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Abstract

Field-harvested tubers of the potato cultivars Russet Burbank, Kennebec and ND 651-9, were stored at low (3oC) or at higher (18oC) temperature for three
weeks. Intact mitochondria were isolated from the stored tubers and were purified by Percoll gradient centrifugation. Mitochondrial RNA was isolated from
the purified mitochondria in triaurincarboxylic acid- and laurylsarkosine-containing media and resolved by electrophoresis in formaldehyde-containing agar-
ose gels. The ribosomal RNA (rRNA) bands were visualized by ethidium bromide staining and quantified by densitometric scanning of the agarose gel.
Storage at low temperature resulted in the appearance of a large size precursor rRNA and in decline in the relative amounts of fragments derived from the
26S rRNA in all cultivars and selections. The results indicate a possible effect of low temperatures on proper mitochondrial ribosomal RNA processing and
its significance to mitochondrial activity is discussed.
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Introduction
Low temperature has a profound effect on mitochondria. It causes
a gradual change in the lipid desaturation pattern and alterations in
the relative percentages of the various classes of membrane lip-
ids1,2,3. In addition, cold treatment causes lower cytochrome c oxi-
dase and respiration activity4,5,6,7,3. Mitochondrial ATPase activity
is inhibited by cold and a cyanide-insensitive respiration appears8,9.
There is also a previous report10 of cold-mediated inhibition of
proper splicing of the potato invertase gene and even more im-
portantly an inhibition of human mitochondrial rRNA processing11.
If low temperature, indeed, inhibits rRNA processing and matura-
tion of functional potato mitoribosomes, then a low temperature-
induced decline in the amounts of mitochondrially coded cyto-
chromes and other energy related enzymes would impair respira-
tion. Like other plant tissues12, potato tubers exposed to low tem-
peratures (0 to 6OC) gradually accumulate sugars13. Reaction be-
tween accumulated reducing sugars and free amino-compounds
during processing results in undesirable darkening of the various
potato products14,15. The hypothesis that mitochondria might be
involved in cold-induced sweetening is supported by results of
crosses between cultivars of different sugar accumulating ability
in which an element of maternal inheritance is suggested16. Previ-
ous studies17demonstrated that the mitochondrial genome of high
sugar accumulating potato cultivars differs from that of low sugar
accumulating genotypes. It has also been shown18,19 that a 26-kDa
mitochondrially-coded polypeptide, different than the cyanide-re-
sistant oxidase, can be detected among the mitochondrial proteins
of sugar accumulating potato cultivars exposed to low tempera-
tures. It has been hypothesized before17,19,20 that mitochondrial dys-
function could contribute to sugar accumulation. In this work, an
effect of low temperatures on potato mitochondrial ribosomal
RNAs is presented as an additional evidence, supportive of the
proposed theory20 for a causative role of inhibition of energy-pro-
ducing processes in sugar accumulation in plant tissues.

