
Materials and Methods 
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3.1. Plant materials 

3.1.1. Host plants 

Several tea seed varieties (TS-464, TS-491, TS-506, TS-520, TS-489, TS-

449 and TS-463) approved by Tocklai Experimental Station, Jorhat, Assam) were 

used during the present study. All the varieties mentioned above were selected for 

plantation in the experimental garden, Department of Botany, University of North 

Bengal, based on their growing suitability as observed under field conditions and 

environmental aspects, over the years at Tocklai Experimental Station, Jorhat, 

Assam, India and was recommended by Bezbaruah and Singh, 1988. All the tea 

seed varieties, used during the work are enlisted in Table 2, with their general 

characteristics. All the seed varieties were raised in the nursery of Taipoo Tea Estate 

(Siliguri) and in the experimental garden of Department of Botany, University of 

North Bengal (Plate II & Ill). 

3.1.2. Plants for extraction of botanicals used for induction studies 

Plant materials were collected from tea garden area of Eastern Himalayas as 

well as from sub-Himalayan West Bengal. The plants were selected on the basis of 

easy availability in the tea-growing areas of sub-Himalayan West Bengal. The plants 

were collected, identified and voucher specimens have been deposited in the 

Herbarium of the Department of Botany, University of North Bengal. 

3.2. Fungal culture 

3.2.1. Source 

Fungal culture, Lasiodiplodia theobromae (Pat.) Griffon & Mauble was 

obtained from Dr. A. Saha, Mycology and Plant Pathology Laboratory, Department of 

Botany, University of North Bengal. It was originally isolated from the infected tea 

plants in a tea nursery situated at Bagdogra, Darjeeling and identified (Identification 

no. 4151. 2K) from Indian Type Culture Collection, Indian Agricultural Research 

Institute, New Delhi. Two other cultures, Trichoderma harzianum and Trichoderma 
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virens were collected from Indian Type Culture Collection, IARI, Pusa, New Delhi. 

The culture codes of the two fungi were ITCC-4572 and JTCC-4177 respectively. 

Table 2: Tocklai released biclonal seed stocks (varieties) used in the study and their 
general characteristics. 

Biclonal 
seed stock 

No 
TS-449 

TS-463 

TS-464 

TS-491 

TS-506 

TS-520 

TS-489 

Year of 
release* 

1970 

1984 

1984 

1989 

1994 

1992 

1996 

Crossed between 

Assam (TV2) x a 
vigorous Cambod 
clone 

Assam (TV1) x 
Cambod clone (TV 
19) 

Cross between two 
high yielding and 
quality clones of 
Assam 

Cross between TV1 
x S3A/1, a light leaf 
Assam clone. 

Crosses between 
Assam (TV1) x 
Cambod clone. 

Crosses between 
two high yielding 
Assam clones TV19 
xTV20. 

Cross between the 
Cambod clone TV20 
x the standard 
garden clone (HK 
22/14 

Characters 

High yield potential and above 
average cup-characters with 
suitability for both CTC and 
orthodox manufacture. 

High yielding potential, fairly 
uniform in growth habit. The stock 
is suitable for both CTC and 
orthodox manufacture. 

High yielding potential, suitable for 
drought prone areas of Assam 
Valley, Tripura, Dooars and Terai. 
The stock is suitable for both CTC 
and orthodox manufacture. 

The stock possesses fairly uniform 
growth habit. It is a quality stock 
and suitable for both CTC and 
orthodox manufacture 

The stock is fairly uniform in growth 
habit, high yielding potential and 
suitable for both CTC and orthodox 
manufacture 

The stock possesses fairly uniform 
growth habit and high yielding 
potential. The stock is suitable for 
both CTC and orthodox 
manufacture 

The stock fairly uniform in growth 
and gives higher yield with good 
quality. It is suitable for both CTC 
and orthodox manufacture. 

• Released by Tocklai Experimental Station, Jorhat, Assam, north-east India. 
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Different stages of seedling-development in Taipoo Tea Estate. 

fig. a : Different tea seed varieties sown in the nursery. 

fig. b : Tea seedlings being raised in the nursery. 

fig. c : Nursery tea seedlings ready for planting in the field . 
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Different stages of seedling development in the experimental 
garden. 

fig. a: Tea seeds sown in seed-bed to raise seedling. 

fig. b: Tea seeds germinating on moistened cotton to raise seedling. 

fig. c: Tea seedling on seed-bed . 

fig . d: Tea seedlings in pots in the experimental garden. 

fig. e :Tea seedlings in the seed-bed in the nursery. 
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3.2.2. Verification of Koch's postulates 

In order to fulfill the Koch's postulations fresh young tea leaves of nursery tea 

plants collected from experimental garden, Dept. of Botany, University of North 

Bengal, Siliguri, West Bengal and Taipoo tea estate, Siliguri, West Bengal were 

used. At first, the leaves were inoculated with conidial suspensions of Lasiodip/odia 

theobromae following detached leaf inoculation technique (Dickens and Cook, 1989) 

and after 72 hours of inoculation, the pathogen in each case was re-isolated from 

infected tea leaves. Before isolation, the infected portions were cut into small pieces, 

washed thoroughly with sterile distilled water, surface sterilized with 0.1% mercuric 

chloride (HgCI2) for 1-3 minutes, washed several times again with sterile distilled 

water and finally transferred aseptically into sterile PDA slants. These isolates were 

examined after two weeks of inoculation and the identity of the organisms were 

confirmed after comparing them with the respective stock cultures. 

3.3. Major chemicals used 

In addition to the common laboratory reagents, several chemicals were used 

during the work. Some of the major chemicals have been enlisted (Table 3). 

3.4. Composition of media and solutions used 

Some of the media/solutions used during the work are listed below along with 

their standard compositions and/or modifications, if any. 

POTATO DEXTROSE BROTH (PDBl 

Peeled potato 

Dextrose 

Distilled water 

40 g 

2g 

100 ml 

Required amount of peeled potato was boiled in distilled water. The potato broth was 

taken by straining through cheesecloth and required amount of dextrose was added. 

Finally, the medium was sterilized at 15 lb p.s.i. for 15 minutes. 

POTATO DEXTROSE AGAR (PDAl 

Potato dextrose agar was prepared by adding 2% agar powder to the final 

potato dextrose broth solution. The agar was melted by heating the media before 

sterilization. 



Table 3: Major chemicals used. 

