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of seeds

Four varieties of groundnut seeds GAUG-1, 5B~-11, GAUG-10
and Punjab-1 obtained from Gujarat Agricultural University,
Jamnagar, were assayed for arginase, OKAT, OCT and PCT activity
during germination. Varieties SB~11 and GAUG-1 are bunch type
and have smaller seeds, whereas the other two varieties
GAUG -10 and Punjab-1 are spreading type and have larger seeds.
The data reported in Tables 2-3 show that there was no
gignificant varietal difference in the activity of these
enzymes. For further studies Punjab-i vériety obtained from

a local farm was used.

Dry weight and protein content during development and

D A oo - A - ot S

The seeds were collected and grouped into different
stages of development as described in Materials and Methods.

The average fresh weight of the seed and the dry weight of the



Table 2 ¢ Arginase activity in different varieties of
groundnmut seeds during germination.

— —— ——— ot s S T . G B S o o ——— W e S G B T S o A e S e ST

Period of } Enzyme units/g fresh tissue
germination ¢ — AP — ——
faays) { eave-1 } SB41 | Punjabd | GAUG-10
Cotyledon
0 17 ‘ 17 18 17
2 64 '67 . 64 68
4 131 131 138 134
6 123 124 131 128
Embryo
0 33 34 34 32
2 57 - é3 58 58
4 35 34 36 34
6 19 21 20 20

— - ——— ——- o - —— - s S

GAUG-1 and SB-11 are bunch type whereas Punjab-1 and GAUG-10

are spreading type.



Table 3 : Ornithine ketoacid aminotransferase activity in
different varieties of groundnut seeds during
germination.

—— . — o - — ——

Enzyme units/g fresh tissue

Period of §
germination {---- e —— -~ e -
(days) i GAUG-1 { SB-11 ¢ Punjab-1 i GAUG-10

Cotyledon

0 2 3 3 2

2 12 4 11 13 12

4 20 18 20 ' 19

6 i8 18 20 18
Embryo

0 5 5 5 5

2 15 14 15 i5

4 6 6 6 6

o — - 0 Gt Sy . e S — e Y g " o " - - Tt . W - — e o . o o




Table 4 :

60

Ornithine carbamyl tranéferase activity in
different varieties of groundnut seeds during
germination,
Period of § Enzyme units/g fresh tissue
germination ;}=—-- ——— - - e e e i e e
(days) i GAUG-1 ! SB-11 ! Punjab-i ! GAUG-10
Cotyledon
0 56 58 56 62
2 80 80 (K1 82
4 79 81 7 79
6 71 T4 75 T4
Embryo
0 81 79 73 74
2 84 85 85 86
4 83 84 83 87
6 86 84 84 86

—— T, . SO S -
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Table 5 : Putrescine carbamyl transferase activity in
different varieties of groundnut seeds during

germination.
—;;;;;g~;f § ) Enz yne unit;;;~;;ésh-;issue T
germination —— —— - e e - —
(days)} . i GAUG-1 ; SB-11 | Punjab-i | GAUG-10

Cotyledon

O 10 10 7 (f

2 4 4 3 3 x

4 3 3 2 2

6 . 0.3 L0.2 L0.2 £0.2
Embryo

0 ;1 11 8 8

2 5 6 6 6

4 3 3 3 4

- —— G w— o — — - —_ — - T S -
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Table 6 ¢ Fresh weight, dry weight and protein content during
development, storage and germination of groundnut

seeds.
H : H
stoge (R el 2 IO 6o ok e
3 (mg) §Gotyledon§ Embryo %Cotyledon% Embryo
A, Developument
{stage)
1 5 8 11
2 27 14 7 49
3 75 21 - 49 -
4 151 29 - 53 -
5 240 36 49 60 69
6 349 39 59 71 86
7 448 64 60 105 88
8 564 69 60 128 105
9 L7 T4 68 156 131
B. Storage
(months)
6 462 76 69 158 135
12 424 79 71 169 141
C. Germination
(days }
(1] T 70 68 153 128
i 65 57 146 102
2 58 46 138 78
3 56 31 121 56
4 55 - 26 115 45
5 52 23 93 37
6 52 19 86 26
7 49 10 80 24
8 48 6 78 - 20

Values given for development stage 1 and 2 are for whole seed
as the cotyledon and embryo could not be separated.
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Table T : Arginase activity during development, storage and
germination of groundnut seeds.

Enzyme units/g Enzyme units/mg

——— G - -

. ¢
Stage g fresh tissue __é- - protein
:Cotyledon : Embryo ; Cotyledon ' Embryo
A. Development
stage)
1 30 ) 2.7
2 29 0.6
3 26 - -0,5 -
4 20 - 0.4 -
5 17 29 0.3 0.4
6 16 28 0.2 0.3
7 16 27 0.2 0.3
8 16 27 0.1 0.3
9 16 26 0.1 0.2
B.  Storage
{months)
6 15 26 0.1 0.2
12 5 i1 0,03 0.1
C. Germination
" ldays) .
0 18 36 0.1 0.3
i 40 43 0.3 0.4
2 62 56 0.4 0.6
3 107 58 0.9 1.0
4 132 35 1.1 0.8
5 129 20 1.4 0.5
6 131 17 1.5 0.7
7 132 158 1.7 0.6
8 138 13 1,8 0.7

- - > T . T N 1S T S O - . —— A W

Values given for development stage 1 and 2 are for whole seed
as the cotyledon and embryo could not be separated.
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Table 8 : Ornithine ketoacid aminotransferase activity during
development, storage and germination of groundnut

Seeds.
§ Enzyme ugits/g g Enzyme un?ts/ag
Stage : ffffh tissue i A proteln-~
' Cotyledon ; Embryo ‘ Cotyledon ; Embryo

A. Development

(stage)

1 ' 7 0.64

2 ] ‘ 0.12

3 5 e 0.10 -
4 5 - 0.09 -
5 4 6 0.07 0.09
6 3 6 0.04 0.07
7 3 5 0.03 0,06
8 3 5 0.02 0.05
9 3 5 0,02 0.04

B, %%%§§%%7
6 2 5 0.01 0.04
12 i 0.3 1 £.0.01 0.01
€. Germination
“ldays)

0 3 5 0,02 0.04
1 6 11 0.04 0.11
2 12 15 0.09 0.19
3 14 11 0.12 0.20
4 20 7 0.1% 0.16
5 21 7 0.23 0.19
6 20 6 0.23 0.23
7 20 5 0.25 0.21
8 ) 20 5 0.26 0.25

3 »
s - - s o —— — -

Values given for development stage 1 and 2 are for whole seed
as the cotyledon and embryo coul d not be separated.
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Table 9 : Ornithine carbamygl transferase activity during
development, storage and germination of groundnut

seeds.
i Enz yme units/g i Enzyme units/mg
Stage } fresh tissue i protein
g Cotyledon § Embryo E Cotyledon § Embryo
A. Development
“(stage}
1 41 3.7
2 53 1.1
3 65 - 1.3 -
4 78 - 1.5 -
5 80 78 1.3 1.4
6 81 81 1.1 0.9
(4 84 86 0.8 1.0
8 88 90 0.7 0.9
9 a0 o1 0.6 0.7
B. Storage
{months)
6 78 81 0.5 0.6
12 48 57 0.3 0.4
C. Germination ‘
“ldays) ,
0 60 59 0.4 0.5
i 62 65 0.4 0.6
2 64 69 0.5 0.9
3 64 69 0.5 1.2
4 64" 70 0.6 1.6
5 64 69 0.7 1.9
6 65 67 0.8 2.6
7 62 68 0.8 2.8
8 63 67 0.8 3.4

. ———— - - g - - s S G s W — -

Values given for developmenf stage 1 and 2 are for whole seed
as the cotyledon and embryo could mnot be separated.
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Table 10 : Putrescine carbamyl transferase activity during

development, storage and germination of groundnut

protein

- o ——

Enzyme units/mg

Cotyledon i Embryo

seeds.
i Enzyme units/g i
stage  j____ fresh isswe i
! Cotyledon ; Embryo |
A. Development
{(stage)
1 15
2 15
3 12 - 0.24
4 12 - 0.23
5 11 11 0.18
6 10 10 0.13
7 8 10 0.10
8 7 10 0.05
9 (4 10 0.04
B. Storage
{months )
6 6 10 0.04
12 6 7 0.04
C. ‘Germination
“"laays)
0 6 7 0,04
1 6 6 0.04
2 4 4 0.03
3 3 3 0.02
4 2 3 0,02
5 2 3 0.02
6 £0,2 3
{ 0 3
8 0 3

- e W s - - ——

——— 10—

—————

1.36
0.31

- T -

0.16
0.12
0.11
0.10
0.08

0.07
0,05

. D - o -

Values given for development stage 1 and 2 are for whole seed

as the cotyledon and embryo could not be separated.
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cotyledon and embryo was determined (Table 6). Stage-9
represents fully mature seed each weighing between 600-800 mg.
The storage of these seeds over a period of one year resnlted
in approximately 40% deerease in the fresh weight. The dry
weight of the cotyledon increased progressively during
development, whereas it increased very slowly in the embryo.
Storage resulted in only a slight increase in the dry weight of
the cotyledon and embryo. During germination however, the,dry
weight decreased both in the cotyledon and embryo, the

deecrease being more pronounced in the embryo than in the

cotyledon, over a period of 8 days.

