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Abstract

Govindasamy V. and Balasubramanian R. 1994. Purification and properties of apoplas-
tic chitinases from rust infected leaves of Arachis hypogaea L. Bot. Helv. 104: 79-86.

Apoplastic chitinase from rust infected leaves of Arachis hypogaea (peanut) has been
isolated and purified by ammonium sulphate precipitation, DEAE-Cellulose, Sephadex
gel filtration and preparative isoelectric focusing (IEF) techniques. IEF indicated the
isotype and acidic nature of the purified chitinase. The apparent molecular mass of
purified IWF chitinase-1 from rust infected leaves was 29 kDa. The pH and temperature
optima were 5.0 and 45°C respectively. Mercury chloride inhibited chitinase activity
completely while NaNO, activated the enzyme activity. Purified chitin was better hy-
drolysed than impure chitin. A. Aypogaea chitinase inhibited germination, germ tube
growth and appressorium formation of Puccinia arachidis uredospores. There was no
lysis of uredospore germ tubes. Growth of Trichoderma harzianum and Fusarium solani
was not inhibited. Besides, this enzyme also shows a weak lysozyme activity. Based on
acidic chitinase/lysozymic property, peanut IWF chitinase can be grouped under class ITI
chitinases of plants.

Key words: Arachis hypogaea, chitinase, purification, intercellular washing fluid, Puccinia
arachidis.

Introduction

Chitinases are induced in tissues following pathogen infection and there is indirect
evidence that this induction is important in the biochemical defense of plants against
potential pathogens (Boller 1987). Chitinases and B-1,3 glucanases have been shown to
be induced coordinately in pea (Pisum sativum) pods when inoculated with compatible
or incompatible strains of Fusarium solani and wounded or treated with chitosan (Mauch
etal. 1988a). Increased chitinase activity has been observed in various plants after
infection with the powdery mildew fungus (Erysiphe graminis f. sp hordei, Krag et al.
1990), Puccinia sp. (Fink et al. 1988) and Uromyces phaseoli on bean leaves (Schlumbaum
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et al. 1986). Chitinase activity has been monitored in different subcellular fractions of
leaves of cucumber (Boller and Métraux 1988). Most of the plant chitinases possess
antifungal property (Roberts and Selitrennikoff 1988, Mauch et al. 1988 b). Besides,
some chitinases of plant origin have lysozyme activity as well (Boller et al. 1983, Mauch
et al. 1988a).

The groundnut (peanut) rust, Puccinia arachidis colonizes susceptible leaves of
A. hypogaea intercellularly. Increased protein and chitinase activity from rust infected
detached groundnut leaves have been reported from this laboratory (Sathiyabama and
Balasubramanian 1991). Better understanding of this host-biotrophic parasite inter-
action may require isolation and analysis of properties of chitinases from intercellular
washing fluids (IWF) of A. hypogaea. In this paper we present our results in purifica-
tion and properties of chitinase from IWF of rust infected leaves of the susceptible cv.
(TMV 7) of A. hypogaea.

Materials and methods

Seeds of Arachis hypogaea L. cv. TMYV 7 obtained from Pyoor Research Station, Pyoor, (TNAU)
were used. Raising of groundnut plants and maintaining of rust infections on leaves were followed
as described (Govindasamy and Balasubramanian 1989). Leaves of 40 d old 4. Aypogaea plant
maintained in a glasshouse were used. About 7 kg of rust diseased (12 d) leaves of 4. hypogaea was
used for the purification of IWF chitinase. IWF was collected by the method of Rohringer et al.
(1983) using cold glass distilled water as an infiltration medium. The collected fluid was used after
centrifugation (20 000 g for 15 min at 4°C).

The protein content of IWF was determined by the dye binding method of Bradford (1976)
using bovine serum albumin fraction V (Sigma Chemical Co., USA) as a standard. In order to rule
out the possibility of mixing up of isolated IWF with cellular proteins, a marker enzyme such as
glucose-6-phosphate dehydrogenase (G-6-PDH; EC 1.1.1.49) was assayed by the method of Simcox
etal. (1977).

