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Summary

We previously found a large increase in RNAs in roots of chill-tolerant figleaf gourds
(Cucurbita ficifoliac Bouché) but not in those of less tolerant cucumbers (Cucumis sativus
L.), when the roots were exposed to 14°C (Kanda et al., 1994). In this study, changes in
ribonuclease and RNA polymerase activities in the roots were followed for 6 days after
their exposure to 14° and 23°C. The root enzyme activities were assayed at a) the opti-
mal temperatures for the enzymes and b) root-growing temperatures. Neither ribonuclease
nor RNA polymerase activity accounted for the characteristic increase of RNA concentra-
tions in chilled roots of figleaf gourds, irrespective of assay temperatures. However, the
ratio of RNA polymerase activity to ribonuclease activity closely correlated with RNA
concentrations in both species. This correlation was observed only when the enzyme
activity was assayed at root-growing temperatures. In this case, ribonuclease activity 2
days after exposure to 14°C was much lower in figleaf gourd roots than that in cucumber
roots. However, the activity changed little thereafter in either species, but the RNA
polymerase activity in figleaf gourd roots did increase gradually during exposure to
14°C; it was still lower than the activity at 23°C after 6 days. This increase was not
observed in the cucumber roots. These results strongly suggest that, 1) root RNA concen-
trations in figleaf gourds and cucumbers are largely regulated by RNA polymerase activ-
ity relative to ribonuclease activity, and 2) the marked increase of RNA concentrations in
figleaf gourd roots grown at 14°C was caused mainly by low temperature-induced in-
creases of RNA polymerase activity together with much reduced activity of ribonuclease.

these root-stock species (Yamamoto, 1989).
Previously, we reported that RNA concentra-
tions in the roots of figleaf gourds exposed to

Introduction

The roots of figleaf gourds are relatively toler-

ant to low temperature, and thus have been used
widely as a root-stock of cucumbers in protected
cultivation during winter (Tachibana, 1982).
Recently, growers are changing the root-stock
species of cucumbers from figleaf gourds to “bloom-
less” root-stock species. The latter species have a
low capacity to absorb silicon, which leads to a
low incidence of bloom symptoms on the skin of
the cucumbers (Yamamoto et al., 1989). However,
the roots of “bloomless” root-stock species are less
tolerant to low soil temperature than are those of
figleaf gourds, so that efforts are now being
directed towards increasing the chill-tolerance of
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14°C were significantly higher than in roots kept
above or below 14°C (Kanda et al., 1994). This
rise of RNA concentrations at 14°C was con-
sidered to have resulted from net accumulation of
RNAs in response to the chilling temperature, be-
cause root growth was most rapid at 14°C with
decreased cell numbers per unit fresh weight, and
because by transferring the roots from 14°C to
23°C the RNA concentrations decreased to the
pre-chilling level within 2 days.

RNAs wusually accumulate in plant tissues of
cold resistant species when exposed to chilling
temperatures (Guy, 1990). Treatment of plants
with inhibitors of RNA and protein synthesis dur-
ing cold acclimation inhibits the development of
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cold hardiness (Hatano et al, 1976). The rise of
RNA concentrations, along with a concomitant in-
crease of protein synthesis, has been related to the
acquisition of cold tolerance by the plants during
cold acclimation (Chen and Li, 1980: Paldi and
Devay, 1977; Sarhan and Chevrier, 1985).

To date, the mechanisms by which RNAs accumu-
late in chilled plant tissues are not fully under-
stood. Factors responsible for the increased RNA
synthesis under low temperature regimes may in-
clude an increase in RNA polymerase activity as

well as a decrease in ribonuclease activity in chill-

ed tissues (Gusta and Weiser, 1972; Kritenko et
al, 1986; Sarhan and Chevrier, 1985). According
to Sarhan and Chevrier (1985), a large increase of
RNA content in winter wheat shoots during cold
acclimation was associated with a significant in-
crease in RNA polymerase activity and a decrease
in ribonuclease activity in the chromatin. Hor-
mones are also known to regulate the rate of RNA
synthesis (Naito et al, 1980; Tomi et al, 1983;
‘Van der Linde et al., 1984). However, only limited
information is available on the physiological
causes of accumulation of RNAs in chilled plant
roots.

