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HESUITS JBD DISCUSSICffl

As stated earlier, these studies were concerned with 

the chemical and biochemical make up of the fruit tissues 

of Citrus acida with special reference to the intermediates 

and enzymes of the glycolytic cycle and glutamate metabolism.

Table 3 shows the composition of the fruit tissue 

with regard to total sugar, free sugar, glucose, sugar 

phosphates, lactic acid and citric acid. These results 

are graphically represented in Fig. 2. The increase in 

citric acid content in the mature fruit is associated 

with decreases in total sugar, free sugar, glucose, 

sugar phosphates and lactic acid. It is interesting to 

note that glueose-1-phosphate could not be detected in 

mature fruit.

Data on the specific activities, of the glycolytic 

enzymes as well as pyruvate dehydrogenase and citrate 

synthase in young and mature fruits are presented in 

Table 4 and Fig. 3. Although the activity'of hexokinase 

shows some increase in the mature fruit, the rate of
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Table 3: Comparative data on the chemical composition of young

and mature fruits of Citrus acida

(values expressed per 100 g dry weight)

I II 100*
diameter of fruit (cm young fruit .) (1.4-1.6) mature fruit (4.0)

Total sugar 
(pmoles)

1.4x10^
(1.25x105,1.5x105)

0.7xl05
(0.6xl06,0.8xl05)

50

Free sugar (pmoles)
0.8xl05

(0.7x105,0.9x105)
0.3xl05

(0.2x105,0.4x105)
40

Glucose (pmolse) 4610(4150,5070) 3200(3100,3300) 70

Glue o s e-1-pho s phat e 
(pmoles)' 120(115,125) 0 0

Glue o s e-6-pho sphat e (pmoles) 175(165,185) 44(40,48) 25

Fruc tose-6-phosphate (pmoles) 350(340,360) 38(35,41) 10

Fructose-1,6-diphosphate 49(pmoles) (42,56)
18(16,20) 35

lactic acid (pmoles) 2640(2600,2680) 1000(910,1090) 40

Citric acid 41.8x10 24x10^ 1300(pmoles) (1.6x10 }g.0xl0 ) (22xl04,26xlG4)

Yalues based on two trials with individual values shown in 
parentheses.

* Corrected to round figure.
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Table 4: Comparative data on the specific activities of the enzymes
of glycolytic cycle in the young and mature fruits of ’ 
Citrus acida

I II •3 X 100
.diameter of fruit (cm) young fruit (1.4-1.6) mature fruit (4.0)

Present studies
Hex©kinase 0.04(0.035,0.045) 0.08(0.07,0.09) 200

Pho sphoglue omutase 0.07(0.065,0.075) 0.00(0.00,0.00) 0

Pho sphohexos e 
isomerase

0.20(0.18,0.22) 0.10(0.09,0.11) 50

Pho s pho f r uc t o kinas e 0.03(0.025,0.035) 0.02(0.015,0.025) 70

Fructose diphos
phate aldolase

0.16(0.15,0.17) ... 0.07(0.06,0.08) 44

Glyeeraldehyde-3-
phosphate
dehydrogenase

0.12(0.10,0.14) 0.04(0.03,0.05) 33

Lactate dehydrogenase 0.07(0.06,0.08) 0.03(0.025,0.035) 43

Samakrishnan and Varma (1959)

Pyruvate
dehydrogenase

0.33 4.0 1200

Citrate synthase 0,007 0.04 570

Yalues based on two trials with individual values shown in 
parentheses.
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glycolysis is less in the mature fruit. On the other hand, 

previous studies in this laboratory (Hamakrishnan and 7arma, 

1959) showed enormous increases in pyruvate dehydrogenase 

and citrate synthase which are involved in the formation 

of citric acid and its precursor. This pattern is consistent 

with the data on chemical composition presented earlier.

Thus the operation of the glycolytic cycle is these 

fruits is consistent with expectation as earlier studies 

confirmed the operation in the same of the TCA cycle.

In a separate study in this department it is found 

that enzymes involved in the formation of ascorbic acid from 

glucose via glucose-l-phosphate and D-glucuronolactone are 

very active in young fruit tissues (Parefch at al,i 1969).

It is possible that glycolytic activity in young fruit 

tissues helps in generating more glucose-l-phosphate 

required for ascorbic acid formation.