Colorimetric assay of endochitinase activity described by Boller et al. (1983) was followed.
Colloidal chitin prepared from crab shells (Skujins et al. 1965) was used as substrate. One unit of
chitinase activity is defined as the amount of enzyme which produces 100 pg of GlcNac/ml chitin
reaction mixture at 37 °C under the assay conditions. Specific activity was calculated per mg protein.

The following methods were used commonly for the sequential purification of IWF chitinase
from rust infected leaves of 4. hypogaea. All purification procedures were performed at 4°C.
Ammonium sulphate precipitated and dialysed chitinase protein from IWF was passed on DEAE-
Cellulose column (bed: 10 x 2.5 cm) which was pre-equilibrated with Tris-HCI buffer, (0.02 M, pH
7.6 containing 0.02% NaN;). After washing the bed with the same buffer, chitinase protein was
eluted with 110 ml of phosphate-citrate buffer (0.015 M, pH 5.5) followed by the same buffer
(100 ml) with a linear gradient of NaCl (0.0-0.2 M). The column was further washed with Tris-HCI
buffer, 0.125 M, pH 7.6 with a linear gradient of NaCl (0.0-0.6 M). Five ml fractions were collected,
dialysed and assayed. Absorbance at 280 nm, protein content (Bradford 1976) and chitinase activity
were monitored for each fraction. )

DEAE-Cellulose eluted chitinase active fractions were passed through a Sephadex G-100 col-
umn (bed: 85 x 2.0 cm, id, 40-120 pm, Pharmacia Fine chemicals, Uppsala Sweden) equilibrated
with sodium acetate buffer (0.05 M, pH 5.2) and eluted with the same buffer. Sephadex G-100 eluted
chitinase-active fractions were subjected to preparative isoelectric focusing in a LK B 8100-1 column
(110 ml) in a sucrose density gradient using the long range ampholine (pH 3.5-10, Servalyte, Serva,
Germany) as described by LKB Producter AB, Bromma, Sweden. After a 17 h run, 2.7 ml fractions
were collected tested for their pH (Expandable Ion Analyzer, Orion Research EA 940, USA),
dialysed against glass distilled water for 48 h and then assayed for protein and chitinase activity.

Native polyacrylamide gel electrophoresis (PAGE) was done by the method of Davis (1964).
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was performed in poly-
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acrylamide slab (12%, w/v separating and 5%, w/v stacking) gel according to the method of
Laemmli (1970). Standard proteins for molecular mass determination were purchased from Bio-Rad
(Bio-Rad, Richmond, USA). Gels were stained in 0.2% (w/v) Brillant Blue R 250 (Sigma Chemical
Co., USA).

For pH optima, sodium acetate buffer from pH 3.5 to 6.0, sodium phosphate buffer for pH 6.5
and Tris-HCI buffer from pH 7.0 to 9.0 (0.05 M each) were used with colloidal chitin (0.1%) as the
substrate. A range of temperatures from 20°C to 60°C were tried. Using 0.18 units of enzyme,
endochitinase activity was measured throughout. Effect of metal ions and inhibitors (10 mM) on
purified chitinase and by using Lineweaver-Burk plot, Michaelis-Menten constant (K,) of the
enzyme were also determined.

Chitin oligosaccharides produced by peanut IWF chitinase was analysed by high performance
liquid chromatography (HPLC) as described by Broekaert et al. (1988). Regenerated chitin pre-
pared by the method of Molano et al. (1977) was used as the substrate for HPLC analysis. Samples
were analysed by HPLC on a column of Shim-Pack CLC-NH, (5 pm, 6.0 mm % 150 mm, Shimadzu,
Kyoto, Japan). The column was eluted with 73% acetonitrile at a flow rate of 1.5 ml min~'. The
elution position of the GlcNAc oligomers was determined with a refractive index detector (RID-6A,
Shimadzu, Japan) and compared with that of GlcNAc oligomer standards of different chain lengths.
N-acetyl-D-glucosamine, N,N'diacetyl chitobiose, N,N,N'triacetyl chitotriose (Sigma Chemical Co.,
USA) were used as standard chitin oligomers.