We expect that an elucidation of mechanism of
RNA accumulation in chilled roots of figleaf
gourds may contribute to a better understanding
of physiological bases of chilling tolerance of plant
roots and to the improvement of chilling tolerance
of the roots of cucurbits including that of “bloom-
less” root-stock species. Thus, the objective of this
study was to relate the changes in RNA concentra-
tions in the roots of chill-tolerant figleaf gourds
and less tolerant cucumbers to the activities of
RNA polymerase and ribonuclease in the roots, fol-
lowing exposure to 14° and 23°C root tempera-
tures for up to 6 days.

Materials and Methods

1. Plant materials and root temperature treatments

Seedlings of figleaf gourds and cucumbers cv.
Suyo, raised by gravel culture, were planted at the
1-leaf stage in two hydroponic vessels contalmng a
half-strength Hoagland solution. Plants
grown in a climate-control chamber at 26°C day

and 20°C night with a photoperiod of 15 hr and a -

light intensity of 250 ,umol'm‘z ec? provided by
metal halide lamps. The initial temperature of the

were -

nutrient solution was 23°C in both vessels; the
solution temperature in one vessels was lowered to
14°C 6 days after planting. The control vessel wyg
kept at 23°C. Six days later, figleaf gourds growy
at 14°C were transferred to the 23°C solutiop
Root samples of the figleaf gourds and cucumberg
were collected in triplicate just before the treat.
ment (day O; solution temperature at 23°C) and af.
ter 2, 4, and 6 days at 14°C and 6 days at 23°C.
Roots of figleaf gourds were also taken from the
plants grown 2 days at 23°C following 6 days at
14°C.

2. Determination of RNA concentrations in roots

RNAs were extracted and purified as described
previously (Kanda et al, 1994). RNA concentrs.
tions in purified extracts (g ml™') were caley.
lated by multiplying their ODégo values by 45.

3. Ribonuclease assay

Ribonuclease was extracted from 2 g portions of
the roots immediately after harvest according to
the method described by Chevrier and Sarhan
(1980). Briefly, roots were homogenized in 50 mM
Tris buffer (pH 7.5) and the homogenate centri.
fuged. A 50-41 aliquot of the supernatant (equiva-
lent to 5 mg of fresh root) was mixed with 1 ml of
0.75 mg-ml™' RNA in 40 mM sodium cacodylate
buffer (pH 5.6), and the mixture incubated for 30
min at 37°C, or for 60 min at temperatures at
which the roots were growing when they were
sampled (referred to hereafter as root-growing
temperatures), to simulate the in situ condition.
Reaction was stopped by adding 20 mM lanthanum

nitrate dissolved in 0.5 N HCL After centrifuga-

tion, the optical density of the supernatant fluid

‘was read at 260 nm; the reaction mixture without

the extract served as the blank. Ribonuclease
activity was expressed in the ODg2go values per
gram root fresh weight. For detection of ribo-
nuclease isozymes, an aliquot of the extract was
loaded on 7.5% disc polyacrylamide gels. After
electrophoresis, ribonucleases in the gel were
made visible by the method of Wilson (1971).

4. RNA polymerase assay

RNA polymerase activity in the roots was deter-
mined according to Lin et al. (1974). In brief, 10 ¢
of freshly harvested roots were homogenized in 50

- mM Mes buffer (pH 8.0) and the homogenate cen-
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trifuged at 5,000 x g to isolate chromatin. To solu-
pilize RNA polymerases, chromatin was suspended
in 500 mM ammonium sulfate solution, stirred,
and sonicated. The soluble RNA polymerase (40 I,
equivalent to 570 mg of fresh root) was mixed
with 200 gl of 370 kBq-ml™* *H-UTP in 50 mM
Tris buffer (pH 8.0), and the mixture incubated
for 20 min at 32°C or at root-growing tempera-
btures, Reaction was terminated by adding 240!
of 10% trichloroacetic acid solution. After centri-
_fugation, the radioactivity of the washed precipi-
tate was counted with a liquid scintillation spec-
trometer. RNA polymerase I activity was measured
‘as described above in the presence of q-amanitin
in the incubation mixture. RNA polymerase II
activity was calculated by subtracting RNA
polymerase I activity from total RNA polymerase
activity. Activity was expressed in the cpm per
gram root fresh weight.

