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PHYSIOLOGICAL AND BIOCHEMICAL STUDIES 
IN DATURA CALLUS CULTURES



PHYSIOLOGICAL AND BIOCHEMICAL STUDIES
IN DATURA CALLUS CULTURES

The results obtained in Experiment 5 (Chapter III) 

clearly showed that sucrose was more effective source 
of carbon and energy for the growth of Datura callus 
cultures than any other source tested. To elucidate 
the superiority of sucrose, experiments were designed 
to study the effect of different carbohydrates on 
total and free sugars as well as on the activity of 
invertase in Datura callus tissues. Similarly, experi
ments were conducted to examine the differences 
(if any) in the patterns of cellular nitrogen and 

glutamic oxaloacetic transaminase activity in Datura 
tissues grown on sucrose or glucose media.

Moreover, it was observed in the previous Chapter 
(Experiments 7 and 8) that the growth of Datura callus 

was limited by nitrate supply in the medium. Growth 
enhanced when the level of nitrate was increased and 

also when casein hydrolysate as well as molybdenum 
were added to the nitrate containing medium. To pursue 
this line of investigation further, experiments were 
planned to examine the changes in the patterns of



76
nitrate reductase and glutamic oxaloacetic transa
minase activities in Datura tissue cultures*

Finally, it was felt relevant to study the acid 
phosphatase activity also in Datura callus tissues. 
Experiments performed with above objectives are 
described in the present Chapter,
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EXPERIMENT 11 : Effect of different Carbohydrates

on Total, Free sugars and on Invertase 

activity of Datura Callus cultures

Earlier studies on carbohydrate nutrition 

(Experiment 5, Chapter III) revealed that out of the 

carbohydrates tested, sucrose was found to be the best 

energy source. In the present experiment detailed 

studies were carried out to examine the activity of 

enzyme invertase and the levels of total and free 

sugars present in the tissues grown on media containing 

different carbohydrates®

100+10 mg tissue pieces of Datura callus were 

inoculated separately in Erlenmeyer flasks containing 

25 ml of:

A Datura medium minus sugar
B ft n with 2$> sucrose (Table 4)
C II » n 2% glucose
D II I! « 2% fructose
E « M St ^ equimolar mixture of 

glucose-fructose
F it It II 2% Maltose
G it It It 2% soluble starch

Prior to the 'inoculation of this experiment the

callus tissues were grown on sugar free medium for a



period of two weeks to minimise carry-over effect.
The cultures were incubated in light at 26+2°C for 
21 days, A fixed number of replicates was harvested 
every third day after inoculation and about 1.5 grams 
of tissues were collected from each of the treatments 
for the enzyme assay. The procedure followed for 
estimation of invertase activity is described in 
Materials and Methods, 8B. About one gram of the 
tissue was collected from each treatment, and after 
drying in an oven at 60°C for 48 hours, the tissues 
were used for the estimation of total and free sugars 
by Nelson's (1955) method as described in Materials 
and Methods, 6A.

The results presented in Tables 22 and 23 showed 
that the total and free sugars increased throughout 
the growth period in all the treatments including 
the control. The increase in sugars per gram dry 
weight were maximum on 15th day in all the treatments 
and declined thereafter. The ratio between the total 
and free sugars also increased from 0 to 15th day 
and declined thereafter. The bound sugars (total 
sugars-free sugars) also followed the same pattern as 
that of total sugars. Of all the carbohydrates tested,



the tissues grown on sucrose medium contained high per 
cent-* of total and bound sugars and less of free sugars 
when compared with the tissues grown on other carbo
hydrates, The tissues grown on glucose, fructose, 
glucose fructose 1:1 mixture and maltose contained 
almost equal amounts of the total and free sugars. 
Soluble starch showed the lowest amount of total and 
free sugars during the course of culture.

The activity of enzyme invertase increased with 
the age of the tissue cultures grown on sucrose, 
glucose or fructose containing media upto day 15 
after which it declined. The invertase activity was 
appreciably higher in the tissues grown on media con
taining sucrose than in those grown on glucose or 
fructose. Though the peak of activity was attained on 
day 15, the rate of increase in enzyme activity was 
highest in all the three treatments between day 9 and 
day 12, The enzyme activity was recorded twice as much 
as in tissues grown on sucrose containing medium on 
day 15 than the corresponding values obtained in 
tissues incubated on glucose or fructose media.

The enzyme activity and growth by increase in dry 
weight of Datura anther callus grown on sucrose con
taining medium, is illustrated in Figure 16. The



invertase activity rose rapidly during the first two 
weeks of culture during which period increase in dry 
weight was not very high. Pronounced increase in dry 
weight was recorded during the third week when the 
invertase activity was declining.

Growth measured 'by increase in dry weight was 
maximum in tissues incubated on sucrose containing 
medium and was most poor in tissues grown in media 

which lacked sugar. Glucose, fructose, glucose-fructose 
mixture or maltose in media supported almost equal 
amount of growth of the callus tissues; while growth 
of tissues grown on soluble starch was relatively 
much less. Initially, the tissues contained more of 
free (reducing) sugars than bound (non-reducing) 
sugars and the same pattern was observed in the control 
as well as in tissues grown on all other carbohydrates 
except sucrose medium—where the amount of non-reducing 
sugars was higher than the reducing sugars all 
t^hpugh the course of culture for 21 days. This might 
probably be responsible for more growth on sucrose 
containing medium and perhaps explains more efficiency 
of sucrose as energy source over other carbohydrates 
tested.



Table 24 : Effect of different Carbohydrates on 
Invertase activity of Datura Callus 
cultures

Inoculum : 100+10 mg of tissue in 25 ml of Datura medium (without 
sucrose) supplemented with 
2% sucrose, 2% glucose or 
^ fructose.