Effect of chitinase on germination and germ tube growth of P. arachidis was determined as
described (Govindasamy and Balasubramanian 1989). Lysozyme activity of purified chitinase-I
(10 pg) was tested against Micrococcus lysodeikticus cells (Sigma Chemical Co., USA) as described
by Martin (1991). Hen egg-white lysozyme (HEW, 10 pg, EC 3.2.1.17), histamine and GlcNAc
(10 mM, Sigma Chemical Co., USA) were also included as a reference (HEW) and inhibitors of
lysozyme activity, respectively.

Results

Apoplastic chitinase activity was similar in control as well as rust infected leaves.
Negligible amount of G-6-PDH activity found in IWF suggests minimal contamination
of cytosolic protein. Ammonium sulphate of 90% saturation was used to precipitate the
protein from IWF.

DEAE-Cellulose column chromatography: Tris-HCl buffer-washed fractions con-
tained a single peak of protein which did not show any chitinase activity. Chitinase
protein was eluted by phosphate-citrate buffer which showed a single protein peak with
high chitinase activity and these fractions (between 8-13) were pooled and used for
Sephadex G 100 gel chromatography. Tris-HCI buffer (0.125 M, pH 7.6) eluted another
chitinase protein which was not processed further.

Sephadex G-100 gel chromatography: Of the two protein peaks obtained in gel filtra-
tion, the first major peak exhibited high chitinase activity whereas the second minor peak
showed low enzyme activity. Fractions (20-25) of the first, major, colourless protein
peak were pooled and used for preparative IEF.

Preparative Iso-electric Focusing (IEF): Results presented in Fig. 1 show that there
were three major protein peaks focused at different pl points. Of the three peaks, the one
focused around pH 3.0 (fractions 27-30) and the other peak below 3.0 (fractions 34-36)
showed chitinase activity. The peak focused around pH 3.0 showed higher protein and
enzyme activity was hereafter designated as chitinase-I and the other (fractions 34-36)
as chitinase-II. Only chitinase-I was taken for further characterization in this study.
Table 1 shows an increase of chitinase specific activity after each purification step.



82 V. Govindasamy and R. Balasubramanian

3.5 -
= 10 10
3_
g2.5~ -8 E -8
o 3 ‘:ED
8 2?7 i 6 5 I°
[ = (%) e
© 151 @ a
o -4 = 4
o e
- -
1 A O
il 2
0.5 .
OI IIIl:IIl}IIl!!Il}IIl}lil}lllllllllll% 'y O _LO
1 5 9 13 17 21 25 29 33 37 41

Fractions (2.5 mi/fraction)

Fig. 1. Preparative isoelectric focusing of Sephadex G-100 active fractions: —e— protein, —— pH
1 CNase activity ( x 10).

Fig. 2. a) Native PAGE (Davis system) of purified chitinase from IWF of rust infected leaves of

Arachis hypogaea. b) SDS-PAGE of purified chitinase (shown by arrow). Standard marker proteins

(Bio-Rad, USA) were: soybean trypsin inhibitor, 20 100; carbonic anhydrase, 29 000; bovine albu-
min, 66 000; phosphorylase-b, 97 000 daltons.
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Table 1. Summary of chitinase purification from IWF of rust infected Arachis hypogaea leaves.