‘Results

1. RNA concentrations in roots

RNA concentfations in figleaf gourd roots ex-
posed to 14°C increased steadily to 2.5-fold the ini-
tial level after day 6 (Fig. 1). In cucumber roots,

RNA concentration (mg- g 'f.w.)

Days after treatment

Fig. 1. Changes with time.in RNA concentrations in the
roots of figleaf gourds (£, &) and cucumbers (O, @)
following exposure to 14° and 23°C root tempera-
tures. Open and solid symbols represent roots grown
at 23°C and 14°C, respectively. Vertical bars show
*S. E.

however, the RNA concentration increased to only
1.4-fold the initial level during the same period.
The roots grown at 23°C did not show any signifi--
cant changes in RNA concentrations over the ex-
perimental period in both species. These results
are essentially the same as those reported earlier
(Kanda et al., 1994).

2. Ribonuclease activity in roots

Prior to evaluating the effect of root tempera-

ture on ribonuclease activity, the subcellular local-
ization of the enzyme in the roots of the two
species grown at 23°C was determined according
to the procedure of Chevrier and Sarhan (1980).
In both species more than 80% of total ribo-
nuclease activity in the roots was localized in
cytosol fraction and very low activity was
detected in the chromatin, mitochondrial and micro-
somal fractions (Table 1). The activity in the
cucumber roots was 57% higher than that of the
figleaf gourd roots. Based on the above observa-
tion, ribonuclease activity in the roots was repre-
sented by the activity in cytosol fraction in the
subsequent experiments.
- Effects of root temperature on the ribonuclease
activity in the roots differed markedly with the
assay temperature. Figleaf gourd roots grown at
14°C showed significantly lower activity than did
those grown at 23°C when determined at 37°C,
regardless of root temperatures (Fig. 2A). Contrari-
ly, ribonuclease activity was higher in the cucum-
ber roots grown at 14°C than it was at 23°C.

When ribonuclease activity was measured at
root-growing temperatures, it was much lower in .

_the roots exposed to 14°C than in those exposed to

23°C (Fig. 2B), but the magnitude of the decrease
was much greater in figleaf gourd roots than it

Table 1. Subcellular locatization of ribonuclease activity
(OD2go g 'fw*h™" = S. E)? in the roots of figleaf
gourds and cucumbers, grown at a root temperature of

23C.
Fractions Figleaf gourd Cucumber
Chromatin 171 £ 0.07( 5.6)  3.18 + 0.05( 6.4)
Mitochondria 1.47 £ 0.09( 4.8) 2.50 £ 0.10( 5.0)
Microsome 1.90 + 0.19( 6.2) 3.94 £ 0.11( 7.9
Cytosol 25.49 + 2.18(83.4)  39.99 + 1.13(80.7)

* Activity was assayed at 37C.
¥ Numerals in parentheses show the percentages of total activity.
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Fig. 2. Ribonuclease activity in the roots of figleaf gourds (&, &) and cucumbers (O, @)
grown at 14° and 23°C root temperatures. F igleaf gourds grown at 14°C for 6 days were
transferred to 23°C at the time shown by arrows. Enzyme activity was assayed at 37°C
(A) and at root-growing temperatures (B). Open and solid symbols represent roots grown
at 23°C and 14°C, respectively. Vertical bars show=+S. E.

was in cucumber roots. Consequently, ribonuclease
activity in figleaf gourd roots grown at 14°C was
only about 25% of that in cucumber roots grown
at the same temperature, whereas it was about
50% for roots grown at 23°C. The enzyme activity
in both species did not change significantly over
the period of 6 days after exposure to 14°C.
Furthermore, transfer of figleaf gourd roots from
14 to 23°C at day 6 did.not cause any changes in
the activity when assayed at 37°C (Fig. 2A),
whereas the activity reverted to the control level
when assayed at the root-growing temperature
(Fig. 2B).

Polyacrylamide gel electrophoresis of ribo-
nucleases showed the existence of several isozymes
in roots of both species. Isozyme banding patterns
did not change with root temperatures in cucum-
ber roots (data not presented), whereas in the fig-
leaf gourd roots, the slowly migrating band dis-
appeared when the roots were exposed to 14°C
(Fig. 3). Since the band was very weak, its dis-
appearance may have contributed little to the
quantitative change of ribonuclease activity in the
roots.