Incubation : 21 days in light at 26+2°C.

Time(days)
Specific activity* of Enzyme 

carbohydrate source
Sucrose Glucose Fructose

0 3.6 3.6 3.6
3 6.0 4.2 4.0
6 ' 8.6 5.2 5.0
9 12.8 6,4 6.2

12 19.6 10.5 10.0
15 25.4 12.5 12.2
18 18.4 8.6 7.9
21 14.5 6.3 6.1

Enzyme Units : Amount of enzyme liberating
1 microgram of reducing sugar 
in 60 minutes at 37°C = 1 unit.

^Specific Activity : Number of enzyme units per mg
protein.



Fig. 16. Progress of Growth and Invertase activity 
in Datura Callus during the course of 
culture.
Experimental details as given in 
Tables 22 and 24.





EXPERIMENT 12 : Effect of Sucrose on Total, Free

sugars and Invertase activity of 
Datura Callus cultures

Experiment was next conducted to find out the 
changes in the total and free sugar content as well as 
changes in the invertase activity with changing sucrose 
concentration in the culture medium.

Tissue pieces of Datura weighing 100+10 mg each 
were transferred separately to Erlenmeyer flasks 
containing 25 ml of Datura medium without sucrose or 
supplemented with 1.0, 2.0 or 4.0 per cent sucrose. 
Pre-incubation of callus tissues was done for two 
weeks on sucrose free medium to minimise Carry-over.
The cultures were incubated in light at 26+2°C for 21 
days. Every third day after inoculation a fixed 
number of replicates was harvested and 1.5 grams of 
tissue collected from each treatment for the enzyme 
assay (Materials and Methods, 8B), About one gram of 
tissue collected from each treatment and dried in an 
oven for 48 hours at 60°C was used for the analysis 
of total and free sugars (Materials and Methods, 6A).

Data presented in Tables 25 and 26 indicated that 
the dry weight increased with the increase in sucrose
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Enzyme Units : Amount of enzyme liberating 1 micro
gram of reducing sugar in 60 minutes 
at 37°C = 1 unit.

^Specific Activity : Number of enzyme units per mg protein.

Table 27 : Effect of Sucrose in the Medium on Invertase 
activity in Datura Callus cultures

Inoculum : 100+10 mg of tissue in 25 ml of 
Datura medium either without 
sucrose or supplemented with 
1.0, 2.0 or 4.0 per cent sucrose.

Incubation : 21 days in light at 26+2°C.

Time Sucrose Specific activity* of
(days) (per cent) Enzyme
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concentration upto 2$j, while at 4% sucrose the dry. 
weight declined. But the total sugars and bound sugars 
increased with the increasing sucrose level. The ratio 
of bound sugars to the free sugars also increased with 
increasing concentration of sucrose in the medium.

The invertase actiyity presented in Table 27, 
increased with the age of the culture upto 15th day 
and declined thereafter in all the treatments. With 
the increasing level of sucrose from 0 to 4 per cent, 
the enzyme activity also erfhanced.

EXPERIMENT 13 : Changes in Nitrogen content associated
with Growth of Datura Callus cultures

Weighed pieces (100+10 mg) of callus tissues of 
Datura were inoculated in Erlenmeyer flasks containing 
25 ml of Datura medium (Table 4) minus casein hydro
lysate. The culture flasks were incubated in light at 
26+2°C, Fixed number of replicates were harvested 
every third day after inoculation upto 21st day for th 
measurement of growth and for the estimation of their
soluble and insoluble nitrogen contents. Nitrogen

)estimations were made as described in Materials and 
Methods, 6B.



It was clear from the Table 28 and Figure.17 that 
during the initial 12 days of culture there was a rapid 
rise in cell nitrogen content, especially insoluble 
nitrogen. The insoluble nitrogen content continued to 
increase at a higher rate upto 12th day followed by a 
sharp decline. The other growth parameters continued 
to increase after insoluble nitrogen became stationary. 
Soluble nitrogen increased sharply during first six 
days and after attaining the peak value on 12th day 
it declined gradually. It was also observed that the 
content of insoluble nitrogen rose steeply during the 
initial 12 days during which period dry weight and 
total cell number increased only slightly. Thus a 
pronounced rise in nitrogen per cell occured at a 
time well before the cells begin to devide rapidly 
and as the tissue embarked upon rapid cell division, 
the nitrogen content per unit dry weight as well as 
per cell declined.
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Fig. 17. Changes in Nitrogen content associated 
with Growth of Datura Callus cultures.
100 mg of tissues in 25 ml of Datura 
medium (minus casein hydrolysate).

Other experimental details as given 
in Table 28.



...
   

  I  
 I  

...
.I.

...
...

...
...

...
...

...
...

...
\

V
J1

 
.*

55
 

IO
 

03
o 

'g
 

<f
n

IN
SO

LU
BL

E N
IT

RO
EN

 mg
/g

 DR
Y W

EI
G

H
T ®

-

£ 
3

O
O

^
SO

LU
BL

E NI
TR

O
G

EN
 ^g

/g
 DR

Y W
EI

G
H

T X
-



91
EXPERIMENT 14 : Changes in the Nitrogen content of

the Callus tissues of Datura grown 

on Sucrose or Glucose media

Experiment was next conducted to find out the 

relative amounts of cellular nitrogen present in 

Datura callus when grown in either sucrose or glucose 

containing media.