Chemical 

3,5- Dinitrosalicylic acid 

4- Dimethyl aminobenzaldehyde 

4- Hydroxybenzoic acid 

Acetic acid glacial 

Acrylamide 

Adjuvant incomplete 

Agarose 

Antirabbit lgG 

Bromophenol blue 

Congo red 

Coomassie brilliant blue 

di-Sodium tetraborate (Borax) 

DL-DOPA 

Folin and Ciocalteu's phenol reagent 

Freund's Incomplete Adjuvant 

Goat anti-rabbit lgG horseradish 

peroxidase conjugate 

Goat anti-rabbit lgG FITC conjugate 

Glutaraldehyde 

Glycerol 

Glycine GR 

Guaiacol 

Hydrogen peroxide 

L-Aianine 

Laminarin 

L-Phenylalanine 

Methanol 

Bis-Acrylamide 

Company 

Hi Media, India 

E. Merck, India 

SRL, India 

E. Merck, India 

SRL, India 

44 

Bangalore Genie, India 

SRL, India 

Bangalore Genei, India 

Hi Media, India 

Hi Media, India 

Hi Media, India 

Merck, India 

Hi Media, India 

SRL, India 

Difco Lab., USA 

Bangalore Genei, India 

Sigma, USA 

Sigma, USA 

Merck, India 

Merck, India 

SRL, India 

Merck, India 

Hi Media, India 

Sigma, USA 

SRL, India 

SRL, India 

Hi Media, India 

Contd ... Table 3. 



Table 3: (Contd ... ) Major chemicals used. 

Chemical 

TEMED 

N-Acetyi-D-glucosamine 

Nickel chloride 

0-Dianisidine dihydrochloride 

Phenol reagent 

Polyethelene glycol (PEG) 

Polyvinyl pyrrolidone (PVP) 

Potassium tetraborate 

Riboflavin 

Salicylic acid 

Sodium dodecyl sulphate 

Sodium molybdate 

Sodium tetraborate 

Sorbitol powder 

TMB/H202 

Triton-X-100 

Tween 20 

lmmunogold reagent 
[Affinity isolated aqueous glycerol suspension of 

antirabbit lgG (Whole molecule)-gold (5nm) from 
goat] 

Fluorescent brightener 

Glycol chitosan 

Bovine serum albumin 

Jasmonic acid 

Company 

SRL, India 

Hi Media, India 

Nice, India 

Hi Media, India 

Qualigens, India 

SRL, India 
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Hi Media, India 

Hi Media, India 

Hi Media, India 

Qualigens, India 

Merck, India 

Merck, India 

SRL, India 

Hi Media, India 

Bangalore Genei, India 

Hi Media, India 

Hi Media, India 

Sigma, USA 

Sigma, USA 

Sigma, USA 

Sigma, USA 

Sigma, USA 

TEA ROOT EXTRACT SUPPLEMENTED POTATO DEXTRASE BROTH (TRES

PDBl 

Tea root extract supplemented-PDB was prepared by adding 5 ml root 
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extract to 50 ml potato dextrose broth. Root extract was prepared by crushing 2.0 g 

root of young seedling in 10 ml distilled water. 

OAT MEAL BROTH (OMBl 

Oat meal 

Distilled water 

40 g 

1000 ml 

Powdered oat was boiled in distilled water in a water bath, occasionally 

stirred and strained through cheese cloth. The medium was sterilized at 15 lb p.s.i. 

for 15 minutes. 

TEA ROOT EXTRACT SUPPLEMENTED-OAT MEAL BROTH (TRES-OMBl 

Tea root extract supplemented-OMS was prepared by adding 5 ml root 

extract to 50 ml oat meal broth. 

POTATO CARROT BROTH (PCB) 

Grated Potato 

Grated Carrot 

Distilled water 

20 g 

20 g 

1000 ml 

Grated potato and grated carrot were mixed and boiled with distilled water. After 

cooling, the broth was strained through cheese cloth and the medium was sterilized 

at 151b p.s.i. for 15 minutes. 

TEA ROOT EXTRACT SUPPLEMENTED-POTATO CARROT BROTH (TRES-PCB) 

Tea root extract supplemented-PCB was prepared by adding 5 ml root 

extract to 50 ml potato carrot broth. 

YEAST EXTRACT GLUCOSE BROTH (YEGBl 

Yeast extract 

Glucose 

Distilled water 

5g 

15g 

1000ml 

Required amount of all the constituents were taken and mixed with required amount 

distilled water. All the constituents were dissolved by stirring and sterilized at 15 lb 

p.s.i. for 15 minutes. 
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TEA ROOT EXTRACT SUPPLEMENTED-YEAST EXTRACT GLUCOSE BROTH 

(TRES-YEGB) 

Tea root extract supplemented-YEGB was prepared by adding 5 ml root 

extract to 50 ml yeast extract glucose broth. 

MALT EXTRACT AGAR (MEBl 

Malt extract 

Distilled water 

20 g 

1000 ml 

Required amount of malt extract was dissolved by boiling in distilled water and 

sterilized at 151b p.s.i. for 15 minutes. 

TEA ROOT EXTRACT SUPPLEMENTED-MALT EXTRACT BTOTH (TRES-MEBl 

Tea root extract supplemented-MEB was prepared by adding 5 ml root 

extract to 50 ml malt extract broth. 

CZAPEK DOX AGAR (CDA) 

NaN03 

K2HP04 

KCI 
MgS04, ?H20 

FeS04 

3.00 g 

1.00 g 

0.50 g 
0.50 g 

0.01 g 

Sucrose 30.00 g 
Agar agar 15.00 g 
Distilled water 1 000 mi. 

Initially, all the ingredients except agar and K2HP04 were dissolved. Next, agar was 

added and dissolved by steaming. Finally K2HP04 was added to the molten 

solution, mixed thoroughly and sterilized at 15 lb p.s.i. for 15 minutes. 

RICHARD'S SOLUTION I MEDIUM (RM\ 

KN03 

KH2P04 

MgS04, ?H20 

FeCI3 
Sucrose 
Distilled water 

10.00g 

5.00 g 

2.50 g 

0.02 g 

50.00 g 
1000 ml 
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Required amount of all the constituents were taken and mixed with required distilled 

water. All the constituents were dissolved by stirring and sterilized at 15 lb p.s.i. for 

15 minutes. 

HOAGLAND AND KNOP'S SOLUTION 

KN03 

Ca (N03)2, 4H20 

MgS04, 7H20 

NH4(H2P04) 

MnS04, 4H20 

ZnS04, 7H20 

H3P03 

CuS04, 5H20 

Na2Mo04, 2H20 

H2S04 

FeC60 5H7 5H20 
' 

Distilled water 

0.61 g 

0.95 g 

0.49 g 

0.12 g 

3.00 g 

0.500 mg 

0.5 ml 

0.025 mg 

0.025 mg 

0.5 ~I 

0.2 g 

1000 ml 
Required amount of all the constituents were taken and they were mixed thoroughly 

in distilled water. 

0.2M SODIUM PHOSPHATE BUFFER. PH 6.5 

A. Na2HP04.7H20, 0.2 M = 35.61 gin 1000 ml distilled water. 

B. NaH2P04.2H20 = 31.21 gin 1000 ml distilled water. 

(32 ml of solution A and 68 ml of solution B were mixed and pH was adjusted to 6.5.) 

