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Short Communication

Putrescine Accumulation is Associated with Growth Inhibition in Suspension-
Cultured Rice Cells under Potassium Deficiency

Hung-I Sung, Li-Fei Liu and Ching Huei Kao

Department of Agronomy, National Taiwan University, Taipei, Taiwan, Republic of China

The effects of potassium deficiency on the growth and the polyamine levels of suspension-cul-
tured rice cells were investigated. Our results indicate that putrescine accumulation is a factor,
among others, causing growth inhibition of suspension-cultured rice cells under potassium defi-
ciency.
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Spermine.

Availability of potassium is known to have a large im-
pact on plant growth. It has been shown that potassium
deficiency induces an accumulation of polyamines and
especially, accumulation of a diamine, Put, in several plant
species (Basso and Smith 1974, Coleman and Richards
1956, Klein et al. 1979, Klinguer et al. 1986, Murty et al.
1971, Richards and Coleman 1952, Smith 1963, 1969, 1979,
Steward et al. 1960, Tachimoto et al. 1992, Takahashi and
Yoshida 1960, Young and Galston 1984). In spite of exten-
sive study, the physiological role of Put accumulation in-
duced by potassium deificiency remains unanswered. It has
been suggested that accumultaiton of Put might play a role
in the replacement of potassium as an organic cation in po-
tassium deficient plants (Coleman and Richards 1956,
Murty et al. 1971). However, Richards and Coleman (1952)
suggested that potassium-deficient symptoms in barley are
a consequence of Put buildup, since the symptoms charac-
teristic of potassium deficiency were produced in barley
plants fed Put. Since Put is applied to intact plants under
unaseptic conditions, the possibility that the decomposi-
tion of Put may cause toxic effects on the plants can not be
excluded. Recently, Tachimoto et al. (1992) investigated
the role of Put in potassium-deficient Lemna plant using
aseptic culture and reached the conclusion that accumula-
tion of Put might function in maintaining an ionic balance
in this plant.

The present investigation was designed to examine the

Abbreviations: D-Arg, D-arginine; MO, a-methylornithine;
Put, putrescine; SCV, settled cell volume; Spd, spermidine; Spm,
spermine.

role of Put in suspension-cultured rice cells under potas-
sium deficiency. We present data showing that Put ac-
cumulation is associated with growth inhibition in suspen-
sion-cultured rice cells.

Rice (Oryza sativa cv. Tainan 5) suspension cultures
were initiated from immature embryo derived calli (Yu et
al. 1991) and subsequently maintained at 25°C by weekly
transfers to fresh liquid medium of Murashige and Skoog
(1962) supplemented with 3% sucrose and 5 /iM 2,4-D.

Suspension-culutred cells were collected by filtration
through a 400-mesh nylon sieve, and blot-dried on paper
towels. The collected cells were quick-frozen in liquid nitro-
gen and stored at — 70°C until use.

The growth of rice cells was measured by settled cell
volume (SCV). For polyamine determination, the collected
cells were homogenized in 5 ml of 5% perchloric acid. Poly-
amine contents were determined using high performance
liquid chromatography after benzoylation as described pre-
viously (Chen and Kao 1991).

For all measurements, each treatment was repeated
four times. All experiments described here were repeated
three times. Similar results and identical trends obtained
each time. The data reported here are from a single experi-
ment.

Potassium deficiency markedly inhibited the growth of
suspension-cultured rice cells (Fig. 1). The growth of rice
cells with sufficient supply of potassium increased linearly
with increasing duration of culture. However, only slight
growth was observed in rice cells under potassium deficien-
cy.

To characterize the role of polyamines in the growth
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Fig. 1 Changes in the growth of rice cells cultured with sufficient
potassium (+K) and under potassium deficiency (—K).

of rice cells under potassium deficiency, we determined the
levels of polyamines in the cells cultured in the presence
and absence of potassium. The chromatographic analysis
indicated the presence of Put, Spd and Spm in suspension-
cultured rice cells. However, cadverine and diaminopro-
pane were not observed in rice cells. The level of Put in the
control cells (supplied with sufficient potassium) decreased
at day 3 but increased between days 6 and 9 (Fig. 2). Potas-
sium-deficient rice cells had much higher level of Put than
the control cells as reported in other plant species (Smith
1984). The levels of Spd and Spm in control cells increased
at day 3 and subsequently declined (Fig. 2). Potassium defi-
ciency resulted in lower levels of Spd and Spm than the con-
trol cells.

