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INTRODUCTION

One of the hot problems of current agriculture is
plant defense against pathogens and pests, which cause
an annual loss of 15 to 30% of yield. Until now, plant
treatment with pesticides is a basic way of plant
defense. However, pesticides not only kill their targets,
pathogenic organisms, but also damage the surrounding
beneficial microflora. Some pesticides are known to
display site-specificity, and modification of a sensitive
site might result in the accumulation of resistant patho-
gen forms in their population [1].

Currently, researchers attempt to reduce pesticide
application, replacing it by using other defense meth-
ods based on the increase in plant resistance [2]. The
most well-known among them is the application of elic-
itors. Elicitors are biogenic or abiogenic compounds;
their action is directed not to parasite elimination but to
induction of organism defense properties. After treat-
ment with elicitors, plants acquire resistance to a wide
range of pathogens, i.e., unspecific resistance [1].

However, even the usage of efficient elicitor and its
competent application do not ensure successful elicita-
tion. This might be related to the presence in the patho-

gens of suppressors, which action is opposite to that of
elicitors, i.e., compounds inducing an increased suscep-
tibility of plant tissues to diseases [3].

The mechanisms of elicitor action are currently
under intense investigation [2], whereas suppressor
action is almost unstudied. Since these compound
actions are opposite to this of elicitors, a comparison of
their action mechanisms is of a great interest.

One of the contributors to the signal system forma-
tion responsible for resistance development is salicylic
acid (SA), which is synthesized in plants and accumu-
lates in the loci of resistance formation [4, 5]. In plant
tissues, SA can be in free or bound form with a predom-
inance of 

 

O

 

-

 

β

 

-D-glucoside among the latter. Free SA is
capable of resistance induction. Bound SA does not
possess such capability, but it is a store of SA in tissues
[6, 7]. The role of SA in immunosuppression is unclear.

The objective of this work was a comparison of elic-
itor and suppressor actions on resistance and suscepti-
bility of potato plants to the causal agent of late blight.
Such investigation seemed rather interesting because it
permitted a comparison of the signaling pathways of
elicitation and immunosuppression of potato tubers
infected with 

 

Phytophthora infestans.
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Abstract

 

—The mechanisms of induced resistance and susceptibility of potato (

 

Solanum tuberosum

 

 L.) tubers
to late blight agent (

 

Phytophthora infestans

 

 Mont de Bary) were studied using an elicitor chitosan and an immu-
nosuppressor laminarin. It was elucidated that treatment of disks from potato tubers with chitosan resulted in
salicylic acid (SA) accumulation due to activation of benzoate-2-hydroxylase and hydrolysis of SA conjugates.
Such SA accumulation in potato tissues inhibited one of the antioxidant enzymes, catalase, inducing an oxida-
tive burst and resistance development. The mechanisms of induced susceptibility to the late blight causal agent
were studied using an unspecific immunosuppressor, laminarin, an analogue of natural specific suppressor of
potato immune responses, 

 

β

 

-1,3,

 

β

 

-1,6

 

-glucan. It was established that the development of immunosuppression
in tissues treated with laminarin did not affect the SA level in tissues. However, catalase sensitivity to SA
reduced in laminarin-treated tissues, and the enzyme activity increased. In its turn, this might result in the
reduced level of hydrogen peroxide in the cells and, as a sequence, in the increased potato susceptibility to late
blight.
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: AT—3-amino-1,2,4-triazole; BA—benzoic acid;
BA-2-H—benzoate-2-hydroxylase; SA—salicylic acid; DMTU—
1,3-dimethylthiourea; DPI—diphenyleneiodoniumchloride; ROS—
reactive oxygen species; TEA—Tris-ethanol-amine.
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MATERIALS AND METHODS

Experiments were performed with tubers of potato
(

 

Solanum tuberosum

 

 L., cv. Istrinskii) plants harboring
the 

 

R

 

1

 

 gene of resistance to late blight. Tubers were
harvested in fields of the experimental farm Bol’she-
vik, stored at 

 

4°ë

 

, and used during a single season of
storage.

