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Develqpment]of peroxidese and ATPase activity

in maize scutellum

ocutella were excised from seedlings germinated
for different periods and assayed for peroxidase and AlPase
in slices, The results reported in Table-1 show that
peroxidase activity when assayed on the day of excission
(0 day incubation) increased with germination upto 8 days
and then remained constant., If the excised scutella were
kept for incubation for different periods, the peroxidase
activity increased continuously until it reached a maximum
s ;

level (approx. 200 units/g tissue). The(éifélOpéég%'bf

e

enzyme was more rapid in the scutella excised and incubated
ragther than in the freshly excised scutella from the seeds

germinated for the same period,

Similar results were obtained with ATPase also
(Table=-2)., ATPase activity increased upto 9th day and
like peroxidase, the excised and incubated scutella showed
a more rapid increase in the development of the enzyme than
the freshly excised ones for the same period. Longer periods
of incubation of scutella obtained from seedlings germinated

for 8-10 days showed a slight decrease in ATPase activity.
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TABLE=-1 ¢ Development of peroxidase activity in exclsed
maize scutellum
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iy O o vt s Tacubees or’

frongeeds (Caayo )

f?rdays ) 0 1 2 3 4 5
1 5 17 77 92 145 156
2 25 92 135 150 160 172
3 61 97 137 163 184 190
4 77 116 140 173 186 196
5 112 143 163 176 185 195
6 131 151 173 182 197 201
7 150 162 175 196 201 202
8 148 162 182 196 202 201
9 151 173 198 201 202 200
10 152 173 190 200 202 201
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Scutella were excised from seedlings germinated for different
days starting from the day of transfer to Petridishes and
incubated for upto 5 days. Enzyme activity was sssayed in

the slices.



TABLE=-2 : Development of ATPase activity in excised
maize scutellum
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Scutellum ATPase activity (units/g tissue)

excised in excised scutellum incubated for

from seeds

germinated ( days )

for

( days ) 0 1 2 3 4 5

1 8 27 30 33 49 55
2 14 35 39 45 60 63
3 15 Lp 49 61 63 76
4 31 53 54 69 77 87
5 34 60 71 88 89 - 94
6 Lo 67 72 89 93 100
7 56 71 79 93 108 102
8 61 83 89 105 101 89
9 70 83 97 107 95 89
10 72 102 108 102 93 88
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Growth and other conditions were same as given in Table-1,
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Scutella from seedlings germinated for 4 days had

a peroxidase activity of 77 units/g tissue when assayed in
the slices, however, when assayed in homogenate the total
activity was 300 units/g tissue showing that only 25% of
<the total activity has been assayed in slices. Later
studies (Table-13) showed that membrane fraction (40,000g
fraction) had 30% of the total activity present in the
homogenate. These results suggested that only membrane
" bound peroxidase is assayed in slices. Similarly ATPase
activity in slices (31 units/g tissue) was approximately
6% of the total activity present in the homogenate.
Wheeler et al. (1979) have provided evidence that the
eﬁzyme assayed in maize scutellum slices is plasmalemma
bound ATPase only. Unless otherwise stated scutella from
seedlings germinated for 4 deys were used for most of the

studies described hereafter,

Effect of amines and guanidines on peroxidase

and ATPase activity

The effect of a series of diaminES and polyamines
as well as guanidino compounds was tested by preincubation
of slices from scutella of 4 or 8 day germinated seedlings
with the compounds for 1 hr before assaying the enzyme
activity. The results reported in Table-3 show that in the .

slices from 4 day germinated seedlings all the di-~ and
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TABLE-% ¢ Effect of amines and guanidino compounds on
peroxidase and ATPase in maize scutellum
slices }

———————————————————————————— Enzyme activity
(units/g tissue)
from seedlings
germinated for

Compound (days)
Peroxidase ATPase
4 8 4 8
- 75 150 29 56

1, 2=Diaminoethane 2 HC1 66 147 27 56

1,3=-Diaminopropane 2 HCL 50 150 28 56

1, 4-Diaminobutane 2 HC1 \ 16 147 L1 56

(Putrescine)
15 5=Diaminopentane 2 HC1 47 150 37 56
(Cadaverine)

1,6=-Diaminohexane 2 HC1 53 147 32 56

1,8=Diaminooctane 2 HC1 65 147 28 56

1,10~Diaminodecane 2 HC1 66 147 30 56

1,8-Diamino=-b~gazaoctane 3 HCL 14 145 43 58

(Spermidine)
1y12-Diamino~4,9-diazadodecane 4 HC1 12 144 L2 61
(Spermine)

2-Amino-5=-guanidino-n-valeric acid 82 153 3L 56 .

HC1 (Arginine)

1-Guanidino=-4~aminobutane HASOQ 78 151 33 56

(Agmatine)
N-Guanyl N-methyl glycine 68 150 by 56
(Creatineg
2=-Imino-N-methyl hydantoin 76 150 29 54
(Creatinine)

- /\/ Contd.



TABLE-3 (Contd.)
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Enzyme activity
(units/g tissue)
from seedlings
germinated for

Compound (days)
Peroxidase ATPase
4 8 4 8
N~imidino-glycine 104 156 40 56
(Guanidino-acetic acid)
L-Guanidino-ethyl acetic acid 104 154 L 57
(Guanidino=-butyric acid)
Guanidino-n-dodecane HOAc 105 157 46 61
(Dodine)
1,17=-Diguanidino-9~-azaheptadecane 109 157 L5 60
ZHOQAC
(Guazatine)

- — A S S 200 S T WS D - B - > o, g S St SO B s B W WY ST WS (e O AR A G WD W S B S S B Ve TR W e SR M S S SO T MO O P W V- -

Scutellum slices from 4 or 8 day germinated seedlings were
incubated with the compounds (2 mM) for 1 hr. After incubation

the slices were washed with water and used for enzyme assay.
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polyamines inhibited peroxidese activity and the maximum
inhibition wes by spermidine and spermine. Among the diemines
the inhibition increased with chain length upto diaminobutane "
(putrescine) which gave 80% inhibition and then decreased
with further increase in chain length, In contrast to the
inhibition of peroxidase, the ATPase activity was activated
by putrescine and cadavarine as well as the two polyemines
spermidine and spermine, The activation varied from 30-45%
by these compounds, Out of the guanidino compounds tested
arginine, sgmatine, creatine and creatinine had no effect
on peroxidase or ATPase activity but guanidino-acetic acid
(GAL), guenidino-butyric acid (GBA) and the two guanidino
fungicides dodine and guazatine showed about 40-60%
activation of both pero$idase and ATPase activity. DNone of
the compounds had any effect on either peroxidase or ATPase
activity in the scutella excised from 8 day germinated

seedlings.