100+10 mg of tissue pieces of Datura were 

inoculated in Erlenmeyer flasks containing 25 ml of 

Datura medium (Table 4) minus casein hydrolysate. The 

culture flasks were incubated in light at 26£2°C for 

21 days. A fixed number of replicates was harvested 

every third day after inoculation for the estimation 

of nitrogen contents (Materials and Methods, 6B)«

From the' data presented in Table 29 it was clear 

that the nitrogen content mg/g dry weight of the tissues 

increased with the aqe of the culture upto 12th day 

and declined thereafter in the tissues grown both on 

sucrose and glucose containing media. The callus 

tissues grown on sucrose medium contained more of 

nitrogen than those grown on glucose containing medium. 

It was evident that the total protein content of the



n
Table 29: Changes in Nitrogen content in the Callus 

cultures of Datura grown on Sucrose or 
Glucose containing media

Inoculum : 100+10 mg of tissue in 25 ml of Datura medium (minus casein - 
hydrolysate) containing either 
2% sucrose or 2?£ glucose.

Incubation : 21 days in light at 26+2°C.

Time(days)
Total nitrogen mg/g dry tft 
Sucrose medium Glucose medium

0 8.0 8.0
3 16.5 15.0
6 29.0 22.2
9 41.6 36.5
12 54.0 44.0
15 39.6 37.1
18 35,5 32.5

32.2 29.021
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callus tissues grown on sucrose medium was higher than 
that of glucose grown tissues.

EXPERIMENT 15: Effect of Sucrose and Glucose
Glutamic Oxaloacetic Transaminase in 
Datura Callus tissue during the course 
of culture

Earlier studies had shown that the growth attained 
by Datura anther callus on sucrose containing medium 
was higher-than that registered on the glucose contain
ing medium (Experiment 5, Chapter III). Further analysis 
of the tissues revealed that levels of proteins 
(Experiment 13, Chapter IV) and carbohydrates (Experi
ment 11, Chapter IV) we^ehigher in tissues incubated on 
sucrose containing medium as compared with the corres
ponding levels in tissues incubated on glucose containing 
medium. This seemed to suggest that in sucrose grown 
tissues thereV&s enhanced cellular synthesis. In view 
of the well recognised role of free amino acids in protein 
synthesis and the function of transamination systems 
in building up of the cellular pool of free amino 
acids the glutamic oxaloacetic transaminase (GOT) 
activity was measured in glucose grown and sucrose
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Table 30: Effect of Sucrose and Glucose on Glutamic 
Oxaloacetic Transaminase in Datura Callus 
tissues during the course of Culture

Inoculum : 100+10 mg of tissues in 25 ml of Datura medium (minus casein 
hydrolysate) containing either 
2% sucrose or 2^ glucose.

Incubation : 21 days in light at 26+2°C,

Time(days) Specific activity* of Enzyme
Sucrose medium Glucose medium

0 not detectable not detectable
3 9.57 5.8
6 14.8 9.2
9 20.9 12.6
12 28.6 16.8
15 25.4 14.0
18 15.2 9.2
21 10.0 6.5

Enzyme Units : Amount of enzyme produces 1 ju g of
glutamate in 1 hour at 37°C,

♦Specific Activity: Number of enzyme units per mg
protein •
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grown Datura callus tissues* The enzyme assay was done 
as described in Materials and Methods, 8C.

The data presented in Table 30 indicated that the 
activity of GOT increased with the age of the culture 
both in sucrose and glucose grown callus tissues from 
0 to 12th day and started to decline thereafter. The 
GOT activity in sucrose grown tissues was signifi
cantly higher than that in glucose grown tissues 
throughout the growth period. This would probably 
account for higher protein content in sucrose grown 
Datura callus tissue.

EXPERIMENT 16 : Changes in the Nitrate Reductase (NR)
and Glutamic Oxaloacetic Transaminase 
(GOT) activity in Datura Callus tissue 
during the course of culture

Experiments were conducted to find out the activity 
of enzyme nitrate reductase (NR) and 'glutamic oxalo
acetic transaminase (GOT) during the course of culture. 
100+10 mg of callus tissues growing on Datura medium 
without casein hydrolysate were transferred to Erlen- 
meyer flasks containing 25 ml of freshly made medium
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of the same composition (i.e as given in Table 4 minus 

casein hydrolysate). The flasks were incubated in light 

at a constant temperature'of 26+2°C. A fixed number of 

replicates was harvested every third day after inocula

tion upto 21st day. About 2 grams of tissue was 

collected from each of the treatments and used for 

nitrate reductase and glutamic oxaloacetic transaminase 

assays (Materials and Methods, 8C,D).

The results presented in Table 31 showed that 

though initially the activity of nitrate reductase was 

not detectable, it rose sharply during the first three 

days of culture. The peak value was attained on day 12 

before it declined gradually. The specific activity ; 

of NR plotted against time in Figure IB further 

confirmed that the enzyme was induced during the first 

three days; and that the rate of increase in activity 

slowed down considerably after day 6, though the peak 

value was recorded on day 12s

The activity of enzyme GOT simulated the same 

trend as that of NR during the course of culture period. 

The specific activity of the enzyme plotted as func

tion of culture age“in Figure 18 indicated that the
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Table 31: Changes in the Nitrate Reductase and Glutamic 
Oxaloacetic Transaminase activities in Datura 
Callus tissues during the course of Culture

Inoculum : 100+10 mg of tissue in 25 ml of Datura medium (minus casein 
hydrolysate).

Incubation : 21 days in light at 26+2°C.

Time(days) Specific activity* of Enzyme
Nitrate reductase Glutamic oxaloacetic 

transaminase
0 Not detectable Not detectable
3 8.2 9.5
6 14.5 14.8
9 17.8 20.9
12 22.6 28.6
15 16.4 25.4
18 12.5 15e2
21 8.0 10.0

GOT : Amount of enzyme produces 1 jj g 
-of glutamate in 1 hour at 37°C.

