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AN INFLUENCE OF STRESS PROTEIN CSP

310 AND ANTISERUM AGAINST THIS

PROTEIN ON LIPID PEROXIDATION IN

CEREAL MITOCHONDRIA

A. V. Kolesnichenko,* O. I. Grabelnych,

V. V. Tourchaninova, V. V. Zykova, N. A. Koroleva,

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

Siberian Institute of Plant Physiology and Biochemistry,
Siberian Division of Russian Academy of Sciences,

P.O. Box 1243, Irkutsk-33, 664033, Russia

ABSTRACT

It is determined that an addition of an anti-CSP 310 anti-
serum to isolated winter wheat and maize mitochondria
caused more significant increasing of spontaneous lipid per-
oxidation than the addition of stress protein CSP 310. It is
shown that, at function of different mitochondrial respiratory
chain complexes, the lipid peroxidation in winter wheat and
maize mitochondria take place with different intensities.
Under the functioning of mitochondrial respiratory chain
complex IV, the maximum output of lipid peroxidation prod-
ucts, dienic conjugates is detected.

The presence of antiserum against CSP 310 in incubation
media induces lipid peroxidation more than the presence of
CSP 310 in mitochondria isolated from stressed plants under
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these conditions. Based on data obtained, it is possible to
conclude that in vivo endogenous CSP 310, during a cold
stress, has an antioxidant activity the same as other known
uncoupling proteins.

INTRODUCTION

It is known that the development of chilling injury symptoms is coin-
cident with fatty acids peroxidation.[1] Peroxide and malondialdehyde levels
are often increased by a freezing and thawing stress, suggesting peroxidation
of lipids[2] that resulted in changes of structural and functional membrane
with membrane proteins changes.[3] It was found that the level of oxidative
stress and defense mechanisms are differently expressed in tolerant and low
temperature susceptible populations of maize when seedlings are grown at a
temperature near the lower growth limit.[4] Shewfelt and Erickson[3] pro-
posed that lipid peroxidation would alter the physical properties of mem-
brane lipids, and thereby inhibit the function of membrane-bound proteins,
contributing to the development of chilling injury.

On the other hand, it is known that about 1-2% of oxygen reduced in
mitochondria by iron-sulfur centers in complex I and partially by reduced
ubiquinone and cytochromes b in complex III is constitutively converted to
superoxide, which is a powerful oxidant radical.[5,6] There is experimental
evidence to indicate that mitochondria are a major source of superoxide in
chilling-sensitive plant tissues at low temperatures.[7]

Recently, the presence of proteins which caused uncoupling of oxida-
tion and phosphorilation in plant mitochondria, such as PUMP, StUCP,
and some others[8] was determined. If, in mammals, the main function of
these proteins is to prevent overcooling by means of thermogenesis,
Skulachev[9] suggested that uncoupling proteins in plants could have an
antioxidant influence on the mitochondrial membrane lipid peroxidation
by means of ‘‘softly’’ uncoupling that caused decreasing of oxidant radical
formation by mitochondria. This point of view was supported by recent
studies.

For example, it was found that the inhibition of PUMP activity in
potato tuber mitochondria significantly increased mitochondrial H2O2 gen-
eration.[10] It was also found that substrates of uncoupling protein, such as
linoleic acid and other fatty acids, reduce mitochondrial H2O2 genera-
tion[10, 11] and superoxide anion generation.[12]

Previously, we isolated and purified, from winter rye, a cold stress
protein, CSP 310;[13] furthermore, its presence in mitochondria has been
demonstrated. This protein caused uncoupling of oxidation and phosphor-
ylation in mitochondria during cold stress in low temperature tolerant
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winter cereals.[14] Though the mechanism of uncoupling of oxidation and
phosphorylation caused by this stress protein in mitochondria is not known,
it was suggested that this protein can have an influence on lipid peroxidation
in plant mitochondria. Really, in previous work, it was shown that an
addition of exogenous CSP 310 induced lipid peroxidation in ascorbate-
dependent and NADH-dependent systems, but did not significantly
induce spontaneous lipid peroxidation.[15]

On the other hand, it was shown that CSP 310 could strongly associate
with mitochondria and eliminate from mitochondrial proteins spectrum
after pronase E treatment.[16] Therefore, we can suppose that this protein
associates with mitochondrial outer membrane and that the influence of
endogenous CSP 310 on lipid peroxidation in isolated mitochondria can
be eliminated by addition of anti-CSP 310 antiserum to the mitochondrial
incubation medium.