These results indicated that with incresse in period
of germination from 4 to 8 day, which may result in disinte-
gration and loss of membrane integrity, the effect of amines
and guanidines was abolished. The compounds thus appear )
to effect peroxidase and ATPase activity by altering the
membrane structure, This was further evident when homogenate

instead of slices was used (Table=4), The compounds had

some effect on the enzymes in the homogenate prepared from



TABLE=4 : Effect of amines and guanidino compounds on

peroxidase and ATPase activity in maize
scutellum homogenate

B - o o o T —— — T S Y D - T T o Gl Gk St St WS i WS Wy VN o S e s Wl M Y gt RS G O DY T e L A0 A T G MY e SO W O OIS GO et S gt S S st s

Enzyme activity
(units/g tissue)
from seedlings
germinated for

(days)
Peroxidase ATPase
4 8 4 8
- 308 502 475 800
1, 2=Diaminoethane 2 HC1 304 500 Lgs 787
1,3-Diaminopropane 2 HC1 296 500 516 800
1, 4=Diaminobutane 2 HCL 286 494 573 813
(Putrescine)
1,5=Diaminopentane 2 HC1 289 498 547 787
(Cadaverine)
1,6-Diaminohexane 2 HC1 298 496 501 787
1,8-Diaminococtame 2 HC1L 298 500 480 800
130-Diaminodecane 2 HC1 304 496 485 800
1,8-Diamino=-4-azaoctane 3 HC1 240 492 625 813
(Spermidine)
1, 12-Diamino~4,9-diazadodecane 4 HC1 258 494 645 813
(Spermine)
2=Amino=-5=-guanidino-n-valeric acid HC1 324 502 511 787
(Arginine)
1=Guanidino~4-aminobutane H, 80, 326 506 516 800
(Agmatine)
N~Guanyl N-methyl glycine 320 502 501 787
(Creatine)
2-Imino-N-methyl hydantoin 310 504 485 787
(Cratinine)

Contd . .



TABLE-4 (Contd,)
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Enzyme activity
(units/g tissue)
from seedlings
germinated for

Compound (days)
Peroxidase ATPase
4 8 4 8
N-Amidino glycine 370 502 568 800
(Guanidino~acetic acid)
LeGuanidino-ethyl acetic acid 366 504 583 817
(Guanidino-butyric acid) '
Guanidino-n=-dodecane HOAc 374 512 645 817
(Dodine)
147-Diguanidino~9-azaheptadecane 382 514 655 800
3 HOAc

(Guazatine)
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Scutellum homogenate from 4 or 8 day germinated maize éeedlings
was incubated with compounds (1 mM) for 1 hr. To the homogenate
assay components were added after 1 hr incubation and the enzyme

activity was assayed.
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scutella excised from 4 day germinated seedlings but had

no effect on the homogenate prepvsred from scutella excised
from 8 day germinated seedlings due to the breakdown of
membrane structure during homogenization., The disintegration
and loss of membrane integrity of the scutella during
germination was further confirmed in a study where
malondialdehyde (MDA) level, which is a measure of lipid
peroxidation and an index of membrane integrity, was
estimated. The results reported in Table-5 show that MDA
content started increasing from 4th day onwards and by 8th

day it was 4 fold hagher than on the 1st day.

The compounds showing an effect on the two enzymes
were then tested at different concentrations with slices
and homogenate. The results reported in Table-6 show that
in slices the inhibition of peroxidase by putrescine,
spermidine end spermine increased with concentration and
the activity was completely inhibited with 3 mM spermidine
and spermine., With GAA and dodine, however, the activity
increased upto 2-3 mM and then decreased to the control
level with increasing concentrations. With Homogenate, the
inhibition by putrescine, spermidine and spermine and activation
by GAA end dodine was considerably reduced. The guanidino
compounds even showed some inhibition at higher concentrations.
In case of ATPase (Table~7) polyamines and guanidines when
tested at different concentrations showed activation upto

2 mM although it was more with slices compered to homogenates.
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TABLE 5 ¢ Lipid peroxidation in maize scutellum on
different days of germination
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“Scutellum excised ‘ Malondialdehyde
from seeds germinated (nmol/g tissue)
for
(days)

1 50

2 26

3 27

b 38

5 43

6 52

7 Th

8 127

9 135

10 139

T U e W T M MU S S SO S S U T . T SO0 T RS S T M T o Y A . M T o SO W W Y ok, W S WD T WD U MU W A W W W W KD T s W S



51

TABLE~6 ¢ Effect of concentration of polyamines and
guanidines on peroxidase activity in maize
scutellum slices and homogenate
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Peroxidase activity

Concen- (units/g tissue)
tration with
(m1) -- Putrescine Sper~- ' Sper-  Guani- Dodine
midine mine dino
acetic
acid
Slices
0 75
0.5 62 32 43 86 85
1 50 19 22 94 102
2 28 13 12 104 105
3 18 5 P 91 110
L 11 2 2 73 96
5 11 2 2 71 80

Homogenate

0 305

0.5 302 287 278 357 345
1 , 293 259 271 363 375
2 284 238 256 366 369
3 259 223 238 296 262
A 2hl 210 226 262 244
5 217 189 189 256 223
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TABLE-6 (Contd. )

Slices and homogenate were prepared from scutella of
4 day germinated seedlings. They were preincubated at
37° with the compounds at different concentration for
1 hr. Slices were then washed with water and enzyme
activity was assayed., For enzyme activity test in the
homogenate, other assay components were added after

pre-incubation with amines and guanidines.

538
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TABLE-7 : Effect of concentration of polyamines and
guanidines on ATPase activity in maize
scutellum slices and homogenate
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ATPase activity

Concen= (units/g tissue)
tfzgﬁon ’ with
Guanidino
-= Putrescine Spermidine Spermine acetic Dodine
acid
Slices
0 28
0.5 31 32 32 32 38
1 33 35 35 36 48
2 38 42 4O 39 L
3 37 33 33 33 43
4 30 30 30 31 L3
5 28 29 29 31 37
Homogenate
0 475
0.5 532 557 557 532 56%
1 557 578 604 562 599
2 573 624 650 568 645
3 521 578 619 557 562
4 485 480 568 532 506
5 470 475 557 475 495
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Conditions were same as given in Table-b6.
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Raising the cqncentration beyond 2 mM decreased the acti-
vation continuously in slices as well as in homogenates
until it reached the control level at 5 mM, except with
dodire where gome activation was still evident in slices.
The biphasic response of polyamines was not due to the
displacement of Mg** from Mg**—ATP since the reversal of
activating effect at high concentration of polyamines was

not affected by increasing the Mg™* concentration (Table-8).

Interaction between polyamines and guanidines

for peroxidase and ATPase activity

The question whether polyamines and guanidines
interact for common binding sites on membrane to produce
their effect on the two enzymes was studied by preincubating
the slices with one compound followed by the other after
washing and the agctivity was compared with a control
group treated with water for the same period. The results
reported in Table-9 for peroxidase activity show that when
the preincubation was carried out with water first followed
by different compounds, nutrescime, spermidine and spermine
showed inhibition but GAA and dodine showed activation.
Arginine, agmatine, creatine and creatinine had no signifi-
cant effect, However, if the slices were first incubated
with putrescine, spermidine and spermine and then with
guanidino compounds, the inhibitorv effect of polyamines

was completely abolished by all the guanidino compounds
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TABLE~8 : Effect of Mg”“" concentration on ATPase activity
in spermine treated maize scutellum slices

T it it S s N P " S T Y] - — M T Y DO T S S O I Do S S A S O SO ST Y T T AT WA W S WS o SO TS S A N T AV o R v WO SO VIR W N PO SO

:
coneriestion et
10 28
20 29
30 29
Lo 28
50 30
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Scutellum slices were preincubated in 5 mM spermine at 37°
for 1 hr, Then the slices were washed and assayed for
enzyme activity in presence of different concentrations

of Mg’”’.
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except creatinine., GAA and dodine still activated to
almost same extent as without the amines pretreatment.
Further, if the pretreatment was carried out first with
the gusnidino compounds and then with polyamines, the
polvamines could not reverse the effect of guanidino
compounds. These results suggest that the binding of
polyamines was reversed by compounds having free guanidino
groups but the guanidine binding was not reversed by
polyamines. It is interesting to ngte- that although
arginine, agmatine and creatine had no significant effect
by themsgelves, they preveunted the effect of polyamines

on peroxidase activity., Creatinine, which has no free
guanidino grhup and had no effect by itself, was unable to

prevent the inhibitory effect of polyamines.

