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PURIFICATION AND BIOCHEMICAL PROPERTIES
OF WHEAT ENDOCHYTINASE

Abstract. Chitinolytic enzymes are the most important components of the plant defense system against various
pathogens. Chitinases hydrolyze the N-acetyl-p-glucosamine-containing polymer substrates (chitin, chito-oligosac-
charides), which are part of the cell walls of fungi, nematodes and insects. The high polymorphism of chitinases in
cereals, including wheat, the poor knowledge of their biochemical properties and activity regulation is one of the
main obstacles in understanding the functioning of this enzyme complex.

The aim of the work was the study of some physico-chemical characteristics of wheat endochitinase. Using
chromatography on a specific chitin affinity sorbent, endochitinase was purified from shoots, roots and seeds of
wheat seedlings. The enzyme was represented by several isoforms with a molecular weight of about 30 kDa and pl
in the acidic, neutral, and alkaline regions. There were no significant differences in the isoenzyme composition of
endochitinase from different organs of the wheat seedlings. Some physico-chemical properties of wheat endochi-
tinase were determined - pH and temperature optimum, thermal stability, the effect of different 2-valent metal ca-
tions on activity. The results can be used in the enzymology of the interaction of plants and phytopathogenic fungi.

Key words: wheat, endochitinase, isoenzymes.

Introduction. To date, a large amount of factual material has been accumulated on the induction in
plants in response to the lession of specific pathogenesis related (PR) proteins by viruses, bacteria and
fungi. These proteins are classified into 17 families according to their structure and properties [1]. Special
attention in connection with the study of plant protection mechanisms against phytopathogens is given to
chitinases (EC 3.2.1.14), capable of destroying the cell walls of fungi [2-4]. As part of the PR proteins,
these enzymes form 4 families. In plants, chitinase, like other polymer hydrolases, is represented by
several isoenzymes and is encoded by a family of genes. Chitinases are subdivided into constitutive and
inducible forms, differ in tissue specificity of expression [5]. The significant polymorphism of the enzyme
is due to the complex organization of natural substrates - chitin and its various oligosaccharide deriva-
tives, suggesting differences in their substrate specificity and structural features of the isoenzymes [6].

According to the type of action on the substrate in the composition of chitinases, endochitinases and
exochitinases are distinguished. The first enzymes cleave chitin randomly inside the polymer, producing
soluble low molecular weight N-acetylglucosamine multimers, such as chitotriose, chitotetraose, and
diacetylchiobiose dimer. The last enzymes are capable to cleave only the terminal carbohydrate residue of
the polymer [7, 8]. Based on the primary structure, plant chitinases are divided into 7 classes (I — VII). It
is shown that there is no definite correlation in the distribution of chitinases by plant species, their organs
and tissues. However, it was found that only some chitinases have antifungal properties [9, 10].

The chitinase complex and its functioning are most studied in tobacco, and among cereals - in barley
and rye. In wheat, the composition of this enzyme has about 10 isoforms having a wide range of pl in the
acidic, alkaline, and neutral pH from 3.1 to 9.7. It has been shown that some isoforms to some extent may
be involved in protecting the plant from pathogenic attack [11-13]. Despite certain successes, wheat
chitinases are still relatively poorly studied, especially their physicochemical properties and activity
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regulation. The main difficulties in their study is the relatively high polymorphism of the enzyme.
Additional difficulties are imposed by the existence of constitutive and inducible forms of the enzyme, the
tissue specificity of their expression, as well as hormonal and metabolic control of their activity.

In the present work, we studied some biochemical properties of wheat endochitinase purified by
affinity chromatography on chitin.

Materials and methods of research. The objects of study were wheat (T.aestivum L.) seedlings and
their individual organs.

Determination of chitinase activity. To determine the activity, 1 ml of colloidal chitin (5 mg/1 ml of
0.05 M acetate buffer pH 5.2) was added to a 0.1 ml sample and incubated for 4 h at T 37°C on a shaker at
a speed of 120 rpm. After incubation, the reaction was stopped with 1 ml 3,5-dinitrosalycilic acid (DNS),
the mixture was boiled in a water bath for 5 min, then centrifuged for 5 min at 8000 rpm. After centri-
fugation, the optical density was measured at a wavelength of 545 nm [14]. The resulting amount of
N-acetyl-D-glucosamine was found using the calibration curve for N-acetyl-D-glucosamine. The enzyme
activity was expressed in mg of N-acetyl-D-glucosamine per 1 h in 1 ml.

