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Abstract

To elucidate the molecular events underlying cold acclimation in woody plants, we established an in
vitro system that responds io cold treatment, using calli of blue - berried honeysuckle (Lonicera caerulea
L. var. emphyllocaryx Nakai). The calli that had been exposed to low temperature at 5°C increased their
cold tolerance after 8 days of the treatment, reaching a plateau on day 12. The cold-treated calli had an
approximately 60% survival rate at - 7.5°C, while the survival rate of non - acclimated calli at the same
temperature was below 10%. The cold - treated calli lost their freezing tolerance within 2 days of
incubation at 25 °C. The proteins extracted frem these calli were analyzed by 2~ dimensional
polyacrylamide gel electrophoresis. As a result, a 42 kDa (pf 5.4) protein was shown to accumulate in
abundance during cold acclimation. The protein decreased by culture at 25 °C. These results suggest that
the callus of L. caerulea did cold - acclimate in response to low temperature conditions, and that it could
be used for the investigation of proteins involved in the incremental development of freezing tolerance.

1. Introduction

In many plant species exposure to low - nonfreez-
ing temperatures induces a greater tolerance to
freezing (Levitt, 1980). This process, whereby
plants deveclop low temperature tolerance, is termed
cold acclimation (Levitt, 1980). Many investiga-
tions have tried to elucidate the physiological and
molecular events that take place during cold-accli-
mation (Levitt, 1980; Sakai and Larcher, 1987), and
one approach has been to seek out proteins involved
in increasing the freezing tolerance of the cells. It
has been reported that low, nonfreezing temper-
atures induce the exclusive accumulation of some
proteins in leaves and stems in plants such as
Arabidopsis thaliana (Kurkela and Franck, 1990;
Nordin et al., 1991; Gilmour et al., 1992), alfalfa
(Mohapatra ef al., 1989), spinach (Guy and Haskell,
1987), Brassica (Meza-Basso el al,, 1986;
Weretilnyk et al, 1993) and wheat (Perras and
Sarhan, 1989). In woody plants grown in fields, the
proteins that showed a specific increase in response
to chilling treatment were found in the floral buds of
blueberry (Muthalif and Rowland, 1994) and in the
bark and xylem tissues of peach (Arora et al., 1992).

Compared with intact plants, studies on cold

acclimation in calli and cultured cells are largely
limited (Guy et al., 1987). If a system that increased
freezing tolerance in response to low temperature
could be established then the tissues grown in vitro
should provide novel materials. Especially, in
woody plants, the situation may be so, since the
cold treatments of woody plants grown in fields and
the extraction of molecules such as nucleic acids
and proteins from them are largely laborious.

Lonicera caerulea L. var. emphyllocaryx Nakai is
a deciduous shrub, which is native to northern arcas
of Asia and Eastern Russia. This plant has been
known to show extensive frost hardiness in winter
and in experimental conditions of exposure to a
period of low, nonfreezing temperatures (Imanishi
et al., 1998; Imanishi et al, 1999). Thus, these
plants appear to be very suitable for establishing an
in vitro system for cold acclimation. In this study,
we demonstrate both the development of freezing
tolerance in L. caerulea calli by treatment with a
low temperature and the loss of freezing tolerance
upon returning the plants to regular culture condi-
tions. In addition, we report the accumulation of a
42 kDa protein in L. caerulea calli, induced by
incubation at a low temperature.
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2. Materials and Methods

2.1 Plant material

The calli of Lonicera caerulea 1. var. emphyl-
locaryx Nakai derived from shoot apices were
maintained in 100 m/ Erlenmeyer flasks on a 25 m/
semi-solid medium containing half-strength
Murashige and Skoog’s (MS) inorganic salts
(Murashige and Skoog, 1962), MS organic consti-
tuents, 10 ¢M 1-naphtahleneacetic acid and 10 z M
BA (pH 5.7) (callus culture medium). The calli were
grown under a photoperiod of 16 h light (60 zmol -
m - sec”’, fluorescent tubes) and 8 h darkness. One
-month-old calli were used in the experiments
reported here.

2.2 Cold acclimatization and de - acclimatization

Calli grown in Erlenmeyer flasks on the callus
culture medium at 25°C with a 16 h photoperiod
were transferred to cold-acclimatized conditions
consisting of a constant 5°C and an 8 h or 16 h
photoperiod provided by cool-white fluorescent
lamps (60 gzmol-m *-sec™"). The calli kept at 5 C
for 14 d were de-acclimatized by transferring them
from 5 °C to 25 °C under a 16 h photoperiod.