A similar study on ATPase (Table~10) showed that
incubation of slices in water followed by polyamines and
guanidines resulted in the activation of the enzyme by all
the polyamines, GAA and dodine, However, incubation with
polyamines first and then with GAA and dodine or vice versa
did not show any additive effect., Arginine, agmatine and
creatine, which had no effect by themselves, considerably
reduced the effect of polyamines whether the slices were
incubated with these compounds first and then with
polyamines or vice versa, Creatinine,which has no free
guanidino group, could not abolish the effect of polyamines,

Even though both polyamines and some of the guanidines
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activated ATPase, their effect was not additive., This
indicates that either they may bind to the membrane at the
same site giving activation which could not be enhanced by
subsequent binding of the other compound or if they bind

at different sites the maximum effect produced by the binding

of the two igs the same as that given by them individually,

Since sulfhydryl grouvs of membrane proteins appear
to play an important role in membrane function and peroxidase
is reported to be inhibited by cysteine (Lotti and Galoppini,
1961) it was of interest to study the interaction of
polyamines and guanidines with cysteine and sulfhydryl
reagents. When the slices were preincubated with iodoacetate
and p-chloromercuri-benzoate (p~CMB) they activated peroxidase
by 37 and 77% respectively, whereas cysteine inhibited the
enzyme by 32% (Table-11). Incubation of slices first with
iodoacetate or p-CMB and then with cysteine after washing
completely prevented the increase by sulfhydryl reagents
and showed inhibition to the same extent as with cysteine
alone, Similar results were obtained with spermine., However,
incubation of slices with dodine after sulfhydryl reagents
gave an additive effect. The inhibitory effect of spermine
was not evident if the slices were treated with it first
and them with sulfhydryl reagents but showed 22 and 34%
activation respectively, Incubation of slices with dodine
first followed by sulfhydryl reagents showed more activation

compared to sulfhydryl reagents and dodine alone.
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Sulfhydryl reagents also activated ATPase (Table=-12)
and it was not affected by subsequent treatment with spermine
or vice versa, However, incubation of slices with sulfhydryl
reagents followed by dodine or vice versa showed an additive

effect.

i

4)1'
y

Since in slices only membrane bound peroyidase and xux(
ATPase were assayed and they were &ffected by polyamines and \ :
guanidines, it was of interest to investigate whether the two‘
enzymes present on the membranes of other subcellular
fractions are also affected by these compounds or not,
Subcellular fractions were prepared from scutella excised
from seedlings germinated for 4 days. The results reported
in Table=13 for peroxidase show that the distribution of the
enzyme activaity in 1,000g, 10,000g, 40,000g, 105,000g and
soluble fractions was 11, 25, 30, 1 and 33% respectively.
Preincubation of these fractions with polyaminés and
guanidines showed that none of the compounds had any effect
on the enzyme present in the soluble fraction, Polyamines,
however, inhibited all the particulate fractions to various
degrees, the maximum effect (approx. 70%) being in the
40,000g fraction., GAA and dodine activated the 1,000g,
10,000g and 40,000g fractions but had no effect on the
105,000g fractions.

A similer study on ATPase (Table-14) showed that

maximum activating effect of polyamines and guanidines was
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TABIE=-13 ¢ Effect of polyamines and guanidines on peroxidase
activity in subcellular fractions of maize
scutellum

Bt B A Wt W B B B e Fan O P W TR Ba S SH TS WS S WD S B W B S T O GE WIS WK SETS ST due U SO SBE Wl W DA S IS ST OO R St WY OB £ 06 S D S WY W W SO At SR A Yo S G, SO0

Peroxidase activity (units/g tissue)
in fractions

Compound
1,000g 10, 000g 40,000g 105,000g Soluble

— 33 76 90 4 102
Putrescine 25 46 40 3 102
Spermidine 22 I 35 3 102
Spermine 20 40 27 3 102
Arginine 33 82 91 4 102
Agmatine 33 76 92 4 102
Creatine 34 77 90 4L 100
Creatinine 34 78 89 b 103
Guanridino Lo 90 100 4L 102
acetic acid

Dodine 49 115 114 ) 104

W G Y e N e G K Wi iy 34 SO NV Al S S Gt A W SR g W e e Sy SN A AT R S D) G S WS e R ) R G P PO WG I MECH 0 MY R SRS A e I L B e WS T L T Y S S s I Lt Bt

Subcellular fractions from scutella of 4 day germinated seedlings
were prepared, The fractions were incubated with polyamines and
guanidines (1 mM) for 1 hr at 37° before the addition of the

other assay components for the eﬁzyme activity test. The homoge~

nate before fractionation had 306 units/g tissue.



TABLE-14 ¢ Effect of polyamines and guanidines on ATPase
activity in subcellular fractions of maize
scutellum

- - — e 2 Yol S U U8 DD S SR P S S ST P S S, WS S, SO I S G I T TS W P P 3 Wt ] S S e T S N U oty I S SO U O W W SR S o PN Y'Y Sl B g Bl

ATPase activity (units/g tissue)
in fractions

Compound
1,000g 10,000g 40,000g 105,000g  Soluble

- 35 89 103 L6 206
Putrescine 37 120 138 50 204
Spermidine 38 132 145 56 204
Spermine L3 145 157 59 211
Arginine 36 94 108 43 206
Agmatine . 35 94 108 43 206
Creatine 35 89 102 44 204
Creatinine 35 89 108 45 206
Guanidino 35 115 137 50 204

acetic acid

Dodine 36 150 157 59 211

Conditions were same as given in Table~13.

Homogenate before fractionaiion had 473 units/g tissue.



12

for 10,000g and 40,000g fractions, The soluble enzyme
which constituted approximately 40% of the total activity

in the homogenate was not affected by any of the compounds,

The studies reported till now indicate that
polyamines and guanidines modulate the peroxidase and ATPase
when they are bound to the membrane, The next approach was
to find the nature of binding of these compounds. To investi-
gate this an attempt was made to separate the enzymes from
the membrane association., Peroxidase has been reported
to be bound ionically as well as covalently on the membrane
and it is reported that the ionically bound enzyme can be
solubilized by CaCl, (Haard, 1973). Therefore, CaCl, and
the two surface active agents triton x=-100 and sodium deoxy-
cholate were used for solubilization of the two enzymes
from mitochondrial (10,000g) and plasma membrane (40,000g)
fractions, After treatment with the solubilizing agents
the fractions were centrifuged to separate the solubilized
and residual fractions which were then incubated with
spermine or dodine and assayed for enzyme activity.

The results reported in Table-15 for peroxidase show that
ca*? could solubilize 80% of the enzyme from both 10,000g
and 40,000g fractions, whereas triton x-~100 and deoxycholate
did not solubilize it., The enzyme which remained in the
residual fraction was inhibited by spermine to about 50 and

65% in the 10,000g and 40,000g fractions respectively.
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The activation of the residual enzyme by dodine was about
45 and 30% in the 10,000g and 40,000g fractions respectively.
Spermine and dodine, however, had no effect on the enzyme

solubilized by Ca*+.