Enzyme Units
NR : Amount of enzyme which can reduce

1 m yu mole of substrate in 1 minute.
*Specific Activity : Number of enzyme unit per mg

protein.



Fig. 18. Changes in Nitrate Reductase (NR) and
Glutamic Oxaloacetic Transaminase (GOT) 
activities in Datura Callus tissues 
during the course of culture.
100 mg of tissue in 25,ml of Datura medium (minus casein hydrolysate).
Other experimental details as given 
in Table 31.





activity of enzyme was entirely induced during the 

first three days. It increased with the age of the 

culture upto 12th day and declined thereafter.
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EXPERIMENT 17 : Effect of Nitrate Level in the Medium

on Nitrate Reductase and Glutamic 

Oxaloacetic Transaminase activities 

in Datura Callus tissues

Measured amounts of tissues (100+10 mg) were

transferred to Erlenmeyer flasks containing 0, 1, 2

or 4 folds '.nitrate level present in Datura medium
L"n o cu-JLo-V-i on(minus casein hydrolysate). Prior to Ip. cub or, ion of

el- i'TZ U) inCuJlr-e-V®-cL
the^tissuej^for a period<|two weeks was dorre in Datura 

medium which lacked casein hydrolysate and nitrate 

to minimise the carry-over effect. The callus cultures 

were incubated in light at a constant temperature of 

26+2°C for 21 days. A fixed number of replicates was 

harvested every third day after inoculation. The 

tissues from each treatment were pooled separately 

for the enzyme assays as described in Materials and 

Methods, 8C,D.

The results presented in Table 32 showed that 

the nitrate reductase activity was not detectable in



tissues grown on media lacking nitrate and that the 
NR activity increased with the increase in the level 
of nitrate ion in the medium. Earlier it was found 
that higher levels (4 fold) of nitrate inhibited the 
growth (Experiment 8, Chapter III), It was observed 
in the present experiment, however, even at this 
higher level of nitrate in the medium, there was 
enhancement in activity of the enzyme nitrate 
reductase.

Data concerning GOT activity presented in 
Table 33 revealed that the activity increased with 
the increase in nitrate concentration upto double 
the level of nitrate. Further addition of nitrate 
caused, however, pronounced reduction in the enzyme 
activity. The pattern of GOT^activity thus showed a 
trend similar to the growth pattern of Datura tissue 
at various nitrate levels as observed in Experiment 8, 
Chapter III,
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Table 32: Effect of Nitrate level in the Medium on the 

' Nitrate Reductase activity in Datura Callus 

cultures

Inoculum : 100+10 mg of tissue in 25 ml of 
Datura medium (minus casein 
hydrolysate) containing either 
no nitrate or with 1, 2 or 4 fold 
nitrate level.

Incubation : 21 days in light at 26+2°C.

Time 
(days)

Specific activity* of Enzymes
Nitrate concentration ( x folds)

0 1 2 4

’ 0 Not Not Not . Not
detectable detectable detectable detectable

3 M 8.2 12.6 16.8

6 II 14.5 18.2 24.3

9 If 17.8 23.8 30.2

12 •I 22.6 28.4 36.5

15 •1 16.4 21,0 28.3

18 If 12.5 \18.2 20.2

21 It 8.0 12.4 16.4

Enzyme Units ; Anount of enzyme which can reduce 1 m ja
mole of substrate in one minute.

^Specific Activity: Number of enzyme units per mg protein
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"Table 33: Effect of Nitrate level in Medium on the

Glutamic Oxaloacetic Transaminase activity- 

in Datura Callus cultures

Inoculum : 100+10 mg of tissue in 25 ml of 
Datura medium (minus casein 
hydrolysate) containing either no 
nitrate or with 1, 2 or 4 fold 
nitrate level.

Incubation : 21 days in light at 26+2°C.

Time
(days)

Specific activity* of 
Nitrate concentration (

Enzyme 
x folds)

0 1 ' 2 4

0 Not Not Not Not
detectable detectable detectable detectable

3 '6,4
(

9.5 . 12.8 6.2

6 10.7 14.8 18.3 8.2

9 14.2 20.9 26.8 9.7

12 18.5 28.6 35.4 10.2

15 12.3 25.4 28.2 8.0

18 9.1 15.2 18.6 6.5

21 7.2 10.0 14.0 4.0

Bizyme Units : Amount of enzyme produces 1 ju g of
glutamate in 1 hour at 37°C,

♦Specific Activity : Number of enzyme units per mg
protein.



EXPERIMENT 18 : Effect of different Nitrates in the

Medium on Nitrate Reductase and 

Glutamic Oxaloacetic Transaminase 

activity in Datura Callus cultures

Tissues growing on Datura medium (Table 4) were 

transferred to flasks containing a medium lacking 

nitrate and .casein hydrolysate and allowed to grow 

for 2 weeks. The callus thus grown was used as the 

inoculum for this experiment. Weighed amounts 

(100+10 mg) of tissues were transferred to flasks 

containing NaNGg, KNOg, CajNGg) or NH^NO^ as the nitrogen 

sources, the level of NO3 ions being kept constant 

in each case, The cultures were incubated in light at 

26+2°C for 21 days. A fixed number of replicates was 

harvested every third day after inoculation from 

each treatment. About two grams of tissue was 

collected from each of the treatments for the enzyme 

assays (Materials and Methods, 8C,D).

Data presented in Table 34 showed that in all the 

treatments the activity of the enzyme NR, which was 

induced during the first 3 days increased upto 12th 

day and then declined. The values of the enzyme 

nitrate reductase in the tissues grown on media
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Table 34: Effect of different Nitrates in the Medium 

on Nitrate Reductase activity in Datura 
Callus cultures.