As mentioned earlier one of the enzymes of the 

TCA cycle, aconitase, is absent in the mature fruit raising 

the question as to how respiration takes place in the same.
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Other reports suggest that amino acids formed from protein 
■breakdown can he utilized for respiration. In orde r to 
investigate whether this occurs in the present case estima
tions were made of protein, amino nitrogen and selected 
amino acids, namely, glutamic acid, aspartic acid, alanine 
glutamine, asparagine and gamma aminohutyric acid in the 
young and mature fruit.. Estimations were also made of the 
specific activities of the enzymes suspected to he involved 
in such breakdown and utilization, namely, protease, gluta
mate dehydrogenase, alanine aminotransferase, aspartate 
aminotransferase, glutamate decarboxylase,' glutamine 
synthetase and asparagine synthetase.

The data on amino acids and protein and amino 
nitrogen presented in Table 5 and fig 4 show the expected 
increase in the mature fruit in amino acids and amino 
nitrogen and decrease in protein nitrogen.

Since there is a breakdown of protein and increase 
in free amino nitrogen as well as asparagine and glutamine 
in the mature fruit tissues studies were made to find out 
whether the mature fruit tissues can utilize free amino 
acids for respiration. Preliminary studies carried out 
showed that only glutamic acid can be used for respiration 
by fruit tissue slices. Further studies were conducted to



Table 5: Comparative data on protein and amino nitrogen as well as
free amino acid contents of the young and mature fruits 
of Citrus acida

(Values expressed as mg per 100 g dry weight)

diameter of fruit (cm)
I II 11 ,r

young fruit (1.4-1.6) mature fruit (4.0)
I X

Protein nitrogen 1800 600 30(1750,1850) (580,620)

Amino nitrogen 150- 450 300(140,160) (440,460)

Glutamic acid 55 170 300(52,58) (165,175)

Aspartic acid 130 360 280(120,140) (352,368)

Alanine 162 435 270(158,166) (430,440)

Glutamine , 110 150 140(105,115) (142,158)

Aspargine 320 1260 400(310,330) (1200,1320)

GABA 60 125 200
(58,62) (120,130)

Values based on two trials with individual values shown in 
parentheses.

* Corrected to round figure.
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determine to what extent glutamate is utilized in the 

presence and absence of aspartate. The results of these 

studies are shown in Tables 6a and 6b. It can be seen that 

the uptake of glutamate and aspartate from medium is 

twice as much in the mature fruit as in the young fruit. 

Further, the addition of glLitamate has no effect on 

oxygen uptake In the young fruits whereas it increases 

tha same by 50 per cent in mature fruit. The further addi

tion of aspartate has no effect on oxygen uptake. Inciden

tally the endogenous respiration is greater in the young 

fruit suggesting a higher rate of respiration in these tissues. 

This is consistent with the greater activity in the young 

fruit of glycolytic enzymes and the complete operation 

of the TCA cycle. Addition of glutamic acid increases the 

formation of ammonia, but when aspartate is also added, 

this increase is reversed accompanied by an increase in 

asparagine content. This suggests that the increase in 

asparagine in the mature fruit is of metabolic significance. 

Such an increase is also found in the mature tissue slices 

when both glutamate and aspartate are added to the medium.

But no such increase Is found in the young tissue. Nor is 

there any increase in the concentration of glutamine.
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Data on the specific activities of the enzymes 
concerned with the breakdown of protein and the utilization 
of glutamate, are given in Sable ? and Pig. 5. All the 
enzymes are found to increase the maximum increase being 
found in the case of asparagine synthetase and aspartate 
aminotransferase and the minimum increase in the case of 
glutamine synthetase.

Thus, the results of these studies suggest that the 
mode of respiration of mature fruit is by the conversion 
of glutamate td 2-oxo-glutarate which gets further oxidized 
by the Krebs cycle. The formation of asparagine from aspartic 
acid and ammonia suggests itself the mechanism of ammonia 
detoxification in these tissues.

As mentioned earlier glycolytic enzymes were found to 
he active in both the young and mature fruit. The optimum 
conditions for the activities of these enzymes ware sought 
to be identified.

The extracts used for these studies and the assay 
conditions are already detailed in Chapter 2.

