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CHAPTER II

MATERIALS AMD METHODS

As mentioned earlier fruits identified as Oitrus 
aeida* (limbu in Gujarati) or more precisely as Citrus 
medica, linn, Yar-acida were used in the inTestigation.

The fruit has been described as follows in the 
'Elora of British India’ (Hooker, 1875): ’Citrus medica, 
linn; Yar 3.acida; leaflet elliptioblong, petiole many 
times shorter than the leaflet, linear or o.bovate, recemes 
short, flowers small, petals usually 4, fruit usually 
small globose or ovoid, with a thick or thin rind, pulp 
pale, sharply acid. Brandis, i.c. 52.c.acida, Roxb. El. 
Ind. ili. 390 (who includes under this the varieties, if 
not species, of sour limes and lemons found in India).
The large fruited states of this appear to assume the 
form of the Citron, and the small to approach the W.
Indian lime, which is, however, described as a bush with
white flowers. - The Sour lime of India.

Collection of fruits for analysis

The fruits used in the investigation were obtained 
from the University gardens. They were collected in the

* The identification was done by the Botany Department, 
M.8. University of Baroda.
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same season and at tlie same period of the day from a single 
plot of trees of almost of same age. Fruits of different . 
sizes were collected and brought immediately to the 
laboratory under ice. Their diameter was measured equato- 
rially with the vernier callipers and were divided into 
two groups according to their diameter, namely 1.4 to 1.6 cm 
(stage prior to the accumulation of citric acid) and 4.0 cm 
diameter (stage of accumulation of citric acid). The 
outer green skin and the inner white skin were removed 
with a scalpel. The remaining fruit segments after removal 
of seeds were used for the experiments.

The number of fruits used in an experiment is shown 
in Table I. The same varied depending upon the size of 
the fruit and the estimations made.

Chemicals used:

The chemicals used were of research grade purity.
Tney were obtained from the sources indicated below:

Chemicals
Sources from 
which obtained

Sigma Chemical Co



34

Table i: Humber of fruits taken for each trial for
chemical analysis

___diameter of^ fruit_ (cm)
1.4-1>6 ' 4.0

Humber of fruits used for each 
estimation' ‘ ' ... .

Dry weight 
Totl s.gar ) 
free sugar )
Free glucose
Glucose-1-phosphate )
Glucose-6-phosphate )
Fructose-6-phosphate ;
Fructose-1.6-diphosphate ] 

lactic acid 
Oitric acid 
Amino nitrogen 
Free amino acids

40

5

40

250

30
10
1©
10

5

2

5

50

5
2
2
2
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Slue o s e- 6- plio s phat e d ehy dr o g en as e 
Aldolase
Glueose-1-phosphoric acid
fruetose-1,6-diphosphorie acid
Dl-glyc eraldehyde-3-phos phat e
Nicotinamide adenine dinucleotide

(reduced)
Nicotinamide adenine dinucleotide 
2-oxoglutaric acid 
oxaloacetic acid

))

1-glutamic acid 
L-alanine 
L-aspartic acid 
1-glutamine 
N inlay dr in
Napthoquinone sulfonic acid 

Magnesium sulfate 
Hydroxylamine hydrochloride 
ferric chloride

)

Gamma aminohutyric acid

Trichloroacetic acid )
1-asparagine ]

Iris (Hydroxymethyl) amino methane

Sigma Chemical Co.

British Drug 
House, ltd.

L. light and Co.

B. Merck

Nutritional 
Bio chemicals 
Corporation.
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Dowex 50-4X Gaibiochem

DE AE-ceUulo se Carl Seheichel
and Schuell

Sephadex-&~200 Pharmacia ltd.

Calcium phosphate gel (dry wt. 10 mg/ml) was prepared 

by the method described by Colowick (1955).

-Estimation of dry weight:

A known amount of fruit tissue was weighed after 

removal of the skin and the seeds. It was then dried in 
an oven at 60° till constant weights were obtained.

-Estimation of total and free sugar
/

A known amount of fresh tissue was ground for 15 

minutes with 10 volumes of glass distilled water in a 

mortar at l-2 and the homogenate obtained was suitably 

diluted and used for the estimation of total and free 

sugar by Hanes’ method (l954).

Estimation of free glucose;

lor the estimation of fx’ee glucose the fresh tissue 

was ground with four volumes of 75 per cent alcohol in a 

mortar at 1-2U for about 15 minutes. The pH was adjusted to 7
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with one normal potassium hydroxide and centrifuged at 
6400 x g at 0 for 15 minutes in a refrigerated centrifuge. 
The supernatant was evaported to dryness in a boiling 
water bath. The dried residue was taken up in 8 volumes 
of distilled water and again centrifuged at 6400 x g at 
0 for 30 minutes. From the supernatant an aliquot 
containing 10 mg of free sugar was taken and this was 
used for the quantitative separation of glucose by the 
column chromatography method described by Khym and Zill 
(1952). The glucose separated was estimated by the method 
described by Montgomery (1957).