Substrate Chitinase Affinity Chromatography. The endochitinase was purified by affinity chro-
matography on a chitin column at a temperature of +4°C. For this purpose, the shrimp chitin that was pre-
viously swollen in water (for 12 h) was placed in a column of 1.0 x 10.0 cm and equilibrated with 20 mM
sodium bicarbonate pH 8.0. The extract proteins obtained after precipitation of (NH4),SO, (20-80%) were
transferred to the same buffer after dialysis. The sample was introduced into the column with the sorbent
and washed with buffer, until the complete absence of protein at the exit. Protein fractions were collected
in 5 ml at a flow rate of 30 ml/h of buffer. After washing the column with starting buffer, 20 mM sodium
acetate pH 5.3 was passed. The chitinase bound to the sorbent was eluted with 75 mM acetic acid pH 3.0.
0.2 M NaOH was immediately added to the enzyme fraction and the pH was adjusted to 6.0-7.0. To ob-
tain the maximum amount of purified chitinase, affinity chromatography was performed repeatedly. The
fractions containing the enzyme were combined and concentrated at 4°C in an Amicon cell with a PM-10
filter.

Protein electrophoresis. The electrophoresis of proteins under denaturing conditions with sodium do-
decyl sulfate (SDS-Na,) was carried out in slabs of 10% polyacrylamide gel (PAG) with a size of 8x10 cm
and thickness of 1 mm according to the method of Laemmly. Coomassie brilliant blue G-250 was used for
staining PAG for total protein.

Isoelectric focusing and detection of chitinase in PAG. Native IEF was performed in a 6% PAG plate
9x15 cm and 1 mm thick with 1% Servalyt pH 3-10. 10 pl of the preparation was applied to each well of
the applicator. Enzyme separation was performed at 600 W for 5 h on a Multiphor II (LKB instrument).
Identification of chitinase activity zones was performed using a gel replica with a polymerized substrate
of 0.02% glycol chitin. After IEF, the working gel and replica were incubated for 15 min in 0.05 M ace-
tate buffer pH 5.0. Then the two gels were tightly pressed to each other and incubated as a sandwich for
2 h in an thermostat at 42°C. After that, the gel replica was transferred to 0.5 M Tris buffer pH 8.8 with
0.01% Fluorescent bridgetener 28 and held for 10 min. The gel was left overnight in water at room
temperature. Bands of activity were visualized with the help of a Gel-doc Quantum ST5 (Wilber Lourmat)
with a UV length of 254 nm [15].

Results and discussion. Purification and isozyme composition of chitinases. By their structure,
chitinases are divided into forms containing a chitin-binding domain (chitinase class 1) and not containing
this domain (classes II and III). The presence or absence of ChBD is an important biochemical charac-
teristic and plays a crucial role in the demonstration of the protective properties of the enzyme. A distin-
ctive feature of class I chitinases is their ability to bind with an insoluble substrate — polymeric chitin.
Chitinases that bind to chitin (ChB chitinases) are typical endochitinases.

For purification and identification of wheat seedlings chitinases, a shrimp chitin column was used.
The extract proteins were preliminarily concentrated by precipitation with ammonium sulfate within the
saturation range from 20 to 80%. As a result of column chromatography, it was established that all organs
of the 5-day seedlings - shoots, roots and seeds contain chitinases that have an affinity for the natural
polymer substrate. The results of denaturing electrophoresis in the presence of SDS-Na, and native iso-
electrofocusing using ampholytes in the pH range of 3-10 indicate the complex polymorphism of
chitinolytic enzymes in wheat and, in particular, endochitinases.
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Polymer-bound chitinases from all organs of the seedling are represented by several proteins with a
molecular mass of around 30 kD (figure 1A). In shoots and roots, the composition of ChB chitinases was
similar and included three proteins each with masses of approximately 28, 33, and 35 kD. In contrast, two
additional proteins with masses of 26 and 30 kD were present in the germinating seed.
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Figure 1 — SDS electrophoresis of purified ChB chitinases from different seedlings organs (A)
and IEF spectra of seedlings chitinases, containing and not containing ChBD (B):
A — gel staining of the Coomassie G-250: 1-3 — shoot, root and seed protein prior to application to the chitin column;
4-6 — ChB chitinases of shoot, root and seed respectively; 7 — protein markers m.v. B —1-3 shoot, root and seed chitinase prior
to application to the chitin column, 4-6 — chitinase with ChBD of shoot, root and seed respectively, m — IEF markers

