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Abstract

Wheat (Triticum aestivum L.) seeds were used to study a possible relationship between strontium
and polyamines (PAs) in the coleoptile, root, and endosperm during germination. When Sr?* (0.001
mM + 10 mM) was applied to the incubation medium with 10 uM GA;, great increases in putrescine
(Put) were observed in root and spermidine (Spd) in the coleoptile, depending on the concentration.
In germinating seeds, putrescine accumulation was induced even at a low concentration (0.01 mM Sr),
whereas spermidine accumuiation was stimulated considerably at a high concentration (10 mM Sr). The
putrescine levels, on a gram fresh weight (g-fr-wt) basis, in the roots which were growth-inhibited by
1 and 10 mM Sr?** were 224 and 15.3 fold higher respectively than at the same concentrations of Ca?',
The accumulation of total polyamine (TA), in particular Put and Spd, induced by Sr seemed to be an
important physiological response not only on a g fr wt basis but also on an RNA basis. In contrast,
the levels of agmatine (Agm) and cadaverine (Cad) were notably enhanced by 10 mM Ca?®' in the
coleoptile and root. Cadaverine was detected only in Ca*'-treated seedlings. However, Ca’*-treatment
in the range of 0.001 mM to 1.0 mM resulted in reduction of TA content. i

The distinction of accumulated polyamines and the change in diamine (DA) / TA and tri- and tertiary‘
(tPA) / TA ratios were likely to be a physiological difference between Sr2* and Ca?* during germination
in wheat,
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Introduction

The diamines putrescine and cadaverine and
the polyamines spermidine and spermine (Spm)
are widely distributed in bacteria, animals and
plants®®#2®_ Plant amines play an important role
in plant growth, correlated with the action of
plant regulators, ze. IAA, GA, cytokinine, ethylene
and ABA. Although the study of metabolic cha-
nges on polyamines associated with cell growth
and division has been well-characterized in higher
plant systems under various conditions, it is still
unclear how PAs can physiologically act on the
Ca-modulated cellular reaction. It has been demo-
nstrated that PAs appear to substitute at least in
part for the physiological responses under Ca-re-
gulation such as protoplast stabilization, pollen
germination, preservation of chlorophyll during
senescence, phosphorylation of several membrane
proteins and so on. Under a wide range of stress
conditions such as potassium deficiency, low pH,
cadmium treatment, osmotic stress, chilling injury

17262032343 PA  accumulation is

and ozone stress
also induced. Especially, the level of Put seems
to increase in response to many of the plant st-
ress conditions tested. The induction of Put has
been thought to be a protective response against
stress. It has been found that the induction of PA

synthesis does have a connection with RNA syn-

thesis, activation of RNA polymerase” and stabili- .

zation of DNA and RNA during replication#1929,
Although Sr closely resembles Ca in a wide ra-
nge of chemical characteristics®®, Sr cannot be
substituted for Ca in all physiological processes.
To investigate what their physiological differences
are is of major interest.
This is the first study to report changes in pol-

yamine levels during the germination of wheat

seed in the presence of strontium. The effect of
Sr on polyamine accumulation and the possible
relationship between the change in polyamine le-
vels and the nucleic acid synthesis have been ob-

served.

Materials and Methods

Chemicals- Put- and Spd-free base were pur-
chased from Sigma, and Cad-dihydrochloride and
Agm-sulfate from Serva. Spm tetrahydrochloride
(Sigma, molecular biology grade) was a gift from
Dr. H. W. Pfeifhofer, Univ. Graz. Diphenylamine

and benzoylchloride were obtained from Merck.

Germination- Wheat seeds (Triticum aestivum
L. gift from the Botanical Garden, Univ. Graz)
were sterilized in 1% sodium hypochlorite for 10
min and then after washing several times with
sterile re-distilled water, immediately transferred
into media (30 uM chloramphenicol, 10 pM GA,,
1 mM acetate buffer, pH 5.0) containing a appro-
priated SrCl; or CaCl; under aseptic condition at
22°C. Twenty washed seeds were incubated in
the dark for 4 days in autoclaved petridishes con-
taining 7 ml of each media, placing embryos on
the upper side. Coleoptiles, roots and endosperms
were dissected with an aseptic razor blade (if ne-
cessary, done under a light microscope, AO inst-
rument Co. Mod 570).