Late blight causal agent (

 

Phytophthora infestans

 

Mont de Bary) was grown in tubes on oat–agar medium
for 11 days. To extract zoospores from zoosporangia,
fungus mycelium was poured over with distilled water
and kept in a refrigerator for 45 min and then at room
temperature for 45 min.

A water-soluble chitosan with an average mol wt of
2–6 kD determined by viscosimetry and a deacetylation
degree of 85% was used as an elicitor. It was produced
at the Center of Bioengineering of Russian Academy of
Sciences by the enzymatic hydrolysis of crab chitin and
gifted us by Drs. V.P. Varlamov and A.V. Il’ina [8]. The
elicitor was most efficient at the concentration of
100 

 

µ

 

g/ml.
Laminarin (

 

β

 

-1,3

 

/

 

β

 

-1,6

 

-glucan, Sigma, United
States) was used as an immunosuppressor. Laminarin is
a homologue of a race-specific immunosuppressor,
which was earlier isolated from the mycelium of the
late blight agent and identified by the authors of publi-
cations [9, 10]. Glucans close to laminarin in their struc-
ture (pachiman (

 

β

 

-1,3

 

-glucan), postulan (

 

β

 

-1,

 

6-glucan),
and 

 

β

 

-1,3

 

/

 

β

 

-1,6

 

-glucan from yeast cell walls) did not
suppress potato immune responses [11]. Only lami-
narin from brown algae (

 

β

 

-1,3

 

/

 

β

 

-1,6

 

-glucan) containing
25–30 glucose residues exhibited an immunosup-
pressor effect; its most efficient concentration was
300 

 

µ

 

g/ml [11].
The effects of immunomodulators and inhibitors of

NADPH-oxidase system on potato resistance to late
blight were assesses using disks (7 mm in height and
16 mm in diameter) excised from tubers. 50 

 

µ

 

l of the
solutions tested were dropped on the surface of disks.
After 72 h, this surface was infected with zoospores of
the late blight causal agent at the load of 

 

10

 

4

 

 spore/ml.
Water was applied to the surface of control disks. Con-
trol and experimental disks were kept on the moistened
support in petri dishes.

When disk surface was infected with incompatible
pathogen race, necrotic lesions appeared and the patho-
gen hyphae penetrated through dead cells. In 72 h, the
number of necrotic cells was counted [12].

Development of tolerance or susceptibility to the
pathogen was expressed in percents of immunomodu-
lating effect. Control values were taken as 100%. In this
case the values were below 100% for immunizing
effect and above 100% for immunosuppressing effect.

In definite time intervals, the 3-mm upper layer was
removed from each disk. These cut tissues were used
for preparation of the acetone powder. To this end, 3 g
of tissue were ground in liquid nitrogen, washed twice

with acetone cooled to 

 

–70°ë

 

 and then with diethyl
ester (10 ml of solvent per 1 g tissue).

Soluble enzymes, catalase and benzoate-2-hydroxy-
lase, were extracted from acetone powder with respec-
tively 67 mM K,Na-phosphate buffer, pH 7.0, and
20 mM TEA buffer, pH 7.4, containing 1 mM EDTA
and 5 mM sodium ascorbate [13]. The homogenates
were filtered through a double layer of cheesecloth and
centrifuged at 17000 

 

g

 

 for 10 min. The supernatants
were used for enzyme assays. All procedures were per-
formed at 

 

4°ë

 

.
Catalase (EC 1.11.1.6) was assayed from a decrease

in the hydrogen peroxide concentration [14]. The reac-
tion medium (a final volume of 0.5 ml) contained
67 mM K,Na-phosphate buffer, 20 mM hydrogen per-
oxide, and 30 

 

µ

 

l of enzyme extract. Measurements
were performed with a Backman Coulter-2000 spectro-
photometer at 240 nm during 5 min after the reaction
start. Thereafter, repeated measurements were per-
formed every 10 min during 1 h to control the dynamics
of enzyme activity. Catalase specific activity was
expressed in 

 

µ

 

moles of hydrogen peroxide per 1 mg of
protein per 1 min.