The spectra of the native IEF fractions of the enzyme bound and not bound to chitin is shown in
Figure 1B. Chitinases with ChBD, exhibiting affinity for the sorbent, were present in both the acidic and
alkaline regions of the gel. Some of the isoenzymes had pl in the alkaline region (9.0, 8.7, 8.2, 8.0, 7.6),
and in the acidic region there were components with pl 6.0, 5.0, 4.6, 4.0. It should be noted that the spec-
tra of chitinases with ChB centers in the vegetative organs (root, shoot) and in the seed as a whole is
similar. These are isozymes with pl 9.0, 8.7, 8.2, 5.0, 4.6, 4.0.

Biochemical properties of chitinases. Environmental conditions - temperature, pH, metal cations and
their concentration, are among the most important factors influencing the activity of the enzyme and its
interaction with the substrate. The effect of different pH values on the chitinase activity of wheat seed-
lings was studied. The enzyme showed catalytic activity in a broad wide range of pH - from 3.5 to 9.5
with an optimum in the range of 5-5.5 (figure 2). The wide pH effect of the enzymes on the substrate is
obviously explained by the considerable heterogeneity of the isoenzyme composition, including acid,
neutral and alkaline forms. As can be seen from the IEF spectra (figure 1B), ChB chitinases located in a
wide range of isoelectric points. It should be noted that chitinase from germinating seeds, as compared
with those of shoots and roots, retained greater activity in the alkaline region of pH.

The effect of different positive temperatures (30,40,50,60 and 70°C) on the activity of purified wheat
seedlings chitinase was studied. The optimum temperature of the medium for the display of the catalytic
activity of chitinase was 40°C (figure 3).

The effect of temperature pretreatment (thermo stability) on the activity of purified wheat seedlings
chitinase was investigated. The enzyme samples were heated at 40, 50, 60 and 70°C for 10 min, cooled
sharply, centrifuged, and the activity in the supernatant was measured. From the graphs presented in
figure 4, it can be seen that chitinase is resistant to elevated temperature and partially showed activity at a
maximum value of 70°C. The relative heat resistance within 60°C was characterized by the enzyme from
the roots.

A very important factor in the regulation of enzyme activity are metal cations of the medium. In our
work, we studied the effect of different concentrations of divalent cations Mg®", Ca>", Cu®*, Mn**, Ba*" on
the activity of ChB chitinases of wheat.
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Figure 2 — The effect of pH on chitinase activity Figure 3 — The effect of temperature on the activity
from different organs of a 5-day seedlings of chitinases from different organs of a 5-day seedlings

For this, metals were introduced into the incubation medium of the enzyme with the substrate in the
form of chloride salts at a concentration of cations of 1, 5, and 10 mM. In addition, the enzyme itself was
preincubated with the cation for 10 min. The data presented in figure 5 indicate significant differences in
the effect of different metals on the chitinase activity of wheat seedlings.
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Figure 4 — Thermal stability of chitinases Figure 5 — The effect of metal cations
from different organs of a 5-day seedlings on the activity of seedling chitinase

The highest inhibitory effect was observed for the Cu®" cations and in the metal concentration of
10 mM the enzyme was almost completely inactivated. In contrast, the Mn>+ cations increased chitinase
activity (at 5 mM concentration). Ba*" cations and slightly less Mg®" had a similar activating effect.

