
During pathogenesis plants increase the level of

lignin, which is the most effective barrier against phy�

topathogen invasion [1�4]. This suggestion derives from

the fact that lignin�like material accumulates in the sites

in which a pathogenic fungus penetrates into plant cells

[3�5]. The exact mechanism of this phenomenon is

unclear, but one can suppose that phytopathogenic

organisms carry some substances on their cell surface that

attract plant enzymes involved in lignin biosynthesis.

Chitin and/or glucans abounding in cell walls of patho�

genic fungi are possible candidates for the role of such

substances [6].

Plant lectins and chitinases are proteins that directly

interact with chitin [7�9], but they do not participate in

reactions of lignin production. Peroxidase is an enzyme

that quickly responds to various stress agents and actively

joins lignification processes [10, 11]. Its activity many

times increases in plant tissues infected by pathogens [12�

14]. This is characteristic of isoperoxidases associated

with cell wall [2, 5]. Data have been reported on the abil�

ity of peroxidases to join effectively the intermolecular

link processes encompassing various plant cell wall com�

ponents, such as cellulose, callose, xylans, and pectins

[15�17]. However, the broad substrate specificity and

multiplicity of peroxidase isoforms obscure the role of

this enzyme in plant development and adaptation to a

hostile environment.

We previously reported that anionic wheat peroxi�

dases can bind both chitin and cells of the fungus Tilletia

caries Tull. causing bunt disease [18]. However, it

remained unknown how this feature is characteristic of

peroxidases from other plant species. So, the problem we

aimed to solve in the presented study was to find some

chitin�binding isoperoxidases in various plant species. In

our opinion, the solution to this problem could elucidate

mechanisms protecting plants against invasion of phy�

topathogenic fungi.

MATERIALS AND METHODS

Four�day plantlets of oat (Avena sativa L., cultivar

Skakun), rice (Oryza sativum L., VIR K�4573), garden

radish (Raphanus sativus var. radicula, cultivar Zhara),

pea (Pisum sativum L., cultivar Chishminskii), peanut

(Arachis hypogaea L.), galega (Galega orientalis Lam.),

tobacco (Nicotiana tabacum Link et Otto), cucumber

(Cucumis sativus L., cultivar Libella), zucchini (Cucurbita

pepo L., cultivar Souvenir), rhizomes of horseradish

(Armoracia rusticana Gaertn., Mey. et Scherb), and etio�

lated plantlets of potato (Solanum tuberosum L., cultivar

Nevskii) were chosen for study.
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Abstract—The activity of various plant peroxidases and the ability of their individual isoforms to bind chitin was studied.

Some increase in peroxidase activity was observed in crude extracts in the presence of chitin. Activated peroxidases of some

species fell in the fraction not sorbed on chitin and those of other species can bind chitin. Only anionic isoperoxidases from

oat (Avena sativa), rice (Oryza sativa), horseradish (Armoracia rusticana), garden radish (Raphanus sativus var. radicula),

peanut (Arachis hypogaea), and tobacco (Nicotiana tabacum Link et Otto) were sorbed on chitin. Both anionic and cationic

isoforms from pea (Pisum sativum), galega (Galega orientalis), cucumber (Cucumis sativus), and zucchini (Cucurbita pepo L.)

were sorbed on chitin. Peroxidase activation under the influence of chitin was correlated to the processes that occur during

hypersensitive reaction and lignification of sites, in which pathogenic fungus penetrates into a plant. The role of chitin�spe�

cific isoperoxidases in inhibition of fungal growth and connection of this phenomenon with structural characteristics of

isoperoxidases are also discussed.
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Chitin (Fluka, Switzerland) was ground in a grain

mill, soaked in 2 M HCl for 2 h at room temperature, and

washed with water. Then the chitin was soaked in 5�6

changes of 1 M NaOH for 2�3 h at 96°C in a water bath.

Then the sorbent was washed with water till neutral pH. A

chromatography column (2 × 6 cm) was filled with chitin

suspension and equilibrated with 0.01 M phosphate

buffer, pH 6.0.

Plant samples were treated with cold acetone and

extracted as previously described [19]. Extract was applied

onto the column containing chitin at room temperature.

The column was washed until absorption at 280 nm was no

more than 0.005, and then proteins bound to chitin were

eluted with 1 M NaCl. The flow rate was 30 ml/h.

Peroxidase activity in chromatographic fractions was

determined using a microassay protocol. The wells of

Linbro flat�bottom polystyrene plates (Flow Laboratories,

United Kingdom) were filled with 0.075 ml of 0.1 M phos�

phate buffer, pH 5.8, containing 0.025 ml of enzyme sam�

ple, 0.025 ml o�phenylenediamine (0.5 mg/ml), and

0.025 ml H2O2. Color development was stopped with

0.050 ml 2 M H2SO4. The plates were scanned on an

IFCO�2 scanner (Russia) at 492 nm. Protein concentra�

tion was determined by the method of Bradford [19].

