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The process of potato tuberization starts
from the differentiation of an underground
stem, called stolon, by cell division and expan-
sion of a subapical meristem with concomitant
accumulation of starch and proteins. The
major proteins reserved in potato tubers are
Kunitz-type proteinase inhibitor (PKPI),
patatin (lipid acy! hydrolase) and proteinase
inhibitor II>719. Their roles are expected to
supply amino acids when tubers are sprouting,
and to be involved in defense mechanism
against predators and pathogen attacks.
Although those proteins and mRNAs were
shown to accumulate as the tubers
developed®®, little is known about their
changes in harvested tubers. On tubers stored
in cold cellars, it has reported that the dor-
mant period could be prolonged® and the
concentration of free sugars increased®. Thus,
the storage temperature is expected to be an
important factor regulating physiological con-
ditions of harvested tubers. The present paper
reports the effects of temperature on PKPI
and patatin mRNA levels in intact potato
tubers during storage.

Materials and Methods

Potato tubers (Solanum tuberosum L. cv. Irish
Cobbler) grown in the experimental field of
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Hokkaido University were harvested and stor-
ed in cellars at 4°C (cold) and 25°C (room
temperature) in darkness. Those cellars were
also used for temperature treatment of tubers.
Heat treatment was performed in a convection
incubator at 40°C in darkness.

Total RNA was isolated according to Shir-
ras et al”. Northern blot analysis was perfor-
med as described by Sambrook et al®. The
probes used for northern blot analysis were
prepared from the ¢cDNA clones encoding
PKPI'Y and patatin'?.

Results and Discussion

The influence of tuber storage temperature
on PKPI and patatin mRNA levels is shown
in Figs. I and 2. Little PKPI mRNA was
found in field-grown tubers stored at 25°C for
one month, but this mRNA was preserved in
tubers stored at 4°C for one month (young
tubers) even after 12 months (old tubers)
after harvest. On the other hand, patatin
mRNA levels were low in all tubers. Interest-
ingly, when cold-stored tubers were transfer-
red to the cellar at 25°C, PKPI and patatin
mRNA levels increased within 48 h in both
old and young tubers (Fig. 1). Transfer of 5
months-old tubers stored at 4°C to 25°C result-
ed in similar increases of the mRNA levels
(data not shown). Subsequently, when the
tubers were transferred to 40°C, those mRNA
levels decreased within 24 h, but they were not
affected by the transfer to 4°C and/or 25°C
(Fig. 2).
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Fig. 1. Influence of storage temperature on
PKPI (A) and patatin (B) mRNA accumu-
lation in potato tubers. Field-grown tubers
were harvested in 1991 and stored in a cellar
at 4°C (C) for 12 months (OLD). Tubers
harvested in 1992 were stored in cellars at 4°C
(C) or 25°C (R) for one month (YOUNG).
Then both of cold-stored tubers were trans-
ferred to a cellar at 25°C for 48 h (CR). Total
RNAs (20 yg each) were analyzed by north-
ern blot hybridization. Lane T corresponds to
10 ug total RNA isolated from developing
tubers, in vttro.

Although PKPI and patatin mRNAs are
expected to degradate after harvest of tubers,
the degradation of PKPI mRNA may be
somewhat prevented in cold-stored tubers. In
addition, cold-stored tubers might possess
transcriptional activities which were similar to
those in developing tubers, because PKPI and
patatin mRNA levels increased after the trans-
fer of cold-stored tubers to 25°C. The increase
in mRNA levels is expected to be ac-
companied by de novo synthesis of PKPI and
patatin proteins, both of which could play an
important role of defense mechanism during
the tuber storage. In contrast, heat stress was
shown to reduce PKPI and patatin mRNA
levels. Slow heating stress (similar to our
experiment) was demonstrated to reduce not
only patatin mRNA level in immature tubers
after harvest but also the mRNA levels of
ubiquitin and heat shock protein which usu-
ally increased in rapid heating condition (heat
shock) V. Since stored tubers are more likely to
be exposed to slow heating stress than to heat
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Fig. 2. Influence of heat and cold stress on PKPI
(A) and patatin (B) mRNA accumulation in
potato tubers. Cold-stored tubers (4°C for 5
months after harvested in 1992) were trans-
ferred to a cellar at 25°C for 48 h, followed by
transfer to cellars at 25°C (R) and to 4°C
(C), or to a convection incubator at 40°C
(H) for 24 h, respectively. Total RNAs
(20 ug each) were analyzed by northern blot
hybridization.

shock, the most of tuber mRNA might dis-
appear in heat condition. However, it is not
clear whether slow heating repressed the gene
expression or promoted degradation of
mRNA.

The present findings and relevant data
revealed that PKPI and patatin mRNA levels
were affected by storage temperature of
tubers. Further studies will be devoted to
elucidation of a molecular mechanism which
regulates the mRNA accumulation in potato
tubers under post-harvest conditions.
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