If the lower levels of Spd and Spm are responsible for
the growth inhibition in rice cells under potassium deficien-
cy, then potassium-deficient cells are expected to recover
the growth by the addition of Spd and Spm. However, no
such recovery was observed (data not shown).

Tachimoto et al. (1992) demonstrated that Put added
to the culture medium induced the recovery of the growth
of Lemna plnats under potassium deficiency to some ex-
tent, although the level of Put markedly increased. They
concluded that Put acted as an organic cation compensated
for the deficiency in potassium ion. When Put up to 10 mM
was added to the culture medium of rice cells under potas-
sium deficiency, no recovery of growth was observed (data
not shown). Thus, our results are not consistent with those
of Tachimoto et al. (1992). It seems most likely that Put is a
factor causing growth inhibition in rice cells under potas-
sium deficiency. If this suggestion is correct, then Put is ex-
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Fig. 2 Changes in levels of polyamines in rice cells cultured with
sufficient potassium (+K) and under potassium deficiency (—K).

pected to inhibit the growth in control rice cells. Addition
of Put (10 mM) to control rice cells resulted in about 20%
reduction in cell growth (data not shown). Our results are
in contrast to the general notion that, in many systems rep-
resenting plants, microorganism and animals, polyamine
treatment has resulted in growth promotion (Smith 1990).

Inhibitors of polyamine biosynthesis have been widely
used to change the levels of endogenous polyamines in
plant tissues. In order to elucidate further the role of Put ac-
cumulation in growth inhibition of rice cells under potas-
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Fig. 3 Effect of D-arginine (D-Arg) and a-methylornithine (MO)
on the level of putrescine (Put) in and the growth of rice cells
under potassium deficiency. The concentration of D-Arg and
MO was 5 mM. Put and the growth of rice were determined after
9 days of treatment. SCV at the start of the experiment was 1 ml
(30 ml)-' .

sium deiciency, we tested the effects of inhibitors of Put bio-
synthesis on the level of Put in and the growth of rice cells
under potassium deficiency (Fig. 3). Both D-Arg and MO
decreased the levels of Put induced by potassium deficiency
(Fig. 3). Although we did not meassure the activities of
arginine decarboxylase and ornithine decarboxylase, en-
zymes responsible for the biosynthesis of Put (Smith 1990),
our results suggest, though indirectly, that potassium defi-
ciency may affect the biosynthesis of Put.

D-Arg treatment resulted in a recovery of growth in
rice cells under potassium deficiency, but MO had no effect
on growth recovery (Fig. 3). Although MO significantly re-
duced the accumulation of Put induced by potassium defi-
ciency, MO-treated potassium-deficient rice cells still had
two times higher level of Put than the control cells (Fig. 3).
This would explain why MO is unable to recover the
growth inhibited under potassium deficiency. Our results

suggest that Put accumulation is a factor causing growth in-
hibition of rice cells under potassium deficiency. This con-
clusion is further supported by the observation that growth
recovery in potassium-deficient rice cells by D-Arg was
reversed by the addition of Put (Fig. 3). Since D-Arg treat-
ment resulted in only a partial recovery of growth in rice
cells under potassium dificiency, other factors induced by
potassium deficiency that are responsible for growth inhibi-
tion can not be ruled out.

Our unpublished data also demonstrated that D-Arg
but not MO inhibited the growth of control (potassium-
sufficient) rice cells, though both inhibitors decreased the
levels of Put. In view of these findings together with the
fact that exogenous Put inhibited the growth of control
cells, we believe that Put is unlikely to be a groth factor of
the rice cells. On the contrary, Put in excess of the level
that normally found in rice cells would be a factor in-
hibiting growth of rice cells.

Under unaseptic condition, it is difficult to analyze the
effect of Put supplied exogenously to intact plants, since
Put is easily decomposed especially under aerobic condi-
tion. Since suspension-cultured rice cells were grown un-
der aseptic system, the results that polyamines inhibited
growth of the control cells as reported in this communica-
tion are unlikely due to the decomposition products of Put.
Thus, we conclude that Put accumulation is likely to be a
factor, among others, responsible for growth inhibition in
suspension-cultured rice cells under potassium deficiency.

This work was supported financially by the National Science
Council of the Republic of China (NSC 83-0409-B-002-034) to
C.H.K.
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