Diamine and polyamine isolation, and
HPLC analysis- Benzoylation of polyamine stan-
dards and plant tissue extracts were carried out
according to earlier methods with slight modifica-
tions™®. Briefly, tissues were soaked in 5% HCIO
« (v/v) at a ratio of 50 mg fr wt/ml overnight for
endosperms and ground at 4°C. Coleoptiles and

roots were used directly after soaking for 6 hr.
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After standing for 1 hr on an ice bath, samples
were pellets through centrifugation (48,000 X g)
for 20 min. Supernatants and pellets were used
for benzoylation of polyamines and for isolation of
DNA and RNA, respectively. HCIO, extracts (500
ul) were added to 1 ml of 2 N NaOH in centri-
fuge tubes and incubated for 20 min at room te-
mperature. After adding of 20 u! benzoylchloride-
HC], vortexing for 20 sec, and standing for 30
min at room temperature, 2 ml saturated NaCl
was added. The benzoylated amines were extrac-
ted in 2 ml ice-cold diethylether through vigorous
shaking. After 1,500 x g centrifugation, 1 ml of
the upper ether phase was collected, evaporated
under the air stream of a hair dryer (not warm
air), redissolved in 200 pl absolute methanol and
then stored at —80°C until analysis (not over 1
week). The HPLC column was a reversed phase
Spherisorb-ODS2 C18 (particle size 50 um; 25
cm X 4.5 mm, Knauer). Elution (20 pl loading
volume) was isocratically performed in 64/32 me-
thanol/water (v/v) for 20 min.

Eluates from the column were detected at 254
nm. The retention times of Put, Cad, Spd, Agm
and Spm were 4.2, 4.5, 6.3, 8.2, and 10.2 min, re-
spectively. Detection limit was 1 nmol per g fr

wi.

Isolation of RNA and DNA- Nucleic acids
were extracted by earlier method®® with the ex-
ception that the HCIO, pellets were washed 3 ti-
mes before precipitation in ethanol saturated with
sodium acetate. If the ratio of absorbance at 260
nm : 280 nm was less than 175, the isolation
procedure of RNA was repeated with the HCIO,
extracts (not diluted). Calf thymus DNA (Roth)
was used as a standard.

All experiments were performed in duplicate

and measured in triplicate. The mean values were

expressed.
Results

The effect of Sr and Ca on the accumula-
tion of polyamines-
As shown in Fig. 1B and 1C, the Put level was
considerably enhanced in roots grown in the me-
dium containing high concentrations (1.0—10
mM) of Sr and in endosperms grown in the me-
dium containing low concentraﬁons (0.01--0.1
mM) of Sr. Although Put was not detected in
untreated coleoptiles (Fig. 1A) and the levels of
Put were highest at 0.01 mM Ca and Sr, it is dif-
ficult to evaluate a trend on the basis of g fr wt.
In roots, which were markedly growth-retarded
by 10 mM Sr treatment, the Put level was 11
fold higher than in the untreated control. In our
experimental procedure, it was impossible to co-
mpletely isolate the coleoptiles and the basipetal
root cells from the embryonic tissue attached to
the starchy endosperm. Taking that into account,
the increase of Put in the endosperm in the ra-
nge of 0.01 and 0.1 mM might be overestimated
through a contamination by the residual part (pa-
rticularly basipetal roots). However, a large (9-
fold) increase in the endosperm is indisputable to
interpret that Sr has affected the Put synthesis
in the embryonic tissue or aleurone layer. As
shown in Fig. 2C, the Spd levels per g fr wt in
the endosperms were slightly decreased in the
range of 0.001 to 1.0 mM of both Ca and Sr and
increased 2.5 fold only in the presence of 10 mM
Sr. If endosperms were contaminated, it might be
expected that Spd would also be accumulated in
the mitotic basipetal root, as observed by Mukho-

padhyay et al.'>. However, Spd was rather low in
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" Fig. L. Changes in Put level in: coleoptile (A), root (B), endosperm (C), and the

" “siim (D) of coleoptile, root and endosperm. Dotted lines represent the
sk ‘sum of each parts from 20 seedlings (Ca; triangle, Sr; circle symbol). Ve-
- rtical bars of D represent standard deviation (n=6) on a g fr wt basis of

the_ suym of A, B, and C.

the range of Put increase. On the other hand, the

Spd accumulation in the roots was induced in a.

