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ABSTRACT

Kinetin (4.7%10-°M) and 6-benzylaminopurine (2.22x107°M) were [ound to increase
ca. 1. 5-lold putrescine comtent in corn grown in medium containing kinetin and 6-ben-
zylaminopurine (6-BAP) for 3 days whereas kinetin was found to decrease ca. 30%
spermidine and spermine, respectively. KCl (3x107*M) was found to decrease more
than 50% putrescine content. After germination, ornithine decarboxylase activity was
observed to increase constantly whereas arginine decarboxylase activity remained constant,
suggesting involvement in putrescine biosynthesis. 6-benzylaminopurine was shown to
increase more activities of arginine and ornithine decarboxylase than kinetin when they

were added to medium,

INTRODUCTION

Polyamines are widely distributed in plants, microorganisms, and animal tissues, but

their precise role in cellular processes is not fully understood. They are known to assoc-

jated with cell proliferation, tissue regeneration, malignancy (Bachrach, 1970; Goyns, 1979;
Heald, 1979; Prouty, 1976; Russell, 1973). Most of the information on the biosynthetic

pathway of putrescine, its regulation and possible site of action has been obtained from
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studies with microorganisms and mammalian cells (Bachrach, 1970). Such information is
lacking for plant system. Several reports (Cocucci and Bagni, 1968; Heimer and Mizrahi,
1982; Montague and Armstrong, 1979; Montague and Koppenbrink, 1978; Smith, 1970,
1975; Suresh et al., 1978; Wang, 1972), however, describe the prescence of various
polyamines and the occurrence of enzyme involved in polyamine biosynthesis, ornithine
decarboxylase (EC 4. 1. 1. 17) and arginine decarboxylase (EC 4. 1. 1. 19). It has
been commonly accepted that arginine decarboxylase is the enzyme responsible for the
production of putrescine in plants and that ornithine decarboxylase is of lesser importance
(Cho et al., 1982, 1983; Montague and Amstrong, 1979; Montague and Koppenbrink,
1978; Smith, 1963, 1970, 1975; Suresh e al., 1978; Srivenugopal and Adiga, 1981;
Yanagisawa and Suzuki, 1981). In addition to them, 6-benzyladenine or kinetin which
is known to reverse inhibition of germination by the naturally occurring inhibitors,
coumarin and xanthatin (Khan, 1971) is shown to increase arginine decarboxylase
activity (Suresh ez al., 1978). But participation of ornithine decarboxylase in putrescine
biosynthesis is shown in a few plants (Altman et al., 1982; Cohen et al., 1982a, 1982b:
Heimer and Mizrahi, 1982; Kaur-Sawhney et al., 1982). In the present paper, we provide
additional support for our claim that ornithine decarboxylase is surely participated in
putrescine biosynthesis in corn embfyo in view of the contradictory results regarding the
activity and importance of arginine decarbxylase in plants. For this purpose, we examined
activities of both arginine and ormithine decarboxylases, and the effect of eytokinins on

both enzymes and level of polyamines.
MATERJALS AND METHQDS

Plant material. Seeds of corn (Zea mays L.) were germinated in runmning water at
25°C for 1 day in the dark. Seedlings were transferred to Toyoroshi No. 3 filter paper
containing Hoagland solution, which contained kinetin ranging from 0 to 4.7x10~°M and
6-BAP ranging from 0 to 2.22x107°M as described elsewhere (Cho, 1983). The harvested
embryo was washed with dejonized H,O and used for the experiment.

Chemicals. Polyamines were obtained from Sigma Chemical Co., U.S.A.. Dansyl Chloride
was purchased from Wako Chemical Co., Japan. L-[1-“CJ-ornithine hydrochloride (324
mCi/m mole) and L-[“C-(U)) -arginine hydrochloride (53 mCi/m mole) were purchased
from New England Nuclear, U.S.A.. Other chemicals used were reagent grade and purified
if necessary.

Extraction and assay of polyamines. 5g of fresh sample was homogenized as described
elsewhere (Cho et al., 1982). The amount of polyamines were also measured as described
elsewhere (Cho et al., 1982).

Extraction and assay of arginine and ornithine decarboxylases. Embryo was harvested,
weighed, and ground in a prechilled mortar with a pestle (2 g fresh weight/2 ml medium),
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The rest of procedures of extraction and assay was same as previous report (Altman et
al., 1982).

Protein determination. Protein in the crude extract was determined by using the Lowry’s
method.

RESULTS AND DISCUSSION

The putrescine level in the corn embryo of control increased steeply constantly after
germination. As shown in Fig. 1, cytokinins such as kinetin and 6-benzylaminopurine
were found to increase the putrescine content of catn embryo when both of them were
added to medium and grown for 3 days, but kinetin reduce the spermidine and spermine
levels (Fig. 2 and 3). 6-benzylaminopurine has no remarkable effect on the spermidine and
spermine levels. KCl reduced the putrsecine and spermine but not spermidine. Polyamine
level was dependent on the amount of kinetin, 6-benzylaminopurine and KCl respectively.