Inoculum : 100+10 mg of tissue in 25 ml of Datura medium (minus casein 
hydrolysate) containing either
(A) Sodium nitrate,
(B) Potassium nitrate,
(C) Calcium nitrate, or
(D) Ammonium nitrate
(at equimolar concentration).

Incubation : 21 days in light at 26+2°C.

Time (days)
Specific activity* of Enzyme
Different Nitrates in the media

A B C D
0 Not Not Not Not

detectable detectable detectable detectable
3 8.2 8.9 8.0 6.0
6 14.5 15,1 14.7 12.8
9 17.8 17.9 17.8 14.2

12 22.6 22.5 22.9 17.3
15 16.4 16.8 16.0 11.2
18 12.5 13.1 12.8 8.3
21 8.0 9.0 8.5 6.0

Enzyme Units : Amount of enzyme which can reduce
1 m/j mole of substrate in 1 minute

♦Specific Activity : Number of enzyme units per mg
protein.
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Table 35: Effect of Different Nitrates in the Medium on 
Glutamic Oxaloacetic Transaminase activity in 
Datura Callus cultures

Inoculum : 100+10 mg of tissues in 25 ml of Datura medium (minus casein 
hydrolysate) containing either
(A) Sodium nitrate,
(B) Potassium nitrate,’
(C) Calcium nitrate or
(D) Ammonium nitrate(at 

equimolar concentration).
Incubation : 21 days in light at 26+2°C.

Time (days)
Specific activity* 

Different Nitrates
of Enzyme 

in the Media
A B C D

0 Not Not Not Not
detectable detectable detectable detectable

3 9.5 8.9 9.0 12.6
6 14.8 13.2 14,6 17.2
9 20® 9 19.5 21.0 22.8
12 28.6 26.9 - 29.8 33,6
15 25.4 24.0 26.0 28.2
18 15.2 14.8 14,8 18.3
21 10.0 9.2 9.8 12.5

Enzyme Units : Amount of enzyme produces lju g of
glutamate in 1 hour at 37°C.

♦Specific Activity : Number of enzyme units per mg
protein.



containing NaNOg, KNOjor C^NOg^as nitrogen sources 
were more or less equal throughout the course of 
culture. However, the nitrate reductase activity was 
consistently less in the tissues grown on medium 
containing NH4NO3.

Progressive changes in the activity of GOT 
presented in Table 35 showed a different picture. The 
glutamic oxaloacetic transaminase values remained 
almost equal in the tissues grown on NaNOg, KNO3 or 
CaNOg containing media. On the other hand, the 
specific activity of the enzyme was significantly 
higher throughout the culture period in the medium 
containing ammonium nitrate as the nitrogen source.

EXPERIMB-.IT 19 : Effect of Casein hydrolysate on Nitrate
Reductase and Glutamic Oxaloacetic 
Transaminase activity in Datura Callus 
cultures

The callus tissues of Datura were transferred 
to Datura medium (Table 4) devoid of casein hydrolysate 
for two weeks before inoculation of this experiment. 
Weighed amounts (100+10 mg) of callus tissues were 
transferred aseptically to Erlenmeyer flasks containing
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25 ml of Datura medium (without casein hydrolysate} 

supplemented with 0, 150, 300, 600 or 1200 mg/l 

casein hydrolysate. The cultures were incubated in 

light at 26;f20C for 21 days. Every third day after 

inoculation, a fixed number of replicates was harvested 

from each treatment and tissues collected for the 

enzyme assays (Materials and Methods, 8C,D).

The progressive changes in the activities of 

nitrate reductase and glutamic oxaloacetic transa

minase in Datura callus grown on media containing 

various amounts of casein hydrolysate are presented in 

Table 36. Clearly, casein hydrolysate reduced the 

nitrate reductase activity and the repression increased 

with the increase in concentration of casein hydroly

sate in the medium. Presence of casein hydrolysate 

adversely affected the induction of NR during the 

initial 3 days in culture. On day 12, the peak value 

of the enzyme attained in tissues grown on media 

incorporating 1200 mg/l casein hydrolysate, was less 

than half of that registered in tissues incubated in 

absence of casein hydrolysate. Growth of Datura 

cultures was earlier noticed, however, enhanced with 

increasing concentration of casein hydrolysate in the 

medium (Experiment 9B, Chapter III).
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Fig. 19. Effect of Casein hydrolysate on the 
Specific activities of Nitrate Reductase (NR) Glutamic Oxaloacetic 
Transaminase (GOT) in Datura Callus 
cultures (as observed on 12th day of 
culture).
100 mg of tissue in 25 ml of Datura medium (either lacking casein hydroly
sate or supplemented with 150,300,600 or 1200 mg/l casein hydrolysate)
Other experimental details as given in 
Tables 36 and 37.
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The specific activity of glutamic oxaloacetic 

transaminase, on the other hand, was observed (Table 37) 

to enhance with increasing casein hydrolysate concen

tration and its pattern simulated the growth attained 

at various casein hydrolysate concentrations 

(Experiment 9B, Chapter III). The trends of specific 

activities of NR and GOT as recorded on 12th day of 

culture, are illustrated in Figure 19.

EXPERIMENT 20 : Effect of Molybdenum on Nitrate

Reductase activity in Datura Callus 

cultures

Measured amounts of tissues (100+10 mg) were 

transferred to flasks containing Datura medium 

(devoid of casein hydrolysate) supplemented with 

0, 0.0G1, 0.01, 0.1 or 1.0 mg/1 molybdenum. Prior to 

i-noculation of this experiment, the callus tissues 

were .grown on casein hydrolysate free medium for a 

period of two weeks to minimise any carry-over effect.

