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Abstract—Polyamines (PAs) and their major metabolic enzymes were studied under different modes of salinity stress
in Brassica. Long stress caused only small changes in PA level, arginine (EC 4.1.1.19) and ornithine decarboxylases
(EC 4.1.1.17) and polyamine oxidase (EC 1.5.3.3) activity. However, short stress increased PA level and enzyme
activities. Diamine oxidase (EC 1.4.3.6) activity, unlike other PA metabolic enzymes, increased significantly during
long stress.

INTRODUCTION
Leno 4001~ (a) (b)

In recent years, much attentton has been paid to the
involvement of polyamine (PA) in plant growth, differen- 300}
tiation, aging, senescence and in response to stress [ 1-3].

Although the precise mechanisms of action for the PAs 200}

remain elusive, they are undoubtedly important cellular

constituents [4, 5]. The physico-chemical characteristics 100=

of the PAs support macromolecular interactions with

various modes of complex formation. In a variety of

experimental systems, increased levels of free PAs are 42 (©) (d)

often paralleled by an increase in the activity of arginine
decarboxylase (ADC), while ornithine decarboxylase
(ODC) appears to be unaffected [6, 7]. The activities of
diamine oxidase (DAQO) and polyamine oxidase (PAO) in j———-E/E\E /

relation to stress have not been well studied. The present 200 I——-I———I S E\Q
work reports the different responses of PAs and their \ /i/ \

metabolic enzymes under long and short term NaCl ’OO"Q—I—"'!\% L)
stress in Brassica seedlings.
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RESULTS AND DISCUSSION

. . L Fig. 1. Effect of NaCl on PA content of B-9 cultivar [put (A),
The main feature of our investigation is the accumula- spd (77) and spn (O)] under (a) long stress and (b) short stress
tion of PAs under short salinity stress. The different  and of B-54 cultivar [put (A), spd (M) and spn ()] under (c)
impact of long stress and short stress was reflected in PA  long stress and (d) short stress of 72 hr old Brassica campestris
accumulation (Fig. 1) and activities of the major meta- seedling. Data are means of three replicates in each of three
bolic enzymes (Fig. 2). From the study of different separate experiments + s.e.

physiological parameters, cultivar B-9 was found to be
relatively salt sensitive and cultivar B-54 was salt tolerant
[8]. The endogenous PA content (Fig. 1c) and ADC

h activity was slightly increased in cv B-9 (Fig. 2¢). In
activity (Fig. 2a) were higher in cv B-54, while DAO

control seedlings, B-54 has the greatest amount of sper-
midine (spd).
Long stress has least influence on PA level in both B-9
*Present address: Biometry Research Unit, [ndian Statistical ~ and B-54 (Fig. 1a,c). B-9 showed maximum 20% increase
Institute. 203, B.T. Road, Calcutta 700035, India. in PA content of which the rise of spd and spermine (spn)
tAuthor to whom correspondence should be addressed. were 28% and 27%, respectively, at 50 mM NaCl. The
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Fig. 2. Effect of NaCl on the specific activity of ADC [cv B-9

(“1)and cv B-54 (M)] and ODC [cv B-9((}) and c¢v B-54 (®)]

under (a) long stress and (b) short stress and change in specific

activity of DAO [cv B-9 (_])and cv B-54 (W)} and PAO [cv B-9

(¢>)and cv B-54 (@) ] under (c) long stress and (d) short stress of

72 hr old B. campestris seedling. Data are means of three repli-
cates in each of three separate experiments + s.e.