Contrary to the solubilization of peroxidase by
Ca*%, the ATPase (Table-16) was not solubilized by Ca'¥.
Triton x-100 and deoxycholate, however, could solubilize
about 40 and 60% of ATPase activity from the 10,000g and
40,000g fractions respectively. The residual enzyme was
still activated by spermine and dodine but the enzyme
solubilized by triton x«100 and deoxycholate was not
affected by either spermine or dodine. These results indicate
that polyamines and guanidines modulate peroxidase and ATPase
activity only when they are bound to the membranes and the
separation of enzymes from membrane results in the abolition

of modulating response,

Attempts were then made to reconstitute the solubi-
lized enzyme from the membrane fraction to ascertain if the
reconstituted enzyme will again be modulated by the compounds.
These studies could only- be carried out with ionically
bound peroxidase which was easily solubilized by Ca012 to the
extent of 80% and ca** could be easlily removed by exhaustive
dialysis. attempts made on the reconstitution of ATPase

solubilized by tritin x-100 or deoxycholate were not
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successful probably because of the difficulty in removing
them from the solubilized enzyme fraction. The data
reported in Table-17 (Expt.I) show that when peroxidase from
plasma membrane frection having 86 units was solubilized
with Ca**, the solubilized fraction after dialysis
(Fraction 3) had 67 units, while the residual fraction (2b)
had 12 units. When these Ifractions were mixed, the mixed
reconstituted fraction showed 74 units (Fraction &),

Of these 30 units were present in the supernatent obtained
after centrifugation and the residue now had 44 units
compared to 12 units present earlier (Fraction 2b).

This shows that about 50% of the solubilized enzyme could
be reattached to the membrane from which it was removed.
The reconstituted membrane fraction (Fraction 5b) now again
responded to spermine and dodine, In another experiment
(Expt.II) reconstitution of the enzyme was attempted not
with the enzyme solubilized from the membrane itself but
with the cytosolic enzyme and the results showed that the
cytosolic enzyme could also attach to the membrane from
which the ionically bound peroxidase has been removed.
Also, once the cytosolic enzyme gets attached to the
membrene it was affected by spermine and dodine in the

same manner as ionically bound enzyme.
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TABLE-17 ¢ Reconstitution of peroxidase from plasms membrane
of maize scutellum and the effect of spermine and
dodine on the reconstituted enzyme

AR L S O T I R T S Tt S WS i S S S SIS S G Wt St S S W R St S R AN WS SO SO0 W UG WS G Gute Eng W WNSE KT U MY G Y NCE D Sk E S P W W S0 WY WO S e s S

Peroxidase activity

(units)
Fraction
e #
Expt, T EBxpt, II
1) Plzsma membrane 86 86
2) Fraction after solubili-
zation with 0,8 M CaCl2
(a) Supernatant 73 73
(b) Residue 12 12
3) Fraction 2(a) after dialysis 67 67
4)  Reconstitution of fraction 3 74 72
. with fraction 2(b)/or
cytosolic enzyme.
5) Fraction 4 after centri-
fugation at 105,000g
(a) Supernatant 30 32
(b) Residue iy 40
6) Fraction 5(b) % Spermine 18 20
" + Dodine 66 64
* Expt.I ¢ Plasma membrane frection was treated with 0.8 M

Ca012 for 1 hr and then centrifuged at 105,000g
to separate the solubilized enzyme in the

supernatant (2a) and the bound enzyme in the

CO’Y\%d »



TABLE=-17 (CONTD.)

residue fraction (2b). The solubilized enzyme (2a) was
dialysed thoroughly to remove the Ca ions, The dialysed
fraction (3) was then mixed with the residue fraction (2b)
in thg dialysis bag and was further dialysed for 48 hr.
After dialysis the fraction-4 was centrifuged at

105,000g to separate the supernatant (5a) and the residue
(5b) fractions. A portion of fraction(5b) was kept for
assay and the remeining fraction was pretreated with
spermine or dodine (1 mM) for 1 hr before carrying out

the enzyme assay,

* Expt.II wes same as Expg.l except that the reconstitution
at stage 4 was not carried out with fraction-3 i.e., the
enzyme solubilizeq by CaCl, treatment but with cytosolic
enzyme obtained after centrifugation of the homogenate at

105,000g.



TABLE=-18 (Contd. )

Plasma membrane peroxidese was solubilized by CaCl2 as
described in Table-17. The residue fraction 2(b) was

then treated with spermine or dodine (1 mM) for 1 hr

and centrifuged at 105,000g to remove the free spermine

and dodine from the residue. This residue was then
reconstituted with the solubilized enzyme after dialysis
(Fraction 3) as described in Table-17. After reconstitution,
fraction 4 was centrifuged at 105,000g to separate the

supernatant and residue,



Fig 3

Double reciprocal plot of peroxi&feactivity at
various concentrations of H202 in the absence -
al d presence of spermine, The mM concentration
of spermine is indicated on the lines.
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Fig 4 :

Double reciprocal plot of peroxidase activity at
various concentrations of H202 in the absence and
presence of dodine, The mM concentration of

dodine is indicated on the lines.
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Fig 5

Double reciprocal plot of ATPase activity at
various concentrations of ATP in the absence
and presence of spermine, The mM concentration
of spermine is indicated om the lines.
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Fig 6

Double reciprocal plot of ATPase activity at
various concentrations of ATP in the absence
and presence of dodine, The mM concentration
of dodine is indicated on the lines.
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Bffect of polvamines and guanidineg on

other Tissues

In order to investigete whether the effect of
polyvamines and guanidines on peroxidase and ATPase is specific
to maize scutellum only or is a general phenomenon, subcellular
fractions from maize root and shoot, barley root, pea and
bengalgram embryo were prepared and treated with the
compounds as in the case of maize scutellum (Teble-~13) and
asseyed for enzyme activity., The results reported in ”
Table-19 and Table-20 show that the peroxidase and ATPase
activity from the 40,000g fraction of all the tissues was
affected by polyamines and guanidines in a manner almost
similar to that of meize scutellum, This study wes carried
out with other particulate fractions also and they too showed
a response similar to that of maize scutellum (date not given).