The protein content of the cotyledon as well as embryo
increased rapidly during : developmemt but decreased during
germinat ion, the decrease being more promounced in the embryo

than in the cotyledon,

s Qs e S Wt s

storage and germination

The results.. reported in Tables 7 and 8 show that during
the period of seed development, the arginase and OKAT activity
decreased in the cotyledon on tissue basis as well as on
protein basis., However, in the case of embryo, these enzymes
showed a very little decre sse when expressed on tissue basis,

but when expressed on protein basis the pattern was similar to
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that of cotyledon. 3torage for one year resulted in a
considerable dgcrease in the activity of these enzymes in the
cotyledon as well as embryo. During germination the pattern
of the two enzymes was again very different in the two tissues,
In the cotyledon, both the enzymes increased upto 4th day of
germination and then remained constant thereafter. In the
embryo however, these enzymes decreased after an initiali
increase around 3rd day of germination. The specific activity
of both the enzymes in the cotyledon increased with period of
germination. The specific activity of arginase in the embryo
showed a slight decrease after an initial increase around 3rd
day. The embryo OXKAT, however, showed no change in the

specific activity after an initial increase around 3rd day.

The enzyme O0CT, which has a biosynthetic role increased
during early period of development and was constant during the
later period. In the enbryo, the enzyme activity remained
almost constant during development. Storage resulted in about
40-50% decrease in OCT activity in the cotyledon as well as
embryo. During germination, the OCT activity of the cotyledon
as well as embry8 remained unchanged over a peripd of 8 days
(Table 9). The pattern of changes in OCT activity during
development and germination was altered when expressed in
terms of per mg protein. The specific activity of GCT
decreased during development and storage but increased during

germination in the cotyledon as well as embryo.
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The data reported in Table 10 show that PCT was present
in the cotyledon as well as embryo from the early period of
seed development, but it decreased in the cotyledon and
remained unchanged in the embryo during further development.
During germination, the enzyme deereased progressively in the
cotyledon and was not detected after 6 days of germination. In
the embryo, however, the enzyme decreassed by about 40% on the
2nd day and remained constant thereafter. The specific activity
of PCT decreased both in the cotyledon and embryo during
development, In the cotyledon the specific activity decreased
during germination but in the embryo it increased during

germination.

Presence of arginase, OKAT, OCT and PCT in field grown plants

The studies reported above on the presence of arginase,
OKAT , OCT and PCT in germinating seeds were carried out by
growing the seeds in Petri dishes. It was of interest to
check the level of these enzymes in soil grown plants at later
stages of germination when the tissue differentiation has taken
place. The groundnut plants were raised in garden soil on the
campus and analysed on different days. The data reported in
Table 11 show that arginase activity was highest in the
cotyledon and lowest in shoots on 14th day of germination and
it decreased considerably in all the parts of the plant with

increased period of germination.
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Table 11 : Arginase activity from groundnut plants raised

in garden soil.

Y S i G WP St ke i S e St B - -

-~ -

Age of i Enzyme units/g fresh tissue

plant g - L 3 ”-7 -~ >

(days) !Cotyledon {Hypoecotyli Root : Shoot { Leaves
14 94 29 13 11 35
21 30 25 6 7 19
28 9 5 4 3 8

60 ’ 2 4 5
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Table 12 : Ornithine ketoacid aminotransferase activity fronm

groundnut plants raised in garden soil.

Age of Enzyme units/g fresh tissue

plwt : - - L] --.‘-—.—_~ - - ———

(days} ICotyledon Hypocotyl: Root ! Shoot | Leaves
14 12 8 4 8 8
21 8 5 3 B i
28 7 4 ;3 3 6

60 2 1 5




Table 13

R W S O Y o - D S A R S B g s B T T R A . s i S S IS O S W

groundnut plants raised in garden soil.

Ornithine carbamyl transferase activity from

[ 2

sanose

21

28

60

W T s s V- - &2 T By Schos I Y P T

Leaves

75

49

42

21
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Table 14 : Putrescine carbamyl transferase activity from

ground mut plants raised in garden soil.

-~

Enzyme units/g fresh tissue

< -

1
]
i

Age of ‘
plant g_-- . . - . -~
(days} Yotyledon Hypocotyl} Root i Shoot | Leaves
—— - - - - ———
14 2 3 1 2 4
21 2 0 [.0.2 0.6 0.6
28 1 0 0.2 0.5 0.6

60 0 0 0

- e - - - -
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OKAT activity was highest in cotyledon and lowest in the
roots on 14th day of germination (Table 12). However, the
decrease in the OKAT activity with germination was less

compared to that of arginase.

OCT activity was highest in leaves and lowest in roots on
14th day of germination (Table 13). It also decreased in all

the parts of the plant with increased period of germination.

PCT activity'ﬁas very low in all the parts of the plant
at 14th day of germinaﬁ}nn and it decreased further with the
increase in period of germination (Table 14). The presence
of PCT in the cotyledons of 28 days old field grown plants
was in contrast to the observations reported earlier, where no
PCT activity was detected in cotyledons of Petri dish grown

seeds after 6 days of germination.

Effect of hormones

T S G S Ao S S S S S S S I e W W

To investigate the effeet of plant hormones on the
enzymes of arginase metabolism, seeds were soaked in different
concentrations of hormones and then allowed to germinate in
Petri dishes., The data reported in Tables 15-18 show that
2,4-D and TAA inhibited argin;se and OKAT activity bhoth in
cotyledon and embryo during the early period of germination,
and the inhibition was. dependent upon hormone concentration.

During the later stages of germination, the enzyme activities
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Table 15 : Effect of 2,4~D on arginase activity.
porioder 1 e ration Goee) ]
Cotyledon
o 19 19 19 19 18
2 ‘ 69 56 39 38 31
4 137 123 120 92 53
6 128 114 103 103 97
Embryo
0 35 33 32 a1 30
2 51 58 87 27 27
4 37 58 61 89 95
6 16 16 32 37 42

T Voo T~
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Table 16 : Effect of IAA on arginase activity.

— - - ——— —— . - . - o o G S g W o

Enzyme units/g fresh tissue

gi;;&%gtgin % at TAA conientration (ppm)
(aays) S--__E--_-§~- 25 i 50 fi 100§ 200
Cotyledon
0 19 19 19 18 i7
2 64 58 40 39 39
4 137 126 123 115 52
6 128 118 110 108 93
Embryoe
0 34 32 32 32 29
2 51 53 49 41 37
4 37 48 N T2 73 104

T o g DOLS W T . WS 5T W o W Gy o T W - U T - - - e - Come T o - v~
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Table 17 : Effect of 2,4-D on ornithine ketoacid amino

transferase activity.

— G -~ S W i G S G SR STy OO W o S W G Bl s D PO S W - - - -~ - e

Enzyme units/g fresh tissue

giﬁ%%tgn : _ at 2,4-D concentration (ppm)
(days) g“ o i 25 —‘i:_ 50 g-- 100 | 200
Cotyledon
0 3 3 3 3 2
2 12 7 5 3 1
4 20 16 9 8 4
6 20 18 18 16 12
Embryo
0 5 5 5 4 4
2 15 13 12 11 4
4 6 15 15 24 i5
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Table 18 : Effect of ITAA on ornithine ketoacid amino-

transferase activity.

Enzyme units/g fresh tissue

giiiﬁggfggn g ) at IAA concentration (ppm) )
(aays) :' "o P 50 H 100 i 200
Cotyledon
0 3 3 3 3 3
2 12 9 4 2 i
4 20 17 15 i1 4
6 20 16 15 i1 i4
Embryo
0 5 5 5 5 5
2 15 13 11 7 6
4 6 12 12 18 21




Table 19 : Effect of 2,4-B on ornithine carbamyl

transferase activity.

79

Enzyme units/g fresh tissue

ngﬁg{;tgin i at 2,4-D concentration {ppm)
(aays) : N i o § 50 § 100 § 200
Cotyledon
9 55 55 56 55 53
2 67 69 55 54 51
4 67 68 64 55 54
6 66 66 66 64 62
Embryo )
0 68 69 67 67 66
2 72 71 65 66 61
4 73 70 69 66 65
6 69 70 71 68 63

- s o o—
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Table 20 ¢+ Effect of IAA on ornithine carbamyl transferase
activity..
rortog of | st T comentration (mom)
(aays) ’ T i 25 , 50 | 100 | 200
Co;;yledon
0. 55 55 85 56 54
2 67 63 61 59 55
4 67 67 67 60 56
6 66 66 66 65 65
Embryo
0 68 68 68 66 66
2 T2 72 70 70 65
4 73 70 70 64 64
6 69 70 T1 70 T1

s S vt S s i e W S TN - o~ A - o -
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Table 21 : Effect of 2,4-D on putrescine carbamyl trans-
ferase activity.