The effect of varying the enzyme and substrate 
concentrations, period of incubation and pH on the activities 
of different enzymes of glycolysis are shown in Tables 8-14.
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Protease 0.10
(0.09,0.11)

Glutamate dehydrogenase 0.11
(0.1,0.12)

Asparagine synthetase 0.50
(0.48,0.52)

\

Alanine aminotransferase 0.44
(0.39,0.49)

Aspartate aminotransferase ’ 0.24
(0.22,0.26)

Glutamate decarboxylase 0,26
(0.23,0.29)

Glutamine synthetase 0.3
(0.25,0.35)

fable 7: Comparative data on the specific activities of the enzymes
involved in protein breakdown and utilization of glutamate 
in the young and mature fruits of Citrus acida
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** Assay system was the same as given in Table 2 except for 
the variables mentioned.

+ A 33 per cent tris homogenate was prepared from edible 
portion of the fruit (1.4-1.6 cm diameter), centrifuged 
and the supernatant used as enzyme source.

** Protein content, 1.4 mg/ml.

Table 8: Effect of enzyme concentration, period of incubation, 
glucose concentration and pH on hexokinase, activity 
in the fruit tissues of Gitrus acida*+

Tariable HADPHg formed
(micromoles)
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©
10 '

20
30
40
5©

lieromoles of glucose-6-phosphate
0
1
2
345
6

0.00 
0.15 
0.33 
0.50 
0.66 0.88 
0.93

pH (phosphate buffer was used up to pH 7.0 and trls HC1 
buffer for pH 7.0-9.0 and glycine-NaOH buffer for pH 9-10)
Phosphate ) 6.0 0.65
buffer ) 7.0 0.80

fris-HCl ) 7.0 0.81
buffer ) 8.0 0.82) 9.0 0.88

Siycine- ) 9.0 0.86
HaOH ) 10.0 0.76
buffer' ' ) -— — — - -

* Assay system was the same as given in fable 2 except for the 
variables mentioned.

+ A 33 per cent tris homogenate prepared from edible j... portion of the fruit (1.4-1.6 em diameter) was used.
** Protein content, 1.5 mg/ml.

fable 9: Effect of enzyme concentration, period of incubation,
glucose-6-phosphate concentration and pH on phospho- 
hexose isomerase activity in the fruit tissues of 
Citrus acida* +

Yariable Fructose-6-phosphate...  ' " formed (micromoles)

0.00
0.18
0.42
0.65
0.88
0.92
0.95

Amount (ml) of enzyme preparation**
0.000
0.025
0.05©
0.075
0.10©0.125
0.150

Period of incubation (minutes) OOMB(OW
O(OU5,00S>H
......
O
 O
 O

 O
 O

 rH
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0
2
4
5
6 8

pH (tris. HC1 buffer was used for pH 7.0- 
HaOH buffer for pH 9.0-10.0).

Tris-HCl ) 
buffer j

&lyc ine 
HaOH 
buffer )

7.08.0
9.0

9.0
10.0

* Assay system was the same as that given in Table 2 except 
for the variables mentioned.

+ Crude 33 per cent phosphate homogenate prepared for edible 
portion of the fruit (1.4-1.6 cm diameter) was used.

** Erotein content, 1.6 mg/ml.

variable Fructose diphosphate 
^formed"(micromoles) '

Table 10: Effect of enzyme concentration, period of incubation, 
fructose-6-phosphate concentration and pH on phospho- 
fruetokinase activity in the fruit tissues of Gitrus 
aeida* +
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Satie lit Effect of enzyme concentration, period of incubation, 
fructose-1,6-diphosphate concentration and pH on 
fructose diphosphate-aldolase activity in the fruit 
tissues of Oitrus acida* **+

- - -
Variable

..............
Sriosephosphate formed 

(micromoles)

Amount (ml) of enzyme preparation**

0.000 0.0©
0.025 0.17
0.050 0.36
0.075 0.55
0.100 0.7©
0.125 0.78

Period of incubation (minutes)
0 0.00

10 0.25
20 0.48
30 0.70
4® 0.81
50 0.88

Micromoles of fructose-1,6-diphosphate
0.00 0.0©
0.50 0.15
1.00 0.32
1.50 0.51
2.00 0.70
2.50 0.78

* Assay system was the same as that given in Sable 2 except 
for the variables mentioned.

'+ A S3 per cent tris homogenate prepared from the edible 
portion of fruit (1.4-1.6 cm diameter), was used.

** Protein content, 1.5 mg/ml.
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* Assay system was the same as that given in Table 2 except 
for the variables mentioned.