0.05 M SODIUM ACETATE BUFFER, pH 5.0 

A. 5.77 ml of0.1 M Glacial acetic acid in 1000 ml distilled water. 

B. 13.61 g of Sodium acetate (C2H30 2Na.3H20) in 1000 ml distilled 

water 

(6.4 ml of solution A and 3.6 ml of solution B were mixed and pH was adjusted to 

5.0) 

0.05 M BARBITAL BUFFER, PH 8.6 

Barbutaric acid (1.28g in 200 ml distilled water) adjusted pH with 0.01 M Tris

buffer (1.21 g in 200 ml distilled water) to 8.6. 
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PBS (PHOSPHATE BUFFER SALINE) 0.15 M. PH 7.2 

A. NaH2P04, 23.4g in 1000 ml distilled water 

B. Na2HP04 , 21.29g in 1000 ml distilled water 

(280 ml of solution A and 720 ml of solution B were mixed and pH was adjusted to 

7.2. NaCI (0.8%) and KCI (0.2%) was added to the buffer.) 

0.2 M BORATE BUFFER. pH 8.7 

A. Boric acid, 1.24 gin 100 ml distilled water 

B. Borax, 1.90g in 100 ml distilled water 

(50 ml of solution A and 22.5 ml of solution B were mixed and pH was adjusted 

to 8. 7) 

DINITRO SALICYLIC ACID CONS\ REAGENT 

Dinitro salicylic acid 1.0 g 

Crystal phenol 200mg 

Sodium sulfate 50 mg 

Sodium hydroxide 1.5 g 

Distilled water 100 ml 

By stirring dissolved all the constituents and store the reagent in a stopper bottle at 

4°C. The reagent deteriorates during storage due to atmospheric oxidation of the 

sulphite present. If required to be stored, prepare the reagent without dilution and 

add it just before use (Mahadevan and Sridhar, 1996). 

SILVER ENHANCER SOLUTION KIT (Sigma} 

Solution A (Silver salt) 

Solution B (an initiator) 

2.5% (w/v) Sodium thiosulphate in distilled water. 

PREPARATION OF CHITIN FROM CRAB SHELL 

Crab shell (25g) was washed with distilled water and grinding in 1 N HCI to 

form a paste. Then it was treated with 0.8 N NaOH containing KMn04 for 30 minutes 

and washed with distilled water to obtain clean paste. It was dried at room 

temperature and stored for further use (Berger & Reynolds, 1958). 
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3.5. Growth and physiology of the pathogen Lasiodiplodia theobromae 

3.5.1. Influence of different culture media 

Growth and sporulation of the pathogen was first studied in potato dextrose 

broth (PDB), oat meal broth (OMB), potato carrot broth (PCB), yeast extract glucose 

broth (YEGB) and malt extract broth (MEB). Media (40ml) were prepared in 250 ml 

conical flasks and 15 flasks of each media were inoculated with 4 mm mycelial discs 

taken from advancing zones of mycelia of L. theobromae cultured in PDA plates. The 

flasks were incubated at 28±1 °C. Sporulation and mycelial dry weights were 

recorded at 5 days intervals until 25 days. Subsequently all media were 

supplemented with tea root extract and similar studies were conducted. For 

preparation of root extract, tea roots were washed thoroughly, first with tap water and 

then with distilled water, patted dry with blotting paper and weighed. Clean fresh 

roots were homogenized in distilled water, centrifuged at 3000rpm for 10 min and the 

supernatant was added to the media to get a final concentration of 5 g fresh weight 

of tea root in 1 OOml media. 

3.5.2. Assessment of growth and sporulation 

For assessing the growth of the fungus, mycelial mat was harvested after the 

required incubation period, strained through cheesecloth, blotted and taken in pre

weighed aluminium foil. The foils were dried at 60°C for 24 h and dry weight was 

recorded. For estimation of sporulation, a small portion of rnycelia was mounted in 

facto-phenol and observed under compound microscope. 

3.5.3. Influence of light conditions 

The fungus was allowed to grow in 40 ml tea root extract supplemented-PDB 

medium taken in 250 ml Ehrlenmeyer flasks under three different light conditions: 

alternate 12h light and dark, 24h light and 24h dark periods. The flasks were 

inoculated in triplicate with 4 mm mycelial discs and the extent of sporulation and 

mycelial dry weight were recorded after 15 days of incubation at 28 ± 1°C. 
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3.5.4. Influence of different pH 

Tea root extract supplemented-PDB medium (40 ml taken in 250 ml 

Ehrlenmeyer flasks) was adjusted to different pH, ranging from 2.5 to 8.5, by adding 

1 N HCI or 1 N NaOH. Following inoculation with 4 mm mycelial discs, the flasks were 

incubated at 28 ± 1°C. Each treatment was replicated thrice. Mycelial dry weight and 

sporulation was recorded after 15 days. 

3.5.5. Influence of temperature 

Tea root extract supplemented-PDB (40 ml) in 250 ml conical flasks were 

inoculated with 4 mm mycelial discs and incubated at different temperatures (4°C-

400C at intervals of 4°C) taking 3 flasks for each temperature condition. Mycelial dry 

weight was recorded after 15 days of incubation. 

3.6. Inoculation with pathogen and disease assessment 

3.6.1. Leaf inoculation technique 

Following the whole plant inoculation method of Dickens and Cook (1989), 

nursery tea seedlings (raised through seed germination) were treated with the test 

pathogen. Inoculation was done by spraying conidial suspensions (1 x1 o6 conidia/ml) 

prepared from 15 days old cultures of test pathogen grown on sterile tea root extract 

supplemented potato dextrose agar slants. In control set plant were sprayed with 

sterile distilled water. The plants were kept for 48 hours in glass chamber to maintain 

high humidity. 

3.6.2. Root inoculation technique 

Disease assessment of root was done on the basis of visual observation of 

lesion on roots after 4, 8, 12, 16 days of inoculation as described by Kobriger et at. 

(1998) with some modifications. Seven tea seed varieties (TS-449, TS-520, TS-491, 

TS-463, TS-489, TS-464 and TS-506) were taken for pathogenicity test of L. 

theobromae on roots to determine root disease index. In the beginning of the 

experiment sterile seedbeds were prepared. To prepare sterile seed bed a plastic 

pot (1 0 em in diameter) was filled up with 500g soil with adequate water for 
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moisturizing the bed, covered with polythene sheet and autoclaved at 1.5 lb pressure 

for 30 minutes. After cooling, polythene cover of the pots were removed. Tea seeds, 

5 to 7 in nos. per pot were sown in 2-3 em depth in the sterile seed bed. The pots 

were watered regularly and allowed to raise seedlings. Seedlings of the pots were 

inoculated with conidial suspension (1 x1 o6 conidia/ml) prepared from 15-days old 

culture of Lasiodip/odia theobromae, grown in sterile tea root extract supplemented 

potato dextrose agar (TRES-PDA) slants. 