Isoelectric focusing was performed on an isoelectro�

focusing apparatus (Hiiu�Kalur AS, Estonia) according

to the manufacturer’s recommendations in 7% polyacryl�

amide gel containing 10% glycerol and 1.5% ampholines,

pH 3.5�10 (LKB, Sweden). Anode and cathode solutions

were, respectively, 0.02 M H3PO4 and 0.1 M NaOH.

Human hemoglobin (pI 7.0) was used as a marker [20].

Before application on a gel, samples were matched by

protein content. Isoperoxidase activity in the gel was

detected with 0.01% 3,3′�diaminobenzidine plus 0.005%

H2O2 in 0.1 M phosphate buffer, pH 6.0. We designated

isoenzymes positioned in gel between anode and the

marker protein as anionic and between cathode and the

marker protein as cationic.

RESULTS

Data presented in the table show that peroxidase

activity in the tested plants increases after exposure to

chitin. Interestingly, in some species such increase was

observed in a fraction not sorbed to chitin, and in others

also in a fraction eluted from chitin with 1 M NaCl. In

particular, potato peroxidase activity four times increased

(table) in the fraction not bound to chitin, owing to

anionic isoperoxidase.

Peroxidase activity in a fraction eluted from chitin

gives evidence for the ion�exchange sorption of some per�

oxidase isoforms of studied species, as reported for wheat

peroxidase [18]. So, we isoelectrofocused the protein

samples after chromatography (figure). Note that

extremely anionic isoperoxidases with pI near 3.0�3.5

were only sorbed on chitin (figure). Unlike above�men�

tioned plant species, this isoperoxidase from potato was

not sorbed on chitin, but chitin many times increased the

activity. It was another anionic peroxidase with higher pI

that was sorbed on chitin.

The figure shows the isoelectrofocusing pattern of

peroxidases isolated from the plantlets of rice, oat, garden

radish, pea, peanut, galega, tobacco, cucumber, zucchini,

Species

Soft wheat

Oat

Rice

Horseradish

Garden radish

Potato

Tobacco

Peanut

Pea

Galega

Cucumber

Zucchini

sorbed 
on chitin

1

2

2

2

1

1

1

6

6

6

4

4

Effect of chitin on the peroxidase activity in extracts from various plants

total in crude
extract

9

10

17

8

6

18

6

12

11

11

5

4

salt eluent

11.0 ± 3.0

11.2 ± 2.5

0.5 ± 0.1

2.0 ± 0.1

2.9 ± 0.2

1.6 ± 0.1

13.7 ± 2.0

6.1 ± 0.9

36.2 ± 3.9

4.2 ± 0.1

13.5 ± 0.9

5.1 ± 0.8

fraction not sorbed 
on chitin

4.3 ± 0.5

3.1 ± 0.1

4.9 ± 0.6

19.2 ± 2.3

11.3 ± 2.0

6.8 ± 1.1

9.0 ± 0.9

1.3 ± 0.1

2.9 ± 0.5

4.3 ± 0.1

1.9 ± 0.1

1.7 ± 0.1

crude 
extract

10.5 ± 1.2

3.6 ± 0.5

1.7 ± 0.2

7.0 ± 1.0

9.0 ± 1.0

1.9 ± 0.2

2.4 ± 0.9

8.2 ± 1.1

3.8 ± 0.3

3.9 ± 0.5

9.8 ± 0.5

6.2 ± 0.6

Number of isoperoxidasesPeroxidase activity, arbitrary units per mg protein
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etiolated plantlets of potato, and rhizomes of horseradish.

As one can see, in plants belonging to the bean and gourd

families (pea, peanut, galega, cucumber, zucchini),

unlike the other plant species, cationic isoperoxidases can

also be sorbed actively on chitin.

DISCUSSION

The activation of defense proteins in pathogenesis is

suggested to be a systemic response involving a rather

long multistep information transfer into the plant cell and

de novo biosynthesis of pathogen response protein (PR�

protein) [21]. Unlike other PR�proteins, peroxidase as a

protein essential to the normal functioning of plant cells

[22] is constitutively present in plants. As a rule, this

enzyme is activated under the influence of stress agents,

especially of biotic ones [10].

We found that peroxidase activity in all plants tested

increased in the presence of chitin compared to the activ�

ity in crude extracts. This activation can occur not only in

chitin�sorbed fraction, but also in the fraction not sorbed

on chitin. These data confirm the possibility of peroxi�

dase activation in the presence of polysaccharides [23].

This increase in activity is probably due to conformation�

al change of the enzyme molecules [24] or protein clear�

ing out from the extract various inhibitory proteins pos�

sessing higher affinity to chitin and remaining bound to it

even after elution with 1 M NaCl.