The flasks were incubated in light at 26+2°C and a 

fixed number of replicates was harvested every third 

day and the callus tissues collected separately from



Ta
bl
e 
38

j E
ff
ec
t 
of
 M
ol
yb
de
nu
m 
on
 N
it
ra
te
 r

ed
uc
ta
se
 a

ct
iv
it
y 

in
 D
at
ur
a 

ca
ll
u 

cu
lt
ur
es

1.
0

No
t

de
te
ct
ab
le

4.
2

9.
0

11
.8

15
.4

10
.2 CM

♦vO
00
•

CD"s;>•*NcP4

- 
Mo
ly
bd
'e
nu
m 
co
nc
en
tr
at
io
n 

mg
/l

0.
1

No
t

de
te
ct
ab
le 0*9

11
.2

14
,0

18
.2

13
.1 *CO 5.
6

4->O
*
>•

•H>
•H4-*
oCO

HO
.o No

t
de
te
ct
ab
le

O'
«

00
•CO■H 16

.2 CO
.oCM 15

.0
10
.2 7.
0

o•H4-i•HoCDaC/3

0.
00
1 -4-5d

de
te
ct
ab
le

10
.2 00

•vO 19
.2

24
.5

18
.9 00

• 10
.5

0.
0

No
t

de
te
ct
ab
le

CM
00 14
.5 00

*h- •—i
vO
•CMCM 16

.4
12
.5 8.
0

Ti
me

(d
ay
s) O CO vO Ov CM•H 15 18 21

In
cu
ba
ti
on
 ; 

21
 d

ay
s 

in
 l

ig
ht
 a
t 
26
+2
°C
.

10
0+
10
 m
g 
of
 t

is
su
e 
in
 2

5 
ml
 o

f 
Da
tu
ra
 m
ed
iu
m 

(m
in
us
 c

as
ei
n 

hy
dr
ol
ys
at
e)
 s

up
pl
em
en
te
d 
wi
th
 

0,
 0

.0
01
, 

0.
01
, 

0.
1 

or
 1
.0
 m
g/
l 

mo
ly
bd
en
um
.

In
oc
ul
um

En
zy
me
 U
ni
ts
 

: A
mo
un
t 

of
 e

nz
ym
e 
wh
ic
h 

ca
n 
re
du
ce
 1
 m
/u
 m

ol
e 

of
su
bs
tr
at
e 

in
 1
 m
in
ut
e,

■̂
Sp
ec
if
ic
 A
ct
iv
it
y 

: N
um
be
r 

of
 e

nz
ym
e 
un
it
s 

pe
r 
mg
 p

ro
te
in
.



each of the treatments were used for the enzyme assay 
(Materials and Methods, 8D).

The results presented in Table 38 showed that the 
specific activity of the enzyme was markedly affected 
by the presence or absence of molybdenum in the medium. 
The inductionc^Sf enzyme as well its activity was 
relatively higher .in tissues grown on media containing 
0.001 mg/1 molybdenum—the same concentration which 
supported highest growth of the callus (Experiment 10, 
Chapter III). The specific activity was_suppressed 
with further increase in concentration of molybdenum, 
the medium containing 1,0 mg/1 molybdenum registering 
the least .activity, The .same, concentration had 
earlier been found. (Experiment 10, Chapter III) to 
be toxic for supporting the growth of Datura tissue.

EXPERIMENT 21 : Studies on Acid (ff-Glycero) Phosphatase
in Datura Callus cultures

Having investigated in the previous experiments 
the changes in the nitrogen contents and nitrate 
reductase activity associated with growth of Datura 
callus, It was felt worthwhile to examine whether the



increase in protein content noted due to either
a general increase in the level of all proteins or 
due to increase in the levels of only certain protein 
Changes in the pattern of enzyme Acid phosphatase are 
therefore, followed in the following experiments. The 
effect of 2,4-D and kinetin^- singly and in combina
tion on the growth of Datura callus has already been 
studied (Experiments2 and 6, Chapter III),

A, Effect of Auxin on Acid Phosphatase activity :

To study the effect of auxin (2,4-D) on acid 
phosphatase activity, tissue pieces of Datura callus 
weighing 100+10 mg each were inoculated separately in 
Erlenmeyer flasks containing 25 ml of Datura medium 
supplemented with either 0, 0,2, 2.0 or 20.0 mg/l 
2,4-D, Prior to the inoculation of the experiment, 
the callus tissues were grown on auxin free medium 
for a period of two weeks to minimise carry-over 
effect. The flasks were incubated in light at a 
constant temperature of 26+2°C. A fixed number of 
replicates was harvested on every fifth day after 
inoculation and about two grams of tissues were 
collected from each treatment for enzyme extraction 
and assay. The methods employed for enzyme assay are
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Table 39: Effect of 2,4-D on Acid Phosphatase in Datura 

Callus cultures

Inoculum : 100+10 mg of tissue in 25 ml of 
Datura medium (minus 2,4-D) 
supplemented with 0,0, 0,2, 2.0 
or 20.0 mg/1 2,4-D,

Incubation : 25 days in light at 26+2°C.

Time 2,4-D 1 Specific activity*
(days) (nig/1) of Enzyme

0 0,0 41

0.0 49
R 0.2 67
O 2.0 75

20.0 35
0.0 . 69

10 0.2 83
2.0 107

' 20.0 72

0.0 77
15 0.2 105

2.0 135
20.0 75

0.0 . 86
20 0.2 121 .