A known amount of tissue was ground with an appropriate 
volume of 10 per cent TCA (equal volume for sugar phosphates, 
ten volumes for citric acid and lactic acid and two volumes 
for amino nitrogen) at 0° in a chilled mortar and this extract 
used for the estimations of sugar phosphates, citric acid, 
lactic acid and amino nitrogen.

Estimation of sugar phosphates:

The TCA extract was centrifuged at 6400 x g for 
15 minutes and the supernatant removed. The residue was 
reextracted with equal volume of 5 per cent trichloroacetic 
acid and centrifuged again. The supernatants were combined 
and made up to a definite volume. The trichloroacetic acid 
was removed by extracting the supernatant thrice with equal
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volume of chilled ether. The polysaccharides were precipitated 

by adding two volumes of absolute alcohol and then keeping 
the solution at 1-2° for 4 hours. The precipitated polysachari- 

des were removed by centrifugation at 2500 x g at 0 for 15 

minutes. To the supernatant was added 0.05 volume of 25 per 

cent barium acetate followed by the addition of 3 volumes of ' 

absolute alcohol. The pH of the solution was adjusted to 

8.2 with 18 per cent ammonium hydroxide and the same kept for 
about 12 hours at 1-2° for the complete precipitation of 

sugar phosphates. The supernatant was centrifuged off and 

discarded. The precipitate was dissolved in five volumes 
of w^ter. This was passed through Dowex-50-4 x (H+). The 

column was washed twice with 20 ml of water. The washings 

and the elute were collected and the pH adjusted to 8.2 with 

18 per cent ammonium hydroxide and used for the separation 

of sugar phosphates by the column chromatography method 

described by Khym and Cohn (1953). In the case of larger 

fruits math a greater acid content extracts were first 

treated with barium acetate to remove the acids and the 

polysaccharides were then precipitated by alcohol.

The sugar phosphates separated were estimated by the 

method of Montgomery (195?).
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-Patimation of Citric acid:

The i'CA extract was centrifuged and the clear 
supernatant obtained was used for the estimation of citric 
acid after suitable dilution. i*he method used was essentially 
that of latelson et al (1948) with the modification x,hat 
the samples were used directly for the estimation without 
heating In an oil bath and five ml of petroleum other 
(60-80° B.P.) were used for extraction in place of 2 ml 

of heptane.

iistimation of lactic acid;

The TOA extract; was centrifuged and the supernatant 
was suitably diluted and used for the estimation of laetic 
acid according to the method of Bax-ker and Summerson (1941).

hstimation of amino nitrogen:

The TCA extract was centrifuged at 2500 x g fox- 15 
minutes and tne re&idue was re-extraeted with 10 per cent 
TOA and centrifuged. The supernatants were combined and 
diluted 10 times with water and used for the estimation 
of amino nitrogen by the method of Frame et hi (1943).
The residue obtained was used for the estimation of 
protein nitrogen by the micro-kjeldhal method.



Estimation of free glutamic acid, aspartic acid, alanine, 
gamma-aminobutyric acid, asparagine and glutamine contents 
of tissue:

The tissue was ground with twice its volume of 75 per 
cent alcohol in a mortar for 15 minutes. The extract was 
centrifuged at 2500 x g for 15 minutes and the supernatant 
collected. The residue was re-extracted, centrifuged and the 
supernatants were combined. The supernatant was evaported 
to dryness under vacuum. The residue left after evaportion 
was taken up in 10 per cent isopropanol in water at pH 
5.5, centrifuged ant supernatant made up to a definite 
volume. This extract was used for the quantitative estima­
tion of free amino acids. 0.1 ml of this solution was 
spotted on a ¥ftiatman No.l filter paper and the separation 
and estimation carried out by two d.imensional paper chroma­
tography. The method used was the same as described by 
Hakkinen and Kulonen (1961) except that, for the estimation 
of amino acids other than GABA, the papers were run three 
times in the first solvent system. The solvent was allowed 
to run in the paper to the same distance during each run.. 
After every run the paper was air dried. It was possible 
to get 90 per cent recovery of the amino acids estimated 
by this method.
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Preparation of tissue slices for studies on respiration:

Freshly detached fruit were brought to the laboratory 
under ice. The outer green skin, and the inner white skin 
were removed. The edible portion was cut into two and the 
seeds were removed. The remaining fruit segments were cut 
into slices of about 0.5 mm thickness using a stainless 
steel blade. The slices were weighed and used.

