gradient elution (0.01-0.3M) of
phosphate buffer (pH 7.0). Continuous line represents 280my absrobancy;
broken line activity; dotted line gradient elution curve.

——Cellulose acetate electrophoresis—

DEAE-Sephadex 2 X - T4B) 3472 malic enzyme & malic dehydrogenase 2 EiC i a — R
7eF—~ MECX ZBERKENETHD Tall, ZORFEIE Fig2itranid, # 5 2B THIOBSE
BE 2 BB E L, Fig 1 RL 2 ABC. Z20¢ ~ 7 2V TEIKEI 2178 ot # T &K
BIHNE 4 DONU FPRLNABEEOEAN ST TV I EBbh3, ©~2 ATk 320D/
FORROLNFI/uv bS5 7E-T 2208~ 28N E_DY —~ ZHHEIC malic dehydrogenase
DEEBRLNIIDBIEREE ~ 7 L BHC - 713 —HK UL, Al 2 D0OFKMEML malic dehydro-
genase DIRAWMEHEING, ¥~ BTz 1 2DiZoxH LAY EH A 65 N malic dehydro-
genase IEMN ERX L DESRCEELEZ b 570> THE—DY —~ 2 %50, D DRE
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B —2E—FT3, $:—2C $ 120D/ FT malic enzyme DA EBbN3E, ¥—2COD
malic enzyme (2 H 5 227 a2 &S5 TRIC . BREERKICY, T EKKEYIC b malic dehydro-
genase * HDEECRXE YL Bbh 3,

SHMED—Fle R T & Table 1 DFRIT/2 5, HIERD malic enzyme DHIEEMSKII9FETH o1
DAL 96 FE 2 hEL b 5 RN INT.

Fig. 2. The pattern of malic enzyme and malic dehydrogenase on cellulose acetate
membrane electrophoresis. Electrophoresis was carried out at pH 8.6
phosphate buffer (#=0.06), ImA/em, 90V for 3 hours. (See in Fig.1.)

Table 1. Purification of malic enzyme from squid muscle.

Activity Protein Yield (9)
Procedure Volume Specific
ml Units | Total Total tivit . s
(ml) /ml ugit " mg/ml m ga ac Y | Protein Activity
Inital extract ‘ 2470 ‘ 60 \ 148200 |  6.57 | 16230 [ 9.1 ‘ 100 { 100
Incubation at
30°C for 10 min 2320 69 160080 5.40 | 12530 12.8 77 108
30~-609¢ anmonium
sulphate ppt 84 2394 201100 37.70 3167 63.5 20 136
D?ﬁ%afephadex 10 378 | 3780 | 0.43 4.3 875.0 0.0 2.6
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pH 5.4~8.5 DEID1 S 572 pH CiEMEEREL 2D Fig 3 wrahs, pH7.2 Wiz EE
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Fig. 3. Effect of pH on squid malic enzyme. Experimental condition was the same
as in the previous report except that phosphate buffer was used in the range

of pH 5.7-7.2.
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malic enzyme DEEE L T I-malate & NADP % AV TRIGEERRIZTEEREDHE 2R/,
Km it Lineweaver-Burk ¥ TER» Iz, #DiEHRIT Figd & Figh kRINS, [-malate XT3
Km i3 1.1x1073M, NADP i 1.3x107°M Tdh - 17, Bif®D Km id [-malate Tid 1.3x107M,
NADP it 6.6X107*M Td - - O THEEiT 3 HFAidZiz o), NADP i3 280
235 5 {ZBIML T B, Bed < BEL T2 malic dehydiogenase O NADP x93 2 Bifi/1b3 b

3cHEEbhnd,

20 3
S (ymoten/3mi}

Fig. 4. Lineweaver-Burk plot of squid malic
enzyme activity for l-malate. Ex-
perimental condition was the same
as in the previous report except that
l-malate was used in the range (040
pmoles).
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Fig. 5. Lineweaver-Burk plot of squid malic
enzyme activity for NADP. Ex-
perimental condition was the same
as in the previous report except that
NADP was used in the range (0-0.2
pmole).
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~——d-malate DZHR—

malic enzyme {3 [-malate IZHREHCIER L pyruvate & COq ZEBMVIEIRERE T 555 d-malate T
BRIGU 20, ZED [-malate JRE% 1, 5, 10, 20 umoles & U 12D ZNFND d-malate OFIFE
P20 Fig 6 CThH 3, I-malate %7 % Km 3 1.4x107*M Th b d-malate i€k 3 Ki i
1.9%x103M Td -1z, d-mlate i2 malic enzyme % EFHHIZHEL T 303, BHEOREIZS W,

- 0.2 -0l -] ol 0.2 0.3 0.4

Fig. 6. Effect of d-malate on squid malic enzyme. Experimental condition was the
same a8 in the previous report except that I-malate was used in the range
(1-20 gmoles) and d-malate was added in the reaction mixture; 1-0, 2-10,
3-20, 440 umoles.

Malic enzyme D43
BT RV AL A, k&2 FH, 34OKGRCEEBHEU R, A0V 24 AHHERNTH 3

T EDNDho-DT, FECHE A% REED 14 88 % AV T malic enzyme OHF 2RI,
Z OS2 Table 2 1RANE, BHRTIIAVAABREIELUTHREFR, v/ (T I HF)

Table 2. Distribution of malic enzyme in the muscle and liver of Mollsuca
and Vertebrata.

