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ROLE OF CHITIN-SPECIFIC PEROXIDASE IN
WILT-RESISTANT COTTON

A. A. AKkhunov,* Z. Golubenko, N. R. Khashimova, UDC 577.124.5:633.511
E. Ch. Mustakimova, and S. O. Vshivkov

Chitin-specific isoforms of peroxidase with molecular weights 67 and 54.7 kDa that are involved in cotton
wilt-resistance were obtained from sprouts of cotton variety AN-Bayaut-2 using chromatography. Electron
microscopy showed that the morphology of the fungus V. dahliae changed under the influence of the chitin-
specific isoforms of peroxidase.
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Despite significant progress in various areas of phytoimmunity, the issue of unraveling the mechanisms underlying
the resistance of cotton cells to the harmful action of pathogens remains unresolved. The mechanisms for overcoming cotton
varietal immunity to virulent strains of wilt-inducing agents are also unclear.

Phytopathogens induce the expression of a whole series of genes that code for enzymes that catalyze the formation of
covalent bonds between proteins of cell walls and polysaccharides. Peroxidase is such an enzyme. The literature confirms that
any damage to plants by pathogens increases quickly the activity of this enzyme [1]. It is still not known why the activity
increases or whether the enzyme is synthesized de novo or the activity of previously synthesized molecules already existing in
the cell increases [2]. Based on numerous investigations, peroxidase is viewed as one of the most important catalytic systems
among biochemical means of protecting plants from phytopathogens [3]. Isoforms of this enzyme can be used as a unique
diagnostic method for biochemical research. It is known that peroxidase is necessary for the development of the plant cell and
is always present in the plant. Its activity is increased in the presence of chitin [4].

In order to investigate the role of chitin-specific isoforms of peroxidase in the resistance of cotton to damage by wilt
and to find resistant varieties, we analyzed peroxidase activity in 4-5-day sprouts of C-4727 and AN-Bayaut-2. Peroxidase
activity was two times greater in AN-Bayaut-2 than in the control in sprouts damaged by the fungus Verticillium dahliae
(Table 1).

It has been reported that peroxidase activity changed little upon infection with systemic damage in susceptible plants
whereas the infection in resistant plants caused a significant increase in the enzyme activity and, possibly, the appearance of
de novo isoforms [5].  According to our results, the high peroxidase activity in variety AN-Bayaut-2 and the low activity in
C-4727 suggests that AN-Bayaut-2 is a variety that is resistant to the action of the phytopathogen whereas C-4727 is susceptible.

Then we used further variety AN-Bayaut-2 with high peroxidase activity in cotyledonous leaves of 5-day sprouts
compared with other plant organs damaged by V. dahliae through the cotton root system (Table 1). We used the property of
certain peroxidase isoforms to bind pathogen to chitin to elucidate the resistance mechanism of cotton to the action of V. dahliae.
It is known that these isoforms participate in lignification of host plant cell walls, preventing the fungus from spreading through
the plant. In order to obtain purified chitin-specific isoforms, starting material from cotyledonous leaves of AN-Bayaut-2
containing peroxidase activity was separated by gel filtration over LKB Ultrogel (20,000-30,000) into three fractions, of which
the second fraction had peroxidase activity.

We used a column with chitin to isolate chitin-specific peroxidase isoforms from the active fraction based on the
property of peroxidase to bind to chitin of the phytopathogen. The chitin-specific fraction obtained by chromatography over
chitin had activity 24.2 units/mg. The results were repeated at least three times.
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TABLE 1. Change of Peroxidase Activity (units/mg-protein) in 5-Day Sprouts of Cotton Variety C-4727 (Wilt Susceptible) and
AN-Bayaut-2 (Wilt Resistant) Caused by V. dahliae Kleb.

Variety Variant Rootlets Hypocotyls Cotyledonous leaves
C-4727 Healthy 8.30 5.40 4.51
Infected 12.50 4.13 8.90
AN-Bayaut-2 Healthy 12.21 13.32 20.24
Infected 23.60 24.20 26.51
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Fig. 1. Electrophoresis in PAAG (10%) of chitin-specific peroxidase from cotyledonous leaves of variety AN-Bayaut-2 after
purification (precipitation by 80% ammonium sulfate, filtration through sorbents ultragel, chitin, and Sephadex 75).

Fig. 2. Electrophoresis in PAAG (10-15%) with sodium DDS of chitin-specific isoforms of peroxidase: markers (1), starting
peroxidase fraction (2), chitin-specific peroxidase isoform (3).