Therefore, in our current study, we compared the influence of CSP 310
and anti-CSP 310 antiserum on lipid peroxidation in winter wheat and
maize mitochondria from non-stressed and cold-stressed plants, and
attempted to determine how this influence depends on the functioning of
different mitochondrial respiratory chain complexes.

EXPERIMENTAL

Three-day-old etiolated shoots of winter wheat (Triticum aestivum L.,
cv. Zalarinka) and maize (Zea mays L.), grown on moist paper at 260C, were
used in this work. Winter wheat and maize seedlings were stressed for 1 h at
-10C and 40C, respectively.

Mitochondria were extracted from winter wheat and maize shoots by
differential centrifugation;[17] they were used for organelle purification. For
organelle purification, the mitochondrial sediment obtained by means of
differential centrifugation was resuspended in a medium of the following
composition: 250 mM sucrose, 18 mM Na2SO4, pH 7.4. Purification was
performed on a sucrose gradient.

Stress protein CSP 310 was isolated and purified from stressed (-10C, 1
h) winter rye shoots as described previously.[13] The purification of pre-
pared substances was controlled by SDS-PAGE electrophoresis.

For induction of lipid peroxidation, 1 mg of mitochondrial protein
was resuspended in 1 mL of reaction mixture contained 125 mM KCl, 18
mM KH2PO4, 1 mM MgCl2, and 5 mM EDTA, pH 7.4. The following
oxidizing substrates were used: 10 mM malate in the presence of 10 mM
glutamate for complex I of mitochondrial respiratory chain, 10 mM succi-
nate in the presence of 10 mM glutamate for complex II, 1 mM NADH for
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complex III, and 2 mM ascorbate plus 0.2 mM N,N,N’,N’-tetramethyl-p-
phenylenediamine (TMPD) for complex IV of the mitochondrial respiratory
chain. In this case, electron transport in complex I was blocked by 0.003
mM rotenone.

The rate of lipid peroxidation was determined by measuring the
primary products of lipid peroxidation – conjugated diene formation.
Mitochondria were incubated in the incubation medium mentioned above.
Each sample contained 0.9 mL of the incubation medium and 0.1 mL mito-
chondrial suspension. To measure the dienic conjugate contents, mitochon-
dria lipids were extracted by hexane-isopropanol (1:1 v/v) mixture (9 mL per
1 mL of the sample) by shaking. After shaking, 1 mL H2O was added to the
mixture to stratify the hexane and isopropanol phases.

Measurements of dienic conjugate contents were made in hexane
phase at 233 nm with a spectrophotometer ‘‘SF-46’’ (‘‘LOMO’’,
USSR).[15] The dienic conjugate contents in sample were calculated accord-
ing to 233 nm molar extinction coefficient to polyunsaturated fatty acids
conjugated dienes 2.2 x 105 x M-1 sm –1.[18] The data obtained were ana-
lyzed statistically, i.e., arithmetic means and SE were determined.

The mitochondrial proteins were analyzed by the Lowry method.[19]

RESULTS AND DISCUSSION

Because the analysis of CSP 310 influence on energetic activity of
winter wheat mitochondria shows that its uncoupling influence on energetic
parameters of mitochondria was detected during mitochondria incubation
within 1.5 hours;[14] the analysis of CSP 310 and antiserum against this
stress protein (anti-CSP 310 antiserum) influence on a lipid peroxidation in
isolated winter wheat mitochondria was performed during their incubation
within 2 hours.

During this experiment, it was found that, in a spontaneous system of
lipid peroxidation in winter wheat mitochondria, the induction of lipid
peroxidation was marked after 1 hour of mitochondria incubation at 270C
(about 140 %). An addition of 1 mg CSP 310 per 1 mL of mitochondria
incubation medium contained 1 mg of mitochondrial protein during the first
30 min of incubation caused only slight (10 %) induction of lipid peroxida-
tion, as compared to the control variant (Fig. 1). Then, after 30 min of
incubation, and to 1 h 30 min, increasing rate of a product of lipid perox-
idation-dienic conjugates (up to 60 % to control) generation was detected.
Two hours of mitochondria incubation with CSP 310 caused decrease of
dienic conjugate formation in mitochondria (to 30 % to control) (Fig. 1).
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If an addition of CSP 310 to incubated mitochondria has only little