2.0 137
20.0 91

0.0 47
25 0.2 82

2.0 100
20.0 45

Enzyme Units : Amount of enzyme liberating
1 *i g of inorganic phosphate 
from substrate in 90 minutes 
at 37 °C.

♦Specific Activity : Number of enzyme unit per mg
protein.



Fig. 20. Effect of 2,4-D on Acid phosphatase 
in Datura Callus cultures.
100 mg of tissue in 25 ml of Datura medium (minus 2,4-D) supplemented 
with 0, 0.2, 2.0 or 20.0 mg/1 2,4-D.
Other experimental details as given 
in Table 39.





described in Materials and Methods, 8A

The results obtained are presented in Table 39 
and Figure 20« Clearly, the specific activity of the 
enzyme acid phosphatase rose during the course of 
culture in all the treatments including the control; 
the peak values being achieved on 20th day of 
inoculation after which the activity declined. The 
enzyme 'activity was consistantly and appreciably 
higher in medium containing 2.0 mg/1 2,4-D—the auxin 
concentration which had been earlier found optimal 
for growth of the tissues (Experiment 2, Chapter III). 
Acid phosphatase activity in presence of higher level 
of 2,4-D was nearly as low-as that in the total 
absence of it.

B. Effect of Kinetin on Acid phosphatase in Datura
Callus cultures:

Experiment was next conducted to study the effect 
of kinetin 'on acid phosphatase activity. Tissues 
growing on Datura medium were transferred orfjt° medium 
devoid of auxin and incubated for two weeks. 100+10 mg 
of tissues from above were then inoculated separately 
in the flasks containing 25 ml of Datura medium



lacking auxin but supplemented with 0.0, 0.05, 0.5 
or 5.0 mg/l kinetin. The flasks were incubated in 
light at 26+2°C« A fixed number of replicates was 
harvested on every fifth day after inoculation.
About two grams of tissues were collected from each 
of the treatments for enzyme assay {‘Materials arid 
Methods, 8A).

The results presented in Table 40 and Figure 21 
showed that there was a considerable increase in the 
specific activity of the enzyme acid phosphatase 
during the course of culture in all the treatments 
including the control. The maximum activity was 
recorded on 20th day after inoculation of the 
experiment and this was followed by general decline 
in all the treatments. The highest activity of the 
enzyme was achieved at 0.5 mg/l kinetin concentration 
which also supported the maximum growth of the 
tissue in culture (Experiment 6, Chapter III). High 
kinetin (5.0 mg/l) level in the medium repressed 
the enhancement in enzyme activity though the 
activity was never as low here as in complete absence 
of kinetin.
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Table 40: Effect of Kinetin on Acid Phosphatase in Datura 

Callus cultures

Inoculum : 100+10 mg of tissue in 25 ml of 
Datura medium (minus 2,4-D) 
supplemented with 0.0, 0.05, 0.5 

, or 5.0 mg/1 kinetin.

Incubation : 25 days in light at 26+2°C.

Time Kinetin Specific activity*
(days) (mg/1) of Enzyme

0 0.00 40
0.00 50.

■ 0.05 72
D 0.50 85

5.00 56
- 0.00 69

10 0.05 91
0.50 117
5.00 77

-

0.00 78
15 0.05 112

0.50 149
5.00 86

0.00 88
20 0.05 ' 131

0.50 187
5.00 93

0.00 49
%s 0.05 83

0.50 124
5.00 64

V

Enzyme Units : Amount of enzyme liberating
1 aj g of inorganic phosphate 
from substrate in 90 minutes 
at 37°C.

•^Specific Activity : Number of enzyme units per mg
protein.



Fig. 21. Effect of Kinetin on Acid phosphatase 
in Datura Callus cultures.
100 mg of tissue in 25 ml of Datura 
medium j/2,4-D) supplemented with 
0, 0.05, 0.5 or 5.0 mg/1 kinetin.
Other experimental details as given 
in Table 40,



5 10 15 20
TIME (DATS)
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C. Effect of Kinetin in presence of Auxin on Acid 

phosphatase Activity in Datura Callus cultures:

To study the combined effect of auxin and kinetin 

on acid phosphatase activity, 100+10 mg of tissue 

pieces were transferred separately to flasks containing 

25 ml of Datura medium (Table 4) supplemented with 0.0, 

0.05, 0.5 or 5.0 mg/1 kinetin. The cultures were 

incubated in light at a constant temperature of 26+2°C.

A fixed number of replicates was harvested on every 

5th day after inoculation. About two grams of tissues 

were collected from each of the treatments at every 

harvest for the enzyme assay (Materials and Methods, 8A).

The results presented in Table 41 revealed
<K$

that^in previous experiments the activity of the 

enzyme increased with the age of the culture upto 20th 

day. With optimal level of auxin (2.0 mg/l 2,4-D) 

in the medium the enzyme achieved maximum activity 

on 20th day in presence of 0.5 mg kinetin. It was 

the same concentration of kinetin which was earlier 

observed to support highest growth (Experiment 6,

Chapter III) as well as enzyme activity (Experiment 21B, 

Chapter IV). At this combination of 2,4-D (2.0 mg/l) 

and kinetin (Q.F mg/l) the specific activity



4S
of the enzyme was considerably more compared to theAactivity recorded on medium containing either 2,4-D 
or kinetin alone. It was further observed that in 
presence of 2,4-D (2.0 mg/l) the difference In the 
activity of acid phosphatase in tissues grown on 
0.05 and 0.5 mg/l kinetin media was much reduced 
when compared with the values at the same kinetin 
concentrations in absence of 2,4-D noted in earlier 
part (Experiment 21B) of this experiment.
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Table 41: Effect of Auxin and Kinetin on Acid Phosphatase 

in Datura Callus cultures

Inoculum : 100+10 mg of tissue in 25 ml of 
Datura medium supplemented with 
0.0, 0,05, 0.5 or 5,0 mg/l 
kinetin.

