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~ Enzymatic Studies on the Muscle of Aquatic Animals
6. Effect of various earboxylic acids and inhitors on squid malic enzyme

Takeshi SHIBATA*, Tadashi KiTAHARA* and Katsuji YOSHIMURA*

Abstract

A study was made of the effect of various carboxylic acids and inhibitors on

partially purified malic enzyme (I-malate: NADP oxidoreductase, EC 1.1.1.40)
" of squid muscle (Ommastrephes sloani pacificus).

1. Of the intermediates of the citric acid cycle tested, oxaloacetate, citrate
strongly inhibit the enzyme and pyruvate is less effective. However, by suecinate,
fumarate and a-ketoglutarate, including acetate also, the enzyme is inhibited only
at much higher concentrations than that of the substrate.

2. The homologs of carboxylic acid, tartronate, malonate and oxalate effec-
tively inhibit the enzyme, but oxamate is less effective.

3. Arsenate, azide and fluoride are not appreciably inhibitory, whereas arsenite
markedly inhibits the enzyme at the same point of concentration.

4. p-Chloromercuribenzoate is the most effective inhibitor. Pb**, Cu®* and
Zn?** inactivate the enzyme.

5. Some possible metabolic interrelations were discussed.
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malic enzyme DFEENENSLFELZ T/ = YBEK L OBERIERIN S, 7= vBEEROSTHEY
Aimalic enzyme DFEMIZE DRALBELEZ ANERLEONREIRTH D, TF VLRI IV
7z YBARLELVCEENRER L 2 BT 3 FLRRIRSERD ) ¥ TROBE LT ©560%
UEDOHEYRT. 7T VBRIERLFUBETIE 46% OHE#R{, Heyningen and Pierie® 13
7w—VEROHEEY, Stickland® (27X A5 X VBE aNTBOHELHREL TWAH, TELOT
2 P TCRBRER DI o7 LALEDIE, 72 VBOEZELHEL T3, A3 FLEROBVHE
FHHRL Kun® 2L o THBEIN TS, LAl er P78 —LBIIEIRARV. £ SN
RYBOCLE VE, B, LBIPENLCHEEELZRL W30, ZH0—HOBHEMAERLLK
EBPCLZHETHA D, ZOAGHEEBRPICEET 2 Y ¥ TBHEKKEROTEMZ, malic
enzyme & R7icY, I-) Y ITBICE o THEXR, 50% HEEZIZ1.6X102M 0 v ITBREYSLELL,

Table 1. Effect of various carboxylic acids on decarboxylation
of l-malate by squid malic enzyme

Final concentration Inhibition Final concentration Inhibition
-8 (%) (M- (%)
Citrate a-Ketoglutarate
1.0 5 1.6 3
2.3 23 3.3 16
3.3 45 10.0 25
6.6 65 16.6 31
10.0 79 24.0 37
14.0 86 Pyruvate
Succinate 3.3 2
6.6 0 6.6 5
14.0 5 13.3 33
24.0 19 24.0 53
33.8 42 36.6 71
40.0 51 50.0 82
Fumarate DL-Lactate
14.0 0 1.3 11
24.0 54 3.3 32
28.3 17 14.3 44
33.3 29 23.3 52
50.0 39 33.8 56
Oxaloacetate 66.6 84
.3 14 Acetate
1.0 28 3.3 0
1.6 44 10.0 0
3.3 64 16.6 5
6.6 78 24.0 19
33.3 51
50.0 70
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"Table 2. Effect of carboxylic acid homologs on decarboxylation
of l-malate by squid malic enzyme

Final concentration Inhibition Final eoncentration Inhibition
(M-%) (%) (M- (%)
Tartronate Oxalate
0.8 7 0.03 7
1.0 31 0.3 11
1.6 43 1.0 45
2.3 54 1.6 57
3.8 60 2.3 66
6.6 75 3.3 71
Malonate 6.6 82
0.3 7 Oxamate
1.8 17 3.3 24
2.3 34 6.6 42
3.3 49 13.3 53
6.6 69 23.3 65
16.3 85 36.3 75
50.0 89
Table 8. Effect of various inhibitors on decarboxylation of
l-malate by squid malic enzyme
Final concentration ) Inhibition Final concentration Inhibition
M-9 (%) (M-® (%)
p-Chloro-mercuri-benzoate 6.6 43
0. 23 13.3 64
0.28 53 23.3 78
0.30 4 Sodium azide
1.60 84 0.3 3
3.30 95 3.3 14
Sodium arsenate 13.3 29
6.6 3 23.8 31
13.3 12 33.3 46
23.3 19 50.0 50
38.3 28 Sodium fluoride
53.3 45
93.3 76 1.3 8
3.3 7
Arsenic trioxide 13.3 18
. 14 23.3 20
1.3 22 33.3 23
3.3 36 50.0 31
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Table 4. Effect of metal ions on decarboxylation of
I-malate by squid malic enzyme