Then the chitin-specific fraction with peroxidase activity was additionally purified by gel filtration over Sephadex G-75
to produce three fractions in which peroxidase activity was detected in the second (10.2 units/mg) and third (1.43 units/mg)
fractions.

Electrophoresis in PAAG (10%) established that the chitin-specific isoforms of the second fraction with high enzymatic
activity from cotyledonous leaves had R70.18 and 0.23 (Fig. 1). Electrophoresis of chitin-specific peroxidases was performed
in a PAAG gradient (10-15%) to determine their molecular weights as 67 and 54.7 kDa (Fig. 2).

Capillary electrophoresis of chitin-specific isoforms showed two peaks corresponding to the presence of two peroxidase
isoforms with binding affinity for chitin.

A comparison of the electrophoresis datarevealed the presence of chitin-specific isoforms in the isospectrum of starting
material, indicating that the activity of existing isoenzymes increased but their amount did not change upon interaction with
V. dahliae.

The fungicidal properties of peroxidase and its chitin-specific isoforms were determined by placing paper disks at the
boundary of a patch of a 4-day colony of V. dahliae (Fig. 3). Paper disks were wetted in a solution containing 30 pg of
peroxidase after gel filtration over LKB Ultrogel (20,000-30,000) and purified chitin-specific peroxidase from cotyledonous
leaves of AN-Bayaut-2. Fraction II and the chitin-specific isoform suppressed fungus growth at the boundary of the colony.
The boundary of pathogen growth lagged by 2 mm under the influence of chitin-specific peroxidases.

Determination of fungicidal activity by a turbidometric method also showed that growth of the pathogen was inhibited
by 18% by the chitin-specific isoperoxidase.

Chitin-specific peroxidase isoforms isolated from cotyledonous leaves of AN-Bayaut-2 sprouts infected by V. dahliae
are able to suppress fungus growth according to our results from the determination of fungicidal properties.

Judging from the results, the isolated chitin-specific isoforms can act as an indicator of cotton resistance to a
phytopathogen. The high peroxidase activity and the fungicidal properties of the enzyme isoforms confirm that AN-Bayaut-2
is resistant to wilt. The chitin-specific peroxidase isoforms are involved in protective lignification of the plant cell wall upon
infection by the phytopathogen, which agrees with the literature [6].
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Fig. 3. Fungicidal activity of peroxidase from 5-day cotyledonous leaves of wilt-resistant cottong variety AN-Bayaut-2 for
V. dahliae colonies: fraction I from gel filtration over LKB Ultrogel from cotyledonous leaves of AN-Bayaut-2, 1-day infection
by V. dahliae (1); fraction II from gel filtration over LKB Ultrogel from cotyledonous leaves of AN-Bayaut-2, 1-day infection
by V. dahliae (2), fraction I1I from gel filtration over LKB Ultrogel from cotyledonous leaves of AN-Bayaut-2, 1-day infection
by V. dahliae (3); chitin-specific isoform from fraction II after gel filtration over LKB Ultrogel from cotyledonous leaves of
AN-Bayaut-2 (4).

Fig. 4. Change of morphology of V. dahliae Kleb. caused by chitin-specific peroxidase from wilt-resistant cotton variety
AN-Bayaut-2. Arrows show destruction of fungus morphology.

Electron microscopy studies of the action of chitin-specific peroxidases from the wilt-resistant cotton variety on the
morphology of V. dahliae showed that it changed under the influence of chitin-specific peroxidase isoforms isolated from
AN-Bayaut-2 sprouts. The changes included abnormal thickening of the fungus mycelium, rolling up into a ball, and disruption
of the polarity in mycellar growth (Fig. 4). Such properties of chitin-specific peroxidases in resistant plants indicate that they
are involved in protective responses against chitin-containing phytopathogens.

Thus, our research showed that peroxidase activity increased under the influence of V. dahliae. Peroxidase activity
in cotyledonous leaves of sprouts grown in the presence of pathogen was significantly higher in AN-Bayaut-2 than in susceptible
variety C-4727. Chromatography produced from AN-Bayaut-2 chitin-specific peroxidase isoforms with molecular weights 67
and 54.7 kDa. Electron microscopy showed that the morphology of V. dahliae changed under the influence of the chitin-specific
peroxidase isoforms. The changes included abnormal thickening in mycelium, rolling up into a ball, and disruption of the
polarity of mycellar growth.