influence on lipid peroxidation during the first 30 min of incubation, an

addition of 2 mg anti-CSP 310 antiserum per 1 mL of mitochondrial incu-

bation medium immediately caused increasing of dienic conjugates forma-

tion from 4.2 nM in control variant to 6.4 nM per mg of mitochondrial
protein, i.e., approximately 50 % (Fig. 1). The content of dienic conjugates

under this treatment during the first hour of mitochondria incubation was

approximately at one level. The further incubation of mitochondria with

anti-CSP 310 antiserum caused increasing of dienic conjugate concentration

up to 8.8 nM per mg of mitochondrial protein (Fig. 1). After two hours of

mitochondria incubation with this antiserum, as well as at incubation with

stress protein CSP 310, the decreasing of dienic conjugate content in mito-

chondria to 7.0 nM per mg of mitochondrial protein (Fig. 1) was detected.

Thus, if spontaneous lipid peroxidation in mitochondria was charac-

terized by monotonic increasing of dienic conjugate content after 1 hour of
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Figure 1. An influence of CSP 310 and antiserum against this stress protein on

spontaneous lipid peroxidation in isolated winter wheat mitochondria during their
incubation for 2 h at 27 0C.
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incubation, in presence of CSP 310 and antiserum against this stress protein,
the maximum of dienic conjugate content was detected at 1 hour 30 min-1
hour 45 min of mitochondria incubation. It is necessary to note that the
induction of lipid peroxidation in the presence of antiserum against CSP 310
in incubation media, was higher than in the presence of CSP 310.

Earlier, it was established that the mechanism of uncoupling action of
stress-related protein CSP 310 is substrate-dependent and differs from the
mechanism of other known uncoupling proteins, and that the key point of
CSP 310 uncoupling action is the complex I of the mitochondrial respiratory
chain.[20] According to this fact, it was interesting to find out how the lipid
peroxidation in winter wheat mitochondria depends on the functioning of dif-
ferent mitochondria respiratory chain complexes and an influence of CSP 310
and antiserum against CSP 310 presence in incubation media on this process.

For estimation of CSP 310 influence on lipid peroxidation at function-
ing of separate respiratory chain complexes, substrates at which oxidation
separate electron transport complexes of a respiratory chain participant
were used. These substrates were malate for complex I, succinate for com-
plex II, NADH for complex III, and ascorbate plus TMPD for complex IV.
The electron transport in complex I was blocked by 0.003 mM rotenone.

The analysis of CSP 310 and antiserum against CSP 310 influence on
lipid peroxidation in mitochondria, isolated from non-stressed winter wheat
shoots, shows that, if electrons were transferred through complexes I, II, or
III, the intensity of lipid peroxidation in mitochondria is rather low. In all
these cases, the content of dienic conjugates in mitochondria were approxi-
mately identical — about 4 nM per mg of mitochondrial protein (Fig. 2). At
the same time, the content of dienic conjugates, when using of a substrate
for complex IV of respiratory chain, was higher — about 7 nM per mg of
mitochondrial protein (Fig. 2).

It is possible to suppose that this phenomenon deals with the fact that,
during the function of the first three respiratory chain complexes, electrons
are transferred through ubiquinone complex,[21] which is an effective anti-
oxidant system.[22] An addition of 1 mg CSP 310 per mL of mitochondria
incubation medium caused only slight induction in all cases (Fig. 2). The
significant difference from the control (about 25 %) was marked only with
use of the I complex substrates. At the same time, an addition of antiserum
against CSP 310 to incubation media caused more considerable induction of
lipid peroxidation than addition of CSP 310. In this case, an increase of the
lipid peroxidation rate was about 29, 24, 36, and 27 % when using sub-
strates of respiratory chain complexes I, II, III, and IV, respectively (Fig. 2).

Thus, on the basis of data obtained, it is possible to draw a conclusion
that, at functioning of different complexes of mitochondrial respiratory chain,
the lipid peroxidation in winter wheat mitochondria takes place with different
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intensity. Under the functioning of complex IV of mitochondrial respiratory
chain, the maximum output of lipid peroxidation products – dienic conjugates
– is detected. The presence of antiserum against CSP 310 in incubation
medium induces lipid peroxidation more than the presence of CSP 310.