+ A 33 per cent tris homogenate was prepared from edible 
portion of the fruit (1.4-1.6 cm diameter), centrifuged 
at 6500 x g and the supernatant used as enzyme source.

** Protein content, 1.4 mg/ml.

Table 12: Effect of enzyme concentration, period of incubation, 
glyceraldehyde-3-phosphate concentration and pH on 
glyceraldehyde-3-phosphate dehydrogenase activity in 
the fruit tissues* **+

Tariable NADHg formed
............ ' "" ‘'“(micromoles)
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* Assay system was the same as that given in Table 2 except 
for the variables mentioned.

+ A 33 per eent tris homogenate was prepared from edible 
portion of the fruit (1.4-1.6 cm diameter), centrifuged 
at 6§©0 x g and the supernatant used as enzyme source.

** Protein content, 1.4 mg/ml.

Table 13: Effect of enzyme concentration, period of incubation, 
pyruvate concentration and pH on lactate dehydrogenase 
activity in the fruit tissues of Citrus acida* **+

Tariable MABHg oxidized
......................... (micromoles)
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Table 14: Effect of enzyme concentration, period of incubation, 
glueose-1-phosphate concentration and pH on phospbo- 
glucomutase activity in the fruit tissues of Citrus 
acida*4-

Yariable Glucose-l-phosphate
disappeared

................. ............... ........... (micromoles)'
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The activity of each enzyme increased linearly with enzyme 
and substrate concentrations and period of incubation 
within a certain- range.

The pH optima found in the, present studies generally 
compare with those found for enzymes in other sources as 
can be seen from the comparisons made in Table 15. However, 
the pH optimum (9.0) for phosphofructokinase was found to 
be higher than the value of 8.0 reported for rabbit brain. 
That for lactate dehydrogenase was somewhat less than the 
value of 7.5 reported for other sources.

Data on the change in specific activities of the 
enzymes involved in the breakdown of protein and the 
utilization of glutamate in mature fruit tissues are given 
earlier. Further studies were made on the purification and 
characterization of these enzymes.

The yield of glutamate dehydrogenase and the degree 
of purification achieved in the different fractions'are 
shown in Table 16. The specific activity of glutamate 
dehydrogenase in the HEAE-eellulose eluate is seen to 
increase more than 60 fold over that of the crude extract, 
but this increase is accompanied by a loss of 66 per cent 
in total activity.
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The effect of varying the enzyme and substrate concen

trations, period of incubation and pH on the activity of 

glutamate dehydrogenase is shown in Table 17. Enzyme 

activity was found to be proportional to enzyme concentra

tion and period of incubation within a certain range. The 

pH optimum was found to be 8.0. The enzyme activity was 

found to be proportional to substrate concentration up to

3 micromoles. The Km for 2-oxoglutarate was found to be 
—31.3 x 10 M (Eig. 6). The concentrations of ammonium 

sulfate and HADHg required for optimum enzyme activity 

were found to be 300 micromoles and 0.1 micromole respec

tively (Tables 18 and 19) .

Studies were made of the effects of varying the 

concentrations of glutamate and HAD on the reverse reaction 

catalysed by glutamate dehydrogenase. In these studies the 

assay system used was the same as given in Table 2, except 

for the substitution of glutamate and HAD for 2-oxoglutarate 

and HADHg. The results are shown in Tables 20 and 21 respec

tively. The rate of reverse reaction was found to increase 

proportionately up to 40 micromoles of glutamate and'0.2 

micromole of HAD. The Km for glutamate was found to be

16 x 10“3M (Eig. 7).
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Table 17: Effect of enzyme concentration, periodoof incubation, 
pH and 2-oxoglutarate concentration on glutamate 
dehydrogenase activity in the fruit tissues of 
Citrus acida*

Variable HADHg oxidized
(micromoles)

Amount of enzyme (ml)

0.00 
0.05 
0.10 
0.15 
0.20 
0.30

Period of incubation (seconds)

0 0.000
30 0.015
60 0.030
90 0.045

120 0.060
150 0.068

0.000
0.016
0.030
0.050
0.065
0.090

* Assay system was the same as given in Table 2 except 
for the variables mentioned®
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Fig. 6: Lineweaver-Burk plot for glutamate dehydrogenase
with 2-oxoglutarate .
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S

Fig. 7: Lineweaver-Burk plot for glutamate dehydrogenase 
with glutamate.



fable 18: Effect of (!H4)gS04 concentration on glutamate 
dehydrogenase activity

(NH4)2S04 added 
(micromoles)

IM2 oxidized 
. (micromoles)

© 0.000
50. 0.012

10© 0.025
20© 0.050
300 0.060
500 0.060
600 . -.... ... _______ .0,065.

fable 19: .Effect of SOlDH^ concentration 
dehydrogenase activity

on glutamate

1ADH added IffABH- oxidized
(micromoles) ....... ' "(micromoles). .

