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Summary. Maize and pea plants were grown on liquid nutrient medium.
NaCl was applied to rootsfor 10 days. Salt treatment reduced growth of roots
and shoots of both plants by more than 20% and 50%, respectively. Total
RNA content isolated from growing root parts of both plants was lower un-
der stress. Total RNA content of stressed maize apical parts did not change
significantly compared to the controls but in the case of peathe content of
RNA decreased. Alkaline-phosphatase hydrolyzed RNA preparations were
tested by ELISA for iPA and ZR content. Under stresstheir content in roots
of both speciesincreased to 130%. In treated apical parts both nucleosides
atered dlightly with a tendency to reduction which was more obvious for
iPA of peaRNA.
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Abbreviations: iPA —N°-(D?-isopentenyl)adenosing; ZR — trans-zeatin ribo-
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Introduction

The occurrence of cytokinin moleculesin RNA of higher plants has been known for
many years but its biological significance is not well understood. Cytokinins were
shown to be incorporated in RNA or to result from RNA degradation. Besides in
tRNA, cytokinins have been indicated in rRNA, polyA-chains of the mRNAs and
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adenine-containing oligonucleotides from RNA digestion (Hall, 1970; Maal3 and
Klambt, 1981; Jouanneau et al., 1982; Klambt, 1983; Taller et al., 1987; Taller, 1994).
In prokaryotic tRNA the levels of some cytokinins were found to be affected by en-
vironmental and physiological factors (Bjork et al., 1987). A proposition was made
that these alterations act as a regulatory mechanism allowing cellsto respond to en-
vironmental changes. Cytokinin response in plant RNAsto different growth and en-
vironmental conditionsyet is scarcely known.

At this stage of our study on cytokinin nucleotidesin RNA aresearch on the ef-
fect of salt stress on the levels of N6-(D%-isopentenyl)adenine and trans-zeatin in total
RNA from maize and pea plants was carried out. We found that the stress factor which
induced fast and obvious effects on the growth and on the endogenous free levels of
both cytokinins (Atanassova et al., 1996) affected their levelsin RNA aswell.

Materials and Methods

Plant material

Maize plants (Zea mays L., cv. Knezha) were grown on Hoagland—-Arnon nutrient
solution at natural conditions in June and July. NaCl of 100mM was added to the
nutrient solution when plants expanded their 4th leaf. Pea plants (Pisum sativum L.,
cv. Ran-1) were grown on the same solution in climatic chamber at 23-25°C, light
intensity 100 umol.m2.s1 and a day/night photoperiod 14/10 hours. Plants with de-
veloped 2nd leaf were placed on nutrient solution, containing 150 mM NaCl. Con-
trol maize and pea plants were grown on nutrient solution.

At the 10th day of the treatment with NaCl, roots and shoots of 10-12 control
and stressed maize and pea plants were taken for analysis. Growth was evaluated by
lenght and biomass production of roots and shoots. The samples for the isolation of
RNA were taken from the growing apex parts of roots and shoots, fixed with liquid
nitrogen and kept at -70°C.

Isolation of total cell RNA

RNA were isolated by the method of Czomczynsky and Sacchi (1987) with several
modifications made by Kayser and Klambt (1995). The frozen material (59) was
ground to a fine powder and homogenised in a denaturating solution containing
guanidinium thiocyanate, sodium citrate, N-lauroylsarcosine and b-mercaptoethanol.
The pH was kept in acid range by adding 3M sodium acetate, pH 4.8. The homog-
enised material was extracted twice with 24:24:1 of phenol : chloroform:isoamy! al-
cohal, followed by chloroform. The organic and water phases were divided by cen-
trifugation for L0minat 10000 g. RNA was precipitated with isopropanol overnight
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at -20°C and centrifuged 10minat 10000" g. The pellet was washed with 75% etha-
nol, resedimented for 5min at 10000” g and dried carefully on air. RNA was dis-
solved in sterile water and stored frozen till hydrolysis. The concentration and pu-
rity of the RNA were determined by spectrometry. Their A ,50/A g, absorbance ratio
was about 2.0. RNA content was cal cul ated assuming that 50 pg/ml RNA has an op-
tical density of 1 at 260 nm.