wide range (0.1 to 10 mM) of Sr concentrations,
but the increase on the nmol level was relatively
minimal compared to the umol level in coleoptile
and endosperm. Therefore, the total Spd content
in 20 seedlings increased only in the presence of
10 mM Sr. It is interesting that tht Put in the
root and the Spd content in the coleoptile increa-

sed up to a level of pmol/g fr wt through a treat-

ment of 10 mM Sr. At 10 mM Ca, Spd and Put
syntheses were not induced, while Agm and Cad
had notably accumulated in the coleoptile and
roots (Fig. 3A, 3B, and Table 1). When wheat
seeds were germinated in media containing Sr,
Cad was not detected in all parts of the seedli-
ngs. In the coleoptiles of the untreated control,
where Put was not detectable, the Cad level was
264 umol/g fr wt (Table 1). These results may
mean that the lack of Put and Spd causes the sy-
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Table 1. Effect of Ca on Cad levels (nmol Cad/g fr wt).

Conc of Ca (mM) Coleoptile Root Endosperm Total®
0 2640+ 319° - - 528+ 88
0.001 - - - -
0.01 348+ 55 - 214+ 39 199+ 22
0.1 300+ 57 396+ 88 — 138+ 29
1.0 - - 5+2 25+1
10.0 1664+ 265 2388+ 334 - 452+ 67
% The values are presented as the mean+ SD of 2 independent experiments(n==6)
a: mean of nmol/g fr wt in the total of the coleoptile, root and endosperm,
b : standard deviation,
¢ . not detected.
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Fig. 2. Changes in Spd'llevel in: coleoptile (A), root (B), endosperm (C), and the
sum (D) of coleoptile, root, and endosperm (see legend of Fig. 1).
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Fig. 3. Changes in Agm level in: coleoptile (A), root (B), and the sum (C) of
coleoptile, root, and endosperm (see legend of Fig. 1). Agm levels in en-
dosperms did not exceed 8 nmol except for 0.01 mM Ca (77.1 nmol). D,
E, and F show nmol Agm/mg RNA (left axis) and Agm/100 yg DNA (ri-
ght axis) in: coleoptile (D), root (E), and the sum (F) of coleoptile, root,
and endosperm.
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Fig. 4. Changes in total amine content per g fr wt (solid line) and per 20 seedli-
ngs (dotted line) in coleoptile (A), root (B), endosperm (C), and the sum
(D) of coleoptile, root, and endosperm.

nthesis of other DA and PA, Cad and Agm.
Acid soluble Spm was not detected in this work
with the exception of a small amount (<20—80
nmol/g fr wt) in seedlings incubated in 0.1 and
1.0 mM Ca (data not shown). It is presumed that
most of it is present as a bound form.
As shown in Fig. 4, the level of TA on a basis

of g fr wt was increased by Sr. In particular, the

TA levels has notably increased in the root. In
the range of 0.001 to 0.1 mM, TA levels induced
by Sr were about 2 fold higher than those indu-
ced by Ca, and at the 1.0 and 10 mM Sr concen-
trations, 6.5 and 9.5 fold higher than in untreated
control (Fig. 4B). However, TA content in the
coleoptiles was about 2 fold decreased in the ra-

nge of 0.001 to 1.0 mM of Ca or Sr and increa-
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sed only in 10 mM. Both Ca and Sr do not have
a harmful effect at concentrations between 0.001
and 10 mM and 0001 to 0.1 mM, respectively.
As shown in Fig. 4D, the TA level was increased
even at the low Sr concentration of 0.01 mML It
can be concluded that Sr does induce an accumu-
lation of polyamines on a basis of g fr wt. It may
paradoxically: have to i)e assumed that plants are
not in need of amine synthesis during germina-

tion in the presence of Ca, suggesting that Ca can

be. substituted, at least in part, for the physiologi-
cal roles of DAs and PAs. It is also interesting
that DA (Put + Cad) and PA (Agm + Spd +
Spm) are accumulated in different parts, i.e. roots
and coleoptiles, respectively (Fig. 5A and 5B).
Fig. 5C shows that the increase of TA in the en-

- dosperm (001 and 0.1 mM Sr) results from DA

(especially Put) accumulation (see also Fig. 1C
and 4C).
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Ratios of Put and Spd to TA-

Fig. 6A shows the changes in the ratio of Put and
Spd to TA in the coleoptiles. The ratios of Put/
TA decreased at least in the range of 0.01 mM
to 10 mM both of Ca and Sr. However, although
the Put/TA ratios in Sr treated coleoptiles were
higher than in Ca treated ones, the changes in
the ratio of Spd to TA were not distinguiéhable
in the range of 0.001 mM to 1.0 mM, whereas
the Spd/TA ratio was equal to 80 percent in the
presence of 10 mM Sr.