The reaction mixture for BA-2-H assay (0.5 ml)
contained 10 mM TEA buffer, pH 7.4, 1 

 

µ

 

M BA, 1 

 

µ

 

M
NADPH, and 200 

 

µ

 

l of the enzyme preparation [15].
The reaction mixture was incubated at 

 

30°ë

 

 for 30 min
in the water thermostat. The reaction was stopped by the
addition of 2.5 ml of 15% TCA. The precipitate was sed-
imented by centrifugation at 

 

5000

 

 g

 

. SA was extracted
from the supernatant twice with the mixture of ethyl ace-
tate and cyclohexane (1 : 1, v/v). Then the mixture was
separated in a separatory funnel, and SA was isolated
from the organic phase as described below. BA-2-H
activity was expressed in ng SA/(mg protein min).

Protein content was determined by the method of
Bradford [16].

SA was extracted in two steps [17]. During the first
step, free SA was extracted. 5 g of tissue from potato
tuber disks was frozen in liquid nitrogen, ground, and
extracted with 15 ml of 70% ethanol. After centrifuga-
tion at 15 000 

 

g

 

, the pellet was resuspended in 15 ml of
90% ethanol and centrifuged repeatedly. The superna-
tants were combined and centrifuged for the third time
at 

 

4500

 

 g

 

 for 10 min. Ethanol was evaporated under
vacuum, and 1 ml of 5% TCA was added to the water
phase. The mixture was centrifuged at 

 

3000

 

 g

 

 for
10 min; the supernatant was extracted twice with the
mixture of ethyl acetate and cyclohexane (1 : 1, v/v).
The upper organic layer containing phenolic com-
pounds was separated in a separatory funnel; the sol-
vent was evaporated under vacuum; dry residue was
dissolved in a mobile phase used for HPLC.

The second step included acidic hydrolysis of SA
conjugates with 8 N HCl at 

 

80°ë

 

 for 1 h with subse-
quent centrifugation of the hydrolyzed mixture at

 

3000

 

 g

 

 for 10 min. Phenolic fraction containing SA was
obtained from the supernatant, as described above.
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SA was quantified by HPLC using a fluorescence
detector (extinction at 305 nm, emission at 407 nm) of
the Staier installation (Russia). Luna C-18(2) column
(250 mm 

 

×

 

 4.6

 

 mm) (Phenomenex, United States) was

used. Isocratic elution was performed with 0.43%

 

ç

 

3

 

êé

 

4

 

 and acetonitrile (55 : 45) at the flow rate of
1 ml/min. 

 

Ó

 

-Anisic acid (100 

 

µ

 

g/ml) was used as an
internal standard.

Computer program STRAZ was used for statistical
processing of data on enzyme activity and SA content
[18].

The number of necrotic cells was counted under
microscope, and the results were processed statistically.
Tables 2 and 3 present mean values and absolute maxi-
mum error 

 

∆

 

 at 

 

P

 

 = 0.95.

RESULTS AND DISCUSSION

Induced resistance and susceptibility was modu-
lated by potato tuber disk treatment with chitosan (elic-
itor) and laminarin (suppressor), respectively. Control
disks were treated with water.

After 24 h, SA was isolated from potato disk tissues
and quantified. Chitosan treatment resulted in a sub-
stantial increase in the content of free SA, whereas the
amount of its conjugates decreased. Laminarin did not
essentially affect the content of either free or bound SA
(Fig. 1).

Free SA can accumulate due to its liberation from
conjugates and to its synthesis under the effect of chito-
san. In fact, earlier we established that elicitation acti-

 

Table 1.  

 

The effect of immunomodulators on the activity
of benzoate-2-hydroxylase in potato tuber disks

Treatment of the disk surface BA-2-H activity,
ng SA/(mg protein min)

Water (control) 64.0 

 

±

 

 1.3

Chitosan, 100 

 

µ

 

g/ml 76.0 

 

±

 

 2.4

Laminarin, 300 

 

µ

 

g/ml 46.0 

 

±

 

 1.5

 

Table 2.  

