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Table 1. Composition of assay mixtures for
enzymes on the tricarboxylic acid
cycle.

Common abbreviations used in all

tables are as follows : Triehanol-

amine, triethanolamine hydrochloride-

NaOH buffer ; Tris, Tris(thydroxy-
methyl) aminomethane hydrochlo-
ride-HCl buffer ; R., reference ; B.,
blank ; S., sample.

1-1. Citrate synthase (EC 4.1.3.7)@®

Pipette into cuvette (ml)

1-3. Isocitrate dehydrogenase(NAD) (EC 1.1.1.

41)®
Pipette into cuvette (ml)

R. B. S.

0.1 M Tris(pH7.6) 25 25 25
50 mM DL-isocitric acid, trisodium salt 0.06
0.2 M MgClz-6H20 01 01 0.1
0.2 M Citric acid, monohydrate 0.03 0.03 0.03
10 mM AMP? 03 03 0.3
10 mM NAD? 0.05 0.05

Distilled water 0.11 0.06

Crude extract 0.05 0.05 0.05
Final volume 3.09 3.09 3.09

R. B. S '
Wavelength, 340nm ; e340=6.22 [cm?/umole]
0.1 M Triethanolamine(pH8.2) 2.1 2.1 2.1 aAdenosine-5’ -monophosphate, disodium salt
5 mM Oxalacetic acid?® 0.3 b3-nicotinamide -adenine dinucleotide, oxi-
1 mM Acetyl coenzyme A 0.3 03 dized form
2 mM DTNB? 03 03 03
Distilled water 0.6 0.3 1-4. Isocitrate dehydrogenase (NADP) (EC 1.
1/4 Crude extract 0.01 0.01 0.01 1.1.42)™
Final volume 3.01 3.01 3.01
Pipette into cuvette (ml)
Wavelength, 412nm ; £412=13.60 [cm?/umole] R. B. S.
aSolution prepared should be used soon.
b5 5’-Dithiobis- (2-nitrobenzoic acid) 0.1 M Tris(pH8.0) 27 27 27
50 mM DL-isocitric acid, trisodium salt 0.02
0.2 M MgCl; -6H>0 01 01 01
1-2. Aconitate hydratase (EC 4.2.1.3)® 10 mM NADP+ 0.05 0.05
Distilled water 0.07 0.02
Pipette into cuvette (ml) Crude extract 0.02 0.02 0.02
R. B. S. Final volume 2.89 2.89 2.89
0.1 M Tris(pH8.2) 2.7 27 Wavelength, 340nm ; e340=6.22 [cm?/umole]
50 mM DL-isocitric acid, trisodium salt 0.3 aNicotinamide -adenine dinucleotide phos-
Distilled water 0.3 phate, oxidized form
Crude extract 0.05 0.05
Final volume 3.05 3.05

Wavelength, 240nm ; &240=4.88 [cm?/umole]

1-5. 2-0xoglutarate dehydrogenase comlex-?

Pipette into cuvette (ml)

R. B. S

0.5 M Tris(pH7.6) L2 12 12
2 mM Coenzyme A 0.3
40 mM 2-Ketoglutaric acid 0.3 0.3

B |
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32 mM MgSO; - 7H20 0.15 0.15 0.15 1-8. Fumarate hydratase (EC 4.2.1.2)a2
78 mM L-cysteine? 01 01 013 : -

9 mM TPP 0.15 015 0.15 Pipette into cuvette (ml)
30 mM NAD:¢ 0.3 0.3 R. B. S
Distilled water 1.35 0.75 045 ]

Crude extract 0.05 0.05 0.05 0.5 M Tris(pH8.2) 1.2 12
Final volume 30 30 30 0.5 M L-malic acid, sodium salt 0.3
- Distilled water 1.75 1.45
Wavelength, 340nm ; e340 =6.22 [cm?/umole] Crude extract 0.05 0.05
a]-cysteine monohydrochloride, momohydrate Final volume 3.0 3.0

5,10, 15, 20-Tetraphenyl-21 H, 23 H-porphine
¢p-nicotinamide -adenine dinucleotide, oxi-
dized form

1-6, Succinyl-CoA hydrolase (EC 3.1. 2. 3)20

Pipette into cuvette (ml)

R. B. S

0.2 M Bicine-KOH buffer(pH8.0)1.2 1.2 1.2

3 mM Succinyl coenzyme A 1.0 1.0

2 mM DTNB? 03 03 03
Distilled water 1.48 0.5 0.48
Crude extract 0.02 0.02

Final volume 3.0 3.0 30

Wavelength, 412nm ; e412 =13.60 [cm?/umole]
a5 5 -Dithiobis -(2-nitrobenzoic acid)

1-7. Succinate dehydrogenase (EC 1.3.99. 1)V

Pipette into cuvette (ml)

R. B. S

0.25 M Tris(pHS8.0) 12 02 12

20 mM Succinic acid, sodium salt 0.3

2.5 mM MTT= 03 03 03
Distilled water 145 1.15 0.85
Crude extract 0.05 0.05 0.05

40 mM Phenazine methosulfate® 0.3 0.3

Final volume 3.0 3.0 30

Wavelength, 578nm;

&578 =approx. 13.0 [cm?/umole]
a3-(4,5-dimethylthiazol.-2-y1)-2, 5-
diphenyl-2H-tetrazolium bromide

bReaction start by addition of the reagent.