3.6.3. Leaf disease assessment 

Twenty plants of each variety were inoculated in the treatment. Seven tea 

seed varieties (TS-449, TS-520, TS-491, TS-463, TS-489, TS-464 and TS-506) of 6 

month old were taken for the test. 

The number of lesions developed on the leaves after 4, 8, 12 and 16 days of 

inoculation were counted and diameters of each lesion were measured. The results 

were computed following the method of Sinha and Das (1972). The diameters were 

categorized into four groups and a value was assigned to each group as follows: 

•!• Very small-restricted lesions of 1-2 mm diameter: 0.1 

•!• Lesions with sharply defined margins of 2-4 mm diameter: 0.25 

•:• Slow spreading lesions of 4-6 mm diameter: 0.5 

•!• Spreading lesions of variable size (beyond 6 mm in diameter) with diffused 

margin: 1.0 

The number of lesions in each group was multiplied by the value assigned to it and 

the sum total of such values was noted and disease index was computed as the 

mean of observations on fifteen plants per treatment. 

3.6.4. Root disease assessment 

Root diseases were assessed following the method of Kobriger et a/. (1998). 

Fifteen viable tea seeds were taken for each varietals test. Following inoculation, tea 

seedlings were sampled after 4, 8, 12 and 16 days. The whole experiment was 

performed in a glass chamber to maintain high humidity. Severity of the symptoms 

was graded into five disease classes (0- 4) (Table 4). The seedlings were uprooted 
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carefully and graded as mentioned bellow. Mean values of the 15 plants were 

considered as mean root disease index (Table 5). 

Table 4: Disease classes of tea roots after infection with Lasiodiplodia theobromae. 

Disease 

classes 
Feature of lesion 

0 indicates no disease lesion on root 

1 indicates slightly affected brown lesion on roots 

2 indicates deep brown lesion on roots 

3 indicates severe browning of roots turn to blackish 

4 indicates completely damaged roots with black lesions 

Table 5: Procedure of calculating root disease index after infection with 
Lasiodiplodia theobromae. 

Disease classes (DC) 

Variety After 16 days of inoculation with L. 

theobromae 

0 1 2 3 4 

TS-449 Pot# 1 (5 seedlings) 0 2 2 2 1 

Plant (P) per Pot# 2(5 seedlings) 0 1 1 1 2 

class Pot# 3(5 seedlings) 0 2 2 2 1 

0 5 7 5 4 

Total plants (T) 0+3+4+4+4 

PxDC 0 3 8 12 16 

~ (P x DC) 0+3+8+12+16 

Disease Index = [~(P X DC) X 100]/ (T X 4) 65.0 

3.7. Antigen preparation 

Tea root antigens: The protein extraction procedure of Alba and DeVay (1985) and 

Chakraborty and Saha (1994b) were followed in order to extract root antigens from 

young tea seedlings. Fresh, roots of the required varieties of tea were collected and 
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kept for 2 hours at -20°C. The cold roots (20 g fresh weight in each case) were 

grounded in pre-chilled mortar at 4°C with 20 g of insoluble polyviny/pyrro/lidone 

(PVP). The root paste was suspended in cold 0.05 M sodium phosphate buffer (pH 

7.0) containing 0.85% sodium chloride and 0.02 M ascorbic acid. The root slurry was 

strained through muslin cloth and centrifuged at 4°C for 30 minutes at 12,100 g. The 

supernatants were collected and ammonium sulphate was added at 4°C to 100% 

saturation under constant stirring, kept overnight at 4°C and finally centrifuged at 4°C 

for 15 minutes at 12,100 g. The precipitate obtained was dissolved in cold 0.05 M 

sodium phosphate buffer (pH 7.0) and was dia/ysed against 0.005 M sodium 

phosphate buffer (pH 7.0) for 24 hours at 4°C with 10 changes. After dialysis, the 

preparation was centrifuged at 4°C for 15 minutes at 12,100 g and supernatant was 

stored at -20°C until required. 

Antigens from leaf and stem: In case of leaf antigens fresh young tea leaves of the 

required varieties of tea were collected from experimental garden washed thoroughly 

with cold water and kept for 2h at -20°C. Similarly for stem antigens, stems of 

required varieties were collected from young plants (6 to 9 months old) from 

experimental garden. The stems were washed thoroughly with cold water and kept 

for 2 h at -20°C. Antigens of leaf and stem were extracted following the technique as 

followed in case of extraction of root antigen. 

Fungal mycelial antigens: Mycelial antigens of Lasiodip/odia theobromae were 

prepared to raise antisera following the method as described by Chakraborty and 

Saha (1994b) with some modifications. Mycelial discs (4 mm diameter) were 

transferred to 10 Ehrlenmayer flasks of 250 ml capacity, each containing 50 m/ of 

sterilized PDB medium and incubated at 28± 2°C. After 15 days, the fungal mycelia 

were harvested, washed with 0.2% sodium chloride and rewashed with sterile 

distilled water. Washed mycelia (25 g fresh weight) were homogenized with 0.05 M 

sodium phosphate buffer (pH 7.4) containing 0.85% sodium chloride in a mortar and 

pestle with sea sand and kept overnight at 4°C. The homogenates were then 

centrifuged at 4°C for 30 minutes at 12,100 g. The supernatant was equilibrated to 

100% saturated ammonium sulphate under constant stirring and again kept 

overnight at 4°C. Next the mixtures were centrifuged at 4°C for 30 minutes at 12,100 

g. The supernatants were discarded and precipitates were dissolved in cold 5ml 0.05 
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M sodium phosphate buffer (pH 7.4 ). The preparations were dialyzed for 24 hours at 

4°C against 0.005 M sodium phosphate buffer (pH 7.4) with 10 changes. After 

dialysis, the preparations were centrifuged at 4°C for 15 minutes at 12,100 g and 

supernatant was stored at -20°C until further use. Protein content of both the plant 

and fungal antigens were determined following the method of Lowry el a/. (1951) 

using bovine serum albumin (BSA) as standard. 

3.8. Immunization of rabbits and collection of sera 

Antisera were prepared against the antigens of TS-449 and L. theobromae by 

giving intramuscular injections (1 ml) of antigens emulsified with equal volume of 

Freund's complete adjuvant (Plate IV). The doses were repeated at 7 days intervals 

with Freund's incomplete adjuvant for six consecutive weeks. Final protein 

concentration was 2 mg/ml in the emulsion. On the fourth day after the last injection, 

the blood samples were collected and antisera were prepared. 