‘ Muscle Liver
. (units/g tissue)
Gast d Haliotis 169 —
astropoda Neptunea 724 848
Viviparus 230 346
Spisula 225 117
Mollusca Pel d Anadara 270 108
clecypoca Patinopecten 918 112
Mytilus 230 271
Crassostrea 216 251
Cephalopod Ommastrephes 1519 432
ephalopoda Doryteuthis 621 1070
Pleurogrammos 162 1661
Pisces Statmogairdnerii 664 1514
Vertebrata Carassius 162 289
Mamalia Mus muscutus 315 477
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2oLV - TV B, FARCIRARICE FTh3. TRV TIREARL Y LTRSS
EINTV3, BREETR—EOEEENZL, vV 4 VORIFDOLRENED, ANV ALHD
BETRBRE - TV5, BROERES 100 & ULEOXBBHOELDOERE AN XA TENY D
AX: RAVTRRIZOY Table 3 RiR3NZ, XNV 24A A TRBACEIELEINTEH B
PENCEAFMICIZSE O EINTE S THED 1/4 BT Tho12e —HNY B A X T TIREMIC
b5 BN 1/4 CHAIR /5 LT Th o1, '

Table 3. Comparison of malic enzyme ac-
tivity in various organs as per-
centage of muscle enzyme activity.

Mouse Spuid

Muscle 100 100

Liver 151 . 22

Kidney 571 74

Pancreas 97 47
x .

malic enzyme I3 /-malatae % pyuvate & COq ZEMUEGICHIREE T 3 Gt & [FIBRIC oxaloacetate
(OAA) % pyruvate & COq iCBiREES 5 decarboxylase FEME2H L T 5, Lardy® & i HFMED
malic enzyme %2fERLL TV 305, LU BRNE T COMBFOBELEEL T3, 495
BD malic enzyme T$ homogenate Tix7: L C OAA decarboxylase EtE2H L T 3 33, 96
IR L 7o B8R T2 homogenate BBV EM 2167 P ROEE T OAA decarboxylase EHEHSER
hgpbhict Bbh 3, (Table 4) 4 ## KD homogenate M pH #5 6.8 MECH b, Ochoa?
it X o THE 31 decarboxylase DFEE pH »3 4.5 MK & 272 b B 5 T3 b FFBO malic enzyme
LFFAD malic enzyme TIIHHRHD 5L 5 Th 3, Schmitt? 5id# 5P T OAA decarboxylase

Table 4. Ozxaloacetate (OAA) decarboxylase activity of squid muscle
homogenate and purified malic enzyme.

Incubation Crude extract Purified enzyme
time (min) Autolysis Enzymatic Autolysis Enzymatic
5 33.7 36.2 26.1 25.7
10 47.2 60.2 42.0 46.8
20 55.1 70.1 45,2 55.4
30 60.2 87.8 56.0 69.8
40 67.4 97.1 79.0 87.0

Reaction mixture contained phosphate buffer (pH 6.8) 100 zmoles, MnCl,
1 pmoles, OAA 100 pumoles and enzyme. Total volume 3.0 ml. Incubation
temperature at 30°C for 30 min. The values represent umoles per ml of reac-
tion mixture.
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POAMERML T b, T @ decarboxylase i3 malic enzyme %23 FZE pH » 6.5~7.0 iLd b,
NADP % &9, 4 #HHD homogenate D OAA decarboxylase & X { —FlL Ti>3,

malic enzyme i3 /-malate I4GRHYT d-malate Tid KIEL L0 B D malic enzyme Tid
KD I-malate DWEEDS 10 umoles DB d-malate TIREAEINTHUAERILIN T, BH
U 2R Ti3, d-malate K& - TEFMICHEF IV HBEEORER VL { Km=1.4x10"M 3
LT Ki=1.9X10M T& 72, d-malate DME% 1umole PATFicd 3 & HEIE S B3N
% d-malate Tit l-malate D h 2T B 23T olz, Stern® 51t d-malate P& iekiHl
C¥L 72 E. coli D malic enzyme itz NAD % cofactor & LT, d-malate 2488970 d-malic
enzyme HTEHET S L & B WMEL Tur 8, d-malate » malic enzyme 2 HEHAICHETIDOTH 2D
b (o AEORERP2L Th) d-malate id J-malate & malic enzyme & OFEMILD site i
EhDOREE RS TVB T EMBHEINS,

malic enzyme it QOchoa 6Tk 3 EFFHITIIERN TNV E SNTV3H, KEHED 1 1A
IR EV, WY TIRIIULRFRIRIIIZIEAESTA TRV, EEESH CIRHAII
bEINTWE, NENHSICRERNIITEE - —EOBEEN S XAV 24D, $32FHT
RERILEINTEY, YIAITRTFALD bDULAFRICE EIN T3, EEHEHTIIE
Btk & b, glycogen 33 & CMERH & & b1 malic enzyme DM PRL T3 DH» bz, %
U2 malic engyme 25, IEEFTERIC £ DBEESED bR TVE™ 15 Th 5,

L 5]

DEAE-Sephadex (A-50) #5342 u< b2 57tk h EX malic enzyme EFEPIL 720 HRL 72
malic enzyme i3, malic debydrogenase {2 &3 T~ 7 €7~ MEILI S EXEGTHH
—Tholze TOMERLLEID malic dehydrogenase H3EL TV % malic enzyme & T, =0
R %2 L 1243 NADP i3 2 B/l S e RARSED b s o 1o, T -MAE,
S, BREED 14 BIEA T malic enzyme D3 2 |1,

HOITRER AT 5 WY ) L Toiedv /s B RSN ZARE RS L UREET&EEIR]
Bzl 7,
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