The cytosolic enzymes of none of these tissues were affected

by polyamines and guanidines.
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TABLE~19 : Effect of polyamines and guanidines on
peroxidase activity in 40,000g fraction
of different tissues

T T G - O ST Gt S (U S, o o G T Y W T ] W o KW T . Dt W W G o WS W Yy Y S 0 U WO WS WO T . S W B S TP TOUR S GV S e TOT (e o D

Peroxidase activity
(units/g tissue)

Compound in
maize barley pea bengalgram
shoot root root  embryo embryo

-- 16 21 24 70 86
Putrescine 7 10 10 32 29
Spermidine 6 9 S 24 32
Spermine 5 7 7 20 29
Arginine 17 22 25 77 03
Agmatine 17 22 26 75 87
Creatine 16 21 24 73 90
Creatinine 16 21 25 72 85
Guanidino 20 26 32 82 106

acetic acid

Dodine 23 31 37 101 127

T S -~ W OT | WP W S GO T - o W T S W VT SO G S S U U YO - SO A Ul P o B T Y SO AR SN S SN NS O PSS S S TR S SO Gl ol W WO WU S Y B
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TABLE~20 : Effect of polyamines and guanidines on ATPase
activity in 40,000g fraction of different

tissues
LTPage activity
units/g tissue)
in
maize barley pea bengal-
root embryo granm
shoot  root embryo
- 38 26 46 150 56
Putrescine 50 34 63 201 71
Spermidine 53 36 - 67 215 Th
Spermine 57 39 72 231 81
Arginine 4 26 51 174 61
Agmatine 40 27 49 159 58
Creatine 38 26 L7 159 56
Creatinine 39 27 48 154 55
Guanidino 49 33 57 202 71

acetic acid

Dodine 58 39 65 237 83

_____________ [ o e 22 e e e s e s e e e o e e e e e ke e e £ e e
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Phytochrome mediation and its interaction with

polyamines and guanidines in regulating peroxidase

and ATPase activity in maize scutellum

f

4
Studies reported in the previous section have shown’

!
that polyamines and guanidines can influence the activity 5 ‘

of the membrane bound peroxidase and ATPase. Phytochrome,
which is involved in controlling several biochemical
processes and enzymes including peroxidase and ATPase,

is also known to be bound to the membranes., It was of
interest, therefore, to investigate the intersction, if any,
between polyamines and guanidines with phytochrome in modu-

lating these enzymes.

To demonstrate the phytochrome medisation of peroxi-
dase and ATPase, the scutella excised along with the embryo
from the seedlings germinated in dark for different days
were exposed to red (R) far-red (FR) or red followed by
far-red (R-FR)lights. After exposure the scutella were
incubated in dark. At specified periods the embryo was
removed and slices\from the scutella were prepared end used

for the assay of peroxidase and ATPase activity. In all the

experiments the time of exvosure to light was taken as O hr,
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The results reported in Table-21 for peroxidase
show that red or far-red light had no effect on the develop~-
ment of peroxidase in the scutella excised from 1 day
germinated seedlings. Scutella excised from 2 dey germinated
seedlings showed an increase in peroxidase activity in red
light treated group starting from 8 hr. The maximum increase
in activity was to the extent of about 20%. The red light
response was maximum in the scutells from 3 dsy germinated
seedlings where it increased peroxidase activity by about
40% from 4 hr onwards and it decreased in the scutella from
the seedlings germinated for 4 days. The red light effect
persisted throughout the period of incubation (36 hr)
though it was considerably decreased at later periods in the
scutella from 4 day germinated seedlings. Far-red light
alone did not have any effect on the enzyme but if the red
light was followed by an immediate far-red light treatment,
the increase in peroxidase activity brought about by red
light was completely abolished, confirming the phytochrome

medietion of the enzyme,

ATPase activity (Table=-22) also showed an activation
by red light and the pattern was almost similar to peroxidese
except that the effect did not persist till 36 hr of

incubation but started decreasing after 12 hr.



TABLE~21: Effect of red and far-red light on the development
of peroxidase activity in maize scutellum

--—n——-.n-—-——-—--nmmu---..--.—--—--—n—..-———————————-_——————-————-————.—-

Scutella Peroxidase activity
removed (units/g tissue)
from Light e fter exposure to light (hr)
seeds treat- e e
germinsted ment ! ' ‘ ! '
in dark 4 8 12 24 30 36
for
(days)
1 5 7 10 17 34 50
R 5 7 10 18 3l 50
FR 5 7 10 19 34 50
R~FR 5 7 10 19 34 51
2 D 36 42 51 92 101 114
R 36 45 57 106 120 123
FR 36 Lo 53 93 103 114
R=EFR %6 L3 54 95 105 117
3 D 65 75 g1 107 11k 116
92 103 114 141 148 154
FR 67 75 82 108 114 118
R-FR 68 76 84 109 114 121
b D 75 83 92 113 118 127
R 192 100 110 129 132 136
FR 77 83 93 114 119 129
R-FR 81 87 98 118 122 130

—_—.—-—-—»s-—-—u-——-.-u---mn-..—-.--—unn—v-.—-—u.—.---—..---a-_u--;——-—-‘----—-——————-n——m—--——
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TABLE=-21 (Contd.)

Scutella from seeds germinated for different days
in dark were excised and kept in Petridishes containing
moist filter papers either in dark (D) which served as
~control or exposed to red light (R) for 5 min, far-red
light (FR) for 15 min or red followed immediately by
far-red light (R—FR}, After exposure to lights the
scutella were transferred to dark and allowed To
incubate at 22°., At specified periods after exposure
slices were prépared, washed in water and used for enzyme

assay.
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TABLE-~22 3 Effect of red and far-red light on the
development of ATPase activity in maize

scutellum
rewoved | Mz setiviny (witg pispee)
seeds treat~
germinated ment
;iegx‘-da?k I 8 12 24 30 36
(days)
1 D 10 13 16 27 28 29
R 11 13 15 27 28 29
R 11 13 16 27 28 29
R~FR 10 13 - 16 27 28 29
2 D 14 17 20 34 35 36
R 15 19 22 , 40 40 41
FR 14 17 19 35 34 37
R-FR 14 17 20 35 36 37
3 17 21 23 40 43 45
23 28 31 L 48 50
FR 18 21 24 44 43 45
R~FR 18 22 25 L 43 46
4 D 30 34 38 52 54 57
R 34 38 4 55 57 59
FR 31 35 39 54 57 58
R~FR 31 34 39 54 55 57

M e i e S S SO Sy i gy W S S GG ) W R 1O S AL Y PR WY U S e s PO WS UL S S S Sk W AN SRS S S e e W SR S Sl W S A TS Sl O S G R WS S A S WU S WO S M

Conditions were same as in Table-21.
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These studies demonstrated that the response of
scutellum tissue to phytochrome initially increessed with
period of germination upto 3 days but again decreased
with further germinetion. In fact the scutella from seeds
germinated for 5 day onwards did not show any red light
mediated response (data not given), Scutella from seedlings
germinated for 3 days were, therefore, used for studying the
effect of polyamines and guanidines on phytochrome mediation,
For these studies the scutelles along with the embryo were
either transferred to Petridishes containing compounds and
expoged to lights immediately or they were first exposed to
light, transferred to dark and then 2 hr sfter exposure
they were transferred to Petridishes containing compounds.
In another set the scutella were first treated with the
compounds in dark and after 2 hr they were exposed to
light and agein kept in dark for incubation. Thus the
experimental set up was such that either the exposure to
light snd compounds was done simultaneocusly or the light
vas given first followed 2 hr later by compounds or the
compounds were given first and the lights were given after

2 hr.

The results reported in Table-23 for peroxidase,
where light exposure wes given immediately after transferring
the scutella to Petridishes containing compounds, show that

putrescine, gspermidine and spermine though had no effect



TABLE=23 3

Effect of polyamines and guanidines on
phytochrome mediated response of peroxidase

activity in maize scutellum

93

" am S e AT o A s W O D S S AR S B R S0 s A D S U Sy B e G S SO S RS W S o Sy T R SO e (e B $S S  T  t  St S S W m e W B e W BS R

Putrescine

Spermidine

Spernine

FR
R~FR

FR
R-FR

FR
R-FR

FR

Peroxidase activity (units/g tissue)
after exposure to light (hr)
4 8 12 2L 30 36
66 71 77 99 105 113
S0 102 110 147 157 162
70 78 79 99 108 113
70 78 80 100 109 115
67 Th 75 97 103 108
S0 100 105 121 125 128
71 79 81 101 105 113
70 78 81 101 106 116
65 73 76 95 108 110
88 99 103 117 124 125
67 75 78 100 112 115
66 76 81 101 110 111
65 72- 75 96 108 110
89 95 103 118 121 130
69 79 79 101 116 113
67 78 80 98 113 115

R-FR

Contd.