Blood from rabbits was taken by puncturing the marginal ear vein. At first the 

rabbits were taken out from the cage, placed on a table and the hairs were removed 

from the vein of the ear with a sterilized blade and were disinfected with rectified 

spirit. After irritation of the ear with xylene, an incision was made with a sharp 

sterilized blade on the border vein of the ear and about 1 0 ml blood was collected in 

a sterile glass graduated tube. After taking the desired quantity of blood precautions 

(adhesive surgical tapes etc.) were taken to stop the flow of the blood from the 

punctured area of the ear. The blood samples were kept undisturbed for an hour at 

35-37°C for clotting. In order to avoid the loss of serum included within the clot, it 

was loosened from the glass surface by turning a sterile wooden stick around the 

glass near the glass wall. Finally normal sera (pre-bleed sera) as well as antisera 

were clarified by centrifugation at 4°C for 10 minutes at 3000 g and were distributed 

in sterile cryo-vials and stored at -20°C until required. In addition to rabbit normal 

sera goat normal sera was also prepared in the same way for immunogold lebeling. 

Titres of antisera: Titres of antisera against the homologous antigens and titres of 

antigens against homologous antisera were determined following immunodiffusion 

technique as described by Ouchterlony (1967) and Clausen (1969). A constant 

amount (5 ~I) of undiluted antiserum or antigen was placed in the central well, while 
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fig. a : New Zealand white male rabbit (Approximately 8 month old & 1.6 Kg . 
Body weight). 

fig. b :Administration of intramuscular injection in rabbit. 

fig. c :Ear vein puncture. 

fig. d :Collection of blood. 



57 

diluted antigens or antisera (diluted with normal saline with ratios 1:1, 1:2, 1:4, 1:8, 

1:16, 1:32, 1:64 and 1:128, respectively) were pipetted into the outer well. Diffusion 

was allowed for 48-72 hours at 25°C in a humid chamber. Titre was expressed as 

the reciprocal of the highest dilution of antiserum or antigen that reacted with antigen 

or antiserum giving precipitin lines. 

3.9. Evaluation of antisera for presence of cross-reactive antigens (CRA) 

3.9.1. Immunodiffusion (10) 

Agar gel double diffusion test was performed following the method of 

Ouchterlony (1958). Barbital buffer (50 ml, 0.05 M, pH 8.6) was taken in a100 ml 

Ehrlenmayer flask and was placed in a boiling water bath. Agarose (0.4g) was mixed 

with hot barbital buffer. The buffer-agarose mixture was carefully placed on water 

bath. Finally a clear molten agarose solution was prepared. The solution was then 

mixed with 0.1% (w/v) sodium azide (a bacteriostatic agent). The agarose solution 

was dispensed carefully in clean and dry square and rectangular glass plates of 6 

em X 6 em and 6 em X 3 em respectively so that no air bubble was trapped in the 

agarose medium to avoid asymmetrical diffusion. Before dispensing, the glass plates 

were washed with extran solution and water and then the glass plates were serially 

dipped in 90% ethanol, ethanol:ethyl ether (1 :1, v/v) and ether for removal of grease, 

if any. The glass plates were placed inside sterile petridishes. When the agarose 

solution was solidified, 3 to 6 wells of 5 mm diameter were cut using a sterile cork 

borer. The distances of the peripheral wells from the central wells were 5-7 mm. The 

antigens, normal sera and undiluted antisera were placed with a micro pipette 

directly into the appropriate wells and diffusion was allowed to continue in a humid 

chamber at 25°C for 48-72 hours. The precipitation reaction was observed after 

proper staining of the slides only in cases where common antigens were present. 

3.9.2. Immunoelectrophoresis (IE) 

For immunoelectrophoresis rectangular glass pieces (8 em X 3.5 em) were 

made grease free as mentioned earlier in section 3.13.1. The slides were dried and 

placed on a clean surface. Thin and uniform layers (2 mm thick) of fluid agarose 

medium (0.8%), containing 0.1% sodium azide in 0.05 M barbital buffer (pH 8.6) 

were dispensed on each slide, taking care so that no air bubbles were trapped in the 
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agarose medium. This was necessary in order to avoid irregularity that may cause 

asymmetrical migration and diffusion during later stages. Finally, the slides were 

stored at 4 °C in petridishes and used within 24 hours. 

The agarose coated slides were placed in the middle compartment of the 

electrophoretic platform and two central wells of 4 mm diameter were dug out from 

each slide. The anode and cathode chambers were filled with 0.05 M barbital buffer 

(pH 8.6). Different antigens were placed into separate wells. Bromophenol blue was 

used as marker for tracing the electrophoretic movement of the antigens. Filter paper 

(Whatman-1) strips were soaked in buffer and placed on both ends of the slides, 

which connected the buffer solution of anode and cathode compartments with the 

agarose surface of the slides. An electric current of 2.5 mAmp/slide; 10 V/cm was 

passed through the slides for two hours in cold (4°C) conditions. When the 

bromophenol blue marker reached near the short edge of the glass slides the current 

was discontinued and the glass slides were taken out. 

A longitudinal trough parallel to the long edge of the slides was cut between 

the two central wells of the agarose surface and undiluted antiserum was placed into 

the trough. Diffusion was allowed to continue for 24-48 hours in a moist chamber at 

25°C. Precipitation arcs if formed were recorded. 

Staining, destaining and washing of slides: After immunodiffusion and 

immunoelectrophoresis the glass slides were washed with 0.9% aqueous sodium 

chloride carefully for 48 hours to remove all the un-reacted antigens and antisera 

widely dispersed in the agarose surface. Following that the slides were washed with 

distilled water for three hours to remove the sodium chloride and dried at 40°C for 30 

minutes. Next, the slides were stained either with 0.5% coomassie blue or 0.5% 

amide black (0.5g coomassie blue/amide black, 5 g HgCI2 and 5 ml glacial acetic 

acid dissolved in 95 ml distilled water) for 30 minutes at room temperature, washed 

thrice with 2% v/v acetic acid for three hours (one hour each time) to remove the 

excess stain. Finally the slides were washed with distilled water and dried at 40°C for 

30 minutes. 
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3.10. Screening of commercially cultivated tea varieties by indirect 

ELISA 

Combining the methods of Koeing and Paul (1982) and Talbot (2001 ), 

indirect ELISA was performed. At first antigens were diluted with coating buffer 

[carbonate buffer (0.1 M), pH 9.6] and 100 ~I of each diluted antigens were placed 

on the wells of a flat bottomed micro titre ELISA plate (Tarsons) except one well 

which was considered as blank. The plate was incubated overnight at 4°C in 

refrigerator. After incubation, the plate was taken out and each well of the plate was 

flooded with phosphate buffer saline (PBS)-Tween (0.15 M PBS + 0.8% NaG! + 

0.02% KCI + 0.05% Tween 20) and washed thoroughly for four to five times. After 

washing the plate was dried in air. Following this, 100 ~I of PBS-BSA (0.15 M PBS 

containing 1% BSA) was added to each well to coat all the unbound sites. The plate 

was incubated for 2 hours at room temperature. After incubation, the plate was 

again washed with PBS-Tween and air-dried. After this, 100 ~I of diluted antisera 

(diluted with PBS-Tween) were added to each well except the blank and the control 

wells where normal sera were added (serially diluted with PBS-Tween containing 

0.5% BSA). The plate was incubated overnight at 4°C. In the next day, thorough 

washing of the plate was done with PBS-Tween. After washing and drying, 100 ~I 

(1 :1 0000) goat-anti rabbit lgG-Horse radish peroxidase conjugate was added to each 

well except the blank and the plate was incubated for 2 hours at 30±2°C. After 

incubation, the plate was again washed with PBS-Tween and shaken dry. Then 100 

~I (1 :20) of tetramethyl benzidine/hydrogen peroxide {TMB/H202), a chromogenic 

substrate was added to each well except the blank. After addition of substrate, a blue 

colour was produced due to the reaction between the enzyme and the substrate. 