Incubation : 25 days in light at 26+2°C.

Time Kinetin Specific activity*
(days), (mg/l) of Enzyme

0 0.00 41

' 0.00 79
K. 0.05 84
o 0.50 92

5.00 76
0.00 115

10 0.05 124
0.50 . 128
5.00 113

0.00 138
15 0.05 161

0.50 165
6,00 140

0.00 179
20 0.05 189

0.50 197
5.00 147

0.00 101
25 0.05 117

0.50 128
5.00 100

Enzyme Units , : Amount of enzyme liberating
1 /u g of inorganic phosphate 
from substrate in 90 minutes 
at 37°G.

^Specific Activity : Number of enzyme units per mg
protein.



Fig. 22. Changes in the Nitrate Reductase (NR) 
and Acid Phosphatase activities in 
Datura Callus during the course <4£ 
culture.
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DISCUSSION

Callus tissues grown on sucrose media contained 

higher amounts of total and bound sugars than free 

sugars; while the tissues grown on other carbohydrates 

including equimolar mixture of glucose and fructose 

had more of free sugars than bound ones. The activity , 

of invertase was also higher in tissues grown on 

sucrose medium than those cultured on-glucose or 

fructose media; the peak value as recorded on day 15 

being twice as high in case of sucrose medium 

(Experiment ll). Furthermore, the ratio of bound 

sugars to free sugars as well as the invertase activity 

was found to enhance with increasing level of sucrose 

in the medium (Experiment 12).

Growth as measured by increase in dry weight of 

the tissues cultured on different carbon sources was 

highest on sucrose containing medium and the lowest 

in tissues on medium containing soluble-starch. The 

growth onj latter, however, was appreciably more than 

that in complete absence of carbon source (Experiment 

11). Growth of the tissue enhanced with increase in 

sucrose concentration upto 2 per cent; but the dry
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weight per cell continued to enhance with increasing 

sucrose concentration upto 4 per cent (Experiment 12). 

These findings seemed to suggest that the greater 

amount of bound sugar than free sugar in tissues 

accounts for superiority of sucrose over other carbo

hydrates tested. The corelation between growth and 

invertase activity is discussed at length in General 

Discussion (Chapter V).

When the changes in the nitrogen content in 

callus cultures were examined, there was noticed 

sharp rise in cellular nitrogen per unit dry weight 

as well as per cell basis during the initial period 

of culture, when there were no comparable increases 

in dry weight or total cell number. When the nitrogen 

fractions declined after attaining the peak values on 

day 12, the growth enhanced rapidly■(Experiment 13).

Examination of nitrogen contents in Datura 

callus tissues grown on sucrose or glucose containing 

media showed that total nitrogen content was signifi

cantly higher in sucrose grown tissues than the 

glucose grown ones (Experiment 14). The glutamic 

oxaloacetic transaminase activity 'aslo revealed 

similar picture (Experiment 15).
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The examination of nitrogen requirement in callus 

cultures was pursued further by studying the changes 

in nitrate reductase and glutamic oxaloacetic transa

minase activities and the effects of nitrogen level 

and different sources of nitrogen on the patterns of ' 

their activities during the course of culture. Both l 

the enzymes were induced in first 3 days of culture ' 

and developed peak activities on day 12 before 

declining (Experiment 16), With the increase in level 

of nitrate in the medium, the nitrate reductase 

activity enhanced. The glutamic oxaloacetic transa

minase activity, however, enhanced upto double the 

level of nitrate in the medium; while in tissues 

grown on medium containing 4 fold nitrate supply the 

enzyme activity was even less than that registered in 

the medium which lacked nitrate (Experiment 17). Thus 

the glutamic oxaloacetic transaminase pattern simulated 

growth attained on different nitrate levels 

(Experiment 8),

The nitrate reductase activity in tissues cultured 

on media containing either sodium nitrate, potassium 

nitrate or calcium nitrate as nitrogen sources was 

nearly equal. In presence of ammonium nitrate as the
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nitrogen source the activity was, however, consistently 

low. The progress of glutamic oxaloacetic transaminase, 

activity showed a different pattern. While it remained 

more or less equal in tissues grown on sodium nitrate,’ 

potassium nitrate or calcium nitrate containing media, 

it registered appreciable enhancement in ammonium 

nitrate incubated tissues (Experiment 18). Clearly 

like nitrate level, the nitrate compounds also had 

similar effect on growth (Experiment 9) and glutamic 

oxaloacetic transaminase activity in the tissues.

Addition of casein hydrolysate in the nitrogen 

containing medium reduced the nitrate reductase 

activity, the repression becoming more pronounced with 

the increasing concentration of casein hydrolysate in 

the medium. In contrast, the glutamic oxaloacetic 

transaminase activity, like growth (Experiment 9B), 

enhanced with increasing level of casein hydrolysate 

(Experiment 19). Studies with the effect of molybdenum 

on Datura callus cultures (Experiment 20) showed that 

the enzyme activity was enhanced in presence of its 

minute dose (0;001 mg/l), the same concentration being 

earlier found optimal for tissue growth (Experiment 10).
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' Both auxin and kinetin, singly and in combination, 

caused pronounced enhancement in the activity of acid 

phosphatase (Experiment 21). At their optimal concen

trations, kinetin had greater stimulatory effect than 

2,4-D. The patterns of nitrate reductase and acid 

phosphatase activities were similar during the first
i

12 days. The nitrate reductase activity declining a 

little earlier and faster than that of acid phosphatase.