-~ T - -t X" o

Enzyme units/g fresh tissue

gomater, 1 STADWRGGILT
Cotyledon
0 7 6 6 6 6
20 4 3 3 2 2
4 3 4 3 3 3
6 L0.2 £0.2 £0.2 £0.2 £0.2
Embryo
0 7 7 7 7 6
2 4 4 3 3 3
4 2 2 2 2 2

B T L



Table 22 : Effect of IAA on putrescine carbamyl transferase

activity.
Jertodor 1 TEIR i oo
(days) ; 0 i 25 1 s0 | 100 _f 200
Cotyledon
0 7 6 6 6 5
2 4 3 3 3 3
4 3 3 3 2 2
6 £0.,2 0.2 40,2 £0.2 £0.2
/
Embr yo
0 q 7 7 7 6
2 4 4 4 4 4
4 2 2 2 2 2
6 2 2 3 2 2

oy wade s

o € o —



Table 23 :

8

Effect of gibberellic-.acid on arginase activity,

X

3

Jorlod ot | gumaritiie aeid comentrasion (pom)
(days) 3"-—“5----5“‘ 25 i 50 i 100 §--500
Cotyledon

0 17 16 16 14 12
2 60 43 31 31 28
4 136 118 86 58 26
6 125 118 96 88 24
Embryo
0 37 35 34 32 28
2 57 45 47 39 28
4 35 52 76 72 31
6 17 17 19 53 41
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Table 24 : Effect of kinetin on arginase activity.
Reenet T elervation (oo
(days) , 0 g 25 g 50 3 100 3
Cotyledon
0 17 17 17 15
2 60 27 20 18
4 136 105 36 28
6 125 118 96 88
Embryo
0 37 35 30 26
2 57 31 29 29
4 35 57 60 57
6 17 76 73 76

14
i8

24

15
29
50

86




Table 25 :

- — 0 - - S 2o "

Period of

germination

(aays)

- - ST - T~ — . )

S & o)
ok}

Effecet of gibberellic acid on ornithine ketoacid

aminotransferase activity.

P T Y YT T Y

Cotyledon

0

Embryo

- — G o oo S G

- b

Enzyme units/g fresh tissue

—

at gibberellic acid concentration (ppm)

———

0 Y S 50 i 400 i 200
3 3 2 2 2
12 6" 2 2 0.3
21 18 10 4 3
21 21 21 16 11
5 5 4 4 4
15 10 6 4 3
6 17 18 16 14
7 7 7" 11 13

- ——
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Table 26 ¢ Effeet of kinetin on ornithine ketoacid amino-
transferase activity.

UL O S W o S U S S B D TR W S S O W S St oy B i, T ] Oy O o ot PO M —— ———

Enzyme units/g fresh tissue

ggiiiggtggn § at kinetin concentration (ppm)

(days) é-_-_a-°"-§"“£g § 50 g 100 g ;50
Cotyledon

0 ~ 3 3 3 2 2

2 12 1 1 0.6 0.6

4 21 15 5 2 2

6 21 16 14 11 i0
Embryo

0 5 5 5 3 3

2 15 6 2 1 1

4 6 18 13 % ii

- O S G S 0 s S G S T Yo T . WD S et W WS WD S S S D Vi UG W RO G WS W SN0 A T T SO0 S W G300 B (e e ek G T e o e
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Table 27 : Effect of gibberellic acid on ornithine carbamyl
transferase activity.

O S T O . v W0 o S s A -

Enzyme units/g fresh tissue

ggigiggtgzn § _ at gibberellic acid concentration (ppm)
(days) { o P25 L s0 i 100 § 200
Cotyledon
0 56 52 52 49 47
2 64 60 56 A54 49
4 65 65 60 58 53
6 65 65 65 64 53
Embr yo
0 88 64 61 58 56
2 75 65 63 61 59
4 76 64 61 58 55
6 74 72 72 69 54

\
- o ——— - - - -G - ]

o e o . o o e ot
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Table 28 : Effect of kinetin on ornithine carbamyl

transferase activity.

Terioaor | o Ee e ot Sreation (poa)
(aays) §” o i 25 ios0 i 100 i 200 )
Cotyledon

o 56 51 51 51 47
2 64 54 54 49 49
4 65 61 59 47’ 40
6 65 59 59 52 48
Embryo
0 68 61 54 51 49
2 75 70 70 68 67
4 76 71 68 66 61
6 74 67 63 63 64
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Table 29 ¢ Effect of gibberellic acid on putrescine carbamyl
' transferase activity.

Enzyme units/g ffesh tissue

gﬁgigggffgn § L at §ibberellic“afidnconcentration (ppm) )
(days) : o i =25 —§ 50 : 100 i 200 )
Cotyledon
0 6 6 6 6 5
2 4 3 3 3 2
4 3 3 2 2 2
6 £L0.2 L0.2 20,2 £0.2 40,2
Embryo
0 7 7 7 6 4
2 3 2 2 2 2
4 2 2 2 2 2

—— ——
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Table 30 : Effect of kinetin on putrescine carbamyl
transferase aetivity.

——— a— - -

W e S S S Al S (s A o S S S s s S T T R R Wi e . Y e ——

Zoriedor 1 T N enbinirarion. (opa) _
(days) oo i es ) i os0o 100 {200
Cotyledén
0 6 6 6 6 5
2 4 2 2 2 2
4 3 2 2 2 2
6 - L0.2 0.2 £0.2 £0,2 2.0.2
Enmbryo
0 8 6 6 4 4
2 3 3 3 3 2
4 2 2 2 2 2

S " W OU Sy A A s W 1 > - > Ny W - Gr —-——— - - - ] o S - - . > Sty oy s o N
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tended to return to control level in the cotyledon but were

higher than the control level in the embryo.

2,4-D and IAA had on significant effect on OCT and PCT

activity of the cotyledon or embryo (Tables 19-22).

The effect of gibberellic acid and kinetin on arginase.
OKAT, OCT and PCT is reported in Tables 23-30. At high
concentrations of these hqrmones, arginase and CKAT of the
cotyledon were inhibited and the activity did not return to
control level even upto 6th day of germination. However, at
low concentrations, the effect was similar to that of auxins,
The effect of these hormones on arginase and OKAT of the
embryo was similar to that of auxins. OCT and PCT activity of

the cotyledon and embryo was not affected by these hormones.

Effect of ethrel and chlorocethanol

W D S0 i ST W o o T T o B -

Since plant hormones have been reported to enhance the
synthesis of ethylene (Abeles, 1973; Ketring and Morgan,
1970) it was of interest to investigate the effect of
compounds such as ethrel and chloroethanol, which are known
to produce ethylene (Abeles, 1973). The results reported in
?ables 31-38 show the effect of these compounds on arginase,
OKAT, OCT and PCT. The pattern of changes was similar to that
of plant hormones. However, in contrast to ethrel, high

concentrations of chloroethanol were inhibitory to arginase



Table 31 : Effect of ethrel on arginase activity.

323

- -

Period of
germination
(days)

S s ————— -~ T W o "

Cotyledon

0

Embryo

Enzyme units/g fresh tissue

at ethrel conecentration (ppm)

'

CEP PO RS M IS WO r

0 ? 200 | 400
19 18 17
61 49 45
133 121 115
125 122 114
36 34 32
53 54 a1
37 70 72
19 20 30

-

37

108

i10

33

38

81

47

37

77

110

29

38

81

49

s G - —-——- - "

i4

35

73

107

29

38

84

58
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Table 32 : Effect of chloroethanol on arginase aotivity.

T RO ST o T e > o - o - S e S S U VoW S (v TRy e S S O W s S T A

Enzyme units/g fresh tissue -

ggigiggfggn ga- at chloroef?anol concentration (ppm)
(days) i o § 200 i 400 { 600 } 800 } 1000
Cotyledon
0 19 19 16 16 15 15
2 61 41 30 26 26 24
4 132 84 61 31 26 23
6 125 113 106 97 84 50
Embryo
0 36 32 31 29 29 28
2 53 83 41 37 37 34
4 37 94 95 101 107 88

6 19 42 70 88 91 116

. T —— S — S Wt @—e ——— — -



Table 33 : Bffect of ethrel on ornithine ketoacid amino-
transferase aetivity.