As shown in Fig. 7B, when germinated at a co-

§

ncentration of 1.0 and 10 mM Sr, the ratios of
Put to TA were dramatically increased in the
roots. In the presence of Ca, the ratios decreased
slightly with concentrations in the range of 0.01
mM to 10 mM as seen in the coleoptiles (see
also Fig. 6A). Taking into account that Sr is st-
ress inducible in 1 mM and 10 mM as previously
indicated, the increase of the Put/TA ratio may
be closely correlated with growth retardation th-
rough stress. It was observed that the growth of
the coleoptile and the first leaf in the presence

of 10 mM Sr recovered somewhat with incubation
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time (5 to 10 days after germination), whereas
the root growth never recovered (data not
shown). Therefore, we would like to assume that
the recovering effect may be caused by a differe-
nce between the ratio of Put to TA in the root
and the coleoptile. Although Put accumulation is
not induced by Ca in the coleoptile and the root,
what is of interest is that the ratios of Put to TA
show a considerable decline at concentrations of
01 mM and 1.0 mM Ca in the range in which
Agm increased (Fig. 4).

In endosperms, Put/TA ratios were almost con-
stant at a level of 90 percent in Sr concentrations
of 0.001 mM to 1.0 mM (Fig. 6C). However, the
ratio was notably reduced at 10 mM Sr. It was

also observed that the ratio of Spd to TA was hi-
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ghest (about 38 percent) in the untreated control.
At 0.01 mM and 0.1 mM Ca, the ratios of Put to
TA were 47 and 46 percent, respectively. At the
same concentrations of Sr, the levels of Put/g fr
wt are interestingly highest.

As shown in Fig. 6D, when Put/TA ratios were
expressed as the sum of all parts (on a g fr wt
basis), they increased markedly in the range of
0.001 to 1.0 mM of Sr. At 10 mM Sr, however,
Spd/TA ratios were higher than Put/TA. This
could have resulted from the conversion of Put
to Spd or the delayed mitotic activity through
growth retardation in the presence of high Sr co-

ncentrations (see discussion).
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Relationship between polyamine synthesis
and nucleic acids-
On a nucleic acid (DNA and RNA) basis, TA ac-
cumulation was remarkably induced by Sr (Fig.
8D). In coleotiles, RNA synthesis increased nota-
bly at 001 mM Sr and Ca (data not shown).
Therefore, on a RNA basis, the increase in Put
and Agm represents an easement curve in low
concentrations (Fig. 3D and 8A). This increase
may be evidence of a relationship between Put
(or Agm) and RNA synthesis. Exogenous 10 pM
Ca is near the intracellular Ca concentration. In
this study, Put- and Spd contents seem to be
more closely correlated with RNA than DNA (Fig.
7A and 7B). In coleoptiles, the Spd level (7.5
umol) on a basis of RNA at 10 mM Sr was 29
and 8 fold higher than in the untreated control

and at 10 mM Ca, respectively, while the Put le-

vel (15 pmol) at 10 mM Ca was 2 fold higher
than at 10 mM Sr, resulting from a low RNA co-
ntent per g fr wt in the presence of 10 mM Ca
(data not shown). On a basis of RNA, the accu-
mulation of Agm induced by 10 mM Ca (9 fold)
was also more profound than on a g fr wt basis
(3 fold) in coleoptile (Fig. 3D). Fig. 7B shows
the increase of Spd and Put levels in the root
such as expressed in g fr wt (Fig. 1B and 2B).
In particular, the levels of Put/mg RNA at 1 and
10 mM Sr were 20 and 11 fold higher than at
same concentrations of Ca, respectively. In the
root, however, it was so inconsistent that a trend
of Spd on a DNA basis could not be predicted
unlike for Put (Fig. 7C). Put and Spd accumula-
tion in the root induced by Sr seemed to be an
important physiological response not only on the
basis of g fr wt but also on the basis of RNA.
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The changes in DNA did not correlate well to
changes in the content of Agm (Fig. 3). In the
coleoptiles, TA levels in terms of DNA did not
exceed the levels in the untreated control at all
concentrations (Fig. 8A), whereas TA on a basis
of RNA increased at 10 mM Ca and Sr. In the
roots, an increase in TA on a RNA basis did not
occur through Ca, and the change in TA through
Sr was not also remarkable (1—1.5 fold) in the
range between 0.001 mM and 0.1 mM. In fact, Ca
or Sr concentrations between 0.001 and 0.1 mM
were not inhibitory to coleoptile and root growth.
But TA content at 1.0 and 10 mM Sr was 125
and 9.6 fold higher than in the untreated control,
respectively. Fig. 8D shows that the TA accumu-
lation per 20 seedlings (the sum of all parts; co-
-leoptile, root, and endosperm) on a RNA basis
was induced at 0.01 mM Sr and maximized at 0.1
mM Sr. Increases in TA at 001 and 0.1 mM
were due to the increases in the endosperms as
occurred on a DNA basis (Fig. 8C and 8D). In
conclusion, it is suggested that polyamine accu-
mulation through Sr is also intimately related
with RNA biosynthesis (in particular between Put
and RNA in roots and Spd and RNA in coleopti-