Materials and Methods
Field-harvested potato tubers of cultivars Russet Burbank,
Kennebec and of the selection ND651-9 were stored at 30C and at
180C for three weeks after harvest and before mitochondria isola-
tion. Tuber mitochondria were isolated and purified by Percoll
gradient centrifugation as described previously18. The mitochon-
dria were stored as a pellet at -80oC until use. All solutions and
glassware used in RNA analysis were treated with diethyl
pyrocarbonate (DEP), with the exception of the microfuge tubes
that were used directly from a freshly opened container. The mi-
tochondrial pellet obtained from 200 g fresh weight potato tubers
was resuspended in 500 mL of 0.1M MOPS, 1mM
triaurincarboxilic acid, 1%w/v sodium lauroylsarkosine, 40 mM
sodium acetate, 5 mM EDTA, pH 7.0 buffer, and extracted four
times with phenol/chloroform. The RNA was precipitated over-
night at 4oC after addition of an equal volume of 4M LiCl, recov-
ered by a 30min microcentrifugation, and resuspended in 10µL of
DEP-treated autoclaved distilled water. The RNA was denatured
by addition of an equal volume (10 ì L) of denaturing buffer (200
mM MOPS, 5 mM EDTA, 12%v/v formaldehyde, 50%v/v deion-
ized formamide) to each sample, incubation at 60oC for 20 min,
and immediate chilling in ice. Five µl of loading buffer (100mM
MOPS, pH 7.0, 50%v/v glycerol, 0.2%w/v bromophenol blue) were
added to each sample before they were analyzed by electrophore-
sis at 60 V in a 2%w/v agarose gel containing 200mM MOPS, pH
7.0, 7%v/v formaldehyde (17 mL of 37%v/v formaldehyde in
100mL agarose gel). After ethidium bromide staining of the gel,
the rRNA bands were visualized under UV light and photographed
using a Kodak Polaroid 55 positive/negative film at exposure time
45 s and lens at maximum aperture. The percentage of each ribo-
somal RNA band was estimated by scanning the lanes in the devel-
oped negatives, by employing a Biorad Model 620 densitometer
operating in the light transmission mode, and processing the data
in a Gaussian format peak analysis using the provided data pro-
cessing software.
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Figure 1. Ethidium bromide-stained agarose gels of
 mitochondrial rRNA bands from tubers of various potato
cultivars. The tubers were stored for three months to two
different temperatures (3oC and 18oC) before mitochondria
isolation. The total amount of RNA per lane was as follows. Russet
Burbank 18oC: 20 mg; Russet Burbank 3oC: 10 mg; Kennebec 18oC: 30
mg; Kennebec 3oC: 30 mg; ND651-9 18oC: 10 mg; ND651-9 3oC: 10
mg. Low temperature (3oC) storage induced the appearance precursor
rRNA (pre-rRNA) of about 4 kb. It also caused the relative decline of
fragments f1 and f2 derived from splitting of the 26S rRNA.  In this
work, such a precursor molecule (pre-rRNA) was detected only in mi-
tochondria from low temperature-treated (40C) potato tubers. Densito-
metric scanning of the agarose gels has shown that low temperature
treatment also causes a decline in the relative amounts of the 1.4 and
1.1 kb fragments (Table 1).

Table 1.  Relative amounts (%) of potato mitochondrial rRNA bands
resolved by electrophoresis on agarose gels, stained  with ethidium bro-
mide and scanned densitometrically. Mitochondria were isolated from
potato tubers stored at two different temperatures (3oC and 18oC).

rRNA band

pre-rRNA
26S rRNA
18S rRNA

f1
f2

            3o C
% s.d.

15.6 3.3
22.7 5.7
42.8 3.9
14.5 5.7
4.4 2.3

         18o C
% s.d

20.4 2.2
45.3 4.2
27.3 8.9
7.1 5.8

 f1, f2: fragments derived from splitting of the 26S rRNA.

Results
In this work, the 26S and 18S rRNA bands, of approximate size
3.3 and 2.3 kb respectively, were easily detected in mitochondrial
RNA extracts from tubers of all cultivars and at both temperature
treatments (Fig. 1). Smaller size bands of approximately 1.4 and
1.1kb (f1 and f2 in Fig.1), were also detected. Like in cytoplas-
mic rRNA processing, mitochondrial rRNAs are first synthesized
as a precursor transcript of about 4 kb, that is then processed into
the individual mature rRNA species21.

Discussion
Two major bands of size 3.3 and 2.3 kb, identified as 26S and 18S
rRNA respectively, and smaller rRNA fragments, considered to
result from fractionation of the 26S rRNA molecule, are detected
when mitochondrial RNA is analyzed by agarose gel electrophore-

sis22,23,24. Splitting of the large ribosomal subunit rRNA to pro-
duce at least three fragments is also occurring with the 23S chlo-
roplastic rRNA, and is attributed to the omission of Mg++ and Ca++