Finally, the reaction was terminated after 30 min by adding 100 ~I of 1 N H2S04 to 

each well except blank. Absorbance values were recorded in an ELISA reader (Mios 

Junior, Merck) at 492 nm. 



60 

3.11. Cellular location of CRA 

3.11.1. Immunofluorescence (IF) staining of host and pathogen 

The technique as described by DeVay et a/. (1981 a) was followed with some 

modifications. Thin, uniform, cross sections (0.5mm in diameter) of roots (used as 

antigens) were cut using blade, placed into the sterile microscopic slides containing 

albumin. After adhering, the sections were treated with 95% ethanol-ethyl ether (1 :1 

v/v) for 10 minutes at room temperature for fixing. Next, the slides were treated with 

95% ethanol for 20 minutes at 37°C. The fixed root sections were then flooded with 

normal sera or with ten-fold dilution (diluted with 0.01 M potassium phosphate buffer, 

pH 7.0, containing 0.14 M sodium chloride) of appropriate antisera. The slides were 

then incubated for 30 minutes within a moist chamber. After incubation, the slides 

were washed with PBS (pH 7.2) for 2-3 times and air-dried. Following that, the 

diluted (diluted with carbonate-bicarbonate buffer, pH 9.6 in 1 :40 dilution) goat-anti 

rabbit JgG conjugated with fluorescein isothiocyanate (FJTC) was added and the 

slides were kept in the dark. The treatment of goat-anti rabbit JgG conjugated with 

fluorescein isothiocyanate (FJTC) and further steps were performed in a dark room. 

After 30 minutes, the slides were again washed twice with PBS and once with 

distilled water and air-dried. Finally, the slides were mounted in a glycerol based 

mounting medium (Hardham et a/., 1986) and a cover glass was placed on the root 

section and sealed. The slides were observed in a fluorescence microscope (Leitz, 

German). Photographs were taken with a Leica Wild MPS 48 camera on Fuji BOO 

ASA photographic film. 

3.11.2. lmmuno gold labeling and silver enhancement of host and 

pathogen 

Fresh healthy roots of tea seed varieties were collected and washed 

thoroughly. The roots were kept at 4°C before use. Thin uniform cross sections of 

roots were cut, placed into clean grease free slides. Water drops (1 001JI) were 

mounted on each section. The slides were incubated in cold for 30 minutes and then 

excess water surrounding the sections was blotted off. Thirty microlitre of blocking 

buffer (D. 15M PBS pH 7.2 containing 5% normal sera of goat) was placed on the 
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sections and incubated for 10 minutes. Excess solution was wiped off and primary 

polyclonal antibody (1 :50 dilution) raised in rabbit against antigens were applied on 

the sections and incubated overnight at 25°C. After incubation the sections were 

carefully rinsed in 0.15 M PBS (pH 7.2) for 4 minutes. Excess buffer was poured off 

by tilting the slide slightly. After this 1 001-JI of diluted (1 :50) immunogold reagent 

(Sigma, USA) was used in each slide and allowed to incubate for 1 hour. After 

incubation the sections were again rinsed for 4 minutes with PBS. Excess buffer was 

poured off and the sections were fixed in 2001-JI of PBS-glutaraldehyde (2.5% 

glutaraldehyde solution in PBS) for 15 minutes. The sections were rinsed in distilled 

water and placed on slides for silver enhancement. Silver enhancement kit of Sigma 

Product No. SE-1 00 was used. Initially solution A (silver salt) and solution B (an 

initiator) were mixed (1 :1) according to the manufacturer's instruction. Mixed solution 

(1 00 IJI) was used to flood each section. After 5 minutes of incubation the cross 

sections were washed with distilled water. Distilled water was poured off and 1 001-JI 

of sodium thiosulphate solution (2.5% aqueous) was placed on the sections and 

allowed to incubate for 3 minutes. The sections were again washed in distilled water 

and mounted on slides with a drop of distilled water. Immediately after staining 

photographs were taken using binocular light microscope (Unicon, India) using digital 

camera (Canon, A310) with appropriate attachment system. 

This test was performed to determine cellular location of cross-reactive 

antigens and homologous antigens using immunogold labeling tools. For this 

experiment young roots of two tea seed varieties, susceptible (TS-449) and resistant 

(TS-491) of 6 month old plants were taken. To determine cellular location of cross

reactive antigens and homologous antigens two different antisera, 449A and L TA 

raised against the antigens of TS-449 (449a) and Lasiodiplodia theobromae (L Ta) 

were used. 

3.12. Application of inducers 

3. 12. 1. Application of abiotic inducers 

Freshly prepared abiotic inducers (NiCI2 , 10-4M; Salicylic acid, 10-2M; 

Jasmonic acid, 1 a-2M) was applied on lower leaves of tea plants of 6 months old, 

using hand sprayer leaving 3-4 topmost leaves. The treated plants were marked by 
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tagging. After inducer treatment, upper leaves were challenge-inoculated with 

conidial suspension (1x106conidia/ml) of Lasiodiplodia theobromae. Two 

corresponding control sets (treated-uninoculated and untreated-uninoculated) were 

also maintained for each treatment to compare the observed results. The whole 

experiment was performed in a glass chamber to avoid any contamination. 

Untreated and uninoculated upper leaves were sampled after Od, 1 d, 2d, 3d and 4d 

following inoculation. 

3. 12. 2. Application of biotic inducers 

Inocula of wheat grains of plant growth promoting fungi (PGPF) like 

Trichoderma harzianum and T. virens, were prepared as follows: Autoclaved wheat 

grains medium (wheat grains, 1 OOg; calcium sulphate, 35g; calcium carbonate, 3.5g 

in 250ml flask) were inoculated with mycelium of each PGPF isolate of 10 days old 

culture and allowed for incubation. After 10-12 days of incubation at 25°C, the 

completely colonized wheat grains were air dried at 22-25° C. The dried wheat 

grains inocula were ground to 1- to 2-mm particle size for use. 