3. RNA polymerase activity in roots

RNA polymerase activity in cucumber roots
grown at 14°C was higher than that at 23°C when
assayed at 32°C (Fig. 4A). It increased slightly
during the 6 days exposure to 14°C, but, when

0.5
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Fig. 3. Polyacrylamide gel electrophoresis of ribonuclease
isozymes obtained from figleaf gourd roots exposed
to 23°C or to 14°C for 2, 4 and 6 days. The banding
patterns of ribonuclease isozymes from cucumber
roots did not change with growing temperatures (gels
not shown).

assayed at the root-growing temperature, the activ-
ity did not increase, being identical to that at 23°C
(Fig. 4B).

The RNA polymerase act1v1ty in figleaf gourds
was very low in the roots grown at 14°C, com-
pared .to those at 23°C, regardless of assay
temperatures (Fig. 4A and B). The activity tended
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to increase over the period of 6 days at 14°C as
well as at 23°C; the rate of increase during the
jast 4 days was faster in roots grown at 14°C
than it was in those held at 23°C; i.e., 1.8-fold at
14°C vs. 1.2-fold at 23°C. This comparison is
pased on the assumption that the increase during
the 6-day period at 23°C was linear. The enzyme
activity in the roots exposed to 23°C for 2 days
after 6 days at 14°C decreased by about 30%
when the enzyme activity was assayed at 32°C,
whereas it changed little when assayed at root-
growing temperature (23°C).
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RNA polymerase I activity in figleaf gourd roots
assayed at root-growing temperatures was higher
than that of RNA polymerase Il in figleaf gourd
roots at day O (Fig. 5A and B). This implies that
rRNA is synthesized at a rate higher than that of
mRNA. Responses of RNA polymerase I and II
activities to root temperatures were essentially the
same as those of total RNA polymerase activity,
except that RNA polymerase II activity did not de-
crease during the 2 day readaptation period at
23°C.

B. Assayed at root-growing temperatures
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Fig. 4. RNA Polymerase activity in the roots of figleaf gourds (£, &) and cucumbers (O, @)
grown at 14°C and 23°C root temperatures. Figleaf gourds grown at 14°C for 6 days were
transferred to 23°C at the time shown by arrows. Enzyme activity was assayed at 32°C
(A) and at root-growing temperatures (B). Open and solid symbols represent roots grown
at 23°C and 14°C, respectively. Vertical bars show=*S. E.
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Fig. 5. Activity of RNA polymerase I (A) and RNA polymerase II (B) in the roots of figleaf gourds
grown at 14°C (A) and 23°C (D) root temperatures. Plants grown at 14°C for 6 days were
transferred to 23°C at the time shown by arrows. Enzyme activity was assayed at root-grow-
ing temperatures. Open and solid symbols represent roots grown at 23°C and 14°C,

respectively. Vertical bars show £S. E.
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4. Ratios of RNA polymerase activity to ribonuclease
actwity in roots

RNA concentrations in the tissue could be
affected by the aétivity of either ribonuclease or
RNA polymerase, alone in some cases but in com-
bination in most cases. Our examination of the
relationship between RNA concentrations in both
species roots grown at 14° and 23°C root tempera-
tures and the ratio of RNA polymerase activity to
ribonuclease activity (RP/RN) revealed that when
the enzyme activity was assayed at root-growing
temperatures, RP/RN values in figleaf gourd roots
increased  3.3-fold during the 6-day growth period
at 14°C (Fig. 6). They decreased rapidly to the
pre-chill value within 2 days after retransfer to
23°C. In cucumber roots, the ratio doubled during
the first 2 days at 14°C, but remained unchanged
thereafter. RP/RN values in roots of both species
grown at 23°C remained constant throughout the
experimental period. These changes in RP/RN
values closely resemble the trends of RNA concen-
trations in the roots as affected by root tempera-
ture (Fig. 1). Thus, the correlation between RNA
concentrations in the roots and their RP/RN
values is highly significant (Fig. 7). But, the rate
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Fig. 6. Changes with time in the ratio of RNA
polymerase activity to ribonuclease activ-
ity (RP/RN) in the roots of figleaf gourds
(&, ) and cucumbers (O, @) following
exposure to 14°C and 23°C root tempera-
tures. Figleaf gourds grown at 14°C for 6
days were transferred to 23°C at the time
shown by an arrow. Enzyme activities of
ribonuctease and RNA polymerase were
assayed at root-growing temperatures.
Open and solid symbols represent roots
grown at 23°C and 14°C, respectively.
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Fig. 7. Relationships between RNA concentrations
and the ratio of RNA polymerase activity to
ribonuclease activity (RP/RN) in figleaf gourd
and cucumber roots grown at 14°C and 23°C
for up to 6 days. Activities of both enzymes
assayed at root-growing temperatures were used
for the calculation.