Experiments with mitochondria isolated from non-stressed maize
shoots shows that an addition of 1 mg CSP 310 per mL of incubation
medium caused strong induction of dienic conjugate formation for I (60 %)
and II (120 %) complex functioning. For complex IV, minor induction
(7 %) was detected. Only with complex III, an addition of CSP 310 experi-
mental concentration reduced dienic conjugates formation as compared to
the control (Fig. 3). An addition to maize of mitochondria antiserum against
CSP 310 showed, as a whole, the same picture as with winter wheat mito-
chondria. With functioning of complexes I and II, the induction of lipid
peroxidation was higher than in control variant on 33 and 67 %, respect-
ively. When using substrates of complexes III and IV of respiratory chain,
there was not detected any induction of lipid peroxidation, as compared
with the control variant (Fig. 3).
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Figure 2. An influence of CSP 310 and antiserum against this stress protein on lipid
peroxidation at functioning of different mitochondrial respiratory chain complexes
in mitochondria, isolated from non-stressed winter wheat shoots.
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It is necessary to note that, if addition of CSP 310 to incubated winter
wheat mitochondria caused only slight induction of lipid peroxidation (Fig.
2), an addition of CSP 310 to maize mitochondria with functioning com-
plexes I and II of respiratory chain caused strong induction of lipid perox-
idation (Fig. 3). Probably, this fact can be explained by the lower content of
endogenous CSP 310 in maize cytoplasm, as compared with winter
wheat;[23] therefore, contact with cytoplasmatic CSP 310 during the pro-
cedure of mitochondria isolation caused lower association of CSP 310 with
mitochondria in maize than in wheat.

Based on data obtained, it is possible to conclude that an addition of
CSP 310 and antiserum against this protein to incubation media of isolated
product from non-stressed maize shoots mitochondria also induces lipid
peroxidation. It is necessary to note that, with use of substrate of complex
III, an addition of CSP 310 decreased dienic conjugate formation. It is
possible that this protein has no influence on this complex of maize mito-
chondrial respiratory chain.

120 KOLESNICHENKO ET AL.

Figure 3. An influence of CSP 310 and antiserum against this stress protein on lipid
peroxidation at functioning of different mitochondrial respiratory chain complexes
in mitochondria, isolated from non-stressed maize shoots.
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The analysis of an influence of cold stress on the rate of lipid perox-
idation in winter wheat mitochondria with functioning of different respira-
tory chain complexes, shows that, if electrons are transferred through
complexes I, II, or III, the intensity of lipid peroxidation was rather low
and approximately identical (Fig. 4). At the same time, when electrons were
transferred through a complex IV, the intensity of lipid peroxidation was
about 80 % higher (Fig. 4).

It is necessary to note that only with complex II of respiratory chain,
the absolute value of lipid peroxidation in mitochondria, isolated from
stressed shoots, was lower than in mitochondria isolated from non-stressed
shoots. The rate of dienic conjugate formation with other respiratory chain
complexes, functioning of mitochondria isolated from stressed shoots did
not differ from mitochondria isolated from non-stressed shoots (Fig. 2,
Fig. 4).

An addition of antiserum against CSP 310 to the incubation medium
of mitochondria isolated from stressed winter wheat shoots caused more

STRESS PROTEIN CSP 310 AND ANTISERUM 121

Figure 4. An influence of antiserum against CSP 310 on lipid peroxidation at
functioning of different mitochondrial respiratory chain complexes in mitochondria,
isolated from cold-stressed (-10C, 1 h) winter wheat shoots.
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significant induction of lipid peroxidation than with mitochondria isolated

from non-stressed shoots. Increasing lipid peroxidation products formation

under this treatment were 40, 58, 26, and 37 % with use of substrates of

respiratory chain complexes I, II, III, and IV, respectively (Fig. 4). It is

necessary to note that antiserum against CSP 310 caused an increase of

lipid peroxidation rate, both in the control and stressed mitochondria,

except for complex II, to the similar absolute values – about 5 nM dienic

conjugates per mg of mitochondrial protein with complexes I and III, and 9

nM dienic conjugates per mg of mitochondrial protein with complex IV of

mitochondrial respiratory chain (Fig. 2, Fig. 4).

Thus, based on data obtained, it is possible to conclude that in vivo

endogenous CSP 310 during a cold stress has an antioxidant activity, the

same as other known uncoupling proteins.

An analysis of cold stress influence on intensity of lipid peroxidation in

mitochondria isolated from stressed (1 hour at 4 0C) maize shoots shows

that cold stress increased dienic conjugate formation in mitochondria at

functioning of all respiratory chain complexes. The greatest increase of

dienic conjugates formation was detected with functioning of respiratory

chain complex IV in maize mitochondria (Fig. 5). An addition of antiserum

against CSP 310 to mitochondrial incubation media caused more consider-

able induction of lipid peroxidation than in control mitochondria – up to 6

nM dienic conjugates per mg of mitochondrial protein at functioning of

respiratory chain complexes I, II, and III and up to 14 nM dienic conjugates

per mg of mitochondrial protein at functioning of complex IV.