Metal ion (10-M) Inhibition (%) Metal ion (10*M) Inhibition (%)

Zn2+ Pb2+
0.03 22 0.03 26
0.10 40 0.16 29
0.26 68 0.23 32
0.33 78 0.33 45
0.66 92 0.66 47

Cu2+ Ni2+
0.03 22 0.03 2
0.10 43 0.15 8
0.26 51 0.30 28
0.33 58 1.70 48
0.66 86 2.30 54
3.30 62

H | | ]

malic enzyme (21 % I-) ¥ TBROBRRBIEAY 50% HET 2Z3ESERAVCEEHOBRELE
BEIIRLIe T4 HAKVEBR) YT BEBEET D e FOt X7 AUEVBIARCEELT

Table 5. Inhibitor concentrations corresponding to 50 per cent
inhibition of malate decarboxylation

Oxalate 1.3 (M™% p-Chloro-mercuri-benzoate  0.23 (M-%)
Oxaloacetate 2.0 Arsgenic trioxide 10
Tartronate 2.8 Sodium azide 50
Malonate 3.3 Sodium arsenate 56
Citrate 4.8 Sodium fluoride >66
Oxamate 13

Lactate 23

Pyruvate 23

Acetate 33

a-Ketoglutarate >33

Succinate >43

Fumarate >66
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Enzyme-+I-malate +NADII’\I<—_::oxaloaoetate-Enzyme +NADPH-+H*
e
oxaloacetate-Enzyme ——pyruvate +CO;+Enzyme
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BAEBOEREHT 57012, RET LEHEXNIAREE S,

7> B, BEERREET 3%, ZHUIRIC, invive TR in vitro Th, RRAT7 757
P F—¥E, HESWTV D, T, PERRLBEROBEIVEERL, BEAEHOECL -
T, 7 VBAERLT, BEMAOEELAT T AL O LEREIN T2, 7 VBOER), 7
T VBROBOBE—~DHRET TH 5 L BHEE N5, malic enzyme DL D, SO, FEHEXL
HnE 3L, in vive DEROBRY, Hihudisbisv A, Lardy 512 13, malic enzyme 73,
7 VBERDO ORI OF + AIVEVYBO L ~UREETHEHETLT52, 7= yBORE
(3, ZORELBEHEL 5, malic enzyme © by-path BleBEIbHFET L EELLNBH, 7
= VRO L EEST THIET 205 B#ETH D, Fhid, malic enzyme @ localization =, -
EryBA7 = VRBEIBIZAZEREED, 7LFL Co-A DERRIEE D BT/ b v,

BTERVIZHVT, malic enzyme DEENZOVTW{ BAREL 724, YL ¥ B glucogenesis
ZEET 20T, BT/ — LAY Y RIELERERS A, EEI, CLE VRS-
OfE¥E LB Y, malic enzyme, Y ¥ IHEAKFEEEH®, phosphoenolpyruvate carboxykinase Dig
BERTUIThbN D, B0 ) o~ YE&RIS VA, FOFIELh T, BHEEH T
X, malic enzyme 7% glucogenesis A BERAN TV B H, %< DERAEED malic enzyme DiEH:D
W2 &< Simpson and Awapara!® I, phosphoenclpyruvate carboxykinase DE\ L~ % %
> T 2ERAHIZIT malic enzyme AHFEELEBEWEES, 0Tk kY, &EED glucogenesis (2
malic enzyme AHPES L TWRD TINS5 2o IR A4 LEMES D b RBEROREE
FEOREL A MIZITFET B, v

B L

1 7B DEAE-tv— X453 L - RiEEsEL VT, 7= vyBEBODEmORE, RS
BoOHE, HERHOBEZ O\THEL .

7 x vBEBOPHEYEH, AX VIR I BAELVCEELRY, 7 '\ B, a~TR, 7
2~ VB TIIHMBENRD o7z, FRIWOBELEIE, HETA2ALE VBRIV OB VCHEEL R, B
L BIIECHER AL, LB, TV A FRIUBIEDIBRN ot P ODT~F )V
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