Wavelength, 240nm ; es40=2.44 [cm?/umole]

1-9. Malate dehydrogenase(NAD) (EC 1.1.1.37)

(13,14)

Pipette into cuvette (ml)

R. B. S.
0.1 M triethanolamine(pH7.6) 2.8 2.8
5 mM Oxalacetic acid® 0.3
10 mM NADH? 0.05 0.05
Distilled water 0.33
Crude extract 0.01 0.01
Final volume 3.16 3.16

Wavelength, 340nm ; e340=6.22 [cm?/umole]
aSolution prepared should be used soon. -
b g-nicotinamide -adenine dinucleotide,
reduced form

Table 2. Composition of assay mixtures for
enzymes on the ammonium assimi-
lation pathway.

Common abbreviations used in all
tables are as follows : Imidazole,
imidazole-HCI buffer ; other

abbreviations are the same as table 1.
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2-1. Glutamate dehydrogenase(NAD, NADP)
(EC 1.4.1.2, 1.4.1.4)45 18

Pipette into cuvette (ml)

R. B. S

0.1 M Tris(pH8.0) 24 24 24

0.1 M 2-Ketoglutaric acid 0.4

3.2 M NH4Cl 02 02 02
10 mM NADH?(or NADPH?) 0.03 0.03

Distilled water 0.43 0.4

Crude extract 0.02 0.02 0.02
Final volume 3.05 3.05 3.05

Wavelength, 340nm ; &340 =6.22 [cm?/umole]
' ag-nicotinamide-adenine dinucleotide, reduced
form
bNicotinamide -adenine dinucleotide,
phate, reduced form

phos-

2-2. Glutamate synthase(NADP, NADP) (EC
1.4.1.13, 1.4.1.14)417.18,19

Pipette into cuvette (ml)

R. B. S.
0.1 M Tris(pH8.0) 251 257 .2.57
0.1 M 2-Ketoglutaric acid 0.15
0.17 M L-glutamine 02 02 02
10 mM NADH:?(or NADPHP) 0.03 0.03
Distilled water 0.18 0.15
Crude extract 0.05 0.05 0.05
Final volume 30 3.0 30

Wavelength, 340nm ; e340 =6.22 [cm?/umole]
ag-nicotinamide- adenine dinucleotide, reduced
bNicotinamide - adenine dinucleotide phos-

phate, reduced form

2-3. Glutamine synthetase (EC 6. 3. 1.2)¢0
(The enzyme is assayed with two-steps
reaction)

1) 1st reaction

Pipette into cuvette (ml)

R. B. S.
0.5 M Imidazole(pH7.2) 05 05
0.5 M L-glutamic acid 0.5
1 M MgSOs - TH20 0.1 0.1
1 M L-cysteine? 0.1 0.1
50 mM ATP® 05 0.5
1 M Hydroxylamine hydrochloridec 0.1 0.1
Distilled water 225 09 04
Crude extract 0.05 0.05
Final volume 2.25 '2.25 2.23

aL-cysteine monohydrochloride, momohydrate
bAdenosine-5’-triphosphate, disodium salt
<5 ml of a stock solution of 2 M hydroxyl-
amine hydrochloride is neutralized to pH
7.2 with 2N NaOH and the volume
adjusted to 10ml with distilled water.
Neutral solution should be prepared freshly
before use.

II) 2nd reaction
After 1st reaction for 20 min, 0.75 ml of
following FeCls solution is added into 1st
reaction mixture.
FeCls solution :

10% FeClz-6H20 in 0.2 N HCI  0.25ml
249 Trichloroacetic acid 0.25ml
50% (v/v) HC1 0.25ml

After mixing 1st reaction mixture and FeCl;
solution, it is refrigerated immediately and
subsequently is centrifuged at 2,500g for 5min.
Enzyme activity is determined with adsorbance
at 540 nm. L-glutamic acid y-monohydro-
xamate (0—2 gmole)is used for the calibration
curve. One unit of enzyme is defined as that
amount which produces 1.15 micromoles of L-

glutamic acid y-monohydroxamate®?.
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Table 3. Composition of assay mixtures for
enzymes on the anaplerotic reaction
pathway.