of increases of RP/RN values in both species dur-
ing growth at 14°C was relatively fast, compared
to the rate of the RNA increase. When the activity
of the enzynies ‘was assayed at - their optimal
temperatures, no correlation was established be-
tween RP/RN and RNA concentrations (data not
presented).

Discussion

The close correlation between RNA concentra-
tions in the roots and their RP/RN values assayed
at root-growing temperatures sirongly suggests
that RNA concentrations in figleaf gourd and
cucumber roots are largely regulated by RNA
polymerase activity relative to ribonuclease activ-
ity. The lack of correlation when .the activity of
the enzymes was assayed at their optimum temper-
atures indicates that the ambient temperature
when samples are taken should be used for the en-
zyme assay, particularly when the enzyme activity
is to be related to the metabolic changes caused by
temperature stresses. A similar suggestion has
been proposed by Burke and Hatfield (1987).

Ribonuclease activity in chilled cucumber -root$
increased when assayed at 37°C, whereas it de

. creased in roots of figleaf gourds. The same trend
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was noted for RNA polymerase activity in the
roots assayed at 32°C. Although these differences
in responses of the enzymes to growing tempera-
tures between the two plant species are difficult to
explain, the higher RP/RN values in chilled roots
of figleaf gourds over those in cucumbers may be
ascribed to a greater reduction in ribonuclease
activity in the figleaf gourd roots. Likewise, the
RNA polymerase activity of figleaf gourd roots
was much lower than was that in chilled cucumber
roots throughout the experimental period.

The marked reduction of ribonuclease activity
in the chilled figleaf gourd roots agrees with the
_observation made by Dzhokhadze and Tabatadze
(1984) that ribonuclease activity was lower in
leaves of cold resistant than it was in cold sus-
ceptible citrus varieties. Brown and Bixby (1973)
opine that the decrease of ribonuclease activity
during induction of cold hardiness in mimosa is
caused by the inactivation or degradation of en-
zyme proteins rather than by the decreased synthe-
sis induced by the low temperature.

Gradual and steady increases in RP/RN values
and in RNA concentrations in figleaf gourd roots
after exposure to 14°C may have resulted because
of increases in RNA polymerase I and II activities;
ribonuclease activity did not decrease correspond-
ingly during the same period. However, the rate of
increases in RNA concentrations was slower than
that of RP/RN values in figleaf gourd roots grown
at 14°C (3.3-fold vs. 2.5-fold), which may indicate
that factors other than the ratio of the two enzyme
activities are involved in the accumulation of
RNAs in chilled roots of figleaf gourds.

We conjecture that the roots of figleaf gourds
respond to low temperature by increasing RNA

_ polymerase activity, whereas those of cucumbers
do not. Although only the solubilized RNA
~polymerase activity was determined in the present
~study, our results do not preclude the possibility
~ that chromatin template activity was also en-
hanced in the same manner as the solubilized en-
‘Zyme activity. Similar results have been reported
- with wheat leaves by Sarhan and Chevrier (1985)
- and Kritenko et al. (1986), but their results dif-
- fered ‘from ours in that RNA polymerase activity
."Was far greater in chilled than in unchilled plants.
- Furthermore, Kritenko et al. (1986) found a
marked increase in RNA polymerase activity in
Cucumber leaves during the course of cold acclima-

tion at 10°C over that of the.control plants grown
at 25°C. It would be interesting to know whether
RNA polymerase in different tissues of the same
plant responds differently to low temperatures.
The mechanisms by which RNA polymerase
activity increases in chilled plant tissues have not

‘been fully elucidated. Kukina et al. (1985) pre-

sented evidence indicating that ABA inhibits
rRNA synthesis by blocking the transcription of
rRNA precursors in the chromatin. This action of
ABA was reversed by treatments with cytokinins.
It is also known that magnesium and other metallic
ions activate RNA polymerase (Guilfoyle et al.,
1976; Wielgat and Kahl, 1979). Cytokinin synthe-
sis in the figleaf gourd roots is markedly stimu-
lated by low temperature (Tachibana, 1988).
Whether, 1) this property of figleaf gourd roots is
responsible for the increase in RNA polymerase

“activity and consequently in RNA concentrations

in the chilled roots, and 2) the application of cyto-
kinins to the roots can enhance the chilling toler-
ance in the roots of “bloomless” root-stock species
need further explanation.