 

Inducing activity of hydrogen peroxide

Treatment of the 
disk surface

No. necrotic cells,

 

M

 

 

 

±

 

 

 

∆

 

*

Immunomodulat-
ing effect,

% of control

Water (control) 13.6 

 

±

 

 0.2 100

H

 

2

 

O

 

2

 

, 5 

 

µ

 

M 8.9 

 

±

 

 0.3 66

H

 

2

 

O

 

2

 

, 25 

 

µ

 

M 8.4 

 

±

 

 0.2 62

H

 

2

 

O

 

2

 

, 100 

 

µ

 

M 11.0 

 

±

 

 0.4 81

 

* Percent of total number of cells in the four surface layers. See
Materials and Methods section for explanation.

 

Table 3.  

 

The effect of inhibitors of potato late blight development

Treatment Inhibitor
concentration No. necrotic cells, 

 

M

 

 

 

±

 

 

 

∆

 

* Immunomodulating effect,
% of control

Water (control) – 10.4 

 

±

 

 0.4 100

Apocynin, mM 100 13.0 

 

±

 

 0.3 125

50 12.8 

 

±

 

 0.4 123

25 17.0 

 

±

 

 0.2 164

2.5 17.2 

 

±

 

 0.4 165

1 17.3 

 

±

 

 0.4 166

DPI, mM 100 10.7 

 

±

 

 0.3 103

50 11.1 

 

±

 

 0.5 107

25 10.6 

 

±

 

 0.2 102

2.5 10.9 

 

±

 

 0.3 105

1 12.4 

 

±

 

 0.2 119

AT, M 100 9.9 

 

±

 

 0.3 95

10 7.9 

 

±

 

 0.1 76

1 8.4 

 

±

 

 0.2 81

0.1 8.7 

 

±

 

 0.2 84

DMTU, M 300 11.4 

 

±

 

 0.4 110

30 11.6 

 

± 0.3 112

3 11.2 ± 0.4 108

0.3 11.2 ± 0.4 108

* Percent of total number of cells in the four surface layers. See Materials and Methods section for explanation.
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vated phenylalanine ammonia-lyase, a key enzyme of
SA and phenylpropanoid syntheses [19].

In order to detect a possible de novo synthesis of
SA, we assayed the activity of benzoate-2-hydroxylase
(BA-2-H), the enzyme responsible for SA synthesis.
Table 1 shows that chitosan treatment of potato tuber
disks enhanced somewhat this enzyme activity,
whereas treatment with laminarin suppressed it. There-
fore, we can conclude that elicitation released SA from
its conjugates and simultaneously enhanced its synthe-
sis, whereas during immunosuppression SA synthesis
was inhibited.

Chen et al. [20] elucidated that SA was capable of
catalase binding, a critical enzyme for hydrogen perox-
ide breakdown in plant tissues. Such binding with SA
inactivated the enzyme. This discovery permitted a sup-
position that catalase inhibition is one of the SA action
mechanisms. In its turn, this resulted in the accumula-
tion of hydrogen peroxide, one of reactive oxygen spe-
cies involved in the development of plant defense
responses [21, 22]. However, it was found later that SA
could inhibit far from all plant catalases [2].

In addition, it is now known that SA can bind not
only active centers of some catalases but also of other
Fe-containing enzymes (xanthine oxidases, peroxi-
dases, etc.) [20, 23]. It is of interest that all these
enzymes are required for ROS detoxification, in partic-
ular, hydrogen peroxide degradation. Therefore, their
activity suppression by binding with SA might result in
the oxidative burst, which, in its turn, induces expres-
sion of defense genes.

The role of catalase in the development of induced
susceptibility is essentially unstudied. We may only
suppose that the activity of this enzyme does not
change or increases to prevent oxidative burst in
response to penetration of compatible pathogen race
into host tissues.