Conclusion. Purification of wheat chitin-binding chitinase was carried out using substrate affinity
chromatography, their composition and some physicochemical properties were determined. According to
the SDS-Na, electrophoresis of ChB chitinases, seedlings were represented by several proteins with
molecular masses in the region of 30 kD. In shoots and roots, the composition of the enzyme was similar
and included three proteins with masses of 28, 33 and 35 kD, and two additional components with masses
of 26 and 30 kD were present in the germinating seeds. The presence of acidic, neutral and alkaline
isoforms has been established using native IEF as part of ChB chitinase. The spectrum of chitinases in the
vegetative organs (root, shoot) and in the seed as a whole is similar. Major components were pl 9.0, 8.7,
8.2,5.0,4.6,4.0.
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A number of other physicochemical properties ChB chitinases of wheat, which are important for the
demonstration of activity, have been studied. The enzyme was active in a wide pH range - from 3.5 to 9.5
with an optimum in the range of 5-5.5. The optimum temperature for the demonstration of chitinase
catalytic activity is 40°C. Differences in the thermal stability of the purified enzymes were revealed. It
was established that chitinase retained significant activity at 60°C for 10 min, however, heating at 70°C
almost completely inactivated the enzyme. As part of chitinases, acidic isoforms are most sensitive to
temperature increases. Established significant differences in the action of different metals on the activity
of chitinases. The greatest inhibitory effect was exerted by the Cu®" cations. In contrast, Mn®" cations
stimulated the activity of the enzyme. Ba>" and a little less Mg®" had a similar activating effect.

Authors' contributions. Zh.D. Beskempirova and A.O. Abaildaev participated in the preparation of
plant material, extracts and measurement of the enzyme activity, V.A. Kuzovlev - in the protein electro-
phoresis and IEF, A. A. Khakimzhanov - in general guidance and preparation of the article.

K. JI. BeckemmipoBa, 9. O. Abaiiiinaes, B. A. Ky3oBies, A. A. XokiMkaHoB

KP BfM FK PMM «M. A. AWTXO0XXWH aThIHIAFbI MOJICKYJIAIBIK OMOIOTHS )KOHE OMOXMMUS UHCTUTYTHD),
Anmarsl, Kazakcran

BUJIAM SHJAOXUTUHA3ACBIHBIH BUOXUMMSLIIBIK KACUETTEPI )KOHE TA3ZAPTY

AHHOTanusl. XUTHHONUTHKAIBIK (EPMEHTTEp OpTYpJl MaTOreHAepre Kapchl OCIMAIK KOpFay JKyHeciHiH ma-
HbI3/1bI KOMIIOHEHTTepi OOJIbIT TaOblTaabl. XHUTHHA3aJIap CaHbIpayKyJIaKTapAblH, HEMAaTOATapABIH JKOHE KOHIIKTEp-
JIH JKacyIIalbIK KaObIPFachlHBIH KYpaMbIHa KipeTiH ITOJIMMEpIIi cyOcTparTapsl (XUTHH, XMUTO-0JMrocaxapuarep) 6ap
N-areTrin-p-rirroKo3aMuH I THAPOIU3ACH . ACTBIK TYKBIMIACTBIIAPAAFbl, OHBIH IIIIHAC OMIaiIarel XUTHHA3AIap-
JIBIH, JKOFaphl MOJIUMOP(H3MI, 0IapIblH OMOXUMUSUIBIK KACHETTEPIH JKoHEe OEJICEHIUTIKTEpiH peTTey/iH Halap 3epT-
TEJITEH/IT - Oy (PepMEHT KeUIeHIHIH )KYMBbIC iCTeYiH TYCIHYJer1 HeTi3ri Keaepriiepain 6ipi 0oibIn TadbUIa/IbL.

JKyMBICTBIH MaKcaThl Ouiail SHIOXUTHHA3ACKIHBIH KeHOip (PU3NKO-XUMUSIIBIK pEeKIIeNiKTepiH 3epTTey OOIbI.
ApHaiiel xuTHHII adduuai copOeHTTeri Xpomarorpadus KeMeriMeH OWIaiIblH OCKiHAEpiHEeH, TaMBIPbIHAH JKOHE
TOHNIEpiHEH SHAOXUTHHA3a Ta3apThUIIel. DepMEeHT MOJEeKyIanbIK canmarbl maMamer 30 k/a xone MOH Kbimikeui-
IIBIK, OefTapar >koHe CUITLTIK aiiMakTapaarsl OipHeme nzogopmanap KepceTTi. bunainbH op Typi mMymienepiHaeri
SHIOXWUTHHA3aHBIH M30(DEPMEHTTIK KYpamblHAA aWTapibIKTall aWbIpMAIIBUIBIKTAP aHBIKTAIMAAbl. bumait »HIO-
XUTHHA3aChIHBIH KeHOip GU3MKO-XUMHUSIIBIK KacueTTepi - pH xoHe TeMnepaTypa OHTaWIbUIBIFBL, TEPMUSIIBIK TYpPaK-
TBUIBIFBI, OEJICEHIITIKKE OPTYPJIi 2-BaJIEHTTI METaUl KaTHOHAAPBIHBIH dcepi aHBIKTANAbl. HoTwmwkenep eciMuikTep
MeH (pUTONATOreHAIK CaHbIPayKYIAKTapbIH 63apa dPEKeTTeCy SH3UMOIOTHACHIHA KOIJaHbBUTYbl MYMKIH.