Literature Cited

Brown, G. N. and J. A. Bixby. 1973. Ribonuclease

activity during induction of cold hardiness in
mimosa epicotyl and hypocotyl tissues. Cryobiol.
10 :152-156.

Burke, J. J. and J. L. Hatfield. 1987. Plant morphologi-
cal and biochemical responses to field water def-
icits. III. Effects of foliage temperature on the
potential activity of glutathione reductase. Plant
Physiol. 85 : 100-103.

Chen, H. H. and P. H. Li. 1980. Biochemical changes in
tuber-bearing Solanum species in relation to frost
hardiness during cold acclimation. Plant Physiol.
66 :414-421.

Chevrier, N. and F. Sarhan. 1980. Partial purification
and characterization of two RNases and one nu-
clease from wheat leaves. Plant Sci. Let. 19 :
21-31.

Dzhokhadze, D. L. and N. G. Tabatadze. 1984. Endoge-
nous RNA-synthesizing - activity of cellular
organelles from leaves of citrus plants with differ-
ent frost resistance. Soviet Plant Physiol. 31 :
436-440.

Guilfoyle, T. J,, C. Y. Lin, Y. M. Chen and J. L. Key.
1976. Purification and characterization of RNA
polymerase I from a higher plant. Biochem. Bio-
phys. Acta 418 : 344-357.

Gusta, L. V. and C. J. Weiser. 1972. Nucleic acid and
protein changes in relation to cold acclimation and




336 H. Kanda and S. Tachibana

freezing injury of Korean boxwood leaves. Plant
Physiol. 49 : 91-96.

Guy, C. 1990. Molecular mechanisms of cold acclima-
tion. p. 35-61. In: F. Katterman (ed.). Environmen-
tal injury to plants. Academic Press, New York.

Hatano, S., H. Sadakane, M. Tutumi and T. Watanabe.
1976. Studies on frost hardiness in Chlorella ellip-
soidea . 11. Effects of inhibitors of RNA and protein
synthesis and surfactants on the process of
hardening. Plant Cell Physiol. 17 : 643-651.

Kanda, H., Y. Kasukabe, H. Fujita, T. Washino and S.
Tachibana. 1994. Effect of low root temperature
on ribonucleic acid concentrations in figleaf gourd
and cucumber roots differing in tolerance to chill-
ing temperature. J. Japan. Soc. Hort. Sci. 63
611-618.

Kritenko, S. P., A. F. Titov, G. V. Novikova and 0. N.
Kulaeva. 1986. Dynamics of RNA-polymerase
activity during adaptation of plants to low and
high temperatures and their readaptation. Soviet
Plant Physiol. 32 : 548-554.

Kukina, 1. M., T. P. Mikulovich and O. N. Kulaeva.
1985. Interaction between abscisic acid and cyto-
kinin in regulation of the synthesis of cytoplasmic
ribosomal RNAs in isolated pumpkin cotyledons.
Soviet Plant Physiol. 32 : 227-236.

Lin, C. Y., T. J. Guilfoyle, Y. M. Chen, R. T. Nagao and
J. L. Key. 1974. The separation of RNA
polymerases | and II achieved by fractionation of
plant chromatin. Biochem. Biophys. Res. Commun.
60 : 498-506. ’

Naito, K., K. Ikeda, T. Saito, H. Suzuki, M. Yamada and

" S. Kuraishi. 1980. Importance of RNA synthesis
within the lag phase preceding benzyladenine-in-
duced growth of cucumber cotyledons in the dark.
Plant Cell Physiol. 21 : 1419-1430.

Paldi, E. and M. Devay. 1977. Characteristics of the
rRNA synthesis taking place at low temperatures
in wheat cultivars with varying degrees of frost
hardiness. Phytochemistry 16 : 177-179.