For non-stressed maize shoots, addition of antiserum against CSP 310

caused induction of lipid peroxidation to about 4 nM dienic conjugates per

mg of mitochondrial protein at functioning of respiratory chain complexes

I, II, and III and up to 8 nM dienic conjugates per mg of mitochondrial

protein at functioning of complex IV (Fig. 5). It is necessary to note that, in

experiments with mitochondria isolated from stressed maize shoots, a higher

rate of lipid peroxidation, than in experiments with stressed winter wheat

shoots, was detected. If, at functioning of respiratory chain complexes I, II,

and III of stressed winter wheat shoots, the dienic conjugates formation was

about 4-5 nM dienic conjugates per mg of mitochondrial protein (Fig. 4), for

mitochondria isolated from stressed maize shoots, this value was about 6

nM dienic conjugates per mg of mitochondrial protein (Fig. 5).

At functioning of complex IV, the dienic conjugates formation were

about 9 and 14 nM dienic conjugates per mg of mitochondrial protein for

stressed winter wheat and maize shoots, respectively. Analyzing the influ-

ence of antiserum against stress protein CSP 310 on lipid peroxidation

intensity in mitochondria isolated from control and stressed maize shoots,
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it is possible to conclude that, for stressed shoots, the lipid peroxidation
intensity in the presence of an antiserum is higher than in control shoots.

Therefore, the results obtained show that addition of antiserum
against CSP 310 to isolated cereal mitochondria caused a significant increase
of their lipid peroxidation. The influence of antiserum on lipid peroxidation
depends on the functional activity of different mitochondrial respiratory
chain complexes.

Anti-CSP 310 antiserum exerts its strongest influence on the I and II
complexes. At the same time, the highest values of lipid peroxidation at
functioning of winter wheat and maize mitochondrial complex IV were
detected.

STRESS PROTEIN CSP 310 AND ANTISERUM 123

Figure 5. An influence of antiserum against CSP 310 on lipid peroxidation at
functioning of different mitochondrial respiratory chain complexes in mitochondria,

isolated from chilled (4 0C, 1 h) maize shoots.
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Thus, based on data obtained, it is possible to conclude that, during
cold stress, in vivo endogenous CSP 310, as well as other known uncoupling
proteins, serve an antioxidant function.

ACKNOWLEDGMENT

This work has been performed with the support of the Russian
Foundation of Basic Research (project 00-04-48093).

REFERENCES

1. Parkin, K.L.; Marangoni, A.; Jackman, R.; Yada, R.; Stanley, D.
Chilling Injury. A Review of Possible Mechanisms. J. Food Biochem.
1989, 13, 127-153.

2. Loubaresse, M.; Paulin, A.; Dereuddre, J. Effects of Freezing on
Membrane Lipid Peroxidation of Rhododendron Roots
(Rhododendron cv. Demontague, Jean-Marie). Compt. Rend. Acad.
Sci. 1991, 313, 453-459.

3. Shewfelt, R.L.; Erickson, M.E. Role of Lipid Peroxidation in the
Mechanism of Membrane-Associated Disorders in Edible Plant
Tissue. Trends in Food Sci. Technol. 1991, 2, 152-154.

4. De Santis, A.; Landi, P.; Genchi, G. Changes of Mitochondrial
Properties in Maize Seedlings Associated With Selection for
Germination at Low Temperature. Fatty Acid Composition,
Cytochrome C Oxidase, and Adenine Nucleotide Translocase
Activities. Plant Physiol. 1999, 119, 743-754.

5. Richter, C.; Gogvadze, V.; Laffranchi, L.; Schlapbach, S.; Schweizer,
M.; Suter, M.; Walter, P.; Yaffee, M. Oxidants in Mitochondria: From
Physiology to Disease. BBA 1995, 1271, 67-74.

6. Skulachev, V.P. Possible Role of Reactive Oxygen Species in the
Antiviral Defence. Biochemistry (Moscow) 1998, 63, 1691-1694.

7. Purvis, A.C.; Shewfelt, R.L.; Gegogeine, J.W. Superoxide Production
by Mitochondria Isolated From Green Bell Pepper Fruit. Physiol.
Plant. 1995, 94, 743-749.