94

- S gy o - -

Enzyme units/g fresh tissue

»wse

g§§;§§2t§§£ g at ethrel concentration (ppm)
(days) i 0 i 200 i 400 i 600 | 800 ! 1000
Cotyledon
0 3 2 2 2 2 2
2 12 11 i1 8 7 5
4 21 21 21 21 20 15
6 20 20 20 20 19 17
Embryo
0 5 5 5 5 4 4
2 15 13 11 10 10 9
4 (f 20 22 21 21 20
6 ( 20 21 22 22 22

W it " T s TS, e W W e i AR B e WO s s W -~ - -




Table 34 : Effect of chloroethanol on ornithine ketoacid
aminotransferase activity.

- i i ——— . - - - -

Enzyme units/g fresh tissue

gzigiggtggn % at thoroethfgol concentration (ppm) .
(days) i 0 i 200 { 400 i 600 { 800 i 1000
Cotyledon
0 3 2 2 2 2 2
2 12 7 6 6 6 3
4 21 20 11 B 4 2
6 20 20 20 19 13 8
Embryo
0 5 5 5 5 4 4
2 15 11 10 10 9 9
4 7 19 21 22 22 19

. e, G as T



J6

Table 35 : Effect of ethrel on ornithine carbamyl
transferase activity.

— o -~ —— ———- o~ -——

Enzyme units/g fresh tissue

giiziggiggn g_ ~.at ethrel eoncentriféon (ppm)”~
(days) i o i 200 i} 400 1 600 | 800: | 1000
Cotyledon
0 58 58 58 58 58 58
2 64 62 62 61 60 58
4 66 66 ’ 63 62 62 61
6 64 64 63 61 61 61
Embryo
0 69 69 69 69 69 69
2 76 67 61 68 54 55
4 T4 66 64 64 63 63

A - - o= o s i Ot s i o . . i S e S T s S S
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Table 36 : Effect of chloroethanol on ornithine carbamyl
transferase activity.

- - o - o o 2o — - — ——

Jorien et oy Tt reenbration. (opn)
(aays) {0 i 200 i 400 } 600 I 800 1000
Cotyledon
0 - 58 58 58 58 58 57
2 64 62 61 61 61 61
4 66 64 63 59 54 50
6 64 64 63 60 58 54
Embryo
0 69 69 69 69 69 69
2 76 61 58 58 55 55
4 74 72 68 66 65 63




Table 37 : Effect of ethrel on putrescine carbamyl
transferase activity.

I8

- o - -— -

Enzyme units/g fresh tissue

ng.;ji;gtggn ; at ethrel concentration {ppm)
B (days) . o i 200“§ 400 685__§ 800 i 1000
Cotyledon
0 T 7 6 T 6 7
2 4 4 3 3 3 3
4 2 2 2 2 2 2
6 0.2 £0.2 £0.2 46.2 £0.2 £0.2
Embryo
0 7 7 (f (4 T 7
2 3 4 4 3 3 3
4 2 2 2 2 2 2
6 2 2 2 2 2 2

- - W oo - —— ——



Table 38 : Effect of chloroethaml on putrescine carbamyl
transferase activity.

0 B W T ST st T TR S T o s Ay W S S A N W T o - —————

g§§§§§:t§§n § at chloroethanol concentration (ppm)
(days) i 0 i 200 i 400 i 600 i 800 I 1000
------- R . 4 —i- 4 4
Cotyledon
0 T (f T T 6 (4
2 4 3 3 3 3 3
4 2 2 2 2 2 2
6 £0.2 £0.2 £0,2 £0.2 £0.2 Z£0.2
Embryo
0 T 7 7 (f 7 1
2 4 4 4 4 3 3
4 2 2 2 2 2 2

5B - —— —p o o - -1t W i . TS S Wy e Tt S U Mo O €O st 5 A K W - o B S0 - e tan cwn
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and OXAT of cotyledon and the activity of these enzymes did

not return to control level even on 6th day of germination.

Effect of polyamines

Previous studies in this laboratory on the effect of
plant hormones and ethylene producing compounds on diamine
oxidase activity of groundnut embryo (Sindhu, 1977) have
shown that the enzyme was -inhibited by‘these compounds . This
would result in an increase in polyamine level in the tissqe.
To investigate whether the increased activity of arginase
and OKAT in the embryo, in presence of plant hormones and
ethylene producing compounds, is due to accumulation of
poljamines, the seeds were soaked in putrescine, spermidine
and spermine (1000 ppm) and then allowed to germinate. The
results reported in Tables 39 and 40 show that polyamines
had a stimulatory effeet on arginase and OKAT of the embryo,
but the enzymes from cotyledon were not affected. However,
the enzymes OCT and PCT either from cotyledon or embryo were

not affected by polyamines (Tables 41 and 42).

Effect of storage of homogenates at 37°C on argimase and

OKAT activity from 4 day germinated seeds

S e W e st St St S G e s eVl e S G T 2o . . S . ot s £ Wl B . s S S S . B UV U O S s B W

To demonstrate whether the increased activity of
arginase and OKAT in the embryo, due to horwones and

ethylene produecing compounds, results from stabilization of
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Table 39 ¢ Effect of polyamines on arginase activity.

- - - - - - . S S e s A Bt Ml i Tl i s O B M o s e

Enzyme units/g fresh tissue

ggigiggtggn g with polyamine (1000 ppm)
——~£ia{i3-~“ -g-mmﬁone gfutrescine §Spermidine”§ Spermine

Cotyledon

0 17 17 1°7 17

2 58 59 89 57

4 137 137 136 133

6 145 141 145 147
Embr yo

0 33 33 33 33

2 61 80 86 78

4 35 64 49 61
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Table 40 : Effect of polyamines on ornithine ketcacid
tminotransferase activity.‘

- - — - - 5 s S0 -~ - —

Enzyme units/g fresh tissue

gz:;%;gtgin ‘ gn_ with polyamine (1902 ppm) .
(@ays) g None ?Putrescine §Spermi;ine g Sperminen
Cotyledon

0 3 3 4 3
2 13 14 13 13
4 19 20 20 19
6 i9 18 20 19
Embryo
0 4 4 4 5
2 15 16 17 17
4 6 13 13 i5
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Table 41 : Effect of polyamines on ornithine carbamyl
transferase activity.
gt L ERWREL R
L (days) ' None gPutfescine §Spermidine { Spermine
Cotyledon
4] 54 54 54 54
2 63 63 63 63
4 64 63 61 63
6 65 65 64 65
Embryo
0 70 70 65 65
2 5 73 73 71
4 71 70 71 71
6 73 71 1 71

N G - T s e Y S S S0 O S

-
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Table 42 : Effeet of polyamines on putrescine carbamyl
transferase activity.

——— — - o

Enzyme units/g fresh tissue

gz:';iiggtggn ; witE.polyam:_iile ('1390 ppm)_“ L

(qays) ‘ None gl"@tre—scine §Spermidine ‘ Spermine
Cotyledon

0 6 6 5 5

2 4 4 4 4

4 2 2 2 2

6 0,2 £ 0.2 £0.2 40,2

Embryo

0 T 7 7 T

2 4 4 4 4

4 3 3 2 2

o - - 1o oo - - ———— - - -— -
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Effect of storage of tissue homogenates at 37%

on arginase activity from 4 day germinated seeds.

o e i iV L Gt S S T e e A S Ay S A A e Rt S S

o

- . T S S8 W S

Enzyme units/g fresh tissue
at hour of incubation

S o - T S s G0 SN S Gt G e St e e

Table 43 :
Treatment* } s
: o H 1
Cotyledon
- 137 32
2,4-D 93 24
Chlorxo - 26 T
ethanol
Embryo
- 35 13
2,4~-D 90 30
Chlioro-~ 84 29
ethaml

—— —— - TN T -

16

12

18

17

i 3 i a4 i s
16 13 5
12 i1 3
3 3 1
T T 3
16 14 i
14 14 5

* Concentration of 2,4-D and chloroethanol used for soaking

the seeds was 100 and 1000 ppm respectively.
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Table 44 : Effect of storage of tissue homogenates at 37°¢ on
ornithine ketoacid aminotransferase activity from
4 day germinated seeds.

- — - ——— - —

i

o o o o S St Y " oo o ST o WA ST S s T O s S W A S e S O T W S SRk SO 0% SO A et e

Enzyme units/g fresh tissue
at hour of incubation

mormraent

Treatment* }-~-—=-= - - —— e ——— e
; ') ; 1 § 2 § 3 ; 4 § 6
Cotyledon
- 20 19 18 17 9 4
2,4-D 9 9 9 7 4 2
Chloro - 4 4 3 2 2 1
ethanol
Embryo
- T 2 2 1 1 0.3
2,4-D 20 8 T 7 -7 1
Chloro- 22 7 7 7 7 1
ethanol

e S £ G > K S Sy e S e e S S e Sl S Cons SR S S e SR e g e (e A S M o A G S S S S P B W s - . S S S e W YR e R O e S W R S

#* Concentration of 2,4-D and chloroethanol used for soaking
the seeds was 100 and 1000 ppm respectively.
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the existing enzyme, the homogenate§ of control and treated
seeds germinated for 4 days were stored at 37°C and assayed

at different periods. The results reported in Tables 43 and 44 |
show that there was no significant difference in the inactivation
pattern between control and treated groups indicating that the

half life of the enzymes is not altered in the two groups.