In this connection, we determined catalase activity
in tissues of potato tubers treated with chitosan (resis-
tance inducer) or laminarin (susceptibility inducer). It
was found that, as early as after 5 h, chitosan reduced
catalase activity markedly, whereas laminarin
increased it (Fig. 2). The effects were most pronounced
24 h after treatments.

It is worth mentioning that we met some contradic-
tion in experiments with laminarin. In fact, laminarin
did not essentially affect the content of free SA in
treated disks, whereas it increased substantially cata-
lase activity. In order to explain such a contradiction,
we tested a capability of SA to inhibit activities of cat-
alase preparations isolated from tissues treated with
elicitor or immunosuppressor. It turned out that catalase
isolated from tubers immunized with chitosan was
much more sensitive to SA than calatase isolated from
laminarin-treated tubers (Fig. 3).

As a result of catalase inhibition by SA, hydrogen
peroxide should accumulate in potato tissues, which is
most stable ROS. Since hydrogen peroxide is believed
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Fig. 1. Content of (1) free and (2) conjugated salicylic acid
in disks from potato tubers treated with immunomodulators.
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to serve a second messenger triggering the cascade of
plant defense responses [24], it is reasonable to eluci-
date whether it can display an independent inducing
activity.

Hydrogen peroxide action on plant cells depends on
its concentration. Thus, at the concentration of 2.5 mM,
hydrogen peroxide damages plant cells irreversibly,
whereas at a concentration of 250 µM, the damage was
reversible. At still lower concentrations (0.1–50 µM),
cells appear to be undamaged, but they experience
some metabolic changes, possibly leading to resistance
induction [24].

Table 2 shows that tuber disk treatment with hydro-
gen peroxide induced a defense response with the high-
est effect at the concentrations of 5–25 µM. The effect
was somewhat lower at a higher hydrogen peroxide
concentration. These results support the idea that
hydrogen peroxide accumulation is required for plant
tissue immunization.

The level of hydrogen peroxide in plant tissues is
known to be under the control of several enzymes. Its
degradation is mainly determined by catalase, whereas
NADPH oxidase is responsible for its accumulation.

In order to elucidate whether NADPH oxidase, cat-
alase, and hydrogen peroxide are the components of the
signaling pathway resulting in the development of
resistance or susceptibility in potato tuber tissues, we
used an inhibitor analysis. Potato tuber disks were
treated with the following inhibitors of these enzymes
(50 µl/disk): a specific inhibitor of NADPH oxidase
apocynin [25]; a less specific inhibitor of NADPH oxi-
dase diphenyleneiodoniumchloride (DPI); the inhibitor
of catalase 3-amino-1,2,4-triazole (AT) [26]; and 1,3-
dimethyl-2-thiourea (DMTU), a compound binding
hydrogen peroxide, which can be conventionally called
as hydrogen peroxide scavenger.

It turned out that, after treatment with the inhibitors
of NADPH oxidase, potato tuber tissue developed a

Fig. 4. Hypothetic model of the induction of potato late blight resistance by chitosan.
PM—plasma membrane. Along with NADPH oxidase, other enzymes (superoxide dismutase (SOD), pH-dependent peroxidase of
the cell wall, xanthine oxidase, glycolate oxidase, and diaminoxidase) are involved in hydrogen peroxide generation. Along with
catalase, ascorbate peroxidase, glutathione reductase, guaiacol peroxidase, and other peroxidases degrade hydrogen peroxide.
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susceptibility to pathogen. The more specific inhibitor
(apocynin) provoked a stronger suppression of immune
responses, as compared to less specific DPI. It seems
likely that NADPH inactivation reduced the ROS level
in tissues and, as a sequence, induced their susceptibil-
ity (Table 3).

AT-induced inhibition of catalase induced potato
tuber resistance to late blight, which indicates the
involvement of hydrogen peroxide in the process of
immunization. This is supported by experiments with
tissue treatment with DMTU, a hydrogen peroxide
scavenger, which resulted in increased susceptibility.