0.000 0.000
0.025 0.016
0.050 0.030
0.100 0.060
0.150 . 0.065
0.200 0.0?©
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Sable 20: Effect of glutamate concentration on the reverse 

reaction catalysed by glutamate dehydrogenase*

Glutamate added - (micromoles)-
NABHg formed 
(micromoles)

0 0.000
10 0.020
20 0.035
30 0.05©
4© 0.065
60 0.085
80 0.090

* 0.2 umole of NAD was added to the assay system.

fable 21: Effect of HAD concentration on the reverse
reaction catalysed by glutamate dehydrogenase **

NAD added - (micromoles)- - -
NADHg formed 
(micromoles)......

0.00 0.000
0.05 0.015
0.1 0.030
0.2 0.062
0.3 0.085
0.4 0.100
0.6 o.iio

* —* - - ' ' ' “

** 40 nmoles of glutamate was added to the assay system.



Many metal ions namely, Zn, Ou, Pe, Hg and Ag as 

well as POMB were found to inhibit the enzyme whereas citrate 

has no effect even at concentration of 50 micromoles. The 

inhibitory effect of POM was found to be reversed by cysteine 

(Table 22).

The effect of period of storage on the enzyme activity 

of both crude extract and the purified enzyme was studied by 
storing them in test tubes at -10°. Different batches were 

removed at regular intervals and assayed for enzyme activity. 

The crude extract retained 50 per cent of the activity after 

7 days of storage whereas the purified enzyme lost all its 

activity during this period (Table 23).

The results of the balance studies carried out on 

glutamate dehydrogenase are represented in Table 24. It 

can be seen that 0.36 micromole of 2-oxoglutarate was 

utilized in 2 minutes resulting in the formation of 0.34 

micromole of glutamate.

It was not possible to separate alanine aminotransferase 

and aspartate aminotransfer'ase from one another. However, it 

was possible to get a fraction in which both enzymes were 

found to be highly active.

The data on the purification of these two enzymes is 

given in Table 25 which shows the yield of both the enzymes
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Sable 22: Effect of metal ions and POKB ©n glutamate

dehydrogenase activity

Addition Concentration
(micromoles)

ITADHg oxidized 
(micromoles)

Inhibition 
(per cent)

None - 0.060 0

Ag+ 0.05 0.000 100

Zn++ 0.02 0.030 50

TTHg 0.10 0.03© 50

Pe+++ 0.10 0.040 30

POMB 0.1® 0.025 60

PCMB+Cysteine 0.10 + 3.0 0.055 9

Citrate 50.0 0.060 0
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I able 23: Effect of period of storage* on glutamate

dehydrogenase activity

Percentage enzyme activity on different days 
0 day 3rd day 5th day 7th day

Crude extract 100 83 70 50

Purified enzyme 100 38 15 0

* Stored at -10°C

Table 24: Reaction "balance for glutamate dehydrogenase

2~oxoglut ar ate 
added 

(paoles)

2-oxo glut ar at e 
utilized 

(pmoles)

Glutamate formed
(jumoles)

3.0 0.36 0.34
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and the degree of purification achieved in the different 

fractions. It can be seen that alanine aminotransferase 

could be purified more than 60 fold and aspartate amino

transferase more than 50 fold. But this was achieved by a 

loss respectively of 59 per cent and 66 per cent in total 

activity.

The effects of varying the enzyme and substrate concen

trations, period of incubation and pH on the activities of 

alanine aminotransferase and aspartate aminotransferase are 

shown in Tables 26 and 27 respectively. In the case of both 

enzymes the activities were found to increase proportiona

tely with enzyme concentration and period of inctibation upto 

the optima shown. In the case of both enzymes optimum pH 

was found to he 7.5. The optimum substrate concentration 

for enzyme activity was determined in the case of both 

alanine and 2-oxoglutarate for the activity of alanine 

aminotransferase. It was found to be 50 micromoles in the 

former ease and 10 micromoles in the latter case. The Km
-gof the enzyme was found to he 5 x 10 M for alanine (Big.8). 