Manometric experiments:
Manometric measurements were carried out at 37° using 

conventional Warburg appartus. Each Warburg flask contained 
in its main compartment 50 micromoles of substrate, 100 
micromoles of potassium phosphate buffer, pH 7.0, four 
tissue slices, each weighing 100-120 mg. and water to 
make up the volume to 3.0 ml. The Central well contained 0.1 ml 
of 61 KOH. A blank was run which contained all the components 
except the substrate. The gas phase was air. After adding 
the components the flasks were attached to the manometers 
and secured by rubber bands. The flasks were kept open to 
the atmosphere by opening the taps and were allowed to 
equilibrate in the bath for 15 minutes. At the end of this 
period, the taps were closed. Readings were taken every 30 
minutes for two hours, the manometers being shaken all the
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time. The endogenous respiration of tissue was expressed 

in terms of microlitres of oxygen utilized.

Estimation of ammonia

The tissue- 'was ground with two volumes of 7© per cent 

alcohol in a mortar for 15 minutes. The extract was centri­

fuged at 2500 x g for 15 minutes and the residue re-extracted 

wirh 70 per cent alcohol and centrifuged. The supernatants 

were combined and made up to a definite volume. Ammonia was 

estimated from this solution by the nesslerization,method 

described by Koch and McMeekin (1924).

Estimation of protein:

The protein content of the enzyme extract was 

estimated according to the method of Lowry et al (1951).

Preparation of enzyme extract for detecting glycolytic 

enzymes;

For the preparation of enzyme extracts the fruits 

were peeled and kept in a mortar for about 12 hours at 
-15°. All the operations described were carried out in a 

cold room maintained at 0~4°C unless otherwise specified.

The frozen tissue was homogenized with three volumes 

of 0.1 M tris (tris-hydroxymethyl aminomethane) buffer,
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pH 7.5, for about 10 to 15 minutes adjusting the pH to 7.0 

with ammonium hydroxide (0.5 per cent v/v) when necessary.

The extract was filtered through a double layer of cheese 
cloth and centrifuged at 6500 x g at 0° for fifteen minutes 

in a refrigerated centrifuge. The supernatant* obtained was 

used for the estimation of the activities of hexokinase, 

glyceraldehyde-3-P0^ dehydrogenase and lactate dehydrogenase.

The crude extract was used without centrifugation for 

the estimation of fructose-diphosphate aldolase, phospho- 

glueomutase and phosphohexose-isomerase.

A 33 per cent phosphate extract (0.02M P0_^ buffer, 

pH 7.0) was used without centrifugation for the estimation 

of phosphofructokinase.

Preparation of enzyme extract for determining enzymes 

involved in the breakdown of protein and utilization of 

glutamate:

A 25 per cent tissue extract was prepared by grinding 

the frozen fruit tissue for 10 minutes using 0.05M potassium 

phosphate buffer, pH 7.5 as grinding medium. The crude homo­

genate was filtered through cheese cloth. The filtrate obtained 

was treated with Triton X-100 (l mg/ml) for 30' and centrifuged 

at 10,000 x g for 20 minutes. The supernatant was used for
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activities of glutamate dehydrogenase, alanine aminotrans 
ferase, aspartate aminotransferase and glutamate decarbo­
xylase.

For the detection and partial purification of 
glutamine synthetase the enzyme extract was prepared using 
0.02M sodium bicarbonate buffer, pH 8.0 as grinding medium. 
The crude homogenate was centrifuged at 10,000 x g and 0° 
for 20 minutes. The supernatant was used for estimation of 
the activity of glutamine synthetase.

* For the estimation of the activities of asparagine 
synthetase and protease the extract was prepared as 
described above using 0.05M tris buffer, pH 7.5 as grinding 
medium. The crude homogenate was centrifuged at 10,000 x g 
and 0° for 20 minutes and the supernatant obtained was used 

for the enzyme assays.

The details of tne assay systems and procedures used 
for the estimation of enzyme activity are summarized in 
Table 2. Except in the case of hexokinase, glyceraldehyde- 
3-phosphate dehydrogenase, lactate dehydrogenase and 
glutamate dehydrogenase which involved spectrophotometric 
determinations the assay components were added to test 
tubes kept on ice.
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Except where otherwise specified Klett~summerson ' 
colorimeter was used for the colour estimation.

Specific activity of the enzyme is defined as enzyme 
units per milligram protein.