Based on data obtained, we supposed a hypothetic
model of chitosan-induced potato resistance to late
blight (Fig. 4). According to this model, the following
successive regulatory events function in resistance
induction: elicitation results in the accumulation of free
SA, which inhibits catalase activity; as a result, hydro-
gen peroxide accumulates (oxidative burst) and
induced resistance is developed.

At induction of susceptibility with laminarin, SA is
not accumulated, the sensitivity of catalase declines,
and its activity increases. As a result, a development of
induced susceptibility is not accompanied by the accu-
mulation of hydrogen peroxide; moreover, due to cata-
lase activation, its level decreases. A decrease in the
ROS concentration in the cells does not permit a resis-
tance development, and tubers acquire a susceptibility
to pathogens.

In conclusion, it is necessary to investigate the com-
plex and diverse mechanisms of induced resistance and
susceptibility for production of novel ecologically safe
and economically efficient defense preparations.

ACKNOWLEDGMENTS

The authors are grateful to Drs. Yu.A. Labas and
A.A. Aver’uanov for providing us with apocynin, DPI,
AY, and DMTU.

REFERENCES
1. D’yakov, Yu.T., Ozeretskovskaya, O.L., Dzhavakhiya, V.G.,

and Bagirova, S.F., Obshchaya i molekulyarnaya fitopa-
tologiya (General and Molecular Phytopathology), Mos-
cow: Phytopathol. Soc., 2001.

2. Tarchevsky, I.A., Signal’nye sistemy kletok rastenii (Sig-
nal Transduction Pathways of Plant Cells), Moscow:
Nauka, 2002.

3. Ozeretskovskaya, O.L. and Vasyukova, N.I., Usage of
Elicitors for Crop Protection Needs Caution, Prikl.
Biokhim. Mikrobiol., 2002, vol. 38, pp. 322–325.

4. Leon, J., Lawton, M.A., and Raskin, I., Hydrogen Perox-
ide Stimulates Salicylic Acid Biosynthesis in Tobacco,
Plant Physiol., 1995, vol. 108, pp. 1673–1678.

5. Wu, H., Echt, C.S., Popp, M.P., and Davis, J.M., Molec-
ular Cloning, Structure and Expression of an Elicitor-
Inducible Chitinase Gene from Pine Tress, Plant Mol.
Biol., 1997, vol. 33, pp. 979–987.

6. Raskin, I., Role of Salicylic Acid in Plants, Annu. Rev.
Plant Physiol. Plant Mol. Biol., 1992, vol. 43, pp. 439–
463.

7. Lee, H.-I., Leon, J., and Raskin, I., Biosynthesis and
Metabolism of Salicylic Acid, Proc. Natl. Acad. Sci.
USA, 1995, vol. 92, pp. 4076–4079.

8. Vasyukova, N.I., Chalenko, G.I., Gerasimova, N.G.,
Perekhod, E.A., Ozeretskovskaya, O.L., Il’ina, L.I.,
Varlamov, V.P., and Albulov, A.I., Chitin and Chitozan
Derivates as Elicitors of Potato Late Blight Resistance,
Prikl. Biokhim. Mikrobiol., 2000, vol. 36, pp. 433–438.

9. Chalova, L.I., Ozeretskovskaya, O.L., Yurganova, L.A.,
and Baramidze, V.G., Metabolites of Phytopathogens as
Inducers of Plant Defense Responses (on Example of
Relationships between Potato and Phytophthora
infestans), Dokl. Akad. Nauk SSSR, 1976, vol. 230,
pp. 722–725.

10. Ozeretskovskaya, O.L., Vasyukova, N.I., and Le-
ont’eva, G.V., Factor of Race-Specificity of the Agent of
Potato Late Blight, Izv. Akad. Nauk SSSR, Ser. Biol.,
1982, no. 6, pp. 852–866.

11. Vasyukova, N.I., Leont’eva, G.V., Chalenko, G.I.,
Ozeretskovskaya, O.L., Zvyagintseva, T.N., Ruda-
kova, V.Ya., and Elyakova, L.A., Modulation of Potato
Root Immune Response by β-Glucanes, Fiziol. Rast.
(Moscow), 1989, vol. 36, pp. 794–801 (Sov. Plant Phys-
iol., Engl. Transl.).