Similar studies on aspartate aminotransferase showed the 

optimum concentration of glutamate and oxaloacetate to be 

20 micromoles and 10 micromoles respectively. The Km of



pH (Citrate-NaOH buffer, pH 4.0 - 5.5, phosphate buffer, 
pH 6.0 - 7.0 and tris buffer, pH 7.5 - 9.0 were used)

Table 26: Effect of enzyme concentration, period of incubation, 
pH and alanine and 2-oxoglutarate concentrations on 
alanine aminotransferase activity in the fruit 
tissues of Citrus ac id a*
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Table 27: Effect of enzyme concentration, period of incubation 

pH and glutamate and oxaloacetate concentrations on 
aspartate aminotransferase activity in the fruit 
tissues of Citrus acida*

Variable As]Dartate formed 
'micromoles)

Amount of enzvme (ml)
0.00 0.00
0.10 0.85
0.20 1.75
0.30 2.70
0.40 • 3 «4:5
0.50 3.60

Period of .incubation (minutes)

0 0.0
15 1.7
30 3.6
45 4.5
60 5.5

pH (Citrate-HaOH buffer, pH 4.0-5.5, Phosphate buffer,
pH 6.0-7.0 and tris buffer, pH 7.5-9.0 were used)

4.0 0.40
5.0 0.70
5.5 1.20
6.0 1.70
7.0 3.10
7.5 3.40
8.0 2.80
9.0 2.10

Glutamate (micromoles)

0 0.0
5 0.9

10 1.9
20 3.5
40 4.2

Oxaloacetate (micromoles)
2.5 0.8
5.0 1.6
7.5 2.5

10.0 3.2
12.5 3.5
15.0 3.7

* Assay system was the same as given in Table 2 except for 
the variables mentioned.



FIG. 8: Lin ewe are r-Bixrk plot for Alanine aminotransferase
97

Fig. 9: Linewearer-Brrk plot for Aspartate aminotransferase

Km = 1.25 x 10-2.

0 0.05 0.35
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2the enzyme for glutamate was found to he 1.25 x 10. M (Pig.9). 

In the case of both enzymes the optimum temperature was found 
to he 37°C (fable 28).

Both the enzymes showed a considerable degree of 
stability at high temperature. They were found to be stable 
when heated at 60° for 2 minutes . Heating at a higher 
temperature of 70° was found to result only in about 50 per 

cent loss of activity (Table 29). Studies were made of the 

effect of dialysis on the fresh enzyme and heat treated 

enzyme the results of which are shown in Table 30. Ho 
activity was lost on dialysis for 12 hours against 0.02 M 
potassium phosphate buffer, pH 7.5 in the case of the fresh 
enzyme. But dialysis of the enzyme heated at 60° for 2 

minutes was found to result in about 50 per cent loss of 
activity. This loss was fully restored on addition of 

pyridoxal phosphate.

The effects of citrate, ascorbate and BOMB on the 
activities of alanine aminotransferase and aspartate 
aminotransferase were studied. Neither citrate nor ascorbate 
was found to affect the activity of these enzymes, but PCMB 

was found to inhibit the same. This effect was reversed by 
cysteine suggesting that these enzymes contain sulphydryl 

group (Table 31).
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liable 28: Effect of incubation temperature on alanine
aminotransferase and aspartate aminotransferase

Incubation
temperature

(°G)
. Enzyme activity

Alanine amino- - 
transferase (umoles of 
pyruvate formed)

Asparate amino- 
transxerase (umoles of 
aspartate formed)

2© 0.6 1.8

30 1.1 3.1

37 1.8 3.5

45 1.6 3.2

50 1.4 3.0

§5 1.1 2.7



Table 29: Effect of beat treatment on alanine amino
transferase and aspartate aminotransferase

Temperature Enzyme activity
(°c) Alanine amino

transferase (umoles of 
pyruvate formed)

Aspartate amino
transferase (umoles of 
aspartate formed)

Control (37°) 1.90 3.3

45 1.85 3.3

55 1.80 3.2

60 1.80 3.2

70 0.82 1.6

80 0.00 0.5

Enzyme was kept for 2 minutes at different temperatures, 
cooled and assayed.