slight increase in total as well as individual PA content
was observed tn B-54 also at 50 mM NaCl. Short stress
however, had a profound effect on PA level (Fig. 1b.d).
The total PA level increased 1.6- and 2.1-fold at 25 mM
and 50 mM NaCl, respectively, in B-9 (Fig. 1b), while in
B-54 (Fig. 1d) it was 1.3- and 1.6-fold. At 100 mM NaCl,
putrescine (put) titre decreased significantly in both long
and short stress in both cultivars. However, spd level was
always higher than put under short stress. The individual
PAs put, spd and spn increased 1.5-, 2.5-, 2.6-fold and
1.3-, 1.6-, 1.7-fold in B-9 and B-54, respectively, at 50 mM
NaCl. Total PA level decreased in both cultivars, but spd
level slightly increased in B-54 at 100 mM NaCl. Accu-
mulation of put, a common feature, under a wide range of
stress conditions has been well documented in ref. [9]. Tt
has been postulated that production of spd or other high
M, PAs may be a key factor in plant cellular protection
against osmotic shock [10, 11]. Increased level of spd and
spn under short salinity stress had been reported in NaCl
resistant cell lines from Nicotiana sylvestris [12] and also
in a salt tolerant rice cultivar [13]. The two drought
tolerant populations of alfalfa showed increased level of
spd and spn which ultimately led to the formation of the
long chain uncommon PAs, not spd and not spn, under
osmotically stressed conditions [4]. Possibly during the
period of metabolic adaptation to salinity, spd and spn
stabilize membrane systems [13].
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ADC and ODC activities were almost unaltered dur-
ing long stress (Fig. 2a). However, response was quite
pronounced during short stress (Fig. 2b) where ADC and
ODC activities increased 1.8- and 2.5-fold, respectively,
at 25 mM, and 2.2- and 3-fold at 50 mM NaCl in B-9. In
B-54 the increase was 1.3- and 1.6-fold as well as 1.4- and
1.7-fold at the respective NaCl concentration. One hun-
dred mM NaCl was almost as deleterious to biosynthetic
enzymes in both cultivars. Stress induced activation of
ADC and ODC, as reported in mung bean in an organ
specific manner [14], suggests coordinated changes in
PAs in the whole plant. Increased ADC and ODC activ-
ities were also observed in cereal leaves [ 10]. Response to
salinity stress was greater in ODC than ADC in Brassica
although ADC was considered to be a general stress
enzyme in cereal [15].

Different modes of salinity stress have differential im-
pacts on PA biodegradative enzymes in Brassica. DAO
activity was much influenced during long stress (Fig. 2c¢),
while PAO activity increased considerably during short
stress (Fig. 2d). DAO activity increased 1.8- and 2.2-fold
at 50 mM and 100 mM NaCl, respectively in B-9, and it
was 1.5- and 1.8-fold in B-54 during long stress. On the
other hand, PAO activity increased 1.8- and 2.5-fold in
B-9, and 1.6- and 2-fold in B-54 at 50 mM and 100 mM
NaCl during short stress. Stress induced inhibition of
DAO and PAO was reported in ref. [15]. PAO activity
was largely stimulated in the root meristem tissues of
drought tolerant alfalfa under osmotic stress [4].

EXPERIMENTAL

Seeds of Brassica campestris ¢cv B-9 and B-54 were
collected from Bose Institute experimental farm at Mad-
hyamgram, West Bengal. After surface sterilization with
0.1% HgCl,, NaCl stress was applied in two ways: (a) for
‘long term’ stress, imbibition (2 hr) and germination of
the seeds were carrted out in Petri dishes in different salt
concn, ie. 25 mM, 50 mM and 100 mM at 22 + 2° for
72 hr; (b) for ‘short term’ stress, 72 hr control seedlings
(germinated in H,O) were salinized with respective NaCl
soln for 6 hr. In every case a control was taken in H,O.

PA estimation. PA content was determined after dan-
sylation according to ref. [17] with some modifications.
Sample (19) was homogenized with 3 vols of 5% (w/v)
TCA and centrifuged at 10000 g for 15 min. The super-
natant was extracted with Et,O ( x 3) to remove TCA. To
0.1 ml of aq. extract, were added 0.1 m] satd NaHCO,
and 0.2 ml dansyl chloride (30 mgml ™! in Me,CO), and
the mixt. was kept for 18 hr in the dark at 25°. The
dansylated amines extracted with C¢Hs;Me were loaded
on a HPTLC plate of silica gel 60 with concn zone
(Merck) using CgH,,—EtOAc (3:2) as the developing
solvent. The spots corresponding to the authentic PAs
were eluted with Me,CO and the fluorescence intensities
were measured with excitation and emission at 360 and
506 nm, respectively.