" Sarhan, F. and N. Chevrier. 1985. Regulation of RNj
synthesis by DNA-dependent RNA polymeraseg hl
and RNases during cold acclimation in winter apq
spring wheat. Plant Physiol. 78 : 250-255. ;

Tachibana, S. 1982. Comparison of effects of rogt -
temperature on the growth and mineral nutritiop
of cucumber cultivars and figleaf gourd. J. Japay
Soc. Hort. Sci. 51 : 299-308.

Tachibana, S. 1988. Cytokinin concentrations in roots
and root xylem exudate of cucumber and figleaf
gourd as affected by root temperature. J. Japan,
Soc. Hort. Sci. 56 : 417-425. »

Tomi, H., Y. Sasaki and T. Kamikubo. 1983. Increase
of RNA polymerase activity in pea buds treated
with gibberellic acid As. Plant Cell Physiol. 24 .
587-592.

Van der Linde, P. C. G., H. Bouman, A. M. Mennes and
K. R. Libbenga. 1984. A soluble auxin-binding
protein from cultured tobacco tissues stimulates
RNA synthesis in vitro. Planta 160 : 102-108.

Weilgat, B. and G. Kahl. 1979. Gibberellic acid acti-
vates chromatin-bound DNA-dependent RNA
polymerase in wounded potato tuber tissue. Plant
Physiol. 64 : 867-871.

Wilson, C. W. 1971. Plant nucleases. HL Poly.
acrylamide gel electrophoresis of corn ribo-
nuclease isoenzymes. Plant Physiol. 48 : 64-68.

Yamamoto, Y. 1989. Mineral nutritional properties of
cucumber plants grafted on the roots of “bloom-
less” root-stock species. Proc. Symp. Plant Breed.
Res., Japan. Nurs. Corp. 1989 19-36. (In
Japanese).

Yamamoto, Y., M. Hayashi, K. Kanamaru, T. Watanabe,
S. Mametsuka and Y. Tanaka. 1989. Studies on
bloom on the surface of cucumber fruits. 2. Rela-
tion between the degree of bloom occurrence and
contents of mineral elements. Bull. Fukuoka Agric.
Res. Cent. B-9 : 1-6. (In Japanese with English
summary). ‘ '




J. Japan. Soc. Hort. Sci. 64 (2) : 329-337. 1995. 337

ﬁﬁﬁﬁﬁbt&Dﬁ$ﬁﬁ%%®ﬁ@RNA%E@ﬁtKﬁﬁéuﬁ;ypT_@ﬁﬁ&
RNA R X —CEHOES

WERE - 57
SERFEYEFESEE 514 ET LR 1515

]

14°C DIERBEBICL 5 TrOF 30 KF ¢ DR
DORNARENE LS ET ABIELHL ST 5720,
4°CE23CHOMRRBTE6HMEBTLTCVL2ED, »
UFAARTF X EF 2T VORDY KX 2 L7 —¥iE
& RNA R Y X 7 — EEGORBEL L #-7. i&
HOEEIX, TRENOBEEDBIR L RIS OROLE
FRBTIT o7, ZORE, WINhOBEREN Bk
Tit, MBI CTEFLLZOF AT KF +ORT
HHONTZRNAREOELWIEXEZHETLZ LI T
ol LAL, VERXZ L7 —¥E®RIZHT S
RNAR Y X T —V¥OBEEOLERIL, £HFRBECEMS
RRIE L7BEICDKR, RO RNA BE L& WHEE
fReRLL. EFRECESEEZEE LSS, VEX
JVT - EIEE, WS b 23°CTAEF LR

=

D 14°C TEE LROIED 0MED - 7228, BT OR
B2 03 h R F+Di3) PEETH 72, —F,
RNARY X7 —EiEEIE, 299 Tik14°C T4
BLIARE 23°CCAEFLABRTIIIIRETH 70
W LT, 298 R B RF % TIE14°C TEEF L4
DITI P EP otz L L, 2UF 3B KF v OB
T CTEF LTV AMICKREITIE AL 7.
D EDHRDS, Wi OM D RNA B, &L
TEBFRETTO 2 00BEDFERLEI TR I T
WHEEZONS, T, UCTHEBTLE-ZOY 2
W ARF ¥ DIRICBITH RNA BEDOE Lk, 5
WICEBNVRR L7 - BHEROBEELET &,
RNA R X 5 — Bl ORI G KIC & 5 T
LEELZLND.