Partial purification of glutamate dehydrogenase;

All the operations to be described below were carried 
out at 0 to 4°.

40 ml of the crude extract (A) were brought to 30 per 
cent saturation with solid ammonium sulfate {21 g/100 ml) 
and allowed to stand at 0° for 10 minutes with gentle 

stirring. The precipitate was removed by centrifugation at 
2©00x g at O0 for 10 minutes and the supernatant brought to 

50 per cent saturation by adding a further 14g of ammonium 

sulfate per 100 ml of solution. The resulting precipitate 
was removed by centrifugation at 7000 x g at 0° for 15 

minutes and dissolved in 0.02M potassium phosphate buffer, 

pH 7.5 to a final volume of 15 ml. This solution was' 
dialysed for 3 hours against 2 litres of O.02M potassium 
phosphate buffer, pH 7.5 (fraction B).

fourteen ml of fraction B were added to the residue 
obtained after the centrifugation of 10 ml of calcium phosphate 
gel (10 mg/ml). The mixture was allowed to- stand at 0° for

, I*
1
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1® minutes with gentle stirring and the resulting solution 
centrifuged at 250® x g at 0U for 15 minuces and the 
supernatant collected, The x*esidue was eluted with 14 ml 
of 0.2M potassium phosphate "buffer, pH 7.5. i'he eluate was 
dialysed against 2 litres of 0.O2M potassium phosphate "buffer, 
pH 7.5 for 12 hours (Fraction c).

Fourteen ml of fraction C was further purified using 
EE Al-cellulose column which was activated as follows: 12 g 
of EEAE-cellulose were shaken gently with 200 ml of IN HOI 
for 5’, allowed to settle and the supernatant decanted.
This was repeated twice. She acid washed resin was then 
activated with successive amounts of IN NaOH by shaking 
with 500 mi of alkali each time for 5 minutes. A total 
volume of 2 litres of IN NaOH was used for the activation 
of 15 g of the resin. Finally the x-esin was washed free of 
excess of alkali with distilled water. To the activated 
EEAE-cellulose a sufficient quantity of O.02M potassium 
phosphate buffer, pH 7.5 was added so as to form a thin 
slurry. The slurry was added to a 50 ml burette of 0.8 cm 
diameter in which the bottom was plugged with glass-wool 
so as to form a column of 20 cm in length when settled.
The column was equilibrated with 50 ml of O.02M potassium 
phosphate buffer, pH 7.5. Twelve ml of fraction 0 were 
introduced in the column. The solution was allowed to 
pass through the column till 0.5 ml of the solution was
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left on the surface of resin bed. 100 ml portions of 

potassium phosphate buffer, pH 7.5 at concentrations of 0.025M, 

0.05M and 0.1M were then passed through the column successi­

vely. The rate of flow of the buffer was adjusted to 1 ml 

per minute. Reactions of 12 ml each were collected manualy.

The glutamate dehydrogenase activity of the fractions was 

estimated. The third fraction obtained with 0.1M potassium 

phosphate buffer was found to show enzyme activity (Fraction D).

For studying the balance of reaction of glutamate 

dehydrogenase the assay system was the same as given in 

Table 2, except that 1 ml of enzyme and 0.5 umole of 

NADHg were used instead of 0.2 ml of enzyme and 0.1 umole 

of NADH . Four tubes containing the assay system were 
incubated at 37°0 for 2 minutes . After incubation 2 ml of 

absolute alcohol and 2 ml of 10 per cent TCA were added to 

the first two tubes for the estimation respectively of 

glutamic acid and keto acid. The additions were made before 

incubation in the case of the blanks, keto acid content 

was estimated by the method of Friedemann (1957) and 

glutamic acid content by the paper chromatographic method 

described by Giri et al (1952).

Partial purification of alanine aminotransferase and 

aspartate aminotransferase

Fortyfive ml of the crude extract (A) were subjected



to ammonium sulfate fractionation and calcium gel adsorption 

in the same manner as in the case of glutamate dehydrogenase 

except, that 10 ml of 0.02M potassium phosphate buffer, pH 7.5 

was used for dissolving the ammonium sulphate fraction (fraction 

B) and '9 ml of fraction B was used for adsorption on calcium 

gel. The supernatant obtained after calcium gel adsorption 

(fraction C) was found to show alanine aminotransferase and 

aspartate aminotransferase activities and this was used for 

further purification using DEAE-cellulose column chromotography.