Step Stages Total Total Specific Purifi- Yield
protein activity activity cation
(mg) (Units) (Units/mg (fold) (%)
protein)
1. Clarified IWF 420 280.0 0.66 1 100
2; Ammonium sulphate 200 172.50 0.86 13 47.6
precipitate
8 DEAE-Cellulose (PO,- 20.5 30.80 1.50 2.2 4.8
citrate buffer wash)
4, Sephadex G-100 15.0 52.50 3.50 51 3.5
5. Preparative IEF 3.5 16.00 4.57 6.6 0.8

Chitinase-I

Table 2. Effect of purified chitinase on germination and germ tube growth of Puccinia arachidis.

Control Chitinase-I added (10 pg) at time zero
Germination Germ tube Germination Germ tube
(%) length (um) (%) length (um)
70+4.11%3 29+8.2 4.0+0.8 16.4+7.0
7144.02 32442 42433 22.0+5.5

1 After a 5 h incubation period.
2 Two h post-incubation after distilled water wash.
3 +SD (N=50).

Electrophoresis: Chitinase-I purified from IWF of infected leaves showed a single
coomassie blue stained protein band on native PAGE (Fig. 2a). The apparent molecular
mass of purified chitinase-I was ca. 29 kDa on SDS-PAGE (Fig. 2b, lane 1).

Physico-chemical properties: Although there was enzyme activity between pH 4.0-7.5,
maximum activity was found in the range of pH 4.5-5.0. The temperature profile showed
that maximum chitinase-I activity was around 45°C. More than 80% enzyme activity
was retained till 60°C.

Purified chitinase-I hydrolysed several chitin substrates used with substrate speci-
ficities in the following sequence: chitin powder > regenerated chitin > colloidal chitin.
Among the various substrates, crude chitin was the least hydrolysed. Mercury chloride
(10 mM) completely inhibited chitinase-I activity. Among other metal ion solutions,
ZnSO, (10 mM) inhibited 80% of activity followed by MnCl, (10 mM) (70%). By
contrast, NaNO, (10 mM) activated (20-30%) chitinase-I activity. The approximate K
(Michaelis-Menten constant) for regenerated chitin was 0.8 mg ml ™.

Products of chitin hydrolysis: Chitinase-I produced dimer, trimer and other higher
oligomers after 3 h incubation with the substrate. Further increase in incubation time of
24 h resulted in the production of monomers and dimers only (data not shown). How-
ever, a 3 h reaction mixture incubated with B-glucuronidase (HP-2, from snail juice)
showed both monomers and dimers.
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Table 3. Effect of purified chitinase on germlings (3 h old) of the groundnut rust Puccinia arachidis.

Parameter Control Chitinase-I

5pug-ml™! 10pg-ml!?
Germ tube length (um) 6.0+1.2 3.6+0.6 2.6+0.8
Branched germlings with 50.0+2.3 1.6+0.5 1.6+0.7

appressoria (%)

— 80-85% of the uredospores had germinated.
— results were obtained 1 h after chitinase-I treatment and are given +SD (N =50).

Inhibition of germination of P. arachidis uredospores: Results presented in Table 2
show that there was a significant inhibition in germination (64%) and germ tube growth
(45%) of uredospores of P. arachidis. Chitinase-I (0.045 units) treated uredospores did
not germinate even after repeated rinses with water. In contrast to germination, germ
tube growth resumed 2 h after incubation with distilled water rinse (Table 2). The germ
tubes of P. arachidis tend to branch and form appressoria after the process of germina-
tion. In this experiment, uredospores were germinated for 3 h and germlings were incu-
bated with the purified chitinase-I to find out its effect on branching and appressoria
formation of uredospores. Results presented in Table 3 show that the number of
branched germlings with appressoria — like structures were drastically reduced (96%) in
the enzyme treated germlings, irrespective of enzyme concentration used. There was also
inhibition of germ tube growth.