The prepared wheat grains inocula (25g) were mixed with 1 kg-potted soil of 

tea plants of 6 months old carefully without damaging roots. After mixing of inocula in 

potted soil, lower tea leave were challenge-inoculated with conidial suspension 

(1 x1 06conidia/ml) of Lasiodiplodia theobromae leaving 3-4 top most leaves. Two 

corresponding control sets (treated-uninoculated and untreated-uninoculated) were 

also maintained for each treatment to compare it. The whole experiment was 

performed in a glass chamber to avoid contamination. Untreated and uninoculated 

upper leaves were sampled after Od, 1 d, 2d, 3d and 4d following inoculation. 

3. 12. 3. Application of plant extracts as inducers 

Some plant materials were collected (Plate V) from nearby areas. Freshly 

harvested leaves (500g) were crushed in 1 L distilled water using mortar and pestle 

at 4°C. The crushed slurry was strained through muslin cloth and stored at 4°C for 

treatment of plants. Aqueous leaf extracts were applied on lower leaves of tea plants 

of 6 months old using hand sprayer leaving 3-4 topmost leaves. The treated plants 

were labeled accordingly. After leaf extract treatment, treated lower leaves were 
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l§ijijj Plants used for extraction of botanicals. 

Fig.a: Catharanthus roseus. 

fig.b: Acalypha indica. 

fig.c: Azadirachta indica. 
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inoculated with conidial suspension (1x106conidia/ml) of Lasiodiplodia theobromae. 

Two corresponding control sets (treated-uninoculated and untreated-uninoculated) 

were also maintained for each treatment to compare. The whole experiment was 

performed in a glass chamber to avoid contamination. Untreated and uninoculated 

upper leaves were sampled after Od, 1 d, 2d, 3d and 4d following inoculation by L. 

theobromae. 

3.13. Assay of Phenylalanine ammonialyase (PAL) 

PAL activity was determined as the rate of conversion of L- phenylalanine to 

trans-cinnamic acid at 290 nm as described by Sadasivan & Manickam, 1996. For 

PAL activity, leaf tissue (1 g) was homogenized in 5ml of 0.25 M borate buffer, pH 8. 7 

containing 0.1 g insoluble polyvinylpyrrolidone (PVP) in a morter and pestle at 4 °C. 

The homogenate was filtered through muslin cloths and centrifuged at 12000g at 4°C 

for 15 minutes. The yellowish green supernatant was used as crude enzyme extract. 

The reaction mixture containing 0.2 ml of distilled water and 1.0 ml of 0.1M L

phenylalanine were incubated at 30° C for 30minutes. The reaction was stopped by 

addition of 0.5 ml of 1M Trichloroacetic acid. The absorbance at 290 nm was 

recorded by using a UV-VIS Spectrophotometer (Systronics, Model no.118, India). 

Enzyme activity was expressed on fresh weight basis (J.lmol min-' g-1 using trans

cinnamic acid as standard). 

3.14. Assay of Polyphenol oxidase (PPO) 

Polyphenol oxidase activity was determined following the procedure as 

suggested by Sadasivan & Manickam, 1996. One gram of tea leaves were 

homogenized in 5.0 ml of 50 mM Tris-HCI buffer, pH 7.2 containing 0.4 M sorbitol 

and 1.0 mM NaCI. The homogenate was centrifuged at 12000g at 4°C for 10 minutes 

and supernatant was considered as enzyme source for polyphenol oxidase. In a 

cuvette 2.5 rnl of 0.1 M sodium phosphate buffer, pH 6.5 and 200 J.!l of the extracted 

enzyme was mixed. The cuvette was placed in a UV-VJS spectrophotometer 

(Systronics, Model no.118, India) and the initial reading was adjusted to zero at 495 

nm. Three hundred J.!l of 0.01 M catechol was added to the cuvette and the changes 

in absorbance were recorded at 1 minute intervals upto 5 minutes. The enzyme 
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activity was expressed as change in absorbance. Enzyme activity = K x (AA min·') 

11mol min·' g·' fresh weight tissue (K= 0.272 for polyphenol oxidase). 

3.15. Assay of chitinase 

3.15.1. Estimation of chitinase 

The colorimetric assay of chitinase was carried out according to the 

procedure developed by Mahadevan and Sridhar, (1982). Colloidal chitin was 

prepared as per the method of Berger and Reynolds, (1958). One gram of tea leaves 

were extracted in 5.0 ml of 0.1 M sodium acetate buffer, pH 5.2 containing 700mg of 

PVP using mortar and pestle in cold condition. The homogenate was filtered by 

using four layered muslin cloth, centrifuged at 1 OOOOg for 10 minutes and the 

supernatant was used as crude enzyme source. The assay mixture consisted of 

0.5ml crude enzyme, 0.25ml of 0.1 M sodium acetate buffer, pH 5.2 and 1 ml colloidal 

chitin (1.8mg/ml) incubated at 37° C for 2h. One ml of reaction mixture was taken 

and then 1 ml of distilled water was added to it. The mixture was boiled for 10 

minutes and centrifuged at 5000g for 3 minutes to stop the reaction. One ml of the 

supernatant was added to 0.1 ml of 0.8M potassium tetra borate and boiled exactly 

for 3 minutes. Then hot mixture was cooled and added to 3ml of para-di-methyl 

amino benzaldehyde (DMAB) reagent. Samples were incubated again at 37°C for 20 

minutes. Immediately after incubation the mixture was cooled and absorbance was 

recorded within 10 minutes at 585 nm in a UV-VIS Spectrophotometer (Systronics, 

Model no.118, India). Enzyme activity was expressed on fresh weight basis ( mg . 

. h-1 g-1
) using N-Acetyi-D Glucosamine as standard. 

3.15.2 Chitinase activity by chitin supplemented plate method 

Chitinase activity was determined following the procedure of Bargabus eta/., 

2002. Ten ml of 0.01 M sodium phosphate buffer, pH 5.0 containing 1% agarose and 

0.1% glycol chitin was boiled for 5 minutes. The boiled mixture was then poured in 

sterile glass petriplate (90mm in diameter) and allowed to solidify. After solidification 

six wells (3. 0 mm in diameter) were excised from the agarose using sterile cork 

borer. Crude enzyme extract (200fJI) extracted from different treated tea plants were 

loaded into the five different wells and were marked to assign corresponding extract. 
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To compare the activity of chitinase one well was loaded with untreated-uninoculated 

crude enzyme extract as control. The plates were inocubated at 37°C for 2 days. 

After incubation, 50 ml of 500mM Tris-HCI buffer, pH 8.9 containing 0.01% 

fluorescent brightner-28 was added to each plate and incubated for 10 minutes. The 

plate was then quickly rinsed three times with water and destained overnight in the 

dark. Non-fluorescent lytic regions on a fluorescent background were measured after 

placing the plates on an UV-Iight source. Chitinase activities were measured by 

diameter and by visual observation of intensity of the lytic zones. Enzyme activities 

of the lytic zones were expressed by four different intensity grades like: + = very low, 

++=low, +++=high, ++++=very high. 