TABLE-23 (Contd.)

YO g A SIS T O LS G N o W e et O P S Sl TV WY S T S e S D S B S A Gy SN A M G S g S ) S A M U T i W R S s K WD DS S SO W St St SO B e Same

Peroxidase activity (units/g tissue)

Light after exposure to light (hr)
Compound treat-~

ment 4 8 12 24 30 36
Guanidino D 67 79 93 138 156 166

acetic acid

91 101 105 17 157 167

FR 67 76 83 100 109 114
R~FR 66 77 84 101 112 115
Dodine D 66 80 93 139 156 167
R 91 99 105 148 158 168
FR 68 75 83 101 110 113
R~FR 69 76 84 102 112 115

s ue TR S G T i . WD T B G B Nl G S s T et o B S ey S e e e S W Tt B B S i el G B RS S Y W S WS e T STBP B OO A 0 U B WD SV S W M S

Scutella along with the embryo from 3 day old dark
grown seedlings were removed and were placed in Petridishes
containing 2 layers of filter vapers moistened with
compounds (2 mM)., The scutella were then either kept in
dark (D) to serve as control or immediately exposed to
red light (R) for 5 min, far-red light (FR) for 15 min or
red followed by far-red light (R-FR), After exposure to
liéht the scutella were transferred to dark and allowed to
incubate at 22°. At specified intervals after exposure slices

were prepared, washed in water and used for enzyme assay.
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on the dark contrel group but partially decreased the red
light induced increase in peroxidese activity from 12 hr
onverds, The far-red light completely reversed the

red light response to the dark control level, GAA and
decdine, however, increased peroxidage activity even in the
dark control group. The red light had no additive effect
in presence of these two compounds. Also far-red light
either alone or after red light was again able to reverse
the increase brought about by the guanidino compounds.

In the second group, where light exposure was given prior
to treatment with compounds, the results (Table-24) were
similar to the earlier group where light and compounds

were given simultaneously. In the third group, where
scutella were treated with the compounds 2 hr before exposure
to lights showed (Table~-25) that the general pattern of the
response was same as in the previous groups, except that
the effect was evident from 4 hr onwards %nd the polyamines
could completely reverse the red light induced increase in

peroxidase activity.

ATPase activity studied under the similar set up
showed that when the light exposure and treatment with
compounds was carried out simultaneously (Table-26) or
when the light exposure was given 2 hr before treatment
with compounds (Table-27) or when the compounds were given
2 hr before light exposure (Table-28) the red light induced

ATPase activity was not affected by polyamines and the
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TABLE-24 3 Effect of polyamines and guanidines on
phytochrome mediated response of peroxidase
activity in maize scutellum

R et St S S S WD S PO W A - i SO W Y S T - S o D A e W o U D o Sl ST T s T S0, T T AR T AP S P00 Tk Gt St DO S o WOt Tt R S o W S S T

Peroxidase activity (units/% tissue)
h

compound %ﬁgﬁ% after‘iffésure to light (hr) fi$_
ment 4 8 12 24 30 3t
- D 63 72 76 101 107 112
91 102 110 148 160 167
FR - 68 78 84 111 118 118
R-FR 70 79 86 115 120 121
Putrescine D 61 75 78 98 110 118
R 88 105 108 123 125 129
FR 68 78 83 108 115 122
R-FR 70 79 84 113 117 123
Spermidine D 62 76 80 101 108 115
R 90 105 109 120 125 128
FR 68 79 81 108 110 117
R-FR 68 78 79 106 112 118
Spermine D 64 73 76 99 105 112
R 91 105 108 122 125 129
FR 68 79 79 105 110 115
R-FR 67 78 81 106 112 116

Contd.
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Peroxidase activity (units/g tissue)
after exposure to light %hr)

Light
Compound treat-
ment L 8 12 24 30 36
2l et e s e e e e P e . o e o P . o S e P B e P S e B 2 S S o
Guanidino D 63 78 91 137 151 163
acetic acid
88 101 109 154 160 166
R 68 76 79 105 110 115
R~FR 67 75 84 105 112 118
Dodine D 65 79 93 140 153 167
R 87 99 109 . 151 159 166
FR 67 75 81 106 112 115
R~FR 68 77 83 106 112 118

T U e . S SO D T . (i A ) o . S0t S Pt B e SO s S i S P S s B WD St I at Sl NS St S WD s SO W TS S S B gy TR T WA S oMY GBS = R S W WO W ot S S o S

Scutella along with the embryo from 3 day old dark
grown seedlings were removed. They were either kept in dark
(D) to serve as control or exposed to red light (R) for
5 min, far-red light (FR) for 15 min or red followed by
far-red light (R-FR). Two hr after exposures to light,
the scutella were transferred to Petridishes containing
2 layers of filte; papers moistened with 2 mM compounds and
allowed to incubate at 22° in dark. At specified intervals
after exposure slices were prepared, washed in water and

used for enzyme assay.
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TABILE-25 ¢ Effect of polyamines and guanidines on phyto-
chrome mediated response of peroxidase activity
in maize scutellum

S V. - T W P " WS WD e W SO W W S SO S T SO Y e B e Sl D B S Sl T ot DAY Sl X B PRt S iy PR M A P VP W S e SO VRS W S e St S

Light Peroxidase activity (ungts/g tissue)
freate after exposure to light (hr)
Compound ment
4 8 12 2L 30 36
- D 64 73 78 106 109 114
R 92 104 114 148 148 151
FR 68 78 87 117 121 128
R-FR 68 78 86 120 124 129
Putrescine D 67 75 76 109 113 114
3 71 Th 79 110 115 17
FR 67 76 76 ' 112 118 121
R~FR 68 76 77 13 116 122
Spermidine D 66 73 73 105 110 114
R 69 72 Th 104 111 116
FR 68 75 71 105 109 116
R-FR 69 74 72 105 110 115
Spermine D 67 7 78 106 112 117
R 66 73 79 107 111 116
FR 66 73 78 107 109 115
R~FR 67 7h 79 106 110 115

Conid.
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Peroxidase activity (units/% tissue)
h

Light after exposure to light (hr)
Compounds treat-

ment 4 8 12 ol 30 36
Guanidino D 86 103 115 149 156 166
acetic acid

R 88 104 115 149 157 170

R 66 75 83 112 115 120

R-FR 68 76 84 112 116 122
Dodine D 87 101 114 149 162 167

' R 87 105 115 149 162 168
FR 67 76 84 112 116 120
H-~-IR 69 77 85 113 117 123
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Scutella along, with the embryo from 3 day old dark
grown seedlings were removed. They were placed in Petridishes
containing 2 layers of filter paper moistened with 2 mM
compounds. Two hr after placing the scutella in the Petridishes,
they were exposed to red light (R) for 5 min far.red light (FR)
for 15 min or red followed by far-red light (R-FR) and
allowed to incubate at 22° in dark. At specified intervals
after exposure, glices were prepared, washed in water and

enzyme activity was assayed.
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TABLE-26 : Effect of polyamines and guanidines on
phytochrome mediated response of ATPase
activity in maize scutellum