EXPERIMENTAL

We used 4-5-day sprouts of varieties AN-Bayaut-2 and C-4727 for comparative biochemical studies. Sprouts were
infected with the phytopathogen V. dahliae through the root system at a concentration of 10° conidia/mL.

Ground plant material was triturated in phosphate buffer (PB, 0.1 M, pH 6.0) for 1 h on a magnetic stirrer at +4°C.
The solid was separated by filtration through filter paper with subsequent centrifugation at 5000 rpm for 20 min. The
supernatant was transferred to a clean container. Proteins were precipitated by ammonium sulfate (80%) and separated over
LKB Ultragel (20,000-30,000).

Protein content in the extract was measured by the Lowry method [7].

Specific peroxidase activity was determined by the Boyarkin method [8].

Chitin-specific isoforms were isolated over a column of chitin with elution by PB. Crab chitin was demineralized
and purified by treatment with HCI (0.5 M) and NaOH (0.5 M) and washed with distilled water until the pH was neutral after
the acid and base.

Chitin Preparation. Ground dry boiled crab shell purified of meat was boiled for 2 h in a flask with water. The
aqueous solution was poured off. The solid was treated at room temperature with HCI solution (5%). The acid was removed.
The shells were washed several times with water, transferred to a flask, treated there with NaOH solution (5%), and boiled again
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for 2 h. The dark alkaline solution into which proteins from the shells dissolved was filtered. The solid was washed with water
and treated alternately with acid and base two more times.

Chromatography of PO isoforms was carried out in a glass column (1.2 x 25 cm). The column with sorbent was
equilibrated with buffer before the analysis in order to extract peroxidase. The supernatant was placed on the chitin column.
The sorbent was rinsed with PB at 20 mL/h to remove nonbinding proteins. Then the column was rinsed with PB (0.01 M).
Chromatographic fractions were detected in a flow cuvette on a spectrophotometer using absorption at 280 nm. The resulting
chitin-specific isoforms were purified by gel filtration over Sephadex G-75 using PB.

Component composition of proteins was determined by electrophoresis in a PAAG gel gradient (from 10 to 15%)
with sodium DDS according to Lammly [9].

Capillary electrophoresis was carried out on an Agilent Technologies "capillary electrophoresis" instrument. The
conditions were buffer separation, borate buffer (20 mM), pH 9.3; capillary, total length 64.5 cm, effective length, 56 cm, inner
diameter, 50 um; temperature 15°C; potential 30 kV; positive polarity; injection, 200 mbar-s; sample concentration, 0.1 mg/mL.

Fungicidal properties were determined in Petri dishes on Chapek solid medium [10] by placing paper disks near a
patch with V. dahliae.

Turbimetric determination of fungicidal properties of peroxidase isoforms was performed by the literature method
[11]. The change of fungal conidia concentration was measured on a Hospitex Diagnostic microplate reader.

ACKNOWLEDGMENT

The work was supported financially by the TsNT of the Cabinet of Ministers of the Republic of Uzbekistan, Project
No. A-11-206.

REFERENCES

V. A. Andreeva, Peroxidase Enzyme [in Russian], Nauka, Moscow (1988).

I. A. Graskova, M. B. Borovskii, A. V. Kolisnichenko, and V. K. Voinikov, Fiziol. Rast., 51, 692 (2004).
A. A. Aver’yanov, Usp. Sovrem. Biol., 111, 792 (1991).

I. V. Maksimov, E. A. Cherepanova, I. E. Akhmetova, and R. M. Khairullin, Agrokhimiya, 8, 77 (2004).
M. Mader and C. Walter, Planta, 169, 273 (1986).

I. V. Maksimov, E. A. Cherepanova, and R. M. Khairullin, Biokhimiya, 68, No. 1, 133 (2003).

O. H. Lowry, N. G. Rosebrough, A. L. Farr, and R. J. Randall, J. Biol. Chem., 193, 265 (1951).

A. N. Boyarkin, Biokhimiya, 16, No. 7, 352 (1951).

U. K. Lammly and J. Ing, J. Mol. Biol., 62, 465 (1971).

M. M. Levitin and K. V. Kvitko, Mikol. Fitopatol., S, 4, 398 (1974).

J. Zhang, M. E. Mace, R. D. Stipanovic, and A. A. Bell, J. Phytopathol., 39, 247 (1993).

ARSI A Sl ol e

U
—_— O

496




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