Common abbreviations are the same
as table 1 and 2.

3-1. Pyruvate carboxylase (EC 6.4.1.1)%.2D

Pipette into cuvette (ml)

R. B. S

0.25 M Imidazole(pH7.2) 1.2 12 12

0.3 M Pyruvic acid, sodium salt 0.2
0.3 M NaHCO3 0.16 0.16 0.16
0.1 M MgSO4-7H20 0.15 0.15 0.15
50 mM ATP? 0.06 0.06 0.06
2.2 1U /ml Citrate synthase 0.03 0.03 0.03

1 mM Acetyl coenzyme A 03 0.3

2 mM DTNB® 03 03 03
Distilled water 1.07 0.77 0.57
Crude extract 0.03 0.03 0.03

Final volume 30 30 3.0

Wavelength, 412nm ; e412 =13.60 [cm?/umole]

aAdenosine-5’-triphosphate, disodium salt
b5 5’-Dithiobis- (2-nitrobenzoic acid)

3-2. Phosphoenolpyruvate carboxylase(EC 4.1.

1.31)@2

Pipette into cuvette (ml)

R. B. S.

0.25 M Tris(pH7.4) 2 1.2 12
0.1 M PEP= 0.12
0.3 M NaHCO? 0.1 01 01
0.1 M MgSOq - 7TH20 01 01 01
2.2 TU/ml Citrate synthase 0.03 0.03 0.03
1 mM Acetyl coenzyme A 03 0.3
2 mM DTNB® 03 03 03
Distilled water 1.24 094 0.82
Crude extract 0.03 0.03 0.03
Final volume 3.0 3.0 30

b5 5’-Dithiobis- (2-nitrobenzoic acid)

3-3. Phosphoenolpyruvate carboxykinase(AT
P)2 (EC 4.1.1.49)3.24

Pipette into cuvette (ml)

R. B. S
0.25 M Tris(pH7.4) 1.2 12 12
0.1 M PEP® 0.12
0.3 M NaHCO? 01 01 0.1
0.1 M MgSOy4 - 7TH20 01 01 0.1
60 mM ADPe 02 02 02
2.2 IU/ml Citrate synthase 0.03 0.03 0.03
1 mM Acetyl coenzyme A 0.3 0.3
2 mM DTNB? 03 03 0.3
Distilled water 1.04 0.74 0.62
Crude extract 0.03 0.03 0.03
Final volume 30 3.0 30

Wavelength, 412nm ; 412 =13.60 [cm?/umole]
aTrue activity of this enzyme(PEPCK) is
calculated by following equation.

True value of PEPCK activity =
(PEPCK activity) —activity of
phosphoenolpyruvate carboxylase)

bPhosphoenolpyruvic acid, monopotassium
salt

¢Adenosine-5’-diphosphate, disodium salt
d5,5’-Dithiobis-(2-nitrobenzoic acid)

3-4. Malic enzyme (EC 1.1.1.40)2%

Pipette into cuvette (ml)

R. B S

0.4 M Triethanolamine(pH7.6) 1.2 1.2 1.2
60 mM L-malic acid 0.25

0.12 M MnCl; - 6H20 0.1 01 0.1
50 mM NADP? 0.06 0.06
Distilled water 212 2.06 1.82
Crude extract 0.03 0.03 0.03

Final volume 30 310 30

Wavelength, 412nm ; e412 =13.60 [cm?/umole]
aPhosphoenolpyruvic acid, monopotassium
salt

Wavelength, 340nm ; e340 =6.22 [cm2/umole]
2Nicotinamide -adenine dinucleotide phos-
phate, oxidized form
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Table 4. Composition of assay mixture for
enzyme on the fatty-acid biosyn-
thesis pathway.

Common abbreviations are the same
as table 1 and 2.

4-1. ATP citrate lyase (EC 4.1. 3. 8)2®

Pipette into cuvette (ml)

R. B &

0.5 M Triethanolamine(pH8.2) 1.7 1.7 1.7
0.2 M Citric acid, monohydrate 0.3 0.3 0.3

0.2 M MnCl; - 6H20 0.15 0.15 0.15
0.2 M 2-Mercaptoethanol 0.15 0.15 0.15
50 mM ATP 0.3 03
10 mM NADH? 0.05 0.05 0.05
20 IU/ml MDH*® 0.02 0.02 0.02
Distilled water 06 0.3
Crude extract 0.05 0.05 0.05
2 mM Coenzyme® 0.3

Final volume 3.02 3.02 3.02

Wavelength, 340nm ; &340 =6.22 [cm?/umole]
aAdenosine-5’ -triphosphate, disodium salt
b3-nicotinamide-adenine dinucleleotide, redu-

reduced form
cMalate dehydrogenase(NAD)
dReaction start by addition of the regent.
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