Tyiiin ce3nep: Oumaii, SHIOXUTHHA3A, H30(DEPMEHTTEP.

K. 1. Beckemnuposa, 9. O. Abaiiinaes, B. A. Ky3oBies, A. A. XakuM:KaHOB

PI'TI na ITXB «MHCTHTYT MONIEKYyIIsApHOH Oronornn u onoxumum» uM. M. A. Anitxoxxnaa KH MOH PK,
Anmarel, Kazaxctan

OYHNCTKA U BUOXUMHUYECKHUE CBOMCTBA SHJIOXUTHUHA3BI ITIITEHUIIBI

AHHOTanMsl. XUTHHOINTHYIECKUE (DEPMEHTHI SBIAIOTCS BaKHEHIIMMM KOMIIOHEHTAMH 3aIUTHOW CHUCTEMBI
pacTeHuii IPOTHB Pa3IMYHBIX MATOr€HOB. XHUTHHA3BI THIPOIU3YIOT N-aleTHi-B-IIII0K03aMUH CoJlepiKalliye MoJu-
MEPHbIC cy60TpaT1>1 (XI/ITI/IH, XI/ITOOJ’II/IFOCS.X&pI/IJlbI), BXOOAIIUEC B COCTAaB KJICTOYHBIX CTCHOK Fpl/I6OB, HEMaToa U
HaceKOMbIX. Bricokas HOJ'II/IMOp(bHOCT]) XHUTHUHA3 Yy 3JIaKOBbIX, B TOM YHCJIC NIICHUIIBI, cna6a51 N3YyYCHHOCTb UX 61/10-
XMUMHYECKUX CBOMCTB M PETYJISIIMU aKTUBHOCTH SIBJISIETCSI OJTHMM M3 OCHOBHBIX NPEISITCTBUH B MOHUMAaHHM (YyHK-
LMOHUPOBAHMUS 3TOTO (PEpPMEHTHOT'O KOMILIEKCA.

Lenpto paboTHI SIBUIIOCH MCCIIEA0BAaHNE HEKOTOPBIX (PU3UKO-XUMHUYECKUX OCOOEHHOCTEH IHJOXUTHHA3BI ITIIe-
Hunpl. C momombo xpomarorpaduu Ha cnennu@uaHoM adpUHHOM cOpOeHTe XUTHHE ObLTa OYHIICHA YHIOXUTHHA3A
13 POCTKOB, KOPHEH M 36pHOBOK IPOPOCTKOB MIIeHUIB. DepMeHT OBbUT MpeacTaBIeH HECKOIBKUMH H30(OpMaMH ¢
MOJIEKyIsipHBIM BecoM okoio 30 kJ] u UDT B xucmoii, HeiiTpansHON 1 menogHoi o0acTu. CymecTBeHHBIX pasii-
49Ul B M30()ePMEHTHOM COCTaBE YHJOXMTHHA3BI U3 PA3IMYHBIX OPraHOB IIPOPOCTKA MIICHUIBI HE BbIABIEHO. Omnpe-
JeTIeHbl HEKOTOpble (PU3MKO-XMMHUYECKHE CBOMCTBA SHIOXUTHHA3BI MIIEHUIB! — pH- 1 TeMmnepaTypHbIl ONITHUMYMBI,
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TEPMOCTAOMIBHOCTD, BIMSHHUE Pa3HbIX 2-BAJEHTHBIX KATHOHOB METAJUIOB HA aKTUBHOCTH. Pe3ynbTaThl MOTYT OBITH
UCTIONIb30BaHbl B 9H3MMOJIOT MU B3aNMOZCHCTBUS pacTeHUH U (PUTONIATOT€HHBIX TPHOOB.
Ki1roueBble ¢/10Ba: MIICHUNA, SHIOXUTHHA3A, N30(EPMEHTHL.
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