The studies reported above suggested that the increased
arginase and OKAT activity in the embryo of the seeds treated
with plant hormones, ethylene producing compounds and
pelyamines may be due to the induction of these enzymes. To
investigate this further., the seeds were soaked in either
cycloheximide, YAA, chloroethanol and polyamines alone or in
combinations. The results reported in Tables 45 and 46 show
that in the cotyledon, ecycloheximide alone had mo effect on
arginase and OKAT activity, whereas both IAA and chloroethanol
decreased .the enzymes. When a combination of cycloheximide
with TAA or chloroethanol was used, the enzyme activity
decreased further. However, arginase and CKAT from cotyledon
of seeds treated with a combination of polyamines and cyclo-
heximide were not affected (Tables 47 and 48). In the case of
embrvo, cvcloheximide alone had no effect, but the increased
arginase and OKAT in the presence of IAA, chloroethanol and
polyamines decreased to the control level when cycloheximide

was included with these compounds.



1

Table 45 : Effect of cycloheximide on arginase activity in

presence of chloroethanol and TAA on 4th and 6th

day of germination.

i
i
1
i
i
!
£
i
]
i
1
i
1
I
i
i
1
i
i
{
|
H

"o ne, b e

08

Enzyme units/g fresh tissue

§ Conce~ - -
Treatment intrationi Cotyledon H Embryo
i (ppm) j--- - f —
: t4th day i6th day (4th day ! 6th day
- - 115 108 37 20
Cycloheximide 10 115 106 36 i9
Chloroethanol 1000 27 40 83 103
Chloroethanol + 1000 + 10 9 13 34 32
cycloheximide
Chlorcethanol 2000 12 16 68 99
Chloroethanol + 2000 + 10 5 6 36 22
cycloheximide g
IAA 100 91 81 86 42
IAA + cyelo- 100 + 10 58 41 42 24
heximide
IAA 200 80 78 96 61
IAA + cyclo- 200 + 10 36 42 34 22

heximide

Gy o -




109

Table 46 : Effect of cycloheximide on ornithine ketoacid

aminotransferase activity in presence of chloro-
ethanol ani TAA on 4th and 6th day of germination.

i Y G

) - . Mo S W Wt B Wt s T WD o v P anng W el i M PO i, Mt

Cycloheximide

Chloroethanol

Chloroethanol
cycloheximide

8hloroethanol

Chloroethanol
¢cycloheximide

IAA

IAA + cyelo-
heximide

IAA

JAA + cyelo-
heximide

PO ERIERI RSO MOL N

Enzyme units/g fresh tissue

Conce~ %-» Te—————
ntrationi Cotyledon : Embryo
(ppm) £ fo-m ¢ -+
§4th day gﬁth day;ifth day ; 6th daf-
- 25 . 23 6 3
10 25 23 6 5
1000 4 21 19 25
1000 + 10 2 2 10 8
2000 2 4 12 18
2000 + 10 1 1 9 6
100 14 17 7 18
100 + 10 8 i0 8 6
200 2 15 9 25
200 + 10 1 6 4 6

L T T e R
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Table 47 ¢+ Effect of cycloheximide on arginase activity in
presence of polyamines on 4th and 6th day of
germination.

§ i Enzyme units/g fresh tissue

¢ Conce- &——- : -
Treatment tntration? Cotyledon H Embryo

¢ (ppm) {---- ———= } :

: i4th day (6th day }4th day { 6th day
- - 137 145 35 17

Cycloheximide 10 138 147 35 18

Putrescine 1000 137 141 64 33

Putrescine + 1000 + 10 126 144 35 19

cycloheximide

Spermidine 1000 136 145 49 40

Spermidine + 1000 + 10 128 140 34 19

cycloheximide 2

Spermine 1000 133 147 61 30

Spermine + 1000 + 10 124 146 32 16

cycloheximide
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Table 48 : Effect of cycloheximide on ornithine ketoacid
aminotransferase activity in presence of
polyamines on 4th and 6th day of gemination.

§ i Enzyme units/g fresh tissue
! Conce~ {~—memmm—m—-— -
Treatment tntration} Cotyledon : Embryo
H i4th day {6th day j4th day | 6th day
- - 19 19 6 6
Cycloheximide 10 19 19 6 6
Putrescine 1000 20 18 13 12
Putrescine + 1000 + 10 19 18 6 6
cycloheximide '
Spermidine 1000 20 20 i3 11
Spermidine + 1000 + 10 19 19 6 6
cycloheximide
Spermine 1000 19 19 15 10
Spermine «+ 1000 + 10 19 19 6 6

cycloheximide
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Table 49 ¢ Effect of 5-Fluorouracil on arginase activity in
presence of chloroethanol and IAA on 4th and 6th
day of germination,

§ § Enzymwe units/g fresh tissue
H gTm——— . T e S ————
: Conce~ ¢ Cotyledon : Embryo
Treatment intrationi-- ~ i " -
i (ppm) i4th day !6th day !4th day ! 6th day
- - 115 108 37 20
5 ~-Fluorouracil 10 i10 107 35 20
Chloroethanol 1000 27 40 83 103
Chloroethanol + 1000 + 10 25 34 78 92
5~Fluorouracil
IAA 100 o1 81 86 42
IAA + 5-Fluoro- 100 + 10 86 72 78 41

uracil
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Table 50 : Effect of 5-Fluorouracil on ornithine ketoacid
aminotransferase activity in presence of chloro-
ethanol and }AA on 4th é@nd 6th day of ge mination.

W . OO IO s S o B S VO BT T S G O, Yo W S oy WA B AT O AR s NS . Y S S 0 W W —~ra

i i Enzyme units/g fresh tissue
3 H - ———————
! Conce- § Cotyledon § Embryo
Treatment intrationi o ‘ & -
! (ppm) {4th day [6th day i4th day ! 6th day
- - 25 23 6 5
5 -Fluorouracil 10 25 23 6 155
Chloroethanol 1000 4 21 19 25
Chloroethanol + 1000 + 10 4 16 17 22
5-Fluorouracil
IAA 100 14 19 17 18
JAA + 5-Fluoro- 100 + 10 12 17 15 16

uracil




5-Fluorouracil, on the contrary, had no effect on the
two enzymes of the cotyledon or the embryo, either alone or

in combination with IAA or chloroethamol (Tables 49 and 50).

Effect of 2,4-D, chloroethanol and polyamines alone and in

combination with eycloheximide on agg‘inasé_gx_mwggx_l__i_i_:gx_igg

ketoacid aminotransferase activity of groundnut embryo

maintained in vitro.

B s s g o W s T T S o . i

To investigate whidkenthe induction of arginase and OKAP
in the embryo by plant hormones, ethylene produeing compounds
and polyamines during later stages of germination is : . 1 ‘
influenced by the cotyledons , the embryo was cultivaited on a
synthetic medium as described in Materials and Mathods. The
effect of various compounds on arginase and OKAT was studied
by incorporating them into the medium. The data reported in
Tables 51-56 show that 2,4-D, chloroethanol and polyamines
alone or in combination with cycloheximide had similar
effect on arginase and OKAT activity of the embryo grown on
synthetic medium as in the case of embryo from whole seeds,
except that the concentrations of the compounds required for

comparable effects were lower than those used for whole seeds.



Table 51 ¢ Effect of 2,4-D and chloroethanol on arginase
activity of the embryo maintained in vitro.
i Conce~ i Enzyme units/g fresh tissue
: H ) . -
Treatment  intrationi _ Period of culbivation (days)
H % »
: (ppm) N 2§ 4 } 8
- - 33 57 36 24
2,4-D 25 23 25 25 86
2,4~-D 50 21 23 52 97
Chloroethanol 400 23 27 110 109
Chloroethanol 13 25 98 107

800
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Table 52 : Effect of 2,4-D and chloroethanol on ornithine
ketoacid aminotransferase activity of the
embryo maintained in vitro.

e o — . - — - - —— — . —— - do - - —— O < - (" " totan o W Sl e O e SO

- Enzyme units/g fresh tissue

MO apOID

e oo | P08 SO A

o lpem) ;0 P B i 4 i S

- - 5 13 T 5
2,4-D 25 5 4 12 13
2,4-D _ 50 4 4 12 13
Chloroethanol 400 5 5 14 14

Chloroethanol 800 3 4 12 i3

— - - — - — - — - e g . i Bt Wz
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Table 53 ¢ Effect of polyamines on arginase activity of the

——— o W S—mm

- o - — ——— — 00> ——

Enzyme units/g fresh tissue
" with polyamine (250 ppm)