2.3 Determination of freezing tolerance

To determine the freezing tolerance, callus
segments, approximately 2 mm cubes, were cut
from the calli and immersed in 1 m! plastic tubes
which were 3.5 mm in diameter and filled with
water. They were cooled stepwise in a programmed
freezer to 5, 2.5, 0, -5, -7.5, -10, -12.5, -15,
-17.5, and -20°C, with ice-seeding at -3°C. The
chamber was cooled at a constant rate of -0.42 C
/min between each indicated temperature and then
held for 30 min at each temperature. The frozen
tissues were then thawed in a water bath at 37 °C
until the ice crystals disappeared. The thawed callus
segments were taken off the tubes and cultured in
100 m/ flasks on a 25 m/ callus culture medium.

The fresh weight of the calli was measured after
six weeks of culture to estimate the growth of the
callus. The viability of explants was determined as
follows: viability (%)=[(final fresh weight of
tissues grown from frozen explants-initial fresh
weight of the explants)/(final fresh weight of
tissues derived from unfrozen explants- initial fresh
weight of the explants)] x 100.

2.4 Electrophoresis of proteins

The calli were pulverized in liquid nitrogen with a
mortar and pestle and homogenized in nine volumes
of 6 M urea, 20 mM tris- HCI, pH 7.6, 2mM EDTA,

1% Triton X-100 supplemented with Complete
(protease inhibitor mixture, Boehringer, Mannheim,
Germany). After removing cell debris by centrif-
ugation at 10,000 x g for 10 min at 4 °C, the proteins
in supernatants were precipitated by adding 4 vol-
umes of cold acetone. The precipitates were pelleted
by centrifugation, washed with 80% acetone, and
subsequently with 100% acetone, and dried in air.
For electrophoresis, the proteins were solubilized in
a sample solution containing 9 M urea, 1 mM
EDTA, 5% 2-mercaptoethanol, 0.4% NP-40
(Sigma, Mo.}) and 2% Servalyt 3/10 (Serva,
Heidelberg) and then separated by two - dimensional
polyacrylamide gel -clectrophoresis. The first-
dimension separation was by non-equilibrium pH
gradient electrophoresis (NEpHGE) as described by
O’Farrell et al. (1977), using 2% Servalyt 3/7 as a
carrier ampholyte. The second-dimension was by
SDS-PAGE with a 5-15% polyacrylamide gradient
using a buffer system according to Laecmmli (1970).
The proteins in the gels were stained with CBB R-
250 and de-stained by diffusion.

3. Results and Discussion

The present investigation demonstrated that the
calli of L. caerulea developed freezing tolerance in
response to low temperatures (Fig, 1). The survival
rate of the calli at -7.5 °C began to rise after 8 days
of incubation at 5 °C and reached 61% on day 12.
This level was maintained thereafter. Subsequently,
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Fig.1 Changes in the freezing tolerance of L.
caerulea calli during cold acclimatization or de-
acclimatization. The segments excised from the
calli that had been incubated for the indicated
number of days at 5°C (@), 25°C (O), and 25
°C following incubation at 5 °C for 14 days ([J).
After cold acclimatization or de- acclimatization,
the explants were cooled to - 7.5 °C , thawed, and
re- cultured. The survival rate of the tissues was
evaluated as described in Materials and Methods.
Mean * SE of three replications (n=12).



returning the calli that were cold - acclimatized at 5
°C for 14 days to the regular growth temperature (25
°C ) resulted in a rapid decrease of the elevated
freezing tolerance. In contrast, the survival rate of
the segments excised from the calli which had been
maintained at 25 °C was consistently low (Fig. 1).
Fig. 2 shows the callus grown from the segments
which had been acclimatized to the low temperature
and survived at -7.5 C (Fig. 2A) and also a non-
acclimated callus which was damaged by freezing
and failed to grow in culture (Fig. 2B}.