12. Chalenko, G.I., Leont’eva, G.V., Yurganova, L.A., and
Karavaeva, K.A., Resistance of Potato Roots to the Late
Blight Causal Agent during Storage, Prikl. Biokhim.
Mikrobiol., 1980, vol. 16, pp. 257–263.

13. Garcia-Limones, C., Hervas, A., Navas-Cortes, J., Jime-
nez-Diaz, R.M., and Tena, M., Induction of an Antioxi-
dant Enzyme System and Other Oxidative Stress Mark-
ers Associated with Compatible and Incompatible Inter-
actions between Chickpea (Cicer arietinum L.) and
Fusarium oxisporum f. sp. ciceris, Physiol. Mol. Plant
Pathol., 2002, vol. 61, pp. 325–337.

14. Luck, H., Methods of Enzymatic Analysis, New York:
Academic, 1965.

15. Leon, J., Yalpani, N., Raskin, I., and Lawton, M.A.,
Induction of Benzoic Acid 2-Hydroxylase in Virus-Inoc-
ulated Tobacco, Plant Physiol., 1993, vol. 103, pp. 323–
328.

16. Bradford, M.M., Rapid and Sensitive Method for the
Quantitation of Microgram Quantities of Protein Utiliz-
ing the Principle of Protein–Dye Binding, Anal. Bio-
chem., 1976, vol. 72, pp. 248–254.

17. Meuwly, P. and Metraux, J.P., Ortho-Anisic Acid as
Internal Standard for the Simultaneous Quantitation of
Salicylic Acid and Its Putative Biosynthetic Precursors
in Cucumber Leaves, Anal. Biochem., 1993, vol. 214,
pp. 500–505.

18. Sagitov, A.O. and Perevertin, K.A., Fitonematologiya –
sel’skomu khozyaistvu (Phytonematology for Agricul-
ture), Alma-Ata: Kainar, 1987.

19. Gerasimova, N.G., Pridvorova, S.M., and Ozeretsk-
ovskaya, O.L., Role of L-Phenylalanine Ammonium-
Lyase in Potato Induced Resistance and Sensitivity,
Prikl. Biokhim. Mikrobiol., 2005, vol. 41, pp. 117–120.

20. Chen, Z., Sylva, H., and Klessig, D.F., Active Oxygen
Species in the Induction of Plant Systemic Acquired



494

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY      Vol. 53      No. 4      2006

OZERETSKOVSKAYA et al.

Resistance by Salicylic Acid, Science, 1993, vol. 262,
pp. 1883–1886.

21. Aver’yanov, A.A., Reactive Oxygen Species and Plant
Immunity, Usp. Sovrem. Biol., 1991, vol. 111, pp. 722–
737.

22. Merzlyak, M.N., Aktivirovannyi kislorod i okislitel’nye
protsessy v membranakh rastitel’noi kletki (Activated
Oxygen and Oxidative Processes in Plant Cell Mem-
branes), Itogi Nauki Tekhn., Ser. Fiziol. Rast., 1989,
vol. 6.

23. Ruffer, M., Steipe, B., and Zenk, M.H., Evidence against
Specific Binding of Salicylic Acid to Plant Catalase,
FEBS Lett., 1995, vol. 377, pp. 175–180.

24. Gamalei, I.A. and Klyubin, I.V., Hydrogen Peroxide as a
Signal Molecule, Tsitologiya, 1996, vol. 38, pp. 1233–
1247.

25. Van den Worm, E., Investigations of Apocynin, a Potent
NADPH Oxidase Inhibitor, Utrecht: Univ. Utrecht Press,
2001.

26. Alvarez, M.E., Pennel, R.I., Meijer, P.-J., Ishikawa, A.,
Dixon, R.A., and Lamb, C., Reactive Oxygen Intermedi-
ates Mediate a Systemic Signal Network in the Estab-
lishment of Plant Immunity, Cell, 1998, vol. 92, pp. 773–
784.