Period of
cultivation

T " Y T S Vg S s SR K0 S W -

[sesmsemeces sare

(days) None iPutrescine iSpermidine i Spermine
0 31 31 31 30
2 56 58 58 61
4 38 56 67 (§5]
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Table 54 : Effect of polyamines on ornithine ketoacid
aminotransferase activity of the embryo

- o - ——-,

. O o S e Yo W S S, S e Y SOD NS S S St S M . e PO S T VO s M

ot S 2y S . s

. i Enzyme units/g fresh tissue
Period of ! . A
cultivation & with polyamzne'(250 ppm)
(days )} 2““"~—°—'*"-3""—"°"7“ T o ) o
: None Putrescine [Spermidine [ Spermine
0 5 5 5 6
2 15 17 17 i8
4 7 11 13 15
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Table 55 ¢ Effect of cycloheximide on arginase and ornithine
ketoacid aminotransferase activity of the eumbryo
maintained in vitro in the presence of 2,4-D and

chloroethanol.
i i Enzyme units/g fresh tissue
t Conce= -~ e e - ——
Treatment ! ntration ! Arginase H OKAT
i (ppm) | pmm————s 1 R
; §4th day §6th day §4th day §6th day
i
- - 36 16 6 5
Cycloheximide 2.5 37 17 6 5
2,4-D 25 95 89 13 13
2,4~-D + 25 « 2.5 38 i9 ( 5
cyclohexinmide
Chloroethanol 400 107 103 14 15
Chloroethanol 400 + 39 19 7 5

cycloheximide

2.5

ey o 2 W0
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Table 56 : Effect of cycloheximide on arginase and ornithine
ketoacid aminotransferase activity of the embryo

- S ——— -

i : Enzyme units/g fresh tissue
¢ Conce- |- - - e e e ot s e
Treatment H ntfatign H Arginase H CKAT

4 H o B e i o e e o, e . e o s i

: ppm ———— y - .

©" {4th day 6th day [4th day i6th day

- = 3 38 19 7 6

Cycloheximide 2.5 36 19 6 7
Putrescine 250 56 34 11 it
Putrescine + 250 + 2.5 35 18 6 7
cycloheximide
Spermidine 250 67 37 13 12
Spermidine + 250 + 2.5 37 18 6 6
cycloheximide
Spermine 250 75 33 15 i1
Spermine + 250 + 2.5 36 18 6 6

cycloheximide

" T T W T IO W e P AL M B S S e —— T - —— - o~
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Studies reported in Section & indicated that arginase
and OKAT from groundnut embryo and cotyledon differ in certain
properties such as the effect of hormones , ethylene producing
compounds and polyamines. It was, therefore, of interest to
purify these enzymes separately from cotyledon and embryo to
study their kinetic charaeteristics. Since the attempts to
purify OKAT were unsuccessful, only arginase was purified from

cotyledon and embryo separatelys

Purification

The data on the purification of arginase from cotyledon
i%nd embryo are reported in Tables 57 and 58, It has heen
pgésible to purify the enzymes to 150 and 40 fold from the
cotyledon and embryo respectively from 4 day and 2 day
germinated groundnut seeds when they show maximum arginase
activity. It was not possible to extract the enzyme completely
either from cotyledon or embryo with 5 mM phosphate buffer,
pH 7 alone. The cotyledon enzyme could be extracted with
0.25% Triton X-100 in 5 mM phosphate buffer, pH 7.0 whereas
the embryo enzyme was completely inactivated under the same

conditions. However, the inactivation of the embryo enzyme
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could be prevented by introcducing 10 uM mercaptéethanol in the
grinding medium (0.25% Triton X-i00 in 5 mM phosphate buffer,
pH 7). Presence of mercaptoethanol in the grinding medium

had no effect on the activity of the cotyledon enzyme.

The cotyledon and embryo enzymes were both inactivated
when frozen for 6 hr. The cotyledon enzyme was stable upto
10 days without any loss of aetivity, when stored at 5-10°G,
whereas embryo enzyme was stable only for about 6 days under

similar conditions (Table 59).

—— - S

The data reported in Table 60 and Figure 2 show that
the pH optimum for cotyledon and embryo enzymes was 9.5 with
carbonate-bicarbongte buffer and 10.5 with glyecine~NaOH

buffer.

Enzyme concentration

The results reported in Tables 61 and 62 and Figures 3
and 4 show that for both cotyledon and embryo enzymes, the
activity increased proportionately upto 4 ug protein and
10 pug protein respectively and thereafter the increase was

not linear.



Table 59 : Effect of storage on arginase activity.

o o T 2 S T S S o W B T oo P Sy S S SO B S ——— - - Y N

Period of storage _ amoles of ornit&ini“{grmed
(days) 3" Cotyledon H o Enbryo
0 1.18 0.54
1 1.18 0.54
2 1.20 0.54
3 1.18 0.54
4 1.18 0.54
5 1.18 0.54
6 | 1.18 . 0.52
7 1,20 0.24
8 1.18 0.09
9 1.18 0.00
10 1.18 0.00

O ——— - -— —— e P g B S P Yk e Sl et B i A S0 S P SRS 2

* EBnzyme were stored at 5-10°C in refrigerator.
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Table 80 : Effect of pH on arginase activity.

- —— e D o G g S i W G U R U B A G T T TR Sber et S S G IS . S S e A S SO I W

f mmoles of ornithine formed
pH¥ : == ---
; Cotyledon § Embryo
I. Carbonate-bicarbonate
buffer
9,0 1.53 0.45
9.5 1.75 - 0.61
10,0 1.40 0.36
10.5 1.20 0.28
II. Glycine-NaDH buffer
8.5 0.84 0.25
9.0 1.15 0.48
9.5 1.46 0.64
10,0 1.63 0.68
10,5 1.73 ’ 0.73
11.0 1.63 0.66
11.5 1.55 0.37
12.0 0.83 0,09
ITY. Tris-ACl1 buffer
7.0 0.38 0.09
7.5 0.66 0.26
8.0 0.96 0.33
8.5 1.19 0.48
9.0 1.31 0.49

—— o - - T

* B0 nmoles of buffer was used,
For cotyledon 8 ng and for embryo 18 ng of protein was used.



nmoles of ornithine formed

127
o—® \Tris -HC1

Yy, ‘Carbonate-
bicarbonate

X

¢ Glycine-NaOH

0.4

Fig. 2 : Effect of pH on arginase activity.
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Table 61 : Effect of enzyme concentration on cotyledon
arginase activity.

O W Wk, W s Yt W S WD . S -

Enzyme concentration
(ng protein)

- - S - e - —— -

noles of ornithine formed

smoepIne

0.8 0,18
1.6 0.45
2.4 0.68
3.2 0.90
4.0 1.13
4.8 1.20
5.6 1.36
6.4 1.53
7.2 1.65
8.0 1.75

The purified enzyme was diluted 1:1 with 5 mM Na-—K-—P04

buffer, pH 7 containing 10 mM mercaptoethanol and 1 x :I.O"'4 mM

1\5&)&)12 before use.



amoles of ornithine formed

2.0

0:8 i

Fig. 3
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Table 62

-
*

Effect of enzyme
activity.

- ————

concentration on embryo arginase

Enzyme concentration
(ng protein}

r, PP

amoles of ornithine formed

- — -

3.6 0.12
7.2 0.24
10.8 0.36
14.4 0.48
18.0 0.60
21;6 0.68
25.2 0.81
28.8 0.84
32.4 0.88
36.0

0.96

—-——— -
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pmoles of ornithine formed

7.2 14.4 21.6 28.8 36.0

Enzyme concentration (mg protein)

Fig. 4 : Effect of enzyme concentration on embryo
arginase activity.



132

Period of incubation
The anzyme activity increased,linearly upto a period of

60 minutes (Tables 63 and Figure 5).

— S v A S o £ e e S i ot e A S W S S S S S

The data reported in Tables 64 and 65 show the effect of
varying substrate concentration. The values were statistically
analysed for Km determination according to the method of
Wilkinson (1961) and are given in Table 66. The Km for the

cotyledon and embryo enzyme was 5.8 mM and 5.6 mM respectively

at pH 9.5.

I — - - —— -
'

The data reported in Table 67 and Figure 5 show the
effect of temperature of incubation on enzyme activity. The
activity of both the cotyledon and embryo enzyme was maximum
at 40°C and decreased with increase in temperature. The
energy of activation calculated from Arrhenius plot (Figure 7)
was 8,385 Xcal/mole and 3.766 Keal/mole with a transition
temperature of 20°C for cotyledon enzyme and 11,554 Kbal/mole

and 2.152 Keal/mole with a transition temperature of 23.700

for embryo enzyme at pH 9.5.

e o e e Y e i S G e 2 S

The two enzymes differ markedly in their heat stability
(Table 68 and Figure 8). The embryo enzyme showed only about
2% activity when exposed to 80°C for 10 min whereas the cotyledon

enzyme retained about 60% activity under the similar conditions.
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Table 63 : Effect of period of incubation onm arginase
activity.,

Period of ineubation amoles of ornithine formed

fooomenmans®®
[
]

(min) - Cotyledon i Embryo
15 0.31 0.15
30 0.66 0.30
45 0.93 \0.44
60 1.22 0.59
75 1.38 0.69
90 1.45 0.76

105 1.60 0.84

120 1.70 0.90

e T o T e W B M e W M S e
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: Effeet of period of incubation on arginase
activity.