Analysis of isoenzyme spectra of peroxidases sorbed

on chitin revealed both resemblance and differences

between plant species. In particular, almost in all species

tested chitin bound anionic isoperoxidases, but in some

cases (in plants belonging to the bean and gourd families)

some cationic isoforms can also be sorbed on chitin.

The characteristic of peroxidases to be activated by

chitin and to be sorbed on it suggests their involvement in

processes underlying two reaction types providing the

plant with protection against phytopathogens. The first

type includes fast activation of the enzyme upon its con�

tact with pathogen cell structures, as observed particular�

ly for the rice, potato, and horseradish peroxidases inter�

acting with chitin (table). Peroxidase activation by chitin

is probably comparable with its activation in the hyper�

sensitivity reaction. The latter is known to be one of the

most powerful defense features of plants, in which the

plant organism sacrifices a portion of infected cells there�

by ridding the plant of phytopathogen [25, 26]. Such kind

of reaction often develops when host plant cells are

affected by avirulent populations of biotrophic pathogens

[27]. The second reaction type is comparable with grad�

ual accumulation of the enzyme molecules within a

region of fungus location associated with the appearance

of a peculiar “attracting” center in the form of chitin�

containing phytopathogen structures. Peroxidase binding

with chitin or its large oligomers can result initially in the

decrease in concentration of motile enzyme molecules

interacting with chitin in this site of the cell. This proba�

bly results in the influx of new enzyme molecules. Thus a

peculiar flux is formed of isoenzymes to the site of fungus

localization resulting in saturation of the chitin�contain�

ing phytopathogen mycelium surface with specific isoper�

Isoenzyme spectra of peroxidases isolated from plantlets of rice (1), oat (2), tobacco (3), garden radish (4), rhizomes of horseradish (5), eti�

olated plantlets of potato (6), pea (7), peanut (8), galega (9), cucumber (10), and zucchini (11). Arrows indicate “chitin�specific” anionic

and cationic isoperoxidases; S, point of sample application onto the gel

1               2               3               4               5              6                 7              8                 9              10              11

рН 9.0  →

рН 7.0  →

рН 3.0  →

S  →
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oxidases [18, 28]. Hence, favorable conditions for lignifi�

cation of the region of phytopathogen penetration and its

localization in this site appear thereby in an incompatible

pathogenic system [1, 3].

We cannot rule out the coupling of these phenome�

na. In this case, a necrosis occurs associated with genera�

tion of toxic free radicals in the tissues subjected to inten�

sive colonization with fungus [29, 30]. A lignification of

single pathogen structures occurs with the involvement of

isoperoxidases able to sorb on phytopathogen cell wall in

cells close to necrosis [28].

Hence, the outcome of the pathological process

probably depends on the rate of peroxidase inactivation in

infected cells and on the intensity of enzyme sorption on

mycelium of chitin�containing pathogen. For instance,

we have demonstrated lignin synthesis of greater intensity

and manifold elevation of anionic “chitin�specific”

isoperoxidase activities in wheat resistant to Septoria

nodorum [2] and T. caries [31].

The role of some isoperoxidases in plant resistance to

phytopathogens has been discussed for many years, but

the contribution of each peroxidase in the formation of

physiological processes that occur in plants in pathogen�

esis is not well defined. Anionic isoperoxidases are known

to be substantially activated when a plant is damaged by a

phytopathogen or insect [32, 33]. They are thought to be

responsible for lignification of impaired plant tissues [33,

34]. It is notable that zucchini anionic isoperoxidases

sorbed on chitin can interact with plant oligogalactur�

onides in the presence of Ca2+ as well [35].

Thus, we have demonstrated peroxidase activation

on contact with chitin and a capability of “chitin�specif�

ic” isoperoxidases to concentrate themselves on chitin.

As we can judge from our data, the sorption to chitin of

“chitin�specific” isoperoxidases may occur by a mecha�

nism other than typical ion exchange in nature, because

both anionic and cationic plant peroxidases can bind this

biopolymer. Wherein isoperoxidases possessing similar

isoelectric points can display different affinity to chitin,

enabling one to compare the “chitin�specific” isoperoxi�

dase isoforms with monovalent plant lectins extensins

remarkable for their high affinity to hemicellulose [15,

16]. They are functionally bound to plant cell wall and act

as its modifiers. It is notable that proline�rich sites similar

to those in extensins are found in some peroxidase iso�

forms isolated from Scutellaria baicalensis Georgi, family

Fabaceae [36]. Some tomato isoperoxidases are known to

be able to form complexes with typical cell wall extensin

[16].

These data unveil peculiarities of plant peroxidases

in regards to their interaction with polysaccharides, as

well as the role of this phenomenon in regulation of plant

defense mechanism against penetration of chitin�con�

taining phytopathogens.
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