Eight ml of calcium phosphate gel supernatant (fraction C), 

were added to DEAE column. The elution was carried out in the 

same maimer as in the case of glutamate dehydrogenase. Bight 

ml fractions were collected manualy. The fourth and the fifth 

fraction were found to contain alanine aminotransferase and 

aspartate aminotransferase. They were combined and used for 

characteristic studies.

for studying the balance of reaction of alanine 

aminotransferase and aspartate aminotransferase the assay 

systems were the same as given in Table 2 except that 

in the case of alanine aminotransferase 0.4 ml of enzyme 

was used instead of 0.1 ml of enzyme. Four tubes containing 

the assay system for alanine aminotransferase were 
incubated at 37° for 30 minutes, for the estimations of



alanine and pyruvic acid respectively 2 ml of absolute 

alcohol and 2 ml of 10 per cent TCA were added after incubation. 

The additions were made before incubation in the case of the 

blanks. Pyruvic acid was estimated by the method of Iriede- 

mann (1957) and alanine by the paper chromatographic method 

described by Giri et al (1952).

In the case of aspartate aminotransferase the assay
otubes were incubated at 37 for 30 minutes. The enzyme 

was added after incubation in the case of the blank. Two 

ml of absolute alcohol were added after incubation.

Glutamic acid and aspartic acid were estimated by the 

paper chromotographic method' of Giri et al (1952).

Partial Purification of glutamate decarboxylase:

Thirty ml of the crude extract (A) were subjected to 

ammonium sulfate fractionation and calcium gel adsorption in the 

same manner as in the case of glutamate dehydrogenase, except, 

that 30 ml of 0.02M potassium phosphate buffer, pH 7.5, was 

used for dissolving the ammonium sulfate fraction (Fraction B) 

and twentyfive ml of fraction B was used for adsorption on 

calcium gel. After adsorption the calcium gel was eluted 

with 25 ml portions of potassium phosphate buffer, pH 7.5, 

at concentrations of 0.10M and 0.15M. The eluate obtained with



57

0.15M potassium phosphate buffer, pH 7.5 which was found to 
show the enzyme activity was dialysed against 2 litres of 
0.01M potassium phosphate buffer, pH 7.5 for 12 hours (Frac­
tion C) and used for further purification using sephadex 
G-200 column.

The sephadex column was set according to the 
procedure described by Andrews (1964). Sephadex G-200 was 
suspended in 0.01M potassium phosphate buffer, pH 7.5, for 
2 days and small particles floating at the top were removed 
by decantation. The gel was deaerated under reduced pressure 
and poured into a chromatography glass column (60 cm x 2.5 cm). 
The excess liquid was allowed to percolate through the disc 
at the bottom taking care not to allow the gel to get dried 
up. When the gel height was 20 cm a reservoir containing 
200 ml of 0.01M potassium phosphate buffer, pH 7.5 was set 
at the top of the glass column and the flow of the buffer 
maintained at 30 ml/hr. After washing the column with the 
above buffer, Fraction C was introduced into the column. The 
solution was allowed to pass through the column till'.,0.5 ml 
of the solution was left on the surface of the gel bed. Two 
hundred ml of 0.021 potassium phosphate buffer, pH 7.5 were 
then introduced into the column and allowed to pass through 
at a flow rate of 30 ml/hour. Fractions of 10 ml each were 
collected manualy. The glutamate decarboxylase activity of the
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fractions was estimated, fixe-third and fourth fraction^
which were found to show enzyme activity were combined

/

together and used. *s

Glutamine and asparagine synthetases:

The crude extracts prepared for these two enzymes were 
subjected to ammonium sulfate fractionation and calcium gel 

adsorption as described for alanine aminotransferase and 
aspartate aminotransferase except that 0.02M sodium bicar­
bonate, pH 8.0 was used for dissolving the precipitate 

obtained during ammonium sulfate fractionation in the case 
of glutamine synthetase and 0.05WI tris buffer, pH 7.5, in 

the case of asparagine synthetase. The calcium phosphate gel 
supernatant (containing 1.2 mg protein/ml) was used as enzyme 

source for studies on optimum conditions for enzyme activity.

Protease;

Fruits just detached from the plant were peeled and 
finely cut in a cold room maintained at 0-4°. They were then 
weighed and blended with 10 volumes of cold acetone (-10°) 

for one minute in a waring blendor. After filtration in a 

buchner funnel with suction, the residue obtained was spread 
over a large surface and allowed to dry at room temperature. 
It was stored in air tight tubes at 4° till use.
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A three per cent extract of the acetone powder was 
prepared by stirring the powder in 0.05M tris buffer, pH 7.5 
for 30 minutes at 0°. The suspension was centrifuged at 
10,000 x g for 20 minutes. The supernatant (containing 
0.8 mg protein/ml) was used for studies on optimum conditions 
for protease activity.