Table 64 : Effect of substrate concentration on cotyledon
arginase activity.
B R
(nmoles) } Experiment - I , Experiment -~ II
1 0.13 0.12 )
2 0.24 0.28
3 0.37 0.36
4 0.48 0.48
5 0,60 0.59
6 0,73 0,72
7 0.84 0.84
8 0.96 0.95
9 1.08 1.06
10 1,20 1.19
11 1.24 1,22
12 1.29 1.30 )
13 1.33 1.32
14 1.36 1.35
15 1.39 1.38
16 1.42 1.41
i7 1.46 1.44
18 1.486 1.45
19 1.46 1.47
20 1.49 1.49

13

0

e

- s v
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Table 65 : Effect of substrate concentration on embryo
arginase activity.

@ T s . S K O S I P S WO WD e S A Pt W W MO R ey S S L Y B S o - - - -

Arginine f _amoles of ornithine formed
(umoles) e e o e e e e e e
§ Experiment - I g Experiment -~ II
1 0.07 0.07
2 0.13 0.13
3 0.20 0.19
4 0.26 0.26
5 0.33 0.33
6 0.39 0.39
7 0.46 0.46
8 0.52 0,52
9 \ 0.54 0.54
10 0.59 0.59
i1 0.61 0.60
12 0.62 0.62
13 0.64 0.64
14 0.67 0.66
15 0.70 0.71
16 0.72 0.72
17 0.73 0.73
18 0.73 0.73
19 0.75 0.74

20 0.76 ' 0.75

. A WU S S . W3 OO Sl B, W A e A . P B SR Tt S - ——— i Do 2 ——
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Table 66 ¢ Km value for cotyledon and embryo arginase from
the data given in Tables 64 and 65.

e Ch Sk O GGt ST W e At g SR W

Cotyledon :

Experiment

Expe riment

Embryo :

Experinent

Experiment

i Km i Mean Km
; (mbt) (mb)
hind I 5;0
5.8
- IX 6.6
b I 5 06
5.6
- IX 5.6

—— - s e iy ot o T T Wt
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Table 67 : Effeet of temperature of incubation on arginase
activity.
o In;;;;ti;h § ,uggles of o;nithine formed
temperature H - - ——
(°C) E Cotyledon ; EBmbryo
0 0.27 0.09
10 0.43 0.17
20 0.75 0.35
30 0.92 0.46
37 1.09 0.51
40 1.18 0.53
50 1.03 0.22
60 0.30 0.02
70 0.12 0
80 0 0

. - —
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Cotyledon

10 20 30 40 50 60 70 80

Temperature °¢

Fig. 6 :+ Effect of temperature of incubation on arginase
activity.
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""002
Embryo
0.2 2.152 Keals/mole
23.7°¢
Cotyledon i ~0.4
3.766
0.0} Keal/mole
Logs: V
" 0.6 (Embryo)
-0.21
11,554
Log: v K !
(Cotyiedon} cal/mole | -0,8
8.385 °
0.4/ Keal/mole
""1 .0
~C.6 > ‘ . . . -1 .1
310 320 330 340 350 360 370
1 5
T X 10
Fig. 7 Arrhenius plot for arginase activity.
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Table 68 : Effect of heat inactivation on arginase activity.

D S T e S S T e S i S S D €S S G W W iy T S e A S e A T e S M S 0 € A ——— -~ ———

Temperature of amoles of ornithine formed
inactivation*

cerwInGaORISS

(OC) T Catyledonn % Emb;;o o
0 1.20 (400) 0.53 {100)**
45 1.20 (100} 0.53 (100)
50 1.20 (100) 0.51 (96)

55 1.20 (100) 0.49 (92)
60 1.20 (100) 0.47 (89)
' 65 1.18 (98} 0.44 (83)
70 1.15 (96) 0.44 (83}
75 ‘ 1.10 (92) 0.31 (58)
80 0.72 (60) 0.01 (2)

0 S Bt i A Wt KU S T S (B ST O Wty o R - ———— e e

* Partially purified enzyme was incubated for 10 minutes at
the specified temperature, chilled for 10 minutes in an
ice bath. An aliquot was then used for assay at 370C.

*¥#* Values in the paréntheses represent residual activity in
percentage.



Residual enzyme activity (%)
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75 4
Cotyledon
501-
25+
Embryo
45 55 65 75 85
Temperature %¢
Fig. 8 : Effect of heat inactivation on arginase

activity.
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Section ~ C

— . w- - S o - < =~ — . - oy, — . -

The results reported in Section A showed the presence of
putrescine carbamylating activity in ;%5ﬂ&iﬁwf‘eoty1edon5r
ond tw embryosduring the seed development and subsequent
germination., However, since the pattern of changes of the
two enzymes during development and germination was different
it raised a question whether the carbamylation of ornithine
and putrescine is brought about by the same or by two
di fferent enzymes. Purification of the enzymes was carried
out from the cotyledons of dry groundnut seeds which showed

higher OCT and PCT activity.

The data on the purification of 0CT and PCT are reported
in Table 69. It has been possible to purify them to 23%¥ and
138 folds respectively. Though the two carbamylating
activities could not be separated, the ratio of OCT/PCT
activity was altered from 12 to 25 during the purificaﬁion
procedure used. This is in contrast to the observations of
Kleczkowski and Wielgat (1968) with pea seedlings, where
OCT/PCT ratio remained constant even after extensive

purification.
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pH_optimum

Three different buffers {(Tris-iCl, carbonate-bicarbonate
and glycine -NaCH) were tested within the range of pH 7 to 12.
The data reported in Table 70 and Figures 9 and 10 show that
the pH optimum for OCT differed with the different buffers

us ed.
In case of PCT, the enzyme activity continued to increase
with increase in pH and there was no decline in its activity

even upto pH 12,

Glycine-NaOH buffer of pH 10 has been used for both the

enzymes in studies reported below.

—n S s S a?. S S #0n o e it oy Do Sl e € S B g S S Gy P A

The data reported in Tables 71 and 72 and Figures 11 and
12 show that for OCT and PCT the enzyme activity increased
proportionately upto 7.2 ug and 72 nug protein respectively

after which the increas@ was not linear.

Effect of period of incubation

0CT and PCT activity increagsed linearly upto 60 min of
incubation (Table 73 and Figure 13} and was almost constant

thereafter.

s Fo e . e OO B R e e S S i HOO: T e O S P SUTS W ows (u  P R S S 4 Y e

The results reported in Tables 74-76 show substrate
saturation data for omithine, putrescine and carbamyl

phosphate as variable substrates ab a fixed concentration of
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Table 70 : Effect of pH on ornithine and putrescine carbamyl
transferase activity.

——————— 3 - — 1 ] U S~ ] -~ Y. dy o T o oo —

i amoles of citrulline/N-
pE¥ 5_”" ciibamyluputriiiigg fz;med _
: oCT § PCT
I. Carbonate~bicarbonate
buffer
9.0 1.26 0.24
9.5 1.04 0.43
10.0 0.76 0.55
10.5 0.40 0.58
II. Glycine-NaOH buffer
8.0 0.50 0.04
8.5 1.09 0.09
9.0 1.18 0.12
9.5 1.22 0.23
10.0 1.26 0.47
10.5 1.13 0.56
i 11.0 1,08 0.64
11.5 0.98 0.70
12,0 0.31 0.74
IXITI. Tris-HC1l buffer
7.0 0.22 0.05
7.5 0.84 0.06
8.0 1.14 0.07
8.5 1.22 0.12
9.0 1.16 0.20
9.5 1.13 0.23

=m0 —— a2 Lo L s - —-— -~ > W - -

* 4100 nmoles of buffer was used,
For OCT 11 ng of protein and for PCT 110.ug protein was used.




namoles of citrullines formes

1.4

1.2

1.0

6.8

0.6

0.4

0.2

Fige

147

o——o Tris-HC1

»%——+ Carbonate-
bicarbonate

@ @ Glycine -NaOH

7.5 8.5 9.5 10.5 11.5

pH

9 + Effect of pH on OCT activity.
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Table 71 : Effect of enzyme concentration on ornithine
carbamyl transferase activity.