les).

Discussion

Although there was much evidence of a physio-
logical similarity between Sr and Ca®'2'%, it is
still not clear in which processes Sr plays a diffe-
rent role than Ca. Sugar beet, a calcicole plant,
can survive over 20 weeks in a Hoagland’s solu-
tion containing 10 mM Sr instead of Ca, showing
markedly gowth-retardation and inhibition of rep-
roductive growth (unpublished data). At least

some intracellular reactions related with calmodu-

lin, to which Sr can also bind, were almost simi-
lar to Ca in some higher plants (data in prepara-
tion) . Acid-induced wall loosening may also be
another possible explanation related to the inhibi-
tion or retardation of cell elongation in roots. Na-
mely, Sr may be more effective in binding to cell
walls than Ca'?’, resulting in a decrease in H'-
induced wall loosening according to the auxin re-
gulated acid growth theory. But the longitudinal
growth of the roots did not recover strongly even
in the presence of 10 uM IAA instead of GA;.
Hence, the inhibition of root elongation can not
be explained only with the acid growth theory.
Actually, the growth recovery of the roots was
rather more remarkable in the same IAA medium
with 50 uM ruthenium red, suggesting that the
inhibitory effect of Sr may occur in mitochondrial
processes after an ATP-dependent transport via
the plasma membrane®. In addition, the fact that
DAs and PAs can be protonated at the physiolo-
gical pH® suggests that the increase of polyami-
nes may result in scavenging protons which loo-
sen the cell wall.

When germinated in the range of 0.001 mM to
10 mM Ca or Sr, the levels of DAs and PAs
were decreased in coleoptile where the intracellu-
lar concentration of Ca or Sr could be in a relati-
vely better condition to maintain the optimal con-
centration than in the roots. Since roots are sur-
rounded by exogenous media, even if it is diffi-
cult to estimate whether concentrations of Ca or
Sr are in the optimal range or not, Ca or Sr may
have a more direct effect than in coleoptiles.
Therefore, polyamine synthesis may be, as a phy-
siological protective response, not strongly needed
in the coleoptiles. It should be mentioned that the
previous reports on the substitutive effects of Ca

on PAs were mainly carried out in a range of 1.0
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to 10 mM Ca. This range is too high to evaluate
an endogenous #n wvivo intracellular reaction.

It is also well known that ethylene biosynthesis
is inhibited by polyamine, whereas the flux of
SAM into polyamines is enhanced when ethylene
biosynthesis rates are inhibited””. Moreover, Fuh-
rer et al.® reported that Ca (1 mM) competitively
reduced the PA-mediated inhibition of the (1-
amino cyclopropane-1-carboxylic acid) ACC con-
version. We would like to postulate that if ethy-
lene synthesis is not inhibited (slightly activated)
by the treatment of high concentrations of Ca or
Sr, SAM, as a methyldonor in Spd synthesis, may
be able to continuously metabolize to ethylene at
least in the roots as earlier observed by Lao and
Yang'. Accordingly, the lack of Spd accumulation
in the coleoptile and root induced by a high con-
centration of Ca (10 mM) may result from a de-
crease in the conversion of SAM to Spd. Howe-
ver, the accumulated intermediate, induced by 10
mM Ca, is interestingly not Put but Agm. Al-
though this assumption may partially explain the
roles of Sr and Ca in the ethylene and Spd syn-
thesis, the Put accumulation at high concentra-
tions (1 to 10 mM) of Sr is on the umol level
not only on a g fr wt basis but also on a mg
RNA basis. On the other hand, Spd accumulation
through Sr is already induced at a concentration
of 0.1 mM, although the level is under a pmol.
This amount of Sr is not stress-inducing concent-
ration. This (Put accumulation and Spd induction
at a low concentration) may be a difference bet-
ween Ca and Sr. Again, Ca and Sr may have an
effect ‘on the increase (umol) of the Agm and Put
levels, respectively. The conversion of Agm to Put
has been indicated as a fast reaction’®. Therefore,
although Sr may substitute Ca in the methionine
cycle  (methionine = SAM — ACC — C,H,)  as

shown in a previous observation'’, it may - have
to assume that Sr facilitates a more rapid conver-
sion of Agm to Put than one of Put to Spd, at
least in a growth stage during germination in a
high concentration of Sr.