in EDTA-containing RNA isolation media25,26. Mg++ and also Ca++

seem to stabilize the rRNA structure and to inhibit nicking. Diva-
lent cations were omitted from the RNA isolation media used in
this work. No splitting of the small ribosomal subunit chloroplas-
tic or mitochondrial rRNA has ever been observed in any of the
examined organisms. The cytoplasmic rRNAs of all examined
plants or animals are also stable, with the exception of the large
ribosomal subunit rRNAs of Amoeba and Euglena. The unproc-
essed pre-rRNA band becomes visible after cold treatment and
can reach the very significant relative amounts of over 15%. The
usually observed nicking of the 26S rRNA to produce fragments
f1 and f2 is also relatively less effective as it can be inferred from
the lower percentages of these bands in cold-treated tubers. The
overall picture is one of inhibition of rRNA processing by low
temperatures. Cold-mediated inhibition of mitochondrial rRNA
processing has been detected before in humans11. In this work,
this has been confirmed for potato mitochondria as well. Protracted
for a long time, it would be expected to result in translationally
less active mitochondria with a much-reduced complement of
mitochondrially-coded proteins. In fact, reduced amounts of cy-
tochromes of the oxidative phosphorylation electron transport
chain in cold-treated tissues have been reported before4,5. It has
been proposed20 that an inhibited electron flow and a failing ATP
synthesis would lead to calcium and phosphate ion redistribution
between the cytoplasm, cell exterior and cell organelles, that in
turn would result in mobilization of starch and increased intracel-
lular reducing sugar levels. The data obtained in this work are pre-
sented as additional supporting evidence for the involvement of
mitochondria in cold-inducible sugar accumulation in plant tis-
sues. Nevertheless, as it has been already pointed out20, this by no
means implies that mitochondrial respiration is the sole partici-
pant in sugar accumulation but only one of several involved en-
ergy-generating processes.

Conclusions
This is another evidence for an effect of low temperatures on mi-
tochondrial function. Considered together with a number of other
published work on this subject, as discussed in the introduction
and discussion sections, it strengthens the idea of an involvement
of mitochondria in sugar accumulation in plant tissues through a
cold-inducible inhibition of their energy-producing activity.

Acknowledgement
I would like to thank Mr. Bryce Farnsworth of the Department of
Horticulture and Forestry, NDSU, Fargo, ND, USA for providing
the potato selections and cultivars used in this study and informa-
tion on their sugar accumulating capacity and pedigree.

References
1Zhang, C.L., and Chen, G.C. 1991. The effects of mefluidide on membrane
lipids and fatty acids of mitochondria isolated from maize leaves and its rela-
tion to chilling resistance in maize seedlings. Acta Phytophysiol. Sin. 17: 8-



Food, Agriculture & Environment; Vol. 1(2), April 2003140

14.
2Novitskaya, G.V., and Suvorova, T.A. 1994. Alterations in membrane lipid

composition in winter wheat seedlings during cold acclimation. Russ. J.
Plant Physl. 41: 474-479.

3de Santis, A., Landi, P., and Genchi, G. 1999.Changes of mitochondrial prop-
erties in maize seedlings associated with selection for germination at low
temperature. fatty acid composition, cytochrome c oxidase, and adenine
nucleotide translocase activities. Plant Physiol. 119: 743-754.

4Leopold, A.C., and Musgrave, M.E. 1980. Respiratory pathways in aged
soybean seeds. Physiol. Plantarum 49: 49-54.

5Smakman, G., and Hofstra, R. 1982. Energy metabolism of Plantago
lanceolata L., as affected by a change in root temperature. Physiol.
Plantarum 56: 33-37.

6Khokhlova, L.P., Timofeeva, O.A., Zabotin, A.I., Kharitonova, L.N.,
Abdrakhimova, I.R., Bocharova, M.A., and Trunova, T.I. 1990. Changes
of membranes and energy functions in mitochondria of winter wheat
during hardening and under the influence of cartolin [cytokinin]. Soviet
Plant Physiol. 37: 229-235.

7Sowa, S. 1993. Plant germplasm viability: biochemical insights and noninvasive
assessments. J. Seed Tec. 17: 65-78.

8Williams, N., and Frank, P.H. 1990. The mitochondrial ATP synthase of
Trypanosoma brucei: isolation and characterization of the intact F1
moiety. Mol. Biochem Parasit. 43: 125-132.

