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T. P. Pobezhimova, and V. K. Voinikov

Siberian Institute of Plant Physiology and Biochemistry,
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Box 1243, Irkutsk-33, 664033, Russia

ABSTRACT

It is determined that addition of an anti-CSP 310 antiserum to
isolated mitochondria of cereals (winter rye, winter wheat,
and maize) caused an increasing of mitochondrial respiratory
control. In a similar manner, addition of this antiserum to
isolated pea mitochondria did not cause this effect. It is
shown that coupling effect of antiserum is not dependent
upon the presence of bovine serum albumin in mitochondria
incubation media. Therefore, these results show that the
mechanism of oxidation and phosphorylation uncoupling,
and participation of immunochemically related CSP 310 pro-
teins that can be precipitated by anti-CSP 310 antiserum is
specific for cereals.
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INTRODUCTION

The process of plant adaptation to unfavourable temperatures is pro-

vided by synthesis of different stress proteins. [1, 2, 3] One of the important

functions of these proteins is to protect the organism from overcooling

during the first moments of the hypothermic action, by means of thermo-

genesis.[4] This defense mechanism, which is connected with the decreasing

of coupling of oxidation and phosphorylation in mitochondria, is wide-

spread among mammals. Currently, three uncoupling proteins (UCPs) are

known in mammalian species.[5]

Previously, it was shown that hypothermia caused to frost-resistant

winter wheat yielded significant changes in its respiratory activity – increas-

ing of state 4 respiration and decreasing of respiratory control. These

changes were observed only for frost-resistant winter wheat, but not in

frost–sensitive winter wheat cultivar.[6] Currently, there are known two

plant uncoupling proteins – PUMP [7] and StUCP.[8] All of these mamma-

lian and plant uncoupling proteins are inner membrane integral mito-

chondrial proteins and are members of the mitochondrial anion carrier

family.[5]

On the other hand, plant cold stress protein CSP 310, which was

isolated from winter rye[9] and was found to have uncoupling activity,[10]

was found to be a nuclear encoding cytoplasmatic protein.[11] The CSP 310

presence in winter wheat mitochondria was shown[10] but it was shown that

uncoupling activity is a feature of cytoplasmatic CSP 310 from stressed

plants.[10]

On the other hand, it is not known whether the uncoupling action of

this stress protein determined by in vitro experiments exists in vivo or not.

Because of strong induction of this stress protein during cold stress and

rapid start – after 5 minutes of incubation – of CSP 310 uncoupling

action, we suppose that, during the procedure of isolation of plant mito-

chondria, this stress protein is associated with plant mitochondria because

of chilling of plant material and that addition of anti – CSP 310 antiserum to

incubated in vitro mitochondria would precipitate this uncoupling protein

and eliminate the uncoupling activity of CSP 310 associated with mitochon-

dria during the procedure of its isolation.

So, the aim of current work is to examine if there is any presence of

uncoupling activity of CSP 310, isolated from different plant species, mito-

chondria that can be eliminated by addition of anti-CSP 310 anti-serum in

the incubation media.
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EXPERIMENTAL

Three-day-old etiolated shoots of winter wheat (Triticum aestivum L,
cv. Zalarinka), winter rye (Secale cereale L. cv. Dymka), and maize (Zea
maise L., cv. VIR 36), as well as six-day-old etiolated shoots of pea (Pisum
sativum L.) germinated on moist paper at 2608C, were used in this work.

Mitochondria were extracted from winter wheat, winter rye, maize,
and pea shoots by differential centrifugation.[12] Isolated mitochondria
were resuspended in the following medium: 20 mM MOPS-KOH buffer
(pH 7.4), 300 mM sucrose, 10 mM KCl, 5 mM EDTA, 1 mM MgCl2, 4
mM ATP, 6 mM ADP, 10 mM malate, and 10 mM glutamate.

Mitochondrial respiratory activity was recorded polarographically at
270 C using platinum closed type electrode with a 1.4 mL volume cell. The
incubation media contained 125 mM KCl, 18 mM KH2PO4, 1 mM MgCl2,
and 5 mM EDTA, pH 7.4. 10 mM Malate, in the presence of 10 mM
glutamate, was used as an oxidation substrate. Antiserums were dissolved
in incubation media and were added to the polarographic cell to mitochon-
dria in 1 cycle of phosphorylation (1 mg antiserum per 3 mg of mitochon-
drial protein) after transition of mitochondria from a phosphorylating to a
non-phosphorylating state.

Polarograms were used to calculate the rates of phosphorylative
respiration (state 3), non-phosphorylative respiration (state 4), respiration
control by Chance-Williams, and the ADP:O ratio.[13] All experiments were
made in three biological replications. Concentrations of mitochondria pro-
tein and CSP 310 were analysed by the Lowry method.[14] The data
obtained were analysed statistically, i.e., arithmetic means and standard
errors were determined.

For isolation of CSP 310, three days old, stressed at –108C for 1 h,
etiolated shoots of winter rye were used. The isolation and purification of
winter wheat CSP 310 and obtaining of anti-CSP 310 antiserum were per-
formed in according with the previously described method.[9] Non-immune
antiserum was obtained from non-immunised rabbits.