Table 30: Effect of heat treatment and dialysis on alanine 
aminotransferase and aspartate aminotransferase

treatment InzOTte activity (per cent)
Alanine amino
transferase

Aspartate amino
transferase

Ho heat treatment, 100 • 10©
no dialysis

Only dialysis* 100 100

Only heat 100 100
treatment**

Heat treatment 50 53
and dialysis***

Addition of pyridoxal 100 100
phosphate after heat
treatment and .
dialysis****-

. . < -

* Dialysis' was done for 12 hrs against 3 litres of 
0.021 potassium phosphate buffer, pH 7.5.

** Kept at 60°C for <2 minutes, cooled and used.
*■*•* Kept at 60°G for 2 minutes, cooled and dialysed 

for 12 hrs against 3 litres of Q.02M potassium 
phosphate buffer, pH 7.5.

**** 0.01 micromole of pyridoxal phosphate was added.
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The effect of period of storage on the activities of 
the crude enzyme and the purified enzyme was studied in the 
case of alanine aminotransferase and aspartate amimotransferas 
by storing them in test tubes at -10°. The tubes were removed 
at regular intervals and the enzyme activity assayed. The 
crude extract was found to retain 75 per cent of the activity 
after 15 days of storage, whereas the purified enzyme lost 
about 70 per cent of the original activity during this 
period (Table 32).

Balance studies carried out on alanine aminotransferase 
and aspartate aminotransferase showed that alanine and 
glutamate are almost stoichiometrically converted to pyruvic 
acid and aspartic acid respectively.

The yield of glutamate decarboxylase and the degree 
of purification achieved in the different fractions are shown 
in Table 33. The specific activity of glutamate decarboxylase 
in the sephadex eluate is seen to increase 40 fold over that 
of the crude extract, but this increase is accompanied by a 
loss of 30 per cent in total activity.

The effect of varying enzyme concentration, period 
of incubation, pH and glutamate concentration on the activity 
of glutamate decarboxylase is shown in Table 34. The enzyme
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Table 34: Effect of enzyme concentration, period of incubation, 
pH and glutamate concentration on glutamate-decarbo
xylase activity in the fruit tissue of Citrus ac id a*

Variable GABA Formed 
(micromoles)

Amount of enzyme (ml)

0.00 0.0
0.10 1.2
0.20 2.5
0.30 3.6
0.40 4.1

Period of incubation (minutes)

15 1.8
30 3.5
45 4.1
60 4.5

pH (citrate-KOH buffer, pH 5, potassium phosphate buffer
pH 6 - 7.0 and tris bftffer, pH 7.5 - 8.0 were used)

5.0 2.1
6.0 3.5
6.5 2.9
7.0 2.0
7.5 1.1
8.0 0.0

Glutamate (micromoles)

0 0.0
5 1.8
7.5 2.7

10 3.4
20 4.1

................30..... ....................................... . - 4.5

* Assay system was the same as given in Table 2, except for 
the variables mentioned.
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activity was seen to be proportional to enzyme concentration 
and period of incubation within the ranges shown. The pH 
optimum was found to be 6.0 and the optimum concentration of 
glutamate to be 10 micromoles. Mg 10 shows the Em value of 
the enzyme to be 4 x 10 M. Table 35 sho?/s the optimum 
concentration of pyridoxal phosphate to be 0.015 micromoles.

A number of compounds namely, citrate, ascorbate and 
BOMB were tested for their effect on enzyme activity. Hone 
of them had any effect on the enzyme activity (Table 36).

The effect of period of storage on the activities of 
both the crude extract and the purified enzyme was studied 
by storing them in test tubes at -10°. The tubes were removed 

at regular intervals and the enzyme activity assayed. The 
crude extract was found to retain 45 per cent of the activity 
after 10 days of storage whereas the purified enzyme lost 
its complete activity during this period (Table 37).

Balance studied with the enzyme suggested that GABA 
is formed almost stoichiometrically from glutamate.

The activities of glutamine synthetase, asparagine 
synthetase and protease Increased linearly with enzyme 
concentration, period of incubation and substrate concen
tration within the ranges shorn (Tables 38-40).
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Fig. 10: Lineweaver~Burk plot for glutamate decarboxylase
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lable 35: Effect of pyridoxal phosphate concentration on
glutamate decarboxylase activity

Pyridoxal phosphate added SABA formed. (micromoles). . . _______ _ .(micromoles) .