9Prasad, T.K., Anderson, M.D., and Stewart, C.R. 1994. Acclimation, hy-
drogen peroxide, and abscisic acid protect mitochondria against irre-
versible chilling injury in maize seedlings. Plant Physiol. 105: 619-627.

10Bournay, A. S., Hedley, P. E., Maddison, A., Waugh, R., and Machray,
G.C. 1996. Exon skipping by cold stress in a potato invertase gene tran-
script. Nucl. Acid Res. 24: 2347-2351.

11Gaines, G. and Attardi, G. 1984. Intercalating drugs and low temperatures
inhibit synthesis and processing of ribosomal RNA in isolated mitochon-
dria. J. Mol. Biol. 172: 451-466.

12ap Rees, T., Dixon, W.L., Pollock, C. J., and Franks, F. 1981. Low tem-
perature sweetening of  higher plants. In: Friend, J. and Rhodes, M.J.C.
(eds.). Recent Advances in the Biochemistry of Fruits and Vegetables.
New York: Academic Press. p. 41-61.

13Wolff, C. J. 1926. Die Saccharose Bildung in Kartoffeln wahrend des
Trocknens. Biochem. Zeits. 176: 225-245.

14Gray, D. and Hughes, J.C. 1978. Tuber quality. In: Harris, P. M. (ed.). The
Potato Crop. London: Chapman and Hall. p. 504-544.

15Schwimmer, C., and Hendel, C.E. 1957. Interrelation among measurements
of browning of processed potatoes and sugar components. Am. Potato
J.34: 119-132.

16Lauer, F. and Shaw, R. 1970. A possible genetic source for chipping pota-
toes. Am. Potato J. 47: 275-278.

17Gounaris, Y. 1993. Comparison of restriction patterns of mitochondrial DNA
from low and high sugar accumulating cultivars/selections. J. Plant
Physiol. 141: 423-427.

18Gounaris, Y. and Sowokinos, J.R. 1992. Two-dimensional analysis of mito-
chondrial proteins from potato cultivars resistant and sensitive to cold-
induced sweetening. J. Plant Physiol. 140: 611-616.

19Gounaris, Y. 1996. Localization of the gene coding for a 26-kDa mitochon-
drial protein detected in low temperature-stored potato tubers. J. Plant
Physiol. 147: 755-758.

20Gounaris, Y. 2001. A qualitative model for the mechanism of sugar accu-
mulation in cold-stressed plant tissues. Theory Biosci. 120: 149-165.

21Maloney, A. P., Traynor, P.L., Levings III, C.S., and Walbot, V. 1989. Iden-
tification in maize mitochondrial 26S rRNA of a short 5'-end sequence
possibly involved in transcription initiation and processing. Curr. Genet.
15: 207-211.

22Loening, U. E, 1968. Molecular weights of ribosomal RNA in relation to
evolution. J. Molec. Biol. 38, 355-365.

23Schuster, A. M. and Sisco, P.H. 1986. Isolation and characterization of
single-stranded and double-stranded RNAs in mitochondria. In:
Weissbach, A. and Weissbach, H. (eds.). Methods in Enzymology. San

Diego, New York, Berkeley, Boston, London, Sydney, Tokyo, Toronto:
Academic Press. p. 205-217.

24Stern, D. B. and Newton, K.J. 1988. Isolation of plant mitochondrial RNA.
In: Weissbach, A. and  Weissbach, H. (eds.). Methods for Plant Mo-
lecular Biology. San Diego, New York, Berkeley,
Boston, London, Sydney, Tokyo, Toronto: Academic Press. p. 309-317.

25Gounaris, Y. 1989. Chromoplasts of Capsicum annuum-Isolation of pro-
teins and nucleic acids. In: Boyer, C. D. et al. (eds.): Physiology, Bio-
chemistry, and Genetics of Nongreen Plastids. University Park: Ameri-
can Society of Plant Physiologists. p. 24-36.

26Leaver, C. J. and Ingle, J. 1971. The molecular integrity of chloroplast
ribosomal ribonucleic acid. Biochem. J. 123: 235-243.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