RESULTS AND DISCUSSION

Freshly isolated from winter wheat, winter rye, maize, and pea mito-
chondria were used for determining their energetic activities. The highest
respiratory control was observed for maize mitochondria. The lowest
respiratory control and the highest degree of uncoupling of oxidation and
phosphorylation were observed in winter rye. An addition of 0.8 mg of non-
immune antiserum to 0.7 mg of these mitochondria failed to result in any
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significant changes in their activities. Rate of non-phosphorylative respira-
tion and respiration control by Chance-Williams did not change after addi-
tion of non-immune antiserum into the polarographic cell (Table 1).

The addition of 0.8 mg of anti-CSP 310 antiserum to the polaro-
graphic cell, containing 0.7 mg of state 4 mitochondria, caused significant
decreasing of non-phosphorylative respiration and increasing of respiratory
control in cereals (Table 1). Especially high increasing of respiratory control
was observed for maize mitochondria. In contrast, the addition of anti-CSP
310 antiserum to pea mitochondria failed to result in any changes in respira-
tory control (Table 1).

Previously, the presence of CSP 310 and proteins immunochemically
related to it at some cereal species was shown.[15] In that work, it was
shown that concentration of CSP 310 differs with the species investigated.
The highest concentration of CSP 310 was detected for winter rye cytoplas-
mic proteins. In winter wheat, CSP 310 was detected at a lower concentra-
tion and, in maize cytoplasmic proteins, only proteins immunochemically
related to CSP 310 were detected. In connection with these results, we can
suppose that the added to mitochondria amounts of anti-CSP 310 antibo-
dies can precipitate practically all CSP 310 from maize mitochondria.
Consequently, the rate of its non-phosphorylative respiration decreased
maximally and its respiratory control increased to a maximum (Table 1).
With winter wheat mitochondria, the added amount of antibodies can pre-
cipitate only a part of existing CSP 310, so the effect of its addition was
lower (Table 1). With winter rye, which maintains the highest concentration
of CSP 310, added antibodies precipitate only a few parts of this protein, so
the effect was the lowest (Table 1).

Because of the absence of influence of anti-CSP 310 antibodies on pea
mitochondria (Table 1), we conclude that there are no CSP 310-like proteins
with uncoupling activity in pea shoots.

To determine if the coupling effect of anti-CSP 310 antiserum depends
on the amounts of added anti-CSP 310 antibodies, we performed experi-
ments with addition to the incubated polarograph cell containing winter rye
mitochondria, of varying amounts of anti-CSP 310 antiserum. The data
obtained shows that the coupling effect of antiserum increased with increas-
ing added amounts of antiserum (Fig. 1). The highest coupling effect was
observed at the addition of 4.8 mg of anti-CSP 310 antiserum to ‘incubated
at state 4’ mitochondria (Fig. 1). The stronger effect of increasing anti-CSP
310 antiserum concentrations shows that we observed the precipitation of
CSP 310 that is associated with incubated mitochondria and which caused
uncoupling of their oxidation and phosphorylation.

It is known that all of ‘‘classical’’ mammalian and plant uncoupling
proteins belong to the mitochondrial anion carrier family.[5] Therefore,
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their activity in vitro depends on the presence of free fatty acids in mito-

chondria incubation media.[16] Bovine serum albumin (BSA), which binds

free fatty acids, is known to be an inhibitor of ‘‘classical’’ plant uncoupling

proteins.[16] If CSP 310 is functional as other known uncoupling proteins, it

would be expected that an addition of BSA to the incubation medium will

eliminate free fatty acids from the incubation medum, and eliminate the

uncoupling effect of CSP 310. Therefore, in such cases, an addition of

BSA will decrease the coupling effect of addition of anti-CSP 310 antiserum.

To investigate this question, we performed an experiment with con-

secutive addition to incubated mitochondria BSA (in concentration, that

which inhibits uncoupling activity of known plant uncoupling proteins)

and anti-CSP 310 antiserum in the most effective concentrations. The data
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Figure 1. An influence of different amounts of anti-CSP 310 antiserum added to the
polarographic cell on the respiratory control of winter rye mitochondria. 10 mM
malate in the presence of 10 mM glutamate was used as an oxidizing substrate.

M+m, n=6.
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obtained show that the coupling effect of anti-CSP 310 antiserum addition is
not dependent upon the presence of BSA in the incubation medium (Table
2). This result shows that the uncoupling action of CSP 310 did not depend
on the presence of free fatty acids in the incubation medium. So, we can
suppose that the mechanism of the uncoupling action of CSP 310 on mito-
chondria did not deal with the pure protonophoric activity as do other
known ‘‘classical’’ uncoupling proteins.[16]

So, the data obtained show the existence in cereals mitochondria of a
stress protein CSP 310 uncoupling effect that can be eliminated by addition
of anti-CSP 310 antiserum. They show that the mechanism of CSP 310
uncoupling action did not depend on the presence of free fatty acids in
incubation media.
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