T G S S SN MR D oS Nk SR GO N e W W S WA B T WA W B WL A M A S G WA PR O TRAD e TRCR TR S O AP O BT B S8 WA BONE e S Wt e S S S PR SN e R TR B NS GO 208 W S S

ATPsse activity (units/g tissue)

Light after exposure to light (hr)
Compound treat-
ment 4 8 12 24 30 36
- D 16 20 23 39 42 45
R 19 25 29 L7 48 L9
¥R 17 21 2L Lo v L7
R-FR 17 20 24 - L, L7
Putrescine D 17 20 22 40 43 46
R 20 26 28 4t 49 51
FR 17 22 25 42 45 L7
R~FR 18 21 25 4 4i 48
Spermidine D 15 19 22 39 42 45
R 19 24 29 46 -49 51
FR 17 21 24 L L4 L7
R~FR 17 21 25 Lo 44 L7
Spermine D 17 20 22 40 43 L7
20 25 31 39 51 51
FR 18 21 26 43 45 47
R~-FR 18 21 27 L Ly 48

Contid.
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ATPase activity (units/g tissue)

Light efter exposure to light (hr)
Compound treat-

ment 4 8 12 ok 30 36
Guanidino D 16 22 25 43 48 50
acetic acid

R 21 25 29 L7 49 51

17 21 26 42 45 47

R~FR 18 21 25 4 Ly 4y
Dodine D 17 22 28 L L8 51

R 20 25 31 46 50 51

FR 18 21 25 L2 43 46

R=FR 17 21 25 42 43 L6

O b G U DS (Y S G JOD SIS N St ST Sl DY GRS D SIS A O e G G WD G TR S S SR TSR W WS N TN S e A B WA S T O O A S S B Gt W et W) L e e W e Gy Y B S

Conditions were same as in Table-23,
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TeBLE-27 ¢ Effect of polysmines and guanidines on
phytochrome mediated response of ATPase
activity in meize scubtellum

- - o S T L W T s Sl ST WS S S AR Sa0r o S MM L T e YOS S R W S R S S D G W ST S0 A Sy KRG 2 D S Y ST WY W, e B Sk M H o S0 S S s SO W

ATPase activity (units/g tissue)
after exposure to light (hr)

Light
Compound treat-
ment L 8 12 24 30 36
- 17 21 23 39 43 L6
R 21 26 30 48 50 51
FR 18 22 25 4 45 48
R-~FR 18 23 26 4 45 48
Putrescine D 16 22 25 4O L2 47
R 21 25 1 48 49 51
FR 18 23 25 4 Ly 48
R~FR 18 23 24 Lq L L7
Spermidine D 17 23 25 40 42 L7
R 22 25 b 48 50 52
18 23 25 4 43 49
R«FR 18 22 24 %] L3 49
Spermine D 15 19 22 39 Lo 45
R 20 25 29 L6 49 51
FR 18 22 2k 49 45 b
R~FR 17 21 25 L bl by

Contd.
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TABLE-27 (Contd, )
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ATPase activity (units/g tissue)

. fter exposure to light (hr)
Light a
Compound treate
ment 4 8 12 24 30 36
Guanidino D 18 22 25 43 46 49
acetic acid
R 20 26 29 46 49 51
FR 18 21 23 4 4L2 45
R~-FR 18 22 24 40 43 46_
Dodine D 17 21 23 49 46 49
R 20 24 28 45 49 51
FR 17 20 22 L0 L 45
R~FR 18 21 23 40 L2 46

SO I B T IS A S WO L A S S WS gy e RS G W G TP AR i TD TP S A TR N S W . Y S SO BTG SRR ST G B, T N T SO IO S S0P G T R SRS VY (G S G WS S AL U BN R Y SR S

Conditions were same as Table=-24,
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TABLE-28 : Effect of polyamines and guanidines on
phytochrome mediated response of ATPase
activity in maize scutellum

T G G o P Rt o D WS Wt ST Gt SO W OSSP Sl G G O o S G WS S T A Gy S S A B S O B S S Gt T W WY G S WK Bl Tt R W e TR S SIS S 0 G T G, WY Y

ATPsse activity (units/g. tissue)

Light after exposure to light (hr)
Compound treat- -
ment I 8 12 ol 30 36

- - " ———- -] p— S s Uit W S WS f s Sl W GO S Bl S U S e A s WA NP O KL S N e P T GO T T S0 WY O O D P s IR A A . MR o S S M oay T Sl T T

- D 17 20 22 40 43 46
R 19 25 29 47 48 49

FR 18 22 25 49 45 48

R-FR 17 21 25 42 Ly 47

Putrescine D 16 21: 23 39 43 46
21 25 31 48 49 51

FR 18 22 24 41 45 47

R-FR 18 22 24 40 43 49

Spermidine D 17 23 25 it} L2 L
R 20 25 31 L9 51 51

FR 17 21 24 41 Ll L7

R-FR 18 21 27 Ly Ll 48

Spermine D 16 20 23 39 4o 45
R 20 26 28 L6 L9 51

FR 17 21 24 40 44 46

R-FR 17 21 25 42 Ly 47

C_ohtd.
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ATPase activity (units/g tissue)

i after exposure to light (hr)
Compound %;522-
ment L 8 12 ol 30 36
Guanidino D 17 22 29 45 49 51

acetic acid
20 23 30 46 49 51

FR 17 20 23 42 L3 45
R~FR 17 21 25 4 43 45
Dodine D 17 23 29 45 48 51
R 21 25 30 46 49 51
FR 17 21 25 L2 L2 45
R-FR 18 22 25 43 Li 45

e o o o bt B e S S B o Ao R AW W NS SRS Y S S B o BRGNS N SN ) O o S e G UV W € AU S e S GO G T W G e M L S O D B S s s

Conditions were same as Tahle-25,
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increase by guanidines in the dark control group was of

the same order as with red light treated group. The sctivation

by the red light or by the guanidino compounds was reversed

by far-red light.

Studies reported in the earlier sections have shown
that polyamines inhibit peroxidase and activate ATPase
activity while the guanidino compounds activated both the
enzymes when the slices were preincubeted with them.
However, in the studies with phytochrome mediation where
whole scutella along with the embryo were treated with these
compounds before assaying the activity in slices showed that
polyamines heve no effect in the dark control group, though
guanidino compounds still showed scme activation,

To investigate whether the negative response of polyamines
in the whole scutella along with the embryo could be due to
their break gown in scutellum tissue during the long period
of incubation, the gcutella were assayed for the polyamines
oxidase activity. The results showed that scutellum tissue
has no polyamine oxidase activity but the embryo has
polyamine oxidase activity. Thus it appears that the

negetive response of polyamines in the whole scutellum may

not be due to breakdown of polvamines but could be either due

a slow intake or its transport to the embryo where it may be
broken down. To investigate this further, in an experiment

the scutella with embryo or without embryo were incubated

to
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The results reported in Table-29 show that in case where the

with the compounds and light exposures were given,

j

embryo was present with the scutellum during the treatment,
the sﬁermine had no effect on the dark control group but
in the group where the embryo was removed before starting
the treatment, spermine could decrease the peroxidase and
increase thg ATPase as expected, though, the percentage
efféct was less than in the slices. Another interesting /
observation was that, if the embryo was removed from the[
scutellum before the light treafment there was no phyto-
chrome response én the two enzymes suggesting that the
light perception is paseged on to the scutellum tissue
through the embryo. Dodine, however, had similar effect
in both the groups but far-red light could not reverse the
effecf in the group where embryo was not pfesent.