Enzyme concentration H
(ng protein} :

T e s e o 00 o T T — > - - w— - —— - — - ——

amoles of citrulline formed

1.2 0.14
2.4 0.29
3.6 0.42
4.8 0.53
6.0 0.67
7.2 0.85
8.4 0.89
9.6 0.99
10.8 1.02
12.0 1,09
13.2 1.20
14.4 : 1.22
15.6 1.28
16.8 | i.30

18.0 1.31

R 0 I et i o SIS S W ke R S W O s g —— o - ———— —-——
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Fig. 11 : Effect of enzyme concentration on 0CT
activity.
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Table 72 : Effect of enzyme concentration on putrescine
carbamyl transferase activity.

o — oy - —— ———- -

Enzyme concentration
. amoles of N-carbamyl-
(ng protein) putrescine formed

- O - T S’ (40 S99 S i SIop i s o O R, W S e s T Gt O o o IS W T e Wk 5D S O S e Ty G e €

—— —— - o

Stpmprerts

12 0.06
24 . 0.42
36 . 0.18
48 0.25
60 0.31
72 0.37
84 . 0.41
96 0.43

108 0.47

120 0.50

144 0.58

168 0.64

102 0.70

- - - o~ - M- o e W o — — ——
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Effect of enzyme concentration on PCT

activity.



Table 73 : Efféct of period of incubation on ornithine and

- putrescine cafbamyl transferase activity.

Incubation time

cut s IEeny

umoles of citrullinef

N-carbamyl putrescine formed

(min) o e e e e - - - —
g 0CT ; PCT
-5 0.05 0.04
10 0.14 0.06
i5 0.22 0.09
20 0.29 0.12
25 0.36 0.18
30 0.43 0.18
35 0.51 0.21
40 0.58 0.24
45 0.65 0.28
50 0,72 0.31
55 0,79 0.33
60 0.86 0.37
5 0.88 0.38
90 0.90 0.38

BT e e e e S S T S W T A G o e S S B
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Table 74 : Effect of substrate variation on ornithine carbamyl
transferase activity.

- - - - - —— Ty v o~

umoles of citrulline formed

Varied § with variable subsirate
substrate % . -
concentra- } Ornithine } Carbamyl phosphate

tion = i Y e ;

(umoles) H Experi- i Experi- | Experi- t Experi~

: ment I ; ment IIX ; ment I § ment II
0.2 0.07 0.06 0.07 0,08
0.4 0.12 0.12 0.15 0.15
0.6 0.16 0.18 0.23 . 0.23
0.8 0.24 0,24 0.31 0,30
1.0 0.31 0.30 0.38 0.38
1.2 0.36 0.36 0.44 0.45
1.4 0.43 0.42 0.53 0.54
1.6 0.49 0.49 0.60 '0.60
1.8 0.55 0.55 0.63 0,63
2.0 0.61 0.60 0.66 0.66
2.2 0.63 0.62 0.69 0.69
2.4 0.69 0,68 0.71 0.71
2.6 0.71 0.70 0.74 0.73
2,8 0.74 0.74 0,76 0.76
3.0 0.76 0.76 0.80 0.80
3.2 0.80 0.81 0.82 0.82
3.4 0.81 0.81 0.83 0.84
3.6 0.82 0.82 0.85 0.85
3.8 0.85 0.86 0.87 0.88
4.0 0.90 0.90 0.90 0.90
4,2 0,92 0.92 0,95 0.94
4.4 0.93 0.93 0.95 0.95
4.6 0.95 0.96 0,96 0.97
4.8 0.97 0.97 0.98 0.99
5.0 1.00 0.99 1.00 1,00

——— —— - — o —— - - o — - - - - o . - oo— - - -

* Concentration of non-varied substrate was 5 gmoles.
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Table 75 : Effect of putrescine variation on putrescine
carbamyl transferase activity.

s S Qs S - T W o T —— —— - - —— - - s —-—— - -

camoles of N-carbamyl putrescine

(umoles) S”Experiment - I : E;periment -1
0.5 0.04 0.04
1.0 0.08 0.08
1.5 0.11 0.11
2.0 0.15 0.15
2.5 0.19 0.19
3.0 0.22 0.23
3.5 0.27 0.27
4.0 0.31 0.30
4.5 0.37 0.34
5.0 0.38 0.38
5.5 0.39 0.40

6.0 0.41 0.41
6.5 0.47 0.46
7.0 ' 0.49 ‘ 0.48
7.8 0.49 0.49
8.0 0.50 0.50
8.5 0.52 0.58
9.0 0.54 0.54
0.5 0.55 0.55
10.0 0.57 0.57

Concentration of cafbamyl phosphate was 5 umoles.



Table 76 : Effeet of carbamyl phosphate variation on
putrescine carbamyl transferase activity.

— - e S S o e qS

Carbamyl i' umoles of N-carbamyl putrescine
phosphate H formed
concentration® | -

(umoles) } Experiment - I | Experiment -~ II
0.05 0.02 0.02
0.10 0.03 0.03
0.15 0.05 0.04
0.20 0.06 0.06
0.25 0.08 0.08
0.30 0.09 0,09
0.35 0.11 0.11
0.40 0.12 0.12
0.45 0.13 _ 0.14
0,50 0.15 0.15
0.55 0.17 0.17 !
0.60 0.18 0.18
0.65 0.20 0.20
0.70 0.21 0.21
0.75 0.23 0.22
0.80 0.24 0.24
0.85 0.25 0.25
0.90 0.26 0.26
0.95 0.26 0.26
1.00 0.26 0.26
1.50 0.27 0.27
2.00 0.29 0.28
2.50 0.29 6.29
3.00 0.32 0.32
3.50 0.33 0.33
4.00 0.34 0.34
4.50 0.35 0.35
5.00 0.37 0.37

- - S -~ W 2> oy o~ - — - —— o to - - -

* Concentration of putrescine was 5 umoles.
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Table 77 : Km values for OCT and PCT from the data given in
Tables T4, 75 and 76..

i Km i Mean Km
Substrate § (mM) i (m)
For 0CT
Ornithine :
Experiment -~ I 1.22
1,16
Experiment -- IIX 1.10
Carbamyl phosphate ¢
Experiment -~ I 0.18
0.21
Experiment - I , 0.23
For PCT
Putrescine @
Experiment - I 4.02 .
4.03
Experiment -~ II 4.05
Carbamyl phosphate :
Experiment -~ I 0.19
0.19

Experiment - TI 0.19

— e - ——— P ) o L —— -




nonvaried substrate. The data was statistically analysed
for Km determination according to the method of Wilkinson
(1961) and the resnlts are given in Table 77. The Km values
for ornithire, putrescine and carbamyl phosphate in case of
OCT and PCT as non-varied substrates were found to be

1.16 mM, 4.03 mM, 0.21 mM and 0.19 mM respectively at pH 10.

—— - 0o U723 > -, S o s s w2 e

The data reported in Table 78 amd Figure 14 show that
OCT and PCT activity increased with temperature, was maximum
at 40°C and then decreased as the temperature was raised

further.

The energy of activation calculated from Arrbenius plet
(Figure 15) was found to be 17.151 Kcal/mole and 21.109 Kcal/mole

for OCT and PCT respectively.

— S " - - —

The two enzymes differ markedly in their heat stability
(Table 79 and Figure 16). PCT showed about 60% activity when
exposed to 55°C for 10 min, whereas OCT retained 100%
activity under similar conditions. Both the enzymes were

completely inactivated at 70°¢C,



Table 78 :

——— - -

Temperature of

i

A

Effect of temperature of incubation on ornithine

and putrescine carbamyl transferase activity.

-

umoles of citrulline/N-carbamyl

putrescine formed

60

——

incubation ;
Cor TG
4 ——
5 0.03
10 0.04
15 0.08
20 0.11
25 0.19
30 0.30
37 0.36
40 0.41
45 0.23
50 0.14
55 0.07
60 0.05
70 0.03
80 0.02

deaseve

W . - - -

PCT

0.08
O.iO
0.14
D.15
0.15
0.11

0.08
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Fig,., 15 ¢ Arrhenius plot for OCT and PCT activity.
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Table 79 : Effect of heat inactivation on ornithine and

putrescine carbamyl transferase activity.

Temberature of

- T —— — - .- o -

umoles of citrulline/N-carbamyl

incubation* § putrescine formed

(°c) pp © 0 eer
0 0.36 (100) 0.22 (100)**

40 0.36 (100) 0.22 (100)
45 0.36 (100) 0.18 (82)
50 0.36 ({00) 0.15 (68)
55 0.36 (100) 0.13 (59)
60 0.18 (50) 0.06 (27)
65 0.04 (11) 0.02 (9)
70 0 0
80 0 0

- O o Ty

¥ Partially purified enzyme was incubated for 10 minutes at
the specified temperature, chilled for 10 minutes in an

ice bath. An aliquot was then used for assay at 37%.

¥% Values in the parentheses represent residual activity in

percentage.,
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Residual enzyme activity (%)

100 f——rv—
80 PCT 0CT
60
40
20
e
40 50 60 70 80

Temperature °c

Fig. 16 : Effect of heat inactivation on 0CT and PCT
activity.