Hydrolysis of RNA

RNA was hydrolysed with 0.5M KOH overnight at 38°C followed by neutralization
with HCIO,. The nucleotide mixture was dephosphorylated at pH 9.3 with alkaline
phosphatase for 3 hours at 38°C. The hydrolysed preparations containing nucleosides
were immunotested for iPA and ZR.

Determination of cytokinins in RNA by ELISA

N©-(DP-isopentenyl)adenosine (iPA) and trans-zeatin riboside (ZR) were conjugated
to bovine serum albumin (BSA) by the periodate procedure of Weiler (1980). Sera
against these conjugates were raised in rabbits. Anti-i PA- and anti-ZR-immunoglob-
ulins (IgG) were purified by immunoaffinity chromatography of BSA-Sepharose.

The hydrolysed RNA-preparates were tested by indirect competitive ELISA. The
immunoassay was a slight modification (Atanassova et al., 1996) of the procedure
developed by Von Schwartzenberg (1989). The labelling of theimmunocomplex was
made by conjugate of goat anti-rabbit-1gG and akaline phosphatase. The conjugate
was prepared by Zlatka Dimitrovaand Emilialvanova (National Centre of Infections
and Parasitic Diseases, Sofia). The standard curvesfor authentic iPA and ZR and the
results of immunotesting of the samples were calculated by the computer programme
of Ts.Tsonev (Institute of Plant Physiology, Sofia) on the basis of formulae for per-
centage cal culation of maximum binding (B/B) and log-logit transformation.

The results are mean averages of three ELISA determinations from two experi-
ments.

Results

The treatment with 100 mM NaCl resulted in gradual decrease of size and accumu-
lation of biomass of maize plants. At the 10th day of stress (Table 1) the whole root
and shoot biomasses compared with the control plants were reduced with 30 and 50%,
respectively.

The content of total RNA isolated from stressed growing root and shoot parts
declined inroots but it retained, even slightly increased, in apical shoot parts(Table 1).
RNA preparates following akaline-phosphatase hydrolysiswere tested by ELISA for
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Table 1. Production of biomass, content of total cell RNA and RNA-cytokininsin roots and shoots of
control (-) and salt stressed (+) maize plants

Variant Biomass Total RNA iPA ZR
(g FW/ plant) (mg/g FW) (pmol/mg RNA)

Roots

) 6.75 + 1.04 0.94 25.1 5.0
(100%) (100%) (100%) (100%)

(+) 4.70 + 1.50 0.70 31.2 6.7
(70%) (74%) (124%) (134%)

Shoots

) 11.40 + 0.75 1.36 20.7 4.0
(100%) (100%) (100%) (100%)

(+) 5.60 + 1.40 1.49 220 35
(50%) (110%) (107%) (88%)

iPA and ZR content. The levels of both nucleosides in mg total RNA compared in
roots to shoots of control plants were similar. Under stress their content in roots was
increased to 130%. In apical parts the level of both nucleosides did not change sig-
nificantly.

The same parameters were measured in pea plants (Table 2). During the 10 days
of treatment with NaCl the biomass of the whole plant was reduced by 40-50%. The
total RNA contents of growing root and apical partswere lower in stressed plants. In
control plants higher immunoreactivities against both anti-cytokinin-antibodies, hence

Table 2. Production of biomass, content of total cell RNA and RNA-cytokininsin roots and shoots of
control (-) and salt stressed (+) pea plants

Variant Biomass Total RNA iPA ZR
(g FW/ plant) (mg/g FW) (pmol/mg RNA)

Roots

O] 1.43 + 0.06 0.80 41.7 25
(100%) (100%) (100%) (100%)

(+) 1.06 £+ 0.07 0.61 53.3 3.3
(74%) (76%) (128%) (132%)

Shoots

O] 2.06 + 0.12 2.60 146.7 7.2
(100%) (100%) (100%) (100%)

€] 1.12 £ 0.01 153 111.7 6.0

(54%) (63%) (76%) (83%)




Salt stress-induced changes of cytokininsin RNA . . . 37

more cytokinin nucleosides, were determined in shoot RNA than in the root. In
stressed roots both RNA-nucleosides increased with about 30%. The levels of both
cytokininsin apical shoot parts of the stressed plants were slightly reduced in com-
parison to the controls.