ADC and ODC activities. Determined by measuring the
non-artifactual '*CO, from L-[U-'*C] arginine (sp. act.
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180 mCimmol ') and L-[1-'*C] ornithine (sp. act. 61
mCi mmol ), respectively, following a modification of
the method of ref. [18]. The extraction and assay medium
consisted of 10 mM kPi buffer (pH 8), 0.l mM py-
ridoxal-5'-phosphate, | mM DTT and 2 mM Na-EDTA.
For ADC, artifactual decarboxylation was estimated by
adding 50 ul of 100 mM DFMA to the reaction mixt.
before ADC assay. In every case non-enzymatic decar-
boxylation was 5-10% of experimental values.

DAO and PAO activities. Estimated in Hansatech oxi-
graph equipped with Clark electrode according to refs
[19] and [20], respectively.

Protein estimation. Protein was estimated as in ref.

[21].

REFERENCES

1. Smith, T. A. (1954) Ann. Rev. Plant Physiol. 36, 117.

2. Birecka, H., Ireton, K. P., Bitonti, A. J. and McCann,
P. P. (1991) Phytochemistry 30, 105.

3. Flores, H. E. (1990) in Stress Responses in Plants:
Adaptation and Acclimation Mechanisms (Alscher,
R. G. and Cumming, J. R. eds), p. 217. Wiley-Liss,
Inc., New York.

4. Kuehn, G. D,, Bagga, S., Rodriguez-Garay, B. and
Phillips, G. C. (1990) in Polyamines and Ethylene:
Biochemistry, Physiology, and Interactions (Flores,
H. E, Arteca, R. N. and Shannon, J. D., eds), p. 190.
American Society of Plant Physiologists.

5. Smith, T. A. (1993) Methods in Plant Biochem. 8, 17.

PHYTO 39/2-C

13.

14.

15.

16.
17.

18.

19.

20.

21.

285

. Adiga, P. R. and Prasad, G. L. (1985) Plant Growth

Regul. 3, 205.

. Flores, H. E., Protacio, C. M. and Signs, M. W.(1989)

Recent Adv. Phytochem. 23, 329.

. Das, 8., Chandra, M. and Ghosh, B. (1994) Plant

Physiol. Biochem. 21, 76.

. Evans, P. T. and Malmberg, R. L. (1989) Ann. Rev.

Plant Physiol. Plant Mol. Biol. 40, 235.

. Flores, H. E. and Galston, A. W. (1984) Plant Physiol.

75, 102.

. Tiburcio, A. F., Kaur-Sawhney, R. and Galston,

A. W. (1986) Plant Physiol. 82, 375.

. Shevyakova, N. L, Strogonov, B. P. and Kiryan, I. G.

(1985) Plant Growth Regul. 3, 365.

Krishnamurthy, R. and Bhagat, K. A. (1989) Plant
Physiol. 91, 500.

Friedman, R., Altman, A. and Levin, N. (1989)
Physiol. Plant. 76, 295.

Galston, A. W. and Kaur-Sawhney, R. (1990) Plant
Physiol. 94, 406.

Basu, R. and Ghosh, B. (1991) Physiol. Plant. 82, 575.
Reggiani, R, Giussani, P. and Bertani, A. (1990)
Plant Cell Physiol. 31, 489.

Altman, A., Friedman, R, and Levin, N. (1982) Plant
Physiol. 69, 876.

Rinaldi, A., Floris, G. and Finazzi-Agro, A. (1982)
Eur. J. Biochem. 127, 417.

Yanagisawa, H., Kato, A., Hushial, S., Kamlaya, A.
and Torii, N. (1987) Plant Physiol. 85, 906.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and
Randall, R. J. (1951) J. Biol. Chem. 193, 265.