The freezing tolerance of the calli of L. caerulea,
as evaluated by the regrowth test in culture, is
shown in Fig. 3. Approximately 100% of the calli
survived at 0 °C after cold- acclimatization at 5 °C for
14 days, and more than 54% of the calli were viable
after freezing even at -10 “C. On the other hand,
although 82% of the calli that had been maintained
at 25°C survived at 0°C, their viability was decreased

Fig.2 The typical appearance of calli grown from
callus segments of L. caerulea that had been
incubated at 5 °C (A) and 25 °C (B) for 14 days
before freezing. Bar =2 mm.
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Fig.3 The freezing tolerance of L. caerulea calli
after cold acclimatization or de- acclimatization.
The segments of calli that had been incubated at
5°C (@), and 25°C (O), for 14 days and, at 5°C
for 4 days following 25 °C for 14 days ([]), were
cooled to the indicated temperature, thawed, and
re-cultured. The survival of the callus was
estimated by the regrowth of the calli. Mean T
SE of three replications (n=12).
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to 18% when the temperature was lowered to -5 °C.
The viability was also compared with those of de-
acclimatized tissues. As a result, no difference in
freezing tolerance was detected between the calli
before being cold-acclimatized and those after
being de- acclimatized for 4 days. It has been
reported that increased freezing tolerance of the
calli was comparable with that of plantlets grown
and cold- acclimated in vitro (Guy et al, 1987).
Similarly, our results indicated that the calli of L.
caerulea were acclimated to the same level of
freezing tolerance which having been determined
for in vitro grown plantlets of L. caerulea [LTg, =
-7 C in stem; LT;, = -12°C in apical shoots, the
data shown in Imanishi et al. (1999)]. Thus, it was
concluded that the calli of L. caerulea might be
usable for studies of cold acclimation as an alter-
native to intact plants. As the callus tissue of L.
caerulea appeared to be homogeneous, the differ-
ence in response may be small from cell to cell.

In order to investigate proteins induced by cold
treatment, protein was extracted from the calli of L.
caerulea and analyzed electrophoretically. Fig. 4
shows the two- dimensional clectrophoretogram of
proteins extracted from calli grown under non-
acclimatized (Fig. 4A and 4C), acclimatized (Fig.
4B and 4D) and de-acclimatized (Fig. 4E) condi-
tions. We found differences in the intensity of
several spots among protein samples, depending on
the temperature of the cultures. Of these, poly-
peptide having molecular weight of 42 kDa (pf 5.4)
was remarkably increased in association with trans-
ferring calli to a low temperature condition (Fig. 4B
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Fig. 4 Electrophoretograms of proteins extracted
from cold- acclimatized and de- acclimatized L.
caerulea callus. Proteins were extracted from
calli incubated for 14 days at 25 “C under 16 h
daily light (A), at 5 °C under 8 h daily light (B),
and 25 °C under 8 h daily light (C). Otherwise,
the calli cold-acclimatized for 14 days at 5°C
under 8 h daily light (D), were de- acclimatized
at 25 °C for 8 days under 16 h daily light (E).
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and 4D, spots indicated by asterisks). This spot
gradually decreased after returning the de-accli-
matized callus to the culture condition at 25 °C.
Thus, the 42 kDa polypeptide seemed to be changed
quantitatively, associated with cold-acclimation
and de-acclimation. Since the polypeptide disap-
peared gradually from the calli following the rapid
decrease in freezing tolerance, it is thought that the
synthesis was down-regulated and moderately de-
composed under growing conditions at 25 °C. The
spot was not found consistently in the calli grown at
25 °C during the culture period. It did not increase
appreciably during incubation at 25 °C for 14 days
under 8 h daily light. The spot also increased during
incubation at 5 °C under 16 h daily light to the
approximately the same level contained in calli
grown at 5 °C under the short day condition. Accord-
ingly, it is likely that the accumulation depended
only on the temperature in culture,

It has been shown that several protein species
were newly synthesized in Arabidopsis and spinach
(Welin et al., 1994; Guy et al., 1985) in response to
low temperature. In blueberry, the relative amount
of the three major polypeptides increased in
response to chilling unit accumulation in floral buds
(Muthalif and Rowland, 1994). These polypeptides
have been shown to be dehydrins or dehydrin-like
proteins. The presence of proteins showing a poten-
tially cryoprotective function has also been sug-
gested for Arabidopsis (Lin et al, 1990). The 42
kDa protein of L. caerulea may play a role for
protecting intracellular structures and molecules
against freezing injury and/or for increasing toler-
ance against desiccation under low temperature. In
this matter, it may be necessary to understand the
relationship between L. caerulea 42 kDa protein
and antifreeze proteins (Griffith ef al., 1992), cryo-
protective protein (Sieg ef al., 1996) and ilate em-
bryogenesis abundant-like (LEA-like) proteins of
plants (Gilmour et al., 1992; Lin and Thomashow
1992; Salzman et al., 1996). For this reason, we are
now trying to obtain the sequence data of the 42
kDa protein. In future, we will examine this protein
using plants grown in fields.
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