0.000 0.50

0.005 ' 0.95

0.010 ’ 1.80

0.015 3.50

0.020 3.60

0.040 3.60



Table 36: Effect of citrate, ascorbate and PCMB on

glutamate decarboxylase activity

Addition Concentration 
(micromoles)

GABA formed 
(micromoles)

None 0.0 3.50

Citrate 50.0 3.40

Ascorbate 30.0 3.45

PCMB 0.20 3.40

Table 37: Effect of period of storage on glutamate

decarboxylase activity

Fraction Enzyme activity on different days (per c
0 2nd 4th 6th 8th 10th

day day day day day day

Crude extract 100 98 92 70 61 45

Purified enzyme 100 70 45 30 14 0



Table 38: Effect of enzyme concentration, period of incubation, 
pH and glutamate concentration on glutamine synthetase 
activity in the fruit tissues of Citrus aeida*

Variable

Amount of enzyme (ml)
0.000
0.050
0.100
0.150
0.200

Hydro xamate formed (micromoles)

0.00
0.29
0.56
0.88
0.92

Period of incubation (minutes)
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* Assay system was the same as given in Table 2, except for 
the variables mentioned.
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Aspartate (micromoles)

Period of inc ub at ion (m inut e s )

table 39: Effect of enzyme concentration, period of incubation 
pH and aspartate concentration on aspargine 
synthetase activity in the'fruit tissues of 
Citrus acida*

Variable Hydroxamate formed
(micromoles)

Amount of enzyme (ml)
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Assay system was the same as given in table 2 except for 
the variables mentioned.



Table 40: Effect of enzyme concentration, period of incubation, 
pH and casein concentration on protease activity- 
in the fruit tissues of Citrus aeida*

Variable Tyrosine liberated
(micromoles)

Amount of enzyme (ml)
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Assay- system was the same as given in Table 2 except for 
the variables mentioned.



fhe characteristics of the partially purified enzymes 
are compared with those of enzymes in other sources (fables 
41-44).

Glutamate dehydrogenase seems to resemble the enzymes 
obtained from Phaseplus mungo (Damodaran and hair, 1938) and 
com leaves (Bulen, 1956)* It resembles the one obtained 
from beef liver with regard to inhibition by heavy metals. 
(Olson and Anfinsen, 1953),

Alanine aminotransferase resembles that in other 
plant tissues with regard to optimum pH. Aspartate amino
transferase isolated from Citrus acida resembles that from 
hog and pig hearts in its optimum pH.

Glutamate decarboxylase isolated from Citrus acida 
resembles the one isolated from squash with regard to the 
optimum pH which is found to be higher than the optima 
observed in the ease of the enzyme isolated from microbial
sources.
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Table 42: Comparison of the characteristics of alanine
aminotransferase obtained from different sources

---------- g---------
Source pH

Citrus acida 7,5

Hat liver 8,0

Pig heart 7.5

lung bean 7,5

B_. subtiles 8,5

Whe at 7.5

Km

5.0xl0“2M

1.75x10~2M

2.5x10 2M

Reference

Present Study

Segal et al (1962)

Wilson et al (1954)

Curtis et al (1955)

Cruickshank and 
Isherwood (1958)



Table 43: Comparison of the characteristics of aspartate
aminotransferase obtained from different sources

Source pH Km Reference

Citrus acida 7.5 1.25x10~2M Present study

Cauli flower 7.0 3.6x10~2M Ellis and Davies (1961)

Pig heart 7.6 50x10~2M Meister at al (1964)

Rat liver 8.0 3.3x10"2M GoIdstone andAdams (1962)

E. coli 8.3 _ Rudman and meister (1953)

Hog heart 7.4 0.6x10“2M Hisonoff and Barnes (1952)

Wheat 8.0 2.5x1 0~ 2M Cruickshank and Isherwood (1958)
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l1 able 44: Comparison of the characteristics of glutamate
decarboxylase obtained from different sources

Source pH Km Reference

Citrus acida 6.0 4.0xl0_2M Present study

Squash 5.7 3.6x10~2M Hood (1954)

Barley 5.0 9.6x10~3M BeeVers (1951)

Yeast 4.5 ' 2.75x10~3I Krishnaswamy and Giri (1953)

E.coli 3.8 - Strausbuch and Fischer (1967).