Also, as reported by Berlin and Forche” and
Kyriakidis'”, if an increased ornithine decarboxy-
lase activity (ODC, EC 4.1.1.17) and arginine de-
carboxylase (ADC, EC 4.1.1.19) are correlated
with cell division and cell elongation, respectively,
the accumulation of Agm in the roots and coleop-
tiles germinated in a medium containing 10 mM
Ca may be associated with cell elongation or with
a low conversion of Agm to Put via the putres-
cine synthase complex. By contrast, in the same
parts germinated in the presence of 1.0 to 10 mM
Sr, the increase of DA, Put, and Spd, may be a
delayed increase in cell division activity. The bio-
synthesis of DA or PA is often greatest where
cell division is most active'. It has been obser-
ved that a high ratio of Put/TA can be harmful

22 However, Cho” reported

in plant systems
that the growth-enhancing effect in lettuce hypo-
cotyls could be produced by Agm and Cad, as
well as arginine and ornithine in the presence of
0.1 and 1.0 pM GAs, and recovered only through
Put combined with acrain (1,4-diguanidinobutane)
which is an Agm iminohydrolase inhibitor, 7.e. in
the conversion of Agm to N-carbamyl-putrescine.
Even though both Ca and Sr at 10 mM are stress
inducing concentrations, ratios among polyamines
were different. In particular, the ratio of Put/TA
is obviously increased through Sr in the roots.
The ratio of Spd/TA also increased considerably
in the coleoptiles. However, to determine a corre-
lation between the ratio changes and the Ca trea-
tment was difficult. In which processes this diffe-

rence occurs between Ca and Sr remains to be
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clarified in future works.

Cad was detected in considerable amounts in
the coleoptiles, as reported by Felix and Harr?,
whether it was Ca treated or not. In the present
work, Cad accumulation in the roots and coleopti-
les was eminently induced by the 10 mM Ca
treatment. It is of interest that a Sr treatment
does not induce Cad synthesis. These results may
mean that the lack of Put and Spd caused by a
Ca treatment demands physiologically that other
DAs or PAs are synthesized.

For whatever reason, the inhibition of cell gro-
wth results eventually in a decrease in DNA,
RNA, and protein synthesis. In the roots and en-
dosperms, total RNA content per 20 seedlings
was obviously reduced with Sr concentrations
(data not shown). On a g fr wt basis, however,
the RNA level is highest at 10 mM Sr, suggesting
that cell elongation or expansion were markedly
inhibited. The increase of Put and Spd in the
roots may be closely related with the RNA syn-
thesis as shown in the present work. It has been
observed that the replication of DNA, with DNA
polymerase, and the transcription to RNA, with
RNA polymerase, are mediated by Mg and Mn*?®.
The effect of similar metal ions, such as Be and
Sr in high concentrations, on the pyrophosphate
cleavage in the above replication reaction would
be inhibitory®™. Therefore, PA synthesis at high

concentrations of Sr is putatively a protective res-.

ponse for nucleic acid stabilization. In view of the
high concentration of both divalent cations (Ca
and Sr) and PAs in plant cells, it may not be po-
ssible to decide what influenced the nucleic acids
stabilization and synthesis more effectively. Addi-
tionally, it had been found that the Spd concent-
ration increased 15-fold in the first 2 hr after im-

bibition of the wheat seeds™. The Spd level,

even in the presence of Ca and Sr (10 mM), also
increases before nucleic acid synthesis (unpubli-
shed data). Therefore, albeit it is clear that PAs
are required for the stabilization of DNA or RNA,
it is very difficult to explain which specific nuc-
lear process is directly affected by the PAs in the
presence of Sr. To investigate whether the induc-
tion of nucleic acid synthesis in an extremely
high concentration (10 mM) of Sr indicates sim-
ply a delayed start of cell division through the
retardation effect of Sr or not remains to next

works.
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