8. Ricquier, D.; Bouillaud, F. The Uncoupling Protein Homologues:
UCP1, UCP2, UCP3, StUCP and AtUCP. Biochem. J. 2000, 345,
161-179.

9. Skulachev, V.P. Lowering of the Intracellular O2 Concentration as a
Special Function of Respiratory Systems of the Cells. Biochemistry
(Moscow) 1994, 59, 1910-1912.

124 KOLESNICHENKO ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



10. Kowaltowski, A.J.; Costa, A.D.T.; Vercesi, A.E. Activation of the

Potato Plant Uncoupling Mitochondrial Protein Inhibits Reactive

Oxygen Species Generation by the Respiratory Chain. FEBS Lett.

1999, 425, 213-216.

11. Korshunov, S.S.; Korkina, O.V.; Ruuge, E.K.; Skulachev, V.P.;

Starkov, A.A. Fatty Acids as Natural Uncouplers Preventing

Generation of O2 and H2O2 by Mitochondria in the Resting State.

FEBS Lett. 1999, 435, 215-218.

12. Pastore, D.; Fratianni, A.; Di Pede, S.; Passarella, S. Effects of Fatty

Acids, Nucleotides and Reactive Oxygen Species on Durum Wheat

Mitochondria. FEBS Lett. 2000, 470, 88-92.

13. Kolesnichenko, A.V.; Borovskii, G.B.; Voinikov, V.K.; Misharin, S.I.;

Antipina, A.I. Antigen From Winter Rye Accumulated Under Low

Temperature. Russ. J. Plant Physiol. 1996, 43, 771-776.

14. Voinikov, V.; Pobezhimova, T.; Kolesnichenko, A.; Varakina, N.;

Borovsky, G. Stress Protein 310 kD Affects the Energetic Activity of

Plant Mitochondria Under Hypothermia. J. Therm. Biol. 1998, 23, 1-4.

15. Zykova, V.V.; Kolesnichenko, A.V.; Grabelnych, O.I.; Antipina, A.I.;

Koroleva, N.A.; Vladimirova, S.V.; Pobezhimova, T.P.; Voinikov, V.K.

Plant Stress-Related Uncoupling Protein CSP 310 Caused Lipid

Peroxidation in Winter Wheat Mitochondria Under Chilling Stress. J.

Therm. Biol. 2000, 25, 323-327.

16. Kolesnichenko, A.; Grabelnych, O.; Pobezhimova, T.P.; Voinikov, V.

The Association of Plant Stress Uncoupling Protein CSP 310 With

Winter Wheat Mitochondria in vitro During Exposure to Low

Temperature. J. Plant Physiol. 2000, 156, 805-807.

17. Hanson, M.R.; Boeshore, M.L.; McClean, P.E.; O’Connell, M.A.;

Nivison, H.T. The Isolation of Mitochondria and Mitochondrial

DNA.’’ Meth. Enzymol. 1986, 118, 437-453.

18. Recknagel, R.O.; Choshal, A.K. Lipoperoxidation of Rat Liver

Microsomal Lipids by Carbon Tetrachloride. Nature 1966, 210, 1162-

1163..

19. Lowry, O.H.; Rosebrough, N.J.; Farr, A.L.; Randall, R.J. Protein

Measurement With the Folin Phenol Reagent. J. Biol. Chem.1951,

193, 265-275.

20. Grabelnych, O.I.; Pobezhimova, T.P.; Kolesnichenko, A.V.; Voinikov,

V.K. Complex I of Winter Wheat Mitochondria Respiratory Chain is

the Most Sensitive to Uncoupling Action of Plant Stress-Related

Uncoupling Protein CSP 310. J. Therm. Biol., In press.

21. Douce, R. Mitochondria in Higher Plants: Structure, Functions and

Biogenesis; Academic Press: New York, 1985.

STRESS PROTEIN CSP 310 AND ANTISERUM 125

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



22. Pobezhimova, T.P.; Voinikov, V.K. Biochemical and Physiological
Aspects of Ubiquinone Function. Membr. Cell Biol. 2000, 13, 1-8.

23. Kolesnichenko, A.V.; Ostroumova, E.A.; Zykova, V.V.; Voinikov,
V.K. The Comparison of Proteins With Immunochemical Affinity to
Stress Protein 310 kD in Cytoplasmatic Proteins of Winter Rye, Winter
Wheat, Elymus and Maize. J. Therm. Biol. 1999, 24, 211-215.

Received August 18, 2000 Manuscript 3009
Accepted September 9, 2000

126 KOLESNICHENKO ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