, \
N
i §
ld

/ Since polyamines and guanidines modulate only the

l;bound peroxidase and ATPase activity -and phytochrome
\\

. J————

/

“appears to interact with these compounds in controlling the
aqtivity, it was of interest to see whether only the
enzymes bound to the membranes are affected. The scutella
were exposed to light and compounds simultaneously and
after homogenization, the particulate (105,000g residue)
and supernatant frgctions were separated and assayed for
enzyme activity. The results reported in Table-30 show
that red light activated both peroxidase and ATPase in
particulate as well as in the soluble fractions and t?e
activation- was reversed by the subsequent far-red light

treatment. Spermine, however, decreased the red light
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TABLE=-30 ¢ Effect of spermine and dodine on phytochrome
mediated response of peroxidase and ATPase
activity in particulate and soluble fractions
from maize scutellum

T R S e S LS S W VD (I Ay B ST B R U e G S Both el SA S G S s Gl TS Y W G G G WO S (s AN N Yy SO TR S S S S O s GG e N G e S P W Grie S Tl SO W S

Enzyme activity (units/g tissue)

- -

Compound Light Peroxidase ' ATPase
treat-
ment in fractions
Ei{:%; Solube Eﬁi:i; Soluble
- D 194 111 258 274
R 248 132 346 361
FR 196 112 263 279
R~-FR 206 114 274 299
Spermine D 196 103 258 274
R 204 132 355 361
FR 198 13 268 274
R-FR 202 114 276 315
Dodine D 250 111 335 263
250 131 351 377
FR 196 112 276 27h
R~FR 206 113 276 289

L M e A O K Mo b N e W o PN SR A Do AT T S T Sow G S L DR A Taar AR B RO WS W SO AP G AP NS A SO A SO0 T e S NS e SR MU TN s SRS S FD D e W A W S o S
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TABLE=-30 (Contd. )

Scvtella were removed from 3 day old dark grown

seedlings and were placed in Petridishes containing
2 layers of filter paper moistened with 2 mM spermine
and dodine. The scutella were then either kept in
dark (D) to serve as control or immediately exposed to

" red 1light (R) for 5 min, far-red light (FR) for 15 min.
or red followed by far-red light (R=FR), After exposure
to lights the scutella were transferred to dark and
allowed to incubate at 22°, After 24 hr particulate
(105,000g residue) end soluble (105,000g supernatant)

fractions were prepared and enzymeswepeassayed.
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induced peroxidase activity of the particulate fraction

but not that of the soluble fraction, The red light induced
ATPase activity was, however, not affected by spermine in
the particulzte or the soluble fraction. Dodine increased
the peroxidese and ATPase activity of the particulate
fraction but not of the soluble fr;ction in the dark control
group. This increase was to the same extent as with red
light treatment and was reversed by the subsequent far-red
light. These results confirm that everfthough phytochrome
can increase the activity of the two enzymes in both
particulate and soluble fractions, polyamines and

guanidines interact with phytochrome only for the bound

enzymes. v

Effect of plant hormones on peroxidase and

ATPage activity in maize scutellum

Plant hormones are known to affect peroxidase and
ATPase activity and some of their physioclogical effects are
mediated through membranes. Studies were carried out to
see whether plan% hormones could modulate membrane bound
peroxidase and ATPase from maize scutellum slices and their
possible interaction with polyamines and guanidines.
Scutellum slices were incubsted with different concentratiens

of indole acetic acid, gibberellic acid, kinetin and etherel

T
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and after washing the slices were used for enzyme assay.
The results reported in Table-3%4 for peroxidase show that
indole acetic acid, gibberellic acid aﬁd kinetin had no
effect on peroxidase activity but etherel inhibited it.
The inhibition increased with increasing concentration.
In a similar study on ATPase (Table-32) none of the

compounds were found to have any effect.

Since etherel inhibited peroxidase and GAA and
dodine were found to activate it, studies were carried out
to demonstrate the interaction, if any, between etherel
and guanidines. Scuﬁellum slices were either incubated
in etherel first and then in GAA or dodine after washing
or vice versa, The results reported in Table-33 show that
when slices were first incubated in etherel and then in
guanidino compounds the inhibitory effect of etherel was
partially reversed by guanidino compounds. However, when
the slices were first incubated in guanidino compound::%hen
in etherel, the activating effect of the guanidino compeunds
was completely reversed by etherel and it inhibited to the

same extent as alone.



113

TABIE~31 ¢ Effect of hormone concentration on peroxidase

activity in maize scutellum slices

Peroxidase activity
(units/g tissue)

Concgn— -, + T
tzigion Indo;giicetic Gibgiggllic Kinetin Etherel
0 80
10 © 70 83 80 ®3
25 70 ” ” "
50 66 81 50 °
100 65 7 ” .

" (e BY .t g B o T St M s o i W Pt OO Y A KA BN S A S Y O Gl (i S Rl A oD S D Bt A W ek D S e D D W e W SRR o WY WO S0 ) M S

Scutellum slices from 4 day germinated seedlings
were preincubated with the hormones at different concentrations
for 1 hr, After incubation the slices were washed in water

and used for enzyme assay.
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TABLE=-32 : Effect of hormone concentration. on ATPase
activity in maize scutellum slices

ATPase activity
{(units/g tissue)

Concen-
tration e e reenta v
(M) Indggidacetic Gibgiggllic Kinetin Etherel
O 30
10 30 31 26 29
25 29 39 26 8
20 29 » 30 26 26
100 28 28 o6 o6

N A W 1004 SO Sl (e S s S R VAN WA ot T WP (00 T W e W 0% S B Ui S L S R O A AR VO S SRS S Ut SUSD BORD S AN Wt GO S (A A e SV W e SO S K . A T SO N o

Conditions were same as in Table-31.
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TABLE~-33 : Interaction between etherel, gusnidino
acetic acid and dodine for peroxidase
activity in maize scutellum

- PO 2~ - . 1 - - V" o st T A Sl B ol S WO . S S I i W B S Y U G SO O U U Bl B U D SOl Sl O Dl R GOl Yl SV s PO St

Treatment Peroxidase activity
N Ist (units/g tissue )
.,
.,
N
ond \\\\ Water Etherel Guanidino Dodine
. acetic
\\ acid
____________ b " —-— —— -~ - - T o g Siow D St W s oo A G S S P i o S S A i OO S0P 0 . O S O S sy A
Water 84 23 115 119
Etherel 6 9 7
Guenidino acetic 75
acid
Dodine o7

Y g T T - 5 S U " G . o S S s W PO S S A P WD Pl i Btk S S A SO B N i i (O BOAR GO g W R A St S S S SRS T R S, (D G S W O -

Scutella from 4 day germinated seedlings were useds
Slices were preincubated in etherel (50 pM), guanidino
acetic acid (2 mM) and dodine (2 mM) (first treatment) for
1 hr at 37°, After washing in water, the etherel treated
slices were incubated in guanidinoc acetic acid and dodine
whereas guanidino acetic acid and dodine treated slices
were incubated in etherel (second treatment) for 1 hr at
37°. After the second treatment the slices were washed

in water and used for enzyme assay.