The antifungal activity of chitinase-I was tested by its ability to inhibit growth of
certain chitin containing fungi. A weak inhibition of hyphal growth of Penicillium sp. at
0.045 units of chitinase was observed. Chitinase-I did not inhibit the growth of 7. har-
zianum and F. solani. When Pseudomonas fluorescens seeded agar plates were incubated
with chitinase-I for 24 h, inhibition was evident as transparent clearing around the
chitinase (0.045 units) disc (data not shown). There was no clearing zone around the
paper disc with sterile water as a control.

Lysozyme activity: Purified IWF chitinase-I of 4. hypogaea showed lysozyme activity.
The lysozyme activity of groundnut chitinase-I was inhibited completely by histamine
and GlcNAc at 10 mM.

Discussion

Results of the present study indicate that there was no alteration in apoplastic
chitinase activity of control and infected leaves. Fink et al. (1990) reported that there was
no difference in apoplastic chitinase activity in the compatible interaction of oat and
Puccinia coronata f. sp. avena. Chitinase-I purified from IWF of rust infected leaves
showed a molecular mass of 29 kDa on SDS-PAGE (Fig. 2b). The molecular mass of
plant chitinase usually falls in this range (Fink et al. 1990, Jacobsen et al. 1990). IWF of
peanut leaf chitinase showed two isoenzymes with a pl of 3.0 and below 3.0. It will be
interesting to know whether the different isoenzymes of peanut leaves are products of the
same gene or the result of different processing of the same gene products. There have
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been some similarities in pH, temperature optima and sensitivity to inhibitors between
A. hypogaea leaf chitinase and chitinases of tomato (Pegg 1988), bean plants (Boller et al.
1988) and barley grains (Jacobsen et al. 1990).

It seems that purified chitinase-I of A. hypogaea is an endochltmase, in view of the
assay system used in the present study. Results on HPLC analysis of products of hydrol-
ysis by purified chitinase substantiate this result.

The observed inhibition of germination and germ tube growth of Puccinia arachidis,
causal agent of the groundnut rust, indicates an antifungal action of 4. hypogaea chiti-
nase (Tables 2 & 3). Tobacco leaf chitinase significantly inhibited the spore germination
rate of Trichoderma hamatum (Broekaert et al. 1988). When germlings were treated with
chitinase-1, the formation of infection structures, branching and appressoria, was affect-
ed. But there was no lysis of uredospore germ tubes. It has been reported that growing
hyphal tips contain ‘nascent chitin’ which could be easily affected by chitinase (Wessels
1986, Rast et al. 1991). Instead of lysis, growth of germ tube could be arrested by
interfering with ‘nascent chitin’ present at its tip. By interfering with the ‘nascent chitin’,
the delicate balance between lytic and synthetic process of wall growth might be altered
by the addition of chitinase, at least in part (Bartnicki-Garcia 1973; Farkas 1979).

There have been considerable variations regarding the susceptibility of the different
fungal species to inhibition by plant chitinases. In Botrytis cinerea chitinase did not affect
growth at concentrations lower than 320 pum ml~! (Broekaert et al. 1988). Also purified
chitinase of 4. Aypogaea did not inhibit growth of Trichoderma harzianum and Fusarium
solani (data not shown). As mentioned by Schlumbaum et al. (1986), inhibition of some
fungi may require the combined action of chitinases and B-1,3 glucanases. 4. hypogaea
chitinase-I showed weak lysozyme activity which was inhibited by histamine-HCl and
N-acetylglucosamine. Chitinases of plants showing lysozyme activity have been reported
(Boller et al. 1983, Mauch et al. 1988a, Audy et al., 1990, Martin 1991, Lynn 1989).
Inhibition of lysozyme activity of bean chitinase by GIcNAc and histamine is very well
documented (Boller et al. 1983). This bifunctional property (chitinase/lysozyme) of
peanut chitinase may widen its spectrum of defense response against pathogenic micro-
organisms.

The authors thank Prof. A. Mahadevan, Director, for facilities and one of us (VG) thanks UGC,
New Dehli, for a fellowship.
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