3.16. Assay of 13-1 ,3-glucanase 

Activity of P-1,3-glucanase was calorimetrically assayed by the laminarin

dinitrosalicylate method (Pan eta/., 1991). One gram tea leaves were extracted with 

5.0ml of 0.05M sodium acetate buffer, pH 5.0. Extraction was done in a pre-chilled 

morter and pestle. The extract was centrifuged at 1 OOOOg at 4° C for 15 minutes. The 

supernatant was used as crude enzyme extract. The crude enzyme extract of 15.6 J.!l 

was added to 15.6 J.!l of 4% laminarin (Sigma, USA) and then incubated at 40° C for 

10 minutes. The reaction was stopped by addition of 94 J.!l of dinitrosalicylic acid 

reagent followed by heating for 5 minutes on a boiling water bath. The final colored 

solution was diluted with 1.0 ml of distilled water and absorbance was recorded at 

500 nm in a UV-VIS Spectrophotometer (Systronics, Model no.118, India). Enzyme 

activity was expressed on fresh weight basis (nmol min-' mg-1
) using 0-Giucose as 

standard. 

3.17. Assay of Peroxidase 

Peroxidase activity was determined according to the procedure given by 

Hammerschmidt et a/., 1992. One gram leaves were extracted in 5.0ml of 0.1 M 

sodium phosphate buffer, pH 6.5. The extraction was done in a pre-chilled morter 

and pestle at 4°C. The homogenate was filtered through muslin cloth and the filtrate 

was centrifuged at 6000g at 4°C for 20 minutes. Supernatant was considered as 

enzyme source. In a cuvette, 1.5 ml of 0.05M guaiacol and 100 J.!l of extracted 
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enzyme was mixed. The cuvette was placed in a UV-VIS spectrophotometer 

(Systronics, Model no.118, India) and the initial reading adjusted to zero at 420 nm. 

One hundred 111 of H20 2 (1% v/v) was added to the cuvette and the changes in 

absorbance were recorded at 1 minute intervals upto 5 minutes. The changes in 

absorbance (l1A 420 min-1 g-1 fresh weight) of 0.001 were considered as unit of 

enzyme activity. 

3.18. Polyacrylamide gel electrophoresis (PAGE) 

Enzyme patterns of tea plants were determined by polyacrylamide gel 

electrophoresis (PAGE) following the method of Davis (1964) with modification. 

Clean gel cassette (1 Ox1 Ocm) with spacer (1.5 mm in breath) was used for gel 

casting. Mixture of working gel solution was prepared as follows: 

Lower gel (1:11:111 = 1:1:1) Upper gel (IV:V:VI = 2:1:1) 

Solution 1: Acrylamide, 30g; Bis- Solution IV: Acrylamide, 5g; Bis

acrylamide, 0.8g; Distilled water, 1 OOml acrylamide, 1.25g; Distilled water, 1 OOml 

Solution II: Tris, 18.15g; (N) HCI, 24.0ml; Solution V: Tris, 2.10g; (N)HCI, 13.0ml; 

TEMED, 24.0ml; Distilled water, 1 OOml Distilled water, 86.8ml 

Solution lll:Ammonium peroxidisulphate, Solution VI: Riboflavine, 2mg; 2M 

60mg; Distilled water, 1 OOml (Prepared Sucrose, 1 OOml 

freshly) 

Lower gel solution was poured slowly into the gel casting chamber up to a 

height of ?em and a drop of water was placed on the top of the lower gel solution to 

make a plain surface on to the top. The gel was kept as such until solidification. 

Water drop was soaked with filter paper and the lower gel was over layered with the 

upper gel solution. Comb was dipped in the upper gel solution leaving a gap of 1 em 

between the two gels and kept in bright fluorescent light until the gel solidified. After 
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solidification the comb was removed and the gel with cassette was fitted on to the 

upper and lower reservoir. 

Soluble protein (4mg lane-') was added to an equal volume of glycerol and a 

trace of bromophenol blue and eventually loaded in the gel lane. Gel running buffer 

(Tris, 6.0g; Glycine, 28.8g; and Distilled water, 1 L), pH 8.4 was poured into both the 

upper and lower buffer reservoirs. The whole set was incubated at 4°C, supplying a 

constant current of 2 Amp per lane for 3-4 hours until the dye front reached near the 

bottom of the gel column. 

3.19. Analysis of isozymes patterns 

3.19.1. Polyphenol oxidase 

After electrophoresis protein gel was incubated in 0.1 M phosphate-citrate 

buffer, pH 7.0 for 10 minutes. Following incubation gel was transferred in 0.01M DL

DOPA dissolved in the same buffer (phosphate-citrate buffer) under proper aeration 

until the bands developed (Mahadevan and Sridhar, 1996). Relative front (R1) values 

of the developed bands were determined. Photograph of enzyme bands were taken 

using camera (Canon Power shot A31 0). 

3.19.2. 13-1 ,3-glucanase 

For detection of 13-1 ,3-glucanase isoforms, enzyme extracts (3.0 (Jg lane-') 

were separated using acidic PAGE, in running buffer, pH 3.8 containing L-alanine. 

Staining procedure of Bargabus et a/., 2002 was followed for 13-1 ,3-glucanase 

specific staining. The separated gels were incubated in 100 ml of 0.1 M citrate buffer, 

pH 4.8 containing 250 mg laminarin at room temperature for 20 minutes. The gel 

was then transferred to 0.1% Congo-red and incubated overnight with constant 

shaking at room temperature. After 24 hour gels were transferred to distaining 

solution (1M NaCI) and incubated overnight at roorn temperature. 13-1 ,3-glucanase 

activity was visualized as yellow-orange bands on a reddish-purple background. 

Relative front (Rr) values of the developed bands were determined. Photograph of 

enzyme bands were taken using carnera (Canon Power shot A31 0). 
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3.19.3. Peroxidase 

To determine peroxidase isoforms crude enzyme extracts (4mg lane-') was 

separated by polyacrylamide gel electrophoresis as described in section-3.16. After 

the electrophoresis step, the gel slabs were subjected to peroxidase specific staining 

procedure as described by Patel and Anahosur (2001). The gel slabs were placed in 

staining solution containing 0.25% guaiacol for 45 minutes. After incubation gel was 

transferred in 0.3% H20 2 solution and incubated for 15 minutes. Reddish brown 

bands of peroxidase appeared gradually. Gels were fixed in 50% glycine solution. 

Molecular weights of the bands were determined by standard protein molecular 

weight markers. Photograph of enzyme bands were taken using camera (Canon 

Power shot A31 0). 

3.20. Statistical analysis 

Statistical analysis was done with the help of Smith's statistical 

package(Version 2.5), developed by Dr. Gray Smith, Pomona college, Claremont-

91711, USA and Statistical package for the social sciences(SPSS), Version, 11.0, 

SPSS Inc., Chicago, Illinois. 