Discussion

Salt stress reduced the size and the biomass production of maize and pea plants. The
reduction was not lethal as maize plants only delayed growth and devel opment of |eaf
mass and pea plants even reached the reproductive phase.

Theresults of the experiments with growing plant parts showed similar changes
in the roots of maize and pea plants and some differences in the responses of their
underground parts to salt stress. The reasons for such discrepancy usually are asso-
ciated with the features of apical part growth in monocotyledonous and
dicotyledonous plants on salinity (Aspinall, 1986; Barlow, 1986).

Thetotal RNA content isolated from growing root parts of both plantswas lower
under stress. These results confirm previous observations demonstrating that one of
the effects of salinity was the decreased stability of RNA machinery. In vitro Na*
initiated RNA degradation but in vivo RNA stability depended on the relative con-
centration of theion accumulated (Rauser and Hanson, 1966; Aspinall, 1986; Munns
and Termaat, 1986).

Asfor shoots the apical RNA machinery of monocotyledonous plants, maize as
their representative, has been considered to be more protected and less sensitive than
that of dicotyledonous, such as pea (Aspinall, 1986; Barlow, 1986; Peterson et al.,
1987). Thisfeature explainsto some extent the different metabolic status of RNA in
apical parts of both species. More research on separate RNA-structures under salt
stress is needed for obtaining a more satisfying answer.

Salinity induced changesin the levels of two cytokinin nucleosides included in
RNA structures. The levels of iPA and ZR in stressed roots of both plantsincreased
markedly. In apical regions, both nucleosides altered slightly with atendency to re-
duction, which was more obvious for iPA of pea RNA. Much higher content of iPA
inapical peaparts, which were green, may be associated with chloroplast tRNA (Vre-
man et al., 1978). Maize apical parts were practically non-green and the level of iPA
intheir RNA preparations was much lower.

In conclusion, it can be stated that after 10 days of salt stress the growth and to-
tal RNA content of maize and pearoots decreased but higher levels of isopentenylated
nucleotides in RNA were induced. Presumably, changes in the growth conditions
modified the metabolism of RNAS containing cytokinin nucleotides.

In studies of RNA metabolism in salinized roots, aberrationsin tRNA, rRNA and
MRNA metabolism, increase of the oligonucleotide pool as well as of the capacity
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for nucleotide catabolism have been shown (Rauser and Hanson, 1966; Peterson et
al., 1987; Peterson et al., 1988). There are enough data demonstrating the presence
of cytokininsin each of the RNA structures mentioned. Largest variety and abundance
of cytokinins occurred in tRNA preparations (Taller, 1994). In rRNA their concentra-
tions were lower achieving 15-20% of the cytokinin RNA pool (Taller et al., 1987).
PolyA-tails of mMRNA and oligo(adenine)nucl eotides were al so demonstrated to con-
tain cytokinin molecules aswell asto act as good substrates for the specific D?-isopen-
tenyltransferase, the enzyme producing iPA intRNA (Holtz and Klambt, 1978; Maal3
and Klambt, 1981; Jouanneau et al., 1982; Klambt, 1983). Regardless of the number
of reports on thistopic, therole of cytokinin presencein plant RNAsin cell metabo-
lism regulationis still hypothetical. Growth conditions or stage of development have
been shown to influence the relative abundance and the nature of cytokinin-active
bases present in a given tRNA species from prokaryotes and yeast (Taller, 1994).
These facts, aswell asthe present results, give usthe reason to continue the research
and in the following stage we' ll try to find out what RNA structureisresponsible for
the changes of both cytokinins under salt stress.
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