Activities of ornithine and arginine decarboxylase on time course is depicted in Fig.
4. One day after germination, arginine decarboxylase activity remains to be higher than
ornithine decarboxylase whereas ornithine decarboxylase activity increase steadily. Arginine
and ornithine decarboxylase activities are shown in Table 1 and 2 of corn grown in
medium containing kinetin, 6-benzylaminopurine and KCl, respectively. Clearly, 6-benzy-
laminopurine treatment increased arginine decarbozylase activity but kinetin had slight
effect. g-benylaminopurine also had effect on increase in ornithine decarboxylase activity
but kinetin. Tnterestingly, KCl tends to increase ornitine decarboxylase activity but arginine
decarboxylase activity. Increase in the putrescine amount in corn embryo by kinetin is
similar to previous report in which kinetin treatment increase the putrescine level in

excised cucumber cotyledons (Suresh ef al., 1978). Such results suggest that kinetin might

200~ «120 200 60
v
@ E
i =
3 150k . 4 =0 E 100 - 45
H o .
e : F d
& x - “
a— ": S \‘:
. S B
a 100= —— -4 60 8 5 900 — —30 @
z E i
H -
a = i i
g ES
g
= ¢
& - :
2 0 q 50 ERE =15
: 3
E =
0 o [ S - a
control  kinetin 6=BAP Kcl control  Kinetin G-BAD ‘\Cls
(4.7%1077) (2. 22x10-3) \Bx1073) (1.7a10=79) (2, 22x4073 )} 3x107Y)
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Table 1. Arginine decarboxylase (EC 4. 1. Table 2. Ornithine decarboxylase (EC 4. 1.
1.19) activity in 3 days old corn 1. 17) activity in 3 days old corn
embryo. L-[¥C-(U)J-arginine was embryo. L-[1-CJ-ornithine was
used as a substrate and released used ag a substrate and released
¥CO; was measured “CO, was measured

T ) ADC activity , ~ ODC activity
Treatment (DPM/mg protein_)__ Treatment ] (DPM/mg protein)
Control 2070 Control 2680
Kinetin* 2300 Kinetin* 2620
6-BAP** 3009 6-BAP** 3320
KCl¥ef 2160 KCl##+ 2940
control; distilled water * 4.7x107°M control; distilled water *: 4,.7%10~°M
*E: 2.22%107M wHE 3107 M B 2.22%107°M % 3% 107°M

enhance putrescine biosynthesis or possibly inhibit the conversion from putrescine to
spermidine, increasing the putrescine amount. Such assumption is supported with result
that kinetin treatment reduces spermidine and spermine levels (Fig. 2 and 3), and
increase in arginine decarboxylase activity by kinetin (Suresh et al., 1978). On the other
hand, the putrescine level seems to be closely related to potassium deficiency in many
higher plants. The explanations of polyamine accumulation caused by the deficiency of
inorganic cations are contradictory. But as far as KCI (3x1073M) seems to be so sifficient
that there might be a decrease in the putrescine amount. 6-benzylaminopurine is shown
to increase the putrescine amount as much as kinetin. However, 6-benzylaminopurine
seems to have a different mechanism for polyamine since ¢-benzylaminopurine has no
remarkable effect on spermidine and spermine amounts whereas kimetin reduce both of
them, suggesting that kinetin might inhibit the conversion of putrescine to spermidine
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and spermine, and 6-benzylaminopurine enhance biosynthesis of putrescine mainly. The
putrescine amount is believed to be dependent on arginine decarboxylase activity (Mont-
ague and Amstrong, 1979; Montague and Koppenbrink; 1978; Smith, 1963; Smith, 1975;
Suresh ez al., 1978; Srivenugopal and Adiga, 1981; Yanagisawa and Suzuki, ]981),
Accordingly, the enzymatic activity and the rate of conversion from putrescine to sperm-
idine and spermine are key factors for putrescine amount under mnormal conditions such
as appropriate amount of K+ ion. Arginine decarboxylase activity can play a major role
of the putrescine biosynthesis. However, the constant increase in ornithine decarboxylase
activity suggests that the enzyme may contribute to the putrescine biosynthesis as age
even if the activity of ornithine decarboxylase is lower than that of arginine decarboxylase.
Such suggestions are in agreement with previous reports (Altman et al., 1982; Cohen et
al., 1982a and 1982b; Heimer and Mizrahi, 1982; Kaur-Sawhney et al., 1982). Higher
activity of arginine and ornithine decarboxylases by 6-benzylaminopurine that kinetin
increase in the same smount of putrescine by kinetin and g-benzylaminopurine, respect-
ively also provides support for assumption that kinetin may inhibit the conversion of
putrescine to spermidine and spermine whereas 6-benzylaminopurine enhance putrescine
biosynthesis. Cytokinins also have a different mechanism for the both enzymes considering
difference in activity. Higher activity of arginine and ornithine decarboxylases by 6-ben-
zylaminopurine than kinetin, and increase in the same amount of putrescine by 6-benzy-
laminopurine, respectively also provide support for assumption that kinetin may inhibit
the conversion of putrescine to spermidine and spermine whereas 6-benzylaminopurine
enhance putrescine biosynthesis through higher enzymatic activities of arginine and ornit-
hine decarboxylase. And 6-benzylaminopurine and kinetin also seem to have different